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� ��£�3!%5¤!�[¡#"0¡¥ (�����ÛÍ�%)��� 3�� " 3!-¢¤<�3¡ä£á ���ÍÎ¤   
� � 6 Ü!Ú�×vÚ5�pÞ3y>oÙ{�Ú�n�npsv� ��Ú�np}áè7R	Ñ(u�{TnA}e×�nAßhlvÚ5|)Þ�|)orß5�p}3~vlCm0nAo>qtsvu � � � � � � � � � �L� � =

� � 6 � 6 Y_�AÚ5npu�×C{hÞá{po>}e×�wvu ��Ú5nA}áèaRXÑ �L� � � � � � � � � � � � � � � � � � � � �L� � =
� � 6 � � M,u5~��pÚ5nAu5×C{hÞ.{�o>}3×�wvu�n,ltmDwv�A}e|�Ú�{�Ú�}e�pu�n � � � � � � � � � � � � � � � � � �L� � =
� � 6 �NB Y_�A}0ß�u5npnAsvnT|)orß5�p}3~vlCm0nAo>qtsvu�n �L� � � � � � � � � � � � � � � � � � � � �L� � A
� � 6 � � Z97AsvnA{pu5|�u5×C{Twvu!y ÞxØáÞ3~Ôu5sv�,w�P uäÞás � � � � � � � � � � � � � � � � � � � �L� � C
� � 6 �>= G�Þáy>ß5s�y�wvs�{hÞ3s0å�wvu!ß5}eyry>u5ß�{�or}e×·wvu�nX~:Þá�A{�orß5svyru5n � � � � � � � � � � � � �L� � C

� � � J_y>u5ß�{��Ao>n�Þ.{�o>}3×·wvs�×DsvÞ3Ðeu � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� � 7
� � � � 6 UbÞá�po Þ6�vy>u�n�Ú5yru5ß�{p�porqDs�u5n � � � �L� � � � � � � � � � � � � � � � � � � � �L� � 7
� � � � � ��Ú5ßäÞá×vo>nA|)u=wvu!nAÚ5~:Þ3�pÞá{�or}e×�wvu!ßhl:Þ3�AÐeu!×v}e×0èVo>×vwvs�ß�{�oÙÕ4� � � � � � � � � �L� = 6
� � � �NB ��Ú5ßäÞá×vo>nA|)u=wvu={p��Þ3×vnâÕ¢u5�â{Xw�u�ßhlvÞ3�pÐeu!or×vwvsvß�{�orÕ � � � � � � � � � � � � �L� =;C
� � � � � HÛ��Þá×vnAÕ¢u��A{Tu�{,{��pÞ3×vnA~[}e�â{,wvu5n,ßhl:Þá�pÐeu�n � � � � � � � � � � � � � � � � � �L� ?&:

� � B G�Þ3y>ß�svy�wvs�ßhl:Þ3|�~�Ú5yru5ß�{p�porqDs�u � � � � �L� � � � � � � � � � � � � � � � � � � � �L� ?26
� � � HÝ�pÞ3or{pu5|�u5×C{`wvu�nXÚ�ß5y>Þ3o>�An � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� ? �

� � � � 6 EXÚ5ß5yru5×vßhl�u5|�u5×C{	w PQsv×�Ú5ß�y Þ3or� �L� � � � � � � � � � � � � � � � � � � � �L� ? B
� � � � � N�u5Þ3wvu5� �vorwvo>�Au5ß�{�o>}3×v×vu5y � � � �L� � � � � � � � � � � � � � � � � � � � �L� ? B
� � � �NB Ü=Ú5}3|)Ú�{��poru	Õ¢��Þáß�{hÞáy>u"wvu�nXÚ�ß5y>Þ3o>�An�u�{��v�pÞ3×vßhlvu�|)u�×t{pn � � � � � � � � � � �L� ? =

� �@= RXu�s�{��pÞ3y>orn�Þá{po>}e×·w�u5n,ßhl:Þ3�AÐeu5n � � � � �L� � � � � � � � � � � � � � � � � � � � �L� ? C
� � ? MTÚ�npsv|�Ú � � � � � � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� ?&7

! ��£¥¤"�  ¢¤t£ %x¡ä¤<%�¡�%4%äÍÛ£�Í�� �&"+%$�Î¤ -i (1��Î¤ �Î¤ 1�£�": (��%�¤!� �$# %&!
B�� 6 S7×vor{po Þ3yro>npÞá{�or}e× � � � � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� A�B
B�� � E	u5nAß5�Ao>~�{po>}e×�ÐeÚ�×vÚ5�pÞ3y>u � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� A �

B�� B ]Io>y>Þ3×vn � � � � � � � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� A;C
B�� B�� 6 ]^o>y Þá×·npsv�,yru5n,u5nA~[��ß5u5nX|)orß5�A}e~vlCmDnpo>qtsvu�n � � � � � � � � � � � � � � � �L� A;C
B�� B�� � ]^o>y Þá×·npsv�,yru5n`ØáÞ3�po>Þ��vy>u�n�Ú5yru5ß�{��porqtsvu5n � � � � � � � � � � � � � � � � � �L� C �

B�� � E	o>nAß5svnAnpor}e× � � � � � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 7 B
 #  (' 3t£¥¤!�[¡�%4�&" %,�Û¤ �&� �*)[¤!�3¡¥ ����� (�'3 " -i  %�3D¤ 5 5

� � 6 W0sv~Ôu5�Aß5u5yry>svyru � � � � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 7&7
� � 6 � 6 S7×�or{�o>Þ3y>orn�Þá{po>}e× � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 7&7
� � 6 � � G�Þá��Þ3ß�{�Ú5�Ao>nâ{�o>qtsvu�n,ÐeÚ5×vÚ���Þ3yru5n �L� � � � � � � � � � � � � � � � � � � � �L� 7&7
� � 6 �NB S7×�+:svu5×�ß5u�wvu!y P uäÞ3s�nps��AÕ¢}e×vw�svu�wvÞ3×vn,y Þ1~:Þá��Þ3|�Ú�{p�po>npÞá{�or}e×·wvu�nX~��p}Dß5u5nAnpsvnXRXS 6#: A
� � 6 � � S7|�~Ô}e�A{�Þ3×vß5u=w�u5n,Ú5ß�y Þ3or�pn`w:Þ3×�nTyru=npßhlvÚ�|�Þ�Ú5yru5ß�{��porqtsvu � � � � � � � � � �L� 6#: C
� � 6 �>= HÛu5nâ{�nTwvu!npu�×vnpo#�vo>yror{�Ú-,vo>×.+vsvu5×vß�u�w�u�y>Þ1wvo>|�u5×�npo>}3×·Õ¢��Þ3ß�{hÞ3yru � � � � � � �L� 6&6;6
� � 6 � ? EXo>npß�svnpnAo>}e× � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6&6 B

