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� § ýþýV½¹¾QøT¸¤ºÝÕ�Ò\øT½¹ÆX¾�Ô"Ò\ÕX¾Ìÿ�¸EºÝ¸¤Þ�¶�Ò¤¸\ÞÌøTÆHÕHøÝÆX·¹¸\º<ÕXÿ�·¹¸�·¿¸¤ÛX¸\·�ÿ�ÂiÕ�����·¹ÂQ½¿¾�×HÒ\¶�øÝÔ4ÆX¾ÌøTÓ�¸dÃQ½¿¾�Ã1ÕX¾�×�·¿¸�Õ�¾�ÞÌÆX¾ÌøTÓ�¸
øTº<ÕX¾�Ô<ÛX¸¤ºÝÔ<¸�îB¶�Æ�¾~î�ÆXî�¸¤¾�øÝ¶�î Õ�øþøTÓ�¸"Þ�¸\Ò\Õ?ÂEÛ�¸\º<øT¸d��´
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Æ��FøTÓ�¸"øÝºÝÕ�ÒJÃX¸¤ºÝÔ�½¿ÔsÕXÔ<ÔÝ¶�î�¸¤Þ~øÝÆ�ÿ�¸ *��/�/P �ä´
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Ú=½¹×�´t¾HÔ<Ó�Æ��þÔÏøTÓ�¸Eîg¶�·¿øÝ½2��·¿½¹Ò\½¹øNÂiÞ�½¹Ô<øTº<½¿ÿ�¶�øT½¹ÆX¾�Ô4Æ�����ÕXº<øT½¹Ò\·¹¸\Ô"øTº<Õ?ÛX¸¤ºÝÔ<½¹¾�×nøÝÓ�¸EøTº<ÕXÒJÃ�¸\ºm��·¿Õ�¾�¸\ÔBÞ�Æ��þ¾�Ô<øTº<¸\ÕXî Æ��
øTÓ�¸+ÛX¸¤ºÝøÝ¸%�oÿ�º<½¿ÒJÃoÕX¾�Þ¯Þ�Æ��þ¾�ÔÝøÝºÝ¸¤ÕXî Æ��"øÝÓ�¸��/Æ�·¿·¹Æ��þ½¿¾�×pÿ�º<½¿ÒJÃË�%Õ�·¿·N´eÅþÓ�¸1ÔÝ½¹îB¶�·¿Õ�øT¸\ÞPÔÝÕ�îK��·¿¸ Ò¤ÆXº<ºÝ¸¤Ô���ÆX¾�Þ�ÔdøTÆ
� § ýþý�½¿¾QøÝ¸\º<ÕXÒ\øÝ½¿Æ�¾�Ô?´/*N¾êøTÓ�¸nÔ<½¿îg¶�·¿Õ�øT½¹ÆX¾�Ô?»�¸¤·¿¸¤Ò\øÝºÝÆ�¾+Õ�¾�Þè��Ó�Æ�øTÆ�¾�ÔBÓ�Õ?Û�¸�ÕX¾ê¸\¾�¸\º<×XÂiÕ�ÿLÆ?Û�¸ , � Á�� »�ÒJÓ�Õ�ºÝ×�¸\Þ
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��ÕXº<øT½¹Ò\·¹¸\Ô�ÕXÿ�Æ?ÛX¸ ,)2 � Á�� ´'��¾�¸þÒ\ÕX¾�Ô<¸\¸�øÝÓ�ÕXø�Þ�¶�¸�øÝÓ�¸�øTÓ�½¿ÒJÃQ¾�¸¤ÔÝÔ�Æ���øTÓ�¸�ÿ�ºÝ½¹ÒJÃ±Û � ,)2 ±
Ç Ü�øTÓ�¸�ÒJÓ�ÕXº<×X¸¤Þ¤��ÕXº<øT½¹Ò\·¹¸îB¶�·¹øT½���·¹½¿Ò¤½¿øNÂfÔ<½¿×�¾�½2��Ò\ÕX¾QøÝ·¿ÂEÞ�¸¤Ò\º<¸\Õ�ÔÝ¸¤Ô�Õ�·¿º<¸\Õ�Þ�ÂEÕ��/øÝ¸\º�øÝÓ�¸"Ô<¸\Ò\Æ�¾�Þ���ÕX·¹·N´
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� . &)5�>O(oq)3 ò�¸d�/ø¬�V��Õ�ºÝøÝ½¿Ò¤·¿¸�îg¶�·¿øÝ½2��·¿½¹Ò\½¹øNÂi½¹¾ÌøTÓ�¸EøÝºÝÕ�ÒJÃX¸\ºV��·¹ÕX¾�¸�½¹î�î�¸\Þ�½¹ÕXøÝ¸\·¹ÂiÞ�Æ��þ¾�Ô<øTº<¸\Õ�î Æ���øTÓ�¸EÛ�¸\º<øT¸d� ÿ�º<½¿ÒJÃ
�%Õ�·¿·N´Fí�½¹×XÓQø¬����Õ�ºÝøÝ½¿Ò¤·¿¸Ïîg¶�·¿øÝ½2��·¿½¹Ò\½¹øNÂ~½¹¾føTÓ�¸"øÝºÝÕ�ÒJÃX¸\º]��·¹ÕX¾�¸�Þ�Æ��þ¾�ÔÝøÝºÝ¸¤ÕXî Æ���øÝÓ�¸\�/ÆX·¹·¿Æ��þ½¹¾�×�ÿ�º<½¿ÒJÃ/��ÕX·¹·N´

ÖeîB¶�ÆX¾�Ô���¸\Ò¤øTº<ÆXî�¸\øÝ¸\º`Ò\Æ�¾�Ô<øT½¹øT¶�øÝ¸\Ô�øÝÓ�¸"Þ�Æ��þ¾�Ô<øTº<¸\Õ�î���ÕXº<ø`Æ���¸¤ÕXÒJÓfÞ�¸\øÝ¸\Ò¤øTÆXºþÔ<¶���¸\º<î�Æ�Þ�¶�·¿¸Q´s*NøTÔ=��¶�º���ÆXÔ<¸Ï½¿Ô
øTÆE½¹Þ�¸\¾QøÝ½2�/Â~îB¶�Æ�¾�ÔþÕX¾�Þ�øÝÆ�î�¸¤ÕXÔ<¶�ºÝ¸ÏøÝÓ�¸"ÔÝ½¹×X¾fÆ���øTÓ�¸¤½¿ºsÒJÓ�ÕXº<×X¸Q»��/Æ�ºþÿ�ÕXÒJÃQ×�ºÝÆ�¶�¾�Þdº<¸B�T¸¤Ò\øT½¹ÆX¾F´
ÚLÆXºd×�½¿Û�¸\¾]îB¶�Æ�¾¯½¿Þ�¸\¾QøT½���Ò\Õ�øT½¹ÆX¾¯Ò¤ºÝ½¹øT¸¤ºÝ½¹ÕêøTÓ�¸iÿ�ÕXÒJÃQ×Xº<ÆX¶�¾�Þ�Æ�¾¯øTÓ�¸ ���[Ô<½¿×�¾�ÕX·l�/ºÝÆ�î|Ô<½¿¾�×X·¹¸HÆXºdÕ�ÔÝÔ<ÆQÒ\½¹ÕXøT¸¤Þ

ÒJÓ�ÕXº<î ��º<ÆQÞ�¶�Ò\øÝ½¿Æ�¾p½¹¾ � § ýþýe½¹¾�øÝ¸\º<ÕXÒ¤øT½¹ÆX¾�Ô�½¿Ô!��º<Æ���ÆXº<øT½¹ÆX¾�ÕX·�øÝÆ1øÝÓ�¸�½¿¾�¸%¯�Ò\½¹¸\¾�Ò¤ÂêÆ���½¹Þ�¸¤¾�øÝ½2�/ÂQ½¹¾�×ÌøTÓ�¸±��º<½¿î�Õ�ºÝÂ
îB¶�Æ�¾áÛ ¼�¸\Ò¤øT½¹ÆX¾èµX´ ®tÜÝ´FÅþÓ�¸ÏÞ�¸\Ô<½¿×�¾n×�ÆXÕX·�½¹ÔþøTÆ�ÃX¸¤¸%�føTÓ�½¹Ôþ½¿¾�¸%¯�Ò\½¹¸\¾�Ò¤Âdÿ�¸\·¹Æ�� � �){ »��þÓ�½¿·¹¸ÏºÝ¸¤øTÕX½¹¾�½¹¾�×�Ó�½¿×�Óv��¶�ºÝ½¹øNÂ
�/ÆXº�øÝÓ�¸"º<¸\Ò\Æ�¾�Ô<øTº<¶�Ò\øÝ¸\Þnîg¶�ÆX¾fÔ<ÕXî!��·¹¸�´
ÚLÆXº�îg¶�ÆX¾�½¹ÒV�pÞ�¸¤Ò\Õ?ÂnÒ¤ÕX¾�Þ�½¿Þ�Õ�øT¸¤Ô�øTÓ�¸gºÝ¸¤ÔÝ½¹Þ�¶�Õ�·�ÿ�Õ�ÒJÃ�×�ºÝÆ�¶�¾�Þ±�/ºÝÆ�î ÒJÓ�Õ�ºÝî�¸¤Þ±��ÕXº<øT½¹Ò\·¹¸\Ôl��ºÝÆQÞ�¶�Ò¤¸\Þ�½¹¾è� § ýþý

½¿¾QøÝ¸\º<ÕXÒ\øÝ½¿Æ�¾�Ô�Õ�¾�Þ"Þ�¸¤Ò\Õ?ÂQ½¿¾�×þ½¿¾QøTÆsîB¶�Æ�¾�Ô�½¹Ô��/¶�º<øTÓ�¸¤º�º<¸\Þ�¶�Ò\¸¤Þ"ÿ�Â�øTÓ�¸�î�¸\ÕXÔ<¶�º<¸\î�¸\¾Qø�Æ��QøTÓ�¸�ÒJÓ�ÕXº<×X¸�Æ��QøÝÓ�¸�Ô<¸\Ò¤ÆX¾�Þ�Õ�ºÝÂ
îB¶�Æ�¾�´�ÅþÓ�¸þÒJÓ�ÕXº<×X¸�î�¸\Õ�ÔÝ¶�º<¸\î�¸¤¾�øF½¹ÔP��º<ÕXÒ\øÝ½¿Ò¤ÕX·¹·¿Â"½¹î!�LÆ�ÔÝÔ<½¹ÿ�·¿¸]�/Æ�º�øTÓ�¸þÆ�øTÓ�¸¤º�Þ�¸\Ò¤Õ?Â4î�Æ�Þ�¸\Ô?´�ÅþÓ�¸`î�¸\Õ�ÔÝ¶�ºÝ¸¤î�¸¤¾QøFÆ��
øTÓ�¸Ïîg¶�ÆX¾dî�Æ�î�¸¤¾QøT¶�î¬½¹¾~øÝÓ�¸�Ô���¸\Ò¤øTº<ÆXî�¸\øÝ¸\º?»�¸¤½¿øÝÓ�¸\º`ÿQÂEºÝÕ�¾�×X¸sÆXº�ÿ�ÂEÒ¤¶�º<Û'Õ�øT¶�º<¸�»XÒ\Æ�î!��·¿¸¤î�¸\¾QøTÔ`øTÓ�¸�î�ÆXî�¸¤¾�øÝ¶�î
î�¸\ÕXÔ<¶�º<¸\î�¸\¾Qøv�L¸¤º��/Æ�ºÝî�¸\Þ �þ½¿øÝÓPøÝÓ�¸Ì¸\îB¶�·¿Ô<½¿Æ�¾ ��·¹î�ÔfÿQÂ¯øÝÓ�¸1¸¤ÛmÕX·¹¶�ÕXøÝ½¿Æ�¾VÆ��4øÝÓ�¸+îB¶�·¹øT½���·¹¸+Ô<Ò\Õ�øTøÝ¸\º<½¿¾�×�½¿¾�øTÓ�¸
·¿¸¤ÕXÞ���¸\îg¶�·¿Ô<½¹ÆX¾fÔÝÕ�¾�Þ��þ½¹ÒJÓ~Ô<øTº<¶�Ò\øÝ¶�º<¸�Æ���øÝÓ�¸"ÿ�º<½¿ÒJÃ�´
ÅþÓ�º<ÆX¶�×XÓ[øÝÓ�¸Hî�¸\Õ�ÔÝ¶�º<¸\î�¸¤¾�ø�Æ���øÝÓ�¸HîB¶�Æ�¾�ÒJÓ�ÕXº<×X¸fÕX¾�Þ]î�ÆXî�¸\¾QøÝ¶�î8½¹¾ � § ýþýð½¿¾QøÝ¸\º<ÕXÒ\øÝ½¿Æ�¾�Ô?»�øTÓ�¸HîB¶�Æ�¾

Ô���¸\Ò¤øTº<ÆXî�¸\øÝ¸\º<Ô!��ºÝÆ?ÛQ½¹Þ�¸n½¹¾��/Æ�ºÝî�ÕXøÝ½¿Æ�¾pÆX¾�øTÓ�¸�ÿ�¸\Õ�îH»�ÔÝ¶�ÒJÓpÕXÔ�øTÓ�¸føÝÆXøÝÕX·]·�¶���»=øÝÓ�¸�¸\¾�¸¤ºÝ×�Â+Ô���¸\Ò\øÝºÝ¶�î8ÕX¾�Þ�øTÓ�¸
� § Ò\ÆX¾QøÝÕXî�½¿¾�ÕXøT½¹ÆX¾F´iÚL¶�º<øTÓ�¸¤ºÝî�ÆXº<¸�»FøÝÓ�¸f¾�¸\¶�øÝºÝ½¹¾�Æ+½¿¾QøÝ¸\º<ÕXÒ\øÝ½¿Æ�¾�ÔBÆQÒ¤Ò\¶�º<ºÝ½¹¾�×1½¿¾�øTÓ�¸f½¿¾�ÔÝøÝºÝ¶�î�¸¤¾�øÝ¸\Þoî�ÕXÔ<ÔgÆ���øTÓ�¸
Ô���¸\Ò¤øTº<ÆXî�¸\øÝ¸\º<Ô~Ò¤ÆX¾QøTº<½¹ÿ�¶�øT¸iøTÆ[øÝÓ�¸+î�¸¤ÕXÔ<¶�º<¸\î�¸\¾QødÆ��"øTÓ�¸ËÈ Ê � ÊvÊ º<ÕXøT½¹Æ�´ ÅþÓ�¸iÔ<¸\¾�Ô<½¹øT½¹Û�½¹øNÂ]øTÆ�ÆXÔ<Ò\½¹·¿·¹ÕXøÝ½¿Æ�¾�Ôm»
Ó�Æ���¸\ÛX¸¤ºm»�½¹Ôþ¾�ÆXøþÒ¤ÆXî!��Õ�ºÝÕ�ÿ�·¿¸�øTÆEøÝÓ�ÕXø`Æ�ÿ�øTÕ�½¿¾�Õ�ÿ�·¹¸�ÿQÂ~Þ�¸\Þ�½¹Ò\Õ�øT¸¤Þ~¸d����¸\º<½¹î�¸¤¾QøTÔ{Û/¼�¸\Ò\øÝ½¿Æ�¾òµX´�µX´ «tÜT´
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9�ê"9 ÈÉ=�õ.=�ð5õ
ó,> î
õG>q[lð5õ.[@>�= ÷Xø S ó,¡J=H>�÷Xõ�ï"óPø
ÖeÃX¸\Â/�/¸¤ÕXøÝ¶�ºÝ¸�Æ���øTÓ�¸ÏøTÕ�ºÝ×�¸\ø%ÔÝøÝºÝ¶�Ò¤øT¶�º<¸�½¿Ô`½¹øTÔ`Þ�¸\Ô<½¹×X¾��þÓ�½¿ÒJÓ~ÕX·¹·¿Æ��þÔ�øTÓ�¸V��º<ÆXî!��ø�º<¸\î�Æ?ÛmÕX·�Æ���øÝÓ�¸Ïÿ�ºÝ½¹ÒJÃQÔ%Ô<¸\·¹¸\Ò¤øT¸¤Þ
ÆX¾êøÝÓ�¸dÿ�Õ�ÔÝ½¹ÔBÆ���øÝÓ�¸d¸¤·¿¸¤Ò\øTº<ÆX¾�½¿ÒEÞ�¸¤øT¸¤Ò\øTÆ�ºB½¹¾��/ÆXº<î�ÕXøÝ½¿Æ�¾+Õ�¾�ÞêøTÓ�¸dÕX¾�Õ�·¿ÂQÔ<½¿ÔBÆ��`øTÓ�¸¤½¿ºg¸\îg¶�·¿Ô<½¹ÆX¾á��·¹î�ÔgÞ�¶�º<½¿¾�× øTÓ�¸
ºÝ¶�¾�´=Ö øTÆ�øTÕ�·�î�Õ�ÔÝÔþÆ���Õ�ÿLÆ�¶�ø *)2)2)2¤å^ædç ½¿Ôþ¾�¸\¸\Þ�¸\Þ�øTÆEî�¸\¸¤øþøTÓ�¸\��Ó�ÂQÔ<½¿Ò¤Ôþ×XÆ�ÕX·�Æ��FøTÓ�¸"¸d�
�L¸¤ºÝ½¹î�¸\¾Qø'´=ÅþÓ�½¿ÔþÒ¤ÕX¾�ÿL¸
ÆXÿ�øÝÕX½¹¾�¸\Þ��þ½¹øTÓ�øTÓ�ºÝ¸¤¸�Ô<¶���¸\º<î�Æ�Þ�¶�·¿¸¤Ôm´FÖ Ô<ÒJÓ�¸¤î�Õ�øT½¹ÒÏÛ�½¹¸%��Æ��FøTÓ�¸���Ä�y�í�ÖäÞ�¸¤øT¸\Ò¤øTÆ�º�½¿ÔþÔ<Ó�Æ��þ¾f½¿¾�Ú=½¹×�´�À�´

� . &)5�>O(1^)3 ¼�ÒJÓ�¸\î�Õ�øT½¹Ò�ÛQ½¹¸%�äÆ���øTÓ�¸���Ä�y�í�ÖeÞ�¸¤øT¸\Ò¤øTÆ�ºm´

ã�+�ã�+ ¨ ÈÏ����õ��L�
y�Õ�ÒJÓdÿ�º<½¿ÒJÃ�Ó�Õ�Ô%øÝºÝÕ�¾�ÔÝÛ�¸\º<ÔÝ¸sÞ�½¿î�¸¤¾�ÔÝ½¹ÆX¾�Ô�Æ�� ,)2��/*��p,)*��/@�P � ) Û A �p� � ç Ô��Q¶�ÕXº<¸\Þ�ÜÝ´�*Nø�Ò\Æ�¾�Ô<½¿Ô<øTÔ�Æ�� �)y Ò\¸¤·¿·¹Ô]�þ½¿øÝÓ
Õ øTÆ�øTÕ�·�øTÓ�½¹ÒJÃQ¾�¸\Ô<Ô4Æ���Õ�ÿLÆ�¶�ø @��/��P � Û ,)2 ± Ç Ü`Õ�¾�ÞêÕØ�%¸¤½¿×�ÓQø"Æ�� q��/��LG· ´~ÅþÓ�¸EÞ�½¹î�¸\¾�Ô<½¿Æ�¾�ÔBÆ��%øÝÓ�¸dÿ�º<½¹ÒJÃ�ÔBÕXº<¸
Þ�¸\øÝ¸\º<î�½¿¾�¸¤Þ~ÿQÂ�Ò\Æ�¾�·�½¹Ò\øÝ½¿¾�×�º<¸%�Q¶�½¹ºÝ¸¤î�¸¤¾QøTÔ?´���¾døÝÓ�¸ÏÆX¾�¸�Ó�ÕX¾�Þ�»�øTÓ�¸Ï½¹¾�øÝ¸\×�ºÝÕ�øT¸\ÞEî�Õ�ÔÝÔ`Æ���øÝÓ�¸Ïÿ�º<½¿ÒJÃQÔ�Ô<¸\·¹¸\Ò¤øT¸¤ÞnÕX¾�Þ
ºÝ¸¤î�Æ?ÛX¸\Þá�/Æ�º4ÕX¾�Õ�·¿ÂQÔ<½¿ÔBÔÝÓ�Æ�¶�·¹ÞêºÝ¸d��ºÝ¸¤ÔÝ¸¤¾Qø"ÕHÔÝî�ÕX·¹·-�/º<ÕXÒ¤øT½¹ÆX¾ÌÆ��`øÝÓ�¸nøÝÆXøTÕ�·�øÝÕXº<×X¸\ø"î�Õ�ÔÝÔ?»��þÓ�½¿ÒJÓè�/Õ?Û�ÆX¶�º<Ô"ÕHÔÝî�Õ�·¿·
ÿ�º<½¿ÒJÃ~ÔÝ½��\¸
ù)½¹¾HÕXÞ�Þ�½¹øT½¹ÆX¾F»Qÿ�º<½¿ÒJÃQÔ�Ó�Õ?Û�¸ÏøTÆEÿ�¸4·¿½¹×XÓQø�¸¤¾�ÆX¶�×XÓ��/ÆXº�¸¤ÕXÔ<ÂdÓ�Õ�¾�Þ�·¹½¿¾�×EÿQÂfÕX¶�øÝÆXî�ÕXøÝ½¿ÒÏî�ÕXÒJÓ�½¿¾�¸¤Ôm´���¾HøTÓ�¸
ÆXøÝÓ�¸\º�Ó�ÕX¾�Þ�»�øÝÓ�¸"ÿ�º<½¿ÒJÃnøTº<ÕX¾�Ô<ÛX¸¤ºÝÔ<¸�Þ�½¿î�¸\¾�ÔÝ½¹ÆX¾�ÔþÔ<Ó�Æ�¶�·¿Þ�ÿ�¸"ÔÝ¶�ÿ�ÔÝøÝÕX¾QøT½¹ÕX·¹·¹Âd·¿Õ�ºÝ×�¸\º�øTÓ�Õ�¾�øTÓ�¸"¶�¾�Ò\¸\º<øTÕ�½¿¾QøÝ½¿¸¤ÔþÆX¾�øTÓ�¸
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ÛX¸¤ºÝøÝ¸%���LÆ�ÔÝ½¹øT½¹ÆX¾1ÕXÔm��º<¸\Þ�½¹Ò\øÝ¸\ÞiÿQÂHøÝÓ�¸gÞ�Æ��þ¾�ÔÝøÝºÝ¸¤ÕXî ¸\·¹¸\Ò¤øTº<ÆX¾�½¹ÒBøÝºÝÕ�ÒJÃX¸\º<Ô?´�Ö�·¿Ô<Æ�»L·¹ÆXÔ<ÔÝ¸¤Ô�Þ�¶�¸gøÝÆ~¸¤Þ�×X¸g¸%1�¸\Ò\øÝÔÏÕXº<¸
ºÝ¸¤Þ�¶�Ò¤¸\Þ��þ½¿øÝÓ�·¿Õ�ºÝ×�¸\º`ÿ�º<½¿ÒJÃEÒ¤ºÝÆ�ÔÝÔ`Ô<¸\Ò\øÝ½¿Æ�¾�´
ÅþÓ�¸%ÿ�º<½¿ÒJÃÏøTÓ�½¿ÒJÃQ¾�¸¤ÔÝÔF½¿¾g¶�¾�½¹øTÔ=Æ��)º<ÕXÞ�½¿Õ�øT½¹ÆX¾4·¹¸\¾�×�øTÓ�ÔFÔ<Ó�ÆX¶�·¹Þ4ÿ�¸%·¹ÕXº<×X¸%¸\¾�Æ�¶�×XÓ"øÝÆ�Õ�·¿·¹Æ��Ì¸\·¹¸\Ò¤øTº<ÆX¾4½¹Þ�¸\¾QøÝ½2��Ò¤ÕXøÝ½¿Æ�¾

øTÓ�º<ÆX¶�×XÓiøÝÓ�¸\½¹º"¸\·¹¸\Ò¤øTº<ÆXî�ÕX×�¾�¸\øÝ½¿ÒgÔÝÓ�Æ��%¸¤ºÝ½¹¾�×dÕ�¾�Þiî�ÆXî�¸¤¾�øÝ¶�î�î�¸\Õ�ÔÝ¶�ºÝ¸¤î�¸¤¾Qø�ÿQÂHîB¶�·¿øÝ½2��·¹¸�ÔÝÒ¤ÕXøÝøT¸\º<½¹¾�×��/Æ�·¿·¹Æ��þ½¿¾�×
øTº<ÕXÒJÃQÔþ½¹¾HÒ\ÆX¾�ÔÝ¸¤Ò\¶�øÝ½¿Û�¸�Ò¤¸\·¹·¿Ô?´�Ö�¾H¸%¯�Ò\½¹¸\¾Qøþ¸¤·¿¸¤Ò\øTº<ÆX¾f½¹Þ�¸\¾QøT½���Ò¤ÕXøT½¹ÆX¾Hº<¸%�Q¶�½¹º<¸\ÔþÕXÿ�ÆX¶�ø �4©]A ±

Ç Û ÔÝ¸¤¸"¼�¸\Ò¤øT½¹ÆX¾Ø´�´2µ�ÜÕX¾�ÞiøTÓ�¸4îg¶�·¹øT½���·¿¸gÔÝÒ¤ÕXøÝøT¸\º<½¹¾�×dº<¸%�Q¶�½¹ºÝ¸¤Ô �w� ±
Ç ´þ÷¯½¿øÝÓ Õ ,)2 ±

Ç ÿ�º<½¿ÒJÃføTÓ�½¹ÒJÃQ¾�¸\Ô<Ô?»$�/ÆXº�Ó�ÕX·���Æ��=øÝÓ�¸B¸¤ÛX¸\¾QøÝÔ�ÔÝ¶�ÒJÓî�¸\ÕXÔ<¶�º<¸\î�¸\¾QøÝÔ�Ò\Õ�¾fÿ�¸4Þ�Æ�¾�¸\�þ½¹øTÓ�½¹¾ øTÓ�¸4ÔÝÕ�î�¸"ÿ�ºÝ½¹ÒJÃ �þÓ�¸¤ºÝ¸"øÝÓ�¸4½¹¾QøT¸\º<ÕXÒ¤øT½¹ÆX¾�øTÆQÆ�Ã���·¹ÕXÒ¤¸�»$�þ½¹øTÓ�ÆX¶�ø�øÝÓ�¸"¾�¸¤¸\ÞHøTÆ
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y¿^��rLRorv��rJÀhix.`bLdLRJ0edorf�qWyWJ.LRQ2j��Pk ��J.x.`g^�hiJ�jgK�LdQ�o®hIx.`bv2`b´�or�®orLµu���LdQ�JÀQ�`g��eijbfTeiJ.orfsLRJ0ed`gx.LRorjbf¶´�`gxÅá�qgedjg^�f��ao®fÈx.jgyWv�`bx0L
´�eio®xÅáshcx.`gfa´wJÉhi^�v�v�eiJ.hihdJ0�a´su¾ásorf�J.yW`gLRorx.`b�×x0^�LRh�kPÑ2jgec`WqborÐbJ.f¶J.y*^��rhdorjbf¶hd^2edKM`gx.J���x0jbyWv�`gx.L�´�eio®xÅáshc`b�rhij*v�eij�Ðso®�2J
`]�®`gedqgJ.e=LR`gedqgJ.L�yW`bhihc`bf��¶LRQ�J0o®eIy�J0xÅQ�`bf2o®x0`b�×eio®qgo®��orLµu]J.f2hd^�eiJ.hc`W´wJ.LdLRJ.eIv�`bei`b�r�®J0�®orhiy jbK�LRQ�JÉJ0y¿^��rhdorjbf!���ryWhOk

ÂcQ�JÉ`g´Çj�ÐgJ�`gedqg^�yWJ.fsLRh���LRjgqbJ0LRQ�J0ep±co®LdQÈLRQ�JÀJ0_so®hiLRorf�qWJ._svwJ.eio®J0f�x.JÉ±corLRQzhio®yWor�®`gec��J.LdJ.x0LRjbeih¿� � ¸=U#"�Â¿�R�2�®J0`b��h
^�h²LRjav�edjgvÇjghdJ¿`bhI`a´�`bhiJ.�rorf�JÀjbv2LRorjbf½`ahdJ0LR^�v½yW`g��J¿^�v�jbK·LdQ�edJ0J¿x0jbyWv�`bx0Lp´�eio®xÅáÈhi^�vwJ.eiy�js��^2�®J0hOkp» LdjbLR`g�B�rJ.`g�
yW`bhihcjbKP`b´wjb^�L²Ò%$ ���'& x.`bf¶´wJÉjb´�Ld`borf�J.�¶±co®LdQÈ`]hd^�eiKM`bx0J�jgK�J0y¿^��rhio®jgf(���ryWhphio®yWor�®`gecLRjW±cQ�`bLcKMjgedJ0hdJ0J.fao®ftý þbÿµk

��`bhiJ.�rorf�J¤jgv�LRorjbf�h�Q�`�ÐgJ¤`g�®hijI´wJ.J0f*or��J.fsLdo���J0�*KMjge�LRQ�J=yW`bqbf2J.Lc�M��orvÇjg�®Js�R� KMjbePLRQ�J�hivÇJ0x.LReijbyWJ0LRJ.e ¬ f�f2J.e�Â�ei`bxÅágJ.eih
�Mmp¹²SÄ��J0LRJ.x0LRjgedh��R�bKMjbe=LRQ�JÖhivÇJ0x.LReijbyWJ0LRJ.e³¹¤eiJ.x0o®hio®jgf]Â�ei`bxÅágJ.eih��M�2edorKML³Ld^�´wJ.h��n`gf��TKMjge¤LRQ2J�ÂP`beiqbJ0L Â�ei`bxÅágJ.eih��Mhix.orf�Á
LRor�®�r`bLdjbeÖhdLdedorv�h��Rk ¬ f½`b�r�Px.`bhiJ.h��2LRQ�J���J.x0o®hiorjbf½Q�`ghI´wJ.J0f­��eio®ÐgJ.f½´suÈLRQ2J¿v�Qsushdorx.hÖeiJ��s^�oredJ0y�J0fsLRh���´suÈx.jgf�hdor��J0ed`gLRorjbf
jbKPx.jghdL�J.ÊwJ.x0LRorÐbJ0f�J.hihc`bf��È´su¾LdQ�JÉf�J.J0��hcjbKP�r`beiqbJÖhdx0`b�rJÖv2edjs��^�x0LRorjbf¶`bf��ÈeiJ.�ro®`g´��rJ��rjbf�qWLdJ.eiy jbvwJ.ei`bLdo®jgf�k

���*) +Z÷I�-,!./. ù�£�¡(ò10�«
243657368 9;:;:=<?>A@6B�CEDGFH>�I4BJFHI4>AK
»I´wjb^�LWÒ �@ã Ó@Ó@Ó¶ºÖScSØ´�eiorxÅá�h�x.jgy�vwjbhiJ¿LdQ�Jz¸=¹¤º¤mI»���J.LdJ.x0LRjbe�kI» hixÅQ�J.yW`gLRorx¿��ei`�±co®f2q¾jbK·`a´�edorxÅáÈo®hÖhiQ�j�±cf½orf
Ñ�o®qlkbÝlÙbk ¬ LRh=hiLRei^�x.Ld^�edJÖorh³jg´�LR`go®f�J0�T´suWhdLd`bxÅásorf�q ãML E ��� LdQ�o®xÅá]�rJ.`g�¾v��r`bLdJ.h�o®fsLdJ.ei�®J0`�ÐbJ.�]±corLRQaLRQ�orf¶J.y¿^2�®hio®jgf
���ry�h�kPº¤`gxÅQN���®yÜQ2`bh ã ÓPO � LRQ�orxÅá*J0y¿^��rhio®jgf¾�®`�ugJ.eih jbf]´wjbLdQThio®�2J.h¤jgK×`TÒ@Ó@Ó�O � LdQ�orxÅá�v2�®`ghdLdo®xp´2`bhiJ�k�»If¾J0_sLRei`
J.y*^��®hiorjbf%���ry orf¶KMeijbfsL�jbK�LRQ�JP�2edhiLc�®J0`b�¶v��r`bLRJÉQ2J.�rv�hco®fÈx0jbf�f�J0x.Ldo®f�qWLded`gxÅá�hcKMeijby LRQ�JÉ^�v2hdLdedJ0`by ±=`b�r� k�»�f�jbLdQ�J.e
���ryz�@x.`b�r�rJ.�TX2vÇJ0x.or`b�lX�Q�J0J.LÀ�MX�XP�Borh�v��r`bx.J0�a`gL³LdQ�J²yWjbhiL³��j�±cf2hdLdedJ0`by¦v�`beiL"�ghiJ.v�`ged`gLRJ0�¾KMedjgyÜLRQ�J ãML�QSR ���ryÜ´�u]`
Ò ��� LRQ2o®xÅá]v��r`bhiLRorxIv2�®`gLRJ�k�ÂcQ�orh=`b�r�®j�±ch³LRj¿v2edJ0hdJ0edÐgJpLRQ�J	����J0x.`�u���J.LdJ.x.Ldo®jgf¾J.âWx0o®J0f�x.u]KMjge¤J.ÐgJ.fsLRh=jsx.x0^�edeiorf�qÀorf
LRQ�JÉ�r`bhiLc�rJ.`b�¶v��r`bLdJ�k

ÂcQ�J­´�edorxÅásÁ,hiLR`gxÅáàorhTágJ.v�LaLRjbqgJ.LdQ�J.ea´�uØLRQ2J­hijbÁ�x.`b�r�rJ.� �'�UTWV³�G��T v�`bxÅásorf�qtyWJ.LdQ�js����`tLdJ.xÅQ�f2o��s^�J�^�hdJ0�Îorf
v�eiJ.Ðso®jg^�h]J.y*^��rhdorjbfÆJ._svÇJ0edoryWJ.fsLRh�kÆ»ªv�Q�jgLRjbqged`gv�QtjgK�`Zv�eijbLRjgLµusvÇJÈ´�eio®xÅá�v2`bxÅábJ0�Æ±corLRQØjbeiorqb`byWo�orh]hdQ�j�±cfØorf
Ñ�o®qlk×ÝbÝlkaÂcQ�J¾v�`gxÅá�orf�qzyW`bLdJ.eio®`g� orh¿`bf�`g�®^2y�orf�or^�yWÁ,x0jb`gLRJ.��v2`bvwJ.eÀx0�®jghdJ0��^�f���J0e¿ÐO`bx0^�^�yÃ´�uZLRQ2J.eiy�jgÁ,hiJ.`g�®orf�qlk
ÂcQ�J�v�`bvwJ.eX�s^�`b�ro®LµuÈorh�hiJ.�rJ.x0LRJ0�½o®f�jbei��J.e�LRja`�Ðbjbor�zxÅQ�J0y�orx.`g��x0jbfsLR`gyWo®f�`gLRorjbfz±cQ�orxÅQ½x0jb^��r�½`bÊwJ.x0L�LdQ�J�J.y¿^2�®hio®jgf
hdJ0f�hio®Ldo®ÐsorLµu�k

�ZY
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102mm

Neutrino

127mm

Lead Plate

Plastic
   Plate

75.4mm
(The SS film)

2mm

Emulsion Film

Film
Emulsion 

The SS film

Emulsion Film + 56 (Lead + Emulsion Film) + Plastic plate + Emulsion Film

;�< >@?nADC­Ò@E@G�X�xÅQ�J0y�`gLRorx²hdLded^�x0LR^�eiJ²jbKPLRQ�JT¸=¹³º¤mp» º²ScS�´�eio®xÅánk
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;�< >@?nADC­Ò@Ò@GI»ûv2Q�jbLdjbqbei`bv2QTjbKP`bf¶ºÖScSt´�eio®xÅá¾±corLRQ�[]\�^6_a`'b!^³v�`gxÅá�orf�qlk

� ^�J¾Ldj½LRQ�JTLRQ�orf�`b�r^�yWo®f2o®^�y �r`�ubJ0eÉ`bf��ÄLRj­LRQ�J0edyWjbÁ�hiJ.`b�rorf�qw�lLdQ�JTorf�f�J0eÀv�eiJ.hihd^2edJ]`gf��ÄQ�^2y�or��orLµu�`gedJ]ágJ.v�L
hdLd`b´��rJ�k*ÂcQ�JWorf�f�J0eÉv�edJ0hdhi^�eiJ*orhÉ�rJ.hihÖLdQ�`bfÍÓMcME¶`bLdy�jghdv2Q�J.eiJ�kÀÂcQ�o®h¿x.`bf�´ÇJ]`gxÅQ�orJ.ÐbJ0�­´su½x0jbfsÐbJ0f�Ldo®jgf�`b�PÐO`bx0^�^�y
v�`bxÅásorf�q¿LdJ.xÅQ�f2o��s^�J0hOkBÂcQ�JÖQ�J.eiyWJ.LRorx.orLµuWjbK×LdQ�JIv�`gxÅáso®f�q¿Q�`bh=´ÇJ0J.faxÅQ�J.xÅágJ.�]j�ÐbJ0e �rjbf�q*vÇJ0edorjs��hO�b`bh=��J0y�jgf�hiLRei`bLRJ0�
´suTJ._sorhdLdo®f2q�hi`byWv��rJ.hcv2`bxÅábJ0�TyWjbeiJ²LRQ�`gfÈLRJ.fÈugJ.`beih�`bqgjwk

ÂcQ�J�ÐO`bx0^�^�yöv�`gxÅáso®f�q¶`b�rhijaQ�J0�®v2hÉy�`go®fsLd`borf�o®f2qaLdQ�JW´�edorxÅázyWJ.xÅQ�`gf�orx.`b��hiLR`g´�o®�rorLµu�kP"�f���J0eÉLRQ�JW`bLdyWjbhiv�Q�J.eiorx
v�eiJ.hihd^�eiJ��2LRQ2J*hi`bf��2±co®xÅQ½hiLRei^�x0LR^�eiJ¿x0`bf½±=J.�r��eiJ.hiorhdLpJ0_sLRJ.eif�`g��yWJ.xÅQ2`bf�orx.`g�Bx.jgf�hiLRei`borf�LdhO�2´wJ.x.`g^�hiJ¿jbK·LdQ�J�KMedorx.Ldo®jgf
´ÇJ0Lµ±³J0J.fÏv��r`bLdJ.h�k ¬ fÏ`b����orLRorjbfP�=hd�ro®v2v�o®f2qt´ÇJ0Lµ±³J0J.fÍv��r`bLdJ.hT�2^�J½LRjàLRQ�J½�2o®ÊwJ.eiJ.f�x0J½jbK²LdQ�J½LRQ2J.eiy�`g�IJ0_�v2`bf�hio®jgf
x.jsJ.âWx0o®J0f�Ldhp´wJ.Lµ±=J.J.f¶J.y*^��rhdorjbf!���ry�hI`bf��È�rJ.`b�¶v��r`bLdJ.hcorhphd^2v�v�eiJ.hihdJ0�T´suTLdQ�JÉÐO`bx.^2^�y v�`gxÅá�orf�qlk

ÂcQ�J²yW`b_sory¿^�y LRjg�®J0ed`g´��®JÖLRJ0yWvÇJ0ed`gLR^�eiJ²Ð"`gedor`bLdo®jgfÄ�WdNeÈ�Px0`bf¶´ÇJÉJ0_�v2edJ0hdhiJ.�a`bhcKMjb�r�rj�±ch

dNe fhg�ikj ÒmlMn
oplMqrlMd;$

±cQ�J0edJ(n orh�LdQ�J�KMedorx.Ldo®jgf­KMjbeix.J*´ÇJ0Lµ±³J0J.f½LdQ�J��®J0`b�½v��r`bLdJ*`gf��­LdQ�Js���®y½�toäo®hÖLRQ2Jvu·jg^�f�qxw hÖy�js��^2�®^�h²jgK LRQ�J
���ryª� ��y E@Ó�z{$ V}|�~M
���� �d�Jq¨orh¤LRQ2JILRQ2o®xÅásf�J0hdh³jbKlLRQ�Jh���ry�`gf��kd;$]orh¤LdQ�JI��orÊwJ.eiJ.f�x0JpjbKlLRQ2JILRQ2J.eiy�`g�2J0_�v2`bf�hio®jgf
x.jsJ.âWx0o®J0f�Lc´wJ.Lµ±=J.J0fzLRQ�JÉ�rJ.`g�Èv��®`gLRJÉ`gf��ÈLRQ�Jm�2�®y ��$���� ���x�1� Û � Ó y E@ÓJ�x�Ç��$�� |xT � ��� Û ã Ó y E@ÓJ�x�Ç�dk���J.eiJ�n
o®hÖJ._sv�eiJ.hihiJ.�z`bh	O y�� �JO orhILRQ2J*KMeio®x0LRorjbf½x0jsJ.âWx.orJ.fsLp`gf�� � o®hÖLRQ�J*KMjbeix.JÀhi^�v�v2�®orJ.�½´suÈLRQ2J¿ÐO`bx0^�^�yäv�`bxÅásorf�qwk
ÂcQ�JWKMedorx.Ldo®jgf­x0j�J0âWx.orJ.fsLIorh²y�J0`bhi^�eiJ.�½Ldja´wJÈÓMc � E�Ô¦ÓMc �ZY `bL � jæÓMcMÒ�$ V}|�~M
�� � o®f�LRQ�J�x.`ghdJ�jbK¤�®J0`b�½v��r`bLdJ.h
`bf��ÈJ0y¿^��rhdorjbf!���ryWhOk

�ML



ÂcQ�JcyWJ0xÅQ�`bf�orx.`g��v�eijbvwJ.eiLRorJ.h jgKÇLdQ�J	���ry�`beiJcqbj�ÐbJ0edf2J.�¿´su*LRQ�JpxÅQ2`bei`bx.LdJ.eio®hiLRorx.h·jgKÇLdQ�Jpv��r`bhiLRorxc´�`ghdJ¿��x.J.�r�r^��®jghdJ
LReio®`gx.J0LR`bLdJ��dkpÑÇjbeÖ`bf½orf�f�J0eÖv2edJ0hdhi^�eiJÀjbKcÓMcME �H�]� �Ç±cQ�o®xÅQ­x.jbeieiJ.hivÇjgf���hILdjT`aKMjbeix.J¿jgKcÛöÓMcMå�$ V}|�~M
�� � �tdNe o®h
J.hiLRoryW`bLRJ0�ÈLRj]´wJÉ`b´wjb^�L ã Ó���Sck

� J*vwJ.eiKMjbeiyWJ.��´ÇJ0`byªLRJ0hdLdh²o®f�jbei��J.eÖLRjax.jbf1��edyªLdQ�J�`b´wj�ÐbJ¿x0`b�rx.^��r`bLdo®jgf�h�kIÂcQ2J*eiJ.hi^��rLRhÖo®f��2o®x0`bLRJ�LRQ2`bL²LRQ�J
v��r`bLRJIvÇjghdorLRorjbfWx.`gfW´ÇJcágJ.v�L·±corLRQ�orf]LRQ2JpJ.y*^��®hiorjbfWLRei`bxÅáÀyWJ0`bhi^�edJ0yWJ.fsL�J.eiedjgedh��"J.ÐgJ.fWKMjbe LdJ.yWvwJ.ei`bLR^2edJ�ÐO`beio®`gLRorjbf�h
`bhcQ�orqbQÈ`ghÉÒ@Ó��@Sck

»�fa`g�®LdJ.eif�`bLdo®ÐgJIv�`gxÅá�orf�q*y�J0LRQ�js�¶´�`bhiJ.�ajbfaLRQ�J²^�hiJ²jbKnv��r`bhiLRorxÖ´Çj�_sJ.h�orh�´ÇJ0o®f�qWhiLR^��2o®J0�a`gf��Torhc��J.hix.eior´ÇJ0�Torf
X�J.x0LRorjbfÈÚwkrÙbk Ýwk

243657365 9N��I4�6DH@6�7�p�?�6��D
ÂcQ�J�LRjbLd`b�P`beiJ.`¾jgK·J.y*^��®hiorjbf;���ryWh²o®f½LdQ�Jz¸=¹¤º¤mI»���J.LdJ.x0LRjbeÖorh�ÛæE@F L Ó@Ó@Ó � � kIÂcQ�o®h²x0jbeiedJ0hdvwjbf��2hpLRj�E@� ���
jbK·��eiorJ.�zJ.y*^��rhdorjbfÈqbJ0� k=ÑÇjbepx0jbyWv�`gedorhdjgf��sLdQ�J¿`gy�jg^�fsLcjbK�J.y*^��rhdorjbfzQ�`gf����rJ.�zKMjge�S}��¸=m�"�Xzo®h�J��s^�orÐ"`g�®J0fsLpLRj¾`
hd^2edKM`gx.J²jbK ã Ó@Ó ��� `bf2�aLdj]`¶ÓMc Y � � LRjbLd`b�×Ðgjb�r^�yWJÖjgKB��eiorJ.�ÈJ.y*^��®hiorjbf�k

ÂcQ�J¿J.y¿^2�®hio®jgf�hÖ^�hdJ0�zKMjbe]S}��¸=m�"IX­±³J0edJÉvwjb^�eiJ.�­´�u¶Q�`gf��½KMjb�r�rj�±co®f�qThdLd`bf���`ged�zv2edjsx.J0��^�eiJ.hp�2J.ÐbJ0�®jgvÇJ0�½orf
yW`bfsuÈubJ.`gedhIjbK·J._svwJ.eio®J0f�x.JskcÂcQ�orhÖjbvwJ.ei`bLRorjbfÈ�r`bhiLRJ0�½`b´wjb^�L�hdor_ÈyWjbfsLRQ�hÖ`bf2�zo®fsÐbjg�®ÐgJ.�zhiJ.ÐgJ.ei`b�nhiáso®�r�®J0�½vwJ.eihdjgf�hOk
ÂcQ�JÄhd`gyWJ­v�eijsx.J.�2^�edJ�`bv�v2�®orJ.�ßLRjû¸=¹¤º¤mI»æ±=jb^��r� ´wJ�v2edjgQ�o®´2o®Ldo®ÐgJ.�ruØLdo®yWJÄx.jgf�hi^�yWo®f�qlk Â�jØj�ÐbJ0edx0jbyWJ½LRQ2o®h
v�eijb´��rJ.y½�2`¾m	� � v2edjH�RJ.x.LIo®h��Rjborf�Ld�®u¶´wJ.orf�q¾x.`gedeiorJ.�Èjb^�L�´suaU�`bqbj�ug`N"If�orÐbJ0edhio®Lµua`bf��zLdQ�J¿ÑÇ^��RoPÑPor�ry x0jbyWv�`gf�u��
LRjÀJ0hdLd`b´��rorhdQWLRQ2Jpv�eij�x0J.hih·jbKl`b^2LRjbyW`gLRorxcx.jb`gLRorf�q²jbKlfs^�x.�rJ.`ge·J.y*^��®hiorjbfN���ry�h�k�»IKMLdJ.e¤hiJ.ÐgJ.ei`b�@LdJ.hiLRh���orL o®h³x.jgfJ��eiy�J0�
LRQ�`gL�LRQ�J]¸=¹¤º³mp»ßJ0y¿^��rhio®jgf ���ry x.`gfT´wJ�v�eijs��^�x0J.�T´su]x0jbyWyWJ.eix.or`b�wv�Q�jbLdjbqged`gv�Q�orx	���ry v�eij��2^�x.Ldo®jgfT�ro®f�J0hOk�ÂcQ�J
edJ'�s^�o®eiJ.��`byWjb^2f�L²jgK¡���ryWhÉf�J.J0��J.�ZKMjbe²LRQ2J�J0_svÇJ0edoryWJ.fsL²±co®�r�·´ÇJWv�eijs��^�x0J.�Z±co®LdQ�o®fÄjgf�J*jge²Lµ±³j¶ubJ0`beihOk²Ñ�orqwkwÝ��
hdQ2j�±chcLRQ�JÉx0edjghdh�hiJ.x.Ldo®jgf�`b�×ÐsorJ.±ßjbKPLRQ�JÉf�J0±c�®uT��J.ÐgJ.�rjbvwJ.�¶y�`gxÅQ�orf�J.Á�x.jg`bLRJ0�TJ0y¿^��rhdorjbf%���ry½k

»�h jbv�vwjbhiJ.��LRj¿Q�`bf��2Á,yW`b�2J4�2�®yWh���LRQ2JpLRQ�orxÅásf�J.hih x0`bf�´ÇJpv2edJ0x.orhdJ0�®uÀx0jbfsLReijb�r�rJ.��`bh orfWLRQ�Jpx0`bhiJ�jbKwx.jbyWyWJ.eix.or`b�
x.jg�®jge¢���®yWh�k � JÉyWJ.`ghd^�eiJ.�ÈLdQ�Jm���ry J0y¿^��rhdorjbfÈ�r`�ubJ0ecLRQ�orxÅásf�J.hihp`bKMLdJ.ep�2J.ÐbJ0�®jgv�yWJ.fsL"�@`bhchiQ�j�±cfÈo®fzÑ�orqwksÝ�£wk�ÂcQ�J
¤ jbK=LRQ�J]��orhiLReio®´�^2LRorjbf�orh¾Û�EMc � O � kWÂcQ�orhÀeiJ.hi^��®LÉx0`bfÄ´wJ]x.jbyWv�`gedJ0��±corLRQ�LdQ�Jk¥ x0jsjbei��o®f2`bLRJWyWJ.`ghd^2edJ0y�J0fsL
J.eiedjgecjbK�LRQ2JÀhdx0`bf�f2o®f�q]hiushdLdJ.y �µÛ ã ÓsO ��~ E L � �G¦����§~M¨ E@Ò¶Û ÓMcMåsO � �dk ÑÇjbepx0jbyWv�`beiorhdjgf���o®fzLdQ�JÀx0`bhiJÉjbK�LRQ�J
S}��¸=m�"IXZ`bf2� � ¸=Uh"IÂ Q�`bf��2Á,yW`b�2J©���ryWhÉ±co®LdQ­f�jgy�orf�`g�PJ0y¿^��rhio®jgf½LRQ�orxÅásf�J.hih²jbKpE@Ó@Ó O � �wÐO`beio®`gLRorjbf�hÖjbK ^2v
LRj]`WKM`bx0LRjgecLµ±³jW±=J.eiJ�jg´�hdJ0edÐgJ.��k

»�h]hdQ�j�±cfØorfØÑ�orqwk�Ý��w� J.`bxÅQ����ry Q�`gh]`Äv�edjgLRJ0x.LRorÐbJÈqgJ.�r`bLRorfØ�®`�ugJ.eWjbK�E;O � LRQ�orxÅásf�J.hih]jbfÍLdQ�JzhdJ0f�hio®Ldo®ÐgJ
�®`�ugJ.eihOk³ÂcQ�orhIv2edJ0ÐbJ.fsLdhpLRQ�J*jsx.x.^2edeiJ.f�x0JÉjbK�´��r`bxÅá¶jbepqged`�uav�`bLdLRJ0edf�h�jbfzLdQ�JÀJ.y*^��rhdorjbfzhi^�eiKM`bx.Jsk=Ñ�o®qlk@Ýb¯]hiQ�j�±chp`
v�Q�jgLRjbqged`gv�QÖjbKsLRQ�J¤hd^�eiKM`bx0J·jbK�`cyW`bxÅQ�orf�J.Á�x.jg`bLdJ.�X���®y¨`bf2�ÉjbK�`cQ�`bf��2Á,vwjb^�eiJ.�²J0y¿^��rhdorjbf²v��r`bLdJ·`bKMLdJ.eB�2J.ÐbJ0�®jgv�yWJ.fsL"k
ÂcQ�J�´��®`gxÅáav2`bLRLdJ.eif�h��2KMeiJ��s^�J0fsLR�ruaJ0y�J0edqgo®f2q¾o®f�LRQ�J*x.`ghdJ*jbK·Q�`gf���Á�vÇjg^�edJ0�zv��r`bLRJ0hO�Ç`gedJÀ�2^�J*LdjThio®�rÐbJ0eIxÅQ�J0yWo®x0`b�r�®u
��J.vwjbhiorLRJ.�z�2^�edorf�q]LdQ�JÉ��J.ÐgJ.�rjbv�yWJ0f�LOk�ÂcQ�JÀeiJ.yWj�ÐO`b�ljgKPLdQ�J.hiJÉhiLR`borf�hpQ2`b�È´ÇJ0J.fÈLRQ2JÀyWjbhiLcLRory�J0Á,x0jbf�hi^�yWorf�q]LR`ghdá
o®fÈLdQ�J²J.y¿^2�®hio®jgfav2edJ0v�edjsx0J.hihdorf�q¿KMjge�LRQ�JÉJ0_�vwJ.eiory�J0fsLRh�vÇJ0edKMjgedyWJ0�ahij*KM`geOkt��u¾yWJ.`gf�hcjbK�LRQ�J²v�eijbLdJ.x0LRorÐbJÖx.jb`gLRorf�qw�
hd^2edKM`gx.JWx.�rJ.`gf�o®f2q¶orhÀf�jgLÉf�J.J0��J.�Ä`gf�usyWjbeiJ�`bf��ÄLRQ2J]v�edJ0v�eij�x0J.hihdorf�q¶v�eij�x0J.��^2edJ�´ÇJ0x.jgy�J0hÀx.jgyWv�`bLdo®´��rJW±co®LdQ�LRQ�J
��`bor�ruTQ�`gf����ro®f�qWjgK�LdQ�jb^�hi`bf2��hcjbK�J.y¿^2�®hio®jgf(�2�®yWh��s`bhcorfÈLRQ�JÉx0`bhiJÖjgK=¸=¹³º¤mp»Wk

¬ f¶`b���2o®Ldo®jgf��sLRQ2JÉv�edJ0hdJ0f�x.J²jgK�LdQ�o®hIv�edjgLRJ0x.LRorÐbJÖ�r`�ubJ.e�`g�®�rj�±ch���o®eiJ.x0Lcx.jgf�Ld`bx0L=±corLRQÈLdQ�JÉ�®J0`b�¶v��r`bLRJ0hOk � orLRQ2jb^�L
LRQ�orh·v�eijbLdJ.x.Ldo®jgf��0jbf�J=±=jb^��r�ÀQ�`�ÐgJ¤LRjÖorf�hdJ0edL�LRQ�orf�o®f�hi^��r`bLdjbePhdQ�J0J.Ldh�orf*jged�2J.eBLdj�`�Ðgjbor�ÉxÅQ�J.yWorx.`g��eiJ.`gx.Ldo®jgf�hB´wJ.Lµ±=J.J0f
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x.jgf�Ld`bx0L¤`bL³��orÊÇJ0edJ0f�L=LRJ0yWvÇJ0ed`gLR^�eiJI`gf��¾Qs^�yWo®�2o®LµuWx.jgf���orLRorjbf�h�k�X�j¿KM`geO�b±=JIQ�`�ÐgJpf�jbL=jb´2hdJ0edÐgJ.�W`bfsuWJ.ÊwJ.x0L³jgf¾LRQ�J
���ry hi^�eiKM`bx.Js�ghd^�xÅQÈ`gh=xÅQ2J.yWo®x0`b�n`gqbqgedJ0hdhio®jgf]LRj]LdQ�JÉv�eijbLRJ0x.Ldo®ÐgJ��r`�ubJ0eOk

»ÜyWorx.eijbÁ�v�Q�jbLdjbqged`gv�Q½jbK³LRQ�JTx.eijbhihÖhiJ.x0LRorjbfZjbK=LRQ�J]yW`gxÅQ�o®f2J.Á�x.jb`gLRJ0�­J.y*^��rhdorjbfÄ�r`�ubJ.e²orhÉhdQ2j�±cf�orfÄÑPorqwk×Ýbþwk
º¤`gxÅQÖorf���orÐso®�2^�`b��x.eiushdLd`b� `gx.LRh�`bhn`gfÉo®f2��J.vwJ.f��2J.fsLBv�`gedLdo®x0�®J¤��J.LdJ.x.Ldjbe�kl»IKMLdJ.eP��J.ÐgJ.�rjbv�yWJ0f�LBLRQ�J v2`beiLRorx.�rJ LRei`��RJ0x.LRjgedu
x.`gf¶´wJÉeiJ.x.jgqbf�orhiJ.�T`ghc`b�ro®qgf�J.�¶qbei`borf�h��g`bhchiQ�j�±cfaorf¶ÑPorqwk@Ýw°bk

ÑÇjbeB`g^�LRjgyW`bLRorx¤x0jb`gLRorf�qIhijbyWJ ��or�r^�LRorjbf*jbK�LdQ�J¤qgJ.��o®hPedJ'�s^�o®eiJ.�Pk�"If2��J.ePf�jbeiyW`b��x.jgf���orLRorjbf�h��0LRQ�J=qbei`borfÉ��J.f2hdorLµu��
��J��2f�J.�¶`bh�LRQ2J�fs^�y*´ÇJ0e=jgKnqbei`borf�h=vÇJ0e²E@Ó@ÓmO � `g�®jgf�q¿LdQ�JÖv�`beiLRorx.�rJ�Lded`H�RJ.x0LRjbeiu��b��J0x.eiJ.`bhiJ.h=`b�ryWjbhiL¤�ro®f2J.`bei�ru]±co®LdQ
LRQ�JÉ�2o®�r^�LRorjbfzKM`gx.Ldjbe�`b�rLRQ�jg^�qbQ¶v�`gedLcjgKBLRQ2JÉhdJ0f�hdorLRorÐso®LµuT�®jghdhcyW`�u¾´wJÉedJ0qb`go®f�J0�aorfÈLRQ�JÉ�2J.ÐbJ0�®jgv�yWJ.fsL�v�Q�`ghdJskBÂcQ2o®h
v�eijb´��rJ.y Q�`bh]´wJ.J0fÏhdjg�®ÐgJ.�Ø´�uÆo®f2x.eiJ.`bhiorf�q�LdQ�J½hiJ.f�hiorLRorÐ�orLµutjgK�J0`bxÅQÍx.eiushdLd`b�c^�hio®f2qZLdQ�J½LdJ.xÅQ�f�jg�®jgqbu�jgK�x0edushiLR`b�
qbeij�±cLRQ¶��J.ÐgJ.�rjbvwJ.�¶KMjbechiLR`gf���`bei�¶v�Q�jbLdjbqged`gv�Q�orxh���ryWhOk

»�h³hiQ�j�±cf¾orfTÑ�orqwkbÝbþw�gLdQ�J�x0edushiLR`g�2��or`byWJ.LdJ.e=��orhdLdedor´�^�Ldo®jgfTorfTLRQ2J�J0y¿^��rhdorjbfT�®`�ugJ.e¤orh=ed`gLRQ�J0e³^�f2o®KMjgedy¦`beijb^2f��
ÓMcMÒ@Ó	O � kBÂcQ�J=x.^�eieiJ.fsLR�ru²`bxÅQ�orJ.ÐgJ.�Àqged`go®fÀ�2J.f�hio®LµuÉjgK�LRQ2J=yW`gxÅQ�o®f2J.Á�x.jb`gLRJ0�ÀJ.y*^��®hiorjbfm���ryWh·o®h � Ó�qbei`borf�h�ªÇE@Ó@Ó4O �
J.ÐgJ.fTorf¶LRQ�J²x.`ghdJ�jbK�`*KM`gx.LRjge³jgKBLµ±=j¿��or�r^�LRorjbf�kc¸=f2J�x0`bfTx0jbyWv�`gedJ�LRQ�orhcKMJ.`gLR^�eiJ�±corLRQ¶LRQ2J �ZY qbei`borf�h]ª2E@Ó@Ó�O � jgK
LRQ�J¿º¤Â¿°��ÏqgJ.�³��±co®LdQ�jb^2Lc��o®�r^�Ldo®jgf���^�hiJ.�¶KMjbe*S}�W¸=m�"IX¶`bf��È±corLRQÈLRQ�JTÒ@� qbei`borf�h]ª2E@Ó@ÓPO � jbKPº¤Â¿°gSÎ�M±corLRQ2jb^�L
��or�®^�Ldo®jgf���^�hiJ.�¶KMjbecLdQ�J � ¸=U#"IÂ J0_�vwJ.eiory�J0fsL"k

ÂcQ�J²hijbÁ�x.`g�®�rJ.�aJ.y¿^2�®hio®jgf |��'V orhc��^�JÉLRjW`gx.x.or��J0f�Ld`b�×qged`go®f�h�ei`bf��2jbyW�®u]�2o®hiLReio®´2^�LRJ0�¶orfÈLRQ�JÉJ0y¿^��rhio®jgfaÐgjb�r^�yWJ
�MÑ�orqwk@Ýl°b�dk·ÂcQ�J0uTx.jgf�hiLRorLR^�LdJÉ`]´�`bxÅásqbeijb^2f��a±cQ2o®xÅQÈQ�`ghpLRj]´wJÀábJ0v�Lc`bLcLdQ�JÀ�rJ.ÐgJ.�njgK?Í ã KMjgq�ª2E@Ó@Ó@ÓsO ��� k·ÂcQ2o®h
x.`gfÆ´wJz`bxÅQ�orJ.ÐgJ.�Æ´�u�`gv�v��ruso®f�qÄ`ÄyWjs��J.ei`bLdJa��J0ÐbJ0�®jgv�yWJ.fsLWLRjÄLRQ�JÈJ0y¿^��rhdorjbf����ryWhO�¤hdLdo®�r�cábJ0J.v�orf�qZ`Ähd^�âWx0o®J0f�L
hdJ0f�hio®Ldo®ÐsorLµuTjbK³Û � ÓWqbei`borf�h]ª2E@Ó@ÓPO � ��`ghchdQ2j�±cfaorfÈÑPorqwk�Ý�Îwk

ÂcQ�JzorfsLReio®f2hdorxzvÇjghdorLRorjbfØeiJ.hijb�r^�LRorjbfØjbK²LRQ2JzJ.y¿^2�®hio®jgf����®yWh¾x0`bfÍ`b�rhijZ´wJzorf�ÐgJ.hiLRorqb`gLRJ.�Ø´suàyWJ.`ghd^2edorf�qÄLRQ�J
vÇjghdorLRorjbf�edJ0hdor��^�`g�®hÖjbK¤LRQ�JWx.J0fsLReiJ*jgK J.`gxÅQ½qbei`borf½±corLRQZedJ0hdvwJ.x0LILRj¶`!��LRLdJ.�ZhdLded`go®qgQ�L��®orf�Jsk²ÂcQ�J�edJ0hd^��rLÖo®h²hiQ�j�±cf
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LRQ�JÉx0edushiLR`g�Ç^�f2o®KMjgedyW�ru¾qbeij�±ch¤^�f2��J.ec��J0ÐbJ0�®jgv�yWJ.fsL³^2vaLdj�`�qbei`borf¾±corLRQÈ��or`byWJ.LdJ.e�jbK³Û ÓMc L O � kPÂcQ2o®h�orf�Ldedorf�hio®x
edJ0hdjg�®^2LRorjbf¶x.`bf¶´wJÉx.jbyWv�`gedJ0�a±corLRQÈLdQ�`bLcjgKBº¤Â¿°��À� ¤ Û ÓMcMÓ@F Y O � k

ÂcQ�Jav�Qsushdorx.h*v�edjgvÇJ0edLdo®J0h¿jgKcLRQ�J¶J.y*^��®hiorjbf��r`�ubJ.e*`beiJ¾LRQ2JTKMjb�r�rj�±co®f�qlN*��J.f�hiorLµu�Ïpj ÒMc Y Ó2��`�ÐbJ0ed`gqbJ]`bLdjbyWorx
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��J.f2hdorLµu�k
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yWo®x0edjghdx0jbv�orxIoryW`bqbJÖjb´2hdJ0edÐgJ.�]LRQ2edjg^�qbQa`*Lµusv�orx.`g�Ç¹³º¤ÂÎ´�`ghdJ�yW`�u]Q�`�ÐbJ�hdJ0edorjb^�h=v�eijb´��rJ.yWh=x.`g^�hdJ0�T´su]��orhd^2f�o®KMjgedÁ
yWo®Ldo®J0hpjbKPLRQ�JÉjgv�LRorx.`g�×KMJ.`gLR^�eiJ.hcjgK�yWorx.eij*hiLRei^�x.Ld^�eiJ.hcorf¶LdQ�JÉv��r`bhiLRorx�k

ÂP»¿SßQ�`bhÀf2j½hdvwJ.x0o®`g�¤v�eijb´2�®J0y�h�k ¬ LRh�v�Qsushdorx.hÀv2edjgvÇJ0edLdo®J0hÀ`beiJ�NÀ��J.f�hiorLµu;Ïñj EMcMÒ@� Vt~M
���� ��jbv�Ldo®x0`b�³o®f��2J._
& jöEMc Y �2�lei`b��or`bLdo®jgfz�®J0f�qbLdQ%Ö × j � E 
�� �Çfs^�x.�rJ.`geIx0jb�r�®orhdorjbf­�®J0f�qbLdQ�Þ ß j Y F 
�� `bf��­f�^2x.�rJ.`be�o®fsLdJ.ei`bx.Ldo®jgf
�®J0f�qbLdQ�Þ�à�j L F 
�� k

º³y¿^��rhdorjbf!���ryWhI��orhdLdjbeiLRorjbf�hcQ2`�ÐbJÉ`b�rhij�´wJ.J0fzo®fsÐgJ.hiLRorqb`bLdJ.��k � orhdLdjbeiLRorjbfÈorhp`]v�Q�J0f�jbyWJ.f2jbfÈ±cQ�orxÅQzhdQ�orKMLRh�LRQ�J
vÇjghdorLRorjbfÈjgK�LdQ�JÉedJ0x.jged��J0�TLded`H�RJ.x.Ldjbeio®J0h�o®fÈLRQ2JÉJ.y¿^2�®hio®jgfa�r`�ubJ0e�´ÇJ0x.`b^2hdJ²jbKPhiLReiJ.hihdJ0h=`gx.x0^�y¿^��r`bLdJ.�¶o®fÈLdQ�JÀqbJ0�®`gLRorf
�®`�ugJ.e�k ¬ f�Q�`bf2��Á,yW`g��J³J0y¿^��rhio®jgf*v��r`bLdJ.h��OhiQ�o®KMLdh·jbKÇhdJ0ÐbJ.ei`b�GO � `gedJ=KMeiJ��s^�J.fsLd�®uÀjg´�hiJ.eiÐbJ.�P�.x0`b^�hiJ.��´suÀ`Ö��o®hi^�f�orKMjbeiy
��eiu�orf�qW`bLcLdQ�JÉv��r`bLdJÖv2edjs��^�x0LRorjbf�k

ÂcQ�JÈ��orhiLRjbeiLRorjbfØ`bÊwJ.x0LRh]LdQ�JzJ.âWx.orJ.f2x.utorfÆx0jbf�f2J.x.Ldo®f2qZLµ±=jÄyWo®x0edjZLRei`bxÅáshWo®fÍLdQ�JÈLµ±³jÄJ.y*^��rhdorjbfØ�®`�ugJ.eih*jgK
`����ry½k½ÂcQ2JT´�`ghdJ¾Lded`gxÅásh¿x.jgf�hiLRei^�x.LdJ.��±corLRQàLdQ�J.hiJTx0jbf�f2J.x.LdJ.�tyWorx.eij½LRei`bxÅásh*Q�`�ÐbJ¾vwjbhiorLRorjbf�h*`bf��t`gf�qb�rJ.h*f�jbL
`bÊwJ.x0LRJ.�a´su��2o®hiLRjgedLdo®jgf�k�ÂcQ�J.uW`beiJI`gx.Ld^�`b�r�®uW^�hiJ.�To®fay�jghdL=jbK×LdQ�JÖ`bf�`g�®ushiJ.h¤KMjgedJ0hdJ0J.f¾KMjge²¸=¹³º¤mp»Wk ÂcQ2JIvwjbhio®Ldo®jgf
`bf��È`gf�qb^��r`be�eiJ.hijb�r^�LRorjbf2h=jg´�LR`go®f2J.�È´su¾^�hio®f�qW´�`ghdJ²Lded`gxÅá�h�`gedJ²��J0hdx0edor´ÇJ0�aorfÈX�J.x0LRorjbfÈþwk

