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Particule chargée

706 70685
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®=¶j«.°&¹j§O±²°j«P¹j¼¾¼À¦¾¨�¦¾­Z¹Ë�°&´�«P¦ = Â K ¦�¥À¹uµ�µO­�± 6 ´�¯¦�¦ÛÎ¹g­Z¹»¨�±ZYS´�¬.±²¶&§ ¯¦q­Z¹j¬�¥.± 6 ´�¦¿´�¥.±Z­Z±Z¬b¯¦�¦ µ�¶&´�«�­Z¹gº�¹j­Z±²Á�«P¹u¥.±Z¶&§Ó¦q§Ö¥�¦q¼ÀµO¬À¨�¦q¬×�=�D?>
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� ¹j§�¬g­²¦Ö¥.¹uÁO­²¦q¹j´ = Â;:bÊk­²¦q¬»¦�«.«.¦q´�«G¬Ì¬ 9 ¬�¥b¯¦q¼¾¹u¥.± 6 ´�¦q¬ ¬.´�«Ì­²¦q¬g¼¾¹j¬.¬.¦q¬»¬.¶&§"¥gµ�«P±�§�º�±²µO¹j­²¦q¼¾¦q§"¥¨�´�¦q¬ ¹j´·È ¦�«P«.¦q´�«P¬Ü¦q§"¥.¹jº[8�¹j§~¥½­Z¹ ¨�¯¦�¥�¦�«G¼¾±Z§�¹u¥.±²¶&§ ¨�¦q¬Ü¥�¦q¼ÀµO¬¿¨�¦»©j¶&­Ñ¨�¦q¬�@�«G¹u°&¼À¦q§"¥.¬ ¶jÁO¬.¦�«.©Ø¯¦q¬
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�����*� = Â B ¢ �É� ±Z¬�¥�«G±²ÁO´�¥.±²¶&§ÉÁO±9� ¨�±�¼À¦q§�¬.±²¶&§O§�¦q­Z­²¦h¥98*¯¦�¶j«P± 6 ´�¦o¨�¦q¬l¹j§�°&­²¦q¬ D�: � Ê;:7Ç4FÍ¨�¦q¬l¨�¦q´�È @�«G¹u°&¼À¦q§"¥.¬¨�¦ªËO¬P¬.±²¶&§ º�¹j­Zº�´�­x¯¦q¬Åµ�¶&´�«Å­Z¹g«·¯¦q¹jº�¥.±²¶&§ ÁI: : = µ�¶&´�«¾¨O±ZY�¯¦�«.¦q§~¥�¦q¬¾µ(¹u«.¥.±²¥.±²¶&§�¬¾¦q§ ¼¾¹j¬.¬�¦jÂ Ã ¦Úº�¹u«.«·¯¦«.¦�µ�«·¯¦q¬.¦q§"¥�¦�­Z¹Àº�¶&´�©j¦�«.¥.´�«P¦É¹j§�°&´�­Z¹j±Z«.¦k¹j¬.¬.´�«·¯¦�¦³µ(¹u«�­²¦q¬t¨�¦q´�È ×�=�D?> Â
Ã ¹�Ë�°&´�«.¦ = Â B ¢ µ�«·¯¦q¬.¦q§"¥�¦jÊu¦q§�¥�«P¹j±²¥ÏµO­²¦q±Z§SÊ7­Z¹£º�¶j«P«b¯¦q­Z¹u¥.±²¶&§�¥98*¯¦�¶j«P± 6 ´�¦¸¨�¦�­�®�¹j§�°&­²¦*¨O´ @�«P¹u°&¼À¦q§~¥h¨�¦ËO¬.¬P±²¶&§¾­²¶&´�«G¨GD�: Ç Fh¦q§ @�¶&§Oº�¥.±²¶&§Å¨�¦Ä­
®�¹j§�°&­²¦t¨O´ @�«P¹u°&¼À¦q§~¥*¨�¦tË(¬.¬.±²¶&§À­x¯¦�°j¦�«¸¦�¥�Ê"¦q§Å¥.±²«.¦�¥.¬�Ê~­
®�¹j§�°&­²¦�¨O´­x¯¦�°j¦�«¸¦q§ @�¶&§�º�¥.±²¶&§Ü¨�¦£­�®�¹j§�°&­²¦�¨�´Ü­²¶&´�«P¨ÍÂ Ã ¦£º�¹u«P«b¯¦Ä¹j´ º�¦q§"¥�«P¦£«.¦�µO«b¯¦q¬�¦q§"¥�¦Ñ­Z¹ º�¶&´�©j¦�«.¥.´�«.¦Ä¹j§�°&´�­Z¹j±Z«.¦¨�¦q¬h¨�¦q´·È ×�=�D?> D?¨�¦H: ¢ Î¹MJ ¢=< µ�¶&´�«Ï­Z¦q¬Ï¨�¦q´�È ×G=�DH> FGÂ > ¦�¥�¥�¦¸«.¦�µ�«·¯¦q¬.¦q§"¥.¹u¥.±²¶&§�µ�¦�«P¼À¦�¥h¨S®=¶jÁO¬�¦�«>�©j¦�« 6 ´�¦¸µ�¶&´�«lµ6¶&´�©j¶&±²«Ð¨*¯¦�¥�¦qº�¥�¦�«*¥�¶&´BA�¶&´�«P¬Ð­�®=¦q§"¥.±
Î¦�«.¦�¥b¯¦Ä¨�¦q¬Ð¨�±Z¬�¥�«G±²ÁO´�¥.±²¶&§O¬Í¦q§À¼¾¹j¬.¬.¦t¨�¦q¬ @�«G¹u°&¼À¦q§"¥.¬¨�¦ÄËO¬.¬.±Z¶&§SÊb´O§�¦�µ�¶&¬.±²¥.±Z¶&§Ü±Z§~¥�¦�«P¼Ö¯¦q¨�±�¹j±²«.¦Ñ¨�¶&±²¥ "¦�¥�«P¦³º<8�¶&±Z¬P±²¦£¦q§~¥�«.¦k­²¦q¬�µ�¦�¥.±²¥.¬�¦�¥o­²¦q¬�°j«P¹j§�¨�¬¸¹j§�°&­²¦q¬qÂÃ ¦q¬l¹j§�°&­Z¦q¬h±�§!@q¯¦�«P±Z¦q´�«P¬�Î¹ ? ¢ < ¨�¶&±²©j¦q§~¥ "¦�¥�«P¦Ü¯¦�©·±²¥b¯¦q¬Ðµ�¶&´�«l§�¦�µO¹j¬l¬.¹u¥.´�«.¦�«Ð­²¦q¬h¨*¯¦�¥�¦qº�¥�¦q´�«P¬Ðµ(¹u«l­Z¦q¬ µ�«P¶
�

A�¦qº�¥.±Z­²¦q¬Ø¨�± Y�´�¬b¯¦q¬�¯¦q­�¹j¬�¥.± 6 ´�¦q¼À¦q§~¥�Ê&¦�¥ ­²¦q¬Ð¹j§�°&­Z¦q¬Ø¬.´�µ¸¯¦�«P±Z¦q´�«P¬�Î¹ J ¢=< ¨�¶&±Z©j¦q§"¥�¯¦�°&¹j­²¦q¼¾¦q§"¥ "¦�¥�«P¦¿¯¦qº�¹u«.¥~¯¦q¬µ�¶&´�«g¯¦�©·±²¥�¦�«�­Z¦À«P±Z¬ 6 ´�¦¾¨�¦Å§�¦¾µO¹j¬³¨�¯¦�¥�¦qº�¥�¦�«À¥�¶&´�¥�¦q¬�­²¦q¬kµ(¹u«.¥.±²¥.±²¶&§�¬³¦q§Ó¼¾¹j¬.¬.¦Å¨�¦q¬T@�«P¹u°&¼À¦q§~¥.¬É¨�¦ËO¬.¬P±²¶&§SÂÃ ¦q¬£µ�¶&¬.±Z¥.±²¶&§�¬t¹j§�°&´O­Z¹j±²«.¦q¬Ä¨�¦q¬Äº�¦q§"¥�«.¦q¬Ñ¨�¦q¬ ×�=�D?> ¶&§"¥ÄËO§�¹j­²¦q¼¾¦q§"¥½¯¦�¥~¯¦¾º[8�¶&±Z¬.±Z¦q¬�Î¹ : ¢=< µ(¹u««P¹uµ�µ�¶j«.¥³Î¹À­
®�¹ÙÈ·¦³¨�´�@�¹j±�¬.º�¦q¹j´¿µ�¶&´�«o­²¦q¬¸«b¯¦q¹jº�¥.±²¶&§�¬�ÁI:�J : ¦�¥oÁI: : = ¦�¥ Î¹ = : < µ�¶&´�«o­Z¹�«b¯¦q¹jº�¥.±²¶&§ªÁI: K7?¨�¹j§�¬�­Z¹ 6 ´�¦q­Z­²¦Ñ­Z¹�©b±Z¥�¦q¬.¬�¦É¨�´ªº�¦q§~¥�«.¦�¨�¦³¼¾¹j¬.¬�¦k¦q¬.¥tµO­Z´�¬o±�¼Àµ�¶j«.¥.¹j§"¥�¦jÂÃ ¦q¬³Ë�°&´�«P¦q¬ = Â B7B µ�«·¯¦q¬.¦q§"¥�¦q§~¥ ­
®�¯¦�©j¶&­Z´�¥.±²¶&§Û¨�¦q¬ ¹j§�°&­²¦q¬*:7Ç¾¨�¦¾¨�¯¦�¥�¦qº�¥.±²¶&§Ö¨S®�´�§ ¨�¦q¬ @�«G¹u°&¼À¦q§"¥.¬¨�¹j§�¬�­²¦ ×G=�DH>.? D ;"; ? F³¦q§ @�¶&§�º�¥.±²¶&§ ¨�¦q¬�¹j§�°&­²¦q¬?: � ¨�´ @�«P¹u°&¼À¦q§~¥�¹j¬P¬�¶bº�±x¯¦ª¨�¹j§O¬ ­²¦ ×G=�DH> B
D ;"; B FGÂ Ã ¹ÖË�°&´�«P¦g¨�¦Ì°&¹j´�º[8�¦Ûµ�«·¯¦q¬.¦q§"¥�¦Û­²¦q¬ «·¯¦q¬.´O­²¥.¹u¥.¬½¨S®�´�§�¦»¬.±�¼ ´�­�¹u¥.±²¶&§ Î¹ µ(¹u«.¥.±²«¿¨S®�´�§ º�¶b¨�¦¬�¥.¹u¥.±Z¬.¥.± 6 ´�¦ D7@Ä¦q¼¾±Z§�± F*¦�¥�º�¦q­Z­²¦É¨�¦³¨�«.¶&±²¥�¦k«.¦�µO«b¯¦q¬�¦q§"¥�¦�­²¦k«·¯¦q¬.´�­Z¥.¹u¥�¦�È·µ�¯¦�«P±Z¼À¦q§~¥.¹j­Í¶jÁO¬.¦�«.©Ø¯¦³µ�¶&´�«£­Z¹
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«·¯¦q¹jº�¥.±²¶&§ Á :�J : Â C ¦q¼¾¹u« 6 ´�¶&§�¬ 6 ´�¦�­²¦q¬Ú¯¦�©Ø¯¦q§�¦q¼À¦q§"¥.¬Éµ�«·¯¦q¨�±²¥.¬ÄµO¹u«*@Ä¦q¼¾±�§�±Ï§�¦�¬�¶&§~¥k¹j¬.¬�¶·º�±G¯¦q¬ 6 ´Í®�Î¹¨�¦q¬oµO«.¶bº�¦q¬P¬.´�¬o¨�¦³Ë(¬.¬.±²¶&§¿º�¶&§~©j¦q§"¥.±²¶&§O§�¦q­Z­²¦jÂ� ¹j§�¬�­Z¹Ú«.¦�µ�«·¯¦q¬�¦q§~¥.¹u¥.±²¶&§Ö¦�Èbµ¸¯¦�«G±Z¼À¦q§~¥.¹j­²¦jÊÏ¶&§ º�¶&§�¬.¥.¹u¥�¦¿´O§�¦¾°j«P¹j§�¨�¦ ±Z§~¥�¦q§�¬.±Z¥~¯¦ ¨�¹j§�¬�­²¦Üº�¶&±�§¬.´�µ¸¯¦�«G±²¦q´�«É°&¹j´Oº<8�¦¿¦�¥�¨�¹j§�¬�­²¦ º�¶&±�§ ±Z§%@q¯¦�«P±²¦q´�« ¨�«.¶&±Z¥�Â�� § ¦ Y�¦�¥�Êl­�¹½ËO¬.¬P±²¶&§Û¦q¬�¥À¨�¹j§O¬Éº�¦q¬�«·¯¦�°&±²¶&§�¬¼Ö¯¦q­Z¹j§�°h¯¦�¦�¹j´�È ¯¦�©Ø¯¦q§�¦q¼¾¦q§"¥.¬�¹j¬.¬�¶·º�±G¯¦q¬�Î¹Ñ­Z¹Ñ¨�±ZYS´�¬.±²¶&§g¯¦q­�¹j¬�¥.± 6 ´�¦¸¶&´ 6 ´�¹j¬.± �Ù¯¦q­�¹j¬�¥.± 6 ´�¦jÂ > ®=¦q¬�¥l¦q§�¦ Y6¦�¥�ÊÎ¹£µO¹u«.¥.±²«l¨�¦*¬b¯¦q­Z¦qº�¥.±²¶&§�¬l¹j§�°&´�­Z¹j±Z«.¦q¬Ï¨O¹j§�¬Ïº�¦q¬h«·¯¦�°&±²¶&§O¬ 6 ´�¦¸­²¦q¬ ×G=�DH> ¶&§~¥É¯¦�¥b¯¦¿¯¦�¥.¹j­²¶&§�§�¯¦q¬l¦q§ ¥�¦q¼ÀµO¬
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�����*� = Â B7B¾� > ¶j«P«b¯¦q­Z¹u¥.±²¶&§�¬ ¬.±Z¼�´�­G¯¦�¦q¬³¦�¥ ¦�Èbµ¸¯¦�«P±�¼À¦q§"¥.¹j­Z¦q¬ ¨�¦q¬ ¹j§�°&­²¦q¬�:,Ç¾¨�¦ ¨*¯¦�¥�¦qº�¥.±²¶&§Ö¨S®�´�§Ó¨�¦q¬
@�«P¹u°&¼À¦q§~¥.¬Ø¨�¹j§�¬Ð­²¦ ×�=�D?>.? ¦q§ @�¶&§�º�¥.±²¶&§À¨�¦q¬ ¹j§�°&­²¦q¬ : � ¨O´ @�«P¹u°&¼À¦q§~¥ ¹j¬.¬.¶bº�±x¯¦t¨�¹j§O¬Ð­²¦ ×G=�DH> B Â
D ¶&´�«Ñ¨*¯¦�¥�¦�«P¼¾±Z§�¦�«Ñ­Z¦q¬£¼�´�­²¥.±²µ(­Z±Zº�±²¥b¯¦q¬t¨�¦�§�¦q´�¥�«.¶&§O¬£¹j¬.¬.¶bº�±x¯¦q¬Ñ¹j´»µ�«.¶·º�¦q¬.¬.´�¬£¨�¦ÉË(¬.¬.±²¶&§SÊ6±Z­Ñ¯¦�¥.¹j±²¥§�¯¦qº�¦q¬.¬.¹j±Z«.¦ ¨�¦ ¬b¯¦q­²¦qº�¥.±Z¶&§�§�¦�«�´�§�¦Å«·¯¦�°&±Z¶&§ µ(¹u«.¥.±Zº�´�­Z±
Î¦�«P¦Å¨�¹j§�¬�­Z¹G@�¦q§ "¦�¥�«.¦ª¹j§�°&´�­�¹j±²«.¦Åº�¶&´�©j¦�«P¥�¦ µ(¹u«­²¦q¬ ×�=�D?> Â , «,Êbµ�¶&´�«¸µ�¶&´�©j¶&±²« ¯¦q­Z±�¼¾±Z§�¦�«o´�§ª¼¾¹ÙÈ�±Z¼�´�¼ ¨S®I¯¦�©Ø¯¦q§�¦q¼¾¦q§"¥.¬Ñ¹j¬.¬�¶·º�±x¯¦q¬�¹j´�ÈÜµ�«.¶·º�¦q¬.¬.´O¬¯¦q­Z¹j¬�¥.± 6 ´�¦q¬�¦�¥�¥�«�Î¦q¬À±Z§�¯¦q­Z¹j¬�¥.± 6 ´�¦q¬qÊÏº�¦�¥�¥�¦½¬b¯¦q­²¦qº�¥.±²¶&§ ¹ ¯¦�¥~¯¦Úº<8�¶&±�¬.±²¦Åµ(­Z´�¥ "¶j¥�¹j´ º�¦q§~¥�«.¦ª¨�¦q¬ ×G=�DH>
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�����*� = Â B ?k��� ±Z¬�¥�«P±²Á(´�¥.±²¶&§�¬l¨�¦q¬ (  �Ó¨�¦q¬ µ�«.¶·¨�´�±²¥.¬l¨�¦o«·¯¦q¹jº�¥.±Z¶&§�¬*¨�¯¦�¥�¦qº�¥b¯¦q¬oµ(¹u« ­²¦ ×�=�D?> B ¨�¹j§O¬­²¦q¬o¦�È·µ¸¯¦�«P±²¦q§Oº�¦q¬tÁI:�J : Ê�Á : : = ¦�¥�ÁI:�J : Â
ËO¬.¬P±²¶&§ ��«P¹uµO±�¨�¦jÊ�¦�¥Ð­
®�¹j´�¥�«.¦jÊÙ¨�¦ (  �Úµ(­Z´�¬k¯¦q­Z¦�©Ø¯¦jÊu¦q¬�¥Ð¹j¬.¬�¶·º�±G¯¦�¹j´�ÈÉµ�«.¶·º�¦q¬.¬.´�¬Ï¨�¦¸¨�±ZYS´�¬.±²¶&§»¯¦q­Z¹j¬.¥.± 6 ´�¦¦�¥ 6 ´�¹j¬.±9�u¯¦q­Z¹j¬.¥.± 6 ´�¦jÂ Ã ¦q¬tµO«.¶bº�¦q¬P¬.´�¬o¨�¦ ( ( � ¬�®�¯¦�¥�¦q§�¨�¦q§"¥£µ�«.¶jÁO¹uÁO­Z¦q¼À¦q§"¥o¦q§~¥�«.¦Éº�¦q¬£¨�¦q´·È µO±Zº�¬�Â

