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ω% ³�¶�±}¯#·j»�Ì�¯�«#¬�®�»~Ì�'¬�º�¹MT³L° + Â�Â Õ

¿�¬M²'¬oµo®�¹M²'�¾v¹[´'·�°ï¯LÊoäT¹�½�'¯o¸�¯�®M«M¹M²�´'¯#¸�¯ ì ÃtÄ[¶[¶�¯L¼
¯L®M«M¹�®�¶�®�«�É'Í�Ód³'½î½s¯#·}°}²}'¾.½î¯#Ê�ä�¹�½s¯#½_Õh®�¯�¶�¯o¸�·T¬�¶M'¯
��á���Ù ��è��ðÜ C =
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±

%�Õ)%�Úe¶}Õ º�®�¯ ¿�¯L²}¯LÈh¯ ¶�¯#¯�®�¼
«M¹�®�¶�®�«�É�¹�®�Ö�µ�¶�±}¹�²}³�½s¹�}®�ÉsÆ ß ®�½s¹�®M³�½_Õ.ºL®�¯[³�¶M±'¯o·�»�Ì�¯L¼
«#¬#}³'¹[¸�¬�ÉL¶�¶�¯L«M¶Mµ�¯'Áï¬#±'±�²�¯�µ�¶�³}½	¬oÒ'³�³�Õ ±�²'³Uµo¯�®�¯�²�¯'Á
ω� =

#�Õ !#á + Â�Â ×�Ø#Û�Õ�´�¬�¹�® Ü C =
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±
%�Õ)%�ÚÞ¶}Æ�Ð�®�¯

¿TÉ�àt¹t¶�¯�¸�·�¬�¶�É�¹�®�¶�°{¶ ³�Ì�½s¹M²�¹��'¾v½�³{ÌM'¬Mºo¹��³o°'½�³�Ü C Æ
� ¯'²�¯'Èh¹�¹]¶�¯#¸�·T¬�¶�³}¹{Ö�µo¶M±'¹M²'³}½g¹M'®M¬�·T»o'¾.¿�´�¬o'�¾v¿

±'¯�Ü C ´'·�°âµ�¯�}Ò'¹M�®M²'³T²�¯�«o¬M'}¯LÁïãk¬�Ì�¾Ñ¶[²'¬M¶�º#¹�®�¯L½
¶�¯�¸�·�¬�¶M}¯ ��áY��Ù ��è��h¯�ÌM'¬�º'¬�¹�®}Õ�º�®�¯q¶M±T³}T¼�¶�±}³T�¯'«o¬�°�²�¹�¼
·�¬Mµ�¶M¬MÒ�³o° «�Ö�®�¯�Áïã�¬�Ì�¹�«Ë¯�¶��¯'«o�¯�½Þ¯�±}²�¹�´}¹�·}°'¹�®�¶�°
®�É'��¹�·j»M�¾v½�¯#Ê�½s¹M�¯�½ Â ÃtÄ

−
Â ÃrÄ'Õjµ�¯#®�¯L²�¾.Á~¯�±}³'¶M¾.«#¬M¼

¹�®�¶�°�¯#Ê�½g¹MT}¾.½[³'}®�¹�¸�²'¬�·T¯o½ + Â�Â Æ ß ´'T¬Mµ�¯íµo¯''Ò}¹�}®�¼
²T³'²�¯�«o¬MT}¬�°âã�¬�ÌM¬�¶�¯�´'¹M²�àt³}®�ÌM¬�½	¹�®M�¯�¹Jµ�¯o·�³�º�¹�¶�®M«M¯
±T²'³}½g¹�¶�¹�Á Å ÃtÄ ��´'¯ ∼ �Y( «#Ê}·T³'Ì#³z®�¹#½�±o¹L²�¬M®�ÉT²�¾�²T¬�¶L¼
¶�·�¯#¹MT³L°��oÕj±�¯�Ö�®�¯#½sÉ]±�¯L·}É'º#¹MT}¾.¹h´T¬M�'¾.¹t±}¯#ÌM«M¯�·�°TÍ_®
¯�Ò}¹M'³'®�»>«#µo·�¬�´\¯oÊL½�¹��¬ Å ÃtÄ