Ñ�orqwk��bÞahdQ�j�±chÖLRQ2J*Lµusv�orx.`g����orhiLRjbeiLRorjbf�v�`bLdLRJ0edf�o®f�LRQ�J�x.J0f�Lded`g��v2`beiL�jgK `bf�J.y¿^2�®hio®jgf;���ry½k²ÂcQ�J���o®hiLRjgedLdo®jgf
J.ÊwJ.x0LÖorhÖÐbJ.eiuÈy¿^�xÅQ�hd^2v�v�eiJ.hihdJ0�½o®f�o®f2��^�hiLReio®`g�t���ryWh²��j�±cf­Ldj­ÛæÓMc Y O � k�ÂcQ�o®h²ÐO`b�r^�J�o®hÖ`b�ryWjbhiL�`gLILdQ�JW�®J0ÐbJ.�
jbKPLRQ�JÉeiJ.`g��jb^2L=`gx.x0^�ed`gx.u]jgKBLRQ2JÉv�edJ0hdJ0fsL=hix.`gf�f�orf�qWhdushiLRJ0y�h¿�(Û ÓMc � O � �RkPÂcQ�orhpeiJ.hi^��rL=orhp´�`ghdorx.`g�®�ru]��^�JÉLdj]LRQ�J
^�f�orKMjbeiy �2edusorf�q²v�edjsx0J.hih·`bL·LRQ2Jpv�eij��2^�x.Ldo®jgf�`gf��W`b�rhdj²LdjÉLRQ�Jcx0`beiJ.KM^����2J.ÐbJ0�®jgv�yWJ.fsL·LReiJ.`gLRyWJ.fsL·hivÇJ0x.or`b�r�®u¿��J.ÐsorhdJ0�
KMjbe*¸=¹³º¤mp»Wk

YB�



ì�< >@?nADCÏÒ@�@G¶ÂcoryWJ¾��J0vÇJ0f���J.f2x.J¾jgK³LdQ�J¾��J0ÐbJ.�rjbvwJ.�Äqged`go®fÄ��J0f�hdorLµu­`gf��ÄKMjbqz��J0f�hio®Lµusk�SPjgf���orLRorjbf�hÀ`gedJsN²`byWor��jb�
��J.ÐgJ.�rjbvwJ.ec`gL=ÝgÞAò Sck@»û��J.ÐgJ.�rjbv�yWJ.fsL�LRoryWJÉKMedjgy ÝbÞWLdj]Ýb¯�y�orfs^�LRJ0hpqborÐbJ0h�hd`gLRorhdKM`gx.LRjgedu]eiJ.hi^��rLRh�k

YMY



0
d
ó
eô viaõ tion (

ö
 micron )

÷
0

5

10

15

eô nt
ø
ry : 8
ù

5
ú

RMS : 0
û
.ü 06
ý
0

ì�< >@?nADC�Ò@å@G�¹·jbhio®Ldo®jgfTeiJ.hio®�2^�`b�rh�jbKPLRQ�JÉqged`go®fax.J.fsLdedJ²±corLRQÈedJ0hdvwJ.x0LcLRjW`N��LRLdo®f2q¾hdLded`go®qgQsL³�ro®f2J�k

"�hd^�`g�®�ru½LdQ�J]��orhdLdjbeiLRorjbfZ´ÇJ0x.jbyWJ0hÉ�®`gedqgJ.e²f�J.`ge²LRQ�J]J0��qbJWjbK=LRQ2J����®y½k ¬ fÄLRQ2J]x.`bhiJWjbK³o®f��2^�hdLdedor`b�¤J.y¿^2�®hio®jgf
���ry�h��BLRQ�J¾�2o®hiLRjgedLdo®jgfZorhÀ�rj�±³J0eÉLRQ�`gfÍÛ E{O � ^�v�Ldj�E ��� KMeijby LRQ�J �2�®y J.��qgJ�k]»cL{Í ã Ó@Ó!O � KMeijby LRQ�J
���ryæ´wjbei��J.e��wLRei`bxÅáÈeiJ.x.jgqbf�orLRorjbf­´�u­J.ubJ�orhÉhdLdo®�r�·ed`gLRQ�J0e�J0`bhiu�kÀÂcQ�o®h²yWJ.`gf�hÉLRQ2`bL²´suz^�hdorf�qÈ`¶v�edjgvÇJ0e²��o®hiLRjgedLdo®jgf
x.jgedeiJ.x0LRorjbf���Lded`gxÅásh*x0`bfà´wJÈ±³J0�®��eiJ.x0jbqbf2o®hiJ.�t´su�`g^�LRjgy�`gLRorxahiushdLdJ.yWh]J.ÐgJ.fÆ`bL�LRQ�orh]vÇjghdorLRorjbfPkÎ¸=f��rut`bL�`b´wjb^�L
E@Ó@ÓþO � KMeijby LRQ�JzJ0��qbJÈLRQ2J;���ry orh¾x.jgy�v2�®J0LRJ.�rut��`gyW`bqbJ0���¤��^�JzLRj�´2�®`gxÅáthdLdedorvwJ.h]x.`g^�hiJ.�Í´sutLRQ�Jzv2edJ0hdhi^�eiJ
`bv�v2�®orJ.�a`bL=LRQ�JX���ryÜx.^�LdLRorf�qwkPÑ�orqwk��wÙp��o®hiv��r`�ush¤hijbyWJ�yWJ0`bhi^�edJ0yWJ.fsLRh³jbKnJ0��qbJ���o®hiLRjgedLdo®jgf�h�kBÂcQ2J���`gLR`*hdQ�j�±ÏLdQ�`bL
LRQ�J0hdJÉJ0ÊÇJ0x.Ldhp`beiJ²f�J.qg�®orqbor´��rJÖ^2vaLdjzÛ Ò@Ó@ÓvO � KMeijby LdQ�JP���ry J.�2qbJ�k

ÂcQ�JÈKM`g��o®f2qZ`gf��Í`bqgo®f�qZKMJ.`gLR^�eiJ.h]jgK�LdQ�JÈo®f2��^�hiLReio®`g�pJ.y*^��®hiorjbf����®yWh]Q�`�ÐgJÈ´ÇJ0J.fÍo®fsÐgJ.hiLRorqb`bLdJ.��kàÑ2`g��orf�qÄo®h
LRQ�JT�®jghdhÉjgK³LdQ�J¾�r`bLRJ0fsLÉo®yW`bqgJWj�x0x.^�eieio®f�q¶v�eio®jgeÉLRjz��J0ÐbJ0�®jgv�yWJ.fsL"kW»�qborf�qÈo®h¿LRQ�J¾�2J.qbei`b�2`bLRorjbf�jbK=LRQ�JTJ.y¿^2�®hio®jgf
hdJ0f�hio®Ldo®ÐsorLµuT��^�eiorf�qWLRQ�JÉJ0_�vwjbhi^�eiJ�k

ÑÇ`b��orf�q¶o®h²f�jgL�`¶hdJ0ÐbJ0edJ*v�edjg´��rJ.yªKMjbeÖLRQ2o®hÉJ0_�vwJ.eiory�J0fsL"�whio®f�x0J*±=J�v��®`gf­LdjaJ0_�Lded`gx.LÖLRQ�JWhiJ.�rJ.x0LRJ.��´�eio®xÅáÈ`bf2�
��J.ÐgJ.�rjbv]LdQ�J�J0y¿^��rhio®jgf�h¤±corLRQ�orf¾jgf�Jp±=J.J.áW`gKMLRJ.e³LRQ�J�J.ÐgJ.fsL jsx.x0^�edeiJ.�Pk � orLRQ�orfT`g´Çjg^�L¤jgf�JpyWjbfsLdQ��gvÇjghdhio®´2�®JpJ0_sLRei`
´�eio®xÅáshÖedJ'��^2o®eiJ.�½KMjge²KM^�edLdQ�J.e²`gf�`b�rushdorh���x.`bf2��o®�2`bLRJ�J.ÐgJ.fsLRh��·`gedJ*J._sLRei`bx0LRJ0�­`bf2�½��J.ÐgJ.�rjbvwJ.��kXí­jbeiJ.j�ÐbJ0eO��jbf�J*x.`gf
LR`gábJ�`b��ÐO`bfsLd`bqbJ*jbK LdQ�JWJ._sorhdLdJ.f�x0J*jgK hdjgyWJ¿KM`b�2o®f�ql�l±cQ�orxÅQ­x0jbfsLReio®´2^�LRJ0h�LdjaJ0ed`ghdJ*^�fs±³`gf�LdJ.��x.jbhiyWo®x�ei`�u¶Lded`gxÅásh
`bx0x.^�y*^��®`gLRJ0�T��^�eiorf�qv�2�®y v2edjs��^�x0LRorjbfa`bf��aLRei`bf�hivÇjgedLd`bLdo®jgf¾´ÇJ0KMjbeiJ�LdQ�J²ed^2f��g`bh���J.hix.eior´ÇJ0�TorfaLdQ�J�f2J._sL�X�J.x0LRorjbf�k
ÂcQ�orh�KMJ0`bLR^2edJÀorhI´wJ.f2J���x0o®`g�BLRjahd^2v�v�eiJ.hihpLRQ�J*��J.qged`g��`bLdo®jgfajgK·LRQ�J¿J.�rJ.x.Ldedjgfzo®�2J.fsLRo���x.`gLRorjbfzJ0â�x0o®J0f�x.u¶`bf2�zjb´�Ld`borf
`bf�`g��J��s^�`gLRJ]J.f2J.eiqbu­eiJ.hijb�r^�Ldo®jgfZKMjgeÀx.`ghdx0`b��J]hiQ�j�±=J.eihOk ¬ f�v�edorf�x0o®v��rJ���LdQ�J¾KM`b�2o®f�q­LRory�JTx.jbf2hdLd`bfsLÉ��J.vwJ.f2��h¿jgf
LRQ�J²J0f�Ðsoredjgf�yWJ.fsLR`g�ÇLdJ.yWvwJ.ei`bLR^2edJs�bQs^�yWor��orLµu]`bf��ajbfTLdQ�JÖj�_�usqgJ.f¾��J0f�hio®Lµusk=¸=f2J�J0_�`gyWv��®JÖjbKBLRQ�J0hdJÖv�eijbvwJ.eiLRorJ.h=o®h
hdQ2j�±cfaorfÈÑPorqwkM�bÝwk�»�x.x.jged�2o®f�q�LRj]LdQ�JP���ry v�eijs��^�x0J.e��bKM`g��orf�q]v�eijbvwJ.eiLRorJ.hc`beiJÖ±³J0�®�×^�f2��J.epx0jbfsLReijb�µk

¬ fÈjbei��J0ecLRj¾xÅQ�J0xÅá¾LRQ2JÀKMJ.`gLR^�eiJ.hpjgK�LdQ�JÀÑÇ^��RoBJ0y¿^��rhdorjbfÈorfzyW`borf�Ld`borf�orf�qWLRQ�J0o®e�hdJ0f�hdorLRorÐso®Lµua±co®LdQz`bqgJÖ±=JÉQ�`�ÐgJ

YBã



ì�< >@?nADC � Ó@G¢í½J.`ghd^�eiJ.yWJ0f�L·jgK×LRQ�J�J.y*^��®hiorjbf]��orhdLdjbeiLRorjbf]`gL LRQ�J�x.J0f�LdedJIjbK×`bf]J0y¿^��rhio®jgf����®y½k�ÂcQ�J�hdx0`bf�f�orf�qÀ`gedJ0`
o®hNÉÿ� b(b Ê{�Nb(bàkcÂcQ2J¿ÐbJ0x.Ldjbeihpo®f2��o®x0`bLdJ¿LRQ2J¿��orhdLdjbeiLRorjbfz��oreiJ.x.Ldo®jgf�k�ÂcQ�J*`b´�hijb�r^�LdJÀÐO`b�r^�J¿jgK·LRQ�J*��o®hiLRjgedLdo®jgf
o®hIo®f��2o®x0`bLRJ0�È´�uTLRQ�JÉ�rJ.f�qgLRQÈjbK�LRQ�JÉ`gedeij�± ��LRQ�JÉ^�f2o®LcorhpqborÐbJ0fTjgf¶Ldjbv¶jbKPLRQ�JÉv2�®jgL"�Rk
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ì�< >@?nADC � E@GXí½J0`bhi^�edJ0yWJ.fsLcjbKPJ.y*^��®hiorjbfÈ��orhdLdjbeiLRorjbf¶`bhp`]KM^�f2x.LRorjbfzjgK�LdQ�JÀ��orhiLR`bf2x.JÉLRj]LdQ�Jm���ry J.��qgJ�k�ÂPjbvÈ`bf2�
yWo®���2�®J �2qb^�eiJ.h�NpLdQ�J]J.ÊwJ.x0LÉjbK=LRQ�J]�2o®hiLRjgedLdo®jgf�`g�®jgf�qaLdQ�J � `bf����¦��o®eiJ.x0LRorjbf�hÉ`gedJWyWJ.`ghd^2edJ0�­`bhÉLdQ�J]vwjbhio®Ldo®jgf
��J.Ðsor`bLdo®jgftjbKpLdQ�JThiJ.qgyWJ.fsL¿eiJ.x0jbf�hiLRei^�x.LdJ.��orfàLdQ�JTJ0y¿^��rhdorjbfà�®`�ugJ.e¿±corLRQÆedJ0hdvwJ.x0L¿Ldj­LRQ2Ja^�f2��o®hiLRjgedLdJ.�tx0edjghdhiorf�q
vÇjgo®fsLdhÀ±co®LdQ�LdQ�J]v��r`bhiLRorxW´�`bhiJ�k¿ÂcQ�J � `g_so®hÉorhÉ`b�ro®qgf�J.�Z±corLRQZLRQ�J����ryæJ0��qbJskm��jgLRLRjgy ��qg^�edJsNpLdQ�J]fs^�y¿´wJ.eÉjgK
LRei`bxÅáshcKMjb^2f��È´�uTLRQ�JÉ`g^�LRjgy�`gLRorx²hdushiLRJ.y ±co®LdQ�jb^�Lc`gv�v��ruso®f�qW`gf�uT��o®hiLRjgedLdo®jgfax0jbeiedJ0x.Ldo®jgf�k
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ì�< >@?nADC � Ò@Ga»IfÄJ._s`gy�v2�®J]jgK¤LRQ2J]KM`b��orf�qÈv�eijbvwJ.eiLRorJ.hÉjbK=LRQ2J]J.y¿^2�®hio®jgfÇ�2�®yWh�k�º¤`bxÅQÇ���ryæhi`byWv��rJ�orhÀv�`gxÅábJ0�­`bL
`ÈQ�^2y�or��orLµu­jgK¤þbÞ�
�`bf��Z`bLÉ`¶LRJ0yWvÇJ0ed`gLR^�eiJWjbK¤ÝgÞAò Sck×»IKMLRJ0eÉ´ÇJ0`by J._svÇjghd^2edJs�wLRQ�J]hi`byWv��rJ.h²Q�`�ÐgJ*´wJ.J0fZhiLRjgedJ0�
`bL���o®ÊwJ.eiJ.fsL�LRJ.yWvwJ.ei`bLd^�edJ0hOk=»cLWÙÅÞUò SØLRQ�J*LRoryWJ¿f�J0J.��J0�½LRjaedJ0��^�x.J¿LRQ�J*qbei`borf¶�2J.f�hio®LµuÈLdj¾Ýb¯¾qged`go®f2h�ªlÙÅÞbÞvÈ�b o®h
J.hiLRoryW`bLRJ0��LdjÄÙ
� ¯aLRj¶ÝayWjgf�LdQ�h�k²ÂcQ�orhÖ�rorKMJ.LRoryWJWo®h²x.jgyWv�`bLdo®´��rJ�±co®LdQ�LdQ�JWv��®`gf�f�J0�­´�eio®xÅáÈeiJ.yWj�ÐO`b�P`bf���`bf�`g�®ushio®h
hdLded`gLRJ0qbu�k

Y �



´ÇJ0J.fthiJ.`gedxÅQ2o®f�qÈKMjgeÀjb�r�ÄJ.y¿^2�®hio®jgfÄv��®`gLRJ0h¿orf�jb^�eÀ`gf��ÄÑ2^��Ro�w h*hiLRjsxÅá­eijsjbyWh�k]ÂcQ�J¾v2edJ0hdJ0f�LÉhiJ.f2hdorLRorÐso®Lµu�jbK�LRQ�J0hdJ
hd`gyWv��®J0hÀQ�`ghÀ´ÇJ0J.f���J0LRJ0edyWorf�J.��´su­J0_svÇjghdorf�qzLRQ2J¾J.y*^��®hiorjbf�hÉLdj½`bfÄJ.�rJ.x0LReijbfÄ´wJ.`byÃ`bf2�Z´su���J.ÐgJ.�rjbv�orf�qÈLRQ�J0y
hdjsjgf­`bKMLdJ.e�kÉÂcQ�JWeiJ.hi^��rLRh²`beiJ¿hiQ�j�±cf­orfZÂ�`g´��®JWþlk²º¤ÐgJ.f­LdQ�JWjb�r��J.hiLÖv��®`gLRJ0hÉhdLdo®�r�·hdQ2j�±ûJ.f�jg^�qbQ�hdJ0f�hdorLRorÐso®Lµus� T c � c� Ò ã qbei`borf�h]ª2E@Ó@Ó#O � knÂcQ2JchdorLR^�`gLRorjbf�o®h·J0ÐbJ0f*´wJ.LdLRJ.e¤KMjbeI¸=¹¤º³mp»��"hiorf�x.J�LRQ2Jcf�`bLd^�ed`g�sLRJ.yWvwJ.ei`bLd^�edJ�jgKÇLdQ�J¿V=ed`gf
X�`bhihij¿Q�`g�®�wo®h=`bv2v�edJ0x.or`b´��ru��®j�±=J.e�knÂcQ2J.eiJ.KMjbeiJ��b±=JIx.`gf¾x.jgf�x.�r^���J�LRQ�`gL³LdQ�J�¸=¹³º¤mp»ßJ.y*^��®hiorjbf¾hiJ.f�hiorLRorÐ�orLµuW±co®�r�l´ÇJ
v�eiJ.hiJ.eiÐbJ.�aj�ÐbJ0e=LdQ�J.ore*��y�`g_so®y*^�y½�=F*ugJ.`beih��®orKMJ.Ldo®yWJT� T c � c�Ò�ubJ.`gedh�KMjgecv�edjs��^2x.LRorjbfÈ`gf�� ã ubJ0`beih�KMjbecJ._svwjbhi^�eiJ��Rk

¬ fthi^�yWyW`beiu��PLdQ�JavwJ.eiKMjbeiyW`bf�x0JTjgKpo®f2��^�hiLReio®`g�³J0y¿^��rhdorjbf/���®yWhWKM^������rh�LdQ�J¶edJ'��^2o®eiJ.yWJ.fsLdh*jgK*¸=¹¤º³mp» `bf2�
J.f�hi^�eiJ.hcLdQ�JÉJ.âWx.orJ.fsLcjgvÇJ0ed`gLRorjbfTjgK�LdQ�JÉ`b^2LRjbyW`gLRorxÖhix.`gf�f�orf�qWhdushiLRJ0y�h�k

������� C L G­mpJ0hd^��rLRh�jbKc`gft`bqgo®f2q½LRJ0hdL*vÇJ0edKMjgedyWJ.�à±co®LdQàhiJ.ÐbJ0ed`g� J.y*^��rhdorjbftv2�®`gLRJ.h�kzÂcQ2JT`bqgJ¾orh*��J'��f�J0�t`bh�LRQ�J
LRoryWJÀv�`bhihiJ.�ÈKMedjgy v�eijs��^�x.Ldo®jgfÈLRj]��J0ÐbJ.�rjbv2y�J0fsL"k�ÂcQ�J¿hdLdjbei`bqbJÖLRJ0yWvÇJ0ed`gLR^�eiJÉÐO`beio®J0hcKMedjgy ÝbÞWLdj��bÞAòbStj�ÐgJ.e�jbf�J
ubJ0`be�k X�`gyWv��®J©£]o®f�x0�®^2��J.h�J.y¿^2�®hio®jgfk���ry�h�v�eij��2^�x.J0�¶orf½X�^2y�yWJ0e�ÙÅÚgÚbÚW´suTLdQ�J¿v�eijs��^�x0LRorjbfÈ�®orf�JÀjgK�x.jbyWyWJ.eix.or`b�
v�Q�jgLRjbqged`gv�Q�orxh�2�®yWh�k

��`gLRxÅQ ¹¤eijs��^�x.Ldo®jgf `bqbJ X�LRjged`gqbJÖx.jbf2��o®Ldo®jgf ¬ f�orLRor`b� `bKMLdJ.ec`gqborf�q
ý ugJ.`gedÿ ¯Uò S��Ïmpjsjby LRJ0y�vPk qged`go®f�h]ªwÙDÞbÞHÈ�b qged`go®f2h�ªlÙÅÞbÞHÈ�b

X2`byWv��rJTÙ w ÚbÝNí½`�u °bk ¯Wu ÝwkrÙ�u��Î¯lk £�u �gÝ Ýw°
X2`byWv��rJÉÝ w ÚG£W»Iv2edor� ¯wk ¯Wu ÞwkrÙ�u��Î¯lk £�u Ýg¯ Ýb¯
X2`byWv��rJP� w Úw°���^��ru Ýwk �Wu Þ��ÎÝwk ��u �lÙ �G£
X2`byWv��rJP£ w ÚbÚ���^��ru Ùbk ÞWu Þ�� Ùbk Þ�u �gÞ �bÞ
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»IKMLdJ.eÀv�eijs��^�x0LRorjbfZJ.y¿^2�®hio®jgfÇ�2�®yWhÀQ�`�ÐgJ*Ldjz´ÇJWx0^�LÉLRjzLdQ�JW��J.hio®eiJ.�Zhio�(0J�`gf��Äv�`bxÅágJ.��o®fsLRjÈ`go®eiÁ�`bf��Ä�ro®qgQ�LdÁ,Ldo®qgQsL
v�`bxÅáO`gqbJ.h]�M`g�®^2y�orf�or^�yWÁ,x0jb`gLRJ.��v�`bvwJ.e��³`bLÖ±³J0�®�·�2J���f�J0�­Qs^�yWor��o®Lµu­x.jbf2��o®Ldo®jgf�h²KMjbe²LRei`bf2hdvwjbeiLR`gLRorjbf½Ldj¶LdQ�J½V=ed`gf
X�`bhihij]HB`b´wjbei`bLdjbeiu�kPº³`bxÅQ¶v�`bxÅáO`bqgJ²x.jbfsLd`borf�hpLRQ2J ã �N���®yWh�f�J.J0��J.�zKMjgepjbf�JÉ´2edorxÅánk·ÂcQ�JT¸=¹³º¤mp»ûJ0y¿^��rhdorjbf%���ry
hdo)(.JÈQ�`ghW´ÇJ0J.fÍ��J.LdJ.eiyWo®f�J0�Æ´su�LdQ�JÈx.jbf2hdor��J.ei`bLdo®jgf�h���J.hix.eio®´wJ.�ØorfÆX�J0x.Ldo®jgfÆÝlk Ýlk®ÙgkÄÂcQ�JÈ`bx0LR^�`g�c��o®yWJ0f�hdorjbf2h�jgK
Y�yßã TW& h]��^2`beiJ.�Ø�(E@ÓMcMÒ y E@ÒMcMF 
���� �=±=`bhÉhiJ.�rJ.x0LRJ0��`gy�jgf�qÈLRQ�J]J0_so®hiLRorf�qÈhdLd`bf��2`bei��h²KMjbeÉx.jgyWy�J0edx0o®`g�+*IÁ�ed`�u
���ry�h��sorfÈjbei��J.e�LRj]yWorf�ory�orhiJÉLRQ�JÉJ0_�Lded`W�r`b´wjb^�e�f�J0J.��J0�ÈKMjbecx.^2LRLRorf�q]`gf��Èv�`bxÅásorf�qwk

"�vÇjgf]`beiedorÐO`b�@LRQ2Jp�®`gLRJ0f�L·oryW`bqgJcjbKlLRei`bxÅásh·eiJ.x.jged�2J.��^�fsLRor�2LRQ2`bL yWjbyWJ0f�L¤o®h J0ed`ghdJ0�*´su�`bfW`bx0x.J0�®J0ed`gLRJ.��KM`b�2o®f�q
v�eij�x0J.��^2edJsk¤ÂcQ2o®h�o®hÖjb´�Ld`borf�J.�z´suaedorhdorf�q¾LdQ�JÀLdJ.yWvÇJ0ed`gLR^�eiJÀ`gf��JªbjgepLRQ2J¿Qs^�yWo®�2o®Lµu��M`gf��JªbjgepLRQ2J¿j�_susqbJ.f¶��J0f�hdorLµu
o®K�f�J0J.��J0���RkPÂcQ2JÉLR^�f�orf�qWjbKPLRQ2JÉjbvwJ.ei`bLRorf�q�x.jgf���orLRorjbf�hporhcv�eiJ.hiJ.fsLR�ru¾^�f2��J.echiLR^��2u�k

ÑÇjbe]J._s`gy�v2�®Js�¤jgf�Jzx.jg^��r�Ø±=jbeiá�±corLRQÏ`�LRJ0yWvÇJ0ed`gLR^�eiJzjbK�Û Y Ó � S�`gf��Í±co®LdQÏ`�edJ0�®`gLRorÐbJÈQs^�yWo®�2o®LµuÆjbK�Û
å@Ó@Õ�kàÂcQ�Jaqged`go®fÆ��J.f2hdorLµu�´ÇJ0x.jgy�J0hÈÛ�E@ÓZqbei`borf�h�ªÇE@Ó@Ó%O � `gKMLRJ.eÈÒ Y Q�jb^�eihWJ._svwjbhi^�edJ¶LRjZLRQ2J.hiJax0jbf���orLRorjbf2hOk
Â�J0hdLdhÀQ�`�ÐgJ�hiQ�j�±cfÄLRQ2`bLP���ryWh¿v�eijsx.J.hihiJ.�Z´�u�hd^2xÅQZ`gf�J0ed`ghdorf�qÈv�eijsx.J.�2^�edJWhiLRor�®�³Q�`�ÐbJWhi^�âWx.orJ.fsLÉhiJ.f�hio®Ldo®ÐsorLµuØ�WÒ
Ò ã qbei`borf�h�ªÇE@Ó@ÓPO � �P`gf��ahiQ�j�±ßf�jWo®f�x0edJ0`bhiJ�jgK�LdQ�JÉKMjbqW��J0f�hio®Lµusk

ÂcQ�JTx.^�eiedJ0fsLR�ru�`gxÅQ�o®J0ÐbJ0��vÇJ0edKMjgedyW`bf2x.J¾orh¿`g��J��s^�`gLRJ¾KMjge*LdQ�JTJ0�®J0x.LReijbyW`gqbf�J0LRorx]hdQ�j�±=J.e¿`bf�`g�®ushio®h�kÈmpJ0�®`g_�J0�
x.jgf���orLRorjbf�hÈ±corLRQ �rj�±=J.e¶LRJ.yWvwJ.ei`bLd^�edJÍ� � Ó½Ô Y Ó � Sc�¿`bf2� �rj�±³J0eaeiJ.�r`bLdo®ÐgJ½Qs^�yWo®��orLµu �(F@Ó½Ôª� ã Õ��*`beiJ­^�f2��J.e
o®fsÐgJ.hiLRorqb`bLdo®jgfaorf¶jbei��J.ecLdj�yWorf�ory�orhiJÉLRQ�JÉvwjbhihdor´�or�®orLµu¾jgK�xÅQ�J0yWo®x0`b�×x.jgfsLR`byWorf�`bLdo®jgf�h�KMedjgy LRQ2JÉv�edjsx0J.hihdorf�qWx.usx.�rJ�k

Y å



� J¿`go®yä`bLIábJ.J0v�orf�q¾LRQ2J*Ldo®yWJ¿f2J.J.�2J.�½KMjgeIJ.ei`bhiorf�q¾±corLRQ�orf½`TKMJ0±û±³J0J.ásh��@orf�x.�r^���orf�qTLdQ�J�edJ0Á,x0jbf���orLRorjbf2o®f�q]jgK
LRQ�JP�2�®y `bLÉÒ@Ó���St`gf��¶edJ0�®`gLRorÐbJ²Qs^�yWo®��orLµu¾jgK³Û L Ó@ÕZk

� ^�eio®f�qàLRQ�JZJ.ei`bhio®f2q�v�edjsx0J.hihTLRQ2J�J0y¿^��rhdorjbfÿ�2�®yWhÈy¿^�hiLT´wJ­ágJ.v�LahdJ0v�`bei`bLdJ.�ÏKMeijby J.`gxÅQÏjbLdQ�J.e��=´ÇJ0x.`g^�hdJ
v�eij�x0J.hihdorf�qa`bL²Q�orqbQ­LdJ.yWvwJ.ei`bLR^2edJ�`bf��ZQ�orqbQ�Q�^2y�or��orLµu½x.`gf­yW`bágJv�2�®yWh²hdLdo®xÅásorf�q¶LRjÈJ.`gxÅQ½jbLdQ�J.e¾�MLdQ�JWhdjgÁ,x0`b�r�®J0�
���ry ´��rjsxÅáso®f�ql�Rk�Ñ2jgecLRQ�orhpeiJ.`ghdjgf��g`b��J'��^2`bLRJ²hiv�`bx0J�orhpeiJ��s^�oredJ0�aorf¶LRQ�JÉ^�f2��J.eiqbeijb^�f2�a�r`b´wjbei`bLdjbeiu�k

ÂcQ�JÖLRei`bf2hdvwjbeiLR`gLRorjbf]jbKBLRQ�JÖJ.y*^��®hiorjbf�h�orh³`g�®hij¿`gfTorhdhi^�JÖLRj¿´wJ²x.jgf�hdor��J0edJ0��k³V=eijb^2f��T�rJ.ÐgJ.�·�MhiJ.`w�BLRei`bf2hdvwjbeiLR`gÁ
LRorjbf]orh¤v�eiJ.KMJ0ed`g´��rJ=orf]jbei��J0e·LRjÀ`�Ðgjbor�*LdQ�JpQ�`g��edjgf�orxcx.jbyWvwjbf�J0fsLRh jgKÇx0jbhiy�orxcei`�u�h��O±cQ�orxÅQ]x.`gfWx.eiJ.`bLdJc´��r`bxÅá¿Lded`gxÅásh
o®fÈLdQ�JÉJ.y*^��®hiorjbf�h�����orâ�x0^��rLpLRjW´wJÉJ.ei`bhiJ.�T´suaKM`b��orf�qwk
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HBJ0`b�Øo®hW±=J.�r�chd^�orLRJ0�Æ`ghWv�`bhihdorÐbJayW`bLRJ0edor`b��jgKILRQ2J�¸=¹³º¤mp» ºÖScSû´�edorxÅáshW��^�JÈLRjZo®Ldh]Q�orqbQØ��J.f�hiorLµu�`bf��ØhdQ2jbeiL
ed`g��or`bLRorjbfß�®J0f�qbLdQ�k¦ÂcQ�JZKMjbeiyWJ.e¶J.f�Q2`bf�x0J.hÈLRQ�JÄf�J0^�LReiorf�jÆorfsLRJ0ed`gx.LRorjbf ed`gLRJ­`gf��¨LRQ�JZ�®`gLRLdJ.eÈLRQ�JÄyWjbyWJ0f�Ld^�y
��J.LdJ.eiyWo®f�`gLRorjbfÈ´su¾y¿^2�®Ldo®v��rJÉhix.`bLdLRJ0edorf�qW`bhc±=J.�r�×`bhcLdQ�JÉJ.�rJ.x0LReijbf¶o®��J0fsLRo���x.`gLRorjbf¶`bf��ÈJ.f2J.eiqbu]yWJ.`ghd^�eiJ.yWJ0f�LOk

��j�±³J0ÐbJ.e��g�®J0`b�ÈQ�`ghpLRQ�J¿��ed`�±c´2`bxÅá¾jgK�´wJ.orf�q¾ei`b��orjb`gx.Ldo®ÐgJ�`gf��Èx.eiJ.`bLdJ.hp´2`bxÅásqbeijb^�f2�TLRei`bxÅáshcorfzLRQ�J¿J.y¿^2�®hio®jgf
���ry�h�k � JIvÇJ0edKMjgedyWJ.�W`gf]J._sLRJ0f�hdorÐbJ�hiJ.`gedxÅQ�KMjbe³�®j�±Æed`g��o®jg`bx0LRorÐ�orLµuÀ�rJ.`g��orf]hi`byWv��rJ.h KMeijby x.jbyWv�`gf�orJ.h orf]��orÊÇJ0edJ0f�L
x.jg^�fsLReio®J0hOk�ÂcQ�eiJ.JÖv�eij��2^�x.J0edh�� jgf�JÖo®f0�g`gv�`bf��gjgf�J�orfTLdQ�J�"IX�» `gf��Tjgf�J�orfTX2±³J0��J.f���±=J.eiJIKMjg^�f��a`b´��rJ�Ldj*hi`bLdo®hiKMu
jb^�e²eiJ��s^�oredJ0yWJ.fsLRh�k � orLRQZLRQ�J0o®eÉhi`byWv��rJ.h��w´�`bxÅásqgedjg^�f��½ei`bLdJ.hÖjbKIÛÃE@ÓþáÏLRei`bxÅásh�`gf��àÛ ã Ó21 Lded`gxÅá�hÖvwJ.eÉ��`�u
vÇJ0e 
�� � ±=J.eiJ²y�J0`bhi^�eiJ.���MhiJ.J²X�J.x0LRorjbf%ÎwkrÙbk Ýw�dk

ÂcQ�J¿��J.f�hiorLµuajgKPKM`gábJÉLded`gxÅá�hIx.eiJ.`bLdJ.�z´suTLdQ�J¿yWorhdyW`gLRxÅQ�orf�q¾jgKP^2f�edJ0�®`gLRJ0�¶�rj�± J.f�J0edqguThiJ.qgy�J0fsLRh*��KMedjgy �rJ.`g�
v��r`bLRJ0hO�d�gx.`bfT´ÇJ�J.hiLRory�`gLRJ0�TLRj*´ÇJ*Û E ~Z��� � J.ÐgJ.f¾`gKMLRJ0e³hiJ.ÐgJ.f]ubJ0`beihO� ±co®LdQ�jb^2L¤x.jgf�hio®��J0edorf�qÀKM`g��orf�qwk�ÂcQ�orh³ÐO`g�®^�J
o®hI`bx.x0J.v�Ld`b´��rJ²KMjbecLdQ�JÉJ.�rJ.x0LReijbyW`bqgf�J.Ldo®xÖhdQ2j�±³J0e=`gf�`b�rushdorh���J.hix.eior´ÇJ0�¶orf¶X�J.x0LRorjbfÈþwkr°bk

ÂcQ�JIÐ"`gedor`bLdo®jgfWjbK×LRQ2JpLRQ�orxÅásf�J.hih¤jgK×�®`gyWo®f�`gLRJ0�]�®J0`b�]v��r`bLdJ.h¤orh¤±corLRQ2o®f¾`gx.x0J.v�Ld`b´��rJpLRjg�®J0ed`gf�x.J0hOknÂcQ�orh³Q�`gh¤´wJ.J0f
hdQ2j�±cf��0KMjbenJ0_�`gyWv��®Js�0o®fÉLdQ�J x.`ghdJ¤jbKsLRQ�J¤�®o��s^�o®�¿`beiqbjbfÖJ.�rJ.x0LReijbyW`bqgf�J.Ldo®x·x0`b�rjbeio®yWJ0LRJ.e×jgKsLRQ�J³»·ÂcHB»IX¿J._svÇJ0edoryWJ.fsL"k 3
ÂcQ�orh·�®J0`b��±³`ghP�r`byWorf�`bLdJ.��o®f¶�@Ó@Ó ��� ±cor��J�hdQ2J.J.Ldh·±co®LdQ*`²LdQ�o®xÅásf�J0hdh�jgKBEMcME � ��� ´suÀ`Öx.jgf�Ldo®fs^�jg^�h�v�eij��2^�x.Ldo®jgf
v�eij�x0J.hihOkn»àKMJ0J.��´�`gxÅá�yWJ0`bhi^�edorf�qchiushdLdJ.y¨qb^�`ged`gf�LdJ.J0hnLRQ�J³hdLd`b´�or�ro®LµuÖjbK@LdQ�J¤�rJ.`g�ÉLRQ�orxÅásf�J.hihOknÂcQ�J¤v2�®`gLRJ ��oryWJ.f�hiorjbf�h
`beiJWF@Ó@Ó ��� y E@�@Ó@Ó ��� k

Ñ�orqwk ���chdQ�j�±chBQ�j�±�x0jbf�hiLR`gfsL×LRQ�J LdQ�orxÅá�f2J.hihnQ�`bh�´ÇJ0J.fÉágJ.v�LnorfÉLRQ2J �®jgf�qborLR^2��o®f2`b� ��oreiJ.x.Ldo®jgf¾�M`b�rjbf2qÉE@�@Ó@Ó ��� �Rk
Ñ�o®qlk1��£¾hiQ�j�±ch�LdQ�J�Lµ±³jgÁ,��oryWJ.f�hiorjbf�`g�B��orhdLdedor´�^�Ldo®jgf½v�eijG���rJ¿jgK jbf2J¿jbK·LdQ�J�v��®`gLRJ0hOkIÂcQ�J�LRQ�orxÅásf�J.hih�jgK·J.`gxÅQ½v��r`bLRJ
o®h�yWJ.`ghd^2edJ0�¾J.ÐgJ.eiu ã Ó ��� kt"Ihio®f�q�LRQ2J�yWJ.`ghd^2edJ0�¾��orhdLdedor´�^�Ldo®jgf���LRQ�J54 Ü76 jbKBLRQ�JÖLRQ�orxÅásf�J.hih=��o®hiLReior´�^�LRorjbfax.`gf
´ÇJWx0`b�rx.^��r`bLdJ.�½KMjgeÖJ0`bxÅQ½v2�®`gLRJ�kÖÂcQ2o®hÖÐO`b�r^�J*orh²jbf�J�jbK·LdQ�JWo®f2��o®x0`bLdjbeih�jgK·LRQ�JWv��r`bLdJv�s^�`g�®orLµu�k�Ñ�o®qlk��b¯ThiQ�j�±chÖLRQ�J
��orhdLdedor´�^�Ldo®jgftjbK�LRQ2o®h�ÐO`b�r^�J¾j�ÐbJ0e Y F@Ò½�r`beiqbJ]v��r`bLdJ.h�k ¬ fàLRQ�J¾v2`beiLRorx.^��r`bei�®u�´�`b��x0`bhiJ¾jbK�Ñ�orqwk���£½LRQ2J¾yW`b_so®y*^�y
LRQ�orxÅásf�J.hihpÐO`beior`bLRorjbfaj�ÐbJ0eÖE@Ó@Ó ��� o®hÀÛ E ã O � k

ÂcQ�JÖ`b´wj�ÐbJIedJ0hd^��rLRh�orf���orx.`gLRJÖLRQ�`gL=KMjge³LdQ�J¾¸=¹¤º³mp» v��r`bLdJ�hio)(.JÖjbf�J�x.jb^2�®�a`boryÜ`bL=jbf��ruzE ã O ��~ E@Ó@Ò ��� Û
ÓMcME ã ������� hi�rjbvwJ½KMjbe¾`�±=J.�2qbJ.Á��ro®ágJ¶hiQ�`gvÇJs�¤y*^�xÅQÏ�rj�±³J0e]LRQ�`gfØLdQ�J½`gf�qb^��r`be]eiJ.hijb�r^�Ldo®jgfØjg´�LR`go®f2J.�Í±co®LdQÏjbf�J
J.y*^��®hiorjbf!���®yÃ�µÛ E ������� �Rk � JÉx0`bfaLRQ�J0f¶x0jbf�x0�®^2��J�LdQ�`bL�LdQ�JÉf�J.J0��J.�¶yWJ.xÅQ�`gf�orx.`b�w`bx0x.^�ei`bx0u]x.`gfT´wJÖ`gxÅQ�orJ.ÐbJ0�
±co®LdQzx.^�eieiJ.fsLR�ru]`�ÐO`bor�®`g´��®JÖv�eijs��^�x.Ldo®jgfÈ�®orf�J.h�k
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ì�< >@?nADC �@� G�ÂcQ�orxÅásf�J.hih·��orhdLdedor´�^�Ldo®jgf�KMjge·LRQ�Jc�rJ.`g�*v2�®`gLRJ.h¤jbK2LdQ�Jc»·ÂcHB»�X]x.`g�®jgedoryWJ.LRJ0eOk×ÂcQ�JcedJ0hd^2�®L·±=`bh�jb´2LR`borf�J0�
´su¾yWJ.`bhi^�eio®f2q*LdQ�JÉ`bLdLRJ.fs^�`gLRorjbfajbK=ÙDÞbÞ^]`_Fab*IÁ�ed`�ush�� qgo®Ðsorf�q*`gfa`gx.x0^�ed`gx.u]jgKB`b´wjb^2L4£©È�bàkPÂcQ�J²y�J0`bhi^�eiJ.yWJ.fsLRh
Q�`�ÐbJa´ÇJ0J.ftLd`bágJ.ftJ0ÐbJ.eiuÏÙÅ¯bÞkb(b `b�rjbf�q�LRQ�JÄÙ�ÎgÞbÞ%b!b v2�®`gLRJT�rJ.f2qbLRQP��´suZ`�ÐgJ.ei`bqgo®f�qÈLdQ�JayWJ0`bhi^�edJ0yWJ.fsLÀjbK¿°
qb`g^�qbJ0h=�2o®hiLReio®´2^�LRJ0�¶orfÈLRQ�JÉLded`gf�hiÐbJ.eihiJ���oreiJ.x.Ldo®jgf�k

X�orf�x0JÖJ0y¿^��rhio®jgf{���ryWhpQ�`�ÐbJ�`WÐbJ.eiu]hiy�`g�®�×�2o®hiLRjgedLdo®jgfTJ.ÐgJ.f¶`bL�LRQ2JÖJ0��qbJs��LRQ�J²yWJ.xÅQ2`bf�orx.`g�wv2edjgvÇJ0edLdo®J0h=jgKB�rJ.`g�
v��r`bLRJ0h*`gL¿LdQ�J.ore*J0��qbJ0h¿y*^�hdL*´ÇJa`bx0x.jbei��orf�qb�ru­qgjsj��PkÈÂcQ�J.hiJ¾v�eijbvwJ.eiLRorJ.h*��J.vwJ.f2�àjbf�LdQ�J¶x.^�LdLRorf�q­yWJ.LdQ�js�t`bf2�
vÇjghdLdÁ,x0^�LRLdo®f2q¶LdedJ0`bLdy�J0fsL"k¿X�J.ÐgJ.ei`b��x.^�LdLRorf�qÈv�eij�x0J.��^2edJ0hW��hdQ�J0`beio®f2qw�wv�^�f2xÅQ�o®f2qw�l�r`bhiJ.e²jbe²±=`bLdJ.e?�RJ.L²x.^2LRLRorf�ql�=`beiJ
^�f���J0eporf�ÐgJ.hiLRorqb`gLRorjbf�k

ÂcQ�J²LdjbLR`g�×fs^�y¿´wJ.ecjgKB�rJ.`b�¶v��r`bLdJ.h�f�J.J0��J.�ÈKMjgeÉ¸=¹³º¤mp» orhc`b´wjb^�L²E �{y E@Ó � k ¬ f¶jbei��J.e�Ldj�v2edjs��^�x0J²LRQ�J0y orf
Lµ±³j�ubJ0`beihO�g`�v�eij��2^�x.Ldo®jgfTei`bLRJÖjbK�`b´wjb^�L²Ò ã Ó@Ó@ÓWv��r`bLdJ.h�vÇJ0ec��`�u]orhcedJ'��^2o®eiJ.��kBÂcQ�J²v�eijsx.J.hih�o®f2x.�r^���J.hc�r`byWorf�`bLdo®f2q
LRQ�J²�rJ.`g���ghd�ro®x0o®f2q*Ldj*eijb�r�®h��gx.^�LdLRorf�qWLRj�v��r`bLRJ0h�`bf��ax.�rJ.`bf2o®f�qlk�UIjbeiyW`b�r�®us� �r`beiqbJ�hdyWJ0�®LdJ.e�x.jgy�v2`bf�orJ.h�v�eij�Ðso®��J��®J0`b��h
o®fzeijb�r�rhpjbKPLRQ�J¿edJ'��^2J.hiLRJ.�È±cor��LRQz`gf��ÈLRQ�orxÅásf�J.hih�kISP^�LdLRorf�q¾`bf2�¶x0�®J0`bf�orf�q]hiQ�jb^2�®�Èf�jgLcLR`bágJÉ`]�®jgf�q]LRoryWJ���hdorf�x.JÉ`
hdvwJ.J0�ÈjbKP`b´wjb^�L²E�v��®`gLRJ'ª1
Éx.`gfa´wJÉ`bxÅQ2o®J0ÐbJ.�¶´su¾`b^2LRjbyW`gLRorxÖyW`gxÅQ�o®f2J.h�k

»�KMLRJ.e*yW`bxÅQ�orf�orf�q½`bf2��x.�rJ.`bf2o®f�q­LRQ�J ãML �®J0`b��v��r`bLdJ.h¿jgK�`½´�eio®xÅá�`beiJ¾hdJ0LÀorf�`½´Çj�_Ï�Mjge¿v�`gxÅáO`bqbJs�=±cQ�orxÅQ�o®h
LRQ�JW´�`ghdorx�^�f�orLÖKMjge²LRei`bf�hivÇjgedLd`bLdo®jgf½`bf���`bhihdJ0y¿´��ru�kÖÂcQ2J�hiLRjged`gqbJÀv2�®`gx.J�x.`bf�´ÇJW`gL�`¶hd^2edKM`gx.J��®`g´Çjged`gLRjbeiu�k�ÂcQ�J
edJ'�s^�o®eiJ.�Æ`byWjb^2f�L*jbKp�rJ.`g�àf�J0J.��J0�àKMjge*`ghdhiJ.y*´��®uÄ`gedJaLRei`bf�hivÇjgedLdJ.�tLdj�LdQ�JÈ^�f���J0edqgedjg^�f��t�r`b´wjbei`bLdjbeiu­��`go®�ru�jbe
±³J0J.ás�ru�k

ÂcQ�J·`g´�hiJ.f�x0J·jbKsed`g��orjb`bx0LRorÐso®Lµus� `p�rj�±³J0e×v�edorx.J·`gf��²´ÇJ0LRLdJ.eByWJ0xÅQ�`bf�orx.`g� v�eijbvwJ.eiLRorJ.h×±=jb^��r�ÉyW`bágJPoreijbf²`cvÇjghdhior´��®J
jbv�Ldo®jgf�KMjbeÀLdQ�J¾´�eiorxÅá½v��r`bLRJ0hOk{�Ij�±=J.ÐgJ.e��lorK=jgf�J]±corhdQ�J0h¿LdjzábJ.J0vÄLRQ�J¾hi`byWJ]fs^�y*´ÇJ0eÀjbK�f�J0^�LReio®f2jzo®fsLRJ0ed`gx.Ldo®jgf�hO�
`b´wjb^�L � Ó@Õ yWjbeiJ½J.y*^��®hiorjbf�h¾`gedJzf2J.J.�2J.�ÎLdjtx.jgy�vwJ.f2hd`gLRJzKMjbeaLRQ�J­��o®ÊwJ.eiJ.f2x.J½orfÎ��J0f�hdorLµu��=yW`gá�orf�q�LdQ�J­oredjgf
jbv�Ldo®jgfÈqb�rjb´�`g�®�ru¾yWjbeiJÉJ._svwJ.f�hio®ÐgJ�k ¬ fz`g����orLRorjbf��@o®eijbfÈqborÐbJ0hc`]±³jgedhiJÖvÇJ0edKMjgedyW`bf2x.JÉKMjbecLdQ�JÀ´�eiorxÅáTJ.ÐgJ.fsL�`bf�`g�®ushio®h
�MyWjbyWJ0f�Ld^�y yWJ.`ghd^�eiJ.yWJ0f�L¿`bf��tJ0�®J0x.Ldedjgf�o®��J0fsLRo���x.`gLRorjbf��p`bf��torh¿x0jbeiedjs��J0��´su�±=`bLdJ.e¿`gf��t`go®e���o®yWv��ruso®f�q�LRQ�J
f�J.J0��KMjbeÀ`g��J��s^�`gLRJWhi^�edKM`gx.J]LdedJ0`bLRyWJ0f�LOkWX�Ld`borf��®J0hdh¿hdLdJ.J.�³x.jg^��®�Ä´wJ]^�hiJ.���B´�^�LÀ±corLRQ�`zx0jbhiL²`b´wjb^�LÀLdQ�eiJ.J]LRoryWJ.h

ã E



ì�< >@?nADC �ZY G¶ÂcQ2o®xÅásf�J0hdhÉ��orhiLReio®´�^2LRorjbfÄyW`bv�jbK=jbf2J]�®J0`b�Äv��r`bLRJ]±corLRQ�`dcVeXfØjbK4Î!È�btk "If�orLRh*`beiJvb(bàk]ÂcQ�J
LRQ�orxÅásf�J.hihÉorhÀyWJ.`bhi^�eiJ.�ZJ.ÐgJ.eiuz¯bÞ{b(b ´su½^2�®Lded`ghdjgf�o®xWyWJ.LdQ�js��k�ÂcQ�JW`bx0x.^�ei`bx0uzjbK=LRQ�J]�2J.Ðso®x0JWo®hÉ`g´Çjg^�LTÙmÈ�btk
¬ fÈLRQ�J²LRei`bf2hdÐgJ.eihdJ���o®eiJ.x0LRorjbf��M`g�®jgf�qÈ°DÞbÞ©b(bà��LRQ�JÉ�2J.KMjbeiyW`bLdo®jgfTjbK�LRQ�JÉyW`gf���eiJ.�rh=x0`bf¶��J.LdJ.eiyWo®f�J²`gfaorf�x.eiJ.`ghdJ0�
LRQ�orxÅásf�J.hih�o®f¶LRQ2JÖx0J.fsLReiJ�k ¬ faLRQ�J²�rjbf�qgo®Ld^���orf�`b�l��oredJ0x.Ldo®jgfZ�M`g�®jgf�qzÙ�ÎbÞgÞ�b!bt��±=`�ÐbJ.h³x.`gfT´wJÖjg´�hiJ.eiÐbJ.�T��^�JÖLRjWLRQ�J
hd�rorqbQsLcJ.x0x.J.fsLdedorx.orLµu]jbKPLRQ�JÉyW`gf���eiJ.�rhOk

ã Ò



ì�< >@?nADC �@ã GGcgeXf���orhdLdedor´�^�Ldo®jgf¶jgKt£l°ÅÝ��®`gedqgJ��rJ.`g�av2�®`gLRJ.h�kPX�J0JÖLdQ�JÉLRJ0_sLcKMjbec��J0LR`bor�rhOk

Q�orqbQ�J0ecLRQ�`gf¶f2jbeiy�`g�×o®eijbfPk

2436573�h 9;:;:=<?>A@6B�Ci�7DHDHKx��<4�/jE@6� Flk?Kbmk>$�§�onp�§DHDG�
¬ fÏjbei��J.eWLdj�hd^�v2v�edJ0hdh]LdQ�Jzx.jghdyWorxzed`�u�´2`bxÅásqbeijb^�f2�àLRQ2J½´�eio®xÅát`ghdhiJ.y*´��rut±co®�r�p´wJzyW`b��Jz`gL]LRQ�JàV=ei`bfØX�`bhihij
^�f���J0edqgedjg^�f��Æ�®`g´Çjged`gLRjbeiu�k�»IfØ`bhihdJ0y¿´��ru�hdvwJ.J0�ÆjgKI`g´Çjg^�LÈE@Ó@Ó@Ó�º²ScSû´�eio®xÅáshWvwJ.eW��`�utorhWedJ'��^2o®eiJ.�Æo®fØjbei��J.e
LRjzx0jbyWv��rJ.LRJ]LdQ�J]±cQ�jg�®JWv�eijsx.J.�2^�edJW±corLRQ�orfÄjbf�J]ugJ.`geOk¿ÂcQ�orhÀhdvwJ.J0�Äx.jbeieiJ.hivÇjgf���h²LRj � E¶´�eio®xÅáUªbyWorfs^�LRJsk¿ÂcQ2o®h
edJ'�s^�o®eiJ.h�`ThiJ.yWor`b^�LdjbyW`bLdo®x*jbeI`g^�LRjgyW`bLRorxÀ`ghdhiJ.y*´��®u¶�ro®f�Jskp»�x.x0jbei��o®f2q¾LRjax.jbfsLd`bx.Ldh�±corLRQ­x.jbyWv�`gf�orJ.hÖo®f½º³^�eijbvwJ
`bf��q�g`gv�`bf�� o®L¤hdQ�jg^��r�]´ÇJ�vÇjghdhio®´2�®JpLdjÀ`bxÅQ2o®J0ÐbJcLRQ2o®h=vÇJ0edKMjgedyW`gf�x.Jsk ¬ f]v�`gedLdo®x0^��r`be���LRQ2J.eiJp`beiJcx.jgy�v2`bf�orJ.h³LRQ�`gL x.`gf
´�^�or�®�Z`b^2LRjbyW`gLRorx¿yW`bxÅQ�orf�J0hÖKMjge�jgedorqb`gyWoBv�`gxÅá�orf�qahdLd`beiLRorf�qTKMeijbyª`aedjg�®��jbK·x0jb`gLRJ.��v�`bvwJ.e�k�r·`bx0^�^�yªv�`gxÅá�orf�qao®h
`b�rhdjN�s^�orLRJÉ`WhiLR`bf2��`bei�aorf���^2hdLdedor`b�×LdJ.xÅQ�f�jg�®jgqbusk

Ñ�orqwkA�bþWhiQ�j�±chc`WhdxÅQ2J.yW`bLdo®xÉÐsorJ.± jgK�`Wvwjbhihdor´��rJÉ´�eio®xÅá¾`ghdhiJ.y*´��ro®f�q�yW`bxÅQ�orf�J0h*�S��»#íØ�RksÂcQ�JÉ´2edorxÅá¾`bhihiJ.y¿´2�®u
edjsjgy�y*^�hiL¤´wJ�x0�®J0`bf]orfTjbei��J0e¤LRj*`�Ðbjgo®�N��f�JÖ��^�hiLRhÉ�MjgK×LRQ�JÖhio�(0JIjbK·Û E@Ó�O � �×±cQ�orxÅQ¾yW`�uW��orhdLd^�ed´TLRQ�J�hdLd`bxÅáso®f2q
`bx0x.^�ei`bx0uÆ`gf��Î��J0qbei`b��J½LdQ�Jþ��^2`b�ro®LµuØjbKÀLdQ�J­yWJ0`bhi^�edJ0yWJ.fsLRh�kûÂcQ�J�edjsjgy y*^�hiLT´wJ���`gedáØ±corLRQ hi`bKMJ0LµuÍ�®orqbQsLRh
o®f2hdLd`b�r�®J0��k � o®LdQzhd^2xÅQa`WyW`bxÅQ�orf�Js�sLµ±³jWº²ScS�´�eio®xÅásh�x.`gfa´wJÉ`bhihiJ.y¿´2�®J0�aorfÈ`b´wjb^�Lcjgf�J²y�orfs^�LRJsk}��J.KMjbeiJ²LRei`bf�hiKMJ.e
LRj]LdQ�JÉf�J._sLchiLRJ0v��sJ.`gxÅQThiLR`gxÅábJ.�¶´�eio®xÅá]orhpLdo®J0�¶^2hdorf�qWLR`gvÇJ0hpLRjWábJ0J.v¶o®LdhphiQ�`bvwJ�k

Âc±=j¿��jg^�´��rJ�`gedyWh�v�orxÅás^�vT`gf��Tv�or�rJ�^�v¶��orÊÇJ0edJ0fsL³ásorf��ajgKnv��r`bLdJ.h��®orábJÖJ.y*^��rhdorjbf(���®yWh�jbe��rJ.`g�Tv��r`bLdJ.h�kBÑ�or�®yWh
`bf��T�®J0`b�]v��r`bLdJ.h¤`gedJIhdLd`bxÅábJ0�Wo®fsLRj¿´�edorxÅásh¤`gh¤hiQ�j�±cf]o®f]LdQ�JI�rJ.KML=yWjbhiL hio®��JIjbK×Ñ�o®qlk��gþwkBÂcQ�JI`gx.x.^2ed`gx.u¿jgKlhdLd`bxÅáso®f2q
x.`gf�´wJW±co®LdQ�o®fØÛ ÓMcME ��� kÀÂcQ�JW´�eio®xÅáshÖ`beiJ*LdQ�J.fþ��_sJ.�Z´su½LRJ0y�vwjbei`beiuÈhdLded`gv�h²o®fZjbei��J0e�Ldj!�2_½LRQ�J0o®e²eiJ.�r`bLdo®ÐgJ
vÇjghdorLRorjbf­v�edorjbeILRjTÐO`gx.^�^�y v�`gxÅá�orf�qlk � o®LdQ­`¾´wJ.�rLIx0jbfsÐbJ0ubjbecLdQ�J¿´2edorxÅáaorhIyWj�ÐgJ.�zLRjTLRQ�J*v�`bxÅásorf�q]yW`bxÅQ�orf�J�k ¬ f

ã@�



jbei��J.eÖLRjÈhi^�xÅáÈ`bore²jb^�LO�wjbf�J�hdor��J�o®h²f�jgL²x.jbyWv��rJ.LdJ*hiJ.`g�®J0��kÖÂcQ�JWv�`gxÅábJ.�­´�edorxÅáÈo®hÉLdQ�J.f�v�^�hiQ�J.�Zorf�Ldja`¶ÐO`bx0^�^�y
ÐbJ0hdhiJ.�ÇJ��s^�orv�vÇJ0�¾´suW`ÀQ�J.`gL¤hiJ.`g�®J0eOkn»IKMLRJ0e³`*ÐO`bx.^2^�y Ldo®qgQsLRf�J0hdh=xÅQ�J.xÅán� v�`bxÅágJ.�]´�eio®xÅásh `gedJIedJ0`b��u*KMjbe=o®f�hiLR`g�®�r`bLdo®jgf
o®fÈLdQ�JÉ��J.LdJ.x0LRjbe�kPº¤`gxÅQT´�eiorxÅá¾o®hcyW`gedágJ.�¶KMjbecKM^�eiLRQ�J0ec´Çjsjgá�Á�ábJ0J.v�orf�qlk

ì�< >@?nADC �ML G X�xÅQ�J0yW`bLRorxZ�®`�ugjb^�L¾jgKÀ`à´2edorxÅáÍ`bhihdJ0y¿´��ruÆhiushdLdJ.y½k Ñ2eijby �rJ.KML¶LRjàeiorqbQsL"��º²ScS¦´�eio®xÅáØhiLR`bxÅásorf�qw�
LRJ0y�vwjbei`beiu¾hiLRei`bv�v2o®f�ql��jbeio®qg`byWolv�`bxÅásorf�q�`bf��¶ÐO`bx.^2^�y v�`gxÅáso®f�qWyW`bxÅQ2o®f�J0hOk

����� +W��£�¥ �n¢tsZ��ú(ú(«
ÂcQ�J�ºÖScSÆ´�eio®xÅáshI`gedJ¿`bhihdJ0y¿´��rJ.�zorf­ÐgJ.eiLRorx.`b�B±³`g�®�rh�vwJ.eivwJ.f���orx.^2�®`geILRjaLRQ�J�´wJ.`byä��oreiJ.x.Ldo®jgf�k¢��eio®xÅáshp`gedJ¿v��®`gx.J0�
±co®LdQÄLRQ�J¶E@ÒMcMF 
�� �®jgf�qThior��JWjbK LdQ�JN���®yæ`b�rjbf�q¶LRQ�JWQ�jgedo)(.jgfsLR`b�P��oredJ0x.Ldo®jgf�k²ÂcQ�J�yWJ.xÅQ�`gf�o®x0`b��`bx0x.^�ei`bx0uÈo®fZLRQ�J
vÇjghdorLRorjbf2o®f�q�y*^�hiL]´ÇJzjgK�LdQ�J½jbei��J0e�jgK*EÈÔ Ò ��� �MÑ�orqwk�ÎG�w�dkØº¤`gxÅQÆLd`beiqbJ.LW±=`b�r�co®hT`bv�v�eij�_so®yW`gLRJ.�ru�h]��^2`beiJ
`bf��­Q�jb^�hiJ.h ã E]´�eio®xÅáshIQ2jbeio�(0jbfsLR`g�®�ruT´su LZY ´�edorxÅáshIÐgJ.eiLRorx.`b�r�ru�k ¬ f�x.�r^���orf�qax.�rJ.`bei`bf2x.J.hILRQ�J*LRjbLd`b��hdo)(.JÀjgK·LRQ�J*±³`g�®�
`byWjb^2f�LdhcLRj]`g´Çjg^�L L cMF y�L cMF ��� kPÂcQ�JÉLRjgLR`b�×±=J.orqbQsL�jbK�LRQ�J � Ò LZY ´2edorxÅásh=Ldj]´ÇJÉhi^�v�vwjbeiLRJ0�aorfÈ`W±³`g�®�×orhc`b´wjb^�L
Ò@F ���'& k

ÂcQ�Jz±=`b�r�chi^�v�vwjbeiL�hiLRei^�x0LR^�eiJzo®hThdQ�j�±cfØorfØÑ�orqwk �l°a`bf��ØÑ�o®qlk �GÎlkØÂcQ�JzyWJ.xÅQ�`gf�o®x0`b�chiLRei^�x.Ld^�eiJ¶orfÍ±cQ�orxÅQ
´�eio®xÅáshc`beiJ²`bx0x.jbyWyWjs��`bLdJ.�¶o®hIy�`g��JÉjbKPLRQ2o®fzhiLR`go®f��rJ.hihchiLRJ.J0�nÐbJ0edLdo®x0`b�×´�`gf���hp�rorf�ábJ0�¶±corLRQÈ�ro®qgQsLcQ�jbeio�(0jbfsLR`g�lLRei`�u�h
±cQ�J.eiJWLRQ�J]´2edorxÅáshÖ`gedJ�v��r`bx0J.��k¿ÂcQ�orhÉxÅQ�jborx.J�`b�r�®j�±ch²`È�ro®qgQ�L²yWJ.xÅQ2`bf�orx.`g�P�2J.hio®qgf­orfZjged�2J.e²LRjÈ�ro®yWorLÖ`ghÉy¿^�xÅQZ`bh
vÇjghdhior´��®JÈf�J0^�LReiorf�jÄo®fsLRJ0ed`gx.Ldo®jgf�hWo®fØLRQ�JzLd`beiqbJ0L*`gedJ0`­jb^2LRhio®��JÈLdQ�Jz´�eio®xÅáshWLRQ�J0yWhdJ0�®ÐgJ.hW`bf��ØLRjÄvwJ.eiyWo®L]`ZhdyW`g�®�
hdv2`bLRor`b�BhdJ0v�`bei`bLdo®jgfa´wJ.Lµ±=J.J0f¶´2edorxÅáshco®fzLded`gf�hdÐgJ.eihdJÖ`bf2�¶�rjbf2qborLR^���orf�`g�n��oredJ0x.LRorjbf2hOk ÂcQ�JÉ´�eio®xÅá¾hi^�v�vwjbeiLphiLRei^�x.Ld^�eiJ
o®hIhd^�hivwJ.f���J0�ÈKMedjgy LRQ�JÉqgJ.f�J0ed`g�l±³`g�®�×hi^�v�vwjbeiLc`bf��¶v�^��r�rJ.�ÈKMedjgy LRQ2JÉ´ÇjgLRLRjgy½k

»�v�`beiL¾KMeijby LRQ�J�edJ'�s^�o®eiJ.yWJ0f�LTjbKÉ`tyWorf�o®y*^�y `byWjg^�fsL¾jbKÉ��J0`b�ÎyW`gLRJ.eior`b�ILdQ�J­yW`go®fÎx0jbf�hiLRei`borfsL¾orfÎLRQ�J
yWJ.xÅQ�`gf�o®x0`b�P��J.hiorqbf½jgK·LRQ�J�LR`gedqgJ.LI±=`b�r�rh�orh�LdjTJ0f�hd^2edJ*J.`bhiuÈ`bf�����^2o®xÅáÈeiJ.yWj�ÐO`b�BjgK ´�eio®xÅásh�kcÂcQ�J�±=`b�r��hiLRei^�x.Ld^�eiJ

ãZY



ì�< >@?nADC � F@G � `b�r�×hd^�v2vÇjgedLchiLRei^�x.Ld^�eiJ�k

ã@ã



ì�< >@?nADC � �@GI¹·jbhihio®´��rJÖ��J.hio®qgfajgK�LdQ�JÉ±=`b�r�whi^�hivÇJ0f�hio®jgf�k

v�eij�Ð�or��J0h·Q�jbeio�(0jbfsLR`g�s`bx.x0J.hih·LRjÉLdQ�Jcedj�±ch·jgKÇ´2edorxÅásh·KMedjgy�LRQ�JIhdor��J.h·`gf��Wo®h¤`bhihdjsx.or`bLdJ.��±co®LdQW`bfW`b^�LdjbyW`bLdo®x�hiushdLdJ.y
KMjbep´2edorxÅá]o®f2hdLd`b�r�®`gLRorjbf¶`bf��ÈeiJ.yWj�ÐO`b�µk

ÂcQ�J=±=`b�r�ghiLRei^�x.Ld^�eiJ¤´wJ.`beihPx.jb�r�rJ.x.Ldo®ÐgJ.�ru²LRQ�J�±=J.orqbQsLBjgK�LRQ�J=J.fsLdo®eiJ¤´�eiorxÅáÉ±³`g�®�µk�"�hdorf�qIQ2o®qgQ¿eiJ.hio®hiLR`gf�x.J³hdLd`borf��®J0hdh
hdLdJ.J0�n´�`bf2��hcjbK=ÓMcM� ��� LRQ2o®xÅásf�J0hdh���LRQ�JÉhiLRei^�x0LR^�eiJ²±³J0o®qgQ�L�eiJ.v�eiJ.hiJ.fsLdh=�rJ.hihcLRQ2`bfÄÓMc ã ÕªjbK�LRQ�JÉLdjbLR`g�n±=J.orqbQsL"k