> ¦�¥�¥�¦ÚË�°&´�«.¦ªµ�¦�«P¼À¦�¥¾¨Í®�±Z­Z­Z´�¬.¥�«.¦�« 6 ´�¦½­²¦q¬¾µ�«.¶·º�¦q¬.¬.´�¬ ¯¦q­Z¹j¬�¥.± 6 ´�¦q¬Å¬�¶&§"¥Ü§�¦�¥�¥�¦q¼À¦q§~¥ÅµO­Z´O¬�±�¼��µ�¶j«.¥.¹j§~¥É¨�¹j§�¬k­
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® 8 �bµ6¶j¥98SÎ¦q¬.¦Ü¬�¦q­²¶&§ ­Z¹��b´�¦q­Z­²¦À­Z¹½¨O±ZY�´O¬.±²¶&§»¦q¬�¥Éµ(´ �«.¦q¼À¦q§~¥ > ¶&´O­²¶&¼ÉÁ(±²¦q§�§�¦¿µ�¶&´�«¾¨�¦q¬¾¹j§�°&­²¦q¬Å±Z§%@q¯¦�«P±²¦q´�«P¬ÚÎ¹ : , < ÊØ¦q¬�¥Ü¨�¦½­
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®=¦�Èbµ¸¯¦�«G±²¦q§�º�¦�ÁI:ML , Ê6­�®�¹j§�°&­²¦ ¨Í®=¦��¾¦q´�«.¦q¼À¦q§~¥Ä©Ù¹j´�¥Ä¦ Y�¦qº�¥.±²©j¦q¼À¦q§~¥Ä¦q§~©·±²«.¶&§ , : <¨�¹j§�¬�­²¦k«.¦�µÍÎ¦�«.¦É¨O´ª­Z¹uÁ�¶j«P¹u¥�¶&±²«.¦jÂÃ ®�¹j§�°&­²¦ ¨Í®=¦��¾¦q´�«.¦q¼À¦q§~¥g¨�¹j§�¬Ú­�®=¦�Èbµ¸¯¦�«P±Z¦q§�º�¦ÓÁI:�JNLbÊÑ¼À¦q¬.´�«b¯¦Ö¬.´�«Ì­Z¹ Ë�°&´�«.¦ , Â�$4J~ÊÑ©u¹j´�¥Ì¹uµ �µ�«.¶,È·±�¼¾¹u¥.±²©j¦q¼À¦q§~¥ : K < Ê ¬.±¸¶&§ ¬.´�µ�µ�¶&¬�¦ �b´�¦½­
®=¦>=Åº�¹jº�±²¥b¯¦g¨�¦½¨�¯¦�¥�¦qº�¥.±²¶&§ ¦q¬�¥Å­Z¹ ¼ 2¦q¼¾¦9�b´�¦ªµ�¶&´�«­
®=¦�È·µ�¯¦�«P±²¦q§�º�¦ÉÁI:ML , Â > ¦k«·¯¦q¬.´O­²¥.¹u¥£§�¦³¬q®I¯¦q­Z¶&±²°&§�¦³µO¹j¬t¥�«.¶jµÚ¨�¦³¬.¹¾©Ù¹j­²¦q´�«t¥98*¯¦�¶j«P±��b´�¦ D?¨�¦ :MJ�N ? $ < FGÂ� ¹j§�¬À­
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�Ñ§ º�¶&§O¬�¥.¹u¥�¦ ¯¦�°&¹j­²¦q¼¾¦q§"¥1�b´�¦¾º�¦�¥�¥�¦Ü¦>=Åº�¹jº�±²¥~¯¦ ¨�¦�¨�¯¦�¥�¦qº�¥.±Z¶&§ ±Z§~¥�«P±Z§O¬�Î¦ �~´�¦À¨�¦q¬T@�«P¹u°&¼¾¦q§"¥.¬³¨�¦
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* �,+ - �/.10 "*�32�)4. +0"#�
Ã ¦q¬�J�Ut¬Pº�±Z§"¥.±�­Z­Z¹u¥�¦q´�«P¬�¶j«P°&¹j§�±��b´�¦q¬Í­Z±��b´�±Z¨�¦q¬6¨O´³¼ ´O­²¥.±9� ¨�¯¦�¥�¦qº�¥�¦q´�« � � × � � ¬�¶&§~¥ º<8�¹jº�´O§³µO­Z¹jº(¯¦q¬Î¹¾´�§�¦³¨�±Z¬�¥.¹j§�º�¦ ¨�¦k©j¶&­ ¨�¦
$uÂ K LÜ¼ ¨�¦ ­Z¹Àº�±²ÁO­²¦k¦q§Ú¨�¦ 8�¶j«P¬t¨�¦É­Z¹Àº<8O¹j¼ÉÁ�«P¦ Î¹À«·¯¦q¹jº�¥.±²¶&§Ì¦q­Z­²¦ � ¼ 2¦q¼À¦¼¾±Z¬.¦¿¬.¶&´�¬À©·±Z¨�¦ D�Ë�°&´�«.¦ ? Â ? FGÂ 'b¦q´�­²¦q¬À­²¦q¬�µ(¹u«.¥.±Zº�´�­²¦q¬À§�¦q´�¥�«.¦q¬�ÊØº�¶&¼¾¼¾¦½­²¦q¬¾§�¦q´�¥�«P¶&§�¬�¶&´ ­²¦q¬65hÊµ�¦q´�©j¦q§~¥£¥�«P¹,©j¦�«P¬�¦�«³­Z¹ÅµO¹u«.¶&±Ï¦q§g¹j­Z´�¼¾±Z§O±Z´�¼ D , ¼¾¼ F�¨�¦ ­Z¹Üº<8�¹j¼ Á�«.¦ÚÎ¹Ü«b¯¦q¹jº�¥.±²¶&§ ¹j±Z§�¬P± �b´�¦ ­
®�¹j±Z«¬.±²¥.´�¯¦É¦q§"¥�«.¦É¦q­Z­²¦Ñ¦�¥�´�§½¨�¯¦�¥�¦qº�¥�¦q´�« � � × � � Â
C ¹uµ�µ�¦q­²¶&§�¬ �~´�¦ª­²¦q¬�§�¦q´�¥�«.¶&§�¬�µ�¦q´�©j¦q§"¥ 2¦�¥�«.¦ ¯¦q¼¾±�¬ µ(¹u«À¥�«.¶&±Z¬�¥ �bµ�¦q¬À¨�¦ ¬.¶&´�«Pº�¦q¬ �Ð­²¦¿§�¶��&¹j´º�¶&¼Àµ�¶&¬b¯¦ ¦�¥Ï­²¦q¬Í¨�¦q´·ÈS@�«G¹u°&¼À¦q§"¥.¬Ï¨�¦ÐËO¬.¬P±²¶&§SÂ Ã ¦ º�¹j¬ µO¹u«.¥.±Zº�´O­Z±²¦�«�¶SÎ´³­²¦Ø§�¶��&¹j´Éº�¶&¼Àµ�¶&¬b¯¦�§�¦ÐËO¬.¬.±Z¶&§�§�¦µO¹j¬h§�¦¸¬�¦�«P¹£µO¹j¬ ¥�«G¹j±²¥~¯¦¸±�º�±
Â��*§³¦ Y�¦�¥�Êu­Z¦�§�¶&¼ Á�«.¦*¥�¶j¥.¹j­·¨�¦*«·¯¦q¬P±Z¨�´�¬Ï¨S®I¯¦�©Ù¹uµ�¶j«P¹u¥.±²¶&§ÍÊu¨�¯¦�¥�¦qº�¥b¯¦q¬ µO¹u«h­Z¦q¬°&¹j­²¦�¥�¥�¦q¬ÉÎ¹�¼¾±Zº�«P¶
� º�¹j§�¹j´·È�Êb§S®=¦q¬.¥*µO¹j¬�¬.´7=Ü¬.¹j§"¥�µ�¶&´�«*¨�¯¦�¥�¦�«G¼¾±Z§�¦�«o­²¦q¬�¼ ´O­²¥.±²µO­Z±�º�±²¥~¯¦q¬ §�¦q´�¥�«P¶&§�±��b´�¦q¬¹j¬.¬�¶·º�±x¯¦�¦q¬�Â '·¦q´�­²¦q¬¸­²¦q¬�µ�«.¶jµ�«G±G¯¦�¥~¯¦q¬�¨�¦q¬o§�¦q´�¥�«.¶&§O¬�Êb±�¬.¬.´�¬�¨S®�´�§�¦ÑËO¬P¬.±²¶&§ÜÁO±Z§�¹j±²«P¦£¨�¶&§~¥o­²¦q¬?@�«G¹u°&¼À¦q§"¥.¬¨�¦kËO¬P¬.±²¶&§ª¬�¶&§~¥�º�¹u«P¹jº�¥b¯¦�«P±Z¬b¯¦q¬ÄµO¹u«£­²¦q¬ ×�= ??> ÊO¬�¦�«.¶&§~¥¿¯¦�¥.¹uÁO­Z±Z¦q¬�¨�¹j§�¬oº�¦É¥�«P¹q©u¹j±Z­
ÂÃ ®=¶jÁ A�¦qº�¥.± @*Î¹É¹u¥�¥�¦q±Z§�¨�«.¦£¨�¹j§O¬ º�¦Ñº<8�¹uµO±Z¥�«.¦�¦q¬�¥¸¨�¦�¨�¯¦�¥�¦�«G¼¾±Z§�¦�«¸­²¦£§�¶&¼ÉÁ�«P¦�¼À¶��j¦q§¿¨�¦Ä§�¦q´�¥�«.¶&§O¬¯¦q¼¾±Z¬ µO¹u« ¯¦�©Ù¹uµ�¶j«P¹u¥.±Z¶&§SÊo¨S®�´�§�¦ÌµO¹u«.¥ µO¹u«ª­²¦»§�¶��&¹j´ º�¶&¼Àµ�¶&¬b¯¦ D �	> FGÊ�¦�¥ª¨S®�¹j´�¥�«.¦Ìµ(¹u«.¥Üµ(¹u«¿­Z¦q¬

@�«P¹u°&¼À¦q§~¥.¬�¨�¦kËO¬P¬.±²¶&§ D-����FGÂ ? ¶&´�«�º�¦T@?¹j±²«.¦jÊ�­Z¦q¬ ¯¦�¥.¹uµ�¦q¬�¬.´�±Z©Ù¹j§~¥�¦q¬o¶&§~¥ ¯¦�¥~¯¦�«·¯¦q¹j­Z±Z¬b¯¦�¦q¬ �
7 Ã ¹¾¨�±Z¬Pº�«P±Z¼¾±Z§O¹u¥.±²¶&§Å¦q§~¥�«.¦É­Z¦q¬o§�¦q´�¥�«.¶&§�¬t¦�¥�­²¦q¬85g¨*¯¦�¥�¦qº�¥~¯¦q¬k¨O¹j§�¬t­²¦q¬t¨�¯¦�¥�¦qº�¥�¦q´�«P¬ � � × � � Â
7 Ã ¹ª¨*¯¦�¥�¦�«P¼¾±Z§O¹u¥.±²¶&§ ¨�¦¾­
®�¯¦q§�¦�«.°&±Z¦¾¨�¦q¬k§�¦q´�¥�«.¶&§O¬ÅÎ¹¿µO¹u«.¥.±²«k¨�¦À­Z¹¿¼À¦q¬.´�«.¦À¨�¦¾­²¦q´�«Ñ¥�¦q¼ÀµO¬k¨�¦©j¶&­ ¦q§"¥�«P¦É­Z¹Àº�±²ÁO­Z¦Ä¦�¥£­²¦³¨*¯¦�¥�¦qº�¥�¦q´�«qÂ
7 Ã ¹�¨*¯¦�¥�¦�«P¼¾±Z§�¹u¥.±Z¶&§ ¨�¦Ä­
®=¦>=Üº�¹jº�±²¥~¯¦³±Z§"¥�«G±Z§�¬�Î¦ �b´�¦£¨�¦Ñ¨�¯¦�¥�¦qº�¥.±²¶&§½¨�¦q¬�§�¦q´�¥�«.¶&§�¬*¦q§ @�¶&§Oº�¥.±²¶&§Ü¨�¦­Z¦q´�«P¬ ¯¦q§�¦�«.°&±Z¦q¬oµO¹u«�´�§Ú¨�¦q¬t¬.º�±Z§~¥.±Z­Z­�¹u¥�¦q´�«P¬�¶j«.°&¹j§�±��b´�¦q¬t­�±��~´O±Z¨�¦q¬ � � × � � Â
7 Ã ¹Ñº�¶&§�¬�¥�«P´�º�¥.±Z¶&§�¨�¦q¬Ð¬�µ�¦qº�¥�«.¦q¬h¦q§Ó¯¦q§�¦�«.°&±²¦o¨�¦q¬Ð§�¦q´�¥�«P¶&§�¬hµ6¶&´�«hº[8�¹��~´�¦¸¨�¯¦�¥�¦qº�¥�¦q´�« � � × � �¦�¥Ì­²¦q´�«ª§�¶j«P¼¾¹j­�±Z¬.¹u¥.±²¶&§ µO¹u«½­²¦ §�¶&¼ Á�«.¦Û¨�¦ ����Ê�­
®�¹j§�°&­²¦ ¬�¶&­Z±Z¨�¦g¨�¦q¬½¨�¯¦�¥�¦qº�¥�¦q´�«P¬½¦�¥Ú­Z¦q´�«¦>=Üº�¹jº�±²¥~¯¦�±Z§~¥�«P±Z§O¬�Î¦ �~´�¦k¨�¦ ¨*¯¦�¥�¦qº�¥.±²¶&§Ì¨�¦q¬t§�¦q´�¥�«.¶&§O¬�Â
7 Ã ®�¹ A�´O¬�¥�¦q¼À¦q§~¥¸¨�¦q¬*¬�µ�¦qº�¥�«.¦q¬�¦q§ ¯¦q§�¦�«.°&±²¦Ñ¦�¥�¦q§Ü¹j§�°&­Z¦jÊb¹j±Z§O¬.±�¶jÁ�¥�¦q§b´�¬�ÊbµO¹u«¸´�§�¦Ä¨�±Z¬�¥�«P±ZÁO´�¥.±²¶&§¥98�¯¦�¶j«G±��~´�¦»¨�¶&§~¥¿­²¦q¬Åµ(¹u«P¹j¼¿Î¦�¥�«.¦q¬¿©u¹u«P±Z¹uÁO­²¦q¬Ü¬�¶&§~¥ ­²¦q¬ ¼�´�­²¥.±²µO­�±Zº�±²¥~¯¦q¬À¦�¥¿­²¦q¬Å¥�¦q¼¾µ�¯¦�«P¹u¥.´�«.¦q¬§b´�º�­x¯¦q¹j±²«P¦q¬�¨�¦q¬t§�¶��&¹j´·È ¯¦q¼À¦�¥�¥�¦q´�«P¬qÂ
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* ��� ��� ��)4.10 ��� �&� .����	��� � ��
#" � � ��� ��� 2 .10 "#��� � . �>� 2 0�$� . ���>" � ���
� �
Ã ¦�¨�¯¦qº�­²¦q§Oº<8�¦q¼À¦q§~¥ D ' . � C .QF�¨�¦�­Z¹Å¼¾¦q¬.´�«.¦�¨�´½¥�¦q¼¾µO¬Ñ¨�¦ ©j¶&­l¨�¦q¬Ñ§�¦q´�¥�«.¶&§�¬Ä¬�¦ @?¹j±²¥£µO¹u«k­²¦¬.±²°&§O¹j­À¯¦q­²¦qº�¥�«.¶&§O±��~´�¦Ü¨�¯¦q­Z±²©b«·¯¦ µO¹u« ­²¦q¬�¨�¯¦�¥�¦qº�¥�¦q´�«P¬ � � × � � Êl¦�¥�­�®�¹u«.«>2¦�¥ D '7.�� ? F³¬�¦ @?¹j±²¥<L ¢j¢ §O¬¹uµ�«qÎ¦q¬£­²¦³¬.±²°&§�¹j­S¨�¦³­Z¹4��� ©u¹j­Z±Z¨�¯¦�¦ÉµO¹u«�­
®�¯¦�©Ø¯¦q§�¦q¼À¦q§"¥Ñ¨�¯¦qº�­²¦q§�º[8�¹j§~¥£­²¦q¬o¨�¯¦�¥�¦qº�¥�¦q´�«G¬ ×�= ??> ÂÃ ®�±Z§!@�¶j«P¼¾¹u¥.±²¶&§ µ�«.¶,©j¦q§O¹j§"¥¿¨�¦q¬ .#� > ¨�¶&±²¥ ¨�¶&§�º 2¦�¥�«.¦»±�§"©j¦�«P¬b¯¦�¦jÂ Ã ¹ ¨�«P¶&±²¥�¦Ì¨�¦»º�¹j­Z±²Á�«G¹u¥.±²¶&§«.¦q­Z±�¹j§"¥�º�¦�¥�¥�¦À±Z§%@�¶j«P¼Å¹u¥.±²¶&§Ú¹j´Ì¥�¦q¼ÀµO¬£¨�¦É©j¶&­h¨�¦q¬Ä§�¦q´�¥�«.¶&§�¬�¦q¬�¥Ñ¨�´½¥��~µ�¦ � D � � F ! & (*Õ "�� ¶ÍÎ´ (¦q¬�¥�­Z¦³º�¹j§�¹j­3@�¶&´�«P§�±²¥¸µO¹u«t­Z¦ .#� > ¦�¥ & ­�¹�µ6¦q§~¥�¦jÂ �*­Z­²¦Ñ¦q¬�¥�­Z±x¯¦�¦³¹j´�È¿º�¹u«P¹jº�¥b¯¦�«P±�¬�¥.±��b´�¦q¬£¨O´ .#� > ¦�¥µ�¶&¬.¬�Î¦q¨�¦É´O§�¦k©Ù¹j­Z¦q´�«oµ�«.¶·º<8�¦³¨�¦ � ¢ Â�$É§�¬ � (ÙÂÃ ¦q¬ §�¦q´�¥�«P¶&§�¬Ø¦�¥ 5 µ�«P¶,©j¦q§�¹j§~¥�¨O´¾¬�¦qº�¶&§�¨ A�ÁO´�«P¬�¥�CÉ¨�¦�L 
 µ6¦q´�©j¦q§"¥�¯¦�°&¹j­²¦q¼¾¦q§"¥o¨�¯¦qº�­²¦q§�º[8�¦�«¸­²¦