� � � F"��Þ3Ðeu=|xsvyr{po>ß5u�y>yrsvy Þ3or�pu � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6&6 �

� � � � 6 S7×�or{�o>Þ3y>orn�Þá{po>}e× � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6&6 �

� � � � � G�Þá��Þ3ß�{�Ú5�Ao>nâ{�o>qtsvu�n,ÐeÚ5×vÚ���Þ3yru5n �L� � � � � � � � � � � � � � � � � � � � �L� 6&6 =
� � � �NB HÛu5nâ{�nbwvu,npu�×vnpo#�vo>yror{�Ú/,Co>×.+:s�u5×vß�uXwvu,y>Þ"~:Þ3��Þá|)Ú�{��porn�Þá{po>}e×xwvu5nb~v�p}Dß5u�npnAsvnIwvu

nAÚ5~:Þá��Þá{po>}e×�wvu!ßhl:Þ3�AÐeu � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6 �!6
� � � � � EXo>npß�svnpnAo>}e× � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6 � ?
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=�� 6 S7×C{��p}Dwvs�{po>}e× � � � � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6 B 6
=�� � YÊÞ3�pÞ3|�Ú�{��Ao>npÞá{�or}e×·wvu�nXR	FXå�~v�p}DwvsvoÙ{�n`~:Þá�Tyru5n`Ú�ß5y Þáo>�pn � � � � � � � � � � � � � �L� 6 B�B

=�� � � 6 N�u�nT~vÞ3��Þ3|�Ú�{p�porn�Þá{po>}e×vn^u�å0o>nâ{hÞ3×C{pu5n � � � � � � � � � � � � � � � � � � �L� 6 B�B
=�� � � � YÝÞ3��Þá|)Ú�{��porn�Þá{po>}e×�wvu5nXN�o R"FXå·w:Þ3×vn ��Ú�np}áè7R	Ñ � � � � � � � � � � � � �L� 6 B �

=�� B GI}e×�::Ð3sv��Þá{po>}e×�w�s�|�}0w��5y>u � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6 B&=
=�� B�� 6 KT×vu!npor|1svy Þ.{�o>}3×�~vyrsv�porwvo>nAß5o>~�y>o>×vÞ3o>�Au�� � � � � � � � � � � � � � � � � � �L� 6 B&=
=�� B�� � N�u�npnpoÙØáÞ3Ðeu=wvu�nXÐCÞ6>=w:Þ3×vn ��Ú�np}áè7R	Ñ � � � � � � � � � � � � � � � � � �L� 6 B&=
=�� B��NB S7×�or{�o>Þ3y>orn�Þá{po>}e× � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6 B&A

=�� � W0o>|xsvy Þá{po>}e×)wvu!y P }e��ÞáÐeu"wvs 6#: 7Asvo>yry>u�{ 6#7&7;? yr}e�pn`w�u�y>Þ1ßäÞ3|�~:Þ3Ð3×vu�W0H,JLMTZTF � �L� 6 B;C
=�� � � 6 ETm0×vÞ3|)orqtsvu3Ö:|�o>ß��p}e~vlCmDnporqtsvu=u�{TÚ5yru5ß�{��porß5oÙ{�Ú � � � � � � � � � � � � � �L� 6 B;C
=�� � � � HÛ��Þá×vnp~Ô}e�A{,u�{Ty>u5nAnpoÙØ3ÞáÐeu=wvu5nTÐCÞ�> � � � � � � � � � � � � � � � � � � � �L� 6 � B
=�� � �NB Y_�A}0wvs�ß�{�or}e×�wvu�R"F

x

~:Þá�`y>u5n`Ú�ß5y>Þ3o>�An � � � � � � � � � � � � � � � � � �L� 6 = :
=�� � � � Jæ{psvwvu!wvu5nTwvu�×vnpoÙ{�Ú5n,wvu +:sDå�w:Þ3×vn,y P u5×�ß5y>s�|)u�� � � � � � � � � � � � � �L� 6 =6B

=��@= E	o>nAß5svnAnpor}e× � � � � � � � � � � � � � �L� � � � � � � � � � � � � � � � � � � � �L� 6#?;:
� �����B-iÍ�%5 (���Ä¤C¡��"¤t£0%	�_¤!�3¡¥  )[¤!% ��
 !
�.3
� 3t£¥¤!���e¤!% ��
 %
� � # ¤<%*�e£á ��Î¡¥ (��� " �'���Ý£0%�¡Â£¥¤!%äÍ'-¢¡#% ��� " ��¤
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6 � 6 W0ßhlvÚ�|�Þ wvu�nXwvo 8 Ú��pu�×t{pn,~v�p}Dß5u�npnps�n	Ú5yru5ß�{��porqtsvu5n,wvs�ß5or�pß�svor{,Ú�y>u5ß�{��Ao>qtsvu=Ðeyr}I�:Þ3y�� �L� �;:
6 � � W0ßhlvÚ�|�Þ`o>yry>svnâ{��pÞ3×C{�y Þ^wvÚ�{pu5�p|�o>×vÞá{�or}e×"wvuLy Þ�GIZ"YLJÂu�{Îwvu_y>Þ,GISaR npsv�Îsv×!Ú�|�Þ3Ð3��Þ3|�|)u �<6
6 � B ��}Dwv�5yru=wvu�]^meu��pnâè7]I��Þál:Þ3| wvu�n,{p�p}eorn`nA{�Þ3wvu5n,w�P Ú�Ø3}ey>s0{�o>}3×�w PQsv×�u�ß�u5y>yrsvy>u	ß5}e×CØeu�ß�{porØeu � �

6 � � W0ßhlvÚ�|�Þ w�P sv×�}3��Þ3Ðeu=|xsvyr{po>ß5u�y>yrsvy Þ3or�pu`}I��npu5�âØeÚ�~v�p��nTw�u�MTÞämD|)u��5ÖÔGI}eyr}e��Þ3w�} � � �L� � B
6 �@= GI}esv~ÔuXØ3u5�A{po>ß5Þ3y>uTwvu5n^�pÚ +:u5ß�{�orØDoÙ{�Ú5n^��Þ3wvÞ3�I}I��npu5�âØeÚ�u5n`w:Þ3×�nIsv×·×ts:ÞáÐeu	nAsv~[u��pß�u5y>yrsvy Þáo>�pu � �

6 � ? ��}Dwv�5yru=ß5}e×vß�u5~�{psvu5yÎw�P sv×�nAmDnA{p�5|�u�ß�}e×CØeu�ß�{�oÙÕæwvu!|�Ú5nA}0Ú�ßhlvu5yry>u � � � � � � � � �L� � =
6 �@A ��Ú5ß5Þ3×vornp|�u=wvu!ßhl:Þ3�pÐ3u5|�u5×C{Tß5}e×CØeu�ß�{porÕ_wvu�Ü=�pu�×vu�{âèVUL}e×v×�u5Ðes�{ � � � � � � � � �L� �;?
6 � C W0ßhlvÚ�|�Þ wvu�~v�por×vß5or~[u	wvu!y Þ1ßäÞá~�{�sv�Au�nAÚ5yru5ß�{porØ3u�w PQor}e×vn � � � � � � � � � � � � � �L� � A
6 � 7 W0ßhlvÚ�|�Þ wvu�~v�por×vß5or~[u	wvs�|�Ú5ß5Þ3×vornp|�u=o>×vwvs�ß�{�oÙÕ�� � � � � � � � � � � � � � � � �L� � C
6 � 6#: W0ßhlvÚ�|�Þ wvu�~v�por×vß5or~[u	wvs�~��p}Dß5u5nAnpsvnTw�P Ú5yru5ß�{p�porn�Þá{po>}e×�×v}3×0è7or×vwvsvß�{�orÕ � � � � � � �L� �;7
6 � 6&6 HÝ�pÞ3×vnâÕ¢u5�A{ÛwvuL|)Þ3npnAuLu�{Ûwvubßhl:Þ3�pÐ3ubu�×C{��pubsv×�ß5�Ao>nA{�Þ3yewvuLÐey>Þ3ß5u_u�{Êy>Þ�~:Þ3�â{�o>u_or×�Õ¢Ú5�Ao>u�sv�pu

w�P sv×�Ð3��Þ3sv~Ôu5y u5×�{���Þáo>×�wvu!npu!nps��vy>or|)u���� � � � � � � � � � � � � � � � � � � � �L� B :
6 � 6 � HÝ�pÞ3×vnâÕ¢u5�A{Twvu�|)Þ3npnAu�u�{Twvu�ßhlvÞ3�pÐeu!u�×t{p�pu�sv×�ß��pornA{hÞáy�qtsvoÎß5�p}65>{,~:Þ3�,wvÚ�~[}3npor{po>}e×�wvu

ØáÞ3~[u�sv�`u�{Ty>Þ1npsv�âÕiÞ3ß5u�wvs�Ðe�pÚ�npo>y'� � � �L� � � � � � � � � � � � � � � � � � � � �L� B :
6 � 6 B»W0ßhlvÚ�|�Þ wvu�~v�por×vß5or~[u	wvu!y Þ1~v�A}e~:Þ3ÐCÞ.{�o>}3×�w�PQs�×�Ú�ß5y Þáo>�TG`Ü	è,� � � � � � � � � � �L� B �

6 � 6 � N�u5n,wvo98[Ú5�Au5×C{�n`{7mD~Ôu5nTw�PQÚ�ß5y>Þ3o>�AnTG`Ü � �L� � � � � � � � � � � � � � � � � � � � �L� BIB
6 � 6 =OF��vnpu��AØáÞá{�or}e×�w�P sv×�Ú�ß5y>Þ3o>��or×C{���Þ¥è7×ts:Þ3Ðeu=~vÞ3�`y>u=nâm0nâ{���|)u!U=ÑXéºNC�ÂW � � � � � �L� B �

6 � 6#? S7y>yrsvnA{p��Þá{po>}e×·w�u5n,wvo98[Ú5�Au5×C{�n`{7mD~Ôu5nTwvu!H,NÛJ_n � � � � � � � � � � � � � � � � � �L� BB=
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y P }I�	7Au�{_wvu�{pu5nA{pnLwvu`npu�×vnpo#�vo>yror{�Ú^~[}3sv�æy>u^{���Þáor{�u�|)u�×C{_wvu5n_ßhlvÞ3�pÐeu�nLu�{_~Ô}esv�_yzP Þ3~�~v�p}3Õ¢}3×vwvo>nAnpu�|)u�×t{æwvs
npßhl�Ú5|)Þ�w�P Ú5ß�y Þ3or�_w:Þ3×vnLyru`ßhl:Þ3~voÙ{��pu � �eE"Þ3×vnLy>u`w�u5�p×�o>u5�Lßhl:Þá~vor{p�pu3ÖCy>Þ"~v�p}Dwvsvß�{�or}e×�u�å0~vy>orß5oÙ{�u`wvuTR"F