� o®ÊwJ.eiJ.fsL�±³`�ushIjgK·`bLdLR`bxÅQ2o®f�qaLRQ�J*LRei`�ushIx.`gf½´wJ*x0jbf�hio®�2J.eiJ.�tï2LRQ�J0uzx.`gf½´ÇJ*��oredJ0x.LR�ruÈ±³J0�®�2J.�½LdjaLdQ�J¿ÐgJ.eiLRorx.`b�
´�`bf2��hÀjbe¿y�jg^�fsLRJ0�Z`gLÉLRQ�J]orf�hiLR`g�®�r`bLdo®jgfZhiLR`gqbJWjbfÄLded`gf�hdÐgJ.eihdJ�´�`gf���hÀ�ro®f2á�orf�qzLdQ�J]ÐbJ0edLdo®x0`b�·jbf2J.h�kWX�jb�r^�Ldo®jgf�hÀorf
±cQ�orxÅQ�x0jbyWv��rJ.LRJ�±=`b�r�Pv2`beiLRhÖx.`bf�´ÇJW´�^2o®�rL²o®f�`b��ÐO`bf2x.J�hdJ0J.yªv�eiJ.KMJ0ed`g´��®JskÖ»IKMLdJ.eÉ´wJ.orf�qayW`gf�^2KM`bx.Ld^�eiJ.�­jg^�LRhior��J��
Q�`b�rKMÁ�±³`g�®�chiLRei^�x.Ld^�eiJ.hW`beiJaorfsLReijs��^�x.J0�ÆorfÍLRQ�JÈQ�`g�®�µ�¤hd^�hivwJ.f���J0�ÆKMeijby `bfØ`bhihdJ0y¿´��ru�LRjsjb�c`gf����Rjborf�J.�ØLRjgqbJ.LdQ�J.e
´ÇJ0KMjbeiJÉ´ÇJ0o®f2q�v2^�Lporf¶v2�®`gx.J�k

º³`bxÅQt´�eiorxÅá�±³`g�®��orh]x.jb^2v��®J0�àLdjZLdQ�JÈJ.�rJ.x0LReijbf�orxTLded`gxÅábJ.eih�x.jbf2hdorhdLdo®f2q�jgKpLµ±³jZv��r`bf�J0hWjbKIhix.orfsLRor�®�r`bLdjbeWhiLReio®v�h
jbeio®J0fsLRJ.�¶`b�rjbf2q*LdQ�JXÖ�`bf��vu ��oreiJ.x.Ldo®jgf�h���edJ0hdvwJ.x0LRorÐbJ.�ru�k�ÂcQ�J²±=`b�r�×hdLded^2x.LR^2edJ²x.`gfa`g�®hij�´ÇJÉ^�hiJ.�¶LRjWhi^�v�vwjbeiLcLRQ�J
J.�rJ.x0LReijbf�orx³ÂP`beiqbJ0LBÂPed`gxÅábJ0eBv��r`bf�J0hOknÂcQ�J.uÉx0jb^��r�¿Q2`bf�qÖ��oredJ0x.LR�ruÉKMeijbyûLRQ2J³yW`borf�hd^�v2vÇjgedLdo®f�q�´ÇJ0`byWh�jbe�LRQ2J.uÉx.jg^��r�
´ÇJÉ`gLRLd`bxÅQ�J0�TLRjWLdQ�J²±³`g�®�lhiLRei^�x.Ld^�edJ²orLRhiJ.�rKRk ¬ faLdQ�J²�®`gLRLdJ.ecx.`ghdJs�gÐbJ.eiLRorx.`g�l`bf��aQ�jbeio�(0jbfsLR`g�lLRei`bxÅábJ0e³v2�®`gf�J�J0�®J0yWJ.fsLRh
`beiJ­yWjb^2f�LdJ.�ÎjgfÎLRQ2J­^�v�hiLReiJ.`gy `bf��Î�2j�±cf�hdLdedJ0`by KM`bx0J.h¶jbKÉJ.`gxÅQÏ´�eio®xÅáÍ±=`b�r� ��eiJ.hivwJ.x.Ldo®ÐgJ.�ru�k�»I�rLRJ.eif�`gLRorÐbJ.�ru��
ÐbJ0edLdo®x0`b�lhdx0o®fsLdo®�r�®`gLRjge=v2`bxÅáO`bqgJ�J0f�ÐgJ.�rjbvwJ.h�`beiJÖhd^�hivwJ.f���J0�aKMeijby hd^�v2vÇjgedLdo®f�qW´wJ.`gy�hc`gf��¶y�`go®fsLd`borf�J.�ao®fÈv��r`bx0J�jgf
LRQ�J�±=`b�r��hiLRei^�x.Ld^�eiJÀ±co®LdQ­LdQ�J*Q2J.�rv½jbK·KMjg�®��J0�­yWJ.Ld`b�r�®orx¿´2`bf���h�k#�Ijbeio)(.jbfsLd`b�nhix.orfsLRor�®�r`bLdjbeIv2`bxÅáO`bqgJ.hI`gedJ¿`b�rhdj¾ágJ.v�L
´suZKMjg�®�2J.�tyWJ.Ld`b�r�®orx¶´�`bf��2hOk½ÂcQ�JTJ0f�Ðsorhd`gqbJ0�Zhijb�r^�Ldo®jgf�h*v2edj�Ðsor��J]LRQ�J¶eiJ��s^�oredJ0��y�J0xÅQ�`bf2o®x0`b�¤vwjbhiorLRorjbf�orf�q­jgKcLRQ�J
LRei`bxÅágJ.e�edJ0�®`gLRorÐbJÖLRj]LdQ�JÉ´�eio®xÅásh��bx0jbyWv�`gx.LRf2J.hihc`bf��¶edorqbor��orLµu�k

ÂcQ�J�´�eio®xÅásh¤`gedJIy�j�ÐgJ.�]orf¾`bf2�¾jb^�L³jbK×LdQ�J.ore³Lded`�u�´wJ.orf�q*x0jbfsLR`go®f2J.�]±corLRQ�orfTorf���orÐso®��^2`b�wv��®`ghdLdo®x�Q�jb�r��J0edh�knÂcQ2o®h

ãML



J.f�hi^�eiJ.h�`W±³J0�®�l��J'��f�J0�a´�eiorxÅá]vÇjghdorLRorjbfaedJ0�®`gLRorÐbJÖLRj�LRQ�J²yWJ.xÅQ�`gf�orx.`b�lhiLRei^�x.Ld^�eiJ�`gf��aJ0`bhiJ.h=´�eio®xÅá]Q�`gf����ro®f2qw��±cQ�or�®J
v�eij�Ð�or��orf�q½`gf�`b����orLRorjbf2`b�=y�J0xÅQ�`bf2o®x0`b�¤v2edjgLRJ.x0LRorjbf�kzÂcQ�J¾´�eio®xÅásh*x.`bfà´ÇJahdorLR^�`gLRJ0�tjbf�hi�®or��orf�q­´2`bf���hz�MÑ�orqwk7�bÚl�
±cQ�orxÅQa`gedJÖv�^��r�®J0�a`gf��¶edjg�®�rJ.�ahdor��J.±=`�ush³LdjW´�edorf�q�´�eio®xÅásh�o®f¶`bf2�Tjb^2L"kP»I�rLRJ0edf2`bLRorÐbJ0�®us��LRQ�J0u¾x.`gfThi�®or��J²��oredJ0x.Ld�®u]jgf
Q�jbeio)(.jbfsLd`b�lLRei`�ushOk�º¤`gxÅQTxÅQ�jgo®x0J²Q�`bhc`Wx.jgedeiJ.hivwjbf���orf�q�`b^�LdjbyW`bLdo®x²hiushdLdJ.y KMjgec´�edorxÅá¾orf�hiLR`b�r�r`bLRorjbf¶`bf2�¶eiJ.yWj�ÐO`b�µk

ì�< >@?nADC � å@Ga¹¤eio®f2x.orv��®JWjgK¤`È´�eio®xÅá½yW`gf�o®v2^��®`gLRjgeÖhiushdLdJ.yöorfÄLRQ�J]x0`bhiJWjbK¤`ÈLd`beiqbJ.L²±=`b�r��hdLded^�x0LR^�eiJW±co®LdQÄhd�ro®�2o®f�q
´�`bf2��hOk

» edjg´ÇjgL¿J._sLded`gx.LRh*KMedjgy LdQ�J¶LR`beiqbJ0LÀhio®��Ja`b�r�³LdQ�J¶´�edorxÅásh¿f�J0J.��J0�tLRj�edJ0`bxÅQ�LdQ�JThiJ.�rJ.x0LRJ.�à´�edorxÅánkzÂcQ�J0uÄ`beiJ
LRJ0y�vwjbei`beiu¾hiLRjgedJ0�a`gf��aLdQ�J.fÈv�^2Lc´�`bxÅá¾orfÈv��r`bx.Jsk

Ñ�orqwkG�bÚ¿hiQ�j�±ch=`¿��J0hdorqbfajbKnLdQ�JÖ´�edorxÅáWyW`bf�orv�^��r`bLdjbe=hdushiLRJ.y¦^�hiorf�q*`*LRQ�orf¶hd�ro®�2o®f�q*´�`bf2����vÇjghdhior´��®uWeiJ.orf�KMjbeix.J0�
´su]hdLdJ.J.�w±coredJ0hOk�ÂcQ�JÖyW`bf�orv�^��r`bLdjbe¤jgvÇJ0ed`gLRJ0h³orfTLdQ�J�KMjg�®�rj�±corf�qÀ±=`�u�kBÂc±³j*KMed`gy�J0h³`g�®�rj�±ÍLRQ�JÖÐbJ0edLdo®x0`b�wx.jg�®^�yWf�h=LRj
yWj�ÐbJ¿`g�®jgf�q¾LdQ�J¿´wJ.`gyª��o®eiJ.x0LRorjbf½jgf½J.`gxÅQzhdor��J�jbK·`ahd^�vwJ.eiyWjs��^��rJ¿LR`gedqgJ.L*��Ñ�o®qlk1�gÚw�dkcÂc±=j 
��H�§�xw 
 � �6
�x.`gf½´ÇJ
vÇjghdorLRorjbf2J.�Zo®f�KMedjgf�L²jgK LRQ�JW´�eiorxÅá¶eij�±�x0jbfsLR`go®f�orf�qaLRQ�JW´�eio®xÅázLdja´wJWedJ0yWj�ÐbJ.�Pk®kÖº³`bxÅQ½J0f���jgK LRQ2J�hi�ro®��orf�q¶´�`bf2�
o®h�`b^�LdjbyW`bLdo®x0`b�r�®uax.jgf�f�J.x0LRJ0�¶Ldj¾`]yWjbLdjbeiÁ,��eiorÐbJ.f¶eijb�r�§��_sJ.�z´wJ.�rj�± LRQ�JÀx0`beijb^�hiJ.�µk ¬ L�x.`bfÈ´wJÀv�^��r�rJ.�z´suaLdQ�JÀeijb�r�®h
o®f­J.orLRQ�J0eI��oredJ0x.Ldo®jgfz`b�rjbf�q]LdQ�JPÖ `b_so®h�k²¸=f�JÀx0`bfzJ.fsÐsorhd`gqbJ²LRj¾J0_sLRJ.f2�½LRQ�J*hdushiLRJ0y orfzjbei��J.eILRj¾x0j�ÐbJ.eILRQ�JÀhior��J.h
jbKn`g�®�wLRQ2edJ0JI��J0LRJ.x0LRjge³hi^�vwJ.eiy�js��^2�®J0hOk � ^�edorf�q*LRQ�JÖ´�eio®xÅá�yW`bf�orv�^��r`bLdo®jgf¾LRQ�JÖ��J0LRJ.x0LRjge³jgvÇJ0ed`gLRorjbf]orh=f2jbL¤`gÊÇJ0x.LdJ.���
`bv�`gedL³KMedjgyÜLRQ�JÖeij�±ØjgKn´�eio®xÅásh³±cQ�o®xÅQax.jgf�Ld`borf�h=LRQ�JÖhdJ0�®J0x.LdJ.�¾´�eiorxÅá×k�º³hdLdo®yW`bLdo®f2q¿LRj*`b´wjb^�LÖE@Ó¿yWorfs^�LRJ0h³LdQ�J²LRory�J

ã F



f�J.J0��J.�WLdjÉx.jbyWv��rJ.LdJcLRQ�JceiJ.yWj�ÐO`b�@jgK2`Éqgo®ÐgJ.f�´�edorxÅán�Of�j²`bv2v�edJ0x.or`b´��rJ���J.`g�*Ldo®yWJporh·J._svwJ.x0LRJ.�]KMjge·LRQ�JcJ0_svÇJ0edoryWJ.fsL"k
»�f�jbLdQ�J.ecvwjbhihdor´��rJ²hdushiLRJ.y KMjbec´�eio®xÅáTQ�`bf��2�®orf�qw�@±cQ�jbhiJ��2J.hio®qgfaQ�`ghc´ÇJ0J.fÈx.`gedeiorJ.�¶jb^�L�orf¶x0jb�r�®`g´Çjged`gLRorjbfa±co®LdQ

o®f2��^�hiLReiu�� y�orhc��J.hix.eior´ÇJ0�aorfÈÑPorqwkM£bÞ�`bf��%£wÙgk

ì�< >@?nADC Y Ó@G#��eio®xÅá]yW`gf�o®v2^��®`gLRjgechdushiLRJ.y J.yWv��rj�u�orf�qW`WhdJ0�®KMÁ�v�eijbvwJ.�r�®J0�aÐgJ.Q�orx.�rJ�k

ÂcQ�JcJ0fsÐ�orhi`bqbJ0�¿hijb�r^�LRorjbfWx0jbf�hio®hiLRh·jgKÇ`²yW`bf2o®v�^2�®`gLRjbe¤±co®LdQ�Lµ±=j²`b_sJ.h·jgKÇyWj�ÐgJ.yWJ.fsLp�MQ�jgedo)(.jgfsLR`b�@`gf��WÐbJ0edLdo®x0`b�µ�
�®jsx0`bLRJ0��jgf­jgf�JWhdor��JWjbK LdQ�JWLR`gedqgJ.L"kÀÂcQ�JWQ�jbeio)(.jbfsLd`b�PhdLdedjgábJ¿KMjgeÉLRQ�JW`gx.x.^2ed`gLRJ¿orf�hiJ.eiLRorjbfZjbK LdQ�JW´�eio®xÅásh²jbfZLRQ�J
LRei`�uTorhpqborÐbJ0fÈ´�ua`]hdyW`g�®�nhiJ.�rKMÁ�v�edjgvÇJ0�®�rJ.�ÈÐgJ.Q�orx.�rJT��� TW�]� � � 
��G� ��±cQ�orxÅQ¶yWj�ÐgJ.hcjbfÈLdQ�JÀLRei`�uT±cQ2o®xÅQÈx.jgf�hiLRorLR^�LdJÀLRQ�J
´�eio®xÅáÈhiQ�J.�rKRkÖÂcQ�J¿ÐgJ.Q�orx.�rJ�o®hÖKMJ.��´�uz`a´ÇJ0�®LÖx.jgfsÐbJ.ugjbe*��hdQs^�LdLR�rJ��d�wjbf­±cQ2o®xÅQ½LdQ�J�´�edorxÅásh�`gx.x0^�ed`gLRJ0�®u¶jbeio®J0fsLRJ.�­`beiJ
�®`go®�PkPÂcQ�JÉhdQs^�LdLR�rJ²o®hp�rjb`g��J.�a`bLc\�jsjge=�rJ.ÐgJ.�×`gf��aorhcyWj�ÐbJ0�aÐgJ.eiLRorx.`b�r�ru]´�uT`�hiorf�qb�rJ²LRei`bxÅá]x.jgfsÐbJ.ugjbe�k×»cLc�rJ.`ghdL�Lµ±=j
hdQs^�LdLR�rJ.hp`gedJ²^�hiJ.�P��hdjWLRQ2`bLc`WhdQs^�LdLR�rJÉo®hIKMJ.J.�2o®f�qWLdQ�JÉÐbJ0Q�o®x0�®J²±cQ�or�rJÉ`bf�jgLRQ�J0eco®h¿� � c V c×yW`bfs^�`g�®�run���®jg`b��J0��k

ÂcQ�JÉLµ±=jW`b_sJ.hIy�`gf�orv�^��r`bLRjgeco®hIx.jbyWvwjbhiJ.�ÈjbKP`bfÈ^�v2vÇJ0eILRei`bxÅáT±co®LdQz`�ei`bxÅáTKMjbepLdQ�JÀ�rjbf�qgo®Ld^���orf�`b�nhiLReijbágJW��`bh
�®jgf�q½`ghÀLRQ�JTLRQ�eiJ.J]hi^�vwJ.eiy�js��^2�®J0hO��Ldj½±cQ�orxÅQ�LRQ�JTLReijb�r�®J0u­orhÀQs^�f�qw�Bjbf�±cQ2o®xÅQ�orhÀ´wjb^�f���LdQ�JTÐgJ.eiLRorx.`g�·`b_so®h�k ¬ f
LRQ�J��rj�±³J0eIv�`gedLpLdQ�J.eiJ¿orhÖ`TLRei`bxÅá¶LRja`�Ðbjgo®�zjghdx0o®�r�®`gLRorjbf�h�jbK·LdQ�J*yW`gf�o®v2^��®`gLRjgeI`beijb^2f��zLRQ�J�Q�jgedo)(.jgf�Ld`b�n`g_so®h�kcÂcQ�J
ÐbJ0edLdo®x0`b�×`b_sorh�o®hpyW`g��J²jbKB`W�ro®f2J.`bec^2f�o®Lc±corLRQÈyWJ.hiQ�J0�a´wJ.�rLc`bf��¶`WqbJ0`beiJ.�TyWjgLRjbec`ghdhiJ.y*´��rJ.�TorfÈ`WQ�o®qgQavwjbhiorLRorjbf��
±cQ�orxÅQ�Q2`bf����rJ.h¤LRQ�JpÐgJ.eiLRorx.`g�@LReijb�r�®J0uÀLRjÉ±cQ�orxÅQWLRQ�JchiQs^�LRLd�®JIo®h x0jbf�f2J.x.LdJ.��LRQ�eijb^2qbQW`bfWJ.�rJ.x0LReio®x0`b�Z�R`gxÅá×kBÂPjÖx0jbf�f2J.x.L

z Q »�°²³V=Z¶s¬¡Æ ±²±²°+R�Æ »�Æ ±­´|{x»�®A¸�°²¶�·W± ±B=}A�°�~}³V;]ºZ¶�·g�)�}����´F�:>�·W±BOGÆ
ã �



ì�< >@?nADC Y E@G � J0LR`go®�njgKBLdQ�JÉ´�eio®xÅá¾yW`gf�o®v2^��®`gLRjgechdushiLRJ.y½k

ã å



LRQ�J²hiQs^�LRLd�®J²LRj�LRQ2JÖhiQ�J0�®KnjgfT±cQ�orxÅQ¶LRQ�JÖ´�eio®xÅásh�Q�`�ÐbJ�LRj�´ÇJ²vwjbhio®Ldo®jgf�J.�a`*KMjg�®�2o®f�q�v��r`bf�JÖorh=�2J.hio®qgf�J.�a±cQ�o®xÅQP��jbf�x0J
hdLdedJ0LRxÅQ�J0���gjb´�Ld`borf�h¤`*^�f�o��s^�JI�rJ.ÐgJ.�2´wJ.Lµ±=J.J0f¾hiQ�^2LRLR�rJI`gf��¾hiQ�J.�rKRk�Â�j*vÇjghdorLRorjbfT`b�rjbf�qÀLdQ�JIhiQ�J0�®K×jgK×LRQ�J�y�js��^2�®JÖLRQ�J
hdorf�qg�®J²´�eio®xÅáT`bf��¶`bL�LRQ2JÖhi`byWJ²LRoryWJÉf�jbL�Ldj�Q2o®f��2J.ecjbf¶LRQ2JÉhdor��J.hcLdQ�JÉhiv�`bx0J�x0�®jghdJÖLRj]LdQ�J²hd^�vwJ.eiyWjs��^��rJ��s`�hdyW`g�®�
x.`geco®hp�2J.hio®qgf�J.�¶LRjWv�^�hiQÈjbecv�^2�®�nLdQ�JÉ´�eio®xÅánk

� ^�eio®f�q�LRQ�J=±=`b�r�G���r�®orf�qÖjbvwJ.ei`bLdo®jgfÉLRQ�J=hdyW`g�®��x.`ge�v�^2hdQ�J0h�LdQ�J=´�edorxÅá]�Mv�eiJ.hiJ.fsLBorf©�2edhiLBvwjbhio®Ldo®jgf¿jgfÀLRQ�J³hdQs^�LdLR�rJ��
jbfzLdQ�JÀeiJ.LRei`bx0LR`g´��®J?�R^�f2x.LRorjbf­v��®`gf�J���LRQ�J0fz`b�rjbf�qWLdQ�JÀhiQ�J.�rK�^�fsLRor��eiJ.`gxÅQ�o®f2q�LdQ�JÀvwjbhio®Ldo®jgfÈedJ'��^2o®eiJ.��k¤ÂPj]jb´�Ld`borf¶`
hd^2â�x0o®J0fsLcqbeio®v¶jbf¶LRQ�J²hiQ�J.�rÐbJ0hcLRQ�JÉhiyW`b�r�×x.`ge=Q2`bhcKMjb^2ec�®j�±=J.e�hiLRJ.J0edorf�q�±cQ�J.J0�®hc`gf��¶KMjb^�ec^�v2vÇJ0ephdLdJ.J0edorf�q�±cQ�J.J0�®h
±co®LdQà`½v2edJ0Á,�rjb`g��hdv�eiorf�q½LRj­o®f�x0edJ0`bhiJ¾LRQ2JT±=J.orqbQsLÀ`bf2�tx.jgf�hdJ'�s^�J.fsLR�ruZLRei`bx.Ldo®jgf�kÈ» ±co®eiJ¾J.f2x.js��J.e*x.jgf�Ldedjg�®h*LRQ�J
vÇjghdorLRorjbf­`b�rjbf�q]LdQ�J¿hiQ�J.�rKRk�ÂcQ�J*qbeio®vzjgK�LRQ�J*´�edorxÅá¶jbfzLRQ2J¿yW`bxÅQ�orf�JÀorhÖy�`g��JÀ±corLRQ½`a��J.Ðsorx.JÀjgK�Ð"`gx.^�^2y qgedorvzjbe
`b�rLRJ0edf�`gLRorÐbJ0�®uW±corLRQ¶`*yWJ.xÅQ2`bf�orx.`g�Ç��J0Ðso®x0J�jgKnQ�jsjbá]jgfTLRQ2JÖv2�®`ghdLdo®xÖyW`bLRJ0edor`b�wx.jgfsLR`borf�J0eOkBÂcQ�J²vÇj�±=J.e=jbKBLRQ�JÖhdyW`g�®�
x.`gecx.`bf¶´wJÉ´�ua´�`bLdLRJ0edorJ.h¿����o®eiJ.x0LR�ru¾jbfÈLdQ�JÉx.`geO�Bjbec±coredJsk

»�KMLRJ.e¤vÇjghdorLRorjbf�orf�qÉLdQ�Jphiy�`g�®�2x.`be·eiJ.Ld^�eif�h·LRjÀorLRh¤v�`beiáso®f�q²hi�®jgL·±cQ�J.eiJcorL·x.�r^�LRxÅQ�J0h `b^2LRjbyW`gLRorx.`b�r�ruÀo®f]`Éx0jbf�f2J.x.Á
LRjgeIKMjbe�edJ0xÅQ�`beiqborf�q�LRQ�J*´�`bLdLRJ0edorJ.h�k ¬ f­LRQ�orhIyWjbyWJ0f�LILRQ�J*hdQs^�LdLR�rJÀvÇJ0edKMjgedyWhpLdQ�J¿LdQ�eiJ.`b�Èv�eijbqgedJ0hdhiorjbf¶jbK�LRQ�J¿´ÇJ0�®L
LRj¾�2o®hiv��r`�u¾`]f�J.± ´�eiorxÅá¾`b�ro®qgf�J.�È´wJ.Lµ±=J.J0f¶LdQ�JÀhiyW`b�r�nx.`geO��LdQ�JÀeiJ.LRei`bx0LR`g´��®J²v��r`bf2JÉ`bf��ÈLRQ2JÀhdQ2J.�rKPjgK�LdQ�JÀyWjs��^��rJ�k
»Ifzjgv�vÇjghdorLRJ²x0u�x0�®J²orhp`bv2v��®orJ.�¶KMjbec´2edorxÅá¾eiJ.yWj�ÐO`b�l��^�eio®f2q�LdQ�JÉ��`gLR`WLR`gá�orf�qlk

ÂcQ�J�J.fsLdo®eiJWhdushiLRJ.yªx0`bf�´ÇJ]x0jbf�f�J0x.LdJ.�­LdjÈ`a¹²SÍf�J.Lµ±=jbeiáz`bf2�­x.jgf�hiJ��s^�J.fsLd�®uzLdj¶eiJ.yWjgLRJ�¹ÖSPh²Ðso®`¶yWj��2J.y
jbe ¬ fsLRJ0edf�J0L"�ÇLRj¶xÅQ�J0xÅá¶LdQ�JWfs^�y¿´wJ.eÖjbK hiLRjgedJ0�½´�eio®xÅáshÖ`bf���LRQ�J�eiJ.�r`bLRorÐbJ*vÇjghdorLRorjbf�o®f�LRQ�JW`g´�hdjg�®^2LRJ¿yW`gLReio®_ÈKMeijby
LRQ�J�hiQ�J.�rÐbJ0hpjbK·LdQ�J¿ÐO`beiorjb^�hp±=`b�r�rhOkÉSP�rjbhiJÀLRjaLRQ�J*v�`beiáso®f2q]hd�rjbL�jbK�LRQ�J*hdyW`g�®�Px.`gepLRQ�J0edJ*o®h�`T´�`geIx0j��2JÀedJ0`b��J0epLRj
edJ0qborhdLdJ.ec`gf��axÅQ2J.xÅá¾LdQ�JÉJ._s`bx0L�x.jbeieiJ.hivÇjgf���J.f2x.JÖ´ÇJ0Lµ±³J0J.f¶LRQ�JÉ´�eiorxÅá¾`bf��¶LRQ2JÉedJ0�®`gLRorÐbJ²vÇjghdorLRorjbfPk

»�fz`b�rLRJ.eif�`gLRorÐbJÉhixÅQ�J.yWJÉKMjbe�LRQ�J¿±³`g�®�nhiLRei^�x0LR^�eiJ���±co®LdQz´�edorxÅáshpQ�J0�®�z´su¶y�j�ÐO`g´��®JÉ�r`b�2��J.eihporfzÐbJ.eiLRorx.`g�nhiQ�`bKMLdhO�
o®hI��J.hix.eio®´wJ.�¶orf¶X2J.x.Ldo®jgfÈÚwk

ÂcQ�JÈyWJ.xÅQ2`bf�orx.`g�=±=`b�r�chiLRei^�x.Ld^�edJ0hW��J.hix.eio®´wJ.�Ø`b´wj�ÐbJ¶±=J.eiJav�eiJ.KMJ0edeiJ.�ØLRjÄhijb�r^�LRorjbf2h�oryWv��ru�orf�qÄ�rjbf�qgo®Ld^���orf�`b�
��orhdv��r`bx0J.yWJ.fsLdhIjbKPJ.fsLdo®eiJÉLR`gedqgJ.Lc±=`b�r�®hpLdj]`bx0x.J.hihpLdQ�JÀ´�eio®xÅásh�k·ÂcQ�orhphijb�r^�LRorjbfÈ±=jb^��r�ÈQ�`�ÐbJÉeiJ��s^�oreiJ.�È�®jgf�qbJ0ec´�eio®xÅá
`bx0x.J.hihÀLdo®yWJ.h*`bhÀ±=J.�r�¤`ghÀ��J0`b�ÄLRoryWJ¾KMjbe*v�`beiLÉjbK���J0LRJ.x0LRjgeÀ��^�eio®f2qz´�edorxÅá­eiJ.yWj�ÐO`b�µk]X2^�xÅQ�hdxÅQ2J.yWJ.hÀ±=jb^2�®�Ä`b�rhij
f�J.J0�Èy�jgedJ²�rjbf�qgo®Ld^���orf�`b�×hiv�`gx.J²o®fÈLdQ�JTV=ed`gfaX2`bhihdj�Q�`b�r�µk

����� ,Èú(�nò×¢s£�� ��¡(ò�+W��£�¥ �n¢/+�£2�Pò�0 �n£�«
243�24368 ��K�FGK�BJFG�7>þK��6Kx��Kx��FHD
ÂcQ�JÖx.jbf2hdLded^�x0LRorjbf]jgK×�®`gedqgJphdx0o®fsLdo®�r�®`gLRjge¤hiLReio®v¾v2�®`gf�J.hX� L cMF y�L cMF ���J� f2J.J.�2h³`*x.`beiJ.KM^2�ÇhiLR^��2u�jgK×LRQ�JÖyWJ.xÅQ�`gf�orx.`b�
Q�`bf2���®orf�qÉ`gf��*jgKÇLdQ�Jcjbv2LRorx.`b�@x0jb^�v2�®orf�qbh�k ¬ f*jged��J0e·LRj²orf�ÐgJ.hiLRorqb`gLRJ�LRQ�JcLdJ.xÅQ�f2o®x0`b�@v�eijb´��rJ.yWh��O±=J=Q2`�ÐbJ�x.jgf�hdLded^2x.LRJ0�
v�eijbLRjgLµusvÇJ²��J0LRJ.x0LRjgedh�k

ÂcQ�J¿´�`bhiJ.�ro®f2JÉ��J.hio®qgfzKMjbeiJ.hiJ.J0h LZY hdLdedorv�hpeiJ.`g�zjb^�LI´�u � HBXk�2´�edJ0hIx0jb^�v��rJ.�zLdj]`¾hio®f�qg�®J LZY Á,v�or_sJ.��v�Q�jbLdjs��J.Á
LRJ0x.LRjgeOkÉÂcQ�o®hÉx0jbf�hiLRorLR^2LRJ.h²jgf�J*´2`bhio®x�^�f�orL"kÀÑ2jb^2eÖhi^�xÅQ�^�f�orLRhÉx.`gf­´wJW`bhihdJ0y¿´��rJ.��o®f�hdorLR^ZLRj¶x.jgf�hdLded^2x.LÖ`a±cQ�jg�®J
hdx0o®fsLdo®�r�®`gLRjge³v��r`bf2J��g±cQ�orxÅQTorh³x0jbyWvÇjghdJ0�¾jbK¤Ò ãML hiLReio®v�h�k�ÂcQ�orh³`ghdhiJ.y*´��®uWhiushdLdJ.y¦Q�`bh=LRQ2J�`g��ÐO`bfsLR`gqbJILdj¿`g�®�rj�±ÏLRQ�J
v�`bei`b�r�rJ.�×v�eijs��^�x.Ldo®jgfajgK��2J.LRJ0x.Ldjbeihco®f¶hdJ0ÐbJ0ed`g�whiorLRJ.h�k

»Æ^�f�orL�orh�yW`g��J¤jgK Y hd^2´�Á,^2f�o®Ldh�J0`bxÅQÀorf�x0�®^��2o®f�q*E L hiLReio®v�hPJ.f2x.�rjbhiJ.�ÀorfÀ`I�rorqbQsLRÁ�LRorqbQsLB`g�®^2y�orf�or^�yûx.`ghdJIÓMc ã ���
LRQ�orxÅá¶LRj]v�eij�Ðso®��JÉLdQ�JÀf�J0J.��J0�Èy�J0xÅQ�`bf2o®x0`b�nhiLReiJ.f�qgLRQt�MÑ�orqwkJ£bÝw�dk·»�hiLReijbf2q�eiJ��s^�oreiJ.yWJ.fsLcKMjbeILRQ�JÉx0jbf�hiLRei^�x.Ldo®jgfÈo®h
LRj]ágJ.J.v¶`bhchiyW`b�r�×`bhcvwjbhihdor´��rJ²LRQ�JÉqg`bv�hc´wJ.Lµ±=J.J0f¶orf���orÐso®�2^�`b�×hiLReio®v2hc`bf��ÈLRQ2JÉqb`bv2h=´wJ.Lµ±=J.J0fÈ´�`bhio®x²^�f2o®LdhOk
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ÂcQ�J]hiLReiorv�hÉ`beiJ L cMF � �rjbf�ql�·ÒMc L 
�� ±cor��J¾`gf��ÆE 
�� LRQ�orxÅánkWÂcQ�J.u�`beiJWjb´�Ld`borf�J.�Ä´su½J._sLded^�hiorjbf��n±co®LdQZ`
e Tx� � x.jgÁ,J0_sLRei^���J.�]eiJ.\2J.x.Ldo®ÐgJcx.jg`bLRorf�qlkn» L cMF � �®jgf�qÀqbeijsj�ÐbJs�sEMcMÒ ��� ��J.J0v��go®fTLRQ�J�x.J.fsLdedJpjgKlLRQ�J�hdx0o®fsLRor�r�®`gLRjbe
hdLdedorvÈQ�jb^2hdJ0hcLRQ�J � H�X!�2´�edJ²±cQ�orxÅQÈo®hcqg�®^2J.�¶o®fÈLRQ2JÉqbeij�j�ÐgJ�k
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ì�< >@?nADC Y Ò@GÖX�xÅQ�J0yW`bLRorxÀÐsorJ.±¨jbKP`]hdx0o®fsLRor�r�®`gLRjbechiLReiorv¶^2f�o®LOk ÂcQ2JÀ��`bhiQ�J0hco®f��2o®x0`bLRJ¿LRQ�JÉÞ|� ¯kË6bÃLRQ�orxÅáa`g�®^2y�orf�or^�y
x.`ghdJsk

ÂcQ�JP�2´�edJ0hc`beiJ²edjg^�LRJ0�¶`gLc´ÇjgLRQÈJ.f2��hILdj�LdQ�JÀv�Q2jbLRjs��J0LRJ0x.LRjgedhcLdQ�eijb^�qgQaLdQ�JÀJ.f2�¶yW`gf�o®KMjg�®�2h*�MÑ�orqwkU£��w�RkISP`beiJ
Q�`bh¤LRjÉ´wJpLR`gábJ.f�LRjÉeiJ.hivwJ.x.L·LdQ�JpyWorf�o®y*^�y¼´wJ.f2��o®f2qÀed`g��or^�h·±cQ�orxÅQ�orh jgKÇLdQ�Jpjbei��J0e·jbKPE@Ò 
�� kBÂcQ�JpJ0f��Wy�`gf�orKMjb�r�
�®J0f�qbLdQ��bo®f�x0�®^2��o®f2qÀLRQ�JIv�Q�jbLdjs��J.LdJ.x.Ldjbe `gf��]LRQ2JpJ.�rJ.x0LReijbf�orxcedJ0`b��jg^�L·x.`ged�P����jsJ.h¤f�jbL J0_sx.J.J0� �@ã Ô Y Ó 
�� �b�rJ.`�Ðso®f2q
J.f�jg^�qbQàhdv�`gx.JajbftLdQ�JThio®�2JTKMjbe�LRQ2Ja´�eiorxÅá�yW`bf2o®v�^2�®`gLRjbe�eijb´wjbL"k½ÂcQ�JT�rJ.f2qbLRQ2h*jgKpLRQ�Ja¹¡í½ÂÜ`gf��tLdQ�JaeiJ.`g��jb^2L
x.`ged�z`gedJÀJ0`bxÅQz`g´Çjg^�L ã 
�� kpÂcQ�J¿J0f��½yW`bf�orKMjb�r�½Q�`ghI`¾LdQ�orxÅá�f2J.hih�jgKcEMcME 
�� f�J.`geILRQ2J¿hix.orf�Ldo®�r�r`bLRjgeIhiLReio®v2hI`bf2�
� cME 
�� `bL*LRQ�Ja�®J0ÐbJ.�³jbKcLdQ�JTv�Q2jbLRjs��J0LRJ0x.LRjgeOk¶ÂcQ2JTQ�orqbQtÐgjb�rLR`gqbJ]`bf2��edJ0`b��jg^�LÀx.`g´��rJ.h¿x0`bf�´wJTJ0_�Lded`gx.LdJ.��`bf2�
edjg^�LRJ0�ÈLRQ�eijb^�qgQT`]f�`gedeij�±Ïx.jg�®^2y�fÈf�J0`be�LRQ2JÉhdx0o®fsLRor�r�®`gLRjbechiLReiorv�h¿�MÑ�orqwkU£��w�Rk

¬ ftjged�2J.e¿Ldj­Q�`�ÐgJ¾`­�2J.LRJ0x.Ldo®jgftJ.âWx.orJ.f2x.uÄKMjbe�` ��T �ØQ�o®qgQ�J.e*LRQ�`gf å@F@Õ��PLdQ�J¶f�^2y¿´wJ.e�jbKcv�Q�jgLRjsJ.�rJ.x0LReijbf�h
���tc � c%�nvwJ.e ��T �T`gL¤f�jgedyW`b�2o®f�x0o®�2J.f�x0JIy¿^2hdL ´wJI`gL¤�rJ.`ghdL Y k�ÂcQ�J��®orqbQsL usorJ.�r�¾��J0vÇJ0f���h=jbf]LRQ2JI�ro®qgQ�L¤jb^�Ldv�^�L¤jgK×LRQ�J
hdLdedorv�h��sjbf¶LRQ2JÉ�®orqbQsL�x.jg�®�rJ.x0LRorjbf¶J.âWx.orJ.f�x0u��sjgfaLdQ�JP��´�eiJAw hcLRei`bf2hdyWorhdhio®jgfa`gf��¶jbf¶LRQ�JÉv�Q2jbLRjs��J0LRJ0x.LRjgecJ.âWx.orJ.f2x.u�k

� o®ÊwJ.eiJ.fsL�LµusvÇJ0h]jbK � H�X ��´2edJ0h�`gedJa^�f���J0eWLRJ.hiL"ktÂcQ�J¶ábJ.u�v2`bei`byWJ.LdJ.e�jbK � H�X ��´2edJ0h�orhWLRQ�J0o®eWJ0ÊÇJ0x.LRorÐbJ
`bLdLRJ.fs^�`gLRorjbfØ�®J0f�qbLdQ�k ¬ fÍLRQ�JÈei`bf�qgJajgKh��´2edJÈ�rJ.f�qgLRQ�h]^�hiJ.�ØorfØLdQ�JÈLRei`bxÅágJ.eWv��r`bf�Js�·��jg^�´��rJ¶x0�®`g� �2´�edJ0h]±cQ�orxÅQ
`beiJÉx.jgy�yWJ0edx0o®`g�®�ruT`�ÐO`bor�r`b´��rJ²KMedjgy ��o®x0edjgf â × `bf����É^�ei`bei`�u â�â `beiJÉhd^2o®Ld`b´��rJÉLRj¾yWJ0J.LpLdQ�JÀeiJ��s^�oredJ0y�J0fsLRh�k·Ñ�o®qlkM£�£
hdQ2j�±chÀLRQ�JaJ._svwJ.x.LdJ.���ro®qgQsLÀuso®J0�®��`gLÀJ.`gxÅQ�hdor��J¾jgK=LdQ�J¾v��r`bf2J¾`bf���LdQ�J¾hi^�y jbK�hio®qgf�`b�rhÀKMeijbyæ´wjbLdQthio®��J0hOkaÂcQ�J
x.`g�®x0^��®`gLRorjbf�hÖ`beiJ¿´2`bhiJ.�½jgf­LRQ2J*J0ÊÇJ0x.LRorÐbJ�`bLdLRJ0f�^2`bLRorjbf­�®J0f�qbLdQ­jbK¡�=orx.eijbf��ÉSPÑ�ÚlÙÅ»ñ�2´�edJ0h�`gh�yWJ0`bhi^�edJ0�½´suzLRQ�J
í ¬ U�¸=XzJ0_svÇJ0edoryWJ.fsL¿ý ��Îbÿ³��^�vzLRj­FMc ã � �dk ÂcQ2JÉ`b´�hijb�r^�LRJÉhix.`g�®JÉorhpLd`bábJ0fÈKMedjgy yWJ.`ghd^�eiJ.yWJ0f�LdhpvwJ.eiKMjbeiy�J0�È±co®LdQ
v�eijbLRjgLµusvÇJ²��J0LRJ.x0LRjgedh�k

� J�vwJ.eiKMjbeiyWJ.�a`b����orLRorjbf2`b�lLRJ0hdLdh=±corLRQZÒ y E 
���� UIºIE@E@Ó*hdx0o®fsLdo®�r�®`gLRjge³hiLReio®v2h=`gf��­E ��� ��or`byWJ.LdJ.e���o®x0edjgf
å@E�» �2´�edJ0h�eiJ.`g�Éjb^�LB´�u���`byW`byW`bLdhd^ âã� ´2o®`g�®x0`b�robm L Ó@å@E�LR^�´wJ.h�k � orLRQ*hd^�xÅQ¿`pqbjsjs�P�s^�`b�ro®LµuÖhix.orf�Ldo®�r�r`bLRjgeByW`bLdJ.eio®`g� �
±³J�jg´�LR`go®f�J0� ã �tc � cb`bL Y c L � KMeijby�LdQ�Jc¹¡í­Ât±co®LdQWf�j²edJ0\�J.x0LRorjbf¿`gL�LRQ�J�jbLdQ�J.e��2´�edJ�J0f��È��Ñ�o®qlkZ£b¯w�dk ¬ fz¸=¹¤º³mp»��
�¡  �1°@T]»D=Z¶�{'='»�Å�Æ²´xÁ'¼ZÃC¢U½H£¢° ¶�¸�³ ·�¶�¤-=U·CAa´ Y ;¥I+KA®�»DOG´¦~}¹�°B=V¢�¢'¾L§Z½'Æ�D�¨£¢®�»�·�»�·/O�{'=MÆ²´Xµg;¥>�¹a·CT »DOH±²°BT©¤ª; ¸�°²¶¬«t°BEH°²¸�°@='¶�´®­�¬¡´4µ�·�»�®$¯M; ¶&��®A°²±BAA°²¶AºU´hÃW¿�Á�¾M´#¼�¿°{x¹�»D=Z³V;H´ Z °²¹ =Z¶
K�·W¸�¹A°­´®{x¹G® =Z¿¨NH®�´9�=xN
OF=M´1Á�¾UÃ�¿À¾Z¾U¼�±Z´xÄ�·�Åa·�¶�Æ�:² Z ·�³ ·W³ ·C>�¸�® Q ¹ =�>D=Z¶�°BT ¸S£©Æ £©Æ²´�ÃZ¼Z½x³�§'´'R�®�¶�·/OJ·W³ ·�¿°{ Z ~¢´ Z ·�³ ·W³ ·C>�¸�®�{x°B>´OG´
¢UÃ�¾M´�Ä�·�Åa·�¶aÆ
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PMT

35-40 cm

electronic

card

optocoupler

cable
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ì�< >@?nADC YB� G�º¤f��2Á,yW`bf2o®KMjg�®�¶jbK�LRQ�JÉhix.orfsLRor�®�r`bLdjbechiLReio®v�hcv2edjgLRjbLµusvwJ�k

ì�< >@?nADC YMY G=ÂcQ2JIJ._svwJ.x0LRJ.�]�rorqbQsL¤usorJ.�r�]`bL J0`bxÅQ]hio®��JIjbKlLRQ�J�v��r`bf�J*����`bhiQ�J0�]�®orf�J.h��×`gf��]LRQ2Jphd^2y�KMeijby�´wjbLRQ]hior��J.h
�Mx0jbfsLRorfs^�jb^�hc�rorf�J��cý �GÎgÿ kPÂcQ�J²x0edjghdh�x.jgedeiJ.hivwjbf��aLRj]LRQ2JÉLRJ.hiLc´wJ.`by y�J0`bhi^�eiJ.yWJ.fsL�ÐO`b�r^�J�k
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LRQ�JÖJ.ÊwJ.x0LRorÐbJ�y�`g_so®yW`b�Ç�®J0f�qbLdQ��MKMjge³v2Q�jbLdjbf�h³x.eijbhihdorf�qÀLdQ�JIyWor�����rJIjbK×LdQ�JÖhdx0o®fsLRor�r�®`gLRjbe³hdLdedorv�h��lorh³�rJ.hih³LdQ�`bf Y c ã �
� � c �@ã � o®f¶LRQ2JÉhdx0o®fsLRor�r�®`gLRjbec`gf��ZEMcME@Ó � yW`b_sory¿^�y `bL�LRQ�JÉjgv�LRjsx0jb^�v��rJ.e��Rk
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ì�< >@?nADC YBã GÈH�o®qgQ�LÉusorJ.�r�Äjb´�Ld`borf�J.�Ä±corLRQ�Ý;ÊtÙ!Ë6b×Ö]UIº²ÙbÙÅÞÈhix.orfsLRor�®�r`bLdjbeÉhiLReio®v�h¿`bf��ÎÙmb(b ��o®`gyWJ.LRJ0em��o®x0edjgf
ÚwÙD»-�2´�edJ0hOk

243�24365 ��K�FGK�BJFG�7>v!?�/�§�4K�D
¸=f�J�LR`beiqbJ0LILded`gxÅábJ.e�v��r`bf�J�x.jgf�Ld`borf�hÖ`bf­`gedei`�u¶jbKpÒ ãML hdLdedorv�h²±co®LdQÇ�2´�edJ0h�eiJ.`g��jb^2LI`bLÖ´wjbLRQZJ.f2��hOkÖÂc±=j¶v��®`gf�J.h
±co®LdQÈvÇJ0edvwJ.f��2o®x0^��®`ge�hdLdedorvTjgedorJ.fsLR`gLRorjbf¾`gedJÖv��r`bx0J.�T�2j�±cf�hdLdedJ0`byÜjgKnJ.`gxÅQTLR`gedqgJ.L=±³`g�®�µkBUIjWy¿^��rLRorv��rJ._sorf�qWhdxÅQ�J0yWJ
o®h�KMjbeiJ.hiJ.J0f�k�»�LdjbLR`g�BjgK³E LkLZY Á�v�or_�J0�Bv�Q2jbLRjs��J0LRJ0x.LRjgedhcorhIf2J.J.�2J.�ÈLRj¾hiJ.eiÐbJ²jgf�JÉLRei`bxÅágJ.e�±³`g�®�µk·Ñ�orqwkJ£bþWhdQ2j�±chpLRQ�J
�®`�ugjb^�L�jgKB`]v��r`bf�J²±corLRQÈorLRh	��´2edJ²eiJ.`b�2jb^�LOk

ÂcQ�J���J.LdJ.x0LRjbe=v��r`bf�J0h³y*^�hiL³´wJ�orf�hiLR`g�®�rJ.�¾`gh³x0�®jghdJ�`bh=vÇjghdhior´��®J�LRj*LRQ�JÖ´�eio®xÅáW±=`b�r�®h�knX2o®y*^��®`gLRorjbf�h=Q�`�ÐgJIhiQ�j�±cf
LRQ�`gLaLdQ�J­hiv�`gx.J­eiJ.hijb�r^�Ldo®jgfÏo®fÎLdQ�J­�2J.LRJ0edyWorf�`bLdo®jgfÎjbKÉLdQ�JZJ.ÐbJ0fsL¾ÐbJ0edLdJ._Øo®fÎLdQ�JZ´�edorxÅáØ��J.vwJ.f��2h¶jgfÏLRQ�JZqb`gv
´ÇJ0Lµ±³J0J.faLRQ�JÖ´�eio®xÅáW`bf2�¾LRQ�JÖLRei`bxÅágJ.e ±=`b�r�rhOk ¬ fT`g����orLRorjbf��gLRQ2J�qg`bv¾´wJ.Lµ±=J.J0f¾Lµ±³j*´�eio®xÅáW±=`b�r�®h³Q�`bh=LRj�´ÇJ�hdyW`g�®�lKMjbe
`bf½J0`bhiuayW`gLRxÅQ�orf�qTjgK·LRQ�J*LRei`bxÅáshI´wJ.Lµ±=J.J0f½Lµ±=j¾x.jgf�hdJ0x.^�Ldo®ÐgJÀ´�eio®xÅásh���´suÈyWo®f2o®yWorhdorf�qTLdQ�J�hdx0`bf�f�orf�q¾`gedJ0`]o®f�LRQ�J
��j�±cf�hiLReiJ.`gy�±=`b�r�µk ¬ faLRQ�JÖv�eiJ.hiJ.fsL¤�2J.hio®qgf��g`*ÐO`b�r^�JÖjbK � c L 
�� o®h�eiJ.Ld`borf�J.�¾´su]v�ei`bx0LRorx.`g�Çx0jbf�hio®�2J.ei`bLRorjbf2h¤eiJ.�r`bLRJ0�
LRjaLRQ�J*LRei`bf�hiÐbJ0edhiJÉhdo)(.J*jbK�LRQ2J*v�Q2jbLRjs��J0LRJ0x.LRjgedh�k�»��®LdJ.eif�`bLdo®ÐgJÀhdjg�®^2LRorjbf�h�`beiJÀ^�f���J0e�hiLR^2��uÈLRj¾yWorf�o®yWorhdJ�LRQ2J¿qb`gv
LRQ�orxÅásf�J.hih�k
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������� C�F@G*SPQ2`bei`bx.LdJ.eio®hiLRorx.h�jgK�LdQ�JÉþG£gÁ,xÅQ�`gf�f�J0����`byW`byW`bLdhd^!��°D¯G£gþ*¹?í½Â¿k
¹¤Q�jgLRjsx.`gLRQ�js��JÖyW`bLRJ0edor`b� ´2o®`g�®áO`b�ro
� o®f��2j�± yW`bLdJ.eio®`g� ´wjbeijbhio®�ro®x0`bLdJ
X�vÇJ0x.Lded`g�×edJ0hdvwjbf�hiJ �gÞbÞgÁ,þg¯bÞ¿f2y
� `�ÐgJ.�rJ.f�qgLRQ¶jbKByW`g_�ory¿^2y eiJ.hivÇjgf�hdJ £bÝbÞWf�y
UI^�y*´ÇJ0epjbK���usf�js��JÉhdLd`bqgJ.h ÙDÝ
»If�js��JÉhio�(0J Ý(Ê]ÝWyWy Ö
í½`b_sory¿^�y hi^�v�v2�®uaÐbjb�rLR`gqbJÖ´ÇJ0Lµ±³J0J.f¶`bf�js��JÉ`gf��¶x.`bLdQ�js��J ÙÅÞgÞbÞ5r
� orÐso®��J0ecx.oredx0^�orL �TNOÝ¾N Ý]N2ÙÉNLåJåxå2N�ÙÉNOÝ¾NO¯
� orÐso®��J0ecx.^�eieiJ.fsL�`bL¿Ù�áÚr £b¯g¯mÈB»
V=`borfa`gL¢ÎbÞbÞ5r �¦� Þ(Ê­ÙDÞlæ
SPedjghdh�LR`g�®áZ�M±corLRQàÙ�yWy jbv2LRorx.`b���2´�edJs� Ý�

"If�orKMjbeiyWo®Lµu¾`gyWjbf�qW`b�r�×`bf2j��2J.h ÙbN �

243�243�� ç2k4�7FH�+#4K�FGK�BJFG�7>AD
ÂcQ�JzxÅQ�jgo®x0J¶jgKILdQ�Jzv�Q�jgLRjs��J.LdJ.x0LRjbe]orh]yW`borf��rut´�`bhiJ.�ØjbfÍLdQ�JÈhdorf�qb�rJÈv�Q�jgLRjsJ.�rJ.x0LReijbfØ��J.LdJ.x.Ldo®jgfÍJ.âWx.orJ.f�x0u��¤LRQ�J
��usf�`byWorx]ed`gf�qbJ*`bf��ÄLdQ�JWx.jbhiL"kÈ¸=LdQ�J.e²x.jgf�hio®��J0ed`gLRorjbf�h²`gedJ�qb`go®fZ^�f�orKMjbeiyWo®Lµu½`gyWjbf�q¶xÅQ�`bf2f�J.�rhO�×�®orf�J.`gedorLµu��×J.�rJ.x.Á
LReijbf�orxpx0edjghdh·Ld`b�rá*`gf��]o®fsLdJ.qbei`bLdo®jgfWLRory�Jsk�ÂcQ�Jp´�`ghdJ0�®orf�Jcv�Q�jgLRjs��J0LRJ.x0LRjge¤KMjbe¤LRQ�JW¸=¹¤º¤mI»ÏÂ�`gedqgJ.L�Â�ei`bxÅágJ.eih·o®h³LRQ�J
x.jgy�yWJ0edx0o®`g�®�ru*`�ÐO`go®�r`b´��rJ LZY Á�xÅQ�`bf�f2J.�x�I`byW`gy�`gLRhi^��¿F ãZY7L ¹¡í½Â©w h²��Ñ�o®qlk�£w°g�Rk�ÂcQ�orh³¹?í½ÂÍQ�`bh³`b�rhdj¿´ÇJ0J.f¾xÅQ�jghdJ0f
KMjbepLdQ�JPí ¬ UW¸=XÄý �GÎgÿ×f�J.`gec��J.LdJ.x.Ldjbec`gf��aQ2`bhc´wJ.J.fÈJ0_�LdJ.f�hiorÐbJ.�ru¾J0Ð"`g�®^2`bLRJ0��k

ÂcQ�J*xÅQ�`bei`bx0LRJ0edorhdLdo®x0hIv�eij�Ðso®�2J.�z´suzLRQ�Js�I`gyW`byW`bLdhd^½¹?í½Âû`beiJ¿qgo®ÐgJ.fzorf­ÂP`b´��rJz°bkIÂcQ�J*¹?í½Âûv�eij�Ðso®��J0hI`gf
jb^�Ldv�^�LcjgK�LdQ�JÉ�®`ghdL���usf�js��J²fs^�y*´ÇJ0eÀE@Ò2kPÂcQ�orhphdorqbf2`b�×x.jgyWy�jgfTLdj]`b�r�×xÅQ�`bf�f2J.�rhcx.jb^2�®�¶´ÇJÉ^2hdJ0�a`ghc`�Ñ@»�X�ÂcÁÅ¸=m
LRj]LdedorqbqgJ.e�LRQ�JÉ`gx��s^�orhdorLRorjbf¶hiu�hiLRJ0y jbecKMjgecLRoryWo®f�q]v2^�edvwjbhiJ.h�k

¹³edJ0�®oryWo®f�`geduzLdJ.hiLRh*jbK=LRQ�J¾¹?í½Â©w hÀQ�`�ÐbJ]´wJ.J0f�vÇJ0edKMjgedyWJ0��k]Ñ�orqwka£�Îzv�edJ0hdJ0fsLRhÉLRQ2J¾xÅQ�`bf2f�J.� eiJ.hivwjbf�hiJ­�Mf�jgedÁ
yW`b�ro®hiJ.�½Ldj­E@Ó@Ó2�¤KMjbe�`bf½`gf�js��J.Á�x.`gLRQ�js��JÀÐgjb�rLR`gqbJÉjbKc�@Ó@Ó Ý KMjgeIjbf2J¿jbK·LdQ�J¿Ld^�´wJ.hÖ^�f���J0e�LdJ.hiL"kcÂcQ2J¿¹¡í­Â¨±=`bh
o®�r�r^�yWo®f�`gLRJ0�z´�uT` � Á,�r`byWvt� Y Ó@Ó &�� �Rk·ÂcQ�JÉyWJ.`bhi^�eiJ.�ax.`bv2`bx.orLR`gf�x.J²Ldj]qbeijb^�f��¶jbK�J.`gxÅQ¶`gf�js��J���oryWvÇjgedLd`bfsLcKMjbe
LRQ�JÉKMeijbfsLcJ0f��aJ0�®J0x.Ldedjgf�o®x0hO��±=`bhcKMjg^�f��ÈLRjWÐO`beiu¾KMeijbyöEMcM�v�tn�LRjzÒMcM�v�tn¶k

»ÏyWjbeiJcJ.�r`b´wjbei`bLdJ³LdJ.hiL hiu�hiLRJ0y¼Q�`gh ´wJ.J.fWv�eiJ.v2`beiJ.��LRjÉhiLR^���u�orf��2J.LR`go®�rh LdQ�J	í LZY ¹¡í­ÂÆvwJ.eiKMjbeiyW`bf�x0J�k×ÂcQ2o®h
o®hWhixÅQ�J.yW`gLRorx.`b�r�ru�hiQ�j�±cftorfàÑ�orqwkt£bÚlk½» x.jgy�v2^�LRJ0e*qg^�o®�2J.�àLded`gf�hi�®`gLRorjbf�hiu�hiLRJ0y `bf��ÆLRQ�J¶¹¡í½ÂÜ`gedJaJ.f�x0�®jghdJ0�
o®fÍ`Ä�ro®qgQ�LdÁ,Ldo®qgQsL�´wj�_tLdjbqbJ0LRQ�J0eW±co®LdQØ`\è � �®`gyWvÆ`gf��ÆKMjsx0`b�ro®hi`bLdo®jgfÆjgv�LRorx.h�k � o®LdQØLdQ�orh¾hdushiLRJ0yz�¤`���f�JÈ�ro®qgQ�LhdvwjbL]��Ð ã Ó�O � �¤x.`gf½´ÇJ�v�eijs��^�x.J0�½`bLÖ`bfsuÈv��r`bx0J¿jbK¤LRQ�J�¹¡í½Âûv2Q�jbLdj�x0`bLdQ�js��J*`g�®�rj�±corf�q¾LRQ2J*hix.`gf�f�orf�qTjgK LRQ�J
±cQ�jb�rJÀhiJ.f�hiorLRorÐbJÀhi^�eiKM`bx.Jsk?�=u¶eiJ.yWj�Ðso®f�q]LdQ�J¿KMjsx0`b�ro®hi`bLdo®jgf¶�rJ.f2hIf�J0`bepLdQ�J¿¹?í½Â¿�@LdQ�J¿�ro®qgQsLp´ÇJ0`by x.`gfz^�f�orKMjbeiy��ru
o®�r�r^�yWo®f�`gLRJ�LRQ�J�±cQ�jb�rJpv�Q�jgLRjsx.`gLRQ�js��Jsk�ÂcQ�o®h³jbv�Ldo®jgf]x.`gf]´ÇJ�^�hdJ0�]KMjbe³y�`ghdhiorÐbJcv�eijs��^�x.Ldo®jgf]LRJ0hdLdhOk�ÂcQ�Jp¹?í½ÂÍx.`gf
`b�rhdj¿´ÇJ�o®�r�®^2y�orf�`gLRJ.�TLRQ�eijb^�qgQW`m��´�eiJ�k�»Îv�`ghdhi´�`gf������rLRJ.e³x.J0f�LdedJ0�]`bL Y å@Ó &�� xÅQ2j�jghdJ0h LRQ2JI�ro®qgQ�L¤x.jbeieiJ.hivÇjgf���orf�q
LRj]LdQ�J � HBX%��´�eiJ²J.yWorhdhio®jgfahivwJ.x.Lded^2yzk

ÂcQ�J²��J0LR`go®�rhpjbf¶LRQ2JÉKMedjgf�L�J0f��ÈJ.�rJ.x.Ldedjgf�orx.h�KMjbepLdQ�orhcLRJ.hiLchiu�hiLRJ0y `gedJÖqborÐbJ0faorfÈX�J.x0LRorjbf%Îwk Ýwk �wk
¸=LdQ�J.e=edJ0`b��jg^�L¤jgv�LRorjbfa`beiJIx0jbf�hio®�2J.eiJ.��k=¸=f�JÖjbKnLdQ�J.hiJ�orh�edJ0v�eiJ.hiJ.fsLRJ0�¾´su�LdQ�J��Ius´�eio®�a¹¤Q�jgLRj � orjs��JW�À�I¹ � �
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84 74 77 83 90 96 100 88

78 72 76 77 84 92 95 89

74 71 75 74 82 75 92 89

72 71 75 75 80 88 91 92
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78 69 73 75 78 83 88 96
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ÇÉÈ ÊÌËÎÍÐÏÒÑÌÓÌÔÖÕØ×ÚÙÜÛÞÝÉßàÛâáäãâÛâåæÝçáâåæèÜé�×êè�ëíì

îçï ßñðò×ÚÙÜÛÞÝóßôÛâáöõ ï åø÷ùõàèÜÛùßàåæÝ ï ßô×ÉúûßñèüõôÙÜëýëýßà×ÚõàåæèÜþ�÷â×ÚÙÿáØãâõàÝ ÙÜ×Éè � ÷�ßàõàåæèÜþæþ�� áâß � åøé�Ûâßàáùõ ï åæ÷ ì�� ÛùÝ ï å � õôè � ß���Ý ï ß
áâß	��ßàþæÙÜ÷âëýßôÛÿÝ ÙÜð èíõàÙÜëýëýÙÜÛ õ ï åø÷ ðòÙÜ×�

� î�� � � áâ×ÚåøðòÝ Ý ãâú�ß � èÜÛâá���
�� � � õàÙÜãØþøá ú�ß ßàÛ��Þå � è�éÜßàá��òðòÙ�× Ý ï ß � ß Ý ï ×Úßàß
áâßàÝêßàõôÝ ÙÜ× � Ý ï ß éÜèÜåæÛ å � ï åøé ï ßà×çÝ ï èÜÛ�������� ì

îçï ß ðò×ÚÙÜÛÞÝ ßôÛâáfõ ï åæ÷få � � ãØúûáâå��ÞåøáØßàá åøÛÞÝ ÙÒÝ ï ×Úßàß ÷âè�×êÝ � � Õ åøéjì"!$#��&%ýÝ ï ß ßàÛÞÝê×&� èÜëý÷âþæå�'âßà×(� è � þæÙ() þøÙ()+* ÛâÙ�å � ß
� ï èÜ÷âåæÛâé è�ëý÷âþøå�'âßô× ðòÙÜ×óõ ï èÜ×ÚéÜßçëýßôè � ãâ×êßôëýßàÛÞÝ,�ÜèÜÛâá èüðòè � Ý èÜëý÷âþæå�'âßà× ðòÙÜþæþøÙ() ßàáýú��ýè áâå � õô×êåæëýåøÛØèÜÝ Ù�× ðòÙ�× Ý ×ÚåæéÜéÜßô×êåæÛâéjì- ãØß Ý Ù Ý ï ßíáâå�.ûßô×êßôÛÿÝöéÜèÜåæÛ ÙÜðñÝ ï ßíÝ ï ×êßôßíáâßàÝêßàõôÝ ÙÜ× � èÜÛØá ÝêÙ Ý ï ß áâå � ÷�ßà× � åæÙÜÛ úûßôÝ/)óßôßàÛ õ ï è�ÛâÛâßàþ � ÙÜðñÝ ï ß � è�ëýß
áâßàÝêßàõôÝ ÙÜ×0�òðòÙ�×üÝ ï ß1
2� î è é�èÜåæÛ áâå � ÷�ßà× � åæÙÜÛfðòèÜõàÝêÙÜ×üÙÜð43 å � ß65Þ÷ûßôõàÝ ßôá ú�ßàÝ/) ßàßàÛfèÜÛâÙÞáâß � �&� è7� èÜ×Úåøè�úâþæß éÜè�åøÛ ÷�ßà×
õ ï èÜÛØÛâßàþóÙÜðçÝ ï ßößàÛÞÝê×&� èÜëý÷âþæå8'Øßà× å ��� ãâåæÝ è�úâþøßÞì îçï å � õ ï åæ÷ åæÛâõàþæãâáâß � è þæÙÜé�åøõöèÜþæþøÙ()çåæÛâéíÝ ï ßö×ÚßàèÜáØÙÜãâÝ Ù�ð Ý ï ß1'Ø×êßôá
õ ï èÜÛØÛâßàþ � ÙÜÛâþ��ÿì9� ÝÉ÷â×ÚÙ(�Þåøáâß � è�Ûùè�ÛâèÜþæÙÜéüë ãâþæÝ åæ÷âþæß	5Þßàá � åøé�ÛâèÜþj÷â×ÚÙÜ÷�ÙÜ×ÚÝ åæÙÜÛâè�þûÝêÙüÝ ï ß ßàÛØßà×Úé:�ýþøß6�Üßôþ�ðòÙ�×çßàè�õ ï õ ï è�ÛâÛâßàþ
èÜÛâáäèýðòè � Ýçáâå � õô×êåæëýåøÛØèÜÝ Ù�× � åæéÜÛâè�þ ðòÙÜ×çÝê×êåæéÜé�ßà×ÚåøÛâéüèÜÛâáäÝêåøëýåæÛâé�ì9� Ý ï è � Ý/)óÙýÙ�÷ûßô×êè�Ý åæÙÜÛöëýÙÞáâß �

;=<:>"?(@6?&A�BDCEC�FGA ëýÙÿáØßÿìH� ÛäÝ ï å � õàè � ß Ý ï ß4'â× � Ý+'â×Úßàáäõ ï è�ÛâÛâßàþ ÙÜð ßàèÜõ ï ßàþæßàõôÝ ×ÚÙÜÛâåæõ ðò×ÚÙÜÛÞÝçßàÛâáäõôèÜ×Úá � Ý è�×êÝ � Ý ï ß
×Úßàè�áâÙÜãØÝóÙ�ð è�þøþ õ ï è�ÛâÛâßôþ �(I

;=J�<�K8B6L&AM<:?NB6@6O ë ÙÞáâßÞìQPÖÛ ß	5ÞÝ ßô×êÛâè�þ Ýê×êåæéÜé�ßà× é�å8��ß � Ý ï ß � Ý è�×êÝÖðòÙÜ×ÖÝ ï ß ×Úßàè�áâÙÜãØÝ ì îçï å � ë ÙÞáâß õàÙÜãØþøá ú�ß ã � ßôá
ú�� Ý ï ß õôèÜþæåøúâ×ÚèÜÝêåøÙ�Û � � � Ýêßàë Ù�ðØßôèÜõ ï ßàþæßàõôÝ ×ÚÙÜÛâåæõÉáâßàÝêßàõàÝêÙÜ× ÝêÙ ë Ù�ÛâåæÝ ÙÜ× Ý ï ßçÝ åæëýßçß	��ÙÜþæãâÝ åæÙÜÛ ×êß � ÷�ÙÜÛ � ßÉÙÜð�ßàè�õ ï
õ ï èÜÛâÛâßôþ ìR� Ý èÜþ � Ùäè�þøþæÙ() � áâßàúØãâéÜé�åøÛâéäè�Ûâá ë Ù�ÛâåæÝ ÙÜ×ÚåæÛâéíÙÜð Ý ï ß è�õ	SÞãâå � åæÝ åæÙÜÛ � � � Ýêßàë � ÷�ßàõàåæèÜþæþ�� áâãâ×ÚåæÛâéíÝ ï ß
åæÛ � Ý è�þøþæèÜÝêåøÙ�ÛùÝêåøëýßÿì
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ÇÉÈ ÊÌËÎÍÐÏ Ñ�vÌÔÖÕû×êÙ�ÛÞÝ ßôÛâáäõ ï åæ÷ùáâåæèÜé�×êè�ë ì