. � > Â � ­Z¬t¬�¶&§~¥�¨�¶&§�ºÑµO«b¯¦q¬�¦q§"¥.¬�¦�¥£¬�¦³¼Ö¯¦q­�¹j§�°j¦q§"¥Ä¹q©j¦qº�­²¦q¬t§�¦q´�¥�«.¶&§�¬t¨�´¿µO«.¦q¼¾±²¦�«�A�ÁO´�«P¬�¥�CGD�Ë�°&´�«P¦
LbÂ�$4FGÂ . ¶&´�¥�¦ @�¶&±Z¬�Êh­Z¹ªµ�«P¶jÁO¹uÁO±Z­Z±Z¥~¯¦¾¨Í®�¹q©j¶&±²«�¨�¦q´·È «·¯¦q¹jº�¥.±²¶&§�¬�§b´�º�­G¯¦q¹j±²«.¦q¬ �~´O±ÐµO´�±Z¬P¬�¦q§"¥»¯¦q¼À¦�¥�¥�«P¦¿¨�¦q¬§�¦q´�¥�«P¶&§�¬l¨�¹j§�¬l¨�¦q´·ÈÉÁ(´�«P¬�¥.¬h¬.´�º�º�¦q¬.¬P± @�¬h¦q¬�¥l¥�«qÎ¦q¬�@?¹j±²ÁO­Z¦jÂ > ®=¦q¬.¥l­�¹�«P¹j±�¬�¶&§�µ6¶&´�«l­�¹��~´�¦q­�­²¦*­²¦¸¼Ö¯¦q­Z¹j§�°j¦¨�¦³º�¦q¬£§�¦q´�¥�«.¶&§�¬�¨�´ª¬�¦qº�¶&§�¨ªÁ(´�«P¬�¥t¹,©j¦qºÉº�¦q´·È½¨�´¿µ�«P¦q¼¾±²¦�«oµ�¦q´�¥ 2¦�¥�«.¦³¥�¶&´�¥�Î¹ @�¹j±Z¥t§*¯¦�°&­Z±²°Ï¯¦jÂ
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�����*� LbÂ�$ � .Ï¦q¼ÀµO¬À¨�¦ª©j¶&­ D�¦q§ º�¹j§�¹j´·È2F�¨�¦q¬¾§�¦q´�¥�«.¶&§�¬�¦�¥ 5 «.¦q­²¦�©Ø¯¦q¬ÌÎ¹Û­
®�¹j±Z¨�¦¿¨�¦q¬¾¨*¯¦�¥�¦qº�¥�¦q´�«P¬� � × � � Â
Ã ¹�µ6¦q§~¥�¦k¨�¦³­Z¹�¨�«.¶&±Z¥�¦Ñ¨�¦Ñº�¹j­�±²Á�«P¹u¥.±²¶&§¿¹ ¯¦�¥~¯¦ ¨�¯¦�¥�¦�«P¼Å±Z§*¯¦�¦ Î¹À­
®�¹j±Z¨�¦Ä¨�¦q¬�¨�¦q´·ÈÅµO±�º�¬"5Úµ�«.¶&¼ÀµO¥.¬µ�«.¶7©j¦q§�¹j§~¥Ø¨�´�ÁO´�«P¬�¥Ïµ�«P±Z§Oº�±²µO¹j­&¦�¥Ð¨�´�¬�¦qº�¶&§O¨�ÁO´�«P¬�¥�Â > ¦q´·È � º�±·¬�¶&§~¥Ø¬~¯¦�µO¹u«b¯¦q¬ ¨S®�´O§�¦*µ¸¯¦�«G±²¶b¨�¦ � �Ì¨O´º �·º�­²¶j¥�«.¶&§SÂ Ã ¦q¬*©Ù¹j­Z¦q´�«P¬Ø¶jÁO¥�¦q§~´�¦q¬¸¬�¶&§~¥¸¨�¦£­
®=¶j«G¨�«.¦�¨�¦ � ¢ Â�$�$Ñ§�¬ � (ÙÂ Ã ®=¦�«.«.¦q´�«�¬.´�«�­Z¹³µ�¦q§~¥�¦£¨�¯¦q¨�´�±Z¥�¦¨�¦³­
®�±�¼Àµ�«·¯¦qº�±Z¬.±Z¶&§ ¬P´�«�­²¦q¬¸µ�¶&¬.±²¥.±Z¶&§�¬o¨�¦q¬t¨�¦q´�ÈÜµO±Zº�¬�¨�¦q¬85ÌµO«.¶&¼Àµ�¥.¬t¹Ö¯¦�¥b¯¦�¦q¬�¥.±Z¼Ö¯¦�¦ªÎ¹ $uÂ , 
 ÂÃ ®=¶j«P±²°&±Z§�¦ " � ¨�¦ ­Z¹Ü¨�«.¶&±²¥�¦É¨�¦ º�¹j­Z±²ÁO«P¹u¥.±²¶&§Ú¹ ¯¦�¥~¯¦À¶jÁ�¥�¦q§~´�¦É¦q§Ì«.¦q­Z±Z¹j§~¥£­²¦�º�¹j§�¹j­h¨�´ 5 µ�«.¶&¼¾µ�¥¹j´ ¥�¦q¼ÀµO¬»¨�¦Ó©j¶&­�¥98�¯¦�¶j«P±��b´�¦Ö¨�¦q¬ 5 µ�¶&´�«ÌµO¹u«Pº�¶&´�«P±Z«Ì­Z¹ ¨�±Z¬�¥.¹j§�º�¦ �~´�± ¬~¯¦�µO¹u«.¦ ­Z¹ º�±²ÁO­²¦Ó¨Í®�´�§¨�¯¦�¥�¦qº�¥�¦q´�« � � × � � Â Ã ®�±Z¼Àµ�«·¯¦qº�±Z¬P±²¶&§ ¬.´�«À­²¦ "�� ÊÐº�¶&¼Àµ�¥�¦ª¥�¦q§b´ ¨�¦ª­
®�±Z¼¾µ�«b¯¦qº�±Z¬.±²¶&§Ö¬.´�«À­Z¹»µ�¦q§~¥�¦jÊ¨�¦É­�®�±Z¼Àµ�«·¯¦qº�±Z¬P±²¶&§ª¬.´�«�­�¹Àµ�¶&¬.±²¥.±²¶&§ (³¨O´ªµO±Zºk¨�¦ 5gµO«.¶&¼Àµ�¥o¦�¥Äº�¶&¼Àµ�¥�¦É¥�¦q§b´Ú¨�¦É­
®�±Z¼ÀµO«b¯¦qº�±Z¬.±²¶&§ª¬.´�«­Z¹Ñ¨�±Z¬.¥.¹j§�º�¦*¦q§~¥�«.¦t­Z¹Ñº�±²Á(­²¦*¦�¥Ð­
®=¦q§O¨�«.¶&±²¥l¨�¹j§�¬l­²¦o¨�¯¦�¥�¦qº�¥�¦q´�«*¶SÎ´À­²¦o§�¦q´�¥�«.¶&§�±Z§~¥�¦�«P¹u°&±²¥�Êj¹Ú¯¦�¥~¯¦�¦q¬�¥.±Z¼Ö¯¦�¦Î¹ $uÂ;U 
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��� ´ z ���à� =L/�2L;>=5U=L@(?SI�?SU"/ + ;>2CUKH *:+ I * U(=5?A@"/rH�;>= + J -/34 + ? + /�IA/3U�JC?SU"@ + ?Ay5=L@(?A;>25U�/32 -/32C/ +(� ?A/�JL/3U�H *:+ @(?S41=CIS/3U -/3Gs?SU(/3U�H *:+-/ mi* H�; +Y* @(?S;>2 ±� /1@"@"/�0 ;>2546@(?A;>2s2L/KU1Q * H5H5IS? � =L/k@";>=L@"/10 ;>?�U � =�Q a* IRQ -/3Gs?SUYU(?A;>2DJ�Q�=C2C/TU(/3=CIA/�H *:+ @(?�41=CIA/ ±"! I�IA/THN;>= +(+Y*JL;>2C4��/1@ + /s=C@(?SIS?SU -/1/�H�;>= + IA/3U -/ mi* H�; +Y* @(?S;>2CU
JL/DG
=CIA@(?AH5I�?S41?A@ -/
Gs; � /32C2L/s?�2L0 -/ + ?S/3= + / a*¡m @"/3ISIA/3U � =C/IA/3U -/3Gs?SU(U(?S;>2CU
JL/sH *:+ @(?S41=CIA/3Ur4Y� *:+(��-/1/3UDI -/ �La/ + /3U ±#! 2�/6��/1@ o 46/3ISIS/3U VX41?�;>2P@
=52L/sH + ;Oy * y5?SIS?A@ -/sJ�QA�/1@ + /-/3Gs?SU"/3U�2L/1@"@"/3GD/32P@bH IS=CU�0 * ?Ay5IA/ � =L/�IA/3Ub2L/3=L@ + ;>2CUb/32 +Y* ?�U";>2
JL/�I * y *:+(+ ? a/ + / � ;>=CIA;>G�y5?A/32C2C/ � =�Q /3ISIS/3UJL;>? m /32P@K@ +Y*�m / + U"/ + ±$ ?5H *:+ 46;>2P@ + / o IA/M2C; �>* = -/3GD/1@"@"/3= +�-/ mi* H�; + /�H5IS=5U�J�Q�=C2�2L/3=L@ + ;>2�/32�GD; � /32C2L/ o ?SI5U3Q *:� ?A@�J�Q�=52L/4 * U(4 * JL/�J�Q -/ m:* HN; +p* @(?A;>2 ; a=�I * @"/3GDH -/ +p* @(= + /�JC=~2L; �>* =�U";>= + 46/�J -/34 + ; � %S@ a* 4p� *m� =L/ -/1@ * H�/ ± ��* 2CU46/�4 * U o IA/
0<; + G * I�?SU(GD/
U(?�GDH5IS?&� -/,JL/ 7 /3?SU(U � ;OHC0�2C/rU1Q * HCH5I�? � =C/,H5IS=CU ± ) /3U +F-/3U(=5IA@ * @(U�J5=t4 * IS41=CI JC/) / � ;>=L@"/3= + /1@ )b* 2 �(' ) !k� � ��. @(?A/3252L/32q@�46;>GDHC@"/�JL/�46/1@"@"/u4 * U(4 * JL/�/1@�U"/ + ;>2P@rH +F-/3U(/32q@ -/3UsU * 25UJ -/3GD;>2CU(@ +Y* @(?A;>2 J * 2CU�I * U(=C?S@"/ ±