−
ÂMÃtÄ�«�¶M±T³}T¼�¶�±}³T�¯'«�É�Í

²'¹�·T¬Mµ�¶M¬MÒT³�Í[³�¶�¯�¯#®M«M¹�®�¶�®�«�ÉTÍkÓz¹�¹hÌ��¬�º�¹�'³}¹k¯�Êo½	¹M'}¯L¼
¸�¯]³'}®�¹�¸�²'¬�·T¬ + ? Â Æ 
s¶�·T³�²'¬�¶�¶�½	¬�®�²T³}«#¬�®M»r¶�É'±}¹�²'±}¯#ÌM³'¼
ÒT³�ÍÑ¯#Ê�½�¹��'¾.¿ê±}²�¯'Ò'¹�¶�¶�¯L« ì ÃtÄ

−
Â ÃtÄ�³ Å ÃtÄ

−
Â ÃtÄ>¶

¶�¯�¯#®M«M¹�®�¶�®M«MÉ'ÍkÓr³�½�³�«M¹�¶�¯L«#¾À½	³�½�}¯#àu³�®�¹�·�°'½�³�Õ�±�²�¯L¼
±'¯�²TÒ'³}¯L�¬�·j»MT¾v½�³�µ�¯L�Ò�¹M'®M²'¬MÒ�³'³sÕk®�¯gÕk±}¯J¯�Ò'¹M�µL¬�½.Õ
Ì��¬�º�¹�'³}¹ + ? Â }¹k½g¯�àh¹�®k¯�®�·j³�º'¬�®�»�¶�°e¯#® + Â�Â Ê�¯#·�¹�¹kº�¹�½
«>ëLÙY��²}¬MÌ�¬�ÆDÐ�®�¯>¯�Ì��¬�º�¬�¹�®}Õ�º�®�¯�±'²�³'«MÄ�´'¹M'T¬�°[«�×�Ø#Û
¯�Ò}¹M'µ'¬ + ? Â °T«M·}°�¹�®�¶�°sÕ�±}¯L¼3«#³}´T³�½s¯#½sÉ�Õ�}¹�¶Mµ�¯o·�»Mµ�¯�Ì�¬M¼
«#¾kÈz¹�'}¯LÁ�Æ
* ¬{²�³�¶'Æ�� «o³�´T}¯jÕsºL®�¯��³�àt¹ ∼ Ú�%{½�ªU«#²�¹�½�° Ü C ±'·T¬o«#�¯ËÉL½s¹M'»#Èd¬�¹�®�¶�°�´'¯\Ì�'¬�º�¹MT³}Á %�Õ3Ø�ë�¶�±�²'³Ë¶�¬M¼

½�¾v¿��³�ÌMµ'³�¿{®�¹�½�±�¹M²T¬�®�É'²'¬�¿�ÆTés¬Mµ�¯�¹t±�¯'«M¹�´'¹M'³'¹hÊo¯L·}¹�¹
ºL¹�®Mµ�¯Ý±'²}¯M°T«M·}°'¹�®�¶�° ³ÞT¬H®�¹�½�±'¹M²'¬�®�É'²''¯�ÁîÌ�¬M«o³'¶M³'¼
½	¯�¶�®�³H¯#®M�¯'Èh¹MT³o°âÜ = E Ü
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Õuµ�¯o®�¯�²T¬�°ê±�²'³T«�¹�´�¹MT¬Ë'¬