îçï ßçÛÞãâëüúûßô× ÙÜð�õ ï èÜÛØÛâßàþ � ï èÜÛØáâþøßôáýú��üÝ ï å � õ ï åæ÷ � ï ÙÜãâþæáýúûßçè�áâèÜ÷âÝêßàáýÝ Ù Ý ï ßçõàÙ�Ûw'âé�ãâ×êè�Ý åæÙÜÛüÙÜð�ßàèÜõ ï áâßôÝ ßôõàÝ Ù�× ì� ÛíÝ ï ß ðòÙ�þøþæÙ()çåæÛâé��ÞÝ ï ß è �N� ãâëý÷âÝ åæÙÜÛäÙÜð èýõ ï èÜÛØÛâßàþÎé�×êÙ�ãâ÷âåæÛâéýú�� Ñ U å � ë è�áâßÿìH� Ý ��� ßàÝêãâ÷íõàè�Ûùú�ß áâÙ�Ûâß ú�� è � ßô×êåæèÜþ
þøåæÛwxy�{z î P�| ÙÜ× õôã � Ý ÙÜë ÷â×ÚÙÜÝêÙÿõôÙÜþ/� ì îçï ßÖ÷�ßàè$xÞåøÛâé Ý åæë ß �/}~������� � ï ÙÜãØþøá ú�ß � ï Ù�×êÝ ßôÛâÙÜãØé ï Ý Ù è(�ÜÙÜåæáý÷âåæþøßôãâ÷ èÜÛØá
×êè�ÛâáâÙ�ë ï åæÝ � ì

îçï ß�P -R� � � ï è(��ß èÜÝóþøßôè � Ý���� úØåøÝ � ÝêÙ ×ÚßàèÜõ ï Ý ï ßñ×êß6SÿãØåø×Úßàá è�õàõàãØ×êè�õ	� èÜÛâá áE�ÿÛØèÜëýåøõ ×êè�ÛâéÜßÖèÜÛâá è�×êßÖÙÜ÷�ßà×ÚèÜÝ ßôá
èÜÝ ï åæé ï ðò×Úß	SÞãâßàÛØõ	���D�~��������� Ý Ù ×ÚßàáØãâõàß Ý ï ß õ ï åø÷ ×ÚßàèÜáØÙÜãâÝÉÝ åæëýßÿì

îçï ß þæÙÞõàèÜþjÝê×êåæéÜé�ßà×É×êßôõàßôå8��ß � Ý/)óÙ åæÛâ÷âãâÝ � �ÞÝ ï ß þæÙÜéÜåæõàè�þûáØå � õà×ÚåøëýåæÛâèÜÝêÙÜ× � åøé�ÛâèÜþ ðò×ÚÙÜë Ý ï ß ðò×êÙ�ÛÞÝ ßôÛâá õ ï åø÷ èÜÛØáùè�Û
ÙÜ÷âÝêåøÙ�ÛâèÜþ ï è�×êáw) èÜ×Úß ß	5ÞÝêßà×ÚÛâèÜþ Ý ×Úåøé�éÜßà×�� � ßàß è�úûÙ(��ß��êìQ� ÝÖé�ßàÛâßô×êè�Ý ß � èöáâå � õô×êåæëýåøÛØèÜÝ Ù�×ÖåæÛâðòÙÜ×ÚëýèÜÝêåøÙ�ÛíÝ ÙöÝ ï ß ×Úßàè�áâÙÜãØÝ
åøÛÞÝêßà×ÚðòèÜõàßÞì

îçï ß � ßà×Úåøè�þÿþæåæÛwx õàÙ�ÛÿÝê×êÙ�þøþæßà× ëýèÜÛâè�éÜß � Ý ï ß � ßô×êåæèÜþÞþæåøÛwx ú�ßàÝ/) ßàßôÛüÝ ï ßÉðò×êÙ�ÛÞÝ ßôÛâáüãØÛâåøÝ � èÜÛâáüÝ ï ßÉ×Úßàè�áâÙÜãâÝ åæÛÿÝêßà×ÚðòèÜõôß�{���y�gú�ÙÜè�×êá9� ì îçï ßÖþæåøÛEx ëüã � Ý ú�ß è�úâþøßÖÝ Ù è�õàõôßà÷âÝóÝ ï ß ë è$5Þåøëüãâë ß � Ý åæë è�Ý ßôá ×êè�Ý ßÞì�� Û Ý ï ßñõàè � ß Ù�ð Ñ U õ ï èÜÛØÛâßàþ � �
Ñ������ýÙÜð õàÙ�ãâÛÞÝ åæÛâéý×êè�Ý ßñèÜÛâá�3 L&��?(F ÷ûßô×çß	��ßàÛÞÝ,�ÿÝ ï ß ×êè�Ý ß å � Ñ U�� Ñ�� � 3R�~��������� ú��ÿÝêß	���Þì
P áâèÜå � � õ ï è�åøÛ � ßà×ÚåæèÜþ þæåæÛwx õàè�Û úûßùã � ßàá ðòÙ�× � ÙÜëýßöðò×ÚÙÜÛÞÝüßàÛâá ãØÛâåøÝ � Ý Ù ×ÚßàáØãâõàßùõàèÜúØþøåæÛâé�ìy� ðçÙÜÛâßùõ ï èÜåæÛ � U

ëýÙÿáØãâþøß � ÝêÙÜéÜßôÝ ï ßô×1�òÕ åæé�ìM!$�äðòÙÜ× � õàåæÛÞÝ åæþøþæèÜÝêÙÜ× � Ý ×Úåø÷ � � Ý ï ß èÜú�Ù(�Üßý×êè�Ý ß å � Ý Ùíú�ß ëüãâþøÝêåø÷Øþøåæßàá ú�� Ý ï ß � èÜëýß ðòèÜõôÝ ÙÜ×
åøÛ Ý ï ßùþæè � ÝüþæåæÛwxÎì�� ßàßà÷ØåøÛâéÒèÒëýè�×êé�åøÛ ðòè�õàÝêÙÜ× ÙÜð����ÒþøßôèÜá � Ý Ù����{��� L&��?(F:� �Ìì îçï ß�)çåø×ÚßöþæßàÛØéÜÝ ï å � þæß �N� Ý ï è�ÛU ������) ï åøõ ï å � Ý ï ßöë è$5Þåøëüãâë áâå � Ý èÜÛØõàß ú�ßàÝ/) ßàßàÛ èíðò×ÚÙÜÛÞÝ ßôÛâá ãâÛâåæÝ èÜÛâá Ý ï ß è �N� Ùÿõôåøè�Ý ßôáÒ×Úßàè�áâÙÜãâÝ åæÛÞÝ ßô×êðòè�õàßÿì
îçï ß ��  U v�� � Ý èÜÛØáâèÜ×Úá õôÙÜãâþæá ú�ßýè é�ÙÞÙÿá � Ù�þøãØÝ åæÙÜÛ�� áâå�.ûßô×êßôÛÿÝêåøè�þ þøåæÛwx��j×ÚèÜÝêßüãâ÷ Ý Ù��¡� L&��?�F$� � ÙÜÛ����¢���êì4£ÖÙ
÷â×ÚÙÿõôß �N� Ù�× � è�×êßÉÛâßôßàáâßôá Ý Ù ï è�Ûâáâþæß Ý ï ß Ý ×ÚèÜÛ � ëýå �N� åøÙ�Ûü÷â×ÚÙÜÝêÙÞõàÙÜþ ìM� Ý � þæÙÜé�åøõçõôÙÜÛÞÝ ×ÚÙÜþÌõôèÜÛýúûßÖåøÛÞÝ ßôéÜ×ÚèÜÝêßàáýåøÛ Ý ï ß Õ åæßàþæá
 ×ÚÙÜé�×êè�ë ëýè�úâþøß | èÜÝêß4PÖ×Ú×êè(�7� Õ9
�|¤P��&�Þè �+� ï Ù()çÛ åøÛäÕ åøéjì�!�¥�ì
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îçï ßñáâßôèÜá Ý åæë ß å � õàÙÜëý÷âþæßàÝêßàþ�� áâß6'âÛâßàá ú�� Ý ï ß ðò×ÚÙÜÛÞÝ ßàÛâá õ ï åæ÷ ì îçï ßñ×êß � Ý ÙÜð Ý ï ß èÜõ6SÞãâå � åæÝ åæÙÜÛöõôèÜÛ � ÝêèÜÛâá Ý ï ß
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oqpnrtsurwvuxky zuv|{ksurwvurw}�zurJ~���}�z�pnr�{ns+rJ�,� �axnv��nrJ�wz����&}nv�pn���ar��`rJrw}��&�kz��&��}nrw~��,�E�QrJ�&}kv|�a��v+� ��xny �az����&}nv���oqpnrw� s
vuzu�&zu� v+z����J�ay\xn}n�wrJs+z��&��},z$��� v��Yrwy �����S���a}n~|�q� y�y\�`r�surw~nxn�Jrw~(��}�z�pnr��?xkz�xns+r�z����Q}nrw�&y�� �a� �ny�r�y rw�&rwy��

o�rJv+z��`rJ�a���QrJ�avuxns+rJ�Qrw}�zuv�pn���&r��&y�surw�&~n���`rJrJ}�{`rJs+�?�&s+��rw~¡ ¢vurwr��krJ�Jzu� �a}¤£"� ¥"¦§�a}n~��&z�pkrJs+v��asur��?�&s+rJv+rJrw}���}
�&s+~nrJsqzu���¨�&y�� ~n�az�r�zupnr�vu���©xky �az����&}nv��ªoqpnr��w�&�Q{n�&s+��vu�a}/�&��s+rJ�&y«~k�&z����a}n~�¬��&},zur�­��asuy��QrJ�arJ},z�vqpnrwy {kv®� �Q{ns+���,� }k�
z�pnrq�ksu��� G�¯ }n~k� }n���ay �a�&s+� zupn�Qv��a}n~�rJv+z������az���}n��{n�&s+zª�&�`z�pnr�v+�,vuzurJ�Q�&zu� ��xn}n�wrJs+z��a� },z���rJv��Soqpnr�surwy rw�°�a},z�{k�&s+�&�QrJzurJs+v

±-± �



�qpn���Hp��Q����rw},z�rJs���}tvuxk�Hp����w�&�Q{n�&s+��vu�a}��&s+rQz�pnr��?s+�&�wz����&}��&�M�n�&� G,² vu�w�&zuz�rJs+��}n�/zusu�a� G v�³"zupnr��QrJ�&}trw}nrJs+�&�´{`rJs
vu�w� },zu� y�y �az��as�v+z�s+��{���}�zupnr�z��&s+�&rwz©�a}n~�zupnr|rJ�&rw},z�v+pn�&{`r� ?},xn���Yrws��a��pn��z�vQ�a}n~�rw}nrJs+�&�t{`rJsQ{ny��&}nr,³d},xn���Yrws��a�
z��asu�arJz�µavu{`rJ�wz�s+�&�QrJzurJs�{ny��&}nrwvqpn��zq{Yrws®rJ�arJ},z°³�rwz�����¦��

¶ �avuv+� �ky r.vu�axns+�JrJv��a�Sv+��v+z�rw�Q�&z�����rJs+su�as�pn���&r.�YrwrJ}��J�a}nv+� ~nrwsurw~(�a}n~|vu�a��r�v+z�xk~n� rwvqpn���&r��ay s+rJ�a~n��vuzu�&s+z�rw~
· ��}tz�pnr�¸M¹gº�»�o^v+� ��xny��&z����&}t{n�asuzu� �wy rwv��&s+rQz�s+�&�Jrw~¤xk}�zu� y�z�pnrw� s�rw}nrJs+�&��surw�&�Hpnrwv.�´{ksurw~nr ¯ }krJ~tz�pns+rJv+pn�ay ~]�

¼ }´{k�&s+z����Jxny��&s�³,z�pkr©s+rJv+xny zuv®{ns+rJv+rJ},z�rw~´�&�`���&r�pn���ar��YrwrJ}��a�nz��a� }nrw~����|xnv+� }k�½�½z�pksurwvupn�ay ~��a� ±´¾�¿&À �?�&s
zupnr�zusu�a� G ��}n���a��{kpn�&zu�&}nv��&}n~´rwy rw�Jz�s+�&}kv¨�gÁEpnrw}�z�pn��v.z�pns+rJv+pn�&y�~´��v�y����grwsurw~|zu��Â-Ã´Ä ¿&À ³kz�pnr©�?su�a�Jz����&}´�a�
�k�&� G,² v+�J�az�zurJs+� }n�/rJ�&rw},z�v.� }n�wsurw�&v+rJv.�,�ÆÅ ±-Ç �¤³\�qpn���Hp�y�rJ�&~kv.zu�(�|~nrw�Js+rJ�&v+r©�a�®Â-�È�&��zupnr��nsu��� G´¯ }n~k� }n�
rwÉQ�J��rJ}n�w���]oqpn��vMs+rJv+xny�zgpk�&v��YrwrJ}(�&�nzu�&��}nrJ~(xnvu��}n��z�pnr�v+�&�Qr�}krJxns+�&y"}nrwz$�g�as G �?�&sM�M�&y�y ¯ }n~n��}n���av�z�pnr.�&}nr
�qpk� �Hp|pn�&vq�`rJrw}�z�s+�&��}nrJ~��&}|rJ�arJ},z�vq�q��z�p�� ±|¾Ê¿aÀ z�pns+rJv+pn�ay ~]Ë

· zupnr/rwÌYrw�Jz��&�q�Q��vu�ay ���&}n�Qrw}�z��&�qzu�&s+�&rJz©vu�w� },z���y�y �az��&s�vuzusu��{nv�pn�&v��&y�v+���YrwrJ}�vuzuxn~n��rJ~]��Í�rwz�rw�Jz��as�v+z�s+��{nv�Î
�a}n~¡ÏÐ{`�&v+� zu� �a}nv©pk���&rQ�YrwrJ}�s+�&}k~n�&�Qy����Q� v+�Q�&z��HpkrJ~Æ�?s+�&�È�&rJ}krJs+�&z����&}��¨�&y�xnrJv�xn{Æz��ÆÑ|ÒÆÒ��/Óª� �"�«ÔaÕ
v+pn���qv�z�pnr�rJÌ`rJ�wz��&���&y�� �a}n�QrJ},z®rJs+s+�&s+v��&}�z�pnr��nsu��� G�¯ }n~n��}n�(rJÉQ�J��rJ}n�w���?�&s�Ö�×�­q­�rJ�arJ},z�v�� ¼ z���}n~n���J�&zurJv
zupn�&z��Qrw�Hpn�&}n���J�ayª�&s�v+xnsu�arJ�´�a�J�Jxksu�a�J��rJv�vupk�&xny�~¤�`r G rw{nz��Yrwy ��� F ÒÆÒØ�?�&s���},z�rwsu}n�aydz�s+�&� G rJs.�&rJ�a�QrJz�s+���
oqpkr.rwÉQ�J��rJ}n�w��� vq��xn�Hp(y�rJv+v�vurw}nv+� zu� �ar�zu��{`�&v+v+� �ny�r.surwy �az����&r.�nsu��� G,² zusu�a� G rws§�Q� v+�&y�� �a}n�QrJ},z�v��]oqpn��vqy rw�&~nv�z��
y��,�&v+rJs��QrJ�Hpn�a}n���J�&y«zu�&y�rJs+�&}n�wrJv�Ë

· zupnrQrJÌ`rJ�wz.�a�§rJy�rJ�wz�s+�&}n����z�pns+rJv+pn�&y�~nv.�&}¤z�pnrQ�ns+� � G´¯ }n~n��}n��rJÉQ�J��rJ}n�w�´� v�v+pn���q}���}�Ó����`�YÔaÙ`��ÓY�&s.�©xn�a}n� �
rw�&rw}�zuv��a}nr��&�kvurwsu�arJv®�(surw~nxn�Jzu� �a}��&�drwÉQ�J��rJ}n�w�(���§z�pkr©�©xk�&}�zusu�a� G ��v�y��&v+z°�®»�rJxkz�s+�&y��Jxns+surw},z®rJ�arJ},z�v��&s+r
s+�&zupnrJs©� }nv+rJ}kvu��z����&r½zu��zupnr½z�pksurwvupn�ay ~��|oqpnr/v+�&�Qr½�`rJpn���,���&xns©� v�vurwrJ}��?�as��©xn�a}n���/rJ�arJ},z�v©�&�`���&r Ç|Ú]Û?¿aÛ
�a}n�Jr�zupnr��©xn�a}(��v®}n�Q�Q�&s+r��J�a}�zusu���nxnzu� }k��zu�Q�&rJs+z�rwÜ ¯ }n~k� }n�"Ë

· ��v+z�xn~n�Æ�a��zupnr�rJÌ`rJ�JzQ�a�®�QrJ�&}�},xn�©�`rJs��a� Ú]Û?¿&Û µUÒÆÝ Ú ��v�v+pn���q}���}�Óª���`��Ô&£"��º��a�&��}�z�pkr|��xn�&}�z�s+�&� G
~krJ�&s+�&~k�&z����&}�� v�s+rJv+{`�&}nv+� �ky r��?�&s�zupnr´s+rJ~nxn�wz����&}�� }¡rwÉ��w� rw}n�J���&�nv+rJs+�&rw~��?�&s���xn�&}k� ��rJ�arJ},z�v��ßÞM}nr��J�a}
~krJ~nxn�wr�z�pn�azqz�pnr��QrJ�a}�}�xk�©�`rJsq�&� Ú]Û?¿aÛ?à ÒÆÝ Ú vupn�axny�~|�`r��&�`���&r����

¼ }|�&~n~k� zu� �a}|zu�Qz�pnr��a�Y���ar.v+z�xk~n� rwvqz�pnr��?�ay y����q��}n�Q� v+vuxkrJvq�q��y y\�`r��&~k~nsurwvuv+rJ~
· rwÌYrw�Jzª�&�Y�Hpn�&}k�&rJvª�a�kz�pkrq�?su�a�&�QrJ},z��az����&}��Q�,~nrwyn{n�&s+�&�Qrwz�rJs+v�á`z�pn��vd�Q�����&Ì`rJ�wz�pk� zd��xny zu� {ky ���J��z$��³Upn� zªrw}nrJs+�&�

�a}n~|rJ�&rw},zMv+pn�a{Yrwv¨Ë
· rwÌYrw�Jzuv®�J�a����}n�Q�?s+�&�âzupnr�vu���©xky �az����&}|�&�Szupnr�v+xn{n{`�&s+zqvuzusuxn�wz�xns+r��&�]�nsu��� G �M�&y�y vq�a}n~|vu�w� },z���y�y �az��&sqv+z�s+��{nv¨Ë
· xk}n�Jrwsuzu�&��}�zu� rwvS��}©zupnrgv+���©xny��&zu� �a}��&�-y�� �ap,zS{ns+�,~nxn�Jzu� �a}©��}�z�pkrgv+z�s+� {kv¨³°�a}n~�y�� �ap�z]�J�ay y�rJ�wz����&}��a}n~�{ns+�&{n�a�&�az����&}

��}�z�pnr ¯ �nsurwv¨�

¬��asurgvu���©xky �az����&}nvª�&s+rM� }�{ns+�&�&s+rJv+vSzu���Jy��&s+� �?��z�pk�&v+rM{`�&��},z�v��\o�rJv+z��Yrw�&�ãs+rJv+xny�z�vªpn���&rM�&y�s+rJ�&~k�.�`rJrw}�s+rJ{`�&s+z�rw~
ä åaæ �&}k~(�?xns+z�pkrJs®�`rJ�a�âz�rwvuzuv®�&s+r�{ny �a}n}nrw~]�

ç�èêé ë*ì�í§îðïkñ�ò�ókô§õßò�î�öð÷^í�÷^õ\î�ø,ì�÷ ö�õ\ø,õ\ók÷^ù	î�òªø�ù�í§î
oqpnr�{`rJs+�?�&s+�Q�&}n�wrq�&�«zupnr�v+{Yrw�Jzusu�a��rwz�rws§�?�&sgz�pnr�~nrJzurJs+����}n�az����&}��&�«zupnr���xn�&}��Hpk�&s+�&rq�&}k~����a�QrJ},z�xn�úpn�av��`rJrw}
vuzuxn~n��rJ~Qxnv+� }k�.¬��&},z�r©­��asuy���Ö�×�­q­��&}n~�û�ü�ýt� },z�rwsu�a�Jzu� �a}nvdsu�a}n~n�a��y���~n��vuzusu���nxnzurJ~Q��}�zupnr�z��asu�arJzª�&�ay xn�Qr,�\º�}
� zurJs+�&zu� �ar�þMÿ½����}n���Q� v+�&zu� �a}�{ns+�,�JrJ~kxnsur�� v�xnv+rJ~¤z�� ¯ z�z�pnrQ�QrJ�avuxksurw~��©xn�a}�zusu����rJ�Jzu�&s+��³k�?�&y�y ���q��}n�(z�pnrQ�QrJzupn�,~
~nrJv+�Js+���Yrw~©��} ä�� £ æ �«oqpk� vª�QrJzupn�,~���v]�k�&v+rJ~©�a}©zupnrgy���}nrJ�asu��vu�az����&}��a�nz�pnr��w�&}nv+z�s+�&��},z\r I xn�az����&}nv��&vª���?xk}n�Jzu� �a}��a�nz�pnr

±-±-Ç



��� �	��

��D Â	��o��&{]á.rwÌYrw�Jz��a��s+�&}n~k�&�Qy ���&rJ}krJs+�&z�rw~¤v+z�s+��{��Q��vu�ay ���&}k��rw},z��&}�z�pnr½�ksu��� G�¯ }n~k� }n�´rwÉQ�J��rJ}n�w���Qoqpnr
�&�nv+�J��v+vu���&���&rwvMzupnr��Q�&Ü,� ��xn�â�Q��vu�ay ���&}n�Qrw}�zM�q��z�p����k�&z��&rw}nrJs+�&zu� �a}/���&rwsg���&���&rw}/��},z�rJs+�¨�&y$���M�az�zu�&��á�rJÌ`rJ�wzM�a�
z�pnr�s+rJy��&zu� �ar�����v+�&y�� �a}n�QrJ},z��Yrwz$�grwrJ}��ns+� � G v��&}n~�zusu�a� G rJs+v��

±-± Ñ



��� �	��

�¤D ����oqpnr�z��az��&yS�nsu��� G�¯ }n~k� }n��rwÉQ�J��rJ}n�w�/�&vq�Q�?xn}k�Jz����&}��a�Sz�pkr��?su�a}�zqrw}n~|rJy�rJ�Jzusu�a}n���Jvqz�pksurwvupn�ay ~kv¨�

��� �	��

��D Ç ����s+� � G�¯ }k~n� }k�|rwÉQ�J��rJ}n�w���&v��|�?xn}n�Jzu� �a}t�&�§zupnr��QrJ�&}¤},xn�©�`rJs��a�§{npn�az��,rJy�rJ�wz�s+�&}nv�~nrwz�rJ�wz�rw~¤�?�as.������ �

±-±	�



Ç xn} G }n���q}�{n�asu�a�QrJz�rwsuv����Y³�� �k³"!$#%� à #"& '��`³(!$#%� à #"&"'��©�&}n~)! ±-à°Ú '���surw{nsurwvurw},z���}n��z�pnr�z�s+�&� G �w�,�&s+~n� }k�&z�rwv¨³Uvuy��&{`rJv
�&}n~´��},�&rwsuv+r����a�QrJ},z�xn���&zqv+�&�Qr�s+rJ�?rwsurw}n�Jr�{ny��&}kr*&,+-& � ³nsurwvu{`rJ�wz����&rJy����§Ók�as®rJ�a�Hp|��z�rwsu�az����&}]³-z�pnr��w�&y��Jxny��&zu� �a}
� }k�Jy�xn~nrJv�zupnrQrJÌ`rJ�Jz.�&��z�pnr��QrJ�&}¤rJ}nrwsu�a��y �avuv.� }¤z�pnr�z�s+���&rwsuv+rJ~´�Q�az�rJs+���&y��&v.�grwy yª�&v.z�pkr��w�&s+surwy �az����&}´z�rwsu�Qv���}
z�pnrQrwsus+�&s.�Q�&z�s+��Ü´~nxnrQz��|�©xny�z���{ny�r�vu�w�&zuz�rJs+��}n�`��ÓY�&s.�©xn�a}nv�s+rJ�J�a�&}n��v+rJ~��av�v+z��a{n{n��}n��� }�z�pnrQ~nrwz�rw�Jz��as��&�&y�xn�Qr�³
z�pnr�zu�&zu�&y\�,��vu���ny�r.s+�&}k�&r.� v®xkvurw~|�av��&}��&~n~k� zu� �a}n�&y«�w�&}nv+z�s+�&��},zg�a}|zupnr��©xk�&}|rJ}nrwsu�a���

Ö%./­q­�� },zurJs+�&�Jzu� �a}nvd�q��z�pQ�©xn�a}n����û´~nrw�J�����asurM�&rw}nrJs+�&zurJ~��&v+vuxn�Q��}n�0/QÒ ÿ +âÂ Û?Ç21|± Ã 354 ¿&À ÿ �\º��J�w�&s+~n� }k�
z��½zupnr©v+���©xny��&zu� �a}]³-zupnr��©xk�&}´�Hpn�asu�ar.�a}n~´�Q�&�QrJ},zuxn� �&s+r���rw�&v+xns+rJ~��?�&s Ç-Ç �Ð�&�ªz�pnr�rJ�arJ},z�v��§º�}��&~k~n� zu� �a}n�&y
Â Ç �â�&�"zupnr���xn�&}nv��J�&}k}n�&z§�`r��a}n�&y��,vurw~Q� }�zupnr®v+{Yrw�Jz�s+�&�Qrwz�rJs+v§�nxkz�z�pkrJ��s�z��az��ayks+�&}n�arq�J�&}��`r®~nrwz�rwsu�Q��}nrJ~]�]oqpnr
surw�Q�&��}n� }k� ± Ã-��surw{ns+rJv+rJ},z°³,��}´�&�`�&xkz®r I xn�ayS{ns+�&{`�&s+z����&}nv�³��©xk�&}nv��&xnzuvu��~nr��a��zupnr�v+{Yrw�Jzusu�a��rwz�rws®�&�w�JrJ{kz��&}k�Jr��&s
�&��z��,�Qy ���i�&}�rJ}krJs+�&��z��Q�ay y�����zupnrJ��sqsurw�J�a}nvuzusuxk�Jz����&}|��}(zupnr�o]�asu�arJz�o�su�a� G rJs+v��

¼ z���xnvuz��`r´}n�az�rJ~¡zupn�&z���}Ez�pnr´�a}n�&y��,vu��v�{ns+rJv+rJ},z�rw~�pkrJs+r�³�}n�ÆrJÜ,{ny�� �w� z���xn�&}¡��~nrJ},zu� ¯ �w�&zu� �a}��wsu��z�rwsu���t�&s+r
sur I xn� s+rJ~���oqpn��v�� v+v+xnrQ� v�~n��vu�wxnv+vurw~¤y��&zurJs��&}]�©¬��avuz.�&�gz�pnrQ�©xk�&}nv��q��z�pn�axnz��Q�&�QrJ},z�xk���QrJ�&v+xns+rJ�QrJ},z.�&s+r��a�
y ���irJ}nrwsu�a�½�&}k~(�asur�}n�azMzu�&�a�&rJ~|�&vqv+xn�Hp|�,�½z�pnr���~nrw}�zu� ¯ �J�&zu� �a}��&y��&�&s+��z�pn�Qv��

Á�r�surw�J�ay y§zupn�&z©�©xny�z���{ny�r½vu�w�&zuz�rJs+��}n����rw�&v+xns+rJ�QrJ},z���}�zupnr½¹�­q­��ns+��� G v��a� �arJv��a}t�&~n~n��z����&}k�&y§�Q�&�Qrw}�zuxn�
~nrJzurJs+�Q� }n�az����&}]�

oqpnrd~krJz�rwsu�Q��}n�&zu� �a}��&��z�pnr�vu���&}��&�,zupnr§�©xk�&}��Hpn�&s+�&rªpnrwy {kvSs+rJ~nxn�w� }k�qz�pnr§�k�&� G �&s+�&xn}k~��?s+�&���©xn�a}n� �d�Hpk�&s+��rw~
{n�&s+z����Jy�r�~nrJ�w����³Y�qpnrJ}¤z�pnrQ{ns+�����asu�|�©xk�&}���v�}n�&z.��~nrJ},z�� ¯ rw~]� ¼ }�zupnr©û�ü ý�vu�a��{ky r��&�§rw�&rw}�zuv��q��z�p��/s+rJ�w�&} ²
vuzusuxk�Jz�rw~Q�©xn�a}��Hpn�asu�ar�³w�&}ky �½Ã Û F	6 � �MrJs+r ¯ z�zurJ~Q�q� zupQz�pnrq�qs+�&}n�.�Hpn�asu�ar��&v+v+� �a}n�QrJ},z°� ¼ }���Ö�×Q~n���©xn�a}�v+�&�Q{ny�r�³
z�pnr(�Hpn�&s+�&r��a��z�pnr({Y�avu��z����&r½��xn�&}Æ�?s+�&�Èz�pkr½�Hpn�&s+�QrJ~Æ{n�asuzu� �wy r�~krJ�J�����J�a}Æ�Yr(surw�J�a}nvuzusuxk�Jz�rw~t� }EÂ � �*�a�qz�pnr
rJ�arJ},z�vq�a}n~]³,�a���a}n��z�pnrw�´³\Ã Û � D �ð�&s+r ¯ z�z�rw~´�q� zup�z�pnr��qs+�&}n���Hpn�asu�ar��avuv+� �a}n�QrJ},z°�

Óª���`��Ô å vupk���qv¨³U�?�&s�zupnr®~n���©xk�&}½v+�&�Q{ny�r�³Uz�pnr��&�J�wrJ{nzu�&}n�wrq�&}n~�zupnr��?s+�&�wz����&}��a�`�qs+�&}k���Hpn�&s+�&r��&v+v+� �a}n�QrJ},z§�&v
���?xn}n�Jzu� �a}��a�k���Jxkz��a}�zupnr�},xn�©�`rJsd�a�k��su�a}©{ny��&zurJvd�Js+�&v+v+rJ~��,��zupnr�{Y�avu��z����&r��©xk�&}]�gÞM}nr��J�&}�vurwr�z�pn�az°³¨���Y}krJrJ~krJ~]³
vuxk�Hp��/�wxnz�� v.�|{Y���MrJs+�?xny���rw�&}¤�?�&s.�?xnsuzupnrJs�s+rJ~nxk�J��}n�/zupnr��?s+�&�wz����&}¤�&�§��xn�&}nv.�q��z�p��|�qs+�&}n�ay �|surw�J�a}nvuzusuxk�Jz�rw~
�Hpn�&s+�&r.�&zqzupnr�rJÜ,{`rJ}nv+r��&���Q���,~nrwsu�az�r��&�w�Jrw{nz��a}n�Jr�y��&v+v¨�

ÓY�&s|�©xn�a}nv(�?s+�&� Ö�× ­q­ú��}�zurJs+�&�wz����&}nv(���?s+�&�wz����&}��a� D ±-Û F � �w�&}��`r��&}n�ay �,v+rJ~���}��Q�&�Qrw}�zuxn� �,�Ez�pnr
vu{`rJ�wz�s+�&�QrJzurJs+v��qpn��y�r��&}ky ��z�pnr.�QrJ�avuxns+rJ�Qrw}�z��&�"z�pnr�z��az��&y`�,� v+���ny r�su�a}n�&rq�w�&}��`r�xkvurw~��?�&s ± F Û?Ç � �&�«zupnr�rw�&rw}�zuv¨�
¼ }E� Û F �Ø�&��zupnr��J�&v+rJv�³�zupnrt�©xn�a}�rJv+�J�a{Yrwv(zupnr¤zu�&s+�&rwz/�&xkz�v+� ~nr�z�pkr¤v+{Yrw�Jzusu�a��rwz�rws(�a�J�Jrw{nz��a}n�Jr¤�&}n~i� }iz�pnr
surw�Q�&��}n� }k� F Û?± ��³,}n�Q�©xn�a}(zusu�a� G �J�a}(�`r�surw�J�a}nvuzusuxk�Jz�rw~]�]oqpnr��?su�a�Jzu� �a}(�a�S�qs+�&}n���Hpn�&s+�&r��&v+vu���&}k��rw},zM��vq�&���&rw}
� }�Ó����`�kÔ � �av��½�?xk}n�Jzu� �a}��&�ªz�pkr©�©xk�&}´�Q�&�QrJ},zuxn����ÞM}nr��w�&}´v+rJr�zupn�&z¨³nxn{�z��½�a�Y�axnz 6 Ã)7 ¿aÀ�à	8 ³`zupnr©�Hpn�asu�ar
surw�J�a�&}n��z����&}|� }krJÉQ�J��rJ}n�w�½v+z����,vq�Yrwy ��� ± �¤�

oqpnrMs+rJy��&z����&r����a�QrJ},z�xn�Ksurwvu�ay xnzu� �a}���v�v+pn���q}��av]�.�?xn}n�wz����&}��&�nzupnr�z�s+xnrg�Q�a��rw},z�xn� ��}©Óª���`�wÔ&Ô��&}n~�Ó����`�wÔ:9
�?�&s®v+z��a{n{n��}n�Q�©xn�a}nvq�&}k~(�?�asq�©xn�a}nvqz�s+���&rwsuv+� }k�©�&zqy�rJ�avuz��a}nr�vu{`rJ�wz�s+�&�QrJzurJs�³�surwvu{`rJ�wz����&rJy����

oqpnr��wxns+�&r�~ns+���q}(��}�Ó����`�-Ô;9Q� v�z�pnr�s+rJv+xny�zq�&��z�pnr��a}n�&y��,z����.rwÜ,{nsurwvuv+���&}|�&���&rJ}|��}|�krJ�Jzu� �a}�Ù`� £`� Õ�zu� G ��}n�Q� },z��
�&�w�J�&xk}�z�zupn�&z��©xk�&}nvq�Q���½�wsu�avuvM�Q�&s+r.zupn�&} ± vu{`rJ�wz�s+�&�QrJzurJs��Soqpkr.�Qrw�&}|}�xk�©�`rJsq�&�]z�s+���&rwsuv+rJ~½v+{`rJ�Jzusu�a�QrJz�rwsuv
� v�v+pn���q}½��}/Óª���`�:9;<��&vM���?xn}k�Jz����&}(�&�\zupnr.�©xn�a}/�Q�&�QrJ},zuxn���Sº��Y���ar F Ã�7 ¿&À.à	8 ³,z�pn��v�},xn�©�`rJs�v+z����,vg�w�&}nv+z��a},z
�&z�Å ±-Û 6 Ç �

º��ny����Æxn{©�a�-z�pnr��Q�&�QrJ},zuxn� surwvu�ay xkz����&}�~n��vuzusu���nxnzu� �a}©��vªvupn���q}���}©Óª���`�=95>§�?�&s��Q�&�QrJ},z����Yrwy ��� F Ã?7 ¿&À.à	8 ³
z�pnrgsurwy rw�¨�&},z G � }krJ�Q�&zu� �w�&y&s+�&}k�&r§�?�asSz�pkrdû½vurw�&s+�Hp]�A@�rJs+r§�&�a�&��}]³ zupnr�~ksu���q}��wxnsu�ardsurw{ns+rJv+rJ},z�v\zupnr�s+rJv+xny�zSrwÜ�{`rJ�wz�rw~
�?su�a�^zupnrq�&}k�&y���zu� �q�w�&y��Jxny��&zu� �a}]�S�n� }k�Jrq�&zdy��������a�QrJ},z���zupnr®�Q�&�QrJ},zuxn�K�az§z�pnr��&rJs+z�rwÜ���v§vuxk�nvuzu�&},z����&y�y��©�&s+rJ�az�rws

±-± D



��� �	��

��D Ñ	�ã­�pn�asu�ar(~krJz�rwsu�Q��}n�&zu� �a}��a��zupnr´{`�&v+� zu� �ar|��xn�&}���}CBED�­q­K� },z�rwsu�a�Jzu� �a}nvQ�q� zupE����xn�&}k� ���Hpn�asu�
~nrJ�w���´�&v��|�?xn}n�Jzu� �a}¤�a�§�|�Jxnz��&}¤z�pnrQ�Q��}n� ��xn��},xn���Yrws��&�§��su�a}�{ny��&zurJv�z�s+���&rwsuv+rJ~´�,�´zupnrQ�©xn�a}]��o�su���&}n�ay rwv¨á
�&�w�JrJ{kz��&}k�Jr��&��z�pnr��wxnz°��� I xk�&s+rJv�áS�?s+�&�wz����&}GF�>$<:<©�&���qs+�&}n���Hpn�&s+�&r.�&v+v+� �a}n�QrJ},z°�

±-± 6



��� �	��

��D � �qÓks+�&�wz����&}(�&�\�qs+�&}n�©�©xn�a}/�Hpn�asu�ar®�&v+vu���&}k��rw},z��?�&sHB=D´­q­�� },zurJs+�&�Jzu� �a}nv��av��©�?xn}n�wz����&}|�&�\zupnr.�©xn�a}
�Q�&�QrJ},z�xk�´�

��� �	��

�¤D-D �®¬�xn�&}��Q�&�QrJ},zuxn� s+rJv+�&y�xnz����&}(�?�&sqv+z��a{n{n��}n�Q�©xn�a}nv¨�

± F Ã



��� �	��

��D	6 �Q¬�xn�a}��Q�&�QrJ},z�xk��surwvu�ay xkz����&}´�?�&s���xn�&}nv.z�s+���&rwsuv+��}n���&z.y rw�&v+z��a}nr�v+{`rJ�Jzusu�a�QrJz�rws¨��oqpnr��QrJ�a}n� }k�
�&��z�pnr��wxns+�&r�� vqrwÜ,{ny �a� }krJ~|� }�z�pkr�z�rJÜ,z¨�

z�pn�a}/��}/zupnr�v+{`rJ�Jzusu�a�QrJz�rwsuv�³&z�pnr.�&}n�ay �,zu� ��rJÜ,{ns+rJv+vu���&}�pn�avg�`rJrw}/�w�&s+surw�Jz�rw~�� }(�&}½�a{n{ns+��Ü,� �Q�&zur®�M�����,�Q�©�ay �a�n�&y
�?�&�wz��&sH! Ú !JI ¿$KML�¿ �N'�O ±-Û ÑP7 ¿aÀ�à	8 ' à°Ú !JI ¿$KML¨¿ �N'q�qpnrwsur ±-Û ÑP7 ¿&À.à	8 ��vMzupnr��QrJ�&}(�Q�&�QrJ},z�xk� y �avuv��`rJz$�MrJrJ}(z�pnr
�Jrw}�zusur��&�«��zu�&s+�&rwz§vuxk{Yrwsu�Q�,~nxny�r��a}n~½z�pkr��Jrw},z�s+r®�&�«zupnr�~n���q}kvuzusurw�&��vu{`rJ�wz�s+�&�QrJzurJs��\oqpnr�surwvuxky zuv��&�«zupnr ¯ z�zu� }n�
{ns+�&�&s+�&� �asur|v+rJrJ}�z��t�`r´� } I xn�&y�� zu�&zu� �ar|�a�&s+rJrw��rw},z©�q��z�p¡z�pnr�rwÜ�{`rJ�wz�rw~�s+rJv+�&y�xnzu� �a}]³ª�J�a}nv+� ~nrwsu��}n��z�pnr��a�Y���ar
�&{n{ksu��Ü,�����az����&}nv��

ÓY�&sd�J�a�Q{n�&s+� v+�&}�³¨Óª� �"��9&¥���y y�xnv+z�s+�&z�rwv§z�pkr®�Q�&�QrJ},z�xk�Ks+rJv+�&y�xnz����&}��qpn���Hp��J�&}��`r®�&�nzu�&��}nrJ~Q�,�©zupnr®v+{Yrw�Jzusu�a� ²
rJzurJs���}n}nrws�z�s+�&� G rwsuv�³Y�q� zupn�&xkz�z�pnr��QrJ�avuxksurw��rw},z.{ksu���,��~nrJ~¤����z�pnr�pn���&pts+rJv+�&y�xnz����&} ¶ s+rJ�w� v+� �a}�o�su�a� G rwsuv���oqpnr
xn{n{`rJs��Jxksu�ar�� v.�?�&s�Â-ÃQÒÆÒ v+z�s+� {nv.�q��~nz�p]³Yzupnr��Q��~n~ny�r©�a}nr©�?�as F ÃQÒÆÒ �a}n~�z�pkr�y����grws®�&}kr©�?�&s ± ÃQÒÆÒ��®Ók�&s
Â-Ã´ÒÆÒ v+z�s+� {kv¨³]z�pkr(�Q�&�Qrw}�zuxn� surwvu�ay xkz����&}��¨�&s+��rJv©�?s+�&� F-D � �&z ± ÃQ7 ¿&À.à	8 z���Â Ç � �az F ÃR7 ¿aÀ�à	8 ��oqpnr
�?su�a�Jzu� �a}��a���qs+�&}n�¤�Hpn�&s+�&r(�&v+vu���&}n�Qrw}�z��&vQ�t�?xn}n�wz����&}��&��z�pnr��©xk�&}����a�QrJ},z�xn� � v�v+pn���q}���}�Ó����`��9aÕ`��Ók�&s
Â-Ã�ÒÆÒ �q��~nr�vuzusu��{nvqzupn� v�{Yrwsu�wrJ},z��a�&r.�°�asu��rJvq�?s+�&� Ç ���az ± Ã�7 ¿&À.à	8 zu� ±-Ç ���az F ÃS7 ¿&À.à	8 �

ç�èUT V�ñ�í�W�õ\ó�õ\î�õSónôYX ÷�õ\ò[Z,ì�ónõS÷^õ\î�ø
oqpnr�s+rJ�J�a}nv+z�s+xn�JzurJ~|pn�&~ns+�&}k� �.rJ}nrwsu�a�]\_^a`cb��w�&}|�Yr��qs+� zuz�rw}|�av

\ ^c`cb +edN!J��fc�[f%&"'$! 8cgih j k jUlnmpoq r sutwv�xzy
gr2{ 8a|�h kk jUlnmpoq r sutwv�xzy

|r0{ 8 �M' ! ± '

± F ±



��� �	��

�}6 Ã	��¬�rJ�a}�},xn�©�`rJs��&�dzusu���arJs+vurw~(v+{Yrw�Jzusu�a��rwz�rwsuv®�av��½�?xk}n�Jzu� �a}��&�ªzupnr©��xn�&}´�Q�&�Qrw}�zuxn�* ?�?�as���xn�&}nv
z�s+���&rwsuv+� }k���azMy�rJ�avuz��a}nr�vu{`rJ�wz�s+�&�QrJzurJs�¦��

�qpnrwsur*dN!J�Nfc�uf%& '�� vQ��{`�&v+� zu� �a}�~nrw{Yrw}n~nrw}�z��J�asus+rJ�wz����&}t�?�&�wz��as¨Ë 8cg f 8a| �&}n~ 8 ���asur/�J�&y����nsu�az����&}Æ�w�&}nv+z��a}�zuv¨Ë

v�xzy
gn~(|E�r

��v®zupnr��QrJ�avuxns+rJ~|rJ}krJs+�&�/~krJ{`�&v+� zq��}�z��&s+�&rwzqvu�w� },zu� y�y �az��as© ?v+{Yrw�Jz�s+�&�Qrwz�rJs_� ¶ ­q¦�v+z�s+� {(Ý¨�§Ók�as®�Q~n� �a� zu�&y
surw�&~n�axnz°³dz�pnr��¨�&y�xnrJv��&� v�xzy

gr �a}n~ v�xzy
|r �&s+r/v+� �Q{ny��Æsurw{ny��&�Jrw~��,� ± �?�as��ay y�v+z�s+� {kv��q��z�p��¤v+���&}n�ayg�a�Y���ar

z�pns+rJv+pn�ay ~]�
¼ }E�asu~nrws½z����&�nzu�&��}�zupnr��w�&}nv+z��a},z�v 8ag f 8a| �a}n~ 8 �t�a��r I xn�&zu� �a}ã �>&¦u³M���J�ay ���ns+�&zu� �a}��a��z�pnr�~krJz�rw�Jzu�&s/�M�&v

{Yrwsu�?�asu�Qrw~|�q��z�p´¬��&},z�r/­��asuy��Qvu��}n�&y�r��Hpn�asu�arJ~ ² {n���&}nv���oqpnrJ��s®�arJs+z����JrJvq�MrJs+r�xn}n���?�&s+�Qy �(~n��vuzusu���nxnzurJ~´��}´z�pnr�y�rJ�a~
z��asu�arJzª�&�`�&}´Þ ¶ ¹��®º¡vuxn{`rJs+�Q�,~nxny�r��M­�pn�&}n}krJy ² zu� ² �Hpn�&}n}krJy,~n��vuxn}k� �?�asu�Q��z���rJv§�MrJs+rg}krJ�&y�rJ�wz�rw~]�\oqpkrq{n� �a}�rw}nrJs+�&��rJv
�grwsur�v+rJy�rJ�wz�rw~�zu�����az��Hptz�pkr½rJÜ,{`rJ�JzurJ~ts+�&}n�ar��a�gpk�&~ns+�&}n���QrJ}nrwsu�a� rwv��?su�a��z�pkr¤­�»�¸M�Æ�`rJ�a�´��oqpnr��J�a}nvuzu�&},z�v8ag f 8c| �&}n~ 8 ��pn���ar��`rJrw}��&�nzu�&��}nrJ~|�,�/�Q� }k� �Q��vu��}n�Qz�pnr��?�ay y����q��}n�Qr I xn�&zu� �a}

� +�!$\_�,O�! 8ag h j k jUlnmpoq r sutwv�x�y
gr { 8c| h kk jUlnmpoq r sutwv�xzy

|r { 8 �	'$' ÿ ! F '
oqpnr��w�&s+surwvu{`�&}n~k� }n���J�a}nv+z��&},zuvq�?�&sq�Q~n���&��z��&y«s+rJ�a~n�&xkzM�MrJs+r.�&�nzu�&��}nrJ~��,�½xnv+� }k���Qv+� �Q��y �asq�&{n{ksu�a�&�Hp]�
Óª���`�i9&Ù|vupk���qv�zupnrQsurw�J�&}kvuzusuxn�wz�rw~�{n���&}¤rJ}nrwsu�a�´�&v��(�?xk}n�Jzu� �a}¤�a��z�pkr���},z�rwsu�a�Jz����&}��&rJs+z�rwÜ´{Y�avu��z����&}����n��}n�Jr

}n��v+� �a}n� ¯ �J�&},z�rJÌ`rJ�wzq�g�av��&�nv+rJs+�&rw~]³az�pnr�{`�&v+� zu� �a}�~nrJ{`rJ}n~krJ},zq�?�&�wz��&sNd�!J�Nfc�uf%& '�� }�r I xk�&z����&}Æ �>a¦]�g�avqvurwzqr I xn�&y
z�� ± �?�&sq�ay y«rw�&rJ},zuv¨�

± F-F



��� �	��

�Q6 ± �Q¬�xn�a}��Q�&�QrJ},z�xk��surwvu�ay xkz����&}´�?�&s���xn�&}nv.z�s+���&rwsuv+��}n���&z.y rw�&v+z��a}nr�v+{`rJ�Jzusu�a�QrJz�rws¨��oqpnr��QrJ�a}n� }k�
�&��z�pnr��wxns+�&r�� vqrwÜ,{ny �a� }krJ~|� }�z�pkr�z�rJÜ,z¨�

��� �	��

�Q6-F �©¬��&�QrJ},z�xk�ðsurwvu�ay xnzu� �a}��&�kz��&��}n�a�ny r©�q� zup�z�pkr�v+{Yrw�Jzusu�a��rwz�rws���}n}nrws�zusu�a� G rJs+v®�av��(�?xn}n�Jzu� �a}��a�§z�pnr
�©xn�a}����a�QrJ},z�xn����»���xkvur��a�Sz�pkr ¶ s+rJ�J��v+� �a}/o�su�a� G rJs+vM� v®�Q�a~nr��?�&sqz�pk� v®�w�&y��Jxny��&zu� �a}]�

± F Â



��� �	��

��6 Â	�®Á�su�a}n���Hpn�&s+�&r®�avuv+���&}n�QrJ},zM�&v����?xn}n�Jzu� �a}(�a�\z�pkr.��xn�&}(�Q�&�QrJ},z�xk�â�q� zupn�&xkzMxkvu��}n��z�pnr ¶ s+rJ�w� v+���&}
o]s+�&� G rJs+v¨�

Position Dependence, E
�

π� =11 GeV

Z-position (cm)
�

E

� re
c� /E� π

X-position (cm)
�

E

� re
c� /E� π

Y-position (cm)

E

� re
c� /E� π

��� �	��

��6 �����®�az����.�`rJz$�MrJrw}Qz�pnrqs+rJ�w�&}nv+z�s+xn�JzurJ~��&}n~�z�pkrqz�s+xnrqpn�&~ksu�a}n� ��rw}nrJs+�&���?�as_>;>������E{n� �a}nvd�&vd���?xn}k�Jz����&}
�&��z�pnr���},z�rwsu�a�Jz����&}|�&rwsuzurJÜ�{`�&v+� zu� �a}]�

± F �



Reconstructed Pion Energy

Analog readout
Erec� -Eπ�  (GeV)

N

�

Digital readout
Erec� -Eπ�  (GeV)

N

�

�N� �	��

��6 Ç �_@��&~ns+�&}n����rJ}nrwsu�a��surwvu�ay xkz����&}|�?�&s�>;>������ {n���&}nvq�?�asq�&}n�ay �a���a}n~�~n� �a� zu�&y«s+rJ�a~n�&xnz¨�

Óª���`��9a£�vupn���qvdzupnr®s+rJ�w�&}nv+z�s+xn�JzurJ~�rJ}nrwsu�a���?�&s ±-± 7 ¿&À {n� �a}nv��q��z�p F Û?Ç08 Ò*�q� ~kr®vu�w� },zu� y�y �az��asdvuzusu��{nv��\»��&z����Jr
z�pnr�v+y�� �ap�zuy �/�Yrwz�z�rws®{`rJs+�?�&s+���a}n�Jr��a�]zupnr��&}n�ay �a�©s+rJ�a~n�&xnz¨�

Óª���`�	9 å vupk���qv?/]\_� à \_�¤�&v��/�?xn}n�Jzu� �a}��&��\����qpnrwsur�/�\_�}+�\ ^a`cb� O�\����?�&s F Û?Ç)8 Ò �q� ~nr©vu�w� },z���y�y �az��&s
vuzusu��{nv��ªoqpnr�~nrw�,� �az����&}��&��z�pnr�{`�&��},z�v®�?s+�&�-�Jrwsu�Q�&���&rwvq�Q��rw�&v+xns+rJ�QrJ},z��&��z�pnr©y ��}nrJ�asu��z$�\á�� zq��v®�q��z�pn��}}� Ç � �?�&s
z�pnr��&}n�ay �a��s+rJ�a~n�&xnzª�a}n~Q�q� zupn� }S�½Â-Ã-� �?�asdz�pnrq~k� �a� zu�&yns+rJ�a~n�&xnz¨�«oqpnrqv+���Jrq�&�`z�pkrqrJs+su�as��k�&s+vd~nrJ}n�az�rwvdz�pnrq�q��~nz�p
�&��z�pkr)/]\ à \ ~n� v+z�s+���nxnz����&}kv��&}n~tpnrw}n�Jr�zupnr½rw}nrJs+�&��s+rJv+�&y�xnzu� �a}]Ë\zupnr½~n��Ì`rJs+rJ}n�wr�� }Æv+���wr��Yrwz$�grwrJ}tz�pkr½�&}n�ay �a�
�&}n~(~n���&��z��&y`s+rJ�&~k�&xnzg� vM�&{n{ksu��Ü,�����az�rwy ���©�?�a�Jz��as ±-Û Âk��oqpkr�rw}nrJs+�&��surwvu�ay xkz����&}��&vM�©�?xk}n�Jzu� �a}/�&�Sz�pnr.{n���&}½rw}nrJs+�&�
� v�vupn���q}|��}|Óª���`��9 � �

oqpnrQ�w�&y�� �ns+�&zu� �a}��w�&}nv+z��a}�zuv��&�nzu�&��}nrJ~��q� zup¤v+��}n�&y�rQ{n� �a}nv��MrJs+r�xnv+rJ~�z���s+rJ�w�&}nv+z�s+xn�Jz.z�pkr�pn�&~ns+�&}k� ��vupk���grws
rJ}nrwsu�a����}E}nrJxkz�s+� }n��� },z�rwsu�a�Jzu� �a}nv¨��Óª� �"�u9aÔÆvupn���qv�³�vurw{n�&s+�&zurJy����?�&s�Ö�×�»�­^�&}k~K­q­Krw�&rw}�zuv¨³gzupnr�~n��ÌYrwsurw}n�Jr
�Yrwz$�grwrJ}�zupnr®s+rJ�&y-~krJ{`�&v+� zurJ~�rJ}krJs+�&���a}n~�z�pnr�rJ}nrwsu�a���QrJ�&v+xns+rJ~��q� zup��&}n�ay �a��surw�&~n�axnz°�Soqpnrqs+rJv+�&y�xnz����&}Q��v§�&�`�&xnz
Â Û?Ç 7 ¿&À ³����&rwsu�a�&rJ~����arJsMz�pnr½­�»Q¸M�|�`rJ�a� rJ}nrwsu�a��� ¼ }�Ö�×t­q­�rJ�&rw},z�v�³&zupnr��©xn�a}/�w�&},z�s+� �kxnz����&}|z���z�pnr�rw}nrJs+�&�
~nrJ{`�&v+��z�rJ~���}�z�pnr�v+z�s+� {kvq�g�avqvuxn�kz�s+�&�JzurJ~|�,�½�&{n{ksu��Ü,�����az�rwy ���w�&}nv+� ~krJs+� }n��z�pkr��©xn�a}|�avq��ÒÆÝ Ú �

± F Ç



Pion events

Analog Readout
 
Analog Readout
 
Analog Readout
 
Analog Readout
 
Analog Readout
  E

¡
π�  (GeV)

∆E
/E¢

Digital Readout
£
Digital Readout
£
Digital Readout
£
Digital Readout
£
Digital Readout
£ E

¡
π�  (GeV)

∆E
/E¢
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�¤6 Ñ	��oqpkr´rJ}nrwsu�a��~nrJ{`rJ}k~nrJ}n�wr´�&�.z�pnr�surw�J�&}kvuzusuxn�wz�rw~�rJ}krJs+�&���?�as½�&}n�ay �a�¤�a}n~¡~n���&��z��&y�surw�&~n�axnzQ�q� zup
¥"¥ £]¦ � �q� ~nr©vu�w� },z���y�y �az��&s+v��§oqpnr©rJs+su�asq�n�&s+v®v+pn���izupnr©v+{ns+rJ�a~|�a�ªz�pnr]§©¨¨ ~n� v+z�s+���nxnz����&}´�a}n~´z�pkr�vuxk{Yrwsu���Q{Y�avurw~
�?xn}n�wz����&}nv®v+pn���iz�pnr�y�� �Q��z�v®�a��ªc«c¬­ ¨ �&}k~e®°¯±«c¬­ ¨ �

Energy Resolution for Pions

E (GeV)
²

σE
/E

E (GeV)

σE
/E

��� �	��

�}6 � �.�k� ��xny �az�rw~´{n� �a}´rJ}nrwsu�a�½s+rJv+�&y�xnz����&}��&v��½�?xn}n�wz����&}´�&�ªzupnr�{n���&}´rw}nrJs+�&�½�?�as��a}n�&y��&�� ?zu�&{´{ny��&z¨¦ª�&}k~
~n���&��z��&yM ?�`�&z�zu�&�Ê{ny �az°¦�s+rJ�a~n�&xnz¨�

±	³ Ñ



��� �	��

�R6	´ �©oqpnr�~n��ÌYrwsurw}n�Jr��Yrwz$�grwrJ}�s+rJ�w�&}nv+z�s+xn�JzurJ~´�a}n~�s+rJ�&y]pn�&~ksu�a}n� �©rJ}nrwsu�a�(�?�as�B D »Q­¡rJ�arJ},z�vQ ?y�rJ�?z°¦��&}k~
­q­�rw�&rw}�zuv© ?s+� �ap,z°¦��

±	³	�



µ ¶¸·2¹�º)»�¼)½-¹�¾)º¿º)¹�½�¹À¹�¾)¹�ÁÃÂ�Ä�ÅÃÄ�»�ÆÇ½�È)·ÊÉÌË-Ë Í)ÎuÅÃÏ©Ð�Ä
é�ènÑ Ò&î�ø,óní�ö�ì�ï«ø,ù	í§î
º�v�vupn���q}tv+�HpnrJ�Q�az����J�&y�y�����}ÆÓ����`�Ó9;9`³Sz�pkr½vurwy rw�JzurJ~t�ns+� �$Ô¤� v�rJÜ,z�s+�&�wz�rJ~t�?s+�&� z�pnr½~krJz�rw�Jzu�&s©�a}n~t~n��vu�avuv+rJ���ny rw~
�&�?zurJs�rJÜ,{`�&v+xnsur�z����J�avu�Q����s+���,v��?�&s��ay ���&}n�Qrw}�zM{nxns+{`�&v+rJv��\oqpnr.rJ��xny�vu���&} ¯ y �Qv��&s+r�~krJ�&rwy �a{Yrw~/�a}n~/zusu�a}nvu{`�&s+z�rw~
z��½zupnr�s+rJ�&~k�&xnzq�?�a�J��y ��z���rJv®��}´�&s+~nrwsqz���{`rJs+�?�&s+� z�pkr�Õ ¿:8�ÖÃ× #)Ø ¿ I ¿ Ø�~n�az���z��:Ô,� }n�"³,}n�a��rwy �(z�pnr©rJÜ,z�s+�&�wz����&}|�&�ªz�pnr
rJ�arJ},zq� }k�?�&s+���az����&}(�?su�a� z�pkr�rJ�©xky v+� �a}]�

ντÙ

��� �	��

��6	6 �_�Ms+���$Ô½pn�&}k~ny ��}n�Q{ns+�,�JrJ~kxnsurwv¨�

oqpnr�o�su�a�$Ô(�nrwy rw�Jzu�&s ä 9 æ �axnz��a�Q�&z�rwv�zupnr�surw�&~n�axnz��a�§z�s+�&�$Ô���}n�?�&s+�Q�&z����&}��?su�a��zupnrQrJ��xny v+���&} ¯ y��Qv¨�Ú��rw�?�&s+r
~nrJv+�Js+���n� }k��zupnr�~k� Ì`rJs+rJ},zMvuzurJ{nv��&�]z�pnr.~n�az����&}n�ay �,v+� v�³U�Mr.~nr ¯ }kr�v+�&�Qr�zurJs+�QvM�?s+rÃÛ,xnrw},z�y���xnvurw~/��}(zupnr.�?�&y�y ���q��}n�`�

oqpnr�zusu�a�$Ô�vurw�&�QrJ},z�vqs+rJ�w�&�a}n� v+rJ~/���/z�pnr�o�su�a�$Ô��nrJy�rJ�wz��asq� }|�&}|rJ��xny v+���&}|y ���arJs��&�]� ¯ y �Ê�&s+r��w�&y�y rw~½ÒÆÝ 8±K�ÖL±K�Ü58 ÄÓÕ,��oqpnr|o�su�a�$Ô¤�nrwy rw�Jzu�&sQz�s+� rwv�zu�¤�avuv+�,�J���&zur½z�pnr��Q���Js+��z�s+�&�$Ô,v��?�&xn}n~�� }��`�&z�p�y ���arJs+v©�a�®� ¯ y��*�a}n~]³ª���
vuxk�J�Jrwvuv+�?xny$³Mz�pnr¤z$�g�Æ�w�&}n}krJ�JzurJ~E�Q���Js+��z�s+�&�$Ô,v½�?�asu� �ÞÝ Ü Õ ¿)LcK�Üi8 ÄS�ß���&v+r�z�s+�&�$Ô,v��?s+�&� ~n� Ì`rJs+rJ},z ¯ y �Qv(�&s+r
�&y�� �a}nrJ~|�&}k~|�w�&}n}krJ�JzurJ~|�,�/v+�&�?z$�M�&s+r��Sº vurwzM�a�]�w�&}n}krJ�JzurJ~|�n�&v+r�z�s+�&�$Ô,v�~nr ¯ }nrJv®� LcK�Üi8 ÄS�

oqpnr�o]s+�&�$Ô��krJy�rJ�Jzu�&s§�M�&scÔ,vd� }/z$�g��~n��Ì`rJs+rJ},z§�Q�,~nrJv�³�zupnr ¶ �a� },zª�n�J�a}��&}n~�zupnr�¸Mrw}nrJs+�&yn�k�J�&}��Q�,~nr,³U~nr ¯ }nrw~
�&vq�?�ay y����qv

à�á�â�ãuäæå f ç ã�è vurw�&s+�HpnrJv®�?�as��/�n�&v+r�z�s+�&�$Ô|�q��z�p��/{nsurw~n���Jz�rw~��&}k�&y�r©�&}k~´{Y�avu��z����&}]�®oqpnr©o�s+�&�$Ô|�nrJy�rJ�wz��&s�surw�&~nv
�axnzd�����a�&rwvd� }��a}��asurw���qpn�&v+rqrJÜ,z�rw}nv+� �a}���v§~nrwz�rwsu�Q��}nrJ~Q�,�©zupnr®�&�w�Jxns+�&�w���&�`z�pkr®{ns+rJ~n���JzurJ~Q{Y�avu��z����&}�³��&}k~
zusu��rJvgz���s+rJ�w�&�a}n� v+rq���Q���Js+��z�s+�&�$Ô�� }��a}��&}n�axny �as§s+�&}n�arqy ���Q� zurJ~/�,��z�pnr�{ns+rJ~n���Jzu� �a}��&}n�axny �as§�&�w�Jxns+�&�w���&}k~
�,�½zupnr�{`�&v+vu���ny�r�~n� v+z��asuzu� �a}(�a�]zupnr�rJ��xny�vu���&}|y ���arJs+v¨�]oqpnr�rwÜ���v+z�rJ}k�Jr��&���Q�J�asus+rJv+{Y�a}n~n��}n�������Js+�Qz�s+�&�$Ô��a}
zupnr��&zupnrJsqv+��~nr��&��z�pnr ¯ y�� ��vqz�pkrJ}�y �,�:Ô&rJ~|�?�&s��

é)ê ã ê5ë ç�ì å f ç ãHè s+rJ�a~nv®�&xkz®�&y�yS�n�avur�zusu�a�$Ô,v®�q� zup´�&},�|{Y�avu��z����&}´�a}n~��&}n�ay r���}´�½�a� �arJ}�vu�w�&}n}k� }n���asurw�Q�&�ª�&}nr
¯ y ����oqpn��v®��}n�?�&s+�Q�&z����&}|��vqvuzu�&s+rJ~|�&}|�&}|� },z�rwsu�Qrw~n� �az�r�~n��vcÔ½vuzu�&s+�&�ar��

±	³ ´



���½xnv+��}n�Qz�pnr��a�Y���ar�s+xn}n}n��}n���Q�,~nrJvq�a�]zupnr�o�su�a�$Ô��nrJy�rJ�wz��&s�³�z$�M���n�avu����v+�J�&}k}n� }k��{ns+�,�Jrw~nxns+rJvq�&s+r.surw�&y�� v+rJ~

å f"ç ãÌí çSf:î è �?�ay y����qv��(v+rJz.�&�g�n�&v+r�zusu�a�$Ô,v��?s+�&�ð�a}�rJ��xny�vu���&} ¯ y �Ðz���z�pnrQxn{kvuzusurw�&�ð�&s.~n���q}nv+z�s+rJ�a�ð�&}nrwv¨�
oqpkr.rwÜ,� v+z�rw}n�Jr��a�Sz�pkr�rJÜ,z�s+�&{`�&y��&zurJ~|�n�&v+r�z�s+�&�$Ô,v�� }�z�pkrJv+r ¯ y �Qv®��v®�Hpnrw�$Ô&rJ~(�,� ¶ �&��},zM�k�J�&}��

ï ê äðå f ç ã�è {Yrwsu�?�asu�Qv�zupnr¤¸MrJ}krJs+�&y��k�J�&}t�a}Æ~n� Ì`rJs+rJ},z�rw�©xny�v+� �a} ¯ y �Qv��&}n~Æ�ay ���&}tz�pkr/s+rJy��&z����&r�{`�&v+��z����&}nv��a�
zupnr ¯ y��Qv®�,�½�J�a}n}nrJ�wz���}n���n�avur�z�s+�&�$Ô,v��`rJz$�MrJrJ}�zupnrJ���®­��a��{kxnz�rwsq�&y��&�&s+��z�pn�Qv�z�pnrw}´y �,�:Ô½�?�&sq�a}n~(s+rJ�w�&} ²
v+z�s+xn�wzqz��&{`�&y��&�a� rwvqvuxk�Hp(�av®}nrJxkz�s+� }n����},z�rwsu�a�Jz����&}kv¨³�~nrw�J���,vq�&sqv+rJ�w�&}n~k�&s+��� },z�rwsu�a�Jzu� �a}nvq�&}n~�rwy rw�Jz�s+�&}�{n�a� s
�wsurw�&zu� �a}nv¨� ¶ p,�,v+� �wv©Û,xn�&},zu� zu� rwvMv+xn�Hp(�&vMz�pnr.�Q�&�QrJ},z�xk�â�&�\�Hpk�&s+�&rJ~�{k�&s+z����Jy�rJvM�&s+r��&y�v+�©~nrwsu���&rw~½�?su�a� z�pnr
~k�&z��Q�a�nz��a� }nrw~(�,�½zupn��v®�QrJz�pk��~��

º�y zupn�&xn�aptz�pnr½�w�&}n�wrJ{nz��a�gzupnr½»�rJz��n�w�&}t{ns+�,�JrJ~kxnsur���v�s+�&zupnrJs�v+� �Q{ny�r½��z�v�{ksu�a�Jz����J�ay§�&{k{ny ���J�az����&}�sur=Û,xn� s+rJv
�&rwsu�Q�?�&v+zMsurw�&~n�axnz§~nrw�����Jrwv¨³a�a}ny �Qs+rJ�wrJ},z�y��Q���a~nr.���°�a� y��&�ky r®�,�Qz�pkr�~nrw�&rwy �a{n�QrJ},z��a�\z�pnr.o�su�a�$Ô��nrwy rw�Jzu�&sMvu�,v+z�rJ���
oqpnr�»�rwzM�k�J�&}(� vq{ksurwvurw}�zuy ��xkvurw~/�,��z�pnrHñ�oq�t ¢z�pnr��wxnsus+rJ},zg�&rJs+v+� �a}½�&�]z�pnr�o�su�a�$Ô��krJy�rJ�Jzu�&s�¦\�?�as�z�pnr½­�@�ÞN��ñ��
¶ pn�avur ³ �&}k~/Í�ÞM»_ñ�o�rJÜ,{Yrwsu���QrJ},z�v��]ºi�Q�asur®{`���MrJs+�?xnyY�arJs+vu���&}�³Uzupnr�� ² ñ�oq�]³a� vM{ny��&}n}nrw~/�?�as�Þ ¶ ¹©�®ºQ� ¼ zM� vM�&z
y rw�&v+z ³ Ã�zu� �Qrwv®�?�&v+z�rwsqz�pn�a}|zupnr�ñ�oq���a}n~(�a�ny�r�z��Qvu�w�&}|�Q�&s+r.zupn�&} ³ Ã 8 Ò ÿ �&� ¯ y�� v+xns+�?�&�Jr�{`rJsqpn�axns��

�n��}n�wr®���n�avur®zusu�a�$Ô©��v��a�nz��a� }nrw~��,���w�&}n}nrw�Jzu� }n�©z$�g���Q���Js+��z�s+�&�$Ô,vd�&}��`�&zup½v+� ~nrwv��a�`� ¯ y ��³a��z�v�{`�&v+��z����&}��&}k~
�&}n�ay r��asur.�?s+rJr��?s+�&� ~k� v+z��asuzu� �a}nvq�&��z�pnr�rw�©xny�v+� �a}(y����&rwsuv�� ¼ }|�asu~krJsqz���s+rJ�w�&}nv+z�s+xn�wzgrw�&rJ},zqzu�&{`�&y��&�&��rJv�³�z�pkr ¯ y �Qv
� }/�©�ns+� �$Ô��&s+r®�&y����&}nrw~������J�a}n}nrw�Jz���}n���©y �asu�ar®},xn�©�`rJsg�&�«�n�avur®zusu�a�$Ô,v¨�\oqpnr��ay ���&}n�Qrw}�z�� vg�Yrwz�z�rwsg{`rJs+�?�&s+�QrJ~��a}
�/y��,�J�&y��n�avu��v¨³Y�,��xnv+� }n�(z�s+�&�$Ô,v���}��(y ���Q� zurJ~�v+xns+�?�&�wr©�&�dzupnr�rJ�©xky v+� �a} ¯ y��Qv¨� ¼ }�zupn� v.�M����³k�&}nr�rJy�� �Q��}n�&zurJv�z�pnr
rJÌ`rJ�wz®�&�]�&y��&�n�ay«~nrJ�?�asu�Q�&zu� �a}/�a�]zupnr ¯ y���v��

oqpnr ¯ s+vuz.�&}k�&y���v+��v�v+z�rJ{��J�a}nv+� v+z�v.�&�§y��,�J�az���}n�/zupnrQ}nrJxnzusu��}n�|� },zurJs+�&�Jzu� �a}��&rwsuzurJÜ���}�z�pkr��ksu���$Ô�� }n~k� �w�&z�rw~��,�
z�pnr|rJy�rJ�wz�s+�&}n���½zusu�a�$Ô&rJs+v��|oqpn� v���v�~n�a}nr½�,�tz�pnr(�n�J�a}R���&�$Ô��&�qzusu�a�$Ô�v�rJÜ,{`rJ�JzurJ~�zu���w�&�Qr½�?s+�&� z�pnr(}nrJxkz�s+� }n�
� },zurJs+�&�Jzu� �a}]³�vuzu�&s+z���}n�¤�?s+�&� z�pnr´�Q�&v+z�~n���q}nv+z�s+rJ�a� ¯ y��Ø ?s+rJ�?rwsus+rJ~�z��Æ�av�z�pnr´�n� ¯ y��*pnrwsurw�&�?zurJs�¦�³��&v�v+pn���q}
vu�HpkrJ�Q�&zu� �w�&y�y �½��}�Óª� �"�Ó>$<;<"�

º��?z�rJs�y��,�J�&zu� }k��z�pkr¤}nrwxnz�s+��}n����},z�rJs+�&�wz����&}E�arJs+z�rJÜ¡zupnr¤v+rJ�asu�HpE�?�as(��û^~nrw�J���¡� v|{`rJs+�?�&s+��rw~]�^oqpnr�Ô,��} Ô
z��a{Y�ay �a�&��rJv��w�&s+surwvu{`�&}n~k� }n�|z���z�pnr½~krJ�J�������,~nrwv©�a�§ûúü ý.³«û^ü ¿ �a}n~�û^ü ò��&s+r�surw�J�a}nvuzusuxk�Jz�rw~¤�,��z�pnr
»�rwz��n�w�&}´�&}k�&y���v+��v¨��oqpn��v��&}k�&y���v+��v®� v�}nrJ�asuy��|z�pnr�v+�&�Qr��av®z�pk�&z��`rJ��}n�½{`rJs+�?�&s+�QrJ~´�?�as�­�@�ÞN��ñ�� ¶ pn�&v+r ³ �&}k~
ÍQÞM»�ñ�o©� ¼ }�zupnr´�J�avur��a�QÞ ¶ ¹©�®ºQ³�z�pnr�{ksu�,�Jrw~nxns+r�� v�rwÜ�{`rJ�wz�rw~Ez��t�Yr�rJ�&v+��rJsQvu��}n�wr´z�pnr´�n�a�$Ô,�&s+�&xn}n~�z�s+�&�$Ô
~nrJ}kvu��z$�/�a�J�Jxk�©xny��&zurJ~|� } Ç �&rJ�asuv��a�M­�»�¸M��s+xn}n}n��}n����v ± Ã-ÃQz�����rwv®y����grwsMzupn�&}���}�­�@�ÞN��ñ��|�&sqÍ�ÞM»_ñ�o©�

º¡�?xny�y	Ô,� }nrw�Q�&z����J�ay,�&}n�ay �,v+� v�� vd{`rJs+�?�&s+�QrJ~��qpnrJ}��®û��J�a}n~n��~n�&zurgrw�&rJ},z�� vªy��,�J�&zurJ~]�Soqpn��vª� vd~n�a}nrM���©�&{n{ny��,� }k�
z��(��surwy �az����&rJy��/y��&s+�&r��a�&y�xn�Qr��½»�rJz®�n�w�&}´��}��&s+~nrws®z��½�Qrw�&v+xnsur�zupnr©�Q�a��rw},z�xn���&�ª�&y�yS�Hpk�&s+�&rJ~�{n�asuzu� �wy rwv®�&}k~
z��¤~nrJzurJ�Jz�rJ�arJ},z ² s+rJy��&z�rw~t}nrJxnzusu�ay�{n�asuzu� �wy rwv©v+xn�Hp��av�dôó v��J�&},�arJs+z���}n�´� },zu��rJy�rJ�wz�s+�&}Æ{n�a� s+v���Í����q}kvuzusurw�&�È¹.­q­
�ns+� �$Ô,vQ�J�a}��`r|�a}n�&y��,vurw~��&v��MrJy�y�³§z���{nsu���,��~nr/rw}n�&xk�&p�zusu�a�$Ôty rw}n�&zup��?�as�zupn� v�{kxnsu{`�&v+r��Æº�}�rJÜ,�&�Q{ny�r/�a��z�pk� vÔ,� }n~|�&�S�&}n�ay �,v+� vM� v�v+pn���q}/��}/Óª���`�Ó>
<5>&³&�&vM{`rJs+�?�&s+��rw~/��}(Í�ÞM»_ñ�o©��oqpnr.���a�QrJ},z�xn� �&�\zupnr®ût~nrJ�w���Q~n�&xn�ap,z�rJs
� v��QrJ�&v+xns+rJ~Æ�a}n~�dôó v©�J�a},�&rJs+z�rw~tz���rwy rw�Jz�s+�&}t{n�a� s+v��asur�~nrwz�rw�Jz�rw~]�|Óª� �"�©> ¥ � v+pn���qv��&}trwÜ��a�Q{ny r/�&��õ � rJ�&rw},z
surw�J�a}nvuzusuxk�Jz����&}�³&�avg�a�nz��a� }krJ~/��}|��zurJv+zgrwÜ�{`rJs+����rw},z°��oqpn��v��?xny y«�a}n�&y��,vu��vMrJ}n�a�ny rwvgzupnr��QrJ�&v+xns+rJ�QrJ},zg�&�Szupnr.z��&zu�&y
�,� v+� �ky r�rJ}nrwsu�a�©�&�"zupnr���},z�rJs+�&�wz����&}]�Soqpnrwsurw�?�&s+r�³�zupnr�rw}nrJs+�&���&�"z�pkr���}n�J�a����}n��}krJxnzusu��}n���w�&}��`r�s+rJ�J�a}nv+z�s+xn�JzurJ~��?�&s
­q­���},z�rwsu�a�Jz����&}kv¨�

¼ }��&s+~nrJs�z����J�&{`r/�q��z�p�z�pkr(rwÜ�{`rJ�wz�rw~�}nrwxnz�s+� }k�¤��},z�rJs+�&�wz����&}Æs+�&zur(��}�Þ ¶ ¹©�®ºÊ�&}n~��ay y���� ��Û,xn�avu� ² �&}ny�� }kr
�&}n�ay �,v+� vM�&�«zupnr.rJ�&rw},z�v�³Uzupnr��a}n�&y��,vu��v�zu�,�&y�vg~nrwvu�wsu���`rJ~/pkrJs+r�pn���ar®z����Yr.~nrwvu���&}nrw~½�&}k~½�Q�&~nr��&{`rJs+�&z����&}k�&yk�`rJ�?�asur

±	³ 6



νö

��� �	��

� ± Ã-Ã	��oqpnr�rJ�&rw},z®y �,�w�&z����&}´{ksu�,�Jrw~nxns+r���}�z�pnr�¹.­q­��ns+� �$Ô|��v�v+pn���q}�vu�HpkrJ�Q�&zu� �w�&y�y �,���nrJr©z�pnr�z�rJÜ,z��?�&s��
~nrJv+�Js+��{nz����&}]�

z�pnrE­�»�¸M���Yrw�&� v+z��&s+z���}n��xk{]� ¶ �asuz½�a��z�pnrwvur¤�&}n�ay �,v+� v(z��,�&y�v/�asur��&y�surw�&~n���Yrw� }k��xnv+rJ~���}^­�@QÞN�Nñ����&}k~
ÍQÞM»�ñ�o©Ënz�pnrw�½�q� y�y\�`r��?xns+z�pnrws®� �Q{ns+���&rw~/�q��z�p�z�pkr�~nrJ�arJy��&{n�QrJ},z��M�&scÔ�{ny �a}n}nrw~|�?�as©Þ ¶ ¹��®º��

é�èU÷ ø�ò�î�ö_ù	ù�î�ôúíYú/ø,ñ�õßûSüRüþý�ónù�ï"ÿ�Z
��������� � á��
	Çâ f ë çYm ê���
 á��
� ë�ê�� á ë�� ì 	 ç�ì â h ã�	 ê ãuä
oqpnr��J�&v+�Q� ��s+���(�a}n~�zupnr�}krJxnzusu��}n�P�kxnÜ,rJv�z��|�qpn���Hp�z�pnrQrwÜ�{`rJs+����rw},z���v.rwÜ,{Y�avurw~��&s+r©�arJs+�|y����©��oqpnr�� }n~kxn�Jrw~
z�s+�&�$Ô�~nrJ}kvu��z$�¡� }iz�pnr�rJ��xny v+���&}nv(� v�³�z�pkrJs+rJ�?�&s+r�³q}n�&z(pn� �ap�rJ}k�&xn�ap��?�&s(z�pnr�{ns+rJ�J��v+r��&y�� �a}n�QrJ},z/�a��z�pnr ¯ y��Qv¨�
»�rw�&rJs+z�pkrJy�rJv+v¨³"zupn��v�� v©�&}�rJv+vurw}�zu� �aydsur=Û,xn� s+rJ�Qrw}�z��?�as�z�pnr��Q�&�Qrw}�zuxn���QrJ�avuxksurw��rw},z.��}tz�pnr�¹�­q­E�ns+���$Ô«��ÞM}nr
}nrJrw~nv�³,z�pnrwsurw�?�&s+r�³az��QrwÜ�{`�&v+r.z�pnr�v+rJy�rJ�wz�rJ~|�ns+� �$Ô,v�z��Qpn���&p|�Q�&�QrJ},zuxn�â�J�avu�Q����s+���,v��&v�surw�?rJs+rJ}n�wr�z�s+�&�$Ô,vg�?�asqz�pnr
{ns+rJ�J��v+r ¯ y �Ê�&y�� �a}n�QrJ},z°���rJ�?�asur��w�&v+������su���©rJÜ,{Y�avuxksur�z�pkrq�nsu���$Ô,vd�&s+rqvu�a}n~n�q���HpnrJ~��`rJz$�MrJrJ}Qz$�M��vu{`rJ�w� �ay ¯ y���v. ?�J�avu�Q������¹go©Þ ¯ y��Qv¨¦
�&� ± � 8 Ò 1/± Ñ 8 ÒÈ~k� �QrJ}kvu���&}nvª�q��z�p�z�pnr�{nxksu{`�&v+rg�a�kzu�&�&�a� }k���J�avu�Q���gs+����z�s+�&�$Ô,v��"oqpnrJ}�³¨�ns+� �$Ô,v��&s+rg�Q���&rw~��?s+�&�
z�pnr�xn}n~nrwsu�asu�axn}n~Qy��&�`�&s+�&z��asu�©z���zupnr��w�&v+����� ² s+����rJÜ,{`�&v+xnsurq�?�a�J��y ��z$���]oqpnr�sur=Û�xk� s+rJ~�zusu�a�$Ô©~nrw}nvu��z$���?�&s��ay ���&}k��rw},z
� v ± O ³ {`rJs�ÒÆÒ ÿ ³n�?�as�zusu�a�$Ô�v�su�axn�&pny��|{Yrwsu{`rJ}n~k� �wxny �as�zu�/zupnr ¯ y�� vuxksu�?�a�Jr��qoqpn� v.{ns+�,�JrJ~kxnsur©�J�&}�z��;Ôar��/�?rw�
~n���,v��?�asg�a}�rJÜ,{Y�avuxksur®�az���vuxns+�?�&�wr®y��&�`�&s+�&z��asu�,� ¼ }½zupn�&zg�J�avur,³Uv+xn{n{ns+rJv+v+� �a}��&�"z�pnr.rJy�rJ�wz�s+�&�Q�&�a}nrJzu� �q�w�&�Q{`�&}nrw}�z
�&�q�w�&v+������s+����v©pn�&v�z����`r/{`rJs+�?�&s+�QrJ~Æ�,�¤�a{n{ns+�&{ns+���&z�rQv+pn��rJy�~n� }k�`�|º�}k�&z�pkrJs©rw},����v+�&�&rw~tvu�ay xnzu� �a}Æ�?�&s+rJv+rJrwv�z�pnr
rJÜ,{`�&v+xnsur�zu���J�&v+�Q� �wv�}nrJ�asqz�pnr�rw}�zusu�a}n�Jr��a�Sz�pkr/¸Msu�a}(�n�avuv+��z�xn}n}krJyM ¢vurwr��nrJ�wz����&}R>;>a¦��
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� ± Ã ± ��º�}�rJÜ,�&�Q{ny�r(�a�������Æ~nrJ�w���t�&�nv+rJs+�&rw~�� }�z�pkr|Í�ÞM»_ñ�o rwÜ�{`rJs+����rw},z°�toqpnr��¡~nrJ�w����v��&�?zurJs
¥&Ô:<! � �q��z�p���~nrw�J��� �#"%$ Ù5>HÙ'& ®)(*(+-, ®/. ���%0;¦M�&}k~�132346572 $ 9;< ��8#9;: �[9QrJy�rJ�Jzusu�a}({k�&��suvq�asur.~nrJzurJ�wz�rJ~��
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 	 ê ãuä
º��?zurJs�z�pnr(�J�&v+�Q� � ² s+����rwÜ�{`�&v+xns+r�z�pnr(¹.­q­i�ns+� �$Ô,v��&s+r�~n� v+�&v+v+rJ�©�ky rw~���},z�� ¯ y �Qv��&}n~Æy�rJ�a~Æ{ny �az�rwv¨�|oqpnr(�ns+� �$Ô
},xn�©�`rJs�³-zupnr�rJ�arJ},zq},xn�©�`rJs�³-zupnr�v+z��a�$Ô���}n�Q�&s+~nrwsq�&�ªz�pnr©rJ�©xky v+� �a} ¯ y �Qv®�a}n~´�&��z�pkr�y rw�&~´{ny��&zurJv®�asur�s+rJ�w�&s+~nrJ~]�
oqpnr�y rw�&~�{ny �az�rMz�pn���$Ô,}nrJv+vª� vª�a}©����{`�&s+z��a},z]{n�asu�a�QrJz�rws]zu���`rNÔ�}k���q}©�qpnrw}©�J�a}n~n��~n�&zurgrw�&rw}�zuvª�&s+r�z��.�`rM{ksurw�J��vurwy �
�&}n�ay �,v+rJ~]�CB]rJ�&~|{ny��&zurJv®�asur.vuzu�&s+rJ~|�?�&sq�QrJ�avuxksurw��rw},zM�a}(y��&zurJsqs+rÃÛ,xnrwvuz¨�

¶ su���&s®zu�(zupnr�~nrJ�arJy��&{n�QrJ},z ¯ ~nxn�w� �ay]�Q�&scÔ,v��av��MrJy�yª�&v��ksu���$Ô\³krw�&rw}�z��&}n~ ¯ y �ð},xn���Yrws��asur�{ns+� },z�rw~��&}¤z�pnr
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π, µ
15 GeV/c
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C2 (3 m)

S T U V V W T
X Y U Z S

50 mm
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10−55mm

electrons, muons, pions
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dLh j m^bvn3b�h^t^deh^��o^cei1h�b ( > ��o^`�r�¬�b�{ j der1h 2�� �vm^bvfgdLt^t�cLb j `4i�{��1b�` 6¥� � � nQb j u�b�b�h j m^bvfgi��1h^b j i�h^t j m^b j i1`��1b j l�b�`��1b�t
qsr1` j uHrgo^	^`�oQr�l4b�lUT j r}fgb�i1l�	^`�b j m^b�n3b�i�f o^i�` j dL{�cLb ´ lvt�b�5^b�{ j der1hkdeh j m^b¥fgi��1h^b j i�h^t j r}t^b j b�`4fgdeh^b�d j l�o3r1l�d j dLr�h
i1h^t j m^b�i1h^��cLbOi jHj m^b j i�`4��b j¡�

�vm^bvt�r�uvh^l j `4b�i1f j `4i�{��1b�` 6�� � � fgb�i�l4	^`�b�t j m�b�o^i1`�i1fgb j b�`�l-r1q j m^b j `�i1{��¥b�f�b�`4��dLh��yqs`�r1f j m^b j i1`��1b j¸�	V l�dLh^�
> � A {�m^i�f8n3b�`�l¡7 j m�b�b���b�h j l}uvd j mÞl�{�i j�j b�`4deh^��deh j m^b j i1`��1b j {�r1	�cLtzn3b�`4b�{�r�h^l j `4	�{ j b�t©dehÞl�o^i1{�b � �vm^b�f�det^�
t^ceb�{�m�i1f8n3b�`ydehYb�i1{�m j `4i�{��1b�`#o^`�r��
det^b�t�i6`�b�t�	^h^t^i�h j fgb�i�l4	^`�b�fgb�h j deh > ��o^`�r�¬�b�{ j der1h�7�`�b�� 	^de`�b�t j r%b�cLdefgdLh�i j b
r {�{�i�l4der1h�i1c·n^i1{�� ��`4r�	^h^t6b��1b�h j lvuvd j mkr��1b�`�cei ��j `4i�{�� lHi�h^tXW���`4i � l � �9Y

�vm^byf8	�r1h6fgr�f�b�h j 	^f
uHi1lHt^b j b�`�fgdLh�b�t�n � i�t^b�5^b�{ j der1h6deh j m^b =��6� D uvdLt^bOi�dL`H�1i�o6r1q j m^b =�B � 6 t^deoQr�cLb
fgi1�1h�b j uvd j m j m^bvb� Qb�{ j dL��bH��b�cet�ceb�h�� j m�r1q =�=��g� D � �vm^bv`�b�l�r1ce	 j dLr�h[Z ß�ª¸ßX\
��Bs��� ��� ß^]  Ù Û ª��U_ {�r1`�`4b�l4o3r1h^t�l
j r j m^bO¦ D0/	1`2 fgb�i1l�	^`4b�fgb�h j b�`4`�r1`�r1q j m�bHt�b�5^b�{ j der1hWi1h^��cLb � �vm^bH`4b�t^	^h^t�i1h j fgr�f�b�h j 	^fÖfgb�i�l4	�`4b�f�b�h j n ��j m^b
oQr�l4d j der1h�i1c�t^del4o�cLi�{�b�fgb�h j r�q j m�b j `�i1{��}i j 6 � uvd j m�`4b�l4o3b�{ jHj r j m^bOb�� j `4i�oQr�cLi j der1h%qs`4r�f 6%= ��¦WuHi1l'qsr1	�h^t j rgnQb
�1b�` � b� 3b�{ j dL��baqsr�`Ø`4bÇ¬�b�{ j der1h�r1q r���b�`�cLi � deh^�'dLh^{�r1fgdeh^� j `�i1{�� lØi�h^t�f8	^r�h^l�l�{�i j�j b�`�b�tOr1  j m^b�f�i��1h^b jØ� r��1b � * de� ��,�.·�
l4m�r�uvl j m^b�fgb�i�l4	�`4b�t%l�oQb�{ j `4	^før1q�f8	^r�h^lvl4i j del4q � deh^� j m^b j `4de�1��b�`'i1h�t%deh^{�r�fgdLh^� j `4i�{��"� 	^i1ced j�� {�r1h�t^d j dLr�h^l �

(*) +-,	. æ = � � ç �vm�b�fgb�i1l�	^`4b�t�fgr1fgb�h j 	^f t^del j `�dLn^	 j der1hpr1q j m^bgf8	^r�hYn3b�i�f i1q j b�` j m�b�; í de`4r�h�t^	�f�o � �vm^b
o^`�dLfgi1` � �v:gfgr1fgb�h j 	^fødel , áIa ï éaîcb��

� l j m^b}fgi1deh j i1`��1b j deh j m^del�b�� o3b�`�dLfgb�h j uHbg	^l4b�tYikm^i�cLq�r1qHi1h µ �a$�w � n�`4de{��Ø7·{�r�f�o3r1l�b�tYr1q ���p= D�D
j m^de{��¥ceb�i�tWo^cei j b�lEdeh j b�`�ceb�i��1b�t¥uvd j m�b�f8	�cLl�dLr�hW��cLfgl � � 	^`�dLh^� j m�bvb�� oQr�l4	�`4b 7 j m^b'b�ceb�{ j `�r1h^de{ j `�i1{��1b�`4l�`�b�{�r�`4t�b�t¥i�cLc
f8	^r�h^lHl4i j del4q � deh^� j m�b j `�de�1�1b�`½i1h�t"{�`�r1l�l4deh^� j m�b j i1`��1b j¡� �vm�b�� dLh^�g{�i1h^t^det^i j b�l�u�b�`4b j i1���1b�t}n � i¥cei1`��1b�i�h^�1	�cLi�`
t^de Qb�`4b�h^{�b�nQb j u�b�b�h j `4i�{��%l�b���fgb�h j lynQb�qsr1`�b8i�h^t�i1q j b�` j m^b j i�`4��b j¡� * r�` j m^b�l�b8b��1b�h j l¡7 j m�bWo^`�b�t�dL{ j der1h^lyqsr1` j m^b
dLh�{�r1fgdeh^� j `�i1{���o3r1l�d j dLr�h©i�h^t²i�h^�1ceb%i jgj m^b j i�`4��b j u�b�`4b�r1n j i1deh^b�t²qs`�r1f j m^b j `�i1{��1b�`Wt�i j i·7-qsr1`gl�	^n^l�b�� 	^b�h j
¾;d9JfegG^hiKEÊËÓC<"Å^D
Á�Æ�ÅJÔkj+ÆËÊ Â�ÁEÃ�ÁSÅ@D�ÐlB�ÓHÅÇÃ�Á�B
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l4b�i1`�{�m�qsr1` j m^b6l�{�i j�j b�`�dLh^���1b�` j de{�b�l¥deh^l4det^b j m^b%n^`4de{���i�h^t³{�m^b�{�� dLh^��uvm�b j m�b�`8r�`8h^r j8j m^b � `4b�o^`�b�l�b�h j �1b�h 	^dLh�b
� dLh^� l �

� h�r1`�t^b�` j r}b�� o^cer1`�b#`�i j b�l'r1q�cLi�`4��b#i�h^�1cebyl4{�i j�j b�`�dLh���t�r�uvh j rzy ,�èQÚ 8�{}|�qsr�`vi � D�D cLb�i1tkl4{�i j4j b�`�b�`�7 j m^b
b�� 	^de�¡i1ceb�h j h 	^fWnQb�`�r�q�f8	^r�h^lar�h j m^b ��� D�D l j i1{���m^i1l j rWnQb#r1q j m^b�r�`4t^b�`ar�q =�� 8 r1`afgr�`4b � �#r�u�b��1b�`�7�qsr�`ai¥i
`4b�cLdei1n�cLb j `4i�{��"o^`�b�t^de{ j dLr�h�uvd j m�r�	^` j `4i�{��1b�`�l�7 j m^b j `4i�{��"t^b�h�l4d j�� l�m^r1	�cLtkh^r j b�� {�b�b�t =��k� D Ú � r�`¡7 j i1� deh^�gdLh j r
i1{�{�r1	�h jvj m^b¥n3b�i�føo^`�r1�^ceb
7�4 � ��� j `4i�{��
lvr���b�` j m�b¥	^l�b�qs	^c�i1`�b�igr1q � � �k� D � � ��r}r��1b�`4{�r1fgb j m^del�cedLfgd j i j der1h�7
u�bWm^i��1b8	^l4b�t j m^b j b�{�m^h^de� 	^b�r1qEi6fgr��¡i1n�cLb¥b�f8	^cel�dLr�h�l4m�b�b j 7QdLhYuvm^dL{�m�i6l�b�o^i�`4i j b¥l�m^b�b j r�qEb�f8	�cLl�dLr�h�o^`�b�l�l4b�t
i1��i1deh^l jEj m^bv	^o^l j `�b�i�f�l�	^`�qsi1{�b'r�q j m^b j i�`4��b j uHi1lEo3b�`�dLr t^de{�i�cLc � l�m^deq j b�t}t^	^`�dLh^� j m^b�b�� o3r1l�	^`�bHn � =���� CED i�{�`�r1l�l
j m^b%nQb�i1f�7�n � fgb�i�h^l8r�q'i��yx���{�r1h j `4r�cLceb�t�l j b�o�oQb�`8fgb�{�m^i�h^del4f � �vm^del j b�{�m^h^de� 	^b"o3b�`�f�d j�j b�t j r�det^b�h j deq ��j m^b
dLh�{�r1fgdeh^� j `�i1{�� lEl j r�`4b�tWdeh j m^b�	�o^l j `4b�i1f b�f8	^cel�dLr�h���cLf i j b��1b�` � fgr��¡i1n^cebvl4m�b�b j o3r1l�d j der1h ��� d j m j m^del½fgb j m^r t�7
j m^b j r j i1c�b�� oQr�l4	�`4bvuHi1l½cedef�d j b�t"r1h�c � n ��j m�b�h 	^f8n3b�`�r1q j m^b�l4m^deq j b�`al j b�o^l (Ç����� dLh}r�	^`½{�i1l�b 2 7Si1h^t j m^b�`�b�� 	^de`4b�t
cLb��1b�cØr1q =�� 8 fW	^r1h^lv{�r1	^cetknQb�`�b�i�{�m^b�t �

��rkqs	^` j m^b�`8dLh^{�`4b�i1l�b j m^b"l j i j del j dL{�l j m^b6l4i�f�bgn^`�de{�� j i�`4��b j uHi1l�b�� o3r1l�b�t j m^`�b�b j dLfgb�l¡7�i j�j m^`4b�b}t^de Qb�`4b�h j
i1h^��cLb�l ( ?"��~ 7 � ~ 7�i�h^t�� ��~ 2�j r j m^b�n3b�i1f\i�� dLl � �vm�b j `4de�1��b�`8`�i j b6t^	�`4deh^� j m^b�l�b6b�� oQr�l4	^`�b�l�uHi1l8i�nQr�	 j � �
b���b�h j lHoQb�`�l�o^decLc·i�h^t j m�b#fgr��¡i1n^ceb�l�m^b�b j uHi1lHl�m^dLq j b�t%b��1b�` � =�� l�o^decLcel � �vm^byt^b�i1t j dLfgbyt^	^b j r8t�i j iWi1{��
	�dLl�d j dLr�h
u�i�l ��� �

& b�l�det^b�l j m^delWfgb�i�l4	�`4b�f�b�h j l¥uvd j m j m^b6ceb�i�t^»1b�f8	^cel�dLr�hpn�`4de{�� j i1`��1b j 7�u�b j r r1�pt^i j i�uvd j m³o^i�l4l�dL��b � D�D
i1h^t � D�D j m�dL{��gceb�i1t j i�`4��b j l�7�i�l�uHb�cec3i1lHuvd j m^r1	 jHj i�`4��b j ( b�fgo j��}j i1`��1b j¸2 7 j rWb�l j defgi j b j m�b#cei1`��1b��¼i�h^�1ceb'f8	^r�h
l4{�i j4j b�`�deh^�O`4i j b'qs`4r�f�b�cLb�{ j `�r1h�dL{'fgb�i�l4	^`�b�fgb�h j lEi1cer1h^b � �vm^bvb�fgo j�� � j i1`��1b j `�i j bHuHi1lEl�	^n j `4i�{ j b�t�qs`4r�f j m�bv`4i j b�l
uvd j m"`�b�i1c j i1`��1b j l�7 j r¥`4b�fgr��1b'b� 3b�{ j lar�q j m^b j `�i1{��1b�`E`4b�l4r�cL	 j der1h�7�W���`4i � l½i�h^t}l�{�i j4j b�`4deh^��r1	 j l�dLt^b j m^b j i1`��1b j¸� * r1`
i1cedL��h^fgb�h j i1h^t%{�i1ceden^`4i j der1h}o^	�`4o3r1l�b�l�7�b�fgo j�� � j i1`��1b j t^i j iWuHb�`�b�i�cLl�r j i1��b�h"i j t^de 3b�`�b�h j n3b�i�f fgr1fgb�h j i·7�uvd j m
i1h^tkuvd j m^r�	 j t^	^fgo �

* de� �E,�. ù%l�m^r�uvl j m�b}i1h^��	^cLi�`#i�h^t�oQr�l4d j der1h�i1c-`4b�l4r�cL	 j der1h^lOi jOj m^b j i�`4��b j 7�qsr1` j `�i1{�� lOfgb�i1l�	^`�b�tpdLhpb�fgo j�� �
j i�`4��b j `4	^h�l � �vm^byl4{�i j4j b�`�deh^�Wi�h^�1ceb�delvfgb�i�l4	^`�b�t6uvd j m j m^bOi��1b�`�i1��bvi1{�{�	^`�i1{ � r�qØn3b j�j b�` j m^i1h =�B ��D0/	1`2 7
uvm^decLb
j m^bydef�o�i1{ j o^i�`4i�f�b j b�`auvd j m j m^byi1{�{�	^`�i1{ � r1qØi�nQr�	 j ��B �¥D�D � �vm^b�fgb�i�l4	�`4b�f�b�h j lHuvd j m6o^i�l4l�dL��b j i�`4��b j lauHb�`�b
t^r1h�b�i j igm^dL��m^b�l j o3r1l�l4den^ceby`�b�{�r1`�t^deh^�W`�i j b (���=�� b���b�h j lvo3b�`�l�o^decLc�7
r1hki���b�`�i1�1b 2��

�vm^bgb��1b�h j l j i j del j dL{�l�i1{�{�	^f8	�cLi j b�t�deh j m^del j b�l j b�� oQb�`4defgb�h j dLl�l�	^fgfgi1`�dLl�b�tpdehp��i1n�cLb}á �1� * dLt�	^{�dei1c½i�`4b�i
i1h^tkdeh^{�r�fgdLh^� j `4i�{��}�
	�i1ced j�� {�	 j l�`4b j i1deh�i1n3r1	 j ����� r1q j m�b�`4i�uÝt�i j i �

â�ã¸ä�å æ ¦ � ç $a��b�h j l j i j del j de{�lvr1q j m�b�f8	^r�h%l�{�i j�j b�`4deh^�gfgb�i�l4	^`�b�fgb�h j¡�

��i1`��1b j 7 j m^de{�� h^b�l�l w�b�{�r�`4t�b�t�b��1b�h j l ( » ,�è�è1è32 i�q j b�`v{�	 j l ( » ,�è1è�è32
~�b�i1t^��b�fW	^cel4der1h�7�;�ù í�í á è·� ;�; ,
$afgo j�� 7 è í%í ; � 0 á , ù1;1ù
~�b�i1t�7
; í�í � è�0 ù ;�: � ù
~�b�i1t�7 � í�í 01è ; á .1.

* de� ��,�. :6l4m^r�uvl#i1h�b��
i�fgo^cLbWr1qEi%�
deh^�k{�i�h^t^det^i j b8b��1b�h j uvd j m�i6fgb�i�l4	�`4b�t ß3� r1q � � �Y¹ Ù Û ª�� � �vm^b8`�i�u
`4i j b�r�q�l�	^{�mkb��1b�h j lvr1n�l4b�`4��b�t6deh�b�ceb�{ j `�r1h^de{ j `�i1{���b�`�l�del�{�r�h^l�dLl j b�h j uvd j m j m^b�cLdefgd j r1q ��Bs= � =�� Ú 8I{�|�t^b�`4de�1b�t

��� �



(*) +-,	. æ = � � ç � del j `4den^	 j dLr�h^lOr1q j m^b�i1o^o^i�`4b�h j l4{�i j4j b�`�deh^�6i�h^�1ceb ( i37 n 2 i�h^t j m^bWdefgo^i1{ j o�i1`�i1fgb j b�` ( {
7 t 2 dLh!�
i1h^t�� o�`4rS¬�b�{ j dLr�h^l�7�qsr1` j `4i�{��
l�fgb�i1l�	^`�b�t"uvd j m�r1	 j l4{�i j4j b�`�deh^� j i1`��1b j¡� �vm�b | i�	^l4l�dei1h"� j l�i�`4b#r1h^c �}j rW� 	^i1h j deq �
j m^b�t�dLl j `�dLn�	 j der1hkuvdet j m^l �

�����



qs`4r�f j m^b6x�� µ w V#� f�b�i1l�	^`�b�fgb�h j l ( � b�{ j der1h ��� � � � 2 7 n^	 j d j dLl�o�`4b�f�i j 	^`�b j r}� 	^r j b�i�h � �^`�f `�b�l�	^c jv� b j¡� �vm^b
t^i j i}i1h^i�c � l�dLl'r�q�n3r j mkb�f8	^cel4der1h�i1h�t�o�i1l�l4de�1b j i�`4��b j b�� o3r1l�	^`4b�l'dLl�{�r1h j deh 	^deh^� �

�����



(*) +-,	. æ = � � ç $a� i1fgo^ceb�r�q�i8cei1`��1b���i1h��1cebHl�{�i j�j b�`�dLh^�8b��1b�h j r1n^l�b�`��1b�t}uvd j m j m�b#; í�í o^i1l�l4de�1b j i1`��1b j¸� ��r�o}nQr��	T
{�m^i1fWnQb�`4l�� ,Q� �#á (�� �¼o�`4rS¬�b�{ j dLr�h 2 71fgdLt�t^cLb#nQr��	T�{�m^i1fWnQb�`4l=� � � �#: (�� �¼o�`4rS¬�b�{ j dLr�h 2 71n3r j�j r1f nQr��	T�{�m^i1fWnQb�`4l
� � � �#: (�� ��o^`�r�¬�b�{ j der1h 2���� h j m^del�b��1b�h j 7 l4{�i j4j b�`�deh^�gi1h^��cLb�l��z�L�i�©á1:3� á íz�-��� 7-�I�L��� è � ù íz�-��� i1h^tkdef�o�i1{ j
o^i1`�i1fgb j b�`�l*����� è í%í 7��I��� , � . í�í i1`�bOr1n^l�b�`��1b�t6qsr1`vi .·� ùIa ï éaîcb fW	^r1h �
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� h j m^del
¶�b�{ j dLr�h6uHb�`�b�o3r1` j r�h6l j@· t^deb�l'r�h6i1t�t^d j dLr�h^i1c3t^b j b�{ j r�`Hi�h^t j b�{�m^h^r�cLr��1de{�i�cQl�r1c ·^j der1h�lU¸ � h6l�r1fgby{�i1l�b�l�u�b
t^b�i�c½uvd j m�i1c j b�`4h�i j d7¹1bgt^b j b�{ j r�`¥r1o j der1h^l�uvm^de{�m�m^iº¹1bgh^r j nQb�b�h�`�b j i1deh^b�t�deh j m^b"n^i�l4b�cLdeh^bgb�� o3b�`�dLfgb�h j t^b�l�dL��h
r ·^j cLdeh^b�t²deh j m�dLl�»a`�r1o3r1l�i1cC¸I¶^r�fgb6r1q j m^b%dLl�l · b�l�7�dLh^l j b�i1t�7E{�r1h�{�b�`�h�q · ` j m^b�`Wt�b¼¹1b�cLr�o^fgb�h j l�uvd j m j m^b�i1def r�q
dLfgo^`�rº¹ dLh�� j m^b�o3r j b�h j dei1c�r1q j m�b�b�� oQb�`4defgb�h j ¸
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ν τ

-

PbPb

50200501000 (µ

3000 µm
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ES ES

(*) +-,	. æ =���� ç ¶^{�m^b�fgi j de{yl j ` · { j@· `�bOr1q�i�l�o^i�{�b�`'{�b�cec;¸

Æ oQr�l4l�dLn�cLb�$Oxvx {�b�cecyl j ` · { j@· `�b ( {�i1ceceb�t�ÇCÈ`É�Ê¼ËcÌgÊ¼ËtÍÎÍ 2 qsr1`�b�l�b�b�l j m�b�deh^l4b�` j dLr�hÞr1q�i³cer�u)t^b�h�l4d jCÏ l�o^i�{�b�`
nQb j u�b�b�hp{�r�h^l4b�{ ·^j dÐ¹�bgb�f · cLl�dLr�h��^cefgl69 ácÑ . < (+* dL�Ò¸ ,1�/è32 ¸ÔÓvm^bg�1i�o�n3b j uHb�b�h j m�b}b�f · cLl�dLr�h��^cefgl¥i1cecer�uvl#t^de`�b�{ j
t^b j b�{ j der1h"r�q j m^b�Õ�t^b�{�i Ï � dLh^�Ø71i1l½uvd j m j m^b#{�r1fgo^i�{ j {�b�cecQr�q * de�`¸Sá`¸ � h j m^delH{�i1l�b
7Sm^r�uHb¼¹1b�`¡7 j m^b�cer�uzt^b�h�l4d jCÏ r�q
j m^bvl�o^i�{�b�`-fgi1��b�l j m�bHm�i1t^`�r1h�`4b�dLh j b�`�i1{ j dLr�h¥o^`�r1n^i�n^decLd jCÏ h^b���cLde�1den^ceb�¸�Óvm^delE`4b�l · c j l-dehgiyl · n^l j i�h j dei1c n^i1{�� ��`4r · h^t
`4b�t · { j der1h�qsr�` j m^bÔÕ²m�i1t^`�r1h^de{8t�b�{�i Ï {�m^i�h^h^b�cel�7^uvm^de{�m�m�iº¹1b j m^bWcei1`��1b�l j n^`4i�h^{�m^deh^�"`�i j dLrÒ¸ Æ oQr�l4l�dLn�cLbWt^b�l�dL��h
qsr1`�b�l�b�b�l�i6{�b�cec�{�r1fgo3r1l�b�t�r1qEi = D�D j m�dL{��kceb�i1t�o�cLi j b8qsr�cLcer�uHb�t�n Ï i6�^cef�7�i%l4o�i1{�b�`�r�qv¦ D�D i1h^t�i�h^r j m^b�`
�^cef�7^i1l'l�m^r�uvh%deh * dL�Ò¸ ,1�/è ¸ Æ n^`4de{��"{�i1h�nQb�n · dLc j n Ï l j i1{�� deh^��¦ � {�b�cecLlvuvd j m =¸�³� D j m^de{��
h�b�l�l (CÖ >!× 2 ¸

Óvm^b�f�i�dLhg`�b¼Ø · de`4b�fgb�h j l½qsr�` j m^b�l�o^i1{�b�`½fgi j b�`�dLi�c^i1`�bvi�cer�u©t^b�h^l�d jCÏ 7Si�t^b¼Ø · i j bvfgb�{�m^i�h^de{�i1c�o^`4r�oQb�` j dLb�l½i1h�t
i%cer�u `�i1t^der1i�{ j dÐ¹ d jCÏ ¸�¶^b¼¹�b�`�i1c�oQr�l4l�den^dLced j deb�lOm^iº¹1bWnQb�b�hpb�h�¹ dLl�i1��b�t^THw�r1m^i�{�b�cec�7`»a!8xv7QoQr�c Ï l jCÏ `4b�h^b8qsr�i1f�73o^i1o3b�`
m^r1h�b Ï {�r�f8n^¸ * r�`Wi�cLc j m�b�l�b%fgi j b�`�dLi�cLl�7 j m�b%t^b�h^l�d jCÏ del�cer�uHb�` j m^i1h ¦ Ö³õ�Ù�ª DÛÚ 7QÜ BsÙ1B uvd j m^dLh j m^b�b�� o3b�`�dLfgb�h j
`4bxØ · dL`�b�fgb�h j lU¸ � b�m�iº¹1b�o3b�`�qsr1`�f�b�t j b�l j f�b�i1l · `�b�fgb�h j l6r1hÝo^`�r j r jCÏ o3b�lº¸�¶�i j del�qsi1{ j r1` Ï `�b�l · c j l6m�iº¹1b�n3b�b�h
r1n j i1deh^b�tguvd j m}w�r�m^i1{�b�cec�i1h^tgo3r1c Ï l jCÏ `�b�h^b'qsr1i�f�7 j m^b�cLi j�j b�`½n3b�deh^��i1n3r ·^j ��¹1b j defgb�la{�m�b�i1o3b�`º¸�w�r1m^i�{�b�cec�t^b�h^l4d jCÏ
dLl6¦ =Yõ�Ù�ª DÛÚ ¸ � d j m�o3r1c Ï l jCÏ `�b�h^b�r1h^bg{�r · cetY`�b�i�{�m �-Öpõ�Ù�ª DÛÚ ¸�¶^deh^{�b}t^b�h^l�d jCÏ!· h^dLqsr�`4fgd jCÏ del�i1cel4r�i1hpdLl�l · b
7
m^r1h�b Ï {�r�f8n�l j ` · { j@· `�b�lvt�r
b�lvh^r j l�b�b�f j r}n3b�i1h�i1o�o^`4r�o^`�dLi j by{�m^r1de{�b�¸

� h²9 . <�u�b8m^iº¹1b¥bx¹¡i1c · i j b�t j m�b8o3b�`�qsr1`�f�i�h^{�b8r1q-l · oQb�`4fgr t · ceb�lyn · dec j uvd j m�l�o^i1{�b�`�n�`4de{�� lU¸ * · ` j m^b�`#l j>· t^deb�l
uvdLcecOnQbph^b�b�t^b�t j r«l j@· t ÏÞj m^bp{�i1o�i1n^decLd jCÏ r1q¥b�cLb�{ j `�r1hÜdLt^b�h j de�^{�i j der1hÜi�h^tÝr�q¥fgr1fgb�h j@· f f�b�i1l · `�b�fgb�h j n Ï

� ¦ �



f · c j deo^cebOl4{�i j�j b�`�dLh��37��1d7¹1b�h j m^bOl�fgi1cecLb�` j m^dL{�� h^b�l4l'r�qØiWl�o^i�{�b�`Hn^`�dL{��gdeh j b�`�fglHr�qØ`�i1t^dei j dLr�h"cLb�h^� j m^l (CÖ >!× 2 7
i1l
{�r�f�o�i1`�b�t j rg{�r�f�o�i1{ j n^`�de{��
lº¸

ÂHG;Ã�GJI Äk_�±J]�ÅÞÝwß�]cÅE±J°
à
Æ hpi1c j b�`4h^i j d7¹1b¥n�`4de{��ko^i1{�� deh^�"fgb j m^r t�n^i�l4b�t�r1h j m^b · l�b8r1qao^cLi�l j dL{WnQr�� b�l#delOnQb�dLh^�%l j>· t^deb�t^¸fÓvm�b8det^b�i�dLl j r
b�fgo^cer Ï iOnQr���uvd j m�r ·^j {�rº¹1b�`�deh j rOuvm^dL{�m�ceb�i1t�i1h�t8b�f · cel4der1h��^cef�lEi�`4bHl j i1{���b�t^¸ Æ o^cei1l j de{�{�rº¹1b�`-del j m^b�hWuHb�cet^b�t
r1h j r j m^b j r�o�r�q j m^b�nQr��6n Ï i1h · c j `�i1l�r1h^de{ j b�{�m�h^dÐØ · b�¸

Æ {�` Ï cer1h�d j `4decLb & ·^j i1t^deb�h^b�¶ jCÏ `�b�h^b ( Æ & ¶ 2 n3r�� b�l j>· `4h�r ·^j�j rkn3b"t · cec j r�cede�1m j i1h^tpuHb�cec½l4b�i1ceb�tpuvd j m j m^b
{�cer1l�dLh��}cLdet ( · c j `�i1l�r1h�dL{�uHb�cet^deh^� 2 ¸�Óvm^b8o^cLi�l j dL{8{�r1h j i1deh^b�`vb�i1l�b�l j m^b¥n^`�dL{��%fgi1h^deo · cei j dLr�h�i1h^tki1cecer�uvlvi"o^`�b�{�del�b
oQr�l4d j der1h�dLh^�Wr1q j m^b�n^`�de{�� ( i1h^t"{�r1h^l�b¼Ø · b�h j c Ï r�q j m^b#b�f · cLl�dLr�h}�^cef�l 2 r�h j m�b�uHi1cec�fgb�{�m^i�h^de{�i1cQl · o^oQr�` j ¸ µ h j m^b
nQr��%d j del�o3r1l�l4den^ceb j r}o^cei1{�byi�o^o^`�r1o^`�dei j by�1`�deo^lvi1h^t j b�fgo^cei j b�l j r}qsi�{�decLd j i j b��1`�deo^o^deh^�gi1h^t�{�b�h j `4deh^�gt · `�deh^� j m^b
fgi1h^deo · cei j dLr�h^¸QÓvm^b�n3r�� j m^de{�� h^b�l�lvt^r b�lvh�r j b�� {�b�b�t � D�D ¸

$�i1`�c Ï o^`�r j r jCÏ oQb�l-r1q�o�cLi�l j dL{'n3r��
b�l-m^iº¹1bHnQb�b�hgo^`�r t · {�b�tWn Ï ��c · dLh^� j r��1b j m^b�` j m^bvn3r��¥u�i�cLcel-i1h^t�n Ï uHb�cet^dLh��
j m^bWn^i1l�b¥i�h^t j m^bW{�rº¹�b�`vn Ïá· c j `4i�l4r�h^dL{ j b�{�m�h^dÐØ · b�¸
Óvm^b�l�b¥o^`�r j r jCÏ o3b�l�uHb�`�b�h^r j ¹¡i1{ ·�· f o�`4r r1q-t · b j r%�1c · dLh��
dLh�l j b�i1tÞr�q#uHb�cet^deh^��i1h�t«r�q#t�b�qsb�{ j l"deh j m�b�{�r�`4h^b�`4lgr�q j m^b��1c · b�t«o�i1` j lº¸ � b�o^cLi�h j r�n · decetÞo^`4r j r jCÏ o3b�l}r�q
fgr · cet^b�t�n3r�� b�lvuvd j m^r ·^j {�rº¹1b�`vi�h^t j r j b�l jvj m^bÔ¹¡i�{ ·�· f j de�1m j h^b�l�lvi1q j b�`�uHb�cet^deh^� j m^b8{�rº¹1b�`U¸QÓvm�b�o^cLi�l j dL{8nQr��
r1o j dLr�h�7�dLq�l · {�{�b�l4l�q · c�7�{�r · cLt"n3bOi8o3r1l�l4den^ceb#i�c j b�`�h^i j dÐ¹�b j r j m�b#r�`4de�1i�f�d3o^i�{��
deh^�·7S��dÐ¹ deh^�8i�h"dLfgo^`�rº¹1b�t"o^`�b�{�dLl�dLr�h
r1q j m^byn^`4de{��gt^def�b�h^l�dLr�h^l'i1h^t"i�l�f�r r j m^b�`�fgrº¹1b�fgb�h j deh^l4det^b j m^byuHi1cec3l j ` · { j@· `�b�t · `4deh^�8n�`4de{��gdLh^l j i�cLcei j dLr�h"i1h�t
`4b�fgrº¹¸i�c;¸

� b�m�iº¹1bal j i�` j b�tWdLh�{�r�cLcei1n3r1`�i j dLr�h�uvd j mWdeh^t · l j ` Ï �tâ j m^b't^b¼¹�b�cer1o^fgb�h j r1q^i & Æ�ã qsr1`�o^i1{�� deh^��n�`4de{�� l�{�cLr�l4b�t
dLh%o^cei1l j de{�n3r��
b�lU¸ Æ t^b�l�dL��h"r1q�l · {�m"iWfgi1{�m^deh^b�delHl4m^r�uvh6dLh * de�`¸ ,1��, ¸ Æ o^i�cLceb j cedLh^b#{�r�h�¹�b Ï r1`½qsb�b�t^l j m^byn3r��
b�lU¸
Óvm^bgcLi j�j b�`Oi1`�b j `4i�h^l4qsb�`4`�b�t�r1h�i�`�r j i j deh^� j i1n^ceb j m^i j m^i�h^t^ceb�l j m�b�f i�h^t�l j r�o^lOo^`4b�{�del4b�c Ï dehY{�r1`�`4b�l4o3r1h�t^b�h^{�b
r1q j m^b�l j i j der1h^l'cer1i1t�dLh^� j m�byceb�i�t%o�cLi j b�lvi�h^t j m^b�b�f · cel4der1h%�^cLfgl ( h · f8n3b�`vr1q�{�r�f�o�cLb j b j@· `�h^lvr�h j m^bO`4r j i j dLh��
j i�n^cLb�bxØ · i1c j r j m^b�h · fWnQb�`vr1q�cei Ï b�`4l'`�b¼Ø · de`4b�t 2 ¸

Óvm^bycer1i1t�dLh^��r1q j m^bOceb�i1t%o^cei j b�lvi1h^t%r1q j m^byb�f · cLl�der1h��^cLfgl'`�b�cedLb�lHr�h j uHrWi ·^j r�fgi j de{yl j i j der1h�l¡7�uvm^de{�m j i1��b
j m^b6{�r1fgo3r1h^b�h j l¥qs`�r1f `4r j i j dLh�� j i1n�cLb�l · l�b�t�qsr1`8l j r1`�i1�1b�¸}Óvm^b"l�i1fgo^cedLh���i1h^t�cer1i1t�dLh^�kr�q j m^b"ceb�i�tpo�cLi j b�l8dLl
fgi1t^b�n Ï i�o^h^b · f�i j de{�fgi1h^deo · cei j r1`º¸�Óvm^b�b�f · cLl�dLr�hg�^cLfgl�i1`�b j i1��b�hguvd j m j m^b�m^b�ceo}l4deh^� · cLi�`4del�b�t�uvd j m j m^b�m�b�ceo
r1q�i�fgi�h^�¼cede�1b�`4r�nQr j ¸ � h j b�`4fgb�t^dLi j bgl j r1o�lyi�`4b�t^r�h^b j rk{�m^b�{�� j m^b j m^de{�� h^b�l�l�r1q j m^b}o^cei j b�lOi1h^t j r�iº¹1r�dLt j m^b
i1{�{�det^b�h j i�c�cLr�i1t^deh^�gr1q�fgr1`�b j m^i1hkr�h^bOo^cLi j b ( r1`v�^cef 2 ¸

Æ q j b�`O�^cecedLh^� j m^bWn3r���del j `4i�h^l�qsb�`�`4b�t�i1��i1deh�r1h j m^bgo^i�cLceb j cLdeh^b�{�r�h�¹�b Ï r1`�qsr�`#{�cLr�l4deh^�Ò¸fÓvm^bgcLdet�delOl4i�f�o�cLb�t
qs`4r�føig`�r j i j deh^� j i�n^cLb�uHi1`�b�m�r · l�b#i�h^tkcLr�i1t^b�t%n Ï i}o�h^b · fgi j de{�f�i�h^deo · cei j r�`U¸QÓvm�b�nQr�� j m^b�hko^`�r {�b�b�t^l · h�t^b�`
j m^b · c j `�i1l�r1h�dL{�u�b�cLt^deh^�yfgi1{�m^deh^b j m^i j l�b�i�cLl j m^b'cedLtQ¸ & b�qsr�`4b · h^cer1i�t^dLh��37¸i�n�i1`-{�r t^bHdLl-i�o^o^cedLb�t8r1h j m^bHn3r�� j ry�^cLb
o^`�r
t · { j dLr�h"t^i j i¥l · {�m"i1l�t^i j b
71m^r · `ai1h�t"i1h Ï qsb�i j>· `�b�lar�q j m^b#{�r�h j b�h j ¸^Ó�r¥{�r�fgo^c Ï uvd j m"o�`4r t · { j der1h}l�{�m^b�t · cLb
j u�r j uvdeh�f�i�{�m^deh^b�l�m^iº¹�b j rkr1o3b�`�i j b · h�t^b�`�l�b�`r¹1r��¼{�r1h j `�r1c�n Ï i�{�b�h j `�i1cEo�i1cecLb j cedeh^b�¸}Óvm^bgb�h j dL`�bgo^`�r
t · { j dLr�h
cLdeh^b�del�m^b�cLtkdeh�igt^i�`4�}i�h^tki1de`v{�r�h^t^d j der1h^b�t%`�r r1f!¸

µ h j m^bOo^i�cLceb j cedLh^b 7
dLh�{�r�`4`�b�l�o3r1h^t^b�h^{�b#r1q j m^b · c j `�i1l�r1h^de{yu�b�cLt^deh^��fgi1{�m^deh^b
7
d j dLlvo3r1l�l�dLn^ceb j rgdLh�l4b�` j ignQb�cLc
uvd j m j m^b�deh j b�`4h^i�c�u�b�cLt�dLh^�gl�r1h^r j `�r t^b j rgo^`4r t · {�b j m^b5¹¡i�{ ·�· f dLh�l4det^b j m�b�nQr�� b�lvn3b�qsr�`4bOl�b�i�cLdeh^�`¸
¾Cä G�Ã�ÊP?OÐ¸Â�ÏaÍ ÆËÆËÊEÌ�Í Ã�Í Æ¼ÍËÎ`h3ÃCB�Ñ�ÊËÂ�Å�ÆËÆËÐ5D
ÊQåQ?OÁEN�Â�ÅæH7çæè�M�Î�Ò�Ó�Å�ÆËÔ1Í
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(*) +-,	. æ =���= ç & `�de{��}i1l�l4b�f8n^c Ï fgi1{�m^deh^bOqsr1`vn�`4de{�� lvuvd j m�o�cLi�l j dL{On3r���¸
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ÂHG;Ã�GÐé êëßØ¯J¯yPtìwÝ
Ý�T�_
R�PSR1_cìH]^RkìH_�N3P
Æ h i1c j b�`�h^i j d7¹1b�i�o^o^`�r1i1{�mÞqsr�`%n�`4de{��©l · o^o3r1` j 7�dLh�l j i1cecLi j der1hÞi1h�tÜ`�b�fgrº¹¡i1c�qsr�`4b�l4b�b�l%ií¹1b�` j dL{�i1c#f�rº¹�b�fgb�h j r�q
cLi�t^t^b�`4l�uvm^b�`4b�n^`�dL{�� lOi1`�b�i1cecLr {�i j b�t^¸ � h j m�dLl�{�i1l�b
7 j m�b}cLi�t^t^b�`Ol j `�dLh��1lOl4m�r�uvh�deh * de�`¸ ,�� ;6i�`4b · l�b�tpnQr j m�i1l
u�b�dL��m j l · o^o3r1` j i1h�t%i�lvn^`4de{��"{�i1`�`4deb�`�l�qsr�`vdLh�l j i1cecLi j der1h�i1h^tk`�b�o^cei1{�b�fgb�h j ¸

Æ l8i�o3r1l�l4den^ceb"fgb�`�d j r�q j m^del8l j ` · { j>· `�b"uvd j m�`4b�l4o3b�{ j¥j r j m^b"n�i1l�b�cedLh^b6r1o j dLr�h�7 j m^`�b�b"t^b j b�{ j r�`8l�dLt�b�l ( · o�7
cLb�q j i1h�tp`�de�1m j¸2 i1`�bgq · cec Ï iº¹¡i1decLi�n^cLb j r�deh^l j i�cLc½i�h^t�i1{�{�b�l�l j m^b j `�i1{��1b�`O`4b�i1t^r ·^j b�ceb�{ j `4r�h^de{�lº¸ Æ t^dLl�i1t�¹¸i�h j i1��b
dLly�1d7¹1b�hkn Ï�j m�b8deh j b�`�qsb�`�b�h^{�b�r1q j m�b8cei1t^t^b�`�o · cecedLh^�%l Ï l j b�f uvd j m j m^b8m^i�cLc�{�`�i1h^b�lU¸wÓvm^b8t^b�l�dL��h�r1q-i"l j ` · { j>· `�b
uvd j m�`4b�t · {�b�t�m^b�de�1m j dLl · h^t^b�`vdLh�¹1b�l j dL��i j dLr�h^¸	Óvm�b�n^`4de{��"m^i�h^t^cedLh���{�i1h�nQb�i ·^j r�fgi j b�t^¸

µ h^bkcei1t^t�b�`"l j `�dLh��p{�r1h^l�del j l}r1q j m^dehzl4m�b�c7¹1b�l}l · o^o3r1` j b�tzn Ï b�de�1m j {�i�`4n3r1h��¼�^n�`4b�l j `4deo^l"uvd j mÞi�uvdet j mÞr�q
=�� D�D i�h^t�i j m^dL{�� h^b�l4lyr1q ��Bs� D�D ¸�Óvm^b j r j i1c�ceb�h^� j m�del�î Bs� D 7Q{�r1`�`�b�l�oQr�h^t^deh^� j r%iïî � n^`�de{��%cer1i�t^¸�Óvm^b
j r�cLb�`4i�n^cLbyuHb�de�1m j r1q j m^bOl j ` · { j@· `4bydLlv{�i1ce{ · cei j b�t j rgn3b}4 � ÷ºð�¢y71uvm�dL{�m�dLlvi�nQr ·^j b�de�1m j'j defgb�l j m�byfgi�l4lvr�qØr1h^b
cLi�t^t^b�` ( 4 Ö ¦ ��õ�Ù 2 ¸�Óvm�bWb�� j `4i6t^b j b�{ j r1`#f�i�l4ly�1d7¹1b�h�n Ï�j m^b�l · o�oQr�` j l j ` · { j@· `�b¥del#r�h^c Ï ��B ¦ � r1q j m^b j i1`��1b j
fgi1l�lU¸

Óvm^bgl j `�dLh���del�m · h^��n Ï ikuvde`4b j r j m^b j r�opl · o^o3r1` j fgi1t^bgn Ï i1h � ��nQb�i1f fgi j `�dL��l · o^o3r1` j deh^� j m�b}cLi�t^t^b�`
l j `4deh^��lU¸�Óvm^b"uvde`4b�l�m^iº¹1b}i�cei j {�m^dLh���f�b�{�m^i1h�dLl�fôi j�j m^b j r1o�7�uvm^de{�m�i1cecLr�uvl j r�`4b�cLb�i1l�b j m^b"cei1t�t^b�`¥qs`�r1f j m^b
l · o^oQr�` j uvm�b�hkn^`�dL{��}`�b�o^cei1{�b�fgb�h j del�`4bxØ · dL`�b�tQ¸

ÓvuHrYo�`4r j r jCÏ o3b%cei1t�t^b�`�lgm^iº¹1b�nQb�b�h«{�r�h^l j ` · { j b�t^¸íÓvm^b�de`gcLb�h^� j m^l}i1`�b = D i�h^t�4 ¦ D ¸ V l4deh^� j m^b�l4b
o^`�r j r jCÏ oQb�l¡7
o^`�b�cedef�deh^i�` Ï}j b�l j lvr1h j m�bycer1i�t j r1ceb�`�i1h^{�b
7�r1h j m�byo�`4r {�b�t · `�b#qsr�`vcLi�t^t^b�`v{�r1h�l j ` · { j der1h%i1h^t�r1h j m^b
`4bxØ · dL`�b�t�fgb�{�m^i�h^de{�i1c j r1ceb�`�i1h^{�b#qsr�`vdLh�l4b�` j dLh^�gi�h^tkb�� j `�i1{ j deh^�Wn�`4de{�� lvm^iº¹1bynQb�b�hko3b�`�qsr1`�f�b�t^¸

& `�dL{��W{�i1h}n3b�`�b�o^cei1{�b�t}i�l½qsr1cecLr�uvlº¸ * de`�l j c Ï�j m^b#l j `4deh^�¥uvm�dL{�m}{�r1h j i�dLh^l j m^b#l4b�cLb�{ j b�t}n^`�dL{���dLl�m · h^�¥qs`�r1f j m^b
j r�o�{�`�i1h^b�¸�Óvm^b¥cei j {�m^dLh���fgb�{�m^i1h^de{�l�dLl�i jvj m^b j r1o�o�i1` j r1q j m^b¥cei1t�t^b�`º¸ Æ q j b�`#`4b�cLb�i1l�dLh^� j m^b¥cei j {�m�7 j m^b8cLi�t^t^b�`
l j i1` j l j r��1r�t�r�uvh^¸ � m�b�h j m�b"oQr�l4d j der1h�r�q j m^b"cer�uHb�l j n^`4de{���{�r1fgb�l j r j m�b6`�dL��m j o�cLi�{�b}qsr1`8b�� j `�i1{ j der1h�7 j m^b
i ·^j r1fgi j dL{Ofgi1{�m�dLh^bOl�d j>· i j b�t�i j'j m�b�nQr j�j r�fø�^� b�l j m^bOl�m^b�ceq�i�h^t�b�� j `�i1{ j l j m^b�n�`4de{�� j r j m�b�l j i1{��}o3r1l�d j dLr�h%r�h
j m^bW`4r�cLceb�`v{�r1h�¹1b Ï r�`U¸ & Ï�j m^b8l4i�f�b�o�`4r {�b�t · `�b
7 i�cLc j m^b8n^`4de{�� l�o^cei1{�b�tknQb�cLr�u j m^b¥l�b�ceb�{ j b�t�n^`�de{��6i1`�b�b�� j `4i�{ j b�t
i1h^tkl j r�`4b�t%deh j m^b�l j i�{��
deh^�go3r1l�d j dLr�h%n Ï6j m^b�`�r1cecLb�`H{�r1h�¹1b Ï b�`U¸ � m^b�h j m^b¥n^`�dL{��6dLlvb�� j `4i�{ j b�t�7
i}h^b�u n�`4de{��}{�i�h
nQb8dLh^l�b�` j b�tkdLh j r j m^b¥cei1t^t^b�`U¸QÓvm�b�`4b��¼deh^l�b�` j der1h�r1q j m^b�b�� j `4i�{ j b�t�n^`4de{�� lvdLl�`4b�oQb�i j b�tkn Ï cLdeq j deh^� · o j m^b¥cei1t^t^b�`U¸
Æ q j b�`�{�r1fgo^ceb j der1h�7 j m^b j r1o�{�`�i1h^bOl�b j l j m^b�cei1t^t�b�`vr1h j m^b�l · o^oQr�` j ¸

Óvm^b8iº¹1b�`�i1��b j def�b8h^b�b�t^b�t�qsr�` j m^b8`�b�o^cei1{�b�fgb�h j r�qEr1h^b¥n�`4de{��6del�b�l j dLfgi j b�t j r"n3b8i1n3r ·�j r1h^b8m^r · `º¸
¶^deh^{�b
i1n3r ·^j =�� n^`�dL{�� lOi1`�b�`4b�o^cLi�{�b�tYo3b�`�t^i Ï oQb�`�l · o3b�`�fgr t · ceb
7 j m^b}o^`�r
{�b�t · `4b�{�i�hYn3b}i1{�{�r1fgo^cedel4m^b�t�uvd j m^deh�r1h^b
l4m�dLq j o3b�`vt�i Ï ¸

ÂHG;Ã�GLK ñg¯�N3]^RS_
T�°H±J]³RS_�ßØ]�Å�N3_�P
Æ c j b�`4h^i j d7¹1b�t^b�l�de�1h^lym^iº¹1b8nQb�b�h�o�`4r�oQr�l4b�t�i1h^t�l j>· t^deb�t�qsr�` j m^b�b�ceb�{ j `4r�h^de{ j `�i1{���b�`�l�deh j m^b j i1`��1b j i1h^tYdLh j m^b
l4o3b�{ j `�r1fgb j b�`º¸áÓvm^b�l�b"l�r1c ·^j der1h^lWi1`�b j m^b6{�r1fgo^ceb�fgb�h j i1` Ï r�q j m^b6n�i1l�b�cedLh^b6r1o j dLr�h^lUT¥l4{�dLh j dLcecLi j r�`¥l j `4deo�deh j m^b
l4o3b�{ j `�r1fgb j b�`�l}i1h^tzw�»Ox ´ l}deh j m^b j i1`��1b j ¸òÓvm^b�fgr j dÐ¹¡i j dLr�h^l}qsr1` j m^b�n^i�l4b�cLdeh^bkr1o j der1h^l}m^iº¹�b%i�cL`�b�i�t Ï n3b�b�h
l j `4b�l4l�b�tpdehX¶�b�{ j dLr�h^l � ¸ � i1h^t � ¸ 0 ¸ * r1` j m^biÓ�i1`��1b j Ó�`�i1{���b�`�l j m�b}i1h^i�cLr��%`�b�i�t^r ·^j r�q j m�b}l4{�dLh j dececLi j r1`Ol Ï l j b�f
�1d7¹1b�lyikcei1`��1b�`�n^`�dL{����^h^t^deh^�kb�­g{�deb�h�{ Ï�j m�i1h j m^bgt^de�1d j i�cEw�»yxzl Ï l j b�f!¸£Óvm^bgoQb�`4qsr�`4fgi1h�{�b�dLlOl�dLfgdecLi�`yqsr�` j m^b
b�h^b�`4� Ï fgb�i�l · `�b�fgb�h j i1h�t j m^bvf · r1h j `�i1{�� dLh��`¸�Óvm�bHcer�uHb�`-{�r�l j i1h�t j m^bvl4defgo^ceb�l j dLh^l�b�` j der1h�r1q j m^bvw�»yx�o^cLi�h^b�l
dLh j m^b�l4o3b�{ j `�r1fgb j b�`�l�¬ · l j deq Ï6j m�b�{�m^r1de{�bOr1q j m�dLl j b�{�m^h^d7Ø · b�i1lvn�i1l�b�cedLh^bOqsr�` j m^b � h^h�b�`�Ó�`4i�{��1b�`�lº¸
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�#b¼¹1b�` j m^b�ceb�l�l�7 j m^bao3r1l�l�dLn^deced jCÏ�j r · l�bal�{�deh j decLcei j r1`�l�deh j m�b�l�oQb�{ j `4r�f�b j b�`�{�i1h¥n3b�{�r1h^l�det^b�`�b�t�7�deh8r�`4t^b�` j r�m^iº¹�b
i�l4cede�1m j c Ï n3b j4j b�`af�b�i1l · `�b�fgb�h j r1q j m^b�b�h^b�`4� Ï ( `�b�ceb¼¹¡i1h j qsr1` j m^b5{ ògª�ò6ò l j@· t Ï 7�qsr�`½b�� i1fgo^ceb 2 ¸ * · ` j m^b�`4fgr1`�b
7
j m^bWl4{�dLh j dLcecLi j r�`�l Ï l j b�f {�i1hknQbW{�i�cLden^`�i j b�tkuvd j m�`4r · �1m�c Ï%j m^b¥l�i1fgb¥o�`4r {�b�t · `�b j m^i�h j m^b8r1h^b¥uvm�dL{�m�m^i�l�n3b�b�h
t^b���h^b�t¤qsr1` j m�b�Ó�i1`��1b j Ó�`4i�{��1b�`�lº¸ÞÓvm^b�l�{�deh j decLcei j r1` j b�{�m�h^dÐØ · bpm^i�l�i�cL`�b�i�t Ï o^`4rº¹�b�h j r©n3b�l · d j i1n^cebYqsr�`%i
l4o3b�{ j `�r1fgb j b�`89 á1ù�<;¸