= %"! ) )M'N:�784(&"+¶29);/+* $-0/ $-�'�&î43-,
8-.- / 02143

� ;>25U(?SJ -/ + ;>2CU�IA/
H + ;F46/3U(U(=CU�?S2 m / + U"/�JL/�4 * HC@(= + /
H *:+ IA/�2L; �>* = e J Q�=C2L/
H *:+ @(?S41=CIS/�J�Q -/32L/ +(� ?S/41?S2 -/1@(? � =L/xJ * 2CUrIS/ + /1H a/ + /�JC=�46/32q@ + /�JL/xG * U(U"/ ��� 0<; + G * 2P@�=52 2L; �>* = 46;>GsHN;>U -/ � *�m /34x=52L/-/32L/ +(� ?A/
J Q /6EF41?A@ * @(?S;>2 � �� ± �t-/3U(? � 2L;>25UTH *:+�5
°
� ��76 ��� ´ I * U"/346@(?A;>2�/1��4 * 46/rJC/�46/�H + ;.46/3U(UY=CU ± $ ?�I *
8 �m�



8 � ¢ ����������� � 	�� � � �B�K� �
�����3� �,�x��� ������ ���k� �k�����T� � ���
H *:+ @(?�41=CIA/�/1@MIA/
2L; �>* = e U"/
@ + ;>= m /32q@�46;>2 �52 -/3UMJ * 2CUK=C2 m ;>IS=5GD/�� o * IA; + U D

� ¹ I 5 °
� �� 6 � � ´ �� °

@ ± 8 ´
+ /1H +F-/3U(/32q@"/,I * H + ;Oy * y5?�IS?A@ -/KH�;>= +�� =L/�I * H *:+ @(?S41=CIA/ f + /32C46;>2P@ + /�IS/�2L; �>* = e H *:+ =52C?A@ -/�JC/M@"/3GDH5U ±� /3U(@sI *�m ?S@"/3U(U"/uJL/tI * H *:+ @(?�41=CIA/ f JL/tG * UYU"/ } /1@D/3U"@sIS? -/1/ a* U";>2 -/32C/ +(� ?A/ 41?S2 -/1@(? � =L/�H *:+ I *+ /3I * @(?S;>2 � I �

� ��� _ } ±� ¹ /3U(@
H + ;OH�; + @(?A;>252L/3ISIA/ * = 2C;>Gry + /�J�Q -/1@ * @(U�J�Q /6EF41?S@ * @(?A;>2~H�;>U(U(?Sy5IA/
	 � °
� �� ´ z ��� J5=~2L; �>* = �* H +3a/3U * y5U"; + HC@(?S;>2uJL/rI * H *:+ @(?S41=CIA/ f J Q -/32C/ +(� ?A/r46;>GDH + ?SU"/,/32P@ + / ��� /1@ ��� n z ��� ±��* 2CU�IA/
H + ;.46/3U(UY=CU � � e n f o � °

��� ´ z ��� /3U(@ o H *:+ 46;>2q@ + / o H + ;OH�; + @(?S;>2C2L/3ISIA/ * =�2L;>Gry + /J�Q -/1@ * @(UKH�;>U(UY?Ay5IA/3U�	 � °
���� ´ z � � � =L/�H�/3=L@�;F4141=LH�/ + IA/�2L; �>* = e * H +3a/3U -/3Gs?SUYU(?A;>2�J�Q�=C2L/�H *:+ @(?�41=CIA/f J�Q -/32L/ +(� ?A/
46;>GDH + ?�U"/
/32P@ + / ��� /1@ ��� n z ��� ± � °

��� ´ z ��� /3U"@ -/ �>* IA/3GD/32P@�H + ;OH�; + @(?A;>2C2L/3I�IA/ * =2L;>G�y + /xJ�Q -/1@ * @�	 � °
��� ´ z ��� � =L/�H�/3=L@
;F4141=LH�/ + =C2L/sH *:+ @(?S41=CIA/�I�?Ay + /sJ * 25Ur=C2 m ;>IS=CGD/�� ±�� /3U46;>2CU(?�J -/ +Y* @(?A;>2CU�/32P@ +Y* � %S2C/32q@ � =L/ D

� °
� � ´ z � � I � ¹ 	 � °

� � ´ 	 � °
� �� ´	 � °
� �� ´ z � � °

@ ± �½´
	 � °
��� ´ z ��� U"/�4 * IS41=CIA/�/32 +.-/3U";>I m:* 2q@�IRQ -/ � = * @(?A;>2uJL/ $ 4Y� +�
;>JC?S2 � / + J�Q�=C2C/MH *:+ @(?�41=CIA/�I�?Ay + /MJ * 2CU�=52m ;>IS=CGs/
JL;>2C2 -/ D

���� l
� }�� l�� I � � °

@ ± ó ´
*3m /34KHN;>= + 46;>25JC?A@(?A;>2
0 + ;>2q@(? a/ + / D ��� O{· g�� I 9w±P� /341?L?SGsH5IS? � =L/�=C2�2L;>G�y + /�J�Q -/1@ * @ �

°
��� ´ ?�2L0 -/ + ?S/3= +a* � � -/ �>* I a*ìD

�
°
��� ´ I �

¢:Z l�� � } � ��� l�� z9x l °
@ ± � ´

/1@ * H +3a/3U�J -/ + ? m:* @(?A;>2 D
	 � °
� � ´ I z �z ��� I � } �

� } ���
�:Z l �� z °

@ ± � ´� =�Q�?SI�0 * =C@rG�=5IA@(?AH5IS?S/ + H *:+ =52�0 * 46@"/3= + � � =C?B46; +(+ /3U(HN;>25J * =~2L;>G�y + /sJL/DH *:+ @(?S41=CIA/3U,JL/D@ � H�/ f� =C?�H�/3= m /32q@�;F4141=LH�/ + IA/
Gu�/3Gs/ -/1@ * @ � = * 2P@(? � =L/ ±��* y5?A@(=L/3I�IA/3GD/32P@k;>2�J -/��52C?A@KI Q /32q@ + ;OH ?A/ �
°
��� ´ H *:+ I *�+ /3I * @(?A;>2 U(=C? m:* 2q@"/ D

�
°
��� ´ I � µ ° 	 °

��� ´R´ °
@ ± ¢½´

! 2~?S2P@ + ;.J5=C?SU * 2P@ @ ± ¢ J * 2CU @ ± � /1@
/32 + /3GsH5I * �4 * 2P@!	 � °
� � ´ H *:+ U(;>2�/6E.H + /3U(U(?A;>2�/32 @ ± � /1@

� ¹ H *:+;@ ± 8 o � °
��� ´ z ��� U(/ +.-/ -/34 + ?A@ D
� °
� � ´ z � � I 5 °

� �� 6 � � ´ � } ���Z l �� z
\#"�$&%('*)$ + � "�,&%-'*),.+ z � �

°
@ ±[³m´

; a= � � °
� �� ´ /3U"@BIRQ /32P@ + ;OH5?A/kJC=�2C; �>* =DU";>= + 46/ � J Q -/32C/ +(� ?A/TJ�Q /6EF41?S@ * @(?A;>2 ���� /1@ � � °

� �� ´ I Q /32q@ + ;OH ?A/JC=u2L; �>* = e J�Q -/32L/ +(� ?S/rJ�Q /6EL41?A@ * @(?A;>2 � �� I � �� � �;c�� ��� ±



� 	��q	 ���,� � � ����� � � � � � � ���T� � � ����� � � �b�T��� � � ��� ����k�u���� ���� � �T� 8 � ³
= %�� 5 &��	��&�'�+.2Y#º784323-�' 
8-
�	��&�'�+.2Y#º7849-
� #���&�' * $-º-
� 4%$-#*�
-�'¶-
�

� ;>G�GD/s?SI * J -/8w a* -/1@ -/xGD;>2P@ +F-/ * =�H + /3Gs?A/ + 4p� * H5?A@ + / °
-/ � = * @(?A;>2 8 ± 8 �½´ J * 2CUr=C2�4 * J + /DH5I�=CU�%-/32 -/ +Y* I o I * U(/346@(?A;>2r/1��4 * 46/kJL/�4 * HC@(= + /kJL/�H *:+ @(?�41=CIA/3U 4p� *:+(�%-/1/3UBI -/ �Fa/ + /3UBJ�Q -/32L/ +(� ?A/ ��� o 5 °