x~:Þ3�Ýy>u�nÊÚ5ß�y Þ3or�pnÛu5nâ{_o>yry>svnâ{��pÚ�u �T{���ÞäØ3u5�pnÊy ÞXnAo>|1s�y Þá{po>}e×�Ö�Ú�{�u�×vwvsvu,Þ3sDåxu�np~Ô�5ß�u5nLßhlvo>|�o>qtsvu�n5Ö.wvuIyzPQ}3��Þ3Ðeu
wvs 6#: 7As�o>y>yru�{ 6#7&7;? }I�vnAu5�AØ3Ú,y>}e�AnÊwvu`y>Þ	ßäÞ3|�~:Þ3Ð3×vu`W0H,JLM,ZTF(�eZ	~v�A�5n_sv× �v�Au�ÕÔ��Þá~v~[u�y�wvu�n_�pÚ�npsvyÙ{hÞá{pn
}I��{pu5×tsvnxÞ3s�ß�}esv�Anxwvu�ß5u�{�}es0{�~��pu5|�o>u��={���ÞäØáÞ3ory_wvu)|�}DwvÚ5yro>n�Þ.{�o>}3×Âwvu�y PQÞ3ß�{porØDor{pÚ Ú5y>u�ß�{p�po>qtsvu�×v}3svn
wv}e×�×v}e×vn�qtsvu�y>qtsvu�nT~Ôu5�Anp~Ôu5ß�{�orØ3u5n`wvu	wvÚ�Ø3u5y>}3~v~[u�|)u�×C{,u�{`w�PQÞ3~v~�y>o>ß5Þá{�or}e×vnbwvs�|�}0wvs�y>uTw�PQÚ�y>u�ß�{��Ao>ß�or{�Ú
×ts:Þ3Ðeu�svnpu�wvu ��Ú�np}áè7R	Ñ �
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N�}e�pnAqDs�u�y Þ�Õ¢}esvw��pu�or|)~vÞ3ß�{pu�yru�np}eyzÖÛw�u5nx~��p}Dß5u5nAnpsvnx~vlCm0nAo>qtsvu�n1ß5}e|�~vyru�å0u5n�npu)np}e×C{1w�Ú5�p}3svy>Ú�n
w:Þ3×�nTyru"×ts:Þ3Ðeu=qtsvu�y>qtsvu�nX|�o>×ts�{pu5n`~vyrsvnI{ �á{,~[}es��`ß5}e×vw�svo>�AuL�1y P Ú5y>u�ß�{p�po>npÞá{�or}e×·wvu�n,ltmDwv�A}e|�Ú�{�Ú�}e�pu�n
u�{�Þ3s·wvÚ�ß5yru5×vßhlvu�|)u�×C{,wvu	yzPQÚ�ß5y Þáo>�&�tE	Þ3×vn�ß�u	ßhl:Þ3~�or{��Au3ÖD×v}esvnIu�å�Þ3|�o>×vu��p}e×vnb{�}es0{Iw�PQÞ��Ô}e�pw�y>u5n^wvo98[Ú�è
�pu�×C{�n,~v�p}Dß5u�npnAsvnXqtsvo�ß�}e×vwvs�o>npu�×C{��1y>Þ Õ¢}3�p|)Þá{�or}e×�wvu�n,}e��Þ3Ð3u5n5ÖJ� yzPQÚ�y>u5ß�{��Ao>n�Þ.{�o>}3×�wvs�×ts:Þ3Ðeu!u�{�� y>Þ
~v�A}0wvs�ß�{�or}e×�w PQÚ�ß5y Þáo>�pn%�tNÎÞ�npu�ß5}e×�wvu"~:Þ3�â{�oruXwvs)ßhl:Þ3~voÙ{��Au	npu���Þxw�Ú5wvorÚ5uXÞ3s0å)nAmDnA{p�5|�u5n�w PQ}I��npu5�âØáÞá{�or}e×
wvu�nXÚ�ß5y Þáo>�pnIu�{ � y Þ1|�}0wvÚ�y>orn�Þá{po>}e×·w�u�yzP Þáß�{�oÙØDor{�ÚXÚ5yru5ß�{p�porqDs�u�w�u5n,×ts:Þ3Ðeu�n&�

�	�
� �
����������������������� �!����"#���%$	��&('*)+�-,����/.0)+�21 &(3!465�7��8�
YÊÞ3� �ÔuäÞ3s {�u�|)~�n5ÖæßáPQu�nA{Aè �.è7w�o>�pu�yr}e�pnAqts�PQory�×�P m Þ�~:Þ3n�w�P }e��ÞáÐeu�}esº~:Þ3n�wvu�×ts:Þ3Ðeu�Ú�y>u5ß�{��Ao>npÚáÖ_o>y

u�å0ornA{�u§sv×Æßhl:Þ3|�~ÆÚ5y>u�ß�{p�po>qtsvu§wvoÙ{�wvu �%�ÔuäÞ3sO{�u�|)~�n%��wvo>�Ao>ÐeÚ�Ø3u5�An�yru�np}ey=u�{�w�}e×C{�yzP Þá|)~vyror{psvwvu
wvÚ�ß5�p}65>{"u å0~[}e×�u5×C{�oru5y>yru5|�u5×C{=ÞäØ3u5ß1yzP Þ3yÙ{�oÙ{�svwvu6�ÔW0u5yr}e×:9�9 � � � 6#7 � � � ÖÔß�u1ßhl:Þ3|�~�Ú5yru5ß�{��porqtsvuxwvu��[u5Þ3s
{�u�|)~�nXÞ ~Ô}esv�`u å�~��pu5nAnpor}e× ,

E(z) = − [81.8exp(−4.52z) + 38.6exp(−0.375z) + 10.27exp(−0.121z)]
� 6 � 6 !