Óvm^b8l4{�dLh j dececLi j r1`�l j `4deo^l�i�`4b�bxØ · dLo�oQb�t�uvd j m!ôÞ~�¶���n^`4b�l¡7^i1l#dLh j m^b j i1`��1b j `�b���dLr�h^¸w¶^{�deh j decLcei j r1`�o�cLi�h^b�l#i1`�b
fgi1t^b�r�q �³� D uvdet^b¥i�h^t =%� D j m�dL{��%l j `4deo^l�7�¹1b�` Ï l�def�decei1` j r j m^r1l�b · l�b�tkn Ï ã � � µ ¶³9 á�ù1<C¸�Óvm^b�l j `�dLo^lvdeh j uHr
{�r�h^l4b�{ ·^j dÐ¹�bv�1i�o^lEi1`�bvi1c j b�`4h^i j d7¹1b�c Ï i�`4`�i1h��1b�tWm^r1`�d7õ�r1h j i1cec Ï i�h^t�¹1b�` j dL{�i1cec Ï ¸�Óvm^b�ôÞ~^¶}�^n^`�b�l�7 = D�D t�dLi�f�b j b�`¡7
i1`�b¥`�b�i1tkr ·^j n Ï f · c j de�¼o�dL� b�c�i1h^i�cLr��}o^m^r j r t^b j b�{ j r1`�l�i�l�qsr1` j m^b£Ó�i�`4��b j Ó�`4i�{��1b�`4lº¸=Óvm^bWo^m^r j r t^b j b�{ j r1`�l�f · l j
h^r j nQbWi1 3b�{ j b�t�n Ïkj m^b8o^`�b�l�b�h�{�b¥r�q j m^b8fgi��1h^b j de{8�^b�cLt^¸�Óvm^dLlydel j m�bW{�i1l�b�qsr1` j m^bWo^`4r�� defgd jCÏ qsr
{ · l�b�t���» �}´ l
uvm^de{�mpi�`4bgi�cLfgr1l j dLh�l4b�h^l4d j d7¹1b�¸ * r�` j m^b}f · c j d½i�h^r t^bi» ã Ó ´ l�r1h�b}m^i1l j r�nQb}{�i1`�b�q · c�7�i�c j m^r · ��m j m^b ã � � µ ¶
fgb�i1l · `�b�fgb�h j lvdLh^t�dL{�i j b j m^i j'j m^b�oQb�` j>· `�n^i j dLr�h^lvi1`�bOcLb�l4l j m^i1h =���� qsr�` · o j r =�� | i · l�lvfgi1��h^b j dL{O�^b�cLt^lº¸

Æ oQr�l4l�den^cLb%l4{�m�b�fgb%qsr�` j m^b�dLh^l�b�` j der1h²r1q j m^b%l�{�deh j decLcei j r1`�fgr
t · cLb�lgdLh j m^b ó²� D ��i1o³n3b j uHb�b�h j m�b%de`4r�h
o^cei j b�l'dLlHl4m�r�uvh}dLh * de�`¸ ,1� á`¸ * r�`�m^r�`4d7õ�r�h j i1cQl j `4deo^l�7Sb�i1{�m"o�cLi�h^b�del�l�o^ced j i1cer1h�� j m^bf¹1b�` j dL{�i1cQi1� dLlHdeh j u�rWm^i1c7¹1b�l¡7
b�i�{�m�m^i1ceqE{�r�h j i1deh^deh^� ó���� l j `�dLo^l#r1q ��B � D ceb�h^� j m^¸
Óvm�b£ôÞ~�¶��^n^`�b�l�i�`4b�`�b�i�t�r ·^j qs`4r�f b�i1{�m�r1q j m^b¥fgi1��h^b j
l4det^b�lU¸ Æ f�de`�`4r�`Hdel�l�o ·^j4j b�`�b�tkr�h j m^b�r j m^b�`vb�h^t�r1q j m�b��^n^`�b�¸ Æ l4l · fgdLh�� j m^b�cedL��m j�Ï deb�cetkl4m�r�uvh%deh * dL�Ò¸ �1� qsr1`
i = D�D t^dei1fgb j b�`H�^n^`�b�i�h^t}i8fgde`4`�r1`a`4b�5^b�{ j d7¹
d jCÏ r1q ����� 7 j m^b�b�­�{�dLb�h^{ Ï qsr�` j m^b�t^b j b�{ j der1h6r1q�i D Ü ß b�� {�b�b�t^l
ö ��� b¼¹�b�h�i j'j m^b�l j `�deo%b�h^tkqsi1`vqs`�r1f j m^b�o^m^r j r t^b j b�{ j r1`º¸ Æ jCÏ o^dL{�i1c�fgde`4`�r1`'`�b�5^b�{ j d7¹ d jCÏ r�q ����� uvd j mkl�f�i�cLceb�`
t^dei1fgb j b�`y�^n^`�b�l (Ç��B�Ö D�D 2 m^i�l�n3b�b�h�i1{�m^deb¼¹�b�tkn Ï x�� µ w V ¶^¸�¶^def�decei1`�c Ï 7^b�i1{�mko^cei1h^b¥fgi�t^b8r�qQ¹�b�` j de{�i�c�l j `�dLo^l
dLlWl4o�cLd j i1cer1h^�ki�m^r�`4d7õ�r�h j i1c-i��
delº¸g$ai�{�mYm^i�cLq'{�r1h j i�dLh^l ó-ó�� l j `�dLo�l¥r1q � D ceb�h^� j m^¸�Óvm^b}cedL��m j del¥`�b�i�tpr ·^j deh
{�r�`4`�b�l�oQr�h^t^b�h^{�b�r1q j m^bgfgdLt�t^cLb}o�cLi�h^bgr1q j m^b}fgi1��h^b j 7·uvm^decLb j m�b}r j m�b�`Ob�h^t�r�q j m�b���n^`4bgdel�b¼Ø · deo^o3b�t�uvd j mYi
fgdL`�`4r�`U¸�Óvm^b�cLde�1m j dLl j `�i1h�l4qsb�`4`�b�t j r%{�cLb�i1`y�^n^`�b�l j r6`�b�i�{�m j m�bWo^m�r j r t^b j b�{ j r�`4lycer
{�i j b�t�r�h�nQr j mpl4det^b�l#r�q j m^b
fgi1�1h�b j 7�l4r j m�i jvj m�b�cLb�h^� j m%r�q j m^b�cLr�h^�1b�l j {�cLb�i1`'�^n^`�b�lvdel�r1h�c Ï l�cedL��m j c Ï rº¹1b�` � D ¸

Óvm^b j r j i�c3ceb�h�� j m%r1q j m^bO�^n^`�b�lHt^r b�l'h^r j b��
{�b�b�t =�� D 7
uvm�dL{�m%{�r1`�`�b�l�oQr�h^t^l j r j m^bOcLr�h^�1b�l j �^n^`�b · l4b�t6i1h�t
j b�l j b�tkdLh ã � � µ ¶%uvd j mkigq · cec�ceb�h^� j m�o^`�r j r jCÏ oQb�¸�Óvm�b j u�r�m^i1ceq�u�i�cLcel'i1`�b =�� D j m^dL{��%i1h^t�i1`�bOcLr�h^�1d j@· t^dLh�i1cec Ï
t^del4o^cei1{�b�tzqs`�r1f b�i1{�m«r j m^b�`"i�cLr�h^� j m^b�n3b�i�f i��
del j r�i1cecLr�u qsi1h^h^deh^��r ·^j r1q j m^b�{�cLb�i1`}�^n�`4b�lU¸ÀÓvm�b�cLi�`4��b�l j
dLh�b�­g{�deb�h^{ Ï i�cLr�h^� j m^b6l j `4deo�`4b�i1{�m^b�l}î � qsr�`¥i D Ü ß i j�j m^b"qsi�`�b�h^t�qs`�r1f j m^b}o^m�r j r t^b j b�{ j r�`U¸�Óvm^del¥qsr1cecLr�uvl
qs`4r�f j m^byl�i1fgb�i�l4l · fgo j der1h�l�i�lHi�nQrº¹�b
7Si =�� D i j�j b�h · i j der1h6ceb�h�� j m6qsr1`'{�ceb�i�`a�^n^`�b�l'i�h^t"i�cLr�l4lHr1q =���� i jHj m^b
�^n^`�b�l�{�r1h^h�b�{ j dLr�h^¸

Óvm^del���b�r1fgb j ` Ï iº¹1r�dLt�lvt^b�i�t�l�o^i�{�b�i j�j m^b j r1o�i�h^tknQr j�j r�f r�q j m^b¥fgi��1h^b j ¸uÓvm^b¥l j `�dLo^l�uvm^dL{�m�` · hki1cer1h��
j m^bOn3r1c j lHi1h^t%l4{�`4b�uvl · l4b�t"qsr1` j m�b#de`4r�h"o^cei j b�lHi1l�l4b�f8n^c Ï {�i1h6nQbyfgi1t^byuvdLt�b�` j r�i1cecLr�uÞiW{�de`4{ · cLi�`a{ ·^j uvd j m^r ·^j
dLh j b�`�{�b�o j deh^� j m^b���n^`4b�¸

Óvm^bgl j `�dLo�l�i1`�bWi�l4l�b�fWn^cLb�t�7·o^`�der1` j rkdeh^l j i1cecLi j der1h�7�dLhpcLde�1m j � j dL��m j l�cLb�b¼¹�b�lOuvd j m = D�D u�i�cLcelU¸£Óvm^bgl�dÐõ�b�r�q
j m^bWfgr
t · cLb�l#m�i1l j r"fgi j {�m j m^bWl4o�i1{�b�n3b j uHb�b�h j m�b8n3r1c j l�r�q j m^bWdL`�r1h�o�cLi j b�l#r1q j m�b8fgi1��h^b j ¸
Óvm^b8fgi1��h^b j dLl
i1l�l4b�f8n^ceb�t�n Ï deh^l j i1cecLdeh^� j m^b�l4ceb�bx¹1b�lHi�q j b�` j m^b�{�r1`�`4b�l4o3r1h^t�dLh^��de`4r�h%cei Ï b�`4lº¸

ÂHG;Ã�GL® ÷ëß	à�°HNQR�[�N3PS±;à�°
Æ hki1c j b�`4h�i j d7¹1byr1o j der1h�qsr1` j m�byl�o3b�{ j `4r�fgb j b�`vfgi1�1h�b j lvdelvn^i�l4b�t6r1h j m�b · l4bOr�q�de`4r�h j r1`�r1det^l¥9 . <;¸�$ai�{�m6fgi1��h^b j
dLlOl · n3t^dÐ¹ det^b�tpdeh j r =�� l4i�h^t^uvde{�m^b�l�7Qb�i1{�m�f�i�t^b8r�q½i�¦ � D j m^de{��kl j b�b�c�o�cLi j b�i1h^tYr1qEi1hYdLh�h^b�` j `�i1{���b�`�o�cLi�h^b�¸
=6� D j m^dL{��}o�cLi�h^b�lHr1qØo�cLi�l j dL{#l4{�dLh j dececLi j r1`Hl j `�dLo^lHi1`�b�o3r1l�l�dLn^ceby`4b�o^cLi�{�b�f�b�h j laqsr�` j m^byw�»yx ´ lHi1l � h^h^b�`*Ó�`4i�{��1b�`4lº¸

ó ¦ Ö
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(*) +-,	. æ =�� ¦ ç ¶^{�m^b�fgi j de{�lvr1q j m^b�l�{�deh j decLcei j r1`vl j `�dLo�lv`4b�i1t^r ·^j dLh j m�byl�o3b�{ j `4r�fgb j b�`U¸

Óvm^b Ï {�i1h%nQbOfgr · h j b�t�dLh�l4det^bOi%¦ � D �1i�o6ceb�iº¹ deh^�8l�o^i1{�b#qsr�` j m^bO�^� i j dLr�h%l Ï l j b�f!¸^Óvm^bOrº¹1b�`4i�cLcQcLb�h^� j m%r�qØr1h^b
fgi1�1h�b j del =��-ó�� D ¸QÓvm^b�l�o3b�{ j `4r�fgb j b�`'{�r1h�l4del j lvr1q j u�rgfgi1��h^b j lU¸ ��j l�rº¹1b�`�i1cec`¹1r1c · fgbOdLl ��B�Ö � ��B�Ö � ¦ Bs= D Ú
i1h^tkd j l�uHb�de�1m j ����� ÷Uð�¢ (s* dL�Ò¸ ,1� � 2 ¸

Óvm^bWl j b�b�c�o^cei j b�l#i1`�b¥l4defgdLcei1`ydeh�l4d7õ�bWi1h^t�fgi��1h^b j de{8`�b¼Ø · de`4b�f�b�h j l j r j m^r1l�b¥qsr1`�b�l�b�b�h�qsr1` ã � � µ ¶�7^b��
{�b�o j
qsr1` j m^b�de`g{�de`4{ · cLi�`gl4m^i�oQb�¸0ø�� j b�h^l�d7¹1b · l4bkm^i�l�n3b�b�h©fgi�t^b%r�q j m^bkdLh^qsr�`4fgi j der1h²iº¹¡i�dLcei1n^ceb�qs`4r�f j m^b ã � � µ ¶
Ó�b�{�m^h^de{�i�c � b�l�dL��h©9 á1ù1<�i1h�t j m^b�o · n�cLdel4m�b�t�� · ã d-h^r j b�lº¸ Æ {�i�`4n3r1h�{�r1h j b�h j deh j m^b�l j b�b�c�o�cLi j b�lydeh j m�b8`�i1h^��b
��Bs�¸� ? ��Bs� î � m^i1lEn3b�b�hWqsr · h^tgi1t�b¼Ø · i j b'qsr1` j m^b�ù Æ ù Æ wz`4b j@· `�h Ï r1��by9 : � <�i�h^t�qsr1` j m�b ã � � µ ¶�fgi1�1h�b j l�9 á1ù�<;¸

»�cLi j b�l-r�q · o j r}¦ Bs�-Ö D uvdLt^bvi�h^t�¦ � D j m^de{��¥uvd j mgh^r�o^`�i1{ j de{�i1c cedLfgd j i j der1hgdLhgceb�h^� j m�{�i�hWn3bvo^`�r
t · {�b�tWn Ï
dLh�t · l j ` Ï ¸^Óvm^b�`�b�qsr�`4b 7¸b�i�{�m�l j b�b�c�o^cei j bv{�r · cLtgdehgo^`4deh^{�dLo^cebvn3bv{�r1h�l j ` · { j b�t�n Ï { ·^j�j dLh��¥i1h^t�i1l�l�b�f8n�cLdeh^� j r��1b j m^b�`
j u�r�¦ Bs�-Ö D uvdLt�b�i1h^tp¦ � D j m�dL{��%o^cLi j b�lU¸QÓvm^b j r j i1c�uHb�de�1m j r1q�i}l j b�b�c�o^cLi j bOdel =�= ÷Uð�¢y7
�1d7¹ dLh�� =���� ÷ºð�¢«o3b�`
fgi1�1h�b j ¸

µHj m^b�`#i1l�l4b�f8n^c Ï l�{�m^b�fgb�l�i1`�b¥n3b�deh^�"l j@· t�dLb�t^¸ µ h^b8{�i1h�b�h�¹
del�i1�1b j m^b · l4bWr1q j u�r6cLi Ï b�`�l�fgi1t^b¥r�q =�B�Ö�� D
j m^de{��8o�cLi j b�lº¸�Óvm^b'o^cLi j b�lEdLhgr1h�bHcei Ï b�`�i�`4b'o3b�`�oQb�h^t^de{ · cei1` j r j m^r�l4b'deh j m^b'r j m^b�`Ecei Ï b�`U¸ÒÓvm�dLl½{�`4del�l4��{�`�r1l�l�o^i j�j b�`�h
{�r · cLt%dLfgo^`�rº¹1b j m^by5^i j h^b�l4lHi1h^t%`4b�l · c j dLh%i1h"b�i1l�dLb�`�{�r1h^l j ` · { j der1h"uvm^deceb#b�h^l · `4deh^�8i�h6bxØ · i1cec Ï �1r r t"`�dL��dLt�d jCÏgj r
j m^b�i�l4l�b�fWn^c Ï ¸

ú i�`4der · l#fgi1�1h�b j l · l�oQb�h^l�dLr�h�fgb j m�r
t�lyi�`4b8nQb�dLh^��{�r�h^l�dLt^b�`4b�t^¸ � h j m^b ã � � µ ¶Yt^b�l�de�1h�7Qfgi1��h^b j l#m^i�h^�"r�h
l · o^oQr�` j `4i�dLcel�n Ï b�� j b�h^l�dLr�h�b�i1`�l¥o^cei1{�b�t�i1n3rº¹1b j m^b�de`¥{�b�h j `�b}r1q'�1`�iº¹ d jCÏ i�h^t�l j i1n^decedLl�b�t�deh�oQr�l4d j der1h�n Ï i��
dei1c
`4b�l j `4i�dLh j lU¸}Óvm^del¥t^b�l4de�1hpdel¥i j4j `�i1{ j dÐ¹�bgdLh j b�`4fgl¥r�q�fgb�{�m^i1h^de{�i�cEl j i1n^deced jCÏ i�h^t�i1{�{ · `�i1{ Ï dLh�o3r1l�d j dLr�h^deh^�`¸}Óvm^b
l · l4o3b�h^l�der1hkm^i1l j rgnQb�l j@· t�dLb�t�dehk`4b�cLi j der1h j rgi1h j dL��l4b�dLl�fgdL{Ol�oQb�{�de�^{�i j der1h^lº¸

ó ¦-î



(*) +-,	. æ =��¸� ç ( i 2 á � ¹ dLb�u©r�q j m^bvl4o3b�{ j `�r1fgb j b�`½l�m^r�uvdeh^� j m^b j uHr j r�`4r�dLt�i1c�fgi1��h^b j l ( b�i�{�mgf�i�t^bvr1q ,1� {�dL`�{ · cei1`
dL`�r1h�o^cei j b�lWr1qHá b í j m^dL{�� h^b�l4l 2Hj m�b"fgi1�1h�b j {�r�dLc�7 j m^b · o^l j `4b�i1f i1h^t�fgdet^t^ceb���i1h^tÀ�û»�`4b�{�del4der1hXÓ�`�i1{���b�`�l
( t^`�deq j�j>· nQb�l 2 i1h^t j m^b · o^l j `�b�i1f w�»Ox�o�cLi�h^b�¸ * r�`a{�cLi�`4d jCÏ 7Si8{ ·�j delafgi1t^b j m^`�r · �1m j m^b#fgdLt^t�cLb j `�i1{���b�`Ei1h�t j m^b
t^r�uvh^l j `�b�i�føfgi1��h^b j ¸uÓvm�b¥t^r�uvh^l j `�b�i�fû»a`�b�{�dLl�dLr�hIÓ�`�i1{���b�`vi1h�t j m^b � h�h^b�`�Ó�`�i1{���b�`�lHi�`4b�h�r j l�m^r�uvh^¸ ( n 2 ; �
cLr�h^�1d j@· t^dLh�i1c	¹ deb�uÜl�m^r�uvdeh^�gi1cec j m^b5»�`4b�{�del4der1háÓ�`�i1{���b�`�lU¸

ó ¦ �



ø�i1{�m6fgi��1h^b j m^i1lvd j l�r�uvh�{�r�dLc�uvm^dL{�mkdeh^t · {�b�l�i j r1`�r1det^i1c�fgi1��h^b j dL{O5 · �6t^b�h^l4d jCÏ r�q =�B�Ö�6 iº¹1b�`4i��1b�t"rº¹1b�`
j m^bkl · `�qsi1{�b%r1q�b�i1{�m³l j b�b�cHo^cei j b�¸XÓvm^b�{�r1dec'` · h^lWi�cLr�h^�1l�det^b j m^b%n3r j4j r�f\r1q j m^b%fgi��1h^b j ¸�ù'b j uHb�b�h j m^b j uHr
fgi1�1h�b j lyi1h�t j m^b�dL`Oi�t¡¬�i1{�b�h j »�`4b�{�del4der1h¦Ó�`4i�{��1b�`4l�7 l�o^i1{�b8m^i�l j r6n3bWo^`�rº¹ dLt�b�t j r%m^r1l jyj m^bW{�r1dec�cLb��1lº¸�Óvm^bW{�r�dLc
�1r b�l j m^`�r · ��m%i =��k� D n3r1`�bO{�b�h j `4b�t%r�h j m^b�r { j i��1r�h^lU¸ ��j t^b�cLd7¹1b�`4l =-Ö������ £ ? ÷rü / ¢�¶�¸

Æ {�i1ce{ · cei j dLr�h}r1q j m�b��^b�cLt}fgi1o}qsr�` j m^b jCÏ o3b�r1q·l j b�b�cQ{�r1h^l�det^b�`�b�tgdeh^t^de{�i j b�l j m^i jaj m�b�fgi1�1h�b j de{��^b�cLt6`4i�h^�1b�l
nQb j u�b�b�h =�B î 6 i1h^t =�B�ó56 ¸^Óvm^bOfgi1��h^b j dL{y5 · �}t�b�h^l�d jCÏ f · l j n3by�
h�r�uvh6uvd j m�i1h6i�{�{ · `4i�{ Ï nQb j�j b�` j m�i1h =����
dLh}r�`4t�b�`½h^r j½j r�{�r1h j `�den ·^j bvl�de�1h^de�^{�i�h j c Ï8j r j m^b�fgr�f�b�h j@· f b�`�`4r�`U¸	Óvm^bv{�r�dLcQ{ · `�`�b�h j dLl�`4b��1del j b�`�b�t�t · `�dLh^�8t^i j i
j i��
deh^�Ò¸

Óvm^b£»a`�b�{�del�dLr�háÓ�`4i�{��1b�`4l'i1`�b¥l�dLfgdecLi�` j r j m^r�l4b�qsr�`4b�l4b�b�hkqsr1` j m^b¥t�dLo3r1ceb¥fgi1��h^b j l�b�� {�b�o j�j m^i j�j m^b j r1`�r1det^i1c
�^b�cetk`4bxØ · dL`�b�lvcei Ï b�`4lHr1q�m^r�`4d7õ�r�h j i1c·t^`�dLq jvj>· n3b�l�7 i1lvuHb�cec�i1l�¹�b�` j de{�i1cC¸

½#ûþý ÿ ��� ����ÿ � ��ÿ��aÿ��m��Á�� ÿ	
*� ��� 
��������
ÂHGJI�G;Ã 	�N�
�NQ¯JT^Ý
� NQ°ER�T�U8¯J±��=ì�±J[ PS]^±J°ERS±J¯J¯;ßØRST�_Y[HNQR1NQ]^R1T�_
P
Æ oQr�l4l�den^cLbgl�r1c ·^j der1hpqsr1` j m^b�Ó�i�`4��b j Ó�`�i1{���b�`�l#qsr�`4b�l4b�b�l j m�b · l4bgr�qacedÐØ · det�l4{�dLh j dececLi j r1`Oi�lyi�hYi�{ j dÐ¹�b�t�b j b�{ j dLr�h
fgb�t^d · f!¸ ã dLh�b�`�i1c1r�dLc
l�{�deh j dLcecei j r�`�t�b j b�{ j r1`�l�m^iº¹�ban3b�b�h8uvdLt^b�c Ï5· l4b�t¥dLhWb�� o3b�`�dLfgb�h j lU¸	ø � á � 7�� Æ w ã øa��7�~�¶�� �
i1h^t ãïÆ x�w µ i1`�bOi"qsb�u¤b�� i�f�o�cLb�lU¸ Æ q · cec Ï i1{ j d7¹1bOcedÐØ · det�l4{�dLh j dLcecLi j r�`�t^b j b�{ j r1`�n^i1l�b�tkr1hki}t^b�l4de�1hkl�dLfgdecLi�` j r
j m^b8r1h^bOt^b�l4{�`4denQb�t%qsr�` j m^b j `4i�{��1b�`Ho�cLi�h^b�l�7
m^i1lvn3b�b�hk{�r1h�l4det^b�`�b�t�deh j m^b�l j@· t^deb�l�`4b�cLi j b�t j r j m^b � ; ,/. ~�b j4j b�`vr�q
� h j b�h j 9 : 0 <�i1h^t�dLhkl j@· t�dLb�l�qsr1`vigcer1h^�gn^i�l4b�cLdeh^bOh^b ·�j `�dLh^r}r�l4{�dLcecei j der1h%b�� o3b�`�dLfgb�h j 9 : . <;¸

~�dÐØ · detá¶�{�deh j dLcecei j r�`*Ó�`�i1{���b�`�l ( ~^¶�Ó 2 i1`�byf�i�t^b · o�r1q�ôÞ~^¶%��n^`4b�lvdLh�l4b�` j b�t�dLh�cLr�h^��{�b�cecelv�^cLceb�t�uvd j mkcLd7Ø · det
l4{�dLh j dLcecLi j r�`U¸ µ h^b8~^¶�ÓÖdLlOo3r1l�d j dLr�h^b�t�t^r�uvh^l j `�b�i1fºr1qEb�i1{�m�uHi1cec�r�qEb�f · cLl�der1h�n^`�de{��
lº¸ Æ ~�¶�ÓÖdelOfgi1t^bWr1q j uHr
{�r�h^l4b�{ ·^j dÐ¹�b�o^cei1h^b�l¡7^uvd j m�i}l4d7õ�b8r1q-i1n3r ·^j î B�Ö � î B�Ö D ��¸ µ h^b�o^cei1h�b¥dLl#l4b��1fgb�h j b�tkuvd j m�m^r�`4d7õ�r�h j i1c�i�h^t j m^b
r j m^b�`#r1h^b¥uvd j mï¹1b�` j de{�i�c�{�b�cecLlº¸
Óvm^b¥o3b�`�oQb�h^t^de{ · cei1`#{�b�cLc�r1`�dLb�h j i j dLr�h^lvi1cecer�u¤qsr�`�`�b�{�r1h^l j ` · { j dLr�hkdLh�l�o^i1{�b�¸
Óvm^b
t^b�l�de�1hkdLlvdet^b�h j dL{�i1c�qsr�`�nQr j mkr1`�deb�h j i j der1h^lº¸

ø�i1{�m"o^cei1h�by{�r1h^l�del j lHr�q�igl�b�`�dLb�l�r�quî Ö�� o^i1`�i1ceceb�c3{�b�cecelvr1q�i�nQr ·^j =6� D � {�`4r�l4lHl�b�{ j dLr�h^¸Q»acei1h�b�lHi1`�b#fgi1t�byr�q
b�� j ` · t^b�t�7�uvm�d j b�o3r1c Ï {�i�`4n3r1h^i j b�o^`�r1�^ceb�l ( o�i1h^b�c 2 uvd j m�t^def�b�h^l�dLr�h^l�r1q = � ó���� � î Ö��p� D Ú ¸£Óvm^b�l4bgo^`�r1�^ceb�l
dLh�{�c · t^b j m^deh�l4b�o^i1`�i j r1`�lauvd j m�i8o^d j {�m�r1q =%� D 7 j m · l't^b���h^dLh�� j m^by{�b�cec�l j ` · { j>· `4b�¸	»Er�c Ï {�i1`�nQr�h^i j b�o^`�r1�^ceb�lH{�i�h
nQbWb�� j ` · t^b�tkuvd j m�i}m^de�1m�`�b�5^b�{ j d7¹ d jCÏ ( ö Ö�� 2 ¸
Óvm^b¥l j i�h^t^i1`�tkl4d7õ�b8r1q�i"o^i1h�b�cØdel ó � � D ��i�h^t j m�b¥u�b�dL��m j dLl
=�Bs�kõ�Ù�ª D � ¸ µHj m�b�`vl�dÐõ�byo�i1h^b�cLl�7
h^b�b�t^b�tkqsr�`vo^i1` j de{ · cei1`'t^b j b�{ j r�`¡7�{�i1h�n3b�o^`4r t · {�b�tQ¸

Óvm^bgo^`�r {�b�t · `�bWr�q��^cecedLh^�ki�h^tYl�b�i�cLdeh^�km^i�lyn3b�b�h�t^b¼¹�b�cer1o3b�tpi1h^t j b�l j b�t�rº¹1b�`#l�b¼¹�b�`�i1c-fgr1h j m^l�i�h^tpl4m^r�uvl
m^de�1m"`�b�cedLi�n^decLd jCÏ ¸�Óvm^b�{�b�cec�l�dL��h^i1c^delab�� j `�i1{ j b�t}n Ï f�b�i1h^l�r1q·i¥l�dLh��1ceb�ôÞ~�¶"�^n�`4b 7S`�b�i�t�r ·^j i j r1h^b�r1`½n3r j m"b�h^t�lU¸
* dLn^`�b�lEm�iº¹1bHi#t^dei1fgb j b�`Er�q = ? =�B�ó D�D 7 j m^b't^r · n�cLb'{�cei1t�t^dLh��#m^i�lEi j m^de{��
h�b�l�lEr1q^i�nQr ·^j =-Ö CED ¸�Óvm^b'b�fgdel4l�dLr�h
l4o3b�{ j ` · fÖm^i�l�fgi1� def · fÖi j i�nQr ·^j Ö-ó�� ¢ D ¸�Óvm^b
ôÞ~�¶W�^n^`�b�l�i1`�b½{�r�m^b�`�b�h j c Ï n · h�t^cLb�t�7¡��c · b�t�7¸{ ·�j�j r1�1b j m^b�`�n Ï
i}t^dei1fgr1h^t�l�i�u j r}i�`4`�i1h^��b�f · c j dL{�m�i1h^h^b�cØr1o j de{�i1c�{�r1h^h�b�{ j r1`�l'i1h^t�{�r · o^ceb�tkt^de`4b�{ j c Ï"j r�r�o j r b�cLb�{ j `�r1h�dL{O{�m^i�dLh^l
qsr1`H`4b�i1t^r ·^j ¸ � h j m^b�{�i1l�b�r1q�i�h�øuù¥xvx � `4b�i1t^r ·^j î Ö�� ? ��Ö���� �^n^`�b�lH{�i�h}nQby{�r�h^h^b�{ j b�t j rWr1h^b�øuù¥xvx � {�m^i1deh
j m^`�r · �1m�l4bx¹1b�`�i1c·{�r1h^h^b�{ j r1`�lU¸

ã i�h Ï � h^r�uvh©cLd7Ø · det²l�{�deh j dLcecei j r�`4l�i1h�t²h^b�u
l4{�dLh j dLcecLi j r�`4l�n^i1l�b�t²r1h²{�m�b�i1o©r1decLl�uHb�`�b j b�l j b�t«i j t^de Qb�`4b�h j
{�r�h^t^d j der1h^l�7 j b�fgoQb�`4i j@· `�b�l�7 �1i�lvi j f�r�l4o�m^b�`�b�l�7 o^`�b�l�l · `4b�l j r}�^h^t j m^b¥n3b�l j r1h^b�¸=Óvm^b�l j i�n^dLced jCÏ r1q-o^cei1l j de{��^n^`�b�l
dLh�t�dL 3b�`�b�h j cedÐØ · det�l4{�dLh j dLcecLi j r�`4l�del¥uHb�cec½o^`�rº¹1b�hYrº¹1b�` j m^b Ö fgr1h j m�l¥r1q j b�l j lU¸"��r�t^b��1`�i1t^i j der1h�r�q'�^n^`�b�l�i1h�t
cLd7Ø · det�l�{�deh j decLcei j r1`EuHi1lEfgb�i�l · `4b�t^¸�ù Ï {�m�r
r�l4deh^� j m^bvi�o^o^`�r1o^`�dei j bHl�{�deh j dLcecei j deh^�OfgdL� j>· `4bvuHb'r1n j i1deh^b�tgqsr�`Ei D Ü ß

ó ¦ �



ö ß�BsÙ1B i1h^t�î B ö ß�BsÙ1B i j ikt^dLl j i�h^{�bgqs`�r1f i�o^m^r j r {�i j m^r t^bgr�q ó�B�Ö D i�h^tòî B�Ö D 7·`�b�l�oQb�{ j dÐ¹�b�c Ï ¸ Æ j�j b�h · i j dLr�h
cLb�h^� j m^l�r�q =¸��B ¦ D qsr�` =�B�ó D�D �^n^`�b�l�uvd j m�fgde`4`�r1`�lHi1h^t ö B�ó D uvd j m^r ·^j fgdL`�`�r1`�lHuHb�`�bOfgb�i1l · `�b�t^¸

Óvm^b8r1o j dLfgdel4i j der1hkr1q j m�b¥cLd7Ø · det�l4{�dLh j dececLi j r1`�l�del�{�r1h j deh · dLh��`¸ � · b j r j m^b¥cer
{�i1cØl�{�deh j decLcei j dLr�h�cLde�1m j {�i1o j>· `�b
i1h^t j r j m�bzôÞ~^¶©{�r1h�¹1b�`4l�der1h�deh^l4det^b j m^bk�^n�`4b 7-iYn3b j4j b�`}oQb�`4qsr�`4fgi1h�{�b6r�q j m^b%ced7Ø · dLt«l4{�dLh j dLcecLi j r�`Wl�m^r · cLt«nQb
i1{�m^deb¼¹¡i�n^cLb 7
i1lv{�r1fgo^i1`�b�t j r j m^r1l�bOi1o^o^cede{�i j dLr�h^lvdeh�uvm�dL{�m�i}cLr�h^��i j�j b�h · i j der1hkcLb�h^� j m%del�`�b¼Ø · de`4b�t^¸

Æ cLi�`4��b�l Ï l j b�f
r�qØl4de�}o3r1c Ï {�i1`�nQr�h^i j b�o^i�h^b�cel'dLl · h�t^b�`v{�r1h^l j ` · { j dLr�h"i1h�t%uvdecLc·l�r r1h6n3b j b�l j b�t^¸ Æ oQr�l4l�den^cLb
i1l�l4b�f8n^c Ï l4{�m�b�fgb#qsr�`4b�l4b�b�lHn · h^t�cLb�lHr�qØ� · dLt^by�^n^`�b�l�7�{�r�h^h^b�{ j b�t6uvd j mzôÞ~�¶6��n^`4b�l'i1h^t%{�r · o^cLb�t j r j m^b#`�b�i�t^r ·�j
t^b¼¹ de{�b�l�i j�j m^b�{�r�`4h�b�`�lvr1q j m^b¥o�cLi�h^b�lº¸=Óvm^del�i�cLcer�uvlvq · cec�i1{�{�b�l4l j r}b�f · cLl�dLr�hkn^`4de{�� l�uvd j mki}oQr�l4l�den^cLb�`�b�t · { j dLr�h
r1q�igt^dLl j i�h^{�b�n3b j uHb�b�h%uHi1cecelU¸

(*) +-,	. æ =��-Ö ç ~�i Ï r ·^j r1q�i�o3r1l�l�dLn^ceb�cedÐØ · detkl4{�dLh j dececLi j r1` j `4i�{��1b�` ( ~�¶�Ó 2 t^b j b�{ j r�` j rgn3b · l4b�tkqsr1` µ »uø�w Æ ¸

ÂHGJI�GJI 	�N�
�NQ¯JT^Ý
� NQ°ER�T�U8R��HN�÷ ìH¯JRS±OMO_cßØ]�ÅÖPS]�ß�°�°H±J°wà�ß	Ý
Ý�_
T�ßØ]��
| `4r · o^lHr1q j m^b µ »wøaw Æ x�r�cLcei1n3r1`�i j dLr�h}i1`�b�qsr1cecer�uvdLh^� j m^b#i1o^o^`�r1i�{�mgr1q j m�b#l�r1��{�i�cLceb�t ã · c j dL�ÎÓ�`�i1{�� deh^�5¶ Ï l j b�fgl
� ã Ó�¶ 2 ¸��#b�`�bvu�bvn�`4deb�5 Ï t^b�l�{�`�denQb j m�b�¶ Ï ¶^i1c�l Ï l j b�fº9 : � <^r�`4de�1deh^i1cec Ï t^b¼¹�b�cer1o3b�tgn Ï8j m�b�¶^i1ceb�`�h^rO�1`�r · oQ¸�� · ` j m^b�`
w�� � o�`4r��1`�i1fgfgb�lyi1`�b · h^t^b�`�uHi Ï dLh�r j m^b�`Ôø · `�r1o3b�i�h���`4r · o^l�r1q µ »uø�w Æ i1h^tÝx�� µ w V ¶�7·l · {�m�i1l6xQø�w���7
ã��· h^l j b�`¡7���i1o�cLb�l¡7
� � ����ø��©i1h^t�w�r�f�b�¸

ó ¦ ö



� h0¶ Ï ¶^i�c½i1cec j `4i�{��
l8dLh�b�i1{�m��^b�cet�r1q
¹ dLb�u i1`�b}`4b�{�r1��h^del4b�tY`�b���i1`�t^cLb�l4lOr�q j m^b�de`¥l�cLr�oQb 7Øo�`4rº¹ det^b�t j m�b Ï i1`�b
uvd j m^deh³i�`4b��1der1hpr1qHi1h^� · cei1`�i1{�{�b�o j i�h^{�b�¸iÓvm^b}t^b j i�dLc�cLbx¹1b�car1q j m^b"`�b�{�r1h^l j ` · { j der1hpdLl j m^b"l�dLh��1ceb j `�i1{�����`4i�dLh�7
j m · l j m^b�m^de�1m^b�l jvj m^b�b�f · cel4der1h�{�i�h Ï deb�cet^¸

Óvm^b8`4i�u¤t^i j i"i1`�b¥l�b�`�dLb�l�r1q j r1fgr1��`4i�o^m^de{�dLfgi��1b�l�r1q j m�b8b�f · cel4der1h�7 j i��1b�h�uvd j m j m^bWr1n ¬�b�{ j d7¹1b8f�rº¹ deh^�}i j
`4b�� · cei1`�c Ï l�o^i1{�b�t³t�b�o j m²ceb¼¹1b�cLl � qs`�r1f =�B�Ö j r²¦ B�Ö CED 2 ¸ � h j m�b%o^`�b�l�b�h j {�r1h��^� · `�i j dLr�h�7�i�{�r1fgfgb�`�{�dei1cam�dL��m
`4b�l4r�c ·�j der1h³{�i1fgb�`�i � =��-ó¸� � =��-ó¸� o^de� b�cel¡7H¦ �©§©¨ 2 uvd j m²i�h³b�ceb�{ j `�r1h^de{6l�m ·^j�j b�` � ��Bs= j r ó D ¶ 2 l�b�h^t^l�b�i�{�m
dLfgi��1b j rgi�qs`4i�f�bO��`4i�n^nQb�` � i ã i j `4r�� | b�h^b�l�dLlvuvd j mki�� µ Æ o^`4r {�b�l�l4r�`�r�h%n3r1i�`4t 2��
j m^b�`4byd j dLlv{�r1h�¹1b�` j b�t j rWi
fgi j `�de�6r1q��1`�i Ï �¼l�{�i�cLb#o^dL� b�cLl � ó-Ö î�ceb¼¹�b�cel¡7 � n^d j l�o3b�`�o^dL� b�c 2 ¸

Óvm^b�h^b�� j l j b�o"qsr1`#¦ � j `4i�{�� dLh^��deh"b�f · cel4der1h}del j m^b�`�b�{�r1��h^d j dLr�h}r1q·�1`�i1deh^lº¸ Æ t^dL��d j i1c3�^c j b�`�dLl · l�b�t j r¥{�ceb�i�h
b�i�{�m ó�� dLfgi1��b
7Øb�h^m^i�h^{�deh^� j m�b"t^i1`���l�oQr j l�uvd j m j m^b}b�� o3b�{ j b�t�l�dÐõ�b}i1h^t�l�m^i1o3b
7Øi1h^tpl · o^o^`�b�l�l4deh^�ki1cec½r j m^b�`
dLh�m^r1fgr1��b�h^b�d j dLb�l¥r1q j m�b}dLfgi1��b�¸�Óvm�dLl¥r�oQb�`4i j der1hpdLl8{ · `�`4b�h j c Ï oQb�`4qsr�`4fgb�tpdeh =-ó D ¶"n Ï�j m�b}� µ Æ o^`4r {�b�l�l4r�`
m^r1l j b�t�r1h j m^b6qs`4i�f�b}��`4i�n^n3b�`º¸}Óvm^b"{�c · l j b�`4���^h^t^deh^� � r�`¥{�c · l j b�`4deh^� 2 o�`4r {�b�l4l�7·o3b�`�qsr1`�fgb�t�dLh�o�i1`�i1cecLb�cEn ÏYj m^b
m^r1l j »Ox xQ» V 7 j i1�1b�l � ? =-Ö D ¶8t^b�o3b�h^t�dLh^�6r1h j m^b8h · f8n3b�`�r�q�n�cLi�{��"{�c · l j b�`�l�deh j m^b8dLfgi1��b�¸#x�c · l j b�`4l�uvd j m
j m^b�b�� oQb�{ j b�tk�1b�r�fgb j `�de{�i1c·o^i�`4i�fgb j b�`4l'i�`4bOo^`�r1fgr j b�t j rg�1`�i1deh^lº¸

| `�i1deh^l"qs`�r1f t^dL 3b�`�b�h j cei Ï b�`4l}i�`4b j m^b�hÞ{�r1fWn^dLh�b�t j r��1b j m^b�` j r³`�b�{�r1��h^dLl�bk�1b�r1fgb j `4de{�i�c�¦ � i�cLde�1h^fgb�h j lU¸
ôÞd j m�i1hkiº¹1b�`4i��1byh · f8n3b�`vr�q ����� ? =������ �1`�i1deh^l'o3b�`�defgi1�1b 7 i1h�t ó�� ? ¦ � cLi Ï b�`�l¡7�d j del�dLfgo3r1` j i�h jvj r}`4b�t · {�b
j m^bW{�r�f8n^deh^i j r1`�dLi�c�{�r�f�o�cLb��
d jCÏ ¸uôÞd j m j m^dLl#i1def�7 j m�b8�^b�cLt�r�qQ¹ deb�u del�l · nQt^d7¹ dLt�b�t�deh j r"{�b�cecLl � ó�� CED oQb�`�b�i�{�m
l4det^b 2 ¸k~�r
{�i1c½i�cLde�1h�f�b�h j l8r�q'�1`�i1deh^l¥i1`�b}t^b j b�{ j b�t³uvd j m^deh³b�i�{�m�{�b�cecai�h^t�i1{�`4r�l4l8nQr · h^t^i�`4deb�l¥r�q'h^b�de�1m n3r · `�dLh��
{�b�cLcelU¸QÓvm�dLl�¦ � o^i�` j r�q j m^b j `4i�{��g`4b�{�r1��h^d j der1h6o�`4r {�b�l4l j i��1b�lHh�r�cer1h��1b�` j m�i1h ��B�ó ¶�r�h6i�»Eb�h j d · f �4��� ` · h^h�dLh^�
i j ��Ö��k¹º§©¨ ¸

Æ q j b�` j m�b j `4i�{��
l%r1q�r�h^b�b�f · cel4der1hÜo^cLi j bYm^iº¹1b�n3b�b�hÜ`�b�i�tÞr ·^j 7 j m�b�deh^qsr1`�fgi j der1h j m^b Ï {�i1`�` Ï f · l j nQb
{�r�f8n^deh^b�t�uvd j m j m�i j {�r�fgdLh^�kqs`�r1f j m^b"r j m^b�`�o^cLi j b�l�r1q j m^b}l�i1fgbgn^`�dL{��	¸�¶^r1q j uHi1`�b j `�i1{�� deh^�%i�cL��r1`�d j m^fglOi1`�b
i1n^ceb j r�oQb�`4qsr�`4f �^h^b½i�cLde�1h�f�b�h j nQb j u�b�b�h��^cefgl�i1h�t�{�r1h�h^b�{ j�j `�i1{���l�b���fgb�h j l�7 j m · l�`�b�{�r1h^l j ` · { j dLh�� j m^b½{�r1fgo^ceb j b
o^i j m"r1q�i8o^i1` j de{�ceb�¸�Óvm^del�delai�cL`�b�i�t Ï n3b�deh^�8t�r1h^b�qsr�`yx�� µ w V ¶�71dLh}uvm^de{�m j m^b�h · fWnQb�`ar1q�n�i1{�� �1`�r · h�t j `4i�{��
ladLl
l4bx¹1b�`4i�cØr1`�t^b�`�l�r�qEf�i��1h^d j@· t^b¥cei1`��1b�` j m^i�h�dLh µ »wøaw Æ ¸ ��j delyi1cel4r}o3r1l�l4den^ceb j r%t^b j b�{ j i1h�t�`4b�{�r1h�l j ` · { j r1h��¼cedLh�b
j `�i�¬�b�{ j r�`4deb�lEuvd j mgi�� deh^�Ø7�r1` j m^r1l�b'r1q3h^b ·�j `�i1c^o^i�` j dL{�cLb�l � uvm^de{�mgcLb�iº¹1b'h^r j `�i1{��8dLh j m�b�b�f · cLl�der1h 2 n Ï {�r1`�`4b�cLi j deh^�
j m^b�o�`4defgi1` Ï dLh j b�`�i1{ j dLr�h6o3r1deh j uvd j m�t�b�{�i Ï »�dLh j b�`4i�{ j dLr�h�¹1b�` j dL{�b�lº¸

�Qr1`Hb�� i1fgo^ceb
7��-dL�Ò¸ � �"! l�m^r�uvl j m^by`�b�{�r�h^l j ` · { j dLr�h"r1q�i�h^b ·�j `�dLh^rWdLh�t · {�b�t6{�m^i�`4f bx¹1b�h j dLh�x�� µ w V ¶^¸cÓvm^b
o^`�dLfgi1` Ï deh j b�`�i1{ j der1h"del'u�b�cLc·l�b�o^i�`4i j b�t6qs`4r�f j m^bOt^b�{�i Ï oQr�dLh j r1q j m^bO{�m^i�`4fgb�t6h^b ·^j `4i�c·o^i1` j de{�ceb�¸^Óvm^b Ö j `4i�{�� l
r1q j m^b}bx¹1b�h j i�`4b�b�� j `�i1{ j b�tYqs`�r1f i�nQr ·^j ¦ ��� n^i1{�� ��`4r · h^t j `4i�{��
l�7·deh j>· `�hp`�b�{�r1h^l j ` · { j b�tYqs`4r�fôh^b�i1`�c Ï �������
j `�i1{��Yl4b��1fgb�h j l�t�b j b�{ j b�t³r�h � {�r1h^l�b�{ ·^j d7¹1bgb�f · cel4der1h�o^cei j b�lº¸�Óvm^del¥{�r1`�`4b�l4o3r1h^t�l j r�i¦¹1r�c · f�b}uvd j m�i�{�`�r1l�l
l4b�{ j dLr�h^i1c�i�`4b�iWr�qw4 = D�D �Wi�h^t�i�ceb�h�� j mkr�q Ö�B�Ö D�D ¸

Óvm^b ã b��1i}»ade� b�c·{�i�f�b�`4i�i1cecer�uvl j m^b · l�byr�q�cer�uÜfgi1��h^de�^{�i j der1h � ¦ � � 2 7�uvd j m j m^bOnQb�h^b�� j r1q�cei1`��1by�^b�cLt^lvr�q
¹ dLb�u � = ö � ? ó-ó�� CED uvdet^b 2 ¸QÓvm · l�7
uvd j m6i�qs`4i�f�by`�i j byr1qa¦ �6§«¨ i�uvdLt�b#i�`4b�i8{�i�h6n3bOl4{�i1h^h^b�t^¸^Óvm^by{ · `�`4b�h j
l4{�i1h^h�dLh^�gl�oQb�b�tkdel54 =k� D ��oQb�`vm^r · `vdLh j m�b�{�r1h�t^d j dLr�h^lvb�� o3b�{ j b�tkqsr�` µ »uøaw Æ ¸

Óvm^b ã de{�`�r1l�r1q j `�b�cei j dLr�h^i1c�t^i j i1n�i1l�bÔ¶ Õ ~�¶^b�`r¹1b�`�del · l�b�tYn Ï�j m^b}¶ Ï ¶^i1c�l Ï l j b�f!¸�¶ Õ ~©del�¹¡i�c · i�n^cebWqsr�`#d j l
`4r�n · l j h^b�l4l�7Edelgb�i�l Ï�j rpfgi�dLh j i�dLh�7E{�i�h²n3b�o^`�r1�1`�i1fgfgb�t²uvd j m©fgdeh^dLf · f b� Qr�` jgj m�`4r · �1m©i1h Ï o^`�r1�1`�i1fgfgdeh^�
cLi�h^� · i1�1b 7�i�h^t"d j l'cLr��1de{�i�c�l�{�m^b�fgb�{�i1h"n3b#b�� oQr�` j b�t · h^t�b�`Ht^dL 3b�`�b�h j l Ï l j b�f�lº¸ ��j {�i1h}n3b#i�{�{�b�l4l�b�t�7k¹ dei µ � ù¥xv7
nQr j mpcLr {�i1cec Ï i1h�t j m�`4r · �1m�h�b j uHr1`���7Qqs`�r1f)t^de Qb�`4b�h j fgi�{�m^dLh�b�lyi1h^tYi1{�`�r1l�l�f · c j deo^cLb�o^cei j qsr1`�f�l�73`�b��1i�`4t�cLb�l4l�r�q
j m^b�r�oQb�`4i j deh^�gl Ï l j b�f
r1hkuvm^de{�m j m^b�{�cedeb�h j ` · h^lU¸

ó¸���



(*) +-,	. æ =�� î ç ��b ·^j `�deh^r�deh^t · {�b�t¥{�m^i�`4f b¼¹�b�h j `�b�{�r�h^l j ` · { j b�t�uvd j m j m�bu¶ Ï ¶^i�c1l Ï l j b�f dLh � {�r1h^l�b�{ ·^j d7¹1bab�f · cLl�dLr�h
o^cei j b�l�r1q j m�b%x�� µ w V ¶ j i1`��1b j rº¹�b�`'i}l · `4qsi�{�bOr1q#� í%í%$ ¸=Óvm^b�o^`�dLfgi1` Ï h^b ·^j `�deh^ri¹1b�` j b��"i�h^t j m^b¥l�b�{�r1h^t^i�` Ï
{�m^i1`�f
t^b�{�i Ï ¹�b�` j b��}i1`�by{�cLb�i1`�c Ï l�b�o�i1`�i j b�t^¸

ó¸��=



Óvm^b%�1b�h^b�`�i1c ã Ó�¶³i1o^o�`4r�i1{�m�del8m^i�`4t^uHi1`�b���deh^t^b�o3b�h�t^b�h j&�Ej m^b�`4b�qsr1`�b
7�d j dLl�o3r1l�l4den^ceb j r�{�cer1l�b�c Ï qsr�cLcer�u j m^b
j b�{�m^h^r1cer1��dL{�i1c�b¼¹1r�c ·�j der1h³uvd j m^r ·^j {�m�i1h^��dLh^� j m^b�n^i1l�de{6qs`�i1fgb�uHr1`��	¸IÓvm^b6��r1i�cadel j rYdeh^{�`�b�i�l4b6n Ï r�h^b j r j uHr
r1`�t^b�`�l'r1q�fgi1�1h�d j>· t^b j m^b�o�`4b�l4b�h j l�{�i�h^h^deh^�gl4o3b�b�t^¸ Æ fgr1h�� j m^b�i1`�b�i�l'dLhkuvm^de{�m%l · n^l j i�h j dei1c · o^��`4i�t^b�l'{�i1hknQb
r1n j i1deh^b�tkdehki�fgb�t^d · f j b�`4f oQb�`4der t%uHbæØ · r j b

' i}h�b�u j `�i1{�� deh^�gf�b j m^r t�7^b�l�l4b�h j dei1cec Ï dLh j m^b j uHr}m^r1`�dÐõ�r1h j i�c�t^def�b�h^l�dLr�h^l¡7�n Ï l · oQb�`4o3r1l�deh^�}i1cec j m�b¥�^b�cet^l
r�q�¹ deb�u¤r1q�r�h^bOb�f · cLl�der1hkcLi Ï b�` �Sj m^b�`�b�{�r�h^l j ` · { j dLr�h%deh%l�o^i�{�bOdLl�oQb�`4qsr�`4fgb�t�i j'j m^b�b�h^t �

' iW{ · l j r�f qs`4i�fgb#��`4i�n^n^deh^�8t^bx¹ dL{�b
7�n^i1l�b�t%r1h%h^b�uÝ{�r1fgfgb�`�{�dei1cEx ã µ ¶6l�b�h�l4r�`4l�7Sdel'nQb�dLh��Wl j@· t�dLb�t � d j delHi
fgb��1i1o�dL� b�cQl4b�h^l�r1`�7�{�i�o^i1n�cLb#r1q�r1o3b�`�i j dLh��¥i j i j@· h�i1n^ceb#qs`�i1fgb�`�i j b
7 · o j r Ö����"§«¨ ��j m�b#i�f�r · h j r�q�t^i j i
� Ö����k¹)(�* ÷ Ù�ª ¶ 2 delvt^dL­g{ · c jvj rgm^i1h^t�cLbOn Ï o^`�b�l�b�h j c Ï iº¹¡i1decLi�n^ceb#qs`�i1fgby�1`�i1n^n3b�`�l � igt^b�t^dL{�i j b�t�b�ceb�{ j `4r�h^de{
i�`4{�m�d j b�{ j>· `�b#del�n3b�deh^�gl j>· t^deb�t �

' i�h^b�u87·l4o3b�{�dLi�cLc Ï t^b�l4de�1h^b�t�l j i��1b
73{�i1o^i�n^cebWr�q½fgrº¹
deh^��i1h^tpl j r1o�o^dLh��%uvd j m^r ·^j i1o^o�`4b�{�dei1n^ceb8r�l4{�dLcecLi j der1h^l
i j'j m^b�qsr�`4b�l4b�b�h�m^dL��m%l�{�i�h^h^deh^�g`4i j b�l �

' igh^b�u uvdet^bO�^b�cLtkr1o j de{�l � qsr�`�deh^l j i1h^{�b
7
igt^dei1fgb j b�`�r�q ����� CED r�q�fgr�`4b 2 uvd j mk��r
r t�dLfgi��1bæØ · i1ced jCÏ��
' i�h�i ·^j r�f�i j de{8t^bx¹ dL{�b j r�`�b�o�cLi�{�b8i�h^t�l�b jyj m�b�b�f · cel�dLr�h��^cefglydeh j r�oQr�l4d j der1hYr1h j m^bgfgdL{�`4r�l4{�r1o3b8l j i��1b
7
uvd j m�r ·^jvj m^b�h^b�b�t%r�q�m · fgi�h%deh j b�`r¹1b�h j der1h^¸

Óvm^b%l4r�c ·�j der1h�r1q j m^b�o^`4r�n^ceb�fgl8`�b�cei j b�t j r�b�i�{�m�r1q j m^b%i�nQrº¹�b}oQr�dLh j lW{�r · cet³ceb�i1t j r�i�h³deh^{�`�b�i�l4b"r�q j m^b
rº¹1b�`4i�cLc-l�{�i1h�h^dLh���l4o3b�b�tpn Ï i�qsi1{ j r1`�n3b j uHb�b�h j uHrki1h^t j b�h�uvd j m�`�b�l�oQb�{ j�j r j m^b}o^`�b�l�b�h j c Ï i�{�m^dLbx¹1b�t�¹¡i1c · b�lU¸
Óvm^b�`�b�qsr�`4b j m�b j r j i1cE�1i�dLhYnQb j u�b�b�hpr1h^bgi�h^t j uHr%r�`4t�b�`�lyr�qafgi1��h^d j@· t^b�cer
r�� lyo3r1l�l�dLn^ceb�¸£¶^o3b�{�dLi�cE{�i1`�b�uvdLcecEnQb
t^b¼¹�r j b�t j r j m�b}t^i j i�i�{¼Ø · del4d j der1hpi1h�tYm^i�h^t^cedLh�� � dLh�{�c · t^deh^��i��1b�h^b�`�i1c-t^i j i1n�i1l�b 2 ¸ � hpqsi1{ j 7�t · b j r j m^bgcLi�`4��b
Ø · i1h j d jCÏ r�q�t^i j i � n3r j m�i1l'deh^o ·^j i�h^t�r ·^j o ·^j¸2 i1h Ï o^`�r1n^ceb�fø{�r · cLt�m^iº¹1byl�b�`�dLr · lvb� 3b�{ j lº¸

ÂHGJI�GÐé +uìHRkìH_�N«RSN3PSR%,�N`ß��-� N3ßØPtì�_
N�� NQ°ER1P
� h j m^b�{�r1fgdeh^� Ï b�i�`4l�7 j m�b µ »uøaw Æ {�r1cecLi�nQr�`4i j der1hWuvdLcec^{�r�h j deh · b j r�h^b�b�t j b�l j n3b�i1fgl½i�h^t�5^r r1`El�o^i1{�bHi j xQøaw��
qsr1`�o�`4r j r jCÏ o3b j b�l j deh^�}i1h�t%l j@· t�dLb�l�r1hzøyxvx³n^`4de{�� lvi1h^t�b�ceb�{ j `�r1h^de{ j `�i1{���b�`�lU¸

Óvm^byt^defgb�h^l�dLr�h^l'r1q j m^byb�ceb�{ j `4r�h^de{#t^b j b�{ j r�`4lH`�b¼Ø · de`4byi8`�i j m^b�`HcLi�`4��b�5^r r�`�l�o^i1{�b�¸^Óvm^byqsr1`�fgb�`¥x�� Æ w ã �4�
n · decLt�dLh^�}l�b�b�fgl j rgnQb�l · d j i1n�cLb�¸QÓvm^bOf · r�h%`�i j b�l'qs`4r�f j m^b5¶�»u¶zôYb�l j Æ `�b�i j b�l j n3b�i�fglvi1`�b#cer�u£¸���r�uHb¼¹1b�`¡7�deq
j m^bgn3b�i�f j def�b�del#h^r j cedef�d j b�t j m^delyt�r
b�l#h�r j {�r1h�l j d j>·^j b�i6o^`�r1n�cLb�f¦¸ � hYi1t^t^d j der1h�73i65^r r1`yl�o^i1{�b8deh�i6m�i1cec�r�q
i1n3r ·^j ó���� D ��uvd j m�igm^b�dL��m j r1q =�� D dLl�`�b¼Ø · de`�b�t6qsr�`vi1l�l4b�f8n^c Ï"j b�l j l�r�q�o^`�r j r jCÏ oQb�lvt^b j b�{ j r1`�lº¸

Óvm^byb�� o3b�`�dLb�h^{�by�1i�dLh�b�t6uvd j m j m^bOcLi j b�l jHj b�l j nQb�i1f
o3b�`�der
t�lHm�i1l'l4m�r�uvh j m�i j nQr j m j m^b ��Ö i1h�t �W� n3b�i1fgl
i1`�bOl · d j i�n^cebyqsr�`vl j>· t^deb�lvr�q j m�b�n^`4de{��}`�b�l�oQr�h^l4b j r}b�cLb�{ j `4r�h^l'i1h^t�f · r�h^lº¸�Óvm�byn3b�i�føqsb�i j@· `4b�lHi�`4bOuHb�cec�� h^r�uvh
i1h^t©b�� {�b�cLceb�h j o^i1` j de{�ceb6det^b�h j dL�^{�i j dLr�h²i1h�t³`4i j b%f�r�h^d j r1`�deh^��i�`4b%iº¹¸i�dLcei1n�cLb�¸¦øa� o3r1l · `�b�l8uvd j m«i1l�qsb�uøi1l =����
o^i1` j de{�ceb�l�rº¹1b�` j m^b¥uvm^r�cLb�n�`4de{��"l · `4qsi�{�b�m^iº¹�bOnQb�b�h�i1{�m�dLbx¹1b�tQ¸�Óvm^b�l�b�n3b�i1fgl#i1`�byuHb�cecØl · d j b�t�qsr�`�l�b¼¹1b�`4i�c�l4m�r1` j
j b�l j l¥t^del j `4den ·^j b�tprº¹1b�` j m�b Ï b�i�`U¸.��r�` j b�l j b�� oQb�`4defgb�h j l�deh�uvm^de{�mYl�oQb�{�de�^{ j `�dL���1b�`#{�r1h^t^d j der1h�l�i1h^tpb�� j b�h^l�dÐ¹�b
{�r�h j `4r�c�r1q j m^b�n3b�i�føcedLh^b�i�`4byh^b�b�t^b�t�7 uHbyo�cLi�h j r · l4b j m^b5Ó � r1` j m�b5Ó ö n3b�i�f
dLh j m^b5»u¶Iøai�l j ��i�cLcC¸

Æ l j b�h j i j dÐ¹�bHl�{�m^b�f�b 7�deh j m^b�qsr�` j m^{�r�fgdLh^� j uHr Ï b�i�`4l-uHbvuvdLcec^`�b¼Ø · de`4b j m^b�o^`�b�l�b�h j l4b j@· ogdeh j m^b8x�� Æ w ã �4�
n · decLt�dLh^�Oi�l�iyoQb�`4fgi�h^b�h j�j b�l j qsi1{�deced jCÏ 7¸l4bx¹1b�`�i1c�l4m�r1` j o3b�`�dLr t^l�o3b�` Ï b�i1`�dLh j m^b �£Ö i1h^t^»�r1` �8� nQb�i1fgl�qsr�`-l4o3b�{�dL�^{
fgb�i1l · `�b�fgb�h j l�r1qab�f · cel�dLr�hY�^cefgl¥i1h�tYi�nQr ·^j r1h^bgfgr1h j m�` · h^h^deh^� j defgb}oQb�` Ï b�i1`OdLh j m^bi»u¶XÓ � i�h^t^»�r1`æÓ ö
nQb�i1f cLdeh^b�lº¸

ó¸��ó



Æ j b�l j o�`4r��1`�i1fgfgb�qsr1`6b�f · cel�dLr�hÝn^`�dL{��«{�r�f�o3r1h�b�h j l%i1h^tÝl j@· t^dLb�l%r�q�b�f · cLl�der1hÞi1h�i1c Ï l�del j b�{�m^h^d7Ø · b�l%dLl
· h^t^b�`4uHi Ï ¸�Óvm�b�r ·^j {�r�f�bkr�q j m^b�t^i j i�i1h^i�c Ï l�dLl}r�q j m^b�`�b�{�b�h j f�b�i1l · `�b�fgb�h j l}fgi Ï cLb�i1t j r�r j m^b�`6l4o3b�{�dL�^{
fgb�i1l · `�b�fgb�h j l¡7
cedLl j b�tknQb�cLr�u j r1��b j m^b�`vuvd j m j m�b�de`vi1def

' ã r1fgb�h j@· føfgb�i�l · `�b�fgb�h j n Ï f · c j dLo�cLb�l�{�i j�j b�`4deh^�
x�r�h^�^`�f j m^b6fgb j m^r t³qsr1`8dLh^{�cLdeh^b�t j `�i1{�� l¥r�qHt�dL 3b�`�b�h j fgr1fgb�h j i�i1h�t�i1h^��cLb 7 j b�l j b�t²uvd j m j m^`�b�b[øyxvx
n�`4de{�� lHb�� oQr�l4b�t j ri»u¶�o^dLr�h^lº¸

' ø�cLb�{ j `4r�h6det^b�h j de�^{�i j der1hki�h^t%b�h^b�`�� Ï f�b�i1l · `�b�fgb�h j
x�r�h^�^`�f j m^bgfgb j m^r t�n Ï¦· l�dLh^��b�ceb�{ j `�r1h^lyuvd j m�t�dL 3b�`�b�h j b�h^b�`4� Ï `�i1h��1b�l � r1h�b8n^`�dL{���m�i1lynQb�b�hpb�� oQr�l4b�t
i j xQøaw��Öi�h^t%d j l�i1h^i�c Ï l�dLl'del�nQb�dLh���l j i�` j b�t^¸

' � b j b�{ j der1hkr1q�/ ´ l
Ó�b�l j i�fgb j m^r t j r�t^b j b�{ j10 × ´ lWn Ï `�b�{�r�h^l j ` · { j dLh^� j m^b�de`¥fgi1l�l¡7Øqsr1` j m^b"r�n^l4b�`>¹¡i j der1hpr1q j m^b�Õ32547698
t�b�{�i Ï fgr t^b � i1h�b�� i1fgo^ceb#r�q 0 × 2 ó /²r�n^l�b�`r¹1b�t%dLh j m�bføOxvx�n^`�de{��}b�� oQr�l4b�t6dehki j b�l j b�� oQb�`4defgb�h j m^i1l
n3b�b�hkl4m^r�uvh�deh:�-de�`¸��/; � ¸

' � t�b�h j de�^{�i j der1h�r1q�cLr�u fgr1fgb�h j@· f
f · r�h^l
ú i�cLdet^i j b j m�b"fgb j m�r
t�t�b�l�{�`�dLn3b�t�deh0¶^b�{ j der1h ! 7�n Ï i1h�b��
o3r1l · `�b}r1qHi�n^`�dL{�� j r�i�cer�u b�h^b�`�� Ï nQb�i1fôr�q
f · r1h�lvi1h^t�o^der1h^lº¸

' Æ cLde�1h�f�b�h j i1{�{ · `�i1{ Ï�· l�deh^�}cLr�u t^b�h�l4d jCÏ {�r�l4fgde{���`4i Ï 5 · �
x�r�h^�^`�f j m^bgt^b�l4de�1hYi1cedL��h^fgb�h j i1{�{ · `�i1{ Ï i�h^t�bx¹¸i�c · i j b j m�b�fgdeh^def · f j `4i�{���t^b�h�l4d jCÏ l · d j i1n^cebgqsr1` j m^b
o�`4r {�b�t · `�b�¸

ó¸� ¦
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� �
Óvm^b�l�o^i1{�by`�b¼Ø · de`�b�t�dLh j m^b · h^t^b�`��1`�r · h^t | `�i1hz¶^i�l4l�rW~�i1n3r1`�i j r1` Ï {�r1h^l�del j lvr1q j m^`�b�bOfgi1dehkd j b�fgl

' l�o^i�{�bOh^b�b�t^b�t�n Ï6j m^b�t^b j b�{ j r1`vl · o3b�`�fgr
t · cLb�lvdLh j m^b · h^t^b�`4��`4r · h^t%m^i1cec;¸
Óvm�dLlvdeh^{�c · t^b�l�ig{�ceb�i�`4i�h^{�byl4o�i1{�bOqsr�` j m^b�t^bx¹ dL{�b�lvuvm^de{�mk`4b�� · cei1`�c Ï `�b�fgrº¹1b j m�b�l4b�cLb�{ j b�tkn^`4de{�� l �

' l�o^i�{�bOh^b�b�t^b�t�qsr1` j m^b�m^i�h^t^cedLh^�}i�h^t j m^b�i�l4l�b�fWn^c Ï r1q j m^b�t^b j b�{ j r�`vb�ceb�fgb�h j l �
' l�o^i�{�bOh^b�b�t^b�t j r}i1{�{�r1fgfgr t^i j byl · n^l�det^dLi�` Ï qsi1{�deced j dLb�l¡7 uvm�dL{�mkt^r}h^r j m^iº¹1b j r}nQb¥h�b�{�b�l4l�i1`�dec Ï cer {�i j b�tkdeh
j m^b�l�i1fgbOm^i1cec;¸

Óvm^b�l4o^i�{�b#h^b�b�t^b�t"n Ï�j m^b#t^b j b�{ j r1`Hdel�4
¦ � D cer1h��¥i1h^t�7 j `4i�h^l>¹�b�`�l4b j r j m�b#n3b�i�f t�dL`�b�{ j der1h�71i1n3r ·^j =�� D
uvdLt�b�i1h^t =���Bs� D m^de�1mQ¸

Óvm^b�uvdLt j m"delat^b j b�`�fgdLh�b�t"n Ï�j m^b ��Bs�-Ö D uvdLt�b�dL`�r1h}uHi1cecel½r1q j m^b�l�oQb�{ j `4r�f�b j b�`4lº¸ Æ t^t^d j der1h^i�c =�B�Ö D f · l j
nQbgceb�q j qs`4b�b8r�h�b�i�{�m�l�dLt^bWdLhYr1`�t^b�` j r%i1{�{�r1fgfgr t^i j b j m^bW`�r1n3r j l#qsr�`#n�`4de{��km^i1h^t�cLdeh^�6i�h^t j m^b�de`O`4i�dLcel�` · h^h�dLh^�
i1cer1h^� j m^bOt^b j b�{ j r1`º¸QÓvm^bOuvdLt j mkr1q j m^b j i1`��1b j delÔî ���%� D ¸QÓvm^b�l�o^i�{�bycLb�q j r1h�b�i1{�m�l�dLt^bOdelvi1t^bxØ · i j byqsr�`vn^`�dL{��
`4b�fgrº¹¸i�c�i�h^tpqsr1`OcLr {�i j deh^� j m^bgb�ceb�{ j `�r1h^de{ j `�i1{��1b�`4l#`4b�i1t^r ·^j ¸fÓvm�bWuvdet j mpr1q j m^b�t^b j b�{ j r�`ydelO{�r�f�o�i j den^cebguvd j m
dLh�l j i1cecLi j der1h�dLh j m�b�m^i1cec	ùÝr�`vm^i1cecax³r�q j m^b | `�i1hz¶^i1l�l4r�~�i�nQr�`4i j r�` Ï ¸

Óvm^bOm^b�dL��m j r1q j m^b�l · o3b�`�f�r t · cLbOdel�t^b j b�`�fgdLh^b�tkn Ï6j m^b =�� D m^b�de�1m j r1q j m^b�fgi��1h^b j ¸ Æ hkb�� j `4igm^b�dL��m j r�q
i1n3r ·^j ���k� D del�h^b�b�t^b�tkqsr1` j m�b � �¼n3b�i�f�lvl · o^o3r1` j deh^� j m�b j i1`��1b j ¸

Óvm^b j r j i�c�cLb�h^� j mWr�q�4
¦ � D delEn · dec j � · oWi�lEqsr1cecLr�uvlº¸��Qr1`-b�i�{�mWl · o3b�`�fgr
t · cLb 7 j m�b j i1`��1b j l�b�{ j der1hWdLlEfgi1t�bHr�q
ó¸� f�r t · cLb�lU¸^øai�{�m6fgr t · ceb�{�r�h^l4del j l'r1q�i�uHi1cec·r1q j i1`��1b j n�`4de{�� lHi�h^t�r1q j uHrgcLi Ï b�`�l�r�q�l�{�deh j decLcei j r1`�lHl j `�deo^lU¸^Óvm^b
j r j i1c-fgr t · ceb j m^dL{�� h^b�l4lydel =-ó�� DF� ��B �«� D qsr�` j m^b�u�i�cLc�i1h^t²¦ B î � D qsr1` j m^b j `�i1{���b�`�l�i1h�t j m�b�de`#l · o^o3r1` j l 2 ¸
Óvm^b}f · r1h�l4o3b�{ j `�r1fgb j b�`O{�r�h^l�dLl j l�r�q j m^`4b�b j `�i1{�� dLh���l j i j der1h^l�deh j b�`4ceb�iº¹�b�t�uvd j m j uHrkf�i��1h^b j del4b�tYde`�r1hpu�i�cLcelU¸
øai�{�m}u�i�cLc3{�r�h^l4del j lar�q�i¥l�i1h^t^uvde{�m}r1q =-ó dL`�r1h"cei Ï b�`4l � Ö}� D 2 deh j b�`4ceb�iº¹�b�tguvd j m =�= ��i1o^l � ó"� D 2 {�r1h j i1deh^dLh�� j m^b
� h^h^b�`�Ó�`�i1{���b�`�lU¸

Óvm^b j m^dL{�� h^b�l4l�r1q j m^b j m�`4b�b5»a`�b�{�del�dLr�h[Ó�`4i�{��1b�`Hl j i j dLr�h^lvdel ��� qsr1` j m�b�b�� j b�`4h^i�c�r1h^b�lvi1h^t =������ D qsr�` j m^b
fgdLt^t�cLb�r�h^b�¸�Óvm^b�l · o3b�`�fgr
t · cLbvcer1h��1d j@· t^deh^i�c^t^def�b�h^l�dLr�h�del j m · l�î ö �g� DG� ó ö �}� D qsr�` j m^b j i1`��1b j i1h^t �����}� D
qsr1` j m^b�l�oQb�{ j `4r�f�b j b�` 2 ¸ Æ =�B î D i1t^t�d j dLr�h^i1c^{�cLb�i1`�i1h^{�b�del½qsr�`4b�l4b�b�hgdLhgqs`�r1h j r1q j m�b j i�`4��b j r1q·b�i�{�mWl · o3b�`�fgr
t · cLb
qsr1` j m^b#i1{�{�b�l�l j r j m^b#t^b j b�{ j r1`�{�r�f�o3r1h�b�h j lº¸ � h6qs`4r�h j r1q j m�b��^`�l jaj i1`��1b j l · oQb�`4fgr t · ceb�i�cLr�h^� j m^b#nQb�i1f n3b�i1f�7
i1hki1`�{�m�l j ` · { j@· `�b�r1q�i1n3r ·�j ó�B�Ö D ceb�h^� j mkl · o^oQr�` j l j m�b¥cLr�h^�1d j@· t^dLh�i1c � ��nQb�i1fglU¸ V o^l j `�b�i�før1q j m�dLl#l j ` · { j@· `�b
7
i j `�i1{�� deh^�Wt�b j b�{ j r1`vi1cecer�uvl j ri¹1b j r�dLh^{�r1fgdeh^�}{�m^i1`��1b�t6o^i�` j dL{�cLb�lU¸

Óvm^bOcei1`��1b�l j o^deb�{�b�l�r1q�b¼Ø · deo^fgb�h jvj r}n3b j `�i1h�l4o3r1` j b�t j r | `�i1hz¶^i�l4l�rWi�`4b

' j m^b�fgi1��h^b j de`4r�h%o^cei j b�l =�B�ó-Ö � ��B�ó D � �
' fgr t · ceb�lvr�q�o�`4b�i1l�l4b�f8n^ceb�t j i1`��1b j ��u�i�cLc·l · o^o3r1` j l j ` · { j@· `�b�l � fgi1� dLf · føt�dLfgb�h�l4der1h ��Bs� � ¦ B�Ö D � 2H�
' fgr t · ceb�lvr�q�o�`4b�i1l�l4b�f8n^ceb�t j i1`��1b j l4{�dLh j dececLi j r1`'l j `�dLo�l � fgi1� def · f t^dLfgb�h^l4der1h ��B�Ö � ó D � 2H�
' fgr t · ceb�lvr�q�o�`4b�i1l�l4b�f8n^ceb�t%t^`4deq jvj@· nQb�l � fgi1� def · f t^def�b�h^l�dLr�h ��B�Ö � ó�B�Ö D � 2��
' fgr t · ceb�lvr�q j m^b�l�oQb�{ j `�r1fgb j b�`vdeh^h^b�`vt^b j b�{ j r1`vw�»yx�o�cLi�h^b�l � fgi1� dLf · f
t^defgb�h^l�der1h�¦ B�Ö � =�B�Ö D � 2 ¸

ó¸���



Óvm^b�l4o^i�{�b�`�b¼Ø · de`�b�fgb�h j ladLh j m^b�b��
o3b�`�def�b�h j i1cQm^i1cec�qsr�` j m^b�i�l4l�b�fWn^c Ï r1q j m^b�t^b j b�{ j r�`ab�ceb�fgb�h j la{�r1fgb�qs`�r1f
' l�o^i�{�bOnQb�cLr�u j m^b�{�`4i�h^b j r}`�b�{�b�dÐ¹�b j ` · {��
lvi�h^t · h^cer1i1t j m^b�t^b j b�{ j r1`vo�dLb�{�b�lºT =-ó � Ö D � �
' j b�fgo3r1`�i1` Ï l4o^i�{�bOqsr1` j m^b�fgi1��h^b j n · decet^dLh��}n^cLr {�� lºT =-ó � =-ó D � �
' l�o^i�{�b j rgfgr · h jvj m^b j i�`4��b j l · o�oQr�` j l j ` · { j>· `�b�lºT � � � D � �
' l�o^i�{�b j rgfgr · h jvj m^b�l4{�dLh j dLcecLi j r�`Ho�cLi�h^b�lºT =�� � =�� D � �
' l�o^i�{�b j rgfgr · h jvj m^b5»a`�b�{�dLl�dLr�h[Ó�`4i�{��1b�`4lºT =�� � =�� D � �
' l�o^i�{�b j r j b�l j w�»yx�fgr t · ceb�lºT Ö � Ö D � ¸
� h j m^bpdLh^l j i�cLcei j dLr�hÞl4{�m�b�t · ceb j m^b�`�b�{�r · cetÝn3bYi©l · n^l j i1h j dei1c#rº¹1b�`4cei1ozi1fgr�h^� j m^b�i�nQrº¹�b�`4bxØ · dL`�b�fgb�h j l¡7

nQb�{�i · l4b�l�r1fgb�r�q j m^b¥fgr · h j dLh^�}r�oQb�`4i j der1h^lvi�`4bOt^r�h^b�deh�l4b�`4deb�lº¸ µ h j m^b8{�r1h j `4i�` Ï 71��dÐ¹�b�h j m�b j de�1m j h�b�l�lvr1q j m^b
l4{�m�b�t · ceb
7 j m�b¥i1l�l4b�f8n^c Ï r�q j m^b j m^`�b�b¥l · o3b�`�fgr
t · cLb�l�l�m^r · cLt�o^`�r {�b�b�t�cei1`��1b�c Ï deh�o^i�`4i�cLceb�cC¸ Æ cLi�`4��b�qs`4i�{ j dLr�h�r�q
j m^b8i1n3rº¹1byl4o^i�{�b�lvm^i1l j r}nQb�l�d j>· i j b�tki1`�r · h^t j m^b¥t^b j b�{ j r�`vdLh j m^b�`4b�i1{�m�r1q�r1h^bOr�` j u�rgqsi1l j {�`�i1h�b�lº¸ � q j m^dLl�dLl
h^r j o3r1l�l4den^ceb
7�iWcei1`��1b�qs`4i�{ j der1h%r1q j m^bOt^b j b�{ j r1`H{�r�f�o3r1h�b�h j l'uHr · cet"m^iº¹�b j rWnQb · h�cLr�i1t^b�t"dLh%i j b�fgo3r1`�i1` Ï i�`4b�i
i1h^t j m�b�h j `�i1h^l�o3r1` j b�t%{�cer1l�b j r j m^b�t^b j b�{ j r�`U¸^Óvm^delvu�r · cet6`�b�l · c j deh%{�r1h^l�det^b�`�i1n^c Ï l�cLr�uvdeh^�1��t^r�uvh j m^b�t^b j b�{ j r1`
dLh�l j i1cecLi j der1h�l4{�m^b�t · ceb
7 t�b�o3b�h^t^deh^�}r�h j m^b j r j i1c�l�o^i�{�bOiº¹¡i1decLi�n^cLbOdeh j m^b · h^t�b�`��1`�r · h^t�m^i�cLcC¸

V h^t^b�`��1`�r · h^t6l�o^i1{�bOdLlvh^b�b�t^b�t�7 n ·�j h^r j h^b�{�b�l4l�i1`�dLc Ï deh j m^b�b�� o3b�`�dLfgb�h j i1c�m^i�cLc�7
qsr1` j m^b
' n�`4de{��"i1l�l�b�f8n�c Ï fgi1{�m�dLh^b �
' n�`4de{��"fgi1h · qsi�{ j@· `4deh^��i1h^tkl j r1`�i1��b�r�q�b�cLb�f�b�h j lvn3b�qsr1`�b�i1h�t%i�q j b�`vqsi�n^`�dL{�i j der1h �
' b�f · cel�dLr�h%�^ceføb�`4i�l4deh^��qsi1{�dLced jCÏ ¸

¶^o�i1{�b'delEh^b�b�t^b�tgqsr�`Er j m�b�`Eo · `�o3r1l�b�l-i1h^tgqsr�` j m^bvr�oQb�`4i j der1h8r�q j m^bvt^b j b�{ j r�`Et · `�dLh^� j m^bv` · h^¸ � h�o^i�` j dL{ · cLi�`¡7
l4o�i1{�bOdel�`�b¼Ø · de`4b�t6qsr1` j m^b�b�� o3b�`�dLfgb�h j i1cØ{�r · h j dLh^�g`�r r1fgl

' `�i1{��}`�r r1fglºT =���� D � � ó-Ö D � � D qsr1` Ö�� `�i1{�� lHr1q�b�ceb�{ j `4r�h^de{�l�7
oQr�uHb�`'l · o^o^cedLb�l¡7�b j {�¸ 2��
' {�r1h j `�r1c·`�r r1f!T Ö�� D � � »Ox�l¡7
l�{�`�b�b�h^l¡7���b Ï nQr�i1`�t^l�71o�`4deh j b�`�l�7
f�r�h^d j r1`�l�71`�b�fgr j bO{�r�h j `4r�cLl 2 ¸

Óvm^bW`4i�{��%`�r r1fºuvd j m j m^b8b�cLb�{ j `�r1h�dL{�l#`�i1{�� l�i�h^t�r j m^b�`ym^b�i j i�h^t�h^r�dLl�b8��b�h^b�`4i j deh^�}b¼Ø · deo^fgb�h j m^i1l j r%nQb
l4b�o^i1`�i j b�t�qs`�r1f j m^bW{�r1h j `�r1c�`�r
r�f!¸ µ h^bW{�r · cLtYdLfgi��1deh^b8i%l4r�c ·^j dLr�h�r1h j u�r%cLbx¹1b�cLlyuvd j m j uHr6`�r r1fgl�r�q½i1n3r ·^j
=���� D �Wr1h j r1o�r1q�b�i1{�m�r j m^b�`º¸

ôpb#qsr�`4b�l4b�b�i j r j i1c·{�r1h^l · fgo j der1h%r1q�cLb�l4l j m^i�h ������õ�I r1q�b�ceb�{ j `4de{�i�cQo3r�uHb�`�71deh^{�c · t�dLh^��rº¹1b�`4m�b�i1tQ¸ Æ V »w¶
l Ï l j b�f r�q·i1n3r ·^j �����"õ�I m�i1l j r¥n3b�deh^l j i1ceceb�t"i�lai¥n^i�{�� · o}l Ï l j b�f qsr�`al�m^r1` j o3r�u�b�`aqsi1dec · `4b�l � 4 =�� fgdLh ·^j b�l 2 ¸
Æ h«i1t^t�d j dLr�h^i1c'l Ï l j b�f\uvd j m²ipt^deb�l�b�c'�1b�h^b�`�i j r1`8r�q �����²õ�I f · l j�j i1��b6rº¹1b�`8deh©{�i1l�b6r�q�iYcer1h��1b�`�qsi1dec · `4b�lU¸
Óvm^delvuvdLcec�h^r j n3byh�b�{�b�l4l�i1` Ï dLq j m^b | `�i1há¶^i1l�l4rW~�i�nQr�`4i j r1` Ï uvdLcec�nQbObxØ · dLo^o3b�t�uvd j m�iWh^b�uÜqsi�dLc · `�b���l4i�qsb�b�ceb�{ j `�dL{
oQr�uHb�`Hl · o^o^c Ï l Ï l j b�f!¸�Óvm�b#{�r1h j `�r1cel�qsr�` j m^bOt^del j `4den ·^j dLr�h6r1q j m^bOb�ceb�{ j `�dL{�i1c3oQr�uHb�` � fgi�dLh^l�7 V »w¶�7�t^deb�l�b�c�71cede�1m j 7
q · l�b�l�7�b j {�¸ 2 m^iº¹�b j r}nQb8i1{�{�b�l�l4den^ceb j r j m�b¥o^m Ï l4de{�del j lU¸=¶^oQb�{�dei1cØ{�i1`�bOm^i1l j r}nQb j i1��b�hkdLhkt^b�l4de�1h�dLh^� j m^b�b�ceb�{ j `�dL{
�1`�r · h�t^dLh���l Ï l j b�f�7
deh�r�`4t�b�` j r}iº¹�r1det6cer
r�o^lº¸

ã r�l j r�q j m^b �����}õ�I m�b�i j del½o^`�r t · {�b�tgdLh j m^b�`�i1{��¥`�r r1f!¸ ��j {�i1h�nQb�`4b�cLb�i1l�b�t�dLh j r j m^b�b��
o3b�`�def�b�h j i1c�m�i1cec;¸
Æ u�i j b�`y{�r r�cLdeh^��l Ï l j b�f×qsr�` j m^bg`4i�{�� l#m^i�l#i�cLl�r6n3b�b�hY{�r1h^l�det^b�`�b�t^¸fÓvm�bW{�r1h j `�r1c�`4r r�f×i1h^t j m^bgl · `4`�r · h^t^deh^�
`4r r�f�lvh�b�b�tki�dL`'{�r�h^t^d j der1h^deh^�gi1h�t�m�b�i j dLh��`¸

µHj m^b�`vl�b�`r¹ dL{�b�l'dLh�{�c · t^b

ó¸��Ö



' {�r1fgo ·^j b�`�l � i�nQr ·^j =�� j r�¦ � »Ox�l 2��
' cer {�i�c�b j m�b�`�h^b j {�r�h^h^b�{ j der1hki�h^t%h�b j uHr1`�� �
' j b�ceb�o^m�r1h^b�l � · h^t�b�`��1`�r · h^t | ¶ ã deh j m^b j@· h^h^b�c�qsr1`vo3r1` j i1n�cLb�l 2��
' | »w¶ j dLfgdeh^�}qsi1{�dLced jCÏ��
' ��i1l'l · o^o^c Ï i�h^t%��i1lv`�b�{�rº¹1b�` Ï qsr1`v��i1l�b�r · l�t^b j b�{ j r�`4l �
' o�`4b�l4l · `�dLl�b�t%i1de`vqsr1`v{�ceb�i�h^deh^�gi1h^t�oQr�l4l�den^c Ï6j r}t^`�dÐ¹�b#`�r1n3r j l �
' uHi j b�`'l · o^o^c Ï ¸

¾CB#ûþý �Ýÿ��
ÿ � ��� �í� 
 � � � �J� � � � ��

Óvm^bvt^b j b�{ j r�`½dLh�l j i1cecLi j der1h�o^`4r {�b�b�t�lEdLh j m�`4b�bvf�i�dLhgl j b�o^lUT j m^b�dLh^l j i�cLcei j dLr�hWr�q j m^bvl�oQb�{ j `�r1fgb j b�`�l�7¡r1q j m^b j i1`��1b j
fgb�{�m^i�h^dL{�i1c�l j ` · { j>· `�byuvd j m j m^b�b�ceb�{ j `�r1h^de{ j `�i1{��1b�`4l�71i1h^tkr1q j m^b�n�`4de{�� lU¸

Óvm^b j m�`4b�b#l�oQb�{ j `4r�f�b j b�`4l�m^iº¹1b j r�nQbOdeh^l j i1cecLb�t6i�l��^`�l j 7�l4deh^{�b j m^b Ï {�r1h^l j d j@·^j b j m^byl · o^oQr�` j qsr1` j m^b j i1`��1b j
fgb�{�m^i�h^dL{�i1c�l j ` · { j>· `�b�¸�Óvm^b�de`½fgr · h j dLh^��{�i1h�o^`�r
{�b�b�tWdeh}l4b�`4deb�lEr�`EdLhgo^i�`4i�cLceb�c�i�{�{�r1`�t^dLh�� j r�iyt�b j i�dLceb�tgl�{�m^b�t · cLb
uvm^de{�m�m�i1l j r j i1��b#deh j r}i1{�{�r · h j�j m^b�l4o�i1{�bOiº¹¡i1decei1n^cebOi1`�r · h^t j m^b�t�b j b�{ j r1`vdeh j m^b�b�� o3b�`�dLfgb�h j i1c�m^i�cLcC¸

Æ nQr ·^j ¦ Ö u�b�b�� lai�`4b�h�b�b�t�b�t j r8{�r�fgo^cLb j b j m^bydLh�l j i1cecLi j der1h}r1q�r�h^b�l�o3b�{ j `4r�fgb j b�`U¸ ��j dLl j m^b�`4b�qsr1`�b�t^b�l4de`4i�n^ceb
j r«m^iº¹1b j m^bYoQr�l4l�dLn�dLced jCÏ r�q�dLh^l j i�cLcedeh^�²fgr1`�b�fgi1��h^b j l%dehÝo^i�`4i�cLceb�cC¸ � h j m^b j b�h j i j dÐ¹�b�deh^l j i1cecLi j der1hÞl�{�m^b�t · cLb
o^`�b�l�b�h j b�t}dLh j m^dLl�t^r { · fgb�h j 7 j m^b�fgr · h j dLh��¥dLl�{�r�h^t · { j b�t}uvd j m}i�cei1`��1bvqs`�i1{ j der1hgr1q·o^i�`4i�cLceb�cedel4f!¸=î�fgr�`4bvuHb�b��
l
i1`�b#h�b�b�t�b�t j rgdeh^l j i1cec j m^b 1t/ �&K l · o^o3r1` j dLh�qs`4r�h j r�q j m^bOt^b j b�{ j r1`vi�h^t j m^bOcLr�h^�1d j@· t^dLh�i1c�n^i�`4l'uvd j m j `�i1h^lr¹1b�`4l�b
`4b�dLh�qsr1`�{�b�fgb�h j lvr1h j r�o�r�q j m^b�l4o3b�{ j `�r1fgb j b�`�lU¸

Óvm^bWl4b�{�r�h^t�o^m^i�l4bWdLl j m�bWdeh^l j i1cecei j der1h�r�q j m�b j i�`4��b j l4b�{ j der1h�7^uvm^de{�m�l j i�` j l�qs`�r1f j m�bWo^cei1h�b�ly{�cer1l�b j r j m^b
l4o3b�{ j `�r1fgb j b�`�i1h^t8o^`4r {�b�b�t�l�deh j m^b · o�l j `4b�i1f t^de`4b�{ j der1hQ¸�Óvm^b j i�`4��b j uHi1cec�fgb�{�m^i1h^de{�l�i1`�b½o^`�b�i�l4l�b�fWn^ceb�t�r ·�j l�dLt^b
dLhYm^i1ceqs��u�i�cLc�fgr
t · cLb�lU¸�Óvm^b�Ó�i�`4��b j Ó�`4i�{��1b�`4l�i�`4b8o^`4b�i1l�l4b�f8n^ceb�t�deh · h^d j lOr1q�î � q · cLce�¼ceb�h�� j m�l4{�dLh j dececLi j r1`yl j `�dLo^l
o^i1{���b�t j r1��b j m^b�`Odehpi�cedL��m jOj dL��m j fgb j i1cecLde{gnQr��Ø7·uvm�b�`�bW�^n�`4b�lyi�h^t j u�r�r1o j dL{�i1cEt^b j b�{ j r�`4l � r1h^bgo3b�`�l�dLt^b 2 i1`�b
�^� b�t^¸7�Qr · `vr�q j m^b�l�b · h^d j l�i1`�b#h^b�{�b�l4l�i1` Ï}j r}qsr�`4f
igo^cei1h�b�¸

Æ o3r1l�l�dLn^ceb�l�{�m^b�fgb�qsr1`�b�l�b�b�l j m�b¥dLh�l j i1cecLi j der1hkr1q-o^`�b�i�l4l�b�fWn^cLb�t%b�cLb�fgb�h j l#t^dL`�b�{ j c Ï r�h j m^b¥t�b j b�{ j r1`º¸L�-de`4l j 7
iÔ¹1b�` j dL{�i1cQl j `4deo}o^cei1h^b�delHl · l�o3b�h^t^b�t}qs`4r�f j m^b j r1o"cer1h��1d j@· t^deh^i�c�n^i�`4l½i�h^t}{�r�h^h^b�{ j b�t j r j m^b#nQr j�j r�f l j ` · { j@· `�b�¸
Æ cec½l j `�dLo^lOi�`4bWl · `r¹1b Ï b�t�dLh j m�b�de`��^h^i1c-o3r1l�d j dLr�h^¸5Óvm�b�m�r1`�dÐõ�r1h j i�c�l j `�dLoYo^cei1h^bgdel j m^b�hpi1l�l�b�f8n�cLb�t�i1h�t�l · `>¹�b Ï
dLl#oQb�`4qsr�`4fgb�t^¸ Æ j cei1l j 7 j m^b j uHr�m�i1c7¹1b�lvr�q j m^b�n^`�de{��"l · o^oQr�` j l j ` · { j@· `�b�i1`�bOi j�j i1{�m^b�t j r j m�b j r�o�i�h^tknQr j�j r1f
fgb�{�m^i�h^dL{�i1c-l j ` · { j>· `4b�lU¸fôÞd j m j m�b�uHi1cec-dLhpd j lO�^h^i�c�o3r1l�d j der1h�73i�l · `>¹�b Ï dLl�o3b�`�qsr1`�fgb�tYdLhYr1`�t^b�` j r�nQbgi�n^cLb j r
{�r�`4`�b�cei j bWo^i�` j dL{�cLb j `�i1{�� lydLh j m^bgn^`4de{�� lOi1h^tpdLh j m�b}Ó�i1`��1b j Ó�`�i1{��1b�`4lº¸ � q j m^b j `�i1{���b�`�l�i�`4b�l · o^oQr�` j b�tpn Ï�j m^b
n^`�dL{��}l · o^o3r1` j l j ` · { j@· `�b
7 j m^bOo^`4r {�b�t · `�bym^i1l j rgn3bO`4bx¹
del�b�t6i�{�{�r1`�t^dLh��1c Ï ¸�Óvm�byi�nQrº¹�b�r�oQb�`4i j der1h^l'i1`�b�`�b�o3b�i j b�t
l4bxØ · b�h j dei1cec Ï r�`8deh�o^i1`�i1cecLb�caqsr�`8b�i�{�m�l · o3b�`�fgr t · ceb�¸IÓvm^b6f�r · h j deh^��l�oQb�b�t³t�b�o3b�h^t^l�r1h j m^b6l�o^i�{�b}iº¹¡i1decLi�n^ceb
i1`�r · h�t%r�`vh^b�i�` j m^b�t^b j b�{ j r�`U¸

� qØb�h^r · �1m"l�o^i1{�b�del'iº¹¸i�dLcei1n�cLb 7Si�h6i1c j b�`4h�i j d7¹1b�l4{�m^b�fgb�{�r�h^l�dLl j l'r1q�o�`4b�i1l�l4b�f8n^cedLh�� j m^bOt^b j b�{ j r�`�b�cLb�fgb�h j l'deh
o^cei1h^b�l�dLh�l4det^b j m^b�b�� oQb�`4defgb�h j i�c�m^i1cecJ7�i1lvt^b�l4{�`4denQb�t%deh j m^b�qsr�cLcer�uvdeh^�`¸

ôÞm^b j m^b�` j m^b8l�{�deh j decLcei j r1`�l�fgb�{�m�i1h^de{�i�c�l · o^o3r1` j del#o^i�` j r1`#h^r j r1q j m�bWn^`�de{��%uHi1cec�l · o^o3r1` j l j ` · { j>· `�b
7 j m^b
b�fgo jCÏ uHi1cec�l · o�oQr�` j qs`4i�fgb8dely��`4l j i�l4l�b�fWn^ceb�t!¹�b�` j de{�i1cec Ï l j i�` j dLh��6qs`�r1f×d j l j u�r%m^i1c7¹1b�lU¸�Óvm^delOr1o3b�`�i j dLr�h�{�i�h
j i��1bOo^cei1{�bOr�h�igl�{�i� Qr�cLt^deh^��o^cei1{�b�tkr1h j m^b�l�dLt�byi�cLr�h^� j m^b�m^i�cLcC¸Q¶ · {�mkigl · o^o3r1` j {�i1h�l j r1`�bOu�i�cLcel'o^`4b�o^i1`�b�t�deh

ó¸� î



i1t�¹¡i�h^{�b�¸*Óvm^b¥l�b j l#r�q�l�{�deh j decLcei j r1`#l j `4deo^l�i�`4b8f�r · h j b�t�dLh j m^b8l�i1fgb¥l�{�i� Qr�cLt�dLh^�·7^b�d j m^b�`#i j4j i1{�m�b�t j r j m^bWu�i�cLc
r1`�¬ · l j l · l4o3b�h�t^b�tkqs`�r1f j m^bOl4i�fgb j r1o�i1h�t�n3r j4j r�f
nQb�i1fglº¸

Æ uHi1cec^l j ` · { j>· `�bvb¼Ø · deo^oQb�t}uvd j m}d j lal�{�deh j decLcei j r1`�lEdLl j m^b�h6`4r j i j b�t�i1h^t}o�cLi�{�b�tgo3b�`�oQb�h^t^de{ · cei1` j r j m^b�n3b�i1f�7
i1l#l4m^r�uvh�dehM�-de�`¸A� �1� 7�fgr · h j b�t�r�h�i j b�f�o3r1`�i1` Ï qs`�i1fgb¥i�h^t��^� b�t j r j m^b8��b�h^b�`4i�cØl · o^o3r1` j nQb�i1fglº¸*¶ · {�m�i�h
r1o3b�`�i j dLr�h"`4bxØ · dL`�b�l =�B�Ö D r�q�qs`4b�b#cer1h^��d j>· t^deh^i1c3l�o^i1{�b
71uvm^dL{�m6i1o^o^`�r�� dLfgi j b�c Ï {�r1`�`�b�l�oQr�h^t^l j r j m^b#l�o^i�{�b�r�q j m^b
l4o3b�{ j `�r1fgb j b�`�»a`�b�{�del�dLr�hXÓ�`�i1{��1b�`4l j r�nQb%dLh�l j i1cecLb�t�cLi j b�`º¸zôpb"b�l j defgi j b j r�r�h^b"uHb�b�� j m�b j defgb6h^b�{�b�l4l�i1` Ï�j r
dLh�l j i1cecØigq · cLc j `�i1{��1b�`'o^cLi�h^b�¸

(*) +-,	. æ =���� ç � h^l j i�cLcei j dLr�h�r1qHb¼Ø · deo^o3b�t�uHi1cecEl j ` · { j@· `�b�l�deh j m^b j i1`��1b j ¸�Óvm^b}l j ` · { j@· `4b�l�`4r j i j b j r�b�h j b�` j m^b
j b�f�o3r1`�i1` Ï deh^l j i1cecei j der1h�l j ` · { j>· `4b�¸

ôÞm^b�h j m^bkdLh^l j i�cLcei j dLr�h²r�q j m^b j i1`��1b j l4b�{ j dLr�h²del}{�r1fgo^ceb j b�t�7 j m^bkl�oQb�{ j `�r1fgb j b�`�»�`4b�{�del4der1h0Ó�`4i�{��1b�`4lWi1`�b
fgr · h j b�tkdLhki1n3r ·�jHj uHrgfgr1h j m^lº¸

ó¸���



Óvm^b j m^de`4tÞl j b�o«r�q j m^b�deh^l j i1cecei j der1hz{�r1h^l�dLl j l}r�qOf�r · h j deh^� j m�b�`4r�nQr j qsr1`"n^`�de{��²m^i�h^t^cedLh^��t�b�l�{�`�dLn3b�tzdeh
¶^b�{ j der1h � ¸ á`¸^Óvm^b�cer1i�t^deh^�Wl�o3b�b�tkr�q j m^b�`4r�nQr j l'del�b�� o3b�{ j b�t j rgn3b�i1n3r ·^j î � n^`�dL{�� l�»1m^r · `º¸
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Óvm^b}o^cei1h^h�dLh^��r�q j m^b}t^b�l4de�1h�7Ø{�r�h^l j ` · { j der1h�7·dLh�l j i1cecLi j der1h�i1h^t�{�r1fgfgdLl�l4der1h�dLh^��r1q j m�b}t^b j b�{ j r1`¥i�l4l · fgb�l j m^i j
j m^b�t�i j i j i1� deh^�guvdLcec�l j i1` j dLh ã i Ï ó����-Ö 7�i1{�{�r�`4t^deh^� j r j m�b6x�� | ¶knQb�i1f l4{�m^b�t · cebO�1d7¹1b�h�dehO�-de�`¸�� � ù`¸
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(*) +-,	. æÙØ ��� ç »acei1h^h^deh^�gqsr1` j m^b�`�b�i1cedel4i j der1h6r�q j m^b6x�� | ¶kn3b�i1f!¸

Æ l · f�fgi�` Ï r1q j m^b�o^cLi�h^h^deh^��qsr�` j m^b�{�r1h�l j ` · { j der1h³r�q j m^b�t^b j b�{ j r�`Wdelgl4m^r�uvh²dLhÚ��de�`¸Û� �ÝÜ ¸!Óvm^dLl j dL��m j
l4{�m�b�t · ceb�i1l�l · fgb�l'igcLi�`4��b#o^i�`4i�cLceb�cedel4f deh j m^b�fgr · h j dLh���r�q j m^b j m^`�b�bOl · o3b�`�f�r t · cLb�lU¸ µ h^{�b j m^b�b��
o3b�`�def�b�h j i1c
m^i1cec½del�i1l�l4de�1h�b�tßÞ j m^b}l4{�m�b�t · cebguvdLcecEm^iº¹�b j rknQb}`�b¼¹ del4b�t�t^b�oQb�h^t^deh^��r1h j m^bgl�o^i1{�bgiº¹¸i�dLcei1n�cLb�qsr1` j m^b}t^b j b�{ j r1`
i1h^tkqsr�`vd j l�i1l�l4b�f8n^c Ï ¸

Æ î¥fgr1h j m�lHcer1h��8o3b�`�dLr t"del'h^b�{�b�l�l4i�` Ï qsr1` j m^bO{�r1fgfgdLl�l4der1h�dLh^�8r1q j m^b#b�� oQb�`4defgb�h j i�q j b�`�deh^l j i1cecei j der1hQ¸�Óvm�dLl
fgb�i1h�l j m^i j�j m^b}t�b j b�{ j r1`�f · l j n3b}`4b�i1t Ï qsr�`¥{�r�l4fgde{gt^i j i j i1� deh^�kn Ï ¶^b�o j b�fWnQb�` ó����¸� ¸ Æ l¥ik{�r1h�l4bxØ · b�h^{�b
j m^b%i1l�l4b�f8n^c Ï i�h^t�dLh�l j i1cecLi j der1h�dLh j m^b | `�i1h ¶^i�l4l�rkm^i1cecam�i1l j r�l j i1` j dLh ó����-ó ¸¦ù ÏYj m^del8t�i j bàÞ�i1cec j m^b6u�r�`4�
qsr1` j m^b�o^`�b�o^i�`4i j der1h�r�q j m^b · h^t^b�`4��`4r · h^t�m^i�cLc�uvdecLc�m^iº¹1b j r�nQbW{�r1fgo^ceb j b�tßÞQdeh^{�c · t^deh^� j m^b�deh^l j i1cecLi j der1h�r�q j m^b
dLh�qs`4i�l j ` · { j@· `�bO`4bxØ · dL`�b�t�n ÏYµ »uø�w Æ ¸

ó¸���



Task Name Start Finish

Study of main options 1 Mar '99 8 Jun '01
Testing and prototyping 1 Jul '99 9 Aug '01
Test beam activities 5 Jul '99 28 Jun '04
Design & technical drawings 31 Mar '00 12 Oct '01

Spectrometers (magnets+trackers) 31 Mar '00 9 Feb '01
Target (walls+trackers+robots) 31 Mar '00 12 Oct '01

Tendering and Ordering 8 Jan '01 18 Mar '02
Spectrometers (magnets+trackers) 9 Feb '01 5 Oct '01
Target (walls+trackers+robots) 8 Jan '01 18 Mar '02

Infrastructure preparation in GS 2 Jul '01 28 Dec '01
infrastructure of the OPERA detector 7 Jan '02 8 Jul '02
Construction 6 Aug '01 29 Dec '03

Spectrometers (magnets+trackers) 12 Oct '01 13 Dec '02
Target (walls+trackers+robots) 6 Aug '01 29 Dec '03

Assembly & installation 2 Sep '02 29 Oct '04
Spectrometer 1 2 Sep '02 2 Jun '03
Spectrometer 2 6 Jan '03 29 Sep '03
Spectrometer 3 5 May '03 29 Dec '03
Target Section 1 2 Jun '03 29 Dec '03
Target Section 2 29 Sep '03 5 Apr '04
Target Section 3 29 Dec '03 5 Jul '04
Drift tubes 1 29 Dec '03 23 Feb '04
Drift tubes 2 5 Apr '04 31 May '04
Drift tubes 3 5 Jul '04 30 Aug '04
Cabling SM1 23 Feb '04 19 Apr '04
Cabling SM2 31 May '04 26 Jul '04
Cabling SM3 + Robot rail 30 Aug '04 25 Oct '04
Robot left 19 Apr '04 29 Oct '04
Robot right 19 Apr '04 29 Oct '04

Commissioning of the trackers 19 Apr '04 20 Dec '04
Cosmic data taking without bricks 12 Jul '04 11 Feb '05
ECC brick production 9 Mar '04 1 Apr '05
ECC brick filling into the target section 5 Jul '04 23 Jun '05

filling SM1 5 Jul '04 3 Jan '05
filling SM2 30 Aug '04 25 Feb '05
filling SM3 28 Feb '05 23 Jun '05

Detector complete 23 Jun '05 23 Jun '05
Target-trackers alignment 3 Jan '05 22 Jul '05
Cosmic data taking with bricks 30 Aug '04 21 Jul '05
CNGS beam commissioning 15 Feb '05 15 May '05
Neutrino data taking starts 15 May '05 15 May '05

23/6

15/5

3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3
00 2001 2002 2003 2004 2005

(*) +-,	. æÙØ � ö ç | b�h^b�`4i�c�o^cLi�h^h^deh^�gqsr1` j m^b�{�r�h^l j ` · { j der1h�r1q j m^b µ »wøaw Æ t^b j b�{ j r�`U¸

ó¸� ö



Æ l�qsi�`gi1l j m^bkt^b�{�r1fgfgdel4l�dLr�h^deh^��delg{�r1h�{�b�`�h^b�tßÞ j m�b µ »wøaw Æ x�r1cecLi�nQr�`4i j der1h�del}{�r�cLceb�{ j d7¹1b�c Ï `4b�l4o3r1h�l4den^ceb
qsr1` j m^bWt^del4fgi1h j cLdeh^�"r�q j m^bWb¼Ø · deo^fgb�h j l · o^o�cLdeb�t�n Ï�j m^bW{�r�cLcei1n3r1`�i j dLh^� � h�l j d j>·^j der1h^lº¸�Óvm�b8l�o^i1{�b · l�b�t�n Ïkj m^b
x�r1cecLi�nQr�`4i j der1hWdLh^{�c · t^dLh���r1­g{�b�lEi1h^t�cLi�nQr�`4i j r�`4deb�l-{�i�hWn3bvfgi1t^b'iº¹¡i1decei1n^ceb�qsr�`½`�b�i1cecer
{�i j dLr�h8dehWi�nQr ·^jEj u�r Ï b�i1`�lº¸

ó-Ö��



;á; âäã�¥ ��¢=§x®¯��¨[��°5­À§¼¨%>k¢=°5©Q��¢æå¦ ��ßå¦¢=�
¾�¾½ûm¾ çc
�� ����� � ����� � ��� ÿ � �èN ��� 
�D ����� �
� h^qs`�i1l j ` · { j>· `4b�i1h^t}cer1��dLl j de{�l½qsi�{�decLd j deb�l�i1`�bv`4bxØ · b�l j b�t j r j m^b | `�i1hi¶^i�l4l�r�~�i�nQr�`4i j r1` Ï t · `�deh^� j m�b µ »uø�w Æ j b�l j
i1{ j d7¹
d jCÏ Þ�dLh^l j i�cLcei j dLr�h%i�h^t�` · h�h^dLh���o�m^i1l�b�lº¸QÓvm^delvdLh^{�c · t^b�l�dehko^i1` j de{ · cLi�`

' l�i1qsb jCÏ deh^qs`4i�l j ` · { j@· `4b �
' b�cLb�{ j `4de{OoQr�uHb�`'l · o^o^c Ï i�h^t%{�i1n^cedeh^� Þ V »u¶ �
' i�dL`'{�r1h^t^d j der1h�dLh^�}i�h^t�i1de`vb�� {�m^i1h��1b �
' {�r1fgo ·^j b�`vh^b j u�r�`4�}i�h^tI¹ dLt^b�rg{�r1h�qsb�`�b�h^{�b#qsi�{�decLd jCÏ��
' {�r1h j `�r1c·`�r r1f
i�h^t%n�i1`�`4i�{��
l �
' {�m�b�fgdL{�i1c�uHi1l j bOfgi1h^i��1b�f�b�h j&�
' l�o3b�{�dei1c�{�i1`vqsr�`vn^`4de{�� j `�i1h�l4o3r1` j i j der1h�i1h^t�{�i�`4l'qsr1`vcei1n3r1`�i j r1` Ï i1{�{�b�l�l �
' fgb�{�m^i1h^de{�lvi�h^t�b�ceb�{ j `4r�h^de{yuHr1`�� l4m�r1o^lHuvd j m j b�{�m�h^dL{�dLi�hki1l�l4del j i1h^{�b �
' i�t^fgdLh�dLl j `�i j dÐ¹�b#i�h^tkl4b�{�`�b j i�`4dei j i1l�l�dLl j i�h^{�b �
' r�­g{�b�lvdeh j m^bOr ·^j l�dLt�b�cLi�nQr�`4i j r1` Ï ¸

ù'b�l�det^b j m^bgt^b j b�{ j r1`Oi�h^tYi�l4l�b�fWn^c Ï i1`�b�i1l9ÞQi1t^t�d j dLr�h^i1c-l�o^i1{�bWdel�`4bxØ · b�l j b�t�fgr1l j c Ï!· h^t�b�`��1`�r · h^t7Þ�l j `�de{ j c Ï
`4b�cLi j b�t j r j m^b�b��
o3b�`�def�b�h j {�m�i1`�i1{ j b�`�dLl j de{�lº¸�Óvm^b�l4o�i1{�byh^b�b�t^b�t�`�b�qsb�`4l j r

' l j r�`4i��1b#r1q�b�f · cLl�dLr�h%i�h^t�cLb�i1tko^cei j b�l �
' b�f · cel�dLr�h%�^ceføb�`4i�l4deh^� �
' i ·^j r�fgi j de{On^`�dL{��"i�l4l�b�fWn^c Ï��
' l j r�`4i��1b#r1q�i1l�l4b�f8n^ceb�t�n^`�dL{�� l �
' l j r�`4i��1b#r1q�`4b�f�rº¹�b�t%n^`4de{�� l �
' i ·^j r�fgi j de{On^`�dL{�� · h^o^i1{�� deh^��i1q j b�`v`4b�fgrº¹¸i�c �
' {�r1l�fgdL{��¼`�i Ï b�f · cLl�dLr�h%l j i j der1h �
' t�b¼¹1b�cLr�o^fgb�h j `4r r�f �
' b�f · cel�dLr�h j b�l j cLi�nQr�`4i j r1` Ï ¸

Æ o^o^`�r1o^`�dLi j b'b�f · cel4der1hgl j r1`�i1��b�l�d j b�lanQb�qsr1`�bvn^`4de{��8i�l4l�b�fWn^c Ï i1`�b'h^b�b�t^b�t · h�t^b�`��1`�r · h�t^¸�Óvm^del½`�b�qsb�`4l j r�qsr · `
t^de Qb�`4b�h j {�i1l�b�l

' o�i1{��¡i1��b�l�¬ · l j t^b�cedÐ¹�b�`�b�t � b�i1{�m�dLh�{�c · t^deh^� Ö�� �^cLfgl9Þ r1` j uvde{�b�i�l�fgi1h Ï Þ j r}nQb�`�b�o�i1{��1b�t%deh j rgr1h�b�r1` j uHr
n�`4de{�� lêé �

' b�f · cel�dLr�h%�^cefgl�`�b�i1t Ï qsr1`vn^`�dL{��6i1l�l4b�f8n^c Ï��
' n�`4de{�� lH`�b�i�t Ï"j r�n3b�deh^l j i1cecLb�t^¸

ó-Ö Ø



Óvm^bOb�`4i�l4deh^�go^`�r
{�b�l�l'{�r1h�l4del j lvr1q�i j b�fgo3b�`�i j>· `4b�� j dLfgb�{ Ï {�cLbOdeh j m^b�`�i1h^��b#r�q�¦ �áëz���9ì x�qsr�`�igqsb�u¤u�b�b�� lU¸
Óvm^b�o�`4r {�b�t · `�b�m^i�l j r©nQbYr1o j dLfgdel4b�tÝqsr1`%b� 3b�{ j d7¹1b�n^i�{�� �1`�r · h^tz`�b�t · { j der1hÞuvd j m h^r³{�r1h^l�b¼Ø · b�h^{�b�l6qsr1` j m^b
l4b�h^l�d j dÐ¹ d jCÏ i1h^t j m^b�l4m^i�oQb�r1q j m^b��^cLfgl9Þ3i1q j b�`y{�r1fgo^ceb j dLr�h�r�q j m^b�b�� j b�h^l�dÐ¹�b j b�l j lOh^r�uÖdLhYo^`�r1�1`�b�l�lº¸ ��j del j m^b
fgr1l j t^b�f�i�h^t^deh^��{�i1l�b"qsr1`Wb�f · cLl�dLr�h³l j r1`�i1��b�ÞØ`4bxØ · dL`�dLh���`4i j m^b�`¥cei1`��1b"l�o^i1{�b�l¥i�h^t³t^b�t^de{�i j b�t³bxØ · dLo�f�b�h j qsr1`
j b�f�o3b�`�i j>· `�b�{�r1h j `4r�c;¸

�Qr1`�b�f · cel�dLr�h�l j r1`�i1��b�Þ�`4bxØ · dL`�dLh��"i6cer1h^��b�`#t · `�i j der1h7Þ^`�i1t^der1i�{ j dÐ¹ d jCÏ f · l j n3b8{�m^b�{��1b�t�dLh�`�b�cei j dLr�h j r%cLr�uv�
b�h^b�`4� Ï /Þ`�i Ï l�qs`4r�f j m^bîí^r r1`�i�h^t�uHi1cec�{�r1h^{�`4b j b�¸*Óvm^b j b�fgo3b�`�i j>· `4bàÞ^deh^l j b�i1tßÞQl�m^r · cet�h^r j h^b�b�t�l�o3b�{�dei1c�i1h�t
i1{�{ · `�i j byl�b j4j deh^�1lº¸

�Qr1` j m�b�b�f · cLl�dLr�h%l j r�`4i��1bàÞ1uHbO`4bxØ · b�l j i1h · h^t^b�`4��`4r · h^t�l4d j bOuvm^b�`4bOn^`�dL{�� lv{�i1h�nQb���b�o j�· h�t^b�`v{�r1h j `�r1cecLb�t
j b�f�o3b�`�i j>· `�b8i1h�t�m · fgdLt^d jCÏ {�r�h^t^d j der1h^lyi1h^t��
h�r�uvh�b�h�¹ dL`�r1h^fgb�h j i1c�`4i�t^dLr�i1{ j d7¹
d jCÏ nQb�qsr1`�b¥dLh�l j i1cecLi j der1h�r�h j m^b
t^b j b�{ j r1`º¸ � h�i"�^`�l j i�o^o^`�r�� dLfgi j dLr�h j m^b j r j i1c�l�o^i�{�b�del�i1n3r ·�j ó����îï � ¸��Q`4r�f j m^b¥o3r1deh j r1q�¹ dLb�u r1q-cLr��1del j dL{�lêÞ
d j uHr · cet6n3byt^b�l�dL`�i1n�cLb j r�m^iº¹1b#b�f · cLl�der1h6l j r�`4i��1b�h�r j qsi1`'qs`4r�f j m^byn^`�dL{��}i�l4l�b�fWn^c Ï cei1n3r1`�i j r1` Ï i�h^t6n3r j m6l�d j b�l
i1lv{�cLr�l4bOi1lvo3r1l�l�dLn^ceb j r j m^b�t^b j b�{ j r1`º¸

ù'b j4j b�`�b�l j dLfgi j b�l�i1h^tWl4o3b�{�dL��{�i j dLr�h^l�uvdLcec nQbH�1d7¹1b�h¥i1q j b�` j m^bH{�r�f�o�cLb j der1h¥r�q j m^bHb�`�i1l�deh^��i1h�t¥b�h�¹ dL`�r1h�f�b�h j i1c
`4i�t^der1i1{ j d7¹ d jCÏ�j b�l j lEi1h�tWr�h^{�b j m�bHb�� i1{ j l�{�m^b�t · cLdeh^�Or1qQb�f · cLl�der1h�o^`4r t · { j der1h7Þ¡t^b�ced7¹1b�` Ï Þ¸b�`4i�l4deh^�CÞ¸n^`4de{���i1l�l�b�f8n�c Ï
i1h^tpdeh^l4b�` j dLr�h�deh j m^b�i1o^o^i�`4i j@· lOi�`4bW�^� b�t^¸¥��r�uHb¼¹1b�`êÞ�i1lOi�l4i�qsbWl j i j b�f�b�h j uHb�l4m^r · cet�n3b�o�`4b�o^i1`�b�t j r�l j r1`�b
j m^b j r j i1cØi�f�r · h j r1q j m^b�b�f · cel4der1h�dLh j m^b · h^t^b�`4��`4r · h^t�m^i1cec�l j i1` j deh^�gqs`�r1f
b�h^t ó���� ¦�¸

Æ q j b�`y{�r�fgf�del�l4der1h^deh^�"r�q j m�b8b�� o3b�`�dLfgb�h j ÞQf�r�l j r1q j m^b8b�f · cel�dLr�h�l j r1`�i1��b¥i1`�b�i}uvdecLc-n3bWb�fgo jCÏ ¸���r�uHb¼¹�b�`9Þ
r1h^bWh^b�b�t^lyi6`�r
r�f j r j b�fgoQr�`4i�`4dec Ï l j r�`4b j m^b8b�� j `�i1{ j b�t�n^`�de{��
l#nQb�qsr1`�b j m^b j `4i�h^l�oQr�` j i j der1h j r j m�b8{�r�l4fgde{���`4i Ï
b�� o3r1l · `4b�l4d j b�¸QÓvm^b�`�b�qsr�`4bàÞ�i1h6i1`�b�i · l�b�t"qsr�` j m^b j dLfgbyr1q�deh^l j i1cecei j der1h}{�r · cet"n3b�{�r1h�¹1b�h^dLb�h j c Ï `�b�l�m^i1o3b�t j r8m^r�l j
j m^b�` · h^� j defgb�b�f · cLl�der1h�m^i1h^t�cLdeh^�`¸

Óvm^b8cLi�nQr�`4i j r1` Ï uvm^b�`4b8n^`4de{�� l�i1`�b�i1l�l�b�f8n�cLb�t�l�m^r · cLt�n3b8{�r1h j `�r1ceceb�tknQr j m�deh j b�fgoQb�`4i j@· `�b¥i1h�t�m · f�det^d jCÏ ¸
¶^deh^{�b j m^b#b�f · cLl�dLr�h}�^cef�lHi1`�bvt^`�dLb�t"i j ó ¦ ì xpuvd j m6i¥`4b�cLi j d7¹1bvm · fgdet^d jCÏ r�q=î�¦ � Þ j m^del�cei1n3r1`�i j r1` Ï f · l j n3b���b�o j
i j'j m�byl�i1fgb j b�f�o3b�`�i j>· `�b#i�h^t%m · fgdet^d jCÏ {�r�h^t^d j der1h^lº¸^Óvm^b j r j i1c�b�ceb�{ j `�dL{yo3r�u�b�`H{�r1h^l · fgo j dLr�h6delHb�l j dLfgi j b�t j r
i1n3r ·^j Ökõ�I ¸�Óvm^del�cei1n3r1`�i j r1` Ï m^i1l j r}nQb�cer {�i j b�t · h^t�b�`��1`�r · h^t7Þ
uvd j m�t^i1`��"`�r
r�f
l�oQb�{�de�^{�i j der1h^lvi�h^tkuvd j m�i
l · `4qsi�{�bOr1q�i j ceb�i1l j Ø Ö � Ø �?ï � i�h^t óñð�Öáï m^b�dL��m j ¸

Óvm^b�h · f8n3b�`ar�q·{�r1l�fgdL{��¼`�i Ï¥j `4i�{��
lauvm^dL{�m}{�i1h}n3b�{�r�cLceb�{ j b�t}dLh j m^b | `�i1hi¶^i�l4l�r�m^i�cLcQdLl�n Ï qsi1`�h^r j l · ­g{�dLb�h j
qsr1` j m^b�b�f · cLl�der1h��^cLføi1cedL��h^fgb�h j ¸QôpbOb�l j def�i j b�i�nQr ·^j ó-Ö�� {�r1l�fgdL{yf · r�h^lvo3b�` Ï b�i1`'o^i�l4l�dLh�� j m^`4r · �1m�ign^`�dL{��
qs`4r�føi�cLc�t^de`�b�{ j dLr�h^lvi1h�t%r�h^c Ï i1n3r ·^j Ø � deh�ig{�r1h^bOr1q ó ¦ Ö ì j `4i�h^lr¹1b�`�l�b j r j m^b��^ceføl · `�qsi1{�b�¸

Æ cLl�r j m^b%h · f8n3b�`¥r�q'f · r�h^l8o^`�r t · {�b�t�n Ï h^b ·^j `�deh^r1l¥deh j b�`4i�{ j der1h�l¥dLh j m^b6`�r {���deh�qs`4r�h j r1q j m^b%t^b j b�{ j r1`
dLlOh^r j l · ­g{�dLb�h j qsr1`yi1cede�1h^fgb�h j ¸fùHb�qsr1`�b8t^del�i1l�l4b�f8n^c Ï ÞQl�b�ceb�{ j b�tYn^`4de{�� l#i�`4b j m^b�`4b�qsr1`�bWb�� oQr�l4b�t j r�{�r�l4fgde{W`�i Ï l
r ·^j l4det^b j m^b · h^t^b�`4��`4r · h^t�m�i1cec j r6{�r�cLceb�{ j i�cLde�1h^fgb�h j#j `�i1{�� lº¸ ��j dLlyh^b�{�b�l�l4i�` Ï�j r%�^h^tYi6l�d j b8uvd j m�i%`4b�cLi j d7¹1b�c Ï
l4fgi�cLc�`4r {���{�rº¹�b�`�i1�1bàÞ�l · d j i1n�cLb j r6��i j m^b�`#b�h^r · �1m j `4i�{�� l�deh�i6qsb�u t^i Ï lU¸Wx�i1h^t�dLt^i j b¥l�d j b�lOm^iº¹�b¥n3b�b�h�cLr {�i j b�t
dLh j m�b#icØ · b�t · { j�j>· h^h^b�c�h^b�i�` j m^b | `4i�h�¶^i�l4l�r8~�i1n3r1`�i j r�` Ï ¸�Óvm^byb�h j `4i�h^{�b#dLl'i j i1n3r ·�j ¦ õ�ï qs`4r�f j m^bOb�� d j r�q
j m^b�m�dL��m
uHi Ï}j@· h^h^b�cC¸

� h j m�b�itØ · b�t · { jaj@· h^h�b�c j m^b�`�bvi1`�b j uHryo3r1l�l�dLn^ceb�o^cei1{�b�lº¸ Æ ��i1`�i1��b�r�q�¦ � Ø î ï � uvd j m}i�{�rº¹1b�`4i��1bHr1q3i1n3r ·^j
Ö��Oï i1h^t�ik¢=Ü �êK�Ù i1cer1h^� j m^b j>· h^h^b�cad j l�b�ceqvr1qHi1n3r ·^j Ø ð�Ö � Ø �Oï � uvd j m�i�{�rº¹1b�`�i1��bWr�q'r1h^c Ï ó��Oï ¸[Ó�b�l j
fgb�i1l · `�b�fgb�h j l�i1`�b�o^cei1h^h^b�t j r"t�b j b�`4fgdeh^b j m^b8{�r1l�f�de{òí · ��deh j m^b j u�r}l�d j b�lº¸wùHr j m�deh j m^b8�1i1`�i1��bOi1h^tkdeh j m^b
h^de{�m^b�b�ceb�{ j `�dL{Oo3r�u�b�`vdLlviº¹¡i1decei1n^ceb�¸ Æ {�ceb�i�h%i�h^t�t^` Ï cLi�nQr�`4i j r1` Ï {�i�h%r�h^c Ï nQb�n · dLc j deh j m^b��1i�`4i��1b�¸

ó-Ö-ó



Æ q j b�` j m^bkb�� o3r1l · `4b j r�{�r�l4fgde{%`�i Ï lêÞ�n�`4de{�� lWi�`4b�t^del4i�l4l�b�fWn^cLb�t³deh j m^bkt^dL 3b�`�b�h j {�r�fgoQr�h^b�h j lgdeh©ipt^i�`4�
`4r r�f¦¸iøaf · cLl�dLr�h^l��^cefgl8i1`�bgo^`�dLh j b�t�uvd j m�`4b�qsb�`�b�h^{�b�fgi�`4� l�i1h�tph · fWnQb�`4lº¸ Æ o�`4deh j b�`8dLl · l4b�tpuvd j m�i�fgi�l4�
uvd j m�cei j�j dL{�b8o^i j�j b�`�h�i1h^t�i"~'x � l�m ·^j�j b�`#qsr1`�h · fWnQb�`4deh^�Ò¸uÓvm�b�h�i�cLc�b�f · cLl�dLr�hk�^cLfglyi1`�b�o ·^j dLh�l�o3b�{�dei1c�`4i�{�� l
qsr1`'i ·�j r1fgi j de{#o^`�r {�b�l4l�dLh��`¸ � h6r1`�t^b�` j rW��b�b�o%{�r�h^l j i1h jaj m^bOt^def�b�h^l�dLr�h^l'r1q j m^b#��cLfgl9Þ
i1cel4r j m^delv`4r r�f m�i1l j r�nQb
{�cedLfgi j del4b�t�uvd j m j m^b�l4i�fgby{�r1h^t�d j dLr�h^lvi1l j m^b�i1l�l4b�f8n^c Ï cei1n3r1`�i j r1` Ï ¸

Óvm^bWb�f · cLl�der1h��^cefgl#i�`4bWo^`�r
{�b�l�l4b�t�n Ï i�h�i ·�j r1fgi j de{8fgi1{�m^deh^b�¸�Óvm^del#delOb¼Ø · deo^o3b�t�uvd j mòî j i�h^� l#qsr�`#o^`�b��
l4r�i1� deh^� Þat^b¼¹�b�cer1o^deh^�CÞ½l j r�o^o^deh^� Þ��^� deh^� Þau�i�l4m�dLh^��i�h^tzi1ce{�r�m^r1cvn^i j m^deh^�Ò¸gù Ï fgb�i�h^l"r�q#i�{�`4i�h^b�Þab�i�{�m«`�i1{��
�^cecLb�t�uvd j m�b�f · cel4der1h��^cefgl#delyl4r�i1�1b�t%deh�b�i1{�m�n^i j m�{�r1h j deh · r · l�c Ï ¸ � h�r1`�t^b�` j r"fgi�dLh j i�dLh�{�r1h�t^d j dLr�h^l�l j i�n^ceb�Þ�i
{�r�h j dLh · r · lH`4b�o^cLi�{�b�f�b�h j r1q j m^b�t^de 3b�`�b�h j l�r1c ·^j dLr�h^lai�h^t j m�b�de` j b�fgoQb�`4i j@· `�b�{�r1h j `�r1cQi1`�b�h^b�{�b�l�l�i1` Ï ¸�Óvm�b�`�b�qsr1`�b�Þ
i1h · o^o3b�`'cLbx¹1b�c�í^r r�`afgdL� deh^�1��`�r
r�f i�h^t j b�fgo3b�`�i j@· `4b#{�r1h j `4r�cLceb�t}l j r�`4i��1b j i1h^� lHi1`�b�`�b¼Ø · de`4b�t^¸	»�`4r {�b�l�l4b�t}�^cLfgl
i1`�b"t^`�dLb�t³deh³i�{�i�n^deh�uvd j m²fgdLcet³i�dL`?í^r�uvdLh��`¸zÓvm^b%b�� oQb�{ j b�t³h · fWnQb�`8r1qvo�`4r {�b�l4l�b�t��^cefglWo3b�`�t^i Ï dLlWi1n3r ·^j
Ø ����� ¸ Æ cei1`��1byl j r {��"`�r
r�f
r1qw4 Ø ���îï � qsr�`v{�m^b�fgde{�i�cLlvdelvh^b�b�t^b�t j r1�1b j m^b�`vuvd j mki j ceb�i1l j'j u�rgl j r�`4i��1b j i1h��
l
qsr1`yu�i�l j b�l4r�c ·�j der1h^lº¸ µ h^b8del · l4b�t�qsr1` j m^bW�^� b�`9Þ�qsr1`#l4dec7¹1b�`#`4b�{�rº¹�b�`�dLh^�Ò¸�Óvm�b8b�� o3b�{ j b�t�o3r�uHb�`�{�r1h^l · fgo j dLr�h�dLl
Ø �kõ�I ¸ Æ nQr ·^j ó ÷Uð�¢«r�q�uHi j b�`'i1`�bOh^b�b�t^b�tQ¸

�Qr1`½i�cer1h^��b�f · cel�dLr�h�b�� oQr�l · `�b�ÞScLde�1b j m^i j l4{�m^b�t · ceb�t}qsr�` µ »uø�w Æ Þ¡d j dela{�` · {�dLi�c j r¥m�iº¹1b j m�b�cLr�uHb�l j oQr�l4l�den^cLb
cLbx¹1b�c�r1q#n^i1{�� �1`�r · h^t^¸íùHi�{�� �1`�r · h^t²�1`�i1deh^l}i1h^t j `�i1{�� lgdeh«b�f · cel�dLr�h©{�r · cetzf�i�dLh�c Ï i�`4del�b%qs`�r1f {�r1l�fgdL{k`�i Ï l
� r ·^j l�dLt�b j m^b#m�i1cec�éØi1h^t%qs`4r�f b�h�¹
de`�r1h^fgb�h j i1c�`�i1t�dLr�i1{ j dÐ¹ d jCÏ � f�i�dLh�c Ï deh^l�dLt^b j m^bym^i�cLcóÞ�t · b j r j m^b�cer1h��8b�� o3r1l · `�b
j defgb�¸iÓvm�dLl�n^i�{�� �1`�r · h^tYl4m�r�uvl · o�i1l6x�r1fgo j r1h�r1`�o�m^r j r
b�cLb�{ j `4r�h^l�qs`4r�f cer�uv�¼b�h^b�`�� Ï ��i1fgfgi�`�i Ï lU¸�Ó�`4i�{�� l
qs`4r�f o^i�` j dL{�cLb�l�i�l4l�r {�dei j b�t j r j m^b'nQb�i1fMÞ¡n3r j m�f · r1h^l-i1h�tWm^i�t^`�r1h^l9Þ�i1`�b�r�h j m�bH{�r1h j `�i1` ÏOj r ry`4i�`4b j rO{�r�h^l j d j>·^j b
i}o^`�r1n^ceb�f
i�h^t�i1`�byh�r j {�r�h^l4det^b�`4b�t%i�h Ï q · ` j m^b�`º¸

Æ c j m^r · ��m j m^b¥i�nQrº¹�b�fgb�h j der1h^b�tkl4r · `4{�b�lvr�q�n�i1{�� �1`�r · h�t%{�i1h^h^r j l4def · cLi j b�b�d j m�b�`�i j `4de�1��b�`�b�t�dLh j b�`�i1{ j dLr�h
r1`'i£ÕYt^b�{�i Ï Þ j m�b Ï {�i�h6{�r1h j `�dLn ·^j byuvd j m6uv`�r1h^�Wr1`'qsi1cel�b#{�i1h^t^det^i j b j `4i�{�� l � `4b�i1c j `�i1{�� lai�h^t��1m^r�l j lêéØi1h^t j m^b�dL`
o^decLdeh^�1� · okuvd j m j defgb�f�i Ï dLh^{�`4b�i1l�b j m^b�l�{�i1h�h^dLh���cer1i�t%i�h^t�`4b�t · {�b j m^b5¹ dLl�den^dLced jCÏ"j m^`�r · �1m j m^b�b�f · cel4der1h�lU¸

Æ f8n^deb�h j `4i�t^dLr�i1{ j d7¹
d jCÏ dLh j m^b · h^t�b�`��1`�r · h^t²m^i1cec'f · l j n3bk�1b�o j cer�u£¸XÓvm^delgcLbx¹1b�cHr1q�i1{ j dÐ¹ d jCÏ m^i1lgn3b�b�h
fgb�i1l · `�b�t�i�h^t�fgi1o^o3b�t�dLh j m^b8o�i1l j Þ�i1lyb�� i1fgo^ceb¥n Ï%j m^b ã!Æ x�w µ i�h^t¦ù µ w�ø � � � µ b�� o3b�`�dLfgb�h j lêÞ�deh�r1`�t^b�`
j r�det^b�h j dLq Ï oQr�l4l�den^cLb}m�r j l�oQr j lº¸ ��j�j@· `�h^b�tpr ·^j�j m�i j�j m�b"fgi1dehpl�r · `4{�b�del j m�b"{�r�h^{�`�b j b�r�q j m^bôí^r r1`º¸ Æ l j m^b
fgb�i1l · `�b�fgb�h j lvu�b�`4bOo3b�`�qsr1`�f�b�t%uvd j m�b�cLb�{ j `4r�h^dL{O{�r · h j b�`4lvi�h^t�i1l�d j dLl�t^dL­g{ · c jvj r}b�� j `�i1o3r1cei j b j m^b�`�b�l · c j l j r
b�f · cLl�der1h6��cLfgl9Þ j b�l j b�� oQr�l · `�b�lHi1`�b�n3b�deh^��oQb�`4qsr�`4fgb�t j r�i1l�l4b�l4l j m^bydLl�l · b�¸ Æ l4fgi1cec·t^i1`�� �¼`�r r1f m^i1lHnQb�b�h%n · dec j
dLh j m^b | `�i1hz¶^i1l�l4r · h�t^b�`��1`�r · h�t%cei1n3r1`�i j r1` Ï qsr1` j m�dLl�o · `4o3r1l�b�¸=Ó�b�l j l�r1h�`4i�t^der1i1{ j d7¹ d jCÏ i�`4bOdehko^`4r��1`�b�l�lêÞ�n3r j m
uvd j m�{�r · h j b�`�l4�"õ8i1h^t�uvd j mkb�f · cLl�der1h^lº¸