� �� 6 ��� ´U"/r4 * I�41=CIA/
JL/
G * 25? a/ + /
41I * U(U(? � =L/,H *:+ I *�+ /3I * @(?S;>2 D
5
°
� �� 6 ��� ´ I 5Hc °

8 � F��� ´ ]U^ ��� j FI 9 ]_^ � ��� F °
@ ±��½´; a= 5 c I Z�� lV g�� /1@ F I F�� ° �

V g�� ´ n F g ° �
V g�� ´�� F�� ° �

V g�� ´ IA/rH�;O@"/32P@(?A/3I + /3I * @(?A0 °
m ;>? + -/ � = * @(?A;>28 ± 8 �½´'± ) /3U�/6��/1@(U � = * 2P@(? � =L/3U�@"/3ISU � =L/xIA/3Ur/6��/1@(U�@(=C2C2C/3ISU � =C? * H5H *:+Y* ?SU(U(/32q@
U(? ��� � F o U";>2P@2 -/ � IS? ��-/3U�J * 2CUK46/1@"@"/ * HCH + ;F4Y�C/ ±$ ?�;>2�U(=LH5HN;>U(/ � =L/ °

���"�bF ´�� °
� �� �(� c ´ * IA; + U�;>2�H�/3=L@,J -/ m /3IA;OHCH�/ + � � °

� �� ´ * =�H + /3G�?A/ +; + J + / D � � °
� �� ´ I � � °

� �� � �;c��sF � °
������F ´R´I � � °

� �� � � c��sF ´ � °
�����sF ´ z �z ��� ' ), � ' Ý ��� °

@ ±jl½´� 2tJ -/�� 2C?A@�I * @"/3GDH -/ +Y* @(= + /�2.=C41I -/ * ? + /! °
� � ´ H *:+ I *�+ /3I * @(?A;>2 U(=C? m:* 2q@"/ Dz �z �"� ' ) I 8 °

� � ´ °
@ ± 8 9�´

��a/3U�IA; + U o IRQ -/ � = * @(?A;>2 @ ±[³ U"/ +F-/ -/34 + ?S@ D
� °
��� ´ z ��� I 5dc � }Z l �� z

n \ %(" $ %-' ), � ' Ý ��� + � " , %(' ), + + n °
�����sF ´ n \ � % '�# ��� + x $ $ n z ��� °

@ ± 8 8 ´) /�2L;>Gry + /
JL/,H *:+ @(?�41=CIA/3U -/3Gs?SU"/3UK/32 GD; � /32C2L/
/3U"@ * IA; + U D
% I'&)(� � °

� � ´ z � � I 5 c  l� � }�� z Z l \ %("�$ %(' ), � ' Ý ��� + � "�, %-' ), + + °
@ ± 8 �½´� 2�H�/3=L@
J a/3U�IA; + U +F-/ -/34 + ? + /�IRQ -/ � = * @(?A;>2 @ ± 8 8 /32+*�?S2P@ + ;FJC=C?SU * 2P@�IRQ -/ � = * @(?S;>2 @ ± 8 � ± ! 2~JC? m ?SU * 2P@/32CU(=5?A@"/�IRQ /6EFH + /3UYU(?A;>2 @ ± 8 8 H *:+ IRQ * 2 � IA/ o ;>2�;Oy5@(?A/32q@TIRQ /6EFH + /3U(UY?A;>2sJL/�I * G
=CIA@(?SH5IS?S41?A@ -/KJL;>=Cy5IA/3GD/32P@JC?W� -/ + /32P@(?A/3ISIA/ h3¡-,h/.Ch '�# ± � /1@ * 2 � IA/
U";>IS?SJC/ m:* =L@ �>Z H5=C?SU � =L/�IRQ -/3Gs?SU(UY?A;>2uJL/,H *:+ @(?�41=CIA/�/3U"@MU(=CHCH�;>U -/1/�/1@ + /�?�U";O@ + ;OH�/
J * 2CU�IA/
46/32P@ + /
JL/
G * U(U"/ ± ��a/3U�IA; + UT;>2 ;OyC@(?A/32P@ Dz l %z � z ��� I � °

��� ´
�>Z I %

�>Z  l� °
�����sF ´ \ � % '�# ��� + x $ $ °

@ ± 8 ó ´
; a=0 � /3U"@
I * @"/3GDH -/ +p* @(= + /�JC=�2L;1* * = +F-/3U(?�JC=L/3I e U1Q�?SI *3m:* ?A@r=C2C/ -/32L/ +Y� ?A/sJ�Q /6EL41?A@ * @(?A;>2 -/ �>* IA/ a*
� �� � � c&�bF ± �M* H5HN/3IS;>2CU � =L/�46/1@"@"/ -/ � = * @(?A;>2�/3U"@
J -/34 + ?A@"/sJ * 2CU�IA/D46/32P@ + /sJL/DG * U(U"/�/1@
2�Q /3U(@m:* I * y5IA/ � =L/�U(?MIS/�2L;>G�y + /�JL/ H *:+ @(?S41=CIA/3U -/3G�?SU"/3U�/3U"@�/32 GD;1*O/32C2L/�?S2L0 -/ + ?A/3= + ;>= -/ �>* IA/ a* =52 ±) Q -/ � = * @(?A;>2 @ ± 8 ó U(/ +Y* J a/3UrIA; + U�=C@(?SIS?SU -/1/ * H +3a/3U,@ +p* 2CU"0<; + G * @(?A;>2�J * 25U,IA/ + /1H a/ + /sJC=�I * y�; +Y* @";>? + /H�;>= +K* w(=CU"@"/ + IA/3UMJC?SU"@ + ?Sy5=L@(?A;>2CU�/32 -/32L/ +(� ?S/rJL/3U�H *:+ @(?S41=CIA/3U�4p� *:+(�%-/1/3U ±� /1H�/32CJ * 2q@ o U(?.I * G
=CIA@(?SH5IS?S41?A@ -/k2L/3=L@ + ;>2C? � =L/�/3U"@�H + ;F4Y�L/TJL/ 8 o /1@�UY?PI * @"/3GDH -/ +Y* @(= + /KJC=
2L;2* * =-/3GD/1@"@"/3= + 2C/ m:*:+ ?A/
H * U�@ + ;OH�J�Q�=C2L/ -/3Gs?SU(UY?A;>2 a* IRQ * =L@ + / o IRQ -/ � = * @(?A;>2 @ ± 8 ó H�/3=L@ -/ �>* IA/3Gs/32q@s�/1@ + /=L@(?SI�?SU -/1/ ±�� Q /3U(@�I * +Y* ?SU";>2�H�;>= + I *m� =L/3ISIA/�/3ISIA/�U"/ +p* -/ �>* IA/3GD/32P@ * HCH5IS? � = -/1/ * =FE JC?SU"@ + ?Ay5=L@(?A;>25U�/32-/32L/ +(� ?A/�JL/3U�2C/3=L@ + ;>2CU -/3G�?SUsH *:+ IA/ 2L;1* * =�46;>GDH�;>U -/ ± ��* 2CU�46/�4 * U o IA/ HN;O@"/32P@(?A/3I�;>= y *:+(+ ? a/ + /J�Q -/3Gs?SUYU(?A;>2 F JL;>?S@s�/1@ + /�G�?SU a*43 -/ + ; o /1@
I * U"/346@(?A;>2�/1��4 * 46/�JL/�4 * H5@(= + /�JL/x2L/3=L@ + ;>2�JL;>?A@s�/1@ + /U(=LH5HN;>U -/1/
46;>25U"@ * 2q@"/�/1@ -/ �>* IA/ a* 5dc /32u0<;>2C46@(?A;>2tJC/rIRQ -/32L/ +(� ?A/ ��� ±



8 � � ����������� � 	�� � � �B�K� �
�����3� �,�x��� ������ ���k� �k�����T�������
= %�� 5 &��	�8437�� * $-�/ $-�'�&î4 
��y78/ - #B&��N#B& 
8-�
8-�/ -07 +�'¶);/��
$ ?�IA/�2L;>G�y + /�JC/�H *:+ @(?�41=CIA/3U -/3Gs?SU(/3U�JL/ m ?A/32P@rU(=LH -/ + ?A/3= + 8 /1@�U(?�I * @"/3GDH -/ +Y* @(= + /xJC= 2L;2* * =U";>= + 46/
J -/34 + ; � %A@MU(? � 2C?&�54 * @(? m /3Gs/32q@�J�Q�=C2C/ -/3Gs?�U(U(?A;>2 a* IRQ * =C@ + / o IRQ * HCH + ;.4p�L/�H +.-/34 -/3JL/32q@"/
2�Q /3U"@�H5I�=CU* HCH5I�?S4 * y5IA/ ± ) / � ;>=L@"/3= + /1@ )%* 2 � °

' ) !k� � �H. /1@ ' ) !T� � l�. ´ ;>2q@�GD;>2P@ +.-/ � =L/TJ * 2CU�IA/�4 * U�J�Q�=52L/�4 * U V4 * JL/,J�Q -/ m:* HN; +p* @(?A;>2u?SU";O@ + ;OH�/�JL/,2L/3=L@ + ;>25U�J * 25UkIS/ + /1H a/ + /
JC=�46/32P@ + /
JL/�G * U(U(/ o I * G
=CIA@(?AH IS?S41?A@ -/JL;>=Ly IA/3GD/32P@TJ5?A0 0 -/ + /32P@(?A/3ISIA/�H�/3=L@KU1Q -/34 + ? + / Dz l % gz � z � � I % g
�>Z

8
�
° µ n 8 ´  g�� v

��� g \ � ' # x $ °
@ ± 8 � ´

; a= � ° µ n 8 ´ /3U"@MI * 0 ;>2C46@(?S;>2 � /1@ % g /3U"@KI * G
=CIA@(?SH5IS?S41?A@ -/,2L/3=L@ + ;>2C? � =L/ ±$ ?P=C2rU"/3=5Iq2L/3=L@ + ;>2r/3U"@ -/3Gs?SU o * IA; + U µ I 8 /1@ � ° �½´ I
8 ± ��* 2CU�46/T4 * U%H *:+ @(?S41=CIS?S/ + o IRQ -/ � = * @(?A;>2 @ ± 8 �JL/ m ?A/32P@k?SJC/32q@(? � =L/ a* I Q -/ � = * @(?A;>2uJC/ 7 /3?�U(U
	O;OHC0 @ ± 8 ó ± � /1HN/325J * 2q@ o IA; + U � =�Q�?�I * * =C2L/�4 * U(4 * JL/
JC/2L/3=L@ + ;>2 o ) / � ;>=L@"/3= + /1@ )b* 2 � ;>2P@KGD;>2P@ +.-/ � =L/ µ I 9 n � � 46/ � =C?N/3U"@ * U(U(/ 3 y5?A/32 + /1H + ;.JC=5?A@�H *:+µ I 9 nj� °

�
°
ó _ �½´ I�� Z _ �½´'± ) Q -/ � = * @(?A;>2 @ ± 8 � JL/ m ?A/32q@ * IA; + U D

z l %z � z ��� I %
� ° Z  ´ z9x

l � ��� \ � '�# x $ °
@ ± 8 � ´

� Q /3U"@
46/1@"@"/ -/ � = * @(?A;>2 o * H +3a/3U�@ +Y* 2CU"0<; + G * @(?S;>2 JC=~46/32P@ + /xJL/�G * UYU"/ m / + U
IA/ + /1H a/ + /�JC=�I * y�; +Y* V@";>? + / o � =5?�U"/ +Y* =L@(?SIS?SU -/1/�HN;>= +r* w"=5U"@"/ + IS/3UrJC?SU(@ + ?Ay5=L@(?S;>2�/32 -/32L/ +(� ?A/�JL/3U�2L/3=L@ + ;>2CU�IA; + U � =L/�IS/3= +G
=CIA@(?AH5I�?S41?A@ -/�U(/ +Y* U(=LH -/ + ?A/3= + / a* 8 ±= %