²T³�¶}Æ #�ÆyÔ�²}³�Ö�®�¯�½�³�Ì�½	¹M²�¹MT³L° ¯oÊL¯�³'¿�«o²�¹�½	¹M>²�¹�·T¬#µ�¼
¶�¬oÒ'³T³{±�²�¯'«M¯o´T³�·j³�¶�»e«r¯o´T}¯#½J³~®�¯#½�à�¹dÖ�µ�¶M±�¹M²T³�½	¹M'¼
®�¹}Æ * '¬M·T³}Ìt«#¾.²'¬�àd¹�'³�° ��ÚY�.´�·'° Ü C ³q¶�¯�¯#®M«M¹�®�¶�®M«MÉ'Ík¼
Ót¹MÁ{ãk¯'²�½sÉ�·T¾�´�·}°íÜ = ×�Ø��jÛ�Õ�±}¯#·�ÉLº�¹M'}¯LÁ�±'²�³~®�¬Mµ�¯L½
àt¹ ±}¯#´}¿'¯�´'¹'Õg±�¯'µ'¬�ÌM¾.«#¬�¹�®'Õjº�®�¯{±T²}³�³'¶M±�¯�·T»�Ì�¯�«#¬M��¯'Á
« Ö�µ�¶M±�¹M²'³}½	¹M�®�¹ º�¬�¶�®�¯L®�¹ ²�¹�Ì�¯�T¬M�¶M¬ñ¯#®M'¯�Èh¹��³�¹
Ü = E Ü
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Ê�·T³}Ì�µo¯]µ~¹�´'³T'³�Ò}¹'Æ]2g¹�Ì�É�·j»�®�¬�®M¾ËÖ�µ�¶M±�¹M²T³�½	¹M'¼

®�¬�'¬�²'³'¶}ÆH#>¶�¯�¯o®�«�¹�®�¶�®M«MÉ'ÍÀ®�±'²�¹�´'¶Mµ'¬�Ì�¬M�³'Íî®�¹�¯�²'³�³
·�³'Èr»>«�¯�Ê#·j¬�¶�®M³[Úc%LÙjë�%�%>½vªrÕD¬>±�²'³\Êo¯L·}¹�¹>'³}Ì�µ�³}¿

®�¹�½�±�¹M²'¬M®�ÉT²'¬�¿Þ¯�®��¯�Èz¹�'³}¹ Ü = E Ü
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½	¯'�¯�®�¯''}¯Ý«�¯#ÌM¼
²'¬�¶�®�¬�¹�®dÌ�¬d¶�º�¹�®tÉ'½�¹��»MÈt¹M'³�°íÜ C Æß Ê'¾vº'�¯ÑÉ�½	¹M'»oÈh¹��³�¹Þ«#²�¹�½s¹�}³ ¶M±'³�'¼ ¶M±�³''¯�«M¯'Á
²�¹�·�¬Mµ�¶�¬MÒ�³'³ï«[¶M³}¶�®�¹�½�¹[¶M«�°'Ì�¾k«o¬MÍ.®\¶\¯�¶�·T¬�Ê�·'¹M�³�¹�½
³��®�¹M�¶M³T«o�¯�¶�®M³î´T«o³'àh¹MT³o°î°'´'¹M²'T¾v¿ ¶�±}³T�¯'«Þ×�Ø�è�Û�Õ
®}Æ ¹}Æ�«M¹�·j³�º'³T'¾�¶M±�³''¯�«M¯'Á{´T³�ãkã_É�ÌM³T³�Æ ß ¶M�¯'«#�¯'Á{½s¹M¼
¿j¬M'³'Ì�½ ¶�±'³�'¼�¶�±�³'}¯L«�¯�Á ²�¹�·j¬Mµ�¶M¬MÒT³'³ ¯#Ê�É�¶�·�¯L«�·T¹M
«MÌM¬M³}½g¯�´'¹MÁ�¶�®M«#³�¹�½>½s¹�à�´}Ér°�´}¹�²'�¾v½�³e¶M±'³�'¬M½s³sÕTµo¯�®�¯�¼
²�¯�¹�¯�±T³�¶�¾.«o¬M¹�®�¶�°ê«\®�¹�²�½�³}T¬�¿�·�¯Lµ'¬�·j»M�¾v¿�½�¬�¸��³�®M¼
�¾v¿J±}¯#·�¹�Á�Õ�¶�¯#Ì�´T¬M�'¾v¿\¶�¯o¶�¹�´T'³}½�³�°'´�¹�²�'¾v½�³>¶M±T³}¼
�¬�½�³Þ«HÉ�Ì�·�¬�¿ ²�¹MÈh¹�®�µ}³�Æ�Çy¾v¶�®M²�¯o¹ê¯#®M�¯�¶M³�®�¹�·j»M'¯o¹
´T«o³�àt¹M'³'¹_¶�±}³T�¯'«h±�²'³T«�¯#´T³�®�µd¶�³}·T»#�¯�Áeã_·'É'µ�®�É'¬MÒT³�³
·�¯Lµ'¬�·j»MT¾v¿�½�¬�¸�'³}®�T¾v¿\±'¯o·T¹MÁ�Õy³>®�¯#¸�´T¬~¶�ÉTÓz¹�¶�®�«�¹�}¼
�¾v½�°T«M·}°'¹�®�¶�° ·j³'Èr»hÉ�¶�²�¹�´T�¹M��¯�¹kÌMT¬�º�¹M'³'¹_·T¯�µ'¬�·j»M¼
}¯#¸�¯Þ±�¯�·�°sÕ�µ#¯�®�¯L²�¯�¹H½��¯L¸�¯î½s¹�'»oÈh¹ê½s¸��¯�«�¹�}'¯o¸�¯
ÌM'¬Mºo¹��³o°sÆ	és¬Mµ'³�½[¯oÊ�²}¬�Ì�¯�½.Õ	²�¯L¶�®U��ÉL½s¹MT»MÈz¹��³�¹��uµ�¯�¼
ÖMã�ãh³'Ò�³�¹M'®M¬~´T³'ãhã_É�Ì�³'³R¯#Ê'¾vº'�¯>±'²T³}«M¯�´'³'®{µ�²}¯#¶�®�É
��É�½s¹�'»oÈh¹MT³'Í �h«#²�¹�½s¹�}³�Ü C Æ