¾�¾½ûþý çc
�� ����� � ����� � ��� ÿ��E� � ����ÿ¤ÿ	� � � ��� �u
 � ÿ � ��� � �í� ����� � � � � ÿ �
��j dLlvb�h�¹
del�i1�1b�t j rgl�b j>· o j u�r j r j m�`4b�byl j i j der1h^l'qsr�`�¹1b�` j b��}cLr {�i j der1hQ¸ µ h�by{�i1h�qsr1`�b�l�b�byiWl�{�m^b�f�bOdeh%uvm�dL{�m�r1h^b
r1` j u�r"l j i j der1h^l#i1`�b¥cer
{�i j b�t�deh!ø · `�r1o3b¥i�h^t�r1h�b¥dLh÷ö�i�o^i1h^¸
Óvm�b8l j i j dLr�h^l�m�iº¹1b j r%nQbWl4o3b�{�dLi�cLc Ï r1`��1i1h�dLl�b�t j r
nQb�qsi · c jvj r1ceb�`�i1h j deh�r�`4t�b�` j r}o^`�r {�b�l4l j m�b�l4b�cLb�{ j b�tkn^`4de{�� lU¸

Æ l4{�m^b�fgi j de{"decLc · l j `�i j dLr�h³r1qvr�h^b6r�q j m^b�l4b%l j i j der1h�l8i1lWo^cei1h^h^b�t³i jWj m^b���i��1r Ï i V h^d7¹1b�`�l�d jCÏ delWl�m^r�uvh�deh
�-dL�Ò¸A��ù è ¸uÓvm^b¥cei1n3r1`�i j r1` Ï m^i1l�i"l · `4qsi�{�b�r1q-i�nQr ·^j Ø Ö��îï �gi1h^t�deh^{�c · t^b�l�l�b¼¹�b�`�i1c�qsi1{�dLced j deb�l�deh�r�`4t^b�` j r"i�cLcer�u
j m^bvo�`4r {�b�l4l�deh^��`�i j bHr�q^fgr1`�b j m^i�h Ø � n^`�dL{�� l�»1t^i Ï ¸ Æ l j r
{���`�r r1fÖqsr�` j m^bvb�f · cel4der1hW�^cLfglEfgr · h j b�t�r1h�{�i�l4l�b j4j b�l
dLl�`4bxØ · dL`�b�t^¸
¾�ø h3ÐxB
Ã�Ó�ÁÄÑ�Ô8Ðln=hEÍ�ùHÃCp�Á�Ñ�ÁÄÆËÆ�Å�Î3À�Ã�ÅÇÂ�Ì
ÅÇÑ�Ñ�Ð1úEÅmA�Ð¸Ã�Å�Ó�Ð�Ã�Ô1Í

ó-Ö ¦



¶^o3b�{�dLi�c�i j�j b�h j der1h©m^i1l j rpnQb�o^i�dLt j r j m^b j b�f�o3b�`�i j>· `�b6{�r�h j `�r1cHi1h^t j r j m^b�b�ceb�{ j `4de{�oQr�uHb�`9Þ�l4deh^{�b�b�i�{�m
¶^� V Ó�¶�`�b¼Ø · de`4b�l�i1n3r ·^j ¦ õ�I ¸ � h�i1t^t^d j der1h7Þ�i}{�r�fgo ·^j b�`�h^b j u�r�`4�"deh^qs`�i1l j ` · { j>· `�b�dLl�`�b¼Ø · de`�b�t^¸�Óvm^b¥l�{�i1h�h^dLh��
`4r r�f�l-uvm^b�`4b j m�b
Ó�`�i1{��æ¶^b�ceb�{ j r�`4l-r1o3b�`�i j b�m�iº¹1b j rOnQb �êûJÙ 1 ¢pi1h�t8m^iº¹�b�{�r1h j `�r1cecLb�t j b�fgoQb�`4i j@· `�b�i�h^t�m · f�det^d jCÏ ¸
Óvm^b�í^r r�`½m^i1l j r¥n3b�`�dL��dLt j r¥iº¹1r�dLt�¹ dLn�`4i j der1h^lEuvm^deceb�fgrº¹
deh^� j m^b�fgde{�`�r1l�{�r1o3b'l j i1��b�l½i�h^t j m^b�r1n ¬�b�{ j d7¹1bvceb�h�l4b�lU¸
Óvm^bOh · f8n3b�`vr�q j m�by`�b¼Ø · de`�b�t[¶�� V Ó�¶%l Ï l j b�fgl'dLlv��dÐ¹�b�h6dehz¶^b�{ j der1h ! ¸ Æ l4fgi1cec·{�r�f�o ·^j b�`v`4r r1f del'i1cel4r�h^b�b�t^b�t
qsr1`�fgr�h^d j r1`�dLh��Wi�h^tk{�r1h j `4r�cLcedLh�� j m^b�l j i j dLr�h%r�oQb�`4i j der1h6i�lvu�b�cLc�i1l'qsr1` j m^b�r1h�cLdeh^bOt^i j igl j r1`�i1�1b�¸

(*) +-,	. æüØ ��� ç � cec · l j `4i j der1hpr1qHi�l j i j der1h�qsr1`5¹�b�` j b���cLr {�i j der1hpo^cei1h^h�b�t�i j �#i1�1r Ï i V h^dÐ¹�b�`�l4d jCÏ ¸%� è ¶^� V Ó�¶�i1`�b
i1l�l4de�1h�b�t²qsr�`W��b�h^b�`4i�c�l�{�i�h²qsr�`�¶�¶«i1h�t ú øwÓ µ �^cefglU¸�á V Ó�¶«i1`�b6qsr�`�l�{�i�h²n^i�{���i1h^t©á�¶^� V Ó�¶©qsr1`�¹1b�` j b��
{�r�h^�^`�f�i j der1h^¸^Óvm^b5¶�� V Ó�¶�l Ï l j b�fglvqsr1`�¹�b�` j b��"{�r�h^�^`�f�i j der1h%i1`�b · l4b�t%qsr�`vq · cLc�t^i j i j i1� deh^�grº¹1b�`�h^de�1m j ¸

� hgr1`�t^b�` j r�r1o3b�`�i j b'l · {�mgi�l j i j der1hßÞ j uHr � ��m^r · `�lEl�m^dLq j oQb�`½t^i Ï i�`4b'h^b�b�t^b�tgb�i1{�mguvd j m j uHr�r1o3b�`�i j r�`4lº¸ÒÓvm^b
¶^� V Ó�¶�l Ï l j b�fgl�{�i1h�o3b�`�qsr1`�f · h�i j�j b�h^t�b�t�l�{�i1h�h^dLh��"r1q ú øwÓ µ i1h^t¦¶�¶�rº¹1b�`vh�dL��m j � j m�b8`�b�fgi1deh^deh^� � m^r · `4l9é@¸
µ h^b¥o^m Ï l�dL{�dLl j r1hkl�m^dLq j dLl�h�b�b�t�b�t j r}fgr�h^d j r1` j m^b¥l j i j dLr�hkoQb�`4qsr�`4fgi1h�{�b�¸ Æ l4o3b�{�dL��{¥b� 3r1` j r1q�{�r r1`�t^deh^i j dLr�h%r�q
j m^b�l�m^deq j i1{ j d7¹ d j dLb�lvdLl j m^b�`�b�qsr�`4bO`�b¼Ø · de`4b�t%i�h^t%m�i1l j r}n3b�l · o^o3r1` j b�t�n Ï6j m^b6x�r1cecLi�nQr�`4i j der1h^¸

¶ j i j dLr�h^l�qsr�`'r j m�b�`Ho · `�oQr�l4b�l�t^r�h^r j `�b¼Ø · de`4b#l · {�m%i8cei1`��1b#{�i1o�i1n^decLd jCÏ i1lHqsr1` j m^bæ¹�b�` j b��gcer {�i j dLr�h^¸�¶ j i j der1h^l
qsr1`-q · cec t^i j i j i1� dLh���`�b¼Ø · de`4b�i�`�b�cei j d7¹1b�c Ï cei1`��1b½deh^qs`�i1l j ` · { j>· `�b�Þ¸uvm^decLbHl j i j dLr�h^l�qsr1`�m^dL��m8i�{�{ · `4i�{ Ï f�b�i1l · `�b�fgb�h j l
� qsr�`%l�oQb�{�dei1c#b¼¹1b�h j l9é�i1h�tÞqsr1`6{�`4r�l4l���{�m^b�{��³i�h^i1c Ï l4del"r�q�{�i1h�t^dLt�i j b�l6{�r · cetÝn3b�uHb�cec�cer
{�i j b�tÝdehÝl�b¼¹1b�`4i�cvl4fgi�cLc
cLi�nQr�`4i j r�`4deb�l9Þ/l�deh^{�b j m^b Ï r1h^c Ï o^`�r {�b�l�l�iyl�f�i�cLc
qs`�i1{ j dLr�h¥r1q�b¼¹1b�h j lº¸�Óvm^bH`4bxØ · dL`�b�t8f�i�h^o3r�u�b�`�r1n�¹ der · l�c Ï t^b�oQb�h^t^l

ó-Ö¸�



r1h j m�b�l4d7õ�bOr1q j m�b�l�byl j i j der1h^lº¸
Æ {�r�fgf · h^de{�i j der1hYo^`4r j r {�r�c�i�fgr1h^��l j i j dLr�h^lOi1h^t | `4i�hï¶^i�l4l�r%f · l j n3bgb�l j i1n�cLdel4m�b�tpu�b�cLc-n3b�qsr1`�b j m^bgb��
�

oQb�`4defgb�h j l j i1` jæ· o^¸ ��j delOdLfgo3r1` j i�h j qsr�` j uHr�i1l�oQb�{ j lº¸£Óvm^bW��`4l j dLl�qsr�`yb�h^l · `4deh^� j m^bgb� Qb�{ j d7¹1bg{�r1cecLi�nQr�`4i j der1h
i1fgr1h��8l j i j dLr�h^lal�o^`�b�i�t}rº¹1b�` j m^b#u�r�`4cet}deh6r1`�t^b�` j rW`4b�i1cedLl�b�i8qsi�l j t^i j i j i1� dLh��`¸�Óvm^b#l�b�{�r1h^t}delHqsr1` j m^b#l4fgr r j m
l4m�i1`�b�r1q�deh^qsr1`�fgi j dLr�h}qs`4r�f j m^b�b�f · cel4der1h6�^cLfgl9ÞSi�fgr1h^� j m^b�¹¡i�`4der · l��1`�r · o�l j rWb�­g{�deb�h j c Ï oQb�`4qsr�`4f j m�b�o^m Ï l4de{�l
i1h^i�c Ï l�dLlº¸

ó-Ö-Ö



;áý þÿ@¦��� ¡£­x­¼°�� ¡£¢=°5�^§¼¡�¨

¾Òý#ûm¾ D�� ����� � ��� ÿ
Óvm^b�x�r�cLcei1n3r1`�i j dLr�hWm�i1l½deh^{�`�b�i�l4b�tgl4deh^{�b j m^b�»a`�r1�1`�b�l�l-w�b�o3r1` j�� !�� uvd j m}�1`�r · o^laqs`4r�f ù'b�d ¬�deh^� ÞkùHb�`4cedehßÞkù'r�cLr��1h^iCÞ
��i��1b�h7Þ�»Ei1t^rº¹¡iCÞSw�r�l j r {���Þ�¶�m^i1h^t�r1h^�CÞ�¶ j `�i1l�nQr · `��8i1h�t	��i1�1`�b�nQ¸

Æ h6r1`��1i�h^del4i j der1h^i�c�l j ` · { j@· `�b�m�i1lHnQb�b�h�l4b ju· o%uvd j m j m�b#fgi1deh6i�dLf r�qØ{�r r1`�t^deh^i j dLh�� j m^byuHr1`�� j r�u�i�`4t^l j m^b
`4b�i1cedLl�i j dLr�h¥r1q j m^b
»a`�r1o3r1l�i1cC¸ÒÓvm^byx�r�cLcei1n3r1`�i j dLr�h5ù'r1i1`�t�del j m^bHt^b�{�dLl�dLr�h¥fgi1� deh^��n3r t Ï r1q µ »wøaw Æ i1h^tWdLh^{�c · t^b�l
r1h^b6`4b�o^`4b�l4b�h j i j dÐ¹�b}oQb�` � h^l j d j@·�j der1h^¸ Æ Ó�`�d · f£¹ dL`�i j b}{�r�f�o3r1l�b�t�n Ï �[¸���deuHi ÞßöÒ¸ »u¸·w�b�oQb�cLcedeh³i1h^t0»u¸	¶ j `�r1cedeh
i1{ j lai�l½l j b�b�`4deh^��n3r t Ï ¸ Æ ¸køa`�b�t^d j i j rOi1{ j l½i�l#x�r1h j i1{ j »Eb�`�l4r�h8i1h�tôöÒ¸ »u¸ê��i�n^`�bvi1l�Ó�b�{�m^h�dL{�i1c�x�r r1`�t^deh^i j r1`º¸�Óvm^b
l4{�dLb�h j de�^{8i�h^t j b�{�m^h^de{�i1c�i1{ j dÐ¹ d j deb�l#i1`�b¥{�r r1`�t^deh^i j b�tkn Ï ôpr1`�� dLh�� | `4r · o^l � ô | é½b�i1{�m�uvd j m�i6qsb�u µ `��1i1h�dLl�b�`�l
i1h^t«r1o3b�h j r�i1cec j m^bkfgb�fWnQb�`4lgr�q j m^b³x�r�cLcei1n3r1`�i j dLr�h^¸ Æ »am Ï l4de{�l�x�r r1`�t^dLh�i j der1h | `4r · o²deh^{�c · t^b�l j m^bIô |
µ `4��i1h^del�b�`�l�i�h^t j m^b�fgb�fWnQb�`4lvr�q j m^b5Ó�`4d · f£¹ de`4i j b�¸

Óvm^bvr�`4��i1h^del�i j der1h�i1c l j ` · { j@· `4b�qsr�` j m�b�`4b�i1cedLl�i j dLr�hWr�q j m^b�b�� oQb�`4defgb�h j uvdecLcQnQb�b�l j i1n^cedel4m^b�t}dLh j m^b�qsr�` j m^{�r�f��
dLh��}f�r�h j m^lº¸

¾Òý#ûþý 
Û�u

� ��� � � � � �u
 � ��������ÿ¤ÿ��*Á�ÿ ��� � ÿ	
*�
Óvm^b�`�b�i�cLdel�i j der1hgr�q j m^b#b�� oQb�`4defgb�h j `�b¼Ø · de`�b�l j m^b�{�r1h^l j ` · { j dLr�h}r1q j m^b�t^b j b�{ j r�`ai�h^t}r1q�d j lHdLh�l j i1cecLi j der1h}i jO| `4i�h
¶^i1l�l�r Þ i�l�uHb�cecØi1l j m^b8l�b j4j deh^�1� · o�r�q�l�{�i�h^h^deh^�}cLi�nQr�`4i j r�`4deb�lvr�q�i�t^b¼Ø · i j b�{�i1o^i�{�d jCÏ qsr1` j m^b¥t�b�fgi1h^t�dLh^� j i1l��6r�q
Ø · i1l�dL��r1h�cLdeh^ba`�b�i�t^r ·�j r1q j m^bHb�f · cLl�dLr�h¥�^cefgl�qs`�r1fÖb�� j `�i1{ j b�t¥n�`4de{�� l�i1h�t8qsr1` j m�b�o^`�b�{�dLl�der1h¥i�h^i1c Ï l4del�r�q�{�i1h�t^dLt�i j b
b¼¹�b�h j lº¸

Óvm^b}qsr�`4b�l4b�b�hY{�r1h j `4den ·^j dLr�h^l¥qs`�r1f j m^b}o^i1` j de{�deo^i j deh^�k�1`�r · o^l�b�� j b�h�t j r�i1cecEt^b j b�{ j r1`8b�ceb�fgb�h j l8i1l�l�m^r�uvh
dLhXÓ�i1n^cebWá�ù`¸f¶^r�fgb�fgr�`4bW�1`�r · o^lyfgi Ï ¬�r1deh j m^bgb�� oQb�`4defgb�h j ¸ Æ fgr�`4bWt^b j i1decLb�tYl�m^i1`�deh^�6r�q j m^bg{�r1h^l j ` · { j dLr�h
`4b�l4o3r1h�l4den^decLd j deb�lEi�f�r�h^�y�1`�r · o^l�uvdecLc�n3bvb�l j i�n^cLdel�m^b�tWi1q j b�`Ei1o^o�`4rº¹¡i1c
r1q j m^b'`�b�l�oQb�{ j dÐ¹�b � h�l j d j>·^j der1h^lEi�h^tî� · h^t�dLh^�
Æ ��b�h^{�dLb�lêÞ qsr�cLcer�uvdeh^� j m^b�i1o�o^`4rº¹¡i�c3r�q j m^b�b�� o3b�`�dLfgb�h j ¸

� h�i�t^t^d j der1hßÞ�i�h�dLh�¹1b�l j fgb�h j delW`�b¼Ø · de`4b�t�r1h�b�f · cel4der1h�l�{�i�h^h^deh^�`¸zÓvm^b%`4b�i1t^r ·^j r�q j m^b6b�� j `�i1{ j b�t�n^`�de{��
l
`4bxØ · dL`�b�l j m�b�`�b�i�cLdel�i j der1h�r�q½t^b�t^dL{�i j b�tpcLi�nQr�`4i j r1`�deb�l9Þ�b¼Ø · deo^o3b�tpuvd j m�¶�� V Ó�¶�r1`yb¼Ø · d7¹¡i1ceb�h j l4{�i1h^h^deh^��l Ï l j b�f�l
o^`�b�l�b�h j c Ï nQb�dLh��%t^bx¹1b�cLr�oQb�t^¸ µ h^b8r�q j m^b�l4b�cei1n3r1`�i j r�`4deb�l#uvdLcec-nQb�l�d j>· i j b�t�deh÷ö
i1o�i1h�i�h^t�i j ceb�i�l j r1h^b�uvdLcec-nQb
dLh¦ø · `�r1o3b�¸^Óvm^b�o^`�b�{�dLl�dLr�h%l�{�i�h^h^deh^�gr1q�{�i�h^t^det^i j bybx¹1b�h j lvuvdLcecØn3b�{�i�`4`�dLb�t%r ·^j deh�i�cLc�b�f · cel�dLr�h�cei1n3r1`�i j r1`�dLb�l�r�q
j m^b6x�r�cLcei1n3r1`�i j dLr�h^¸

¶^bx¹1b�`4i�c^�1`�r · o�l½r1q j m�b�x�r1cecei1n3r1`�i j der1hgm^iº¹�bvi1ce`4b�i1t Ï b�� o3b�`�dLb�h^{�b�deh"`�b�i�t^r ·^j i1h^t}i�h^i1c Ï l4del½r1q�b�f · cel�dLr�h}t^i j i
i1h^tzm^iº¹�b%cei1n3r1`�i j r1`�dLb�lWbxØ · dLo�oQb�t«uvd j mÞi ·^j r�fgi j de{ki1h^t«l�b�fgdL��i ·�j r1fgi j de{%l�{�i�h^h^deh^��l Ï l j b�fglº¸ µHj m^b�`}�1`�r · o^l
dLh j b�h^t r1`6i�`4b�{�r1h�l4det^b�`�deh^� j r · h^t^b�` j i1�1b�l · {�mÜi1{ j dÐ¹ d j deb�l%dLh j m^bYqsr1` j m^{�r1fgdLh�� Ï b�i1`�l"i1l%i²{�r�h j `�dLn ·�j der1h j r
µ »uø�w Æ ¸ Æ cedLl j r1q�i1cecØ�1`�r · o^l'dLlv��dÐ¹�b�h�dLhIÓ�i1n^cebOá Ü ¸

Æ cLcE��`4r · o^lOr1q j m^b�x�r1cecei1n3r1`�i j der1h�uvdLcecEo^i1` j de{�deo^i j b�dLh j m^b}��cLr�n^i1c�i1h�i1c Ï l�delyr�q j m^bgb¼¹1b�h j l9Þ3dLh^{�c · t^dLh���t^i j i
qs`4r�føb�cLb�{ j `�r1h�dL{Ot^b j b�{ j r�`4l'i1h�t�b�f · cel�dLr�h%t^i j iÒ¸

ó-Ö î



â�ã¸ä�å æ ¦ � ç øa� o3b�{ j b�tk{�r�h j `�dLn ·�j der1h^l j r j m^b�{�r�h^l j ` · { j dLr�h%r�q j m�b µ »uøaw Æ t�b j b�{ j r1`º¸
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a Ï T > Þ=b C P B Ï Þt¶'V CGB PGU)T · CGX Þ`� B�XDC H[U^¸
�8+�c8c#2)79d].[d[79+8:DdS+�71"e$'3�&f58790/:9<hg8$A38&�-/0;38i JQø#K?LîÞ%a Æ »u»�ÞOa8L ��Þ%L B�Y R_HSPº¸
�j�����k��l���m]���]���j���n�����
�j$'i438"%dS. o B \nU · CEX ÞOapL ��Þ%K?T�PGVWT%q @ ¸

�383�"%7r�s71$A:1<)"%71.�$'3�&ftul�m]v/. JQø#K?LîÞ%a8L ��Þ�» B�w Tº¹ B ¸
l�71"%:D0/.10/243h�s79$':9<A"%79. ùIH C R F_> Þ o B \nU · CEX Þ ã · H > PEVEH C ÞOKMT�PGVWT%q @ ¸
�uxA"%79$'-;-s.1+�c8cy2479dz.1dS79+�:�d[+879" apL ��Þ%L BDY RZH[PU¸
���u
��������u{s|}�]~u{I��!#�]� m]�u�����]��! ùIH CG> ÞOa Ï T > Þ�¶AV CGB PGU)T · CEX ¸

�s�1��� �e� ö�� ø#� Y HSqSVEH w qST > V CEF U · V F T > P�VWT}VE^'H C H B�w T · V B�>'w�BD>'B R Ï P F PIT���HS\ · RZP F T >�wAB V B ¸
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Ó�^'H w HSVEHSq[VWT C q[T�PGV8^ B P8U4HSH > Hx¹ B R · B VEH wnF_> J o ��Þ1U Ï B�Y'Y R Ï FZ>AX VW^AHsq · CGC H > V8HS�%q�^ BD>'X H CEB VWHsU)H[VQ¨�H[H > VE^'H w'F_© H C H > V
q · CGC H > q F H[PU¸8L?H F VE^'H C V B �%H[P > T C q · PEVET�\ w · V F HSPM^ B ¹�H�U)H[H >�FZ> qSR · w H w�F_> VW^'H�q[T�PGVsTD�8\ B VWH CGF_B R_PU¸ ãªB�>AY T«¨sH C q[T�PGV
^ B P�U4HSH > Hx¹ B R · B VWH w U Ï qST > P FZw H CEF_>'X V B �%H[P BD>'w¬BDw'w'F V F T >'B R�q�^ B�CGX HSPº¸ Ó�^'H C H[P · RZVEP�TD��VW^ F P�H¼¹ B R · B V F T >­B�C H
P · \ \ BDCEF PEH w}FZ> Ó B U'RZH?®�¯ BD>'w Ó B U'R_HM® � F_> ¨�^ F q�^}VW^AH w H[VWHSq[VWT C qSTDPEV F P X�F ¹�H > �°T C T > HMP · Y H C \]T w · R_H BD>'w �°T C VW^'H
� · R_R w H[VWHSq[VWT C Þ C HSP Y H[qSV F ¹DHSR Ï ¸

���1��� �u±p² � J�T�PGVIT��8T > H³P · Y H C \]T w · R_H�¸
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J�T > qSH CE>'F_>'X VW^'H}q[T�PGV³T�� F_> � CGB PGV CGÎ qSV Î'C H B V�VW^'H,Ï CGB�>eÐ'B PGPET�a B U4T CGB VWT CEÑ Þ)¨�H C HSÒ Î'F_C H VW^'H}P Î'Y'Y T C V³T��sVW^'H
apL]Ï Ð �°T C P B �°H[V ÑnF_> PEV B R_R B V F T > P9Þ«q[T%T�R FZ>'X³BD>'w}Ó H > V F R B V F T > Þ9Ô�Õ Ð Þ B�>]B�w'wAF V F T >'B R'PG\ B R_R'q CGB�> H�Þ«q[T > V C T�R C T%T�\]P B�>Aw
HS\ Î RZP F T > R B U)T CEB VWT CEF HSP«Ö=×�^'H�q[T�PGVIT��pVE^'H B U4T Ó H F VWH[\ P F PMH Ó1B R ÎAB VWH w VET B U4T Î V � Ø J o �MÖ

Ù H�^ B«Ó H B RZPGTnH Ó9B R Î'B VEH w VE^'H CEÎ'>A>'FZ>AX q[T�PGV��°T C VE^'HrbsÕuø#K?Ú w H[VWHSq[VWT C�B V�VE^'HrÏ CEBD>rÐ'B PGPGTna B U)T CEB VWT CEÑ Ö=L?T
HS� Y H >'w'F V ÎAC HI�°T C > H[¨�U CGF q @ P F P �°T C HSPGHSH > Þ B P U CGF q @ P C H[\]T Ó H w �°T C B�>'B R Ñ P F P B�C H C H Y R B qSH w U Ñ T�VE^'H C U CGF q @ P FZ> PEV B R_RZH w
H F VW^'H CÛFZ> VW^AHs\]TDPEV Î'Y PGV C H B \Ü¨ B RZR_P T��AH B q�^zP Î'Y H C \]T w'Î R_H�T C�F_> VW^'HIH wAX HSP TD�'VW^'HI¨ B R_RZP«Ö=×�^AHs\ BDFZ> qST > V CEF U Î V F T >
VWTrVE^'HnT Y H CEB V F T > qSTDPEV F P w'Î H�VETrq�^'HS\ F q B RZP��°T C VE^'HnH[\ Î R_P F T >�Ý R_\ w H Ó HSR_T Y \]H > VêÞ�VET Y'B q @%F_>'X}B�>Aw PE^ F_Y'Y'F_>'X TD�

Þ�ß�à



VW^'H w H Ó H[RZT Y H w H[\ Î R_P F T > P BD>'w VET�PEV B�>'w'BDCEw qSTDPEVEP��°T C VW^'H]HSR_HSq[V C T >'F q w HSVEHSqSVET C Prá X�B PêÞ4H[RZH[qSV C T >'F q[PêÞ4H[VWq%Ö éEÖ�×�^'H
HS�%VWH CE>AB R�\ B�>'Y T«¨sH CÛC HSÒ Î'F_C H w �°T C U CEF q @ ^ BD>'w R FZ>AX Þ Ý R_\ w H Ó H[RZT Y \]H > V B�>Aw PG^ F_Y \]H > VÛ^ B P#U)H[H > qST > P F_w H C H w Ö=×�^'H
T Ó H CEB RZR CGÎ'>'>'F_>'X qSTDPEV B VnÏ CGB�>�Ð'B PEPGT F PMH[PEV F \ B VEH w VWT B U)T Î V ØzØ J o�â ã Ñ H B�C Ö
ä`���æå ç�èÜ�?éW�O¡W�y¢¥�'��� ¤?�#�?��êë� �=¡�é�¡W�O¡W����� ¢?¤£�'�?¢�¢?¡�¢�¦ì�=�#�O�
Ú?P w HSPGq CGF U4H w�F_> VW^'H Y'C H Ó%F T Î P Ð H[qSV F T > PêÞ B}Y TDPEP F UARZH�PGq�^'HS\]H��°T C H[PEH[HSP�T > H�T C VQ¨sT}PEV B V F T > PM�°T C?Ó H C VWH[�uR_T%q B V F T >
VWT�U4H?T Y H CEB V F_>'X�F_>}í#Î'C T Y H B�>'w T > H F_> ö BDY'B�> Þ B VyVE^'H?L B�X T Ñ�B Ô >'F_Ó H C P F V Ñ Ö�Ú¬qST�PGVyH[PEV F \ B VEH F P X�F_Ó H > U)H[RZT«¨6�°T C
B�Ó H C VEHS�zRZT%q B V F T > PGV B V F T >]B U'R_HMVWT YAC T%qSH[PEP FZ> VET�V B R ��² U CGF q @ P ã w'B«Ñ Ö=×�^'H?qST�PGVÛT��`TDVW^'H C PEV B V F T > PêÞîP Î q�^ B Py�°T C VW^'H
� Î R_R w'B V B V B�@%F_>'X Þ`�°T C VW^'H]^ F_X ^ B q[q Î'CGB q Ñ \]H B P Î'C H[\]H > V�TD�#P Y H[q F_B R H Ó H > VWP BD>'w �°T C VW^'H]q C T�PGPGï;q�^'H[q @�B�>'B R Ñ PGHSP9Þ
w H Y H >Aw PMT > VE^'H >%Î \nU4H C TD�8R B U4T CGB VET CGF H[P�¨�^ F q�^�¨ F R_R�U4H FZ>%Ó TDR Ó H w�B�>'w ^ B P�VWT]U)H w H Ý'> H w�B qSq[T CGw'F_>'X R Ñ Ö

N > VWTDV B R�Þ B U)T Î V Þ ² Ð ïðÔ?× Ð P Ñ PGVWH[\ P�^ B«Ó H]VWT�U4HrHS\ Y R_T Ñ H w VWT YAC T%qSH[PEP ��² U CGF q @ P ã w'B«Ñ Öz×�^'H]qST�PGV�T���T > H
Ð ïðÔ?× ÐñF P B U4T Î V ±p²�Øªò H > á�ó ²�² @ J o�â é B�>'w VW^ B V�T�� B�> Ô?× ÐñB U)T Î V Ø ß Øªò H > á Þ�Þ ² @ J o�â éEÖ`×�^'H}q[T�PGV�TD�
T > H PGV B V F T >,B U'RZHzVWT B�>'B R Ñ PGH ��² H Ó H > VWP Y H C�wAB«Ñ�F P³VW^'H >e> H B�C R Ñ à ²�²�Øªò H > á Ø Þ Ø J o?â éEÖ4×�^'Hzq[T�PGV�TD�yT�VE^'H C
^ B�CGw ¨ B�C H C HSPGT ÎAC q[HSP9Þ�P Î q�^ B P�T > R F_> H³qSTD\ Y'Î VWH C P BD>'w�w'B V B PEVET CGB�X H w H Ó%F qSH[P B \]T ÎA> VEPIVWT ß Øªò H > á � ß @ J o?â éEÖ

×�^'H}T Y H CEB V F T > qSTDPEV�VET�\ BDFZ> V B�F_>ôB�Ð ï;Ô�× Ð áõ\]HSq�^ BD>'F q B R YAB�C VWP9Þ=R B \ YñB�>'w HSR_HSq[V C T >'F qSP�q B�CGw P9Þ=HSVEqOÖ é B�>Aw
VW^'H C HSR B VEH w q[T�\ Y'Î VEH C P Ñ PGVWHS\MÞ B \ T Î'> VWP FZ> VWTDV B R VET,ö Ø�Øªò H > á Ø ß @ J o�â é ã Ð ï;Ô�× Ð ã Ñ H B�C Ö?N >,B�wAw'F V F T > Þ)¨�H
^ B«Ó H?VWT F_> qSR Î'w H�VW^'H�\ B�>'Y T«¨�H C q[T�PGVyT�� B U4T Î V ± ë ß T Y H CGB VWT C P ã PGV B V F T > Ö=×�^'H?H Ó1B R ÎAB V F T > TD�=VW^ F PsqST�PGV w H Y H >'w P
T > ¨�^'H C HnVW^'H�PGV B V F T > P B�C H�RZT%q B VWH w á í�Î'C T Y H�T C ö B�Y'BD> é B�>Aw T > VW^AH Y TDPEP F U'RZHnqST > V CEF U Î V F T > P?� C T�\÷N > PEV F V Î V F T >
\ B�>'Y T«¨�H C ÖpN > VW^'H?q B PGHIT��4VW^'H?L B�X T Ñ�B � B q F R F V Ñ Þ«PGq�^'HS\ B V F q B R_R Ñ PE^AT«¨ > F_> â FZX Ö'ø�ÃD¯ Þ F V F PyHSPGV F \ B VWH w VWT�U4H B U4T Î V
Þ Øªò H > ã Y H C PGT > ã Ñ H B�C Þ«�°T CMB VWT�V B R=TD� à Øªò H > ã Ñ H B�C Ö
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N > VE^ F P w T%q Î \ H > Vu¨sH Y'C T Y T�PGHªVW^AHhbsÕ í KMÚ£H[� Y H CEF \]H > V&Þ BDF \]H w�B V B�>fB�YAY H B�CGB�> q[HªPEH B�C q�^6�°T C�

����

�
T�PGq F RZR B V F T >�FZ> VW^'H³J�L Ï Ð U)H B \ B�>'w PEH > P F V F_Ó H�VWT�VW^'H Y'B�CGB \]HSVEH C8C H X�F T >�F_>'w'F q B VEH w U Ñ VW^AH B VE\]T�P Y ^'H CGF q > H Î V CGFZ> T
P F_X�>AB RQÖª×�^'H�HS� Y H CGF \]H > V w HSP F_X�>�F PzU B PGH w T > VW^'H í \ Î R_P F T > J�R_T ÎAw J�^ B \zU)H C á í J�J#é w HSVEHSq[VWT C Þ B \]T w'Î R B�C
PEV CEÎ qSV ÎAC H�\ B�w H�T�� B P BD>'w ¨ F q�^uTD� Y'B PGP FZÓ HM\ B VWH CEF_B R Y R B VEHSP FZ> VEH C P Y'B qSH w ¨ F VE^�H[\ Î R_P F T > R B«Ñ H C P9Ö�� Ñ]B PGPEH[\nU'R FZ>AX
B R BDCEX HnÒ Î'B�> V F V Ñ TD�#P Î q�^,\]T w'Î R_HSP9Þ=T > H q B�>ôC H B R F PEH B ö Þ ²�²�²��
��� Ý'> HSï X�CGB�F_> H w,Ó H C VEHS� w H[VWH[qSVWT C T Y V F \ F PEH w
�°T C VE^'H�PGV Î'w'Ñ T�� 

�rB�Y'Y H BDCEBD> qSH%Ö

Ð'F_> q[HuVW^AHuÕ C T XDC H[PEP�K?H Y T C VnT��nø Ü�Ü Ü�� �D� Þ�� Î'C VW^AH C PGV ÎAw'F H[PêÞ�VEHSPGVWP B�>'w P F \ Î R B V F T > Pn^ B«Ó HrU4HSH >�Y H C �°T C \ H w
B R_RZT«¨ F_>'X VET w H Ý'> HuVE^'H w HSP FZXD> T��IVW^AHuHS� Y H CGF \]H > V9Ö�� B PGHSR FZ> HrT Y V F T > Pn^ B«Ó HrU4HSH >�FZw H > V F_Ý H w �°T C VE^'H Ó9BDCEF T Î P
HSR_HSq[V C T >'F q w HSVEHSq[VWT C P BD>'w �°T C VE^'HMV B�CGX HSVÛU CEF q @ PGV CGÎ qSV Î'C HnáõqSTD\ YAB qSV#U CEF q @ PêéEÖ�N >}B RZRAq B PGHSPÛVE^'H w H[q F P F T > ^ B PyU4HSH >
w'CGFZÓ H > U Ñ VE^'H Y ^ Ñ P F qSP C HSÒ Î'F_C H[\]H > VWP9ÞDU Ñ qST > P F_w H CGB V F T > T��8qSTDPEVsH © HSq[V F_Ó H > HSPGP B�>'w U Ñ VW^'H > H[H w PITD�pR B�CGX H�PEq B R_H
Y'C T wAÎ qSV F T >�BD>'w�C H[R F_B U'R_H³RZT >'X VWH C \ T Y H CEB V F T > Ö

Õ C T X�C HSPGP�^ B PÛU4HSH > \ BDw H FZ> VW^'H Î'>Aw H C PEV B�>'wAFZ>'X T��)VW^'HI�°H B V ÎAC H[P BD>'w T��'VE^'H�U B P F q w H[P F_X�> T��)VW^'HIHS� Y H CGF \]H > V
B P�¨sHSR_R B P F_> VW^'H}H Ó9B R Î'B V F T > T��sVW^AH}HS� Y H[qSVEH wñY H C �°T C \ BD> qSH%ÖnÚ >ñFZ> q C H B PGHzTD��VE^'H�� w HSVWH[qSV F T > H��]q F H > q Ñ �°T C
qSTD\ YAB qSVIU CGF q @ PI^ B PIU)H[H > \ B�w H Y T�PGP F U'R_H�U ÑrF_> qSR Î'w'F_>'X Þ FZ>�Y'BDC V F q Î R BDC Þ�^ BDw'C T >'F q w H[q B«Ñ \]T w HSP«Ö�×�^'H Ó H CEÑ R_T«¨
U B q @%XDC T Î'>'w q[T >'ÝAC \]P�VW^AH�\ H CEF VWP�TD�pVE^'H�HS\ Î RZP F T > �°T C VW^AH w'FZC HSq[V�T�U'PGH CGÓ9B V F T > T��8VW^'H�� w H[q B«Ñ Ö Ø T C H[T Ó H C Þ�VW^'H
Î PGH�T��pq[T�\ Y'B qSV�U CGF q @ PI� B«Ó T Î'C PsVE^'H�PGH B�C q�^u�°T C 
 � ��

! TDPEq F R_R B V F T > P9Þ B P BD> V F q FZYAB VWH w�FZ> � ��� Ö

bsÕ í KMÚ F \ Y R F HSP BD>6Î'>'Y'C HSq[H w H > VEH w Þ�\ B PGP FZÓ H Î PEH�TD��H[\ Î R_P F T >hB PuV CGB q @%FZ>AXôw H Ó%F q[H�T��³HS�%V C HS\]H[R Ñ ^ FZX ^
Y'C HSq F P F T >�B�>'w�XDCEBD>%Î R BDCEF V Ñ Ö4×�^AH FZ>Aw'Î PGV CGFZB R Y'C T%q Î'C HS\]H > VpT��%VW^'H Ó9B PGVpÒ Î'B�> V F V Ñ T���H[\ Î R_P F T >�Ý RZ\]P�¨ F VE^ B�w H[Ò Î'B VEH
PEH > P F V FZÓ%F V Ñ�F P B q CGÎ q FZB R F PEP Î H%Ö=K#" $ Y'C T X�CGB \]\]HSPpqST >Aw'Î qSVEH wI� T FZ> VER Ñ ¨ F VW^�H[\ Î R_P F T >�Y'C T wAÎ qSH C P ÑOF HSR w H w�Y TDP F V F_Ó H
C H[P Î RZVEP9Ö

Ú Î VWTD\ B V F qnPGq BD>'>'F_>'X q[T > V F_>%Î T Î PGR Ñ�F \ Y'C T Ó HSP FZ> P Y HSH weB�>'w,Y H C �°T C \ B�> qSHOÖ?×�^'H B�>'B R Ñ PGHSP?U4H F_>'X�w T > H �°T C
J o bsKIÔ Ð,B�>'w $}bsL?Ô?× BDC H�� ÎAC VE^'H CGFZ>AX VW^'H Î'>'w H C PGV BD>'w'F_>'X}B�>'w PGV F \ Î R B V F_>'XrF \ YAC T Ó HS\]H > VWP«ÖÛÚ >ªB�wAw'F V F T >'B R
U)T%TDPEV F P > HSH w H w �°T C VW^'HebsÕ í KMÚ C HSÒ Î'F_C HS\]H > V³T��IPGq B�>A>'FZ>AX R BDCEX H H[\ Î R_P F T >ôBDC H B P«Ö}×�^'H B�Y'Y'C T B q�^'HSP Î'>Aw H C
FZ>%Ó HSPGV F_X�B V F T > H[� Y RZT F VIVE^'H Y'C T X�C HSPGP FZ> VW^AH�HSR_HSqSV C T >'F qSP B�>Aw�F_> VW^'H�VEHSq�^ > TDRZT X�Ñ TD� F \ B�X H B�>AB R Ñ P F P9Ö

×�^'HuR BDCEX HrPEq B R_H}T���VE^'HuH[� Y H CGF \ H > V C HSÒ Î'F_C H[P�qSTDRZR B U4T CGB V F T > ¨ F VW^ FZ>'wAÎ PEV CEÑ �°T C VW^AHuHSR_HSq[V C T >'F q w H[VWH[qSVWT C P
B�>'w �°T C VW^'H BDÎ VWTD\ B V F T > T��8VW^'H�U CGF q @rB PGPEH[\nU'R ÑrBD>'w ^ B�>'w R F_>'X Ö

×�^'H R B«Ñ T Î V?T���VW^'H HS� Y H CGF \]H > V BD>'w TDVW^'H C VEHSq�^ >AF q B R F PGP Î HSP³^ B«Ó HnU4HSH > PGV Î'w'F H w qST > P FZw H CEF_>'X VW^'H C H[Ò Î'FZC HSï
\]H > VWP BD>'w VW^'H³H[� Y H CGF \ H > V B RpqST >Aw'F V F T > P�T��8VW^'HuÏ CGB�>�Ð'B PEPGTza B U4T CGB VET CGÑ Ö

×�^'H?bsÕ í KMÚ	PGH > P F V F_Ó%F V Ñ�C H B q�^'H[P&% ï(' ö Ø�²*),+ -/. ' qST Ó H CEF_>'X VW^AHyT�PGq F RZR B V F T >³Y'B�CGB \]HSVEH C=C H XDF T >�F_>'w'F q B VWH w
U Ñ�Ð'ÎAY H C ï10 B \ F T @9B�>'w HOÖÛÚ Y TDP F V F_Ó H C HSP Î R_V�T >2

�3��

�uBDY'Y H B�CGB�> q[H³¨ F R_R w'F_C HSqSVER Ñ�F_w H > V F � Ñ VW^'H�PGT ÎAC q[H�T�� VW^'H
T�U'PGH CGÓ H w H © H[qSV BD>'w ¨ F R_R�qST > PEV F V Î VWH B \ F RZH[PEVET > H F_> VE^'H�PGV Î'w'Ñ T�� > H Î V CGFZ> T]TDPEq F R_R B V F T > P«Ö

NQ� > H Î V CGFZ> T�TDPEq F R_R B V F T > PÛTOq[q Î'C#B VÛVW^AHM\]T�PGV C H[qSH > V Ð'ÎAY H C ï10 B \ F T @9B�>'w HsU4HSPGV Ý V YAB�CGB \]HSVEH CÛÓ9B R Î HSP4% ï '65
� ð Þ�7 Ø�²*),+�-/. ' B�>Aw�8:9 ; ' Þ=< 5 Ø � �D¯ � VW^'H]H[� Y H CGF \ H > V�¨ F RZR w HSVWH[qSV Ø à ÎA>'B \zU FZXDÎ T Î P#�½H Ó H > VEP9Ö Þ�Þ H Ó H > VWP
¨�T Î R w U4H]T�U'PGH CGÓ H wªB V�VW^'H Y'C H Ó%F T Î P�U4HSPGV Ý V Ó9B R Î H�% ï(' 5 � ð ß>7 Ø�²*),+3-:. ' Ö�×�^'H >OÎ \nU4H C T�� w HSVEHSqSVEH w �
H Ó H > VWP ¨ F RZR%qST > PGV CGB�F_> VW^'HIT�PGq F R_R B V F T >�Y'BDCEB \]HSVWH C P9Þ B R_RZT«¨ F_>'X VET F \ Y'C T Ó H#VE^'H w HSVWH C \ F_>'B V F T > TD�?% ï(' Y H C �°T C \ H w
¨ F VE^ B VE\ TDP Y ^'H CGF q > H Î V CGFZ> T�P«Ö

Þ ó ²



Ú�P#VW^AHMPEH > P F V FZÓ%F V ÑzF P > TDVyR F \ F VWH w U Ñ U B q @OXDC T Î'>'w Þ«VW^'HMH[� Y H CEF \]H > Vy¨ F RZR Y'C T Ý VÛ� C T�\ìVW^'H�PEV B V F PGV F qSP F_> q C H B PGH
VW^ C T ÎAX ^ B}w H w'F q B VWH w T Y H CEB V F T > T��pVE^'H Ð Õ Ð T CIB�>�F \ Y'C T Ó H wuY H C �°T C \ B�> q[H�TD�8VE^'HuJ�L Ï Ð Ö

@ þA�uý�üCB÷ÿ�D#��E	D#FGDMýH���

N >ªB�wAw'F V F T > VWT�VW^'TDPEH B R C H B�w'Ñ�B q @%> T«¨�R_H w'X H w�FZ> VW^'HzVWHS�%V�T��ÛVW^ F P�Õ C T Y T�P B RóÞ%PGH Ó H CEB R Y HST Y RZHz^ B«Ó H�q[T > V CGF U Î VWH w
VWTrVE^'H w H[P F_X�> T���VW^AH�HS� Y H CGF \]H > V BD>'w T���VW^'H w HSVWH[qSVET C q[T�\ Y T > H > VEPêÞ B P�¨�H[RZR B PMVET}VW^'H C H B R F P B V F T >�B�>'w VET}VW^'H
VWH[PEVEPMT�� Y'C T�VWTDV Ñ%Y H[P9Ö

N >�Y'BDC V F q Î R B�C Þ�¨sHy¨ F PG^�VWT�¨ B�C \]R Ñ�B q @%> T«¨�R_H w'X H VW^'Hyq[T > V CGF U Î V F T > TD�=J�Ö w HyR B × B�F RZR_H�Þ Ð Ö�Ï BDCEwAF H > Þ%J�Ö�Ï F_C H CEw Þ
��Ö o Î \zU)H C VêÞ�K Ö`N X H C PG^'H F \MÞ ò Ö�ö B qSÒ Î'F H C Þ`×�ï o Ö4apHàÞ�Ï�Ö Ø B�C V F_> ï�J�^ B PGP BDCEw Þ Ø Ö Ø T C q FZBD> T Þ4Õ�^8Ö Ð q�^'\ F VWVêÞ�Ï�Ö
Ð q�^ Î PGVWH C Þ
$}Ö Ð V B�Î UßÞ Ð Ö
I B�>KJ HSVEVWT BD>'w ö`Ö Ù Î'C V J �°T C VE^'H F_C ¨sT CG@ T > VE^'HM� C T > VÛH >'w H[RZH[qSV C T >'F q[PêÞ w'B V B�B q[Ò ÎAF P F V F T >
B�>'w VWH[PEV�TD�pq[T�\ Y T > H > VEPMLOÚ]Ö â CGB�> q[HSPGq�^ F ÞOÕ#Ö Ø ÎAX�>'F H C Þ=Ï�Ö%Õ B PGPGH X�XDF T BD>'w�í ÖNI B�>KJSB�> HSR_R B �°T C VE^'H�qST > V CEF U Î V F T >
VWTrVE^'H�VEHSq�^ >'F q B R w H[P F_X�> T���VW^AH�\]HSq�^ BD>'F q B R=PGV CGÎ qSV Î'C HSPMTD�8VE^'H w H[VWHSq[VWT C LO��Ö*$ Î R B q�^ BD>'w $]Ö8b C H[qSq�^ F_>'F �°T C VW^'H
w HSP F_X�> T��#VE^'H w'F_Y TDRZH}\ BDX�> H[VPLQ��Ö,$6R Ú�Ò Î'FZ> T B�>'w Ï�Ö4ÕÛT > VWT CEF H C Hn�°T C VW^'H C H B R F P B V F T > T��#U CEF q @ªY'C T�VET�V Ñ%Y H[PML�ö`Ö
J B�F RZR_H C HSVêÞ í Ö�Ï B \]HSR FZ> ÞS��Ö�× F PEq�^ARZH CnB�>Aw $]Ö8×�^'TD\ B Pn�°T C VE^'H C H B R F P B V F T >	BD>'w VW^AHuVWH[PEVzT���PGq F_> V F RZR B VET C PGV CGF_Y
w HSVEHSq[VWT C?Y'C TDVWTDV ÑOY HSP
LOKzÖO$ F T�V B RZR_H Ó%F Þ%Õ#ÖO$ F Õ FZ> VWT BD>'w I ÖO$ F Õ FZ> VWT]�°T C VW^'H FZC ¨�T CE@ T > VE^'H�HS\ Î R_P F T > PGq B�>A>'FZ>AX
R B U)T CEB VWT CEÑ}B V�Ï CGB�>�Ð'B PEPGT4Ö

Ù H B�C H X�CGB VEHS� Î R VET�aIÖ,$ Î'CGF H ÎôB�>'w ö`Ö Õ#Ö)K FZÎA>'B�Î'w T��³J í KMLìÕ Ð ã Ú í Þ)�°T C VW^'H FZC ^'H[R YôF_>eY H C �°T C \ FZ>'X VWH[PEV
U)H B \÷\ H B P Î'C HS\]H > VWP B VIVW^'HuJ í KMLÜÕ Ð Þ BD>'w asÖ�Ï B V F_X�> T > �°T C VW^'H�VEHSPGVWP B VsVE^'HuJ í K?L Ð Õ Ð Ö

Ù H�HS� Y'C HSPGP�T Î'C�XDCEB V F V Î'w H�VWT}VW^AHuÏ CEBD>�ÐAB PGPET]a B U)T CEB VWT CEÑ PGV B�©,B�>'w�F_>�Y'B�C V F q Î R B�C VET í Ö Ð q B�Y'YAB�C T > H³�°T C
^ F PM^'HSR Y�FZ> VE^'H�qST > V B q[VWPI¨ F VE^�VW^'H�a B U4T CGB VET CGÑ �°T C VW^'H YAC H Y'B�CGB V F T > T��8VW^'H�Õ C T Y TDP B RÇÖ

×�^'H X�C T Î'Y T��yNQ× í Õ B q @%> T«¨�R_H wAX H�VW^AHzL�ÚÛ×nb Ð q F H > qSHzÕ C T X�CGB \ áWÏ CGB�> V�Õ Ð ×nÖ_J�asÏ Ü ¾�®�ÃDÃ Ü é �°T C�Y'B�C V F_B R
� Î'>'w'F_>'X TD� B�� T F_> V�NQL â L?ïðNQ× í Õ Y'C T � H[qSVUT�Ú > T Ó HSRQ$�HSVEHSqSVET C �°T C L?H Î V CGFZ> T,bsPGq F R_R B V F T >uÐ H B�C q�^*T`Ö

Þ ó Ø



V D#WXD#Y&D?ý�þZD#�
� ø � Ï�Ö%Ú?q[Ò Î'F PGV BDY'B q[H³HSV B RQÖ Þ=J í KML Ü Ã�ïð¯�� Þ�NQL â L ã Ú í ï Ü Ã ã ¯ À Þ4ø Ü Ø B«Ñ ø Ü�Ü Ã4Ö
� � � 0uÖ�L F ¨ B Þ?J�T > V CEF U8Ö�VETôVE^'H\[ Ð'> T«¨�\ B PEP>R Ü ®:T6J�T > �°H C H > q[H�T > Õ BDC V F q[RZH B�>Aw L Î qSR_H BDC Ú�PEV C T Y ^ Ñ P F qSP B�>Aw
J�T�PG\]T�R_T X�Ñ}F_> VW^'H > H[�%V Ø F R_R_H >'>'F_Î \MÞ ÐA> T«¨�\ B PGPêÞ`ø Ü Ü ®`Ö

� � � Ú Ö í�C H w'F V B VET Þ:0uÖ%L F ¨ B]B�>'w Õ#Ö Ð V C TDR F_> ÞONQL â L ã Ú í ï Ü ¾ ã ¯ � Þ�L BDX T ÑDB $�Õ#L?Ô�ï Ü ¾�ïð¯4¾ Þ��`¾ ö BD>OÎAB�CGÑ ø Ü�Ü ¾�Ö
� ® � o Ö Ð ^ F U Î'Ñ�B HSV B RÇÖ Þ%a8L Ï Ð ïðasbsN�Ã ã Ü ¾�Ö
� À � 0uÖN0�T w'B \ B HSV B RÇÖ Þ=J í KML ã Ð Õ Ð J Ü Ã�ïð� À Þ Ð Õ Ð J ã Ø � ø��CÞDapL Ï Ð ï;aIbsN#Ã ã Ü ¾ Þ�Ú w'w Ö�øDÖ
� ��� 0uÖN0�T w'B \ B HSV B RÇÖ Þ=J í KML ã Ð Õ Ð J Ü Ü ïð��¯CÞ Ð Õ Ð J ã Ø � � À ÞDapL Ï Ð ï;aIbsN�ø Ü ã Ü Ü Ö
� ¾ � í Ö í P @%Î VIHSV B RÇÖpáWJ o bsKIÔ Ð J�TDRZRQÖ éHÞQ]�^,_:`baZced�f�gihPakj*d�l2mon/gipKaQqsr�tvuñáEøew:w4¾/xI¾DÖ
� Ã � Ð Ö%Ú�T @%F HSV B RÇÖzyQ]	^{_:`baZced?f�gih�aCj*d?lsmon:gip*aQ|�}vuñáEøew:w�¯,x8® �/� L
~ w/� ×nÖ%L BD@9B�> T{yOÕ#^8Ö $]ÖO×�^AHSP F P
y%Ô >AFZÓ H C P F V Ñ T���L BDX T Ñ�B áWø�w/w4¾:x�L
×nÖ%L BD@9B�> T{yO×�^'H³Ô?R_V CGB × CGB q @}Ð H[RZH[qSVET C yOL B�X T Ñ�B Ô >'F_Ó H C P F V Ñu> T�VEHNy F_>�YAC H Y'B�CGB V F T > Ö

~ ø�¯/��J�Ö Ù H F_> ^'H F \]H C HSV B RÇÖzysVWT B�Y'Y H BDC T > VW^AHªÕ C T%qOÖ TD��VE^'H����
� N > V9Ö?J�T > �WÖÛT > L�H Î V CEF_> T�Õ�^ Ñ P F qSP B�>Aw
Ú?PGV C T Y ^ Ñ P F q[PMy Ð'Î'w U Î'CGÑ y%�D¯�¯�¯`Ö

~ øDøe��I Ö Ø ÖÛa8T�U B PE^AH Ó H[V B RQÖby�VWT BDY'Y H B�C T > VW^'H�Õ C T%qOÖ�TD��VE^'H����
� N > V1Ö?J�T > �WÖyT > L?H Î V CGFZ> T	Õ�^ Ñ P F qSP B�>Aw
Ú?PGV C T Y ^ Ñ P F q[PMy Ð'Î'w U Î'CGÑ y%�D¯�¯�¯`Ö

~ ø��/����Ö%ÕÛT > VWH[qST CEÓ T,yK��p*a#�4�:fi��a���n��Kh�aC�v�1��a?����áWø�w À ¾/x À ®/w`Ö
~ ø��/����Ö%ÕÛT > VWH[qST CEÓ T,yK��p*a#�4�:fi��a���n��Kh�aC�v�1��a?��r�áWø�w À Ã,xp��®4¾DÖ
~ ø�®/����Ö Ø BD@%F HSV B RQÖzyQ�4h��X�/a	�vpKn��*hPa4�Cp*�Of�a��*��áWøew � �{xpÃ`¾�¯`Ö
~ ø À ����Ö%ÕÛT > VWH[qST CEÓ T,yK�,aZ�4����gi`za	�vp*n��Kh�n:giaC�Cp*�Of�aQ}���áWøew � ¾:x�øD¾�ø�¾:L

I Ö�Ï CGF U)T ÓrBD>'w ��Ö�ÕÛT > VWH[qST CGÓ T{yK�Cp*�Of�a#��n/gigiaQ|(�=�­áWøew � w{x�®:w��4Ö
~ ø � � asÖ Ù T�R_�°H > PEVEH F_> y?�4pK�Nf�a#�#n:�/aQ��u� ñáWøew`¾�Ã{x��D� � w{L

Ð Ö Õ#Ö Ø F_@ ^AH Ñ H Ó}B�>'w Ú]Ö ò Ö Ð \ F_CG> T Ó yQ¡?�*�/aZ�,a#]�^{_/`zav�Cp*�Of�aQrU�	áWø�w�Ã � x�w4ø��{L
~ øD¾e� PEH[H³�°T C�F_> PEV B�> q[HN¢ Ð Ö Ø ÖO� F RZH >'@%F=B�>'w ��ÖOÕÛT > VEHSqST CEÓ T,y,�4p*�Of�a#�#ne�,�*h�gif�£¤rvuñáEøew4¾�Ã,x8��� À L

I Ö â R B \ F_>'F T BD>'w ��Ö ÐAB�F VWV B y?��js�¥�1�/�1f�gijsl*n/`�]	^{�*�:�§¦v�1¨�n/d?gi��u*t¬áWø�w�Ã4¾:x�ø:L
Ð Ö Ø ÖO� F R_H >A@OF HSV B RQÖby��4h��X�/a#�Cj*hPgia#]	^{_:`baZ�Cp*�Of�aQr���áWøew:w/w{xsø:L
Ú Ö í#C H w'F V B VWT BD>'w Õ#Ö Ø F_X R F T J�J[F ysJ í K?L?ï�bsÕ í L �D¯�¯�¯Dïëø����{y`VWT BDY'Y H B�C T > ��j����1�/�1f�gij�l*n/`C]	^{�*�:�©¦v�kª
¨�n/d?gi�*L
Ï�ÖDÚ?R_V B�C HSR_R F4BD>'w â Ö â H CGÎ'X R F T{yîÕ C T%q%ÖîTD��VW^'H�I?NENWN�N > V9Ö Ù T CE@ PG^'T Y T > L�H Î V CEF_> T ×8H[RZH[PEq[T Y HSP
y/IÛH > H J[FZB y`øew/w:w
B�>'w�C HS�°H C H > qSHSP�VE^'H C H F_> Ö

~ ø�Ã/� Ú ÖO��Ö Ø B q�$�T >AB R w á Ð L bìJ�T�R_RQÖbx�y%VWT BDY'Y H B�C T > VE^'H�Õ C T%qOÖOTD�pVW^AH¥�«�X� N > V1Ö�J�T > �WÖ%T > L�H Î V CEF_> T]Õ#^ Ñ P F qSP
B�>'w Ú?PGV C T Y ^ Ñ P F q[PMy ÐAÎ'w U Î'CGÑ y���¯�¯D¯4Ö

~ ø�w/��Ï�Ö`K BD>OÎ qSq F á¬�IT C HS� F_> T�J�T�R_RÇÖzx�y�VWT B�YAY H B�C T > VE^'H}Õ C T%qOÖ4T��sVW^AH��«�
� N > V9Ö#J�T > �WÖ`T > L�H Î V CEF_> T�Õ#^ Ñ P F qSP
B�>'w Ú?PGV C T Y ^ Ñ P F q[PMy ÐAÎ'w U Î'CGÑ y���¯�¯D¯4Ö

~ �D¯/��J�Ö%K Î UAU FZB áõNSJ�Ú?KIÔ Ð J�TDRZRQÖbx�y?]�^,_:`baU�Cp*�Of�a#­¯®i�4h��X_:a#¡?^:�*��`za±°	r���áWø�w/w � xIø�¾��4Ö
~ �`øe� Ú C HSq[H > V C H Ó%F H[¨ T��IPETDR BDC�> H Î V CGFZ> T Y'C T � H[qSVWPn\ B«Ñ U4Hu�°T ÎA>'w�F_> ×nÖ�Ú]Ö?0 F_C PEVEH > ypÕ C T%qOÖ=TD�IVW^'H�I?NWNEN�N > V1Ö

Ù T CE@ PG^'T Y T > L?H Î V CGF_> T]×8H[RZH[PEq[T Y HSP
yNIÛH > H JSF_B y�ø�w/w/w`Ö
~ �D�/� Ú Ö'Õ F H Y'@ Huá¬0�Ú Ø apÚ?LC$ J�TDRZRQÖzx�yAVWT B�YAY H B�C T > VW^'H�Õ C T%q%Ö%T�� VW^AH¥�«�X��N > V1Ö8J�T > �WÖ'T > L?H Î V CGF_> T}Õ#^ Ñ P F qSP

B�>'w Ú?PGV C T Y ^ Ñ P F q[PMy ÐAÎ'w U Î'CGÑ y���¯�¯D¯4Ö
~ �D�/��Ï�Ö Ø F R_R_P�áõa Ð LC$ J�T�R_RÇÖzx�y VET BDY'Y H B�C T > VW^'H�Õ C T%qOÖ=TD�MVW^AH²���
� N > V1ÖsJ�T > �WÖ8T > L?H Î V CGFZ> TôÕ#^ Ñ P F q[P B�>Aw

Ú?PGV C T Y ^ Ñ P F q[PMy Ð'Î'w U Î'CGÑ y%�D¯�¯�¯`Ö
~ �D®/� Ú ÖN�IT J[B�CG@ Tuá Ø FZ>AF �IT%T�L í J�TDRZRQÖbx�yOVWT B�Y'Y H BDC T > VE^'H³Õ C TOq%ÖîTD��VW^AH4���
� N > V1Ö=J�T > �WÖDT > L�H Î V CEF_> T Õ#^ Ñ P F qSP

B�>'w Ú?PGV C T Y ^ Ñ P F q[PMy ÐAÎ'w U Î'CGÑ y���¯�¯D¯4Ö
~ � À � ò Ö â Î'@%Î'w'B H[V B RQÖbyQ�Cp*�Of�a#��n/gigiaQ|�����}¬áWø�w/wD®,xp���4¾DÖ

Þ ó Þ



~ � � � Ø Ö%Ú Y TDRZR_T >'F T]HSV B RÇÖzyQ�4p*�Of�a#��n:gigiaQ|�rv�=t­áWøew:w�Ã{x��:w4¾/L
Ø Ö%Ú Y TDRZR_T >'F T]HSV B RÇÖzyQ�4p*�Of�a#��n:gigiaQ|�r�³�³­áWøew:w/w{x�®`ø À Ö

~ �`¾e� ò Ö â Î'@%Î'w'B H[V B RQÖbyQ�Cp*�Of�a#�#n:�/aZ��n/gigia?�UuñáWø�w/w�Ã{x�ø À � �,L
ò Ö â Î'@%Î'w'B H[V B RQÖbyQ�Cp*�Of�a#�#n:�/aZ��n/gigia?�U�ñáWø�w/w/w{x À øewD®4Ö

~ �DÃ/��J�Ö Ù B R_VWH C á Ð'Î'Y H C ïk0 B \ F T @1BD>'w HrJ�T�R_RQÖbx�yOÕ C TOq%ÖOT��8VW^'H�N > V1ÖpJ�T > �WÖ o í Õ´w/w{yD× B \ Y H C HNypøew/w:w,L
Ø Ö�L B�@9B ^ B V B y�Õ C T%qOÖ�T�� VW^'H	I?NIN > V1Ö Ù T CE@ PG^'T Y T > ×�T YAF q[P F_> Ú?PGV C T Y'BDC V F q[RZH BD>'w Ô >'w H CGX�C T Î'>'w Õ�^ Ñ P F q[PMy
Õ B�CGF P
y`øew:w/w4Ö

~ �:w/� ò Ö â Î'@%Î'w'B H[V B RQÖbyQ�Cp*�Of�a#�#n:�/aZ��n/gigia?�U�ñáWø�w/w/w{x�� � ®D®4Ö
~ �D¯/� o Ö Ð TDU)H[R³á Ð'Î'Y H C ïk0 B \ F T @9BD>'w HeJ�TDRZRQÖbx�y VWT B�Y'Y H BDC T > VW^AHuÕ C T%qOÖpT���VE^'H²���
� N > V1ÖIJ�T > �WÖpT > L?H Î V CGFZ> T

Õ#^ Ñ P F qSP BD>'w Ú?PGV C T Y ^ Ñ P F qSP
y Ð'Î'w U Î'CEÑ y%��¯D¯�¯`Ö
~ �`øe� ×nÖ Ø BD>'> á Ð T Î'w'BD> �,x�ysVWT BDY'Y H B�C T > VW^'H,Õ C TOq%Ö T��³VE^'H��«�X� N > V1Ö�J�T > �WÖÛT > L�H Î V CEF_> T�Õ�^ Ñ P F qSP B�>Aw

Ú?PGV C T Y ^ Ñ P F q[PMy Ð'Î'w U Î'CGÑ y%�D¯�¯�¯`Ö
~ �D�/����ÖN� BDCEF PG^ôá Ø ÚnJ�K�b J�T�R_RÇÖzx�yOVET B�Y'Y H BDC T > VE^'H�Õ C T%qOÖDT��8VW^'H����
� N > V1Ö=J�T > �WÖ%T > L?H Î V CGF_> T]Õ#^ Ñ P F qSP B�>Aw

Ú?PGV C T Y ^ Ñ P F q[PMy Ð'Î'w U Î'CGÑ y%�D¯�¯�¯`Ö
~ �D�/� Ú Ö�J ÎACEF T >'F H[V B RQÖbyO^AH Y ï Y ^ ã w�Ã�¯ À �D®/w,L

Ø Ö%Ú X R F H[VWV B H[V B RQÖby�J í KML ã Ð Õ Ð Jsw�ÃDï;�DÃ,y Ð Õ Ð J ã Ø � ø À L
0uÖ Ù FZ> VEH C H[V B RQÖby=J í KML ã Ð Õ Ð J(w�ÃDï;� � y Ð Õ Ð J ã Ø � �D�4Ö

~ �D®/� ×�^'H 0��/0 HS� Y H CEF \]H > VP¢vµ ����¶ �Q·=· �4-�¸���¹Nº��4�N»¬¼Q-:¼Q» ½/¶ ·
~ � À � ò Ö�b ÑDB \ B yDÕ C T%qOÖOTD�pVE^'H ò NQ×�Õ Ù T CG@ PG^'T Y T > â R B«Ó T C Õ�^ Ñ P F q[PMy:0 Ñ T�VWT{y`øew/wDÃ�áõ^'H Y ï;H[� ã w�ÃD¯���¯`ø�®{xWÖ
~ � � � o Ö%L�T Î \ F H[V B RQÖbyQ]�^{_/`zaZced?f�gihPa#j*d�l2mon/gipKa{q���¾��¬áEøew:w4¾/xp�/w:w4Ö
~ �`¾e��0uÖOL BD@1B \ Î'CGB á¬0��/0 J�T�R_RÇÖzx�y�VWT B�Y'Y H BDC T > VW^'H�Õ C T%q%Ö�TD�8VE^'HC�«�X� N > V1Ö�J�T > �WÖOT > L?H Î V CGF_> T]Õ#^ Ñ P F qSP B�>Aw

Ú?PGV C T Y ^ Ñ P F q[PMy Ð'Î'w U Î'CGÑ y%�D¯�¯�¯`Ö
~ �DÃ/� í ÖOÚ�U'RZH[PMHSV B RÇÖzy â H C \ F R B U�Õ C T Y T�P B R4Õ#ïðÃ4¾ À áWø�w/w À x�L

L Î Ø NQï;a8ï;�D�4¾ áWøew:w�Ã{x�L
L Î Ø NQï;a8ï;�`¾ À áWøew:w�Ã{x�L
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