 5 ��&î/ *;-0: -�/1+ 
8- '¶- � 
-�'¶- 
�7 #J-�/1+N'¶- 
8-ê: &�� �H-��;-�'�� 43- '¶- �4
-�'¶-

�7 4(&î<�)M'�&"+.);2Y'¶-

��* 2CUs46/1@"@"/�U"/346@(?A;>2 o 2L;>=CU�@ +p* 2CU"0<; + GD/ + ;>2CU�IA/3UDJ5?SU"@ + ?Ay =L@(?A;>2CU h ¡ ,h .Ch '�# JC= 46/32P@ + /tJL/uG * U(U(/m / + U�IA/
I * y�; +Y* @";>? + / ±�� I U1Q *:� ?A@�JL;>2C4,J�Q -/ m:* IS=L/ + I Q /6E.H + /3U(U(?A;>2 D
z l %z � z ��� I z l %z � z ��� z � �Oz �z ��� z � °

@ ± 8�� ´
� /3G *:+3� =C;>2CU � =L/M46/ � =L/�IRQ ;>2 * HCH�/3ISIS/ + /1H a/ + /�J5=�46/32P@ + /�JL/�G * U(U"/�2�Q /3U"@ * =C@ + /�?S41? � =L/�IA/ + /1H a/ + /JC= 2L;1* * =|U";>= + 46/ -/3GD/1@"@"/3= + JC/xH *:+ @(?S41=CIA/�/1@s2�Q /3U(@DH * UsIA/ + /1H a/ + /�JC=v46/32q@ + /�JL/tG * U(U"/tJC/tI *+F-/ * 46@(?A;>2�J * 2CU�U *s� IA;Oy * IS?A@ -/ ±�� ;>=CUK=C@(?SIS?SU"/ + ;>2CUTIA/3UK46;>2 m /32q@(?A;>25UMU(=C? mi* 2P@"/3U D���� o ��� /1@ ��U";>2q@�I *Km ?A@"/3U(U(/ o IRQ -/32L/ +(� ?S/�/1@%I Q * 2 � IA/ o H *:+b+Y* HCH�; + @ a* IRQ * EF/�JC=r0 * ?�U(46/ * = o /6EFH + ?�G -/3UJ * 2CUKIA/ + /1H a/ + /rJC=u2L;1* * = U";>= + 46/ ±� �� o ��� /1@���U";>2q@�I *Dm ?A@"/3U(U"/ o IRQ -/32L/ +(� ?A/�/1@�I Q * 2 � IA/ o H *:+�+Y* HCH�; + @ a* IRQ * EF/�JC=u0 * ?SU(46/ * = o JL/
I *H *:+ @(?S41=CIA/ f -/3Gs?SU"/ o /1@M/6E.H + ?SG -/3UKJ * 2CU�IS/ + /1H a/ + /�J5=uI * y�; +Y* @";>? + / ±� � \ /3U"@MI *�m ?A@"/3U(U"/�JC=u2L;2* * =�U";>= + 46/ ±)b* � � = + / @ ± 8 H +F-/3U(/32q@"/TIA/3U m ?A@"/3UYU"/3Ub/1@�IA/3U * 2 � IA/3U�J * 2CUbIS/3UbJL/3=FE + /1H a/ + /3U ± ) /3U + /3I * @(?A;>2CU%U(=C? m:* 2P@"/3UU"/ + ;>2P@M=L@(?�IS?SU -/1/3U�J * 2CUMI * U(=C?A@"/ D

�� I �� n �� \ °
@ ± 8 ³m´� l I � l n � l\ n�� � � \ 46;>U � °
@ ± 8 �½´� l I � l n � l\ � � � � \ �Í� ] � °
@ ± 8 l½´� U(?S2�� I � U(?S2 � °
@ ± � 9�´



� 	��q	 ������� � � � ��� � ��� � � � �� � � 8 � l

θ

s

θ

v
v

v
����� � @ ± 8 � � � * 2 � /3Gs/32q@kJL/ + /1H a/ + / D �� /1@ ��U";>2P@�I *,m ?A@"/3U(U(/M/1@�I Q * 2 � IA/MJ * 25U�IA/ + /1H a/ + /�JC=�2L;2* * =U";>= + 46/�/1@ �� /1@ �,U";>2P@�I *�m ?A@"/3U(U"/�/1@�IRQ * 2 � IA/KJ * 2CUBIA/ + /1H a/ + /KJC=DI * y�; +Y* @";>? + /�JL/KI * H *:+ @(?S41=CIA/ -/3Gs?SU(/ ±� \ /3U"@�I *�m ?S@"/3U(U"/
JL/rI * U";>= + 46/ -/3GD/1@"@ + ?S46/ ±

� 46;>U�� � � \ I � 46;>U � °
@ ± � 8 ´@ * 2 � I U(?S2 �46;>U � n [ �bac [ I � \� °
@ ± � � ´

� H *:+ @(? + JL/,46/3U + /3I * @(?A;>25U o ;>2�HN/3=C@kJ -/ m /3IA;OH5HN/ + I *�+ /3I * @(?A;>2 @ ± 8�� ± � H *:+ @(? + JC/�I Q -/ � = * @(?A;>2 @ ± � 8;>2uH�/3=L@ -/34 + ? + / D z �z � I � Z U(?S2 � z �
� Z U(?S2 � z � I �� z �z � °

@ ± � ó ´
! @ a* H *:+ @(? + JL/�I *�+ /3I * @(?A;>2 @ ± � � ;>2uH�/3=L@K4 * IS41=CIA/ +CD

z �z � I 8 n [ 46;>U �
8 n [ l n � [ 46;>U � I �� l ° � n � \ 46;>U � ´ °

@ ± � 	 ´
��a/3U�IA; + U�IRQ -/ � = * @(?S;>2 @ ± � ó JL/ m ?A/32P@ D

z �z � I 


 8 n [ 46;>U � 


� 8 n � [ 46;>U � n [ l
� z9x l °
@ ± � � ´

� H *:+ @(? + JC/
IRQ -/ � = * @(?S;>2 @ ± 8 l ;>2t/32 J -/3JC=C?A@KI *�+ /3I * @(?A;>2uU(=C? mi* 2P@"/ D
��� I ��� n

8
�
} � l\ ���

�
} ��� � \ 46;>U � °

@ ± � � ´; a= } /3U(@MI * G * UYU"/rJL/
I * H *:+ @(?S41=CIS/ f ± ! @ * H +1a/3U�J -/ + ? mi* @(?S;>2tJL/rIRQ -/ � = * @(?A;>2 @ ± � � H *:+K+Y* H5HN; + @ a*
��� /32t4 * I�41=CIA/ D z ���z ��� I 8 ��� }

�
��� � \ 46;>U � I � � � \ 46;>U��� °

@ ± � ³m´
! 25U(=C?A@"/ o * H +1a/3U *�m ;>? + 46;>Gry5?�2 -/�IA/3U -/ � = * @(?S;>2CU @ ± � 	 /1@ @ ± � ó o /1@�/32x?S2CU -/ +Y* 2P@�I Q -/ � = * @(?A;>2 @ ± � ³Po ;>2;OyC@(?A/32P@ D z ��� z �z ��� z � I � l� l ° �

� � \ 46;>U � ´
° � n � \ 46;>U � ´ °

@ ± � �½´



8�� 9 ����������� � 	�� � � �B�K� �
�����3� �,�x��� ������ ���k� �k�����T�������
��H +1a/3U *3m ;>? + U(=Cy5U"@(?A@(= -/ � \ H *:+ U(;>2�/6EFH + /3UYU(?A;>2�;OyC@"/32P=C/ a* H *:+ @(? + JL/TIRQ -/ � = * @(?A;>2 @ ± � � o ;>2
4 * I�41=CIA/ D

z ��� z �z ��� z � I � l� l ° �
� � 46;>U l � n � 46;>U �|46;>U�� ´
° � n � 46;>U�� �Ú� ] � � � 46;>U l � ´ °

@ ± � l½´I � l� l ° � UY?S2 l � n � 46;>U �B46;>U�� ´
° � UY?S2 l � n � 46;>U �B46;>U � ´ °

@ ± ó 9�´
I � l� l ° � U(?S2 ��U(?�2 � n � 46;>U �|46;>U�� ´
° � U(?S2���U(?�2 � n � 46;>U �|46;>U � ´ °

@ ± ó 8 ´
I � � I�� ���� � °

@ ± ó � ´)%* G�=5IA@(?AH5IS?�41?A@ -/KJL;>=Ly5IA/3Gs/32q@�JC?A� -/ + /32P@(?A/3ISIA/ @ ± 8 ó²� =C?5U"/ +Y*r* H5HN/3I -/1/������	��

���	����
��	���������
���
������ � ��JC/ m ?A/32P@ o a* H +F-/3U(/32q@ o J * 2CUKIA/ + /1H a/ + /rJC=uI * y�; +Y* @";>? + / D
z l %z � z � � I %	 Z  l °

�����sF ´ � ���� � \ � ! #
"$#% °
@ ± ómó ´

/1@�I * G�=5IA@(?AH5IS?�41?A@ -/�JC;>=Ly5IA/3GD/32P@KJC?W� -/ + /32P@(?A/3ISIA/ * HCH�/3I -/1/&�����	��

���	����
��	���'���&(���)*��+,�-� @ ± 8 � JC/6Vm ?A/32q@ D z l %z � z ��� I %
� ° Z  ´ z9x

l � ��� \ � ! #% °
@ ± ó 	 ´

� /�U";>2q@�46/3U -/ � = * @(?A;>2CU � =C?bU"/ + ;>2P@M=L@(?SIS?�U -/1/3U�H�;>= +M* w(=CU"@"/ + IS/3UKJC?SU"@ + ?Ay5=L@(?A;>25U�/32 -/32C/ +(� ?A/�JC/3U2L/3=L@ + ;>2CU o H + ;O@";>25U�;>= �0±
. ;>= + =C2C/xJL/3UDJC/3=FE�JC?SU(@ + ?Ay5=L@(?S;>2CU {

°
��� ´ JL;>2C2 -/1/3UD/32 @ ± 8 	 /1@ @ ± 8 � o IRQ -/32L/ +(� ?S/�41?�2 -/1@(? � =C/GD;1*O/32C2L/rJL/3UM2L/3=L@ + ;>2CUMJ * 2CU�IA/ + /1H a/ + /�JC=u46/32P@ + /rJL/�G * U(U"/
U"/�4 * IS41=CIA/
46;>GsGs/rU(=C?A@ D