�[´T¬M��¯'Á�²'¬�Ê�¯o®�¹e'¬#²L°�´}É]¶r³'Ì�½g¹M²'¹M'³}¹�½\«#²�¹�½s¹��³
½�¬�¸�'³}®�}¯LÁU²}¹�·�¬Mµ�¶�¬MÒ�³�³ïÊL¾v·j³U±'²}¯L«�¹�´'¹M'¾ ¯'Ò�¹M'¯oº'¼
�¾v¹J³}Ì�½s¹�²�¹M�³o°âµo¯LÖMãhãk³�ÒT³�¹�}®�¬\¶M±'³��¯'«M¯LÁ ´T³'ãhã_É'¼
ÌM³'³ D���«eµo¯''Ò}¹�}®�²�³'²�¯'«#¬M��¯'Á{ãk¬�Ì�¹'ÆjÐ.µ�¶�±�¹�²'³}½s¹��®�¾
±}¯Lµ'¬�ÌM¬�·�³	Õ�º�®�¯q«z¯LÊo·�¬�¶�®M³e¶�É�Ód¹�¶�®�«�¯'«#¬M�³o°qÖ�®�¯LÁ~ãh¬�Ì�¾
«#±}·'¯�®�»�´'¯ïØ�ÕÚ\½�ª «M¹�·T³}ºL³�'¬ D��í±�²'¬Mµ�®M³�º�¹�¶Mµ'³H±'¯�¼
¶�®�¯�°}�'¬~³{¶�¯�¶�®�¬#«�·�°'¹�®
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±
ë
)⋅ 4�5 − � ¶�½ C E�� Õjº�®�¯~Ê#·j³�ÌM¼

µ�¯eµrÌ��¬�ºL¹M'³�Í[µ�¯�ÖMãkãh³TÒ}³'¹M�®M¬k¶M±�³''¯�«M¯'Ár´T³�ãkã_É�Ì�³�³
´'·�°�½�¬�¶�¶M³T«o�¯�¸1¯\ÂMÃtÄ>®�¯LÁËàt¹>±'·}¯L®�'¯o¶�®M³sÆhÔk¯�Ö�®�¯o½	É
�³�Ì�µ�¯#®�¹�½�±�¹M²'¬M®�ÉT²'�¯�¹ É�½s¹�'»oÈh¹MT³�¹ Ü C «o²�°'´ ·j³
½s¯#àu�¯q¶M«�°'Ì�¬�®M»r¶r´�³�ãhã.É'Ì�³'¯�T'¾À½	³�±�²�¯'Ò�¹�¶�¶M¬M½s³sÆ