}���J � >-!_u5nâ{IyruTßhlvÞ3|)~)Ú5yru5ß�{p�porqDs�u(�;U(� | −1 !�Ötu�{)>XyzP Þáyr{�oÙ{�svw�uL�iêt|�!F�DNÎÞ!ØáÞ3yru5sv�bÞ3s)np}ey:wvuXß5uTßhl:Þ3|�~wvuL�ÔuäÞ3s�{�u�|)~vn,u�nA{Twvu�y P }e�pwv�Au=wvu"è 6#:;: U(� | −1 npsv�,sv×�{�u��p�pÞ3o>×�×v}e×�|�}e×C{hÞ3Ðe×�u5s0å ��J_×�u 8 u�{äÖ:~:Þá�
�ÔuäÞ3s�{�u5|�~vn�Ö[y>Þ�HÛu5�A�puxu�nA{	ßhl:Þ3�pÐ3Ú5ux×�Ú5ÐCÞá{porØ3u5|�u5×C{ � è 6 ×�G<�Q| −2 nA}eor{XÞ3s�{�}3{�Þ3y�è = :&: ê0G�!�ÖÔu�{	y PQÞá{Aè|�}enp~vl��5�pu`~Ôu5s0{ ��{��Au`wvorØDornpÚ5u`u�×�wvu5s0å �pÚ5Ð3o>}e×vnÊnpu5yr}e× y>u�sv�pn_~��p}e~v�Ao>Ú�{�Ú5n_Ú�y>u�ß�{��Ao>qtsvu�n&�CN�u5n_ß�o>×vqts:Þá×t{pu
~v�Au5|�o>u5�An!êDory>}e|���{p�pu�n!Õ¢}3�p|�u5×C{�sv×vu�ß5}esvßhl�u�o>nA}ey Þá×t{pu�ßhl:Þ3�pÐ3Ú5u�~Ô}enAor{�oÙØeu�|)u�×t{5Ö�u�{�wv}e×C{�y Þ�ßhl:Þ3�AÐeu
Ðeyr}I�:Þ3yru�u5nâ{�w�P u5×CØDo>�p}3×�= :&: ê0G<�LJL×C{p�pu = : u�{$= :&: êt|�ÖÊ}e× wvo>nâ{�o>×�Ðesvu�yzPQÚ�y>u�ß�{��A}enp~�lv�5�Au3Öæß�}e×vwvsvß è
{��Ao>ß�u3Öt|�Þáo>n_Ðeyr}I�:Þ3yru5|�u5×C{L×vu5s0{��pu6��NÎÞ�~v�pÚ�npu5×�ß5u"w�P o>}3×vn^ß�}e×�Õ¢���pu ��y PQÞá{p|)}enA~vlv���pu,sv×vuXß5}e×vw�svß�{porØDor{pÚ
wvu B�� 6#: −14 |)l�}+�Q| −1 ~��p�5n�wvu�y>Þ�nps��AÕiÞ3ß�uÂu�{�qDs�o"Þ3svÐ3|)u�×t{puÂÞäØeu�ß�y PQÞ3yr{por{psvwvu��LKT×�ß5}3sv��Þ3×C{�wvuß5}3×vwvsvß�{�o>}3×Ä~Ô}enpoÙ{�oÙÕXw�u 6 = :&: Z u5nA{)wv}e×�ß�w�o>�porÐeÚ·wvu�y P o>}3×v}enp~�lv�5�Au·Øeu5�An)yru�np}ey � ::Ðesv�Au 6 � 6 ! �LN�u
��Þäm3}e×v×vu�|)u�×t{,ß�}enp|�o>qtsvu	u�{`y>Þ���Þáwvo>}CÞáß�{�oÙØDor{�ÚT×:Þá{psv�pu�y>yru	wvu"y>Þ�HÛu5�A�pu3Ö�qDs�o�np}e×C{`w�u5n`np}3sv�pß�u5n`w�P o>}e×�n
~Ô}enpoÙ{�orÕ¢nXu�{!×vÚ�ÐCÞá{porÕ¢n"~Ô}esv�"yzP Þ.{�|�}enp~vl��5�puáÖ ×vu ~Ôu5s0Øeu5×C{�~:Þ3n=ß�}e×C{��pu%�:Þ3y>Þ3×vß5u��=ß5u ß�}esv��Þá×t{!w�u �[u5Þ3s
{�u�|)~�n&�DZÛØ3u5ß"wvuT{�u�y>y>u�nLß5}e×vw�or{�or}e×vn�ÖDy>Þ�HÛu5�A�puXnpu	w�Ú5ßhl:Þ3�AÐeu5�pÞ3or{^u5×�qDs�u5y>qtsvu�n�|�o>×ts�{�u�n^n�PQory�×�P m)ÞäØáÞ3or{
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~:Þ3nIu5×�~Ôu5�p|)Þ3×vu�×vß5u	u5×C{��Au = : u�{ 6#:&: Ú�ß5y>Þ3o>�AnI~:Þ3�^|)or×ts�{�u<�x{���ÞäØ3u5�pn`yru	|�}e×vwvu6�vWD}esvy>orÐe×v}e×�n^u�×�::×
qtsvu,y>u`ßhl:Þá|)~�Ú5yru5ß�{p�porqDs�u`wvu �[u5Þ3s�{pu5|�~vn_u5nâ{b|)}DwvsvyrÚ�~:Þ3�Ly Þ"ß�}e×CØeu�ß�{�or}e×�{��p}3~vo>ß5Þ3y>u�ß�}e×C{�or×vu5×C{hÞáy>u��

�	����� 6 � 6����������! �"$#&%(')#+* ,	�!-.%�/�01'�23-.45��%!'�'(67'8�!9:%���0;-(*�<�6=%('8#+6>��*?-.��6@*10A��9:%.�50;-(*�<�6=%CB+9:4&D."E9GFH0;*1-.�I#&%KJ�4&D!9�%
%�0�LNM�6@-�OQPER�S7THU5V

�	��W X �ZY ���8�\[ �23 �^]#4 ��3 , . &	��)+$(��3
N�u=npu5s�y {7mD~[u=wvu=×ts:ÞáÐeu"ßäÞá~:Þ��vyru"wvu=wv}e×�×vu5�`×:Þáo>npnpÞ3×vß�u �1wvu5n,~vl�Ú5×v}e|��5×�u5n`Ú5yru5ß�{��porqtsvu5n`u�nA{,y>u