� ��� j I0/ (c qY{ °
q ´ z q/ (c {
°
q z q °

@ ± óm� ´
� /
4 * IS41=CI * -/1@ -/D0 * ?S@M/6EFH5IS?S41?A@"/3Gs/32q@MJ * 2CU�I * @(� a/3U"/DJ�Q � U * y�/3ISIA/21K?�I � =5?S2 ' 1 � ) l½³�. /1@�IA/3U +.-/3U(=CIA@ * @(UU";>2P@MIA/3UKUY=C? m:* 2q@(U D� J * 2CUKIA/
4 * U�J�Q�=C2L/,JC?SU(@ + ?Ay5=L@(?S;>2 {

°
��� ´ JC/
U(= + 0 * 46/ °

@ ± ómó ´ D� � � j I �  n F °
@ ± ó � ´� J * 2CUKIA/
4 * U�J�Q�=C2L/,JC?SU(@ + ?Ay5=L@(?S;>2 {

°
��� ´ JC/ m ;>IS=CGD/ °

@ ± ó 	 ´ D
� ��� j I ó

�
 °

@ ± ó ³m´



� ��������� �

� ���s
6! ��� � 
���	�� � ��� 
 �J

���ê� � � � �
! �� �6� � � � � �b�� 
 � � 	 !���
���	��

) /r2L;2* * =�46;>GDH�;>U -/
HN/3=C@KU"/rJ -/3U"/6EL41?A@"/ + H *:+t-/3Gs?�U(U(?A;>2uJL/rH *:+ @(?S41=CIS/3UKI -/ �Fa/ + /3U ± ! 2tGs;2*O/32C2L/ oJ * 2CU�2L;>U +F-/ * 46@(?S;>2CU oél:9�� JL/D46/3U,H *:+ @(?S41=CIA/3U�I -/ �Fa/ + /3UrU(;>2q@
JL/3U,2C/3=L@ + ;>2CU�JL;>2P@,I * JC?SU"@ + ?Sy5=L@(?A;>2/32 -/32L/ +(� ?A/,J * 25UkIS/ + /1H a/ + /�J5=x46/32P@ + /,JL/,G * U(U(/�/3U"@KJC;>2C2 -/1/�H *:+ IRQ -/ � = * @(?S;>2 @ ± 8 � ± $ ?5;>2u2 -/ � IS? � /IRQ -/3Gs?SUYU(?A;>2�JC/MH *:+ @(?�41=CIA/3U�4p� *:+(��-/1/3U o ?�IC/3U"@kH�;>U(U(?Ay5IS/KJL/ + /1@ + ;>= m / + U * 2CU�@ + ;OHxJC/�4 * IS41=CI /1@TGD;2*O/32FV2 * 2P@M46/ + @ * ?S2C/3U * HCH + ;�EF?�G * @(?A;>2CU o IS/3U�JC?SU"@ + ?Sy5=L@(?A;>2CU�/32 m ?A@"/3U(U"/3UMJL/3U +F-/3U(?�JC=CU�J�Q -/ m:* HN; +p* @(?A;>2 ±$ ?�=C2�2L;1* * =~46;>GDH�;>U -/ -/3GD/1@
=C2�2L/3=L@ + ;>2 o JL/DG * U(U"/ } g /1@
JL/ m ?A@"/3U(U"/ �� g o J * 2CU,IA/ + /1H a/ + /sJ5=46/32P@ + /
JL/�G * U(U"/ o I * 46;>2CU"/ +Ymi* @(?A;>2uJC/�I * � = * 2q@(?S@ -/
JC/�Gs;>= m /3GD/32P@TJ * 2CUTIA/ + /1H a/ + /,JC=�46/32q@ + /�JC/G * U(U(/rU1Q -/34 + ?A@ D } O Z �� O Z I�� } g �� g ° �1±
8 ´; a= } O Z /3U"@KI * G * U(U"/,JC= +F-/3U(?�JC=�J�Q -/ mi* H�; +Y* @(?A;>2 o � =C? /3U"@KI * G * U(U(/�J5=x2C;2* * =t46;>GDH�;>U -/
GD;>?�2CUTI *G * U(U(/rJ�Q�=C2u2L/3=C@ + ;>2 o /1@ �� O Z U *Dm ?A@"/3U(U"/ ±)%* H + ;Oy * y ?SIS?A@ -/
J�Q -/3GD/1@"@ + /�=C2u2L/3=C@ + ;>2 JL/ m ?A@"/3U(U(/r46;>GDH + ?�U"/,/32q@ + / � g /1@ � g n z � g J -/346;>=CIA/JL/
IRQ -/ � = * @(?A;>2 @ ± 8 � /1@ * I * 0<; + GD/
UY=C? m:* 2q@"/ D

� ° � g ´
z � g�� � lg \ � � ¡ò% z � g ° �1± � ´��a/3U�IA; + U o I * H + ;Oy * y5?SI�?A@ -/2� ° � O

Z ´ z � O Z � =L/ IA/ +F-/3UY?SJC=|J�Q -/ m:* H�; +Y* @(?A;>2�HN;>UYU a/3JL/ =C2L/ m ?A@"/3U(U(/46;>GDH + ?SU"/,/32P@ + / � O Z /1@ � O Z n z � O Z o * H +3a/3U *�m ;>? +t-/3G�?SUK=C2u2L/3=C@ + ;>2 o /3U"@ -/ �>* IA/ a* � ° � g ´
z � g D

� ° � O
Z ´ z � O Z I � ° � g ´

z � g ° �1±
ó ´

; a= � O Z /1@ � g U * @(?�U"0 ;>2P@�I * 46;>2CJ5?A@(?A;>2 �1± 8 ± �
a/3U
IA; + U o I * JC?SU(@ + ?Ay5=L@(?S;>2uJL;>=Ly5IA/3Gs/32q@�JC?W� -/ + /32q@(?A/3I�IA/z l 5 _ z � z � JL/3U +F-/3UY?SJC=CUKJ Q -/ m:* H�; +Y* @(?A;>2 /3U"@ D
z l 5z � z � � � ° � O

Z ´ � � lg \ � � ¡ò%
� � lO Z \ � � ¡£ ­¡
	 ¡ ° �1±

	 ´
° �1±
� ´

; a= � I�� ò
� £ ­ � $ l

8�� 8



8��
� ����������� �T	 � � � ���K� ���T���1� �,�x����� �1� �k�C�F� ���T� � �
! 2CU(=C?A@"/ o IS/K2L;2* * =�46;>GDH�;>U -/ m:*�-/3GD/1@"@ + /�=52D;>=DH5IS=5U(?A/3= + U�2L/3=L@ + ;>2CU�JL;>2P@�I * JC?�U"@ + ?Ay5=C@(?A;>2r/3U(@a* 2C;>= m / * = JC=~@ *.HN/ �1± � ± )%* JC?SU"@ + ?Ay5=L@(?A;>2�/32 m ?A@"/3UYU"/�JL/3U +.-/3U(?SJC=CUrJ�Q -/ mi* H�; +Y* @(?A;>2 m:* U1Q -/3I *:+(� ? +G * ?SU + /3U"@"/ +Y* @";>=:w ;>= + U�JL/rI * 0<; + GD/ �1± � ±.�*:+ 46;>2CU -/ � =L/32q@ o I * U"/346@(?A;>2�/1��4 * 46/|JC;>=Ly5IA/3GD/32P@�J5?A0 0 -/ + /32P@(?A/3ISIA/ z l 5 _ z � z � JL/3U +.-/3U(?SJC=5UJ�Q -/ m:* HN; +p* @(?A;>2 J * 25UKIA/ + /1H a/ + /�JC=u46/32q@ + /�JL/
G * UYU"/,/3U"@ D

z l 5z � z � O Z I e � lO Z \ � �
¡£ ­¡
	 ¡ ° �1±

� ´
; a= e /3U"@�=52 0 * 46@"/3= + JC/ H + ;OH�; + @(?S;>2C2 * IS?A@ -/ � =C?
J -/1H�/32CJ JL/�I * U"/346@(?A;>2 /1��4 * 46/ JL/�0<=CUY?A;>2FV-/ mi* H�; +Y* @(?S;>2�/1@ � =C2
H *:+Y* G a/1@ + / � =5?PJ -/34 + ? +Y* IRQ -/3I *:+Y� ?SU(U"/3GD/32P@�JL/k46/1@"@"/�JC?�U"@ + ?Ay5=C@(?A;>2�/1@�J -/1H�/32CJ +Y*JL/
I * @"/3GsH -/ +Y* @(= + /
JC=u2L;2* * =�46;>GDH�;>U -/r/1@MJC/
I * G�=5IA@(?AH5IS?�41?A@ -/�2C/3=L@ + ;>2C? � =L/ ±
! 2u/6�N/1@ o * H +3a/3UM?�2q@ -/ �O+Y* @(?A;>2 ;>2u;OyC@(?A/32P@ D

z 5z � I &)(c e � O Z l \ � � £ ­ ¡¡
	 ¡ z � O Z I e � � Z
�

� z ° �1±[³m´/1@
5 I & �c e � � Z

�
� z � Z ]_^ µ � z � I e � � Z

�
� z 	 Z I�� e I 5

° � ZÅ´ z9x l � z ° �1±��½´� 2uH�/3=L@ a* H +.-/3U"/32q@M@ +Y* 2CU"0<; + GD/ + I * JC?SU"@ + ?Sy5=L@(?A;>2 �1± � J * 2CUMIA/ + /1H a/ + /rJ5=uI * y�; +Y* @";>? + / D
z l 5z � z � O Z I

z � z � O Zz � z � O Z
z l 5z � z � O Z I � O Z� O Z

z � z � gz � z � g z l 5z � z � O Z I � lO Z� O Z l
z l 5z � z � O Z ° �1±jl½´! 25U(=C?A@"/�/32 + /3GsH5I * �4 * 2P@ � O Z H *:+ � O Z JL/
I * 0 * �46;>2�U(=C? m:* 2q@"/ D� O Z l I � lO Z n � lg ¹ � � � O Z � g ¹ �Ú� ] � I ° � O

Z
� � g ¹ 46;>U � ´ l n � lg ¹ U(?�2 l � ° �1±

8 9�´
; a= �s/3U"@�IRQ * 2 � IA/rJ5= +F-/3U(?SJ5= J�Q -/ m:* HN; +p* @(?A;>2 H *:+M+Y* HCH�; + @ a* IRQ * EF/�JC= 0 * ?�U(46/ * = ± � 2t;OyC@(?A/32P@�� 2 * VIA/3GD/32P@KIRQ -/ � = * @(?A;>2 UY=C? m:* 2q@"/ D

z l 5z � z � O Z I e � lO Z \ ��� � £ ­
"
� ò ©��
	���
�� ¡¡
	 ¡ \ � � ¡ò © ��� � ¡ 
¡
	 ¡ ° �1±

8 8 ´� =�Q ;>2 * HCH�/3ISIA/DJC?�U"@ + ?Ay5=C@(?A;>2�JL/��t; +Y� /32CU"@"/ + 2 ' � � � � ó . /1@ � =C?�U"/ +Y* =L@(?�IS?SU -/1/DH�;>= +
* w(=CU"@"/ + IS/3UJC?SU(@ + ?Ay5=L@(?S;>2�/32 m ?A@"/3U(U(/
JL/3U +F-/3U(?SJ5=CUKJ�Q -/ m:* HN; +p* @(?A;>2 ±
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� � ��� �

� ! � � ��� /3U"@K=52u46;.JL/
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JL/r46/3UMH + ;Oy * y ?SIS?A@ -/3U ±
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