és¬#µ�³}½\¯#Ê'²'¬�Ì�¯L½ÀÕ�¶�¯'«M¯�µ�É'±T�¯�¶�®�»e±}¯#·�É�º�¹�'�¾v¿�ÖMµ�¶M¼
±}¹�²'³�½	¹M}®�¬M·T»o'¾v¿ ´�¬M'T¾v¿ ¯Ý«#²�¹�½s¹MT¬�¿ Ü = ÕíÜ C ³
µ�¯oÖ�ãhãh³'Ò�³'¹M�®�¹[´'³Tãhã.É}Ì�³T³ D��í«�µ�¯�TÒ}¹��®�²'³�²�¯�«#¬#}¼
}¯LÁÑãh¬�Ì�¹U²'¬�¶�¶�·'¯'³'«#Èz¹�¸�¯o¶�° ²'¬�¶�®�«�¯L²�¬ Â ÃtÄU« ? ÃtÄ
¶M«#³}´L¹�®�¹�·j»�¶�®M«MÉ�¹�®�«r±�¯�·T»MÌ�Ér®�¯�¸�¯�ÕLº�®�¯r«#¾kÈz¹ ∼ Ú�%�½�ª
¶L«o¯TÁ�¶#®M«#¬ ½g¹o·Tµ�¯'´�³'¶�±�¹L²�¶��¯jÁ µo¯�}Ò�¹L�®M²'³'²}¯T«o¬L}�¯TÁ
ãh¬oÌ#¾>Ê�·T³�ÌLµ}³tµt¶�«M¯TÁ}¶#®M«#¬�½{¯'ÊTäj¹o½	�¯}¸1¯rºL³�¶#®�¯'¸�¯ Â ÃtÄ}Æ
* ¹�°�¶M}¯LÁ�¯#¶�®M¬�¹�®�¶�°�±'²'³}º�³}T¬�±'²�¯�´'·'¹MT³L°�¯#Ê�½s¹�}'¯o¸�¯
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±'·T¬�®�¯ Ü = «ï¯�Ê#·j¬�¶�®M»ï¶M«M¹M²�¿j'³'Ì�µ'³'¿ ®�¹�½�±}¹M²'¬�®�É'² ³
É'½g¹MT»MÈd¹M'³'¹rÜ C ±�²'³�Ü ��Ú&%�½vªuÆ

��� - ��� ����� �����  ������� B �����
çk«M¹�·j³�º�¹��³�¹U«#²}¹�½�¹��³ ¶�±}³T'¼�¶M±T³'}¯L«�¯'Á ²}¹�·T¬Mµ�¶�¬M¼

ÒT³�³{«e²'¬MÌ�Ê'¬M«�·T¹M'}¯LÁ�ã_¬MÌ�¹uÜ C" ¶u±}¯L�³�àt¹M'³}¹�½>®�¹�½�±�¹�¼
²T¬�®�É'²'¾dÕT±�¯'µ'¬�Ì�¬M}'¯o¹z}¬t²'³}¶'Æ��jÕ�°T«M·�°'¹�®�¶�° ¯�®�²�¬�àh¹��³'¼
¹�½ï®�¯#¸�¯\ã�¬Mµ�®�¬}Õ.º�®�¯[±'²'³�±�¯''³'àh¹MT³}³\®�¹�½�±�¹M²T¬�®�É'²'¾
É'½g¹MT»MÈr¬�¹�®�¶�°Jµo¯�}Ò'¹M'®�²T¬MÒ�³o°J²'¬�Ì�Ê'¬M«M·�¹�'}¯LÁ\ã_¬MÌ�¾U«
¶�¯�¯#®M«M¹�®�¶�®M«#³'³�¶\ãh¬�Ì�¯�«M¯'Á�´'³T¬�¸�²}¬�½	½s¯�Á�²'¬M¶�¶�·}¯L¹M'³�°sÆ
Ô�¯oÖ�®�¯�½gÉêÊ�¯o·T¹�¹�'¬�¸�·�°�´�'¯�Áâ³Îãk³}Ì�³�º'�¯'Á °T«M·}°'¹�®�¶�°
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