ß5s�|1svy>}3×vo>|(��svn&�CJ_×)u�8[u�{äÖtory:u5nA{^×vÚ�ß5u5nAn�Þ3or�puXw�P ÞäØ3}eo>�LwvuTy P o>×vnâ{hÞ���o>y>oÙ{�ÚIÞá{�|�}enp~�lvÚ5�Ao>qtsvu3ÖCßáPQu�nA{âè8�.èVwvo>�Au
wvu�n^|�}es�Ø3u5|�u5×C{�nLØeu��A{�orßäÞ3sDå)Þ3npß�u5×vw:Þá×t{pn�wvu�n^|)Þ3npnAu5nbw�PQÞ3o>��Öey Þ=ß5}3×vwvu5×�n�Þá{po>}e×)wvuTØáÞ3~Ôu5s��bw PQu5Þ3s�u�{
sv×vu	u�åD{�u�×vnpor}e×�Øeu5�â{�orßäÞ3yru	o>|�~Ô}e�A{�Þ3×C{�uT~[}es��IØe}eor��Þ3~�~:Þ3��Þ 5>{��Au	y>Þ�~vl:Þánpu=Ðey>Þ3ß5uáÖ0u�{`wv}e×vß	ß5}e×vw�svo>�Au �
y P Ú5yru5ß�{��porn�Þá{po>}e×�wvs�×ts:ÞáÐeu��

_�`bac`�_ �edAfhg	�V�0��dAfX�ig	�kj�d_�Nlnmæ�0��d�fogX���pdL��m�qb���
E	u5sDå·or×vÐe�pÚ�wvo>u�×C{�nbnp}e×C{^×vÚ5ß�u5npnpÞ3o>�Au5n�~Ô}esv�by Þ=Õ¢}e�A|�Þá{po>}e× w�u5nI}3��Þ3Ðeu�n ,tyzPQor×vnA{�Þ��vo>yror{pÚ�~[}á{�u5×C{po>u5yry>u

wvu y>Þ)|)Þ3npnAu w�P Þáo>�	u�{=y P ltsv|�o>wvoÙ{�Ú�w:Þ3×vn"yru5n��vÞ3npnAu5n!ß5}es�ßhlvu5n%�ÎNLP o>×�nA{hÞ6�vo>yror{�Ú!~Ô}3{�u�×C{�o>u�y>yru�~Ôu5s�{ ��{��Au
wvo>Þ3Ðe×v}enâ{�orqDs�Ú5u"~:Þá�`y Þ�GIZ"YLJ �zGI}e×CØeu�ß�{�oÙØeu�ZÛØáÞ3ory Þ���y>u"YÛ}3{�u�×C{�o Þáy�J_×vu5�AÐ3m�!F�ÔG	P u5nâ{	sv×�u=|)u�npsv�Au=wvu
y P Ú5×�u5�pÐ3o>u�ÐCÞ3Ðe×vÚ�u·~:Þ3��sv×vu·~vÞ3�A{po>ß5s�y>u�w�P Þáo>�xÐ3�323ß�u���y>Þ�ß5}3×tØ3u5ß�{�o>}3×ºyro��v�Au��ÛNÎÞ�GISaR �zGI}e×CØeu5ß�{�oÙØeu
SaRXl�o��voÙ{�o>}3×J!��pu5~��pÚ5nAu5×C{�u,yzPQÚ�×vu5�AÐeo>ub×vÚ5ß�u5nAn�Þ3or�pu`~Ô}esv�ÊnA}esvyru�Øeu��æsv×vuI~:Þ3�A{po>ß�svy>ubw�PQÞ3o>�Ý~[}3{pu5×C{�oru5yry>u5|�u5×C{
o>×�nA{hÞ6�vy>uC7As�npqts�P �!nA}e×�×vorØ3uäÞ3s�wvu`ß�}e×CØeu�ß�{�or}e×�y>o����pu��áNÎÞ"wvÚ�{pu5�A|)or×:Þá{�or}e×1wvu�n_o>×vw�o>ß5u�nbGIZ"YLJ�u�{^GISaR
u5nâ{_o>yry>svnâ{��AÚ5uLnpsv�Êy P Ú5|)Þ3Ðe��Þá|)|�u_wvuIy>Þ�::Ð3sv�pu 6 � � �eGIu�{p{�uIÚ5×vu��pÐeoruI~Ôu5s�{ ��{��AuIÕ¢}esv�A×vo>ub~:Þ3�Ýsv×xÕ¢}e��*äÞ3Ð3u
u�åD{pÚ5�poru5sv�`w PQÚ�ßhlvu5yry>u<::×�u"ß5}e|�|�u	y P }e�A}eÐe��Þá~vlvo>uáÖtsv×�np}esvyr��Ø3u5|�u5×C{`Õ¢�p}e×C{�Þ3y[}3s�sv×vu=ß5}3×tØ3u5�AÐeu5×vß�u!wvu

�;:
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�����

Øeu�×C{_w:Þ3×vnÊy>u5nG�:Þ3nAnpu5nÊß5}esvßhl�u5n5Ö3}es(�voru5×1~:Þá�Êsv×xÕ¢}3� *äÞáÐeuIw�P Ú5ßhl�u5y>yruInâm0×�}e~�{�orqtsvu�y>orÚ �Twvu5næÞ3×v}e|)Þ3y>oru5n
w�PQÞ3yr{por{psvwvu��

�	����� 6 � ���>���!���! �"�*19?9 67'!0;-."+/�0 9:"8#&��0 %!-( I*1/3"E0;*�4+/ #&%\9:"�
������ %�0 #7%�9:"�
���� '(6@- 6@/ �! �"5B+-."+ I �%AFH0;*?-��
#&%cJ 4+6��
O PER�R7PHU5V

_�`bac`Ha � ����� ���a���	�a����� d�f �L�!�Ô�0���L�����D��l#""�a���
KX×vuLß�u5y>yrsvy>uÊß5}e×CØeu�ß�{porØeu^npor|)~vyruæu5nâ{ÎÕ¢}e�p|�Ú5u_w�P sv×vu^Þ3nAß5u5×�w:Þ3×vß�u^u�{Ýw PQsv×�u^nAs+�vnporwvu5×�ß5u3Ö¥u�{Ýß�}e×vnâ{�oÙè

{�s�u=y P Ú5y>Ú�|)u�×C{`wvuL�:Þ3nAu�w�u5n,}e��ÞáÐeu5n%��W0}e×�wvo>Þ3|)��{��Au	ØáÞ3�poru"wvu = � 6 =xêt|�ÖvnA}e×�u�åD{�u�×vnpor}e×�Øeu5�â{�orßäÞ3yru
wvu =(� 6 =xêt| u�{`n�Þ1wvs��pÚ5u=w�u	ØDo>u"u�nA{`ß�}e|)~��po>nAu"u5×C{p�pu 6#: |�o>×)u�{ � =�|)or×��0NÎu	ß�mDß5yru"wvu	ØDo>u	w�PQs�×vu
ß5u�y>yrsvy>u"ß�}e×CØeu�ß�{�oÙØeu�o>×vwvoÙØDo>wvsvu�y>yru	npu!wvÚ��p}es�y>u=u5×�{��A}eo>n`~�l:Þ3npu�n(� ::Ðesv�Au 6 �NBI!/,

� nâ{hÞ3wvu!ß�sv|1svyrsvn ,Dsv×·ß�}esv�pÞ3×C{�Þ3nAß5u�×vw:Þ3×C{`nAuXÕ¢}e�A|)uTu�{b{��pÞ3×vnp~Ô}e�â{�u	yzP Þáo>�_wvuXy Þ!ß5}esvßhl�u"y>or|)oÙ{�u
u�× Þ3yr{por{�s�wvu��ÛN�u·np}3svy>��Øeu5|�u5×C{�wvu�~:Þ3�A{po>ß�svy>u�nx~:Þ3��y>u)ß5}esv�pÞ3×C{�Þ3nAß5u5×�w:Þ3×C{ ØáÞÂu5×C{��pÞ65 ×vu��xy>Þ
ß�}e×vwvu�×vn�Þá{po>}e×µwvu�y>Þ§ØáÞ3~Ôu5sv�)w�P uäÞ3s�u�{�w�}e×vß�y>Þ�Õ¢}e�A|�Þ.{�o>}3×ºw�u�~:Þ3�â{�orß5svyru5n�y>o>qtsvorwvu5n�Ö_~vsvorn
nA}ey>orwvu5nXy>}e�Anpqtsvu1ß�u5n=~:Þ3�â{�orß5svyru5n	nAu5�A}e×C{!~[}e�â{�Ú�u5n"~:Þá�"y PQÞ3npß�u5×vwvÞ3×vß5u1Þ3s�wvu5y���wvu1yzPQornp}3{plvu5�A|)u
: o
G<��EXu	y Þ!ßhl:Þ3yru5sv�^y Þá{pu5×C{�uTu5nâ{`Þ3or×vnpoÔy>o#�[Ú��pÚ�u3ÖC�pu�×vw:Þ3×C{Iy PQÞ3o>�LwvuXy PQÞ3npß�u5×vw:Þá×vß5uX|)}eor×vnLwvu5×�npu

qtsvu!y PQÞ3or��u5×CØDo>�A}e×v×:Þ3×C{5Ö:ß5u!qtsvoÎÞ�~Ô}esv�`u 8 u�{Twvu!�pu5×0Õ¢}e�pß�u5�,y Þ ß5}3×tØ3u5ß�{�o>}3×��
� nâ{hÞ3wvu!|)Þá{�s��pu ,�oryÝmÂÞ·ß5}Du�å0o>nâ{�u5×�ß5u�w�P sv×vu�Þ3npß�u5×vwvÞ3×vß5u�u�{"w�PQs�×vu�nps+�vnAo>wvu�×vß5u6�ÛNÎu ß�}esv�pÞ3×C{
nAs+�vnporwvu5×C{!yr}0ß5Þ3y>ornpÚ!w:Þ3×vn	y Þ�|�}eor{po>Ú!o>×0Õ¢Ú5�poru5sv�Au�w�s�×DsvÞ3Ðeu1�AÚ5nps�yr{�uxwvs�~[}3o>wvnXwvu5n=~v�AÚ5ß�o>~voÙ{hÞ.è
{po>}e×vn�Ö�wvu�y P u5×C{��pÞ65 ×vu�|)u�×C{�w�u)yzP Þ3or�=npu�ß·Þ3|(��o Þ3×C{!u�{�wvu)y P Ú�ØáÞ3~Ô}e��Þá{po>}e×�w�u5nx~��pÚ5ß�o>~voÙ{hÞá{po>}e×�n&�
F"×§Þ·Þ3yr}e�pn	Þ3s�np}3yÊsv×�Ú�{hÞ3yru5|�u5×C{"wvs�ß�}esv�pÞ3×C{=wvu5nAß5u�×vw:Þ3×C{�wv}e×C{=yzP Þ3or�Xu�nA{=~�y>svn"yr}esv�AwÂqtsvu
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yzP Þ3or�^u�×CØ0or�p}e×�×:Þ3×C{ ,�ory[m�Þ1ß��pÚ5Þá{�or}e×·w�P sv×�ß5}es���Þ3×C{,wvu=wvu�×vnpoÙ{�Ú6�vE	u�nT~�y>svoru5n�ß�}e×CØeu5ß�{�oÙØeu5nXÞ3~0è
~:Þá��Þ3ornpnpu�×C{_np}es�nby>Þ	nps��vnporwvu5×vß�u��DW0or|1svyÙ{hÞ3×vÚ�|)u�×C{äÖ¥y P Ú�{�Þ3y>u�|)u�×t{Êwvs�×ts:Þ3Ðeu`Þás�×�orØeu5Þ3s w�P Ú5qtsvo è
yro��v�Au,{plvu5�A|)orqtsvu	}es��xy Þ={��A}e~Ô}e~:Þ3svnAu	ß�}e×vwvsvoÙ{.��y Þ=Õ¢}e�p|)Þá{�or}e×�w�PQs�×vu	u�×vß5yrsv|)uXnA{p��Þá{porÕ¢}e�A|)u
u�×�Þ3yÙ{�oÙ{�svwvu6�

� nâ{hÞ3wvu!wvu!wvornpnAo>~:Þá{po>}e× ,Êy>Þ�wvu�nA{��Asvß�{po>}e×\w�u5n�Þ3nAß5u5×�w:Þ3×vß�u5n�~:Þ3�1yru5n�~v�pÚ�ß5o>~�or{hÞ.{�o>}3×vn�|)Þ3�AqDs�u
yru wvÚ&�vs0{�w�u ß5u�{A{�u�~vl:Þ3nAu��ÎN_PQÞ3o>�	Õ¢�A}eo>w�u�×�nAsv�AÕiÞáß5u �vy>}Dqtsvu y PQÞ3yro>|�u5×C{hÞá{po>}e×�wvs�ß5}es���Þ3×C{�Þ3naè
ß�u5×vw:Þá×t{�u�×ÄÞáo>�xor×vnA{�Þ��vyru3ÖÊu�{�y>u +vs0åºÞ3nAß5u5×�w:Þ3×C{�×vu�nps+��npo>nâ{�u�qts�P u5×ÄÞ3yr{por{�s�wvu��ÝN�u5n�~vy>s�o>u5n
ß�}e×CØeu5ß�{�oÙØeu5nXnp}e×C{T�pu�|)~�y Þ3ß�Ú5u5n,~:Þá�`wvu5nT~vy>s�o>u5nInA{��pÞá{�oÙÕ¢}e�p|�u5n%�
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_�`bac` � � ���il �	�V�0� �[���a� �X�a���
N�u5n	}3��Þ3Ðeu�n,|1svyr{po>ß�u5y>yrsvy Þáo>�pu�nInA}e×C{	ß�}e×vnA{por{psvÚ5nTwvu�~vy>svnAo>u�sv�pnTß5u�y>y>s�y>u5n,ß�}e×CØeu5ß�{�oÙØeu5n���wvo 8 Ú��pu�×t{pn

nA{�Þ3wvu�nbw�uTw�Ú�Øeu�y>}e~�~[u�|)u�×t{&�tNÎÞ"wvsv�pÚ�u,wvu`Ø0oru`wvu5nLß�u5y>yrsvy>u�næo>×�wvorØDo>w�svu5yry>u5nÝ×vu`wvÚ�~:Þ3npnAuX~vÞ3n_qtsvu5yrqDs�u5n
wvo#>äÞ3or×vu5n`wvu!|�o>×ts�{pu5n,Þ3yr}e�pn`qtsvu!y Þ |1s�yr{�orß5u�y>y>s�y>uT~[u�s�{,~[u��pwvs��pu5�XÞ3s0èVwvu5y��1w�P sv×vu!lvu5s��pu��
N�u	ß�mDß�y>uTwvuXØDo>uTwvu�nIß5u�y>yrsvy>u�nbor×vwvoÙØ0orwvsvu�y>y>u�nLÞ3s�nAu5or×�wvuTy Þ!|1svyÙ{�o>ß�u5yry>svyruIu5nâ{�yruX| �5|�u,qDs�u	ß5u�y>svo

w�P sv×vu=ß�u5y>yrsvy>uTß5}3×tØ3u5ß�{�orØ3u=npor|)~vyru��0N�u"ß5}es���Þ3×C{`wvu	wvu5×vnAor{pÚ=Þ3npnA}0ß�o>Ú<�1y P u5×vnAu5|(�vyru	wvu�n`nps+��npo>w�u5×vß�u5n
ØáÞÂÕ¢}e�pß�u5� y>u�nA}esvyr��Øeu�|)u�×C{)w�u�yzP Þáo>�1Þá|(�vo Þá×t{1~[}3{pu5×C{�oru5yry>u5|�u5×C{ or×vnA{�Þ��vyru��æEXu�×v}3s�Øeu�y>y>u�n ß5u�y>y>s�y>u5n
Øe}3×t{�Þáy>}e�An ��{p�pu�ß��pÚ5Ú�u5n�u5×ºÞ3|�}e×C{1w�u�y PQÞ3|�Þánxwvu·ß�u5yry>svyru5n&�ÝZ	or×vnpozÖÝyzPQu 8 }e×�wv�pu�|)u�×t{1wvu�ß5u��A{hÞáo>×vu�n
ß5u�y>yrsvy>u�nIØáÞ�~Ôu5�A|)u�{p{��Au=y Þ ÐeÚ�×vÚ5�pÞá{�or}e×�wvu!×v}es�Ø3u5yry>u5n,ß�u5y>yrsvy>u�n`ß5}e×CØ3u5ß�{porØ3u5n&�
GIu�{7mD~Ôuxw�P }e��ÞáÐeu�nAu�Õ¢}e�A|)u�~:Þ3�Tß5orn�Þ3ory>yru5|�u5×C{`wvu�Øeu5×C{XÕiÞ3o��vyru!}es�|�}0w�Ú5�pÚ�u�{Xw:Þ3×�n	wvu�n	ß5}3×vwvoÙè

{�or}e×vnT�pu�y Þá{porØeu�|)u�×C{"o>×�nA{hÞ6�vy>u�n&� W0u5yr}e×�yruxß5orn�Þ3ory>yru5|�u5×C{,wvuxØ3u5×C{äÖ[y>u5nX|1svyÙ{�o>ß�u5yry>svyru5n`npu��p}e×C{=~�y>svnX}es
|�}eo>×vn_}3�pÐCÞ3×�o>npÚ�u5n%�0N�u�n^}e�pÞ3Ðeu�nbw�uX|)Þ3npnAu,w�P Þáo>�LnpuTwvÚ�Ø3u5yr}e~v~Ôu5×C{IwvÞ3×vnbsv×�u�×tØDor�p}e×v×�u5|�u5×C{.�=ÕiÞ3o#�vy>u
ß5orn�Þ3ory>yru5|�u5×C{"Øeu��A{po>ßäÞáybw�u�Ø3u5×C{"�ÝN�u5n�ß5u5yry>svyru5n=ß�}e×CØeu5ß�{�oÙØeu5nxnpu��Au5Ðe�A}esv~Ôu5×C{�wvu�ÕiÞ6*5}e×�Þ3y>Ú5Þá{�}3o>�puxu5×
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Ðe�pÞ3~v~Ôu5n&�DN�u5nbß5}3sv��Þ3×C{pn^w�P Ú�{�Þ3y>u�|)u�×C{^ornpnAsvnLwvu5n^ß5u5yry>svyru5n_u�×)~vlvÞ3npuX|�Þá{psv�pu`nAuX�Au5×vß�}e×C{��Au5×C{�u�{^nA}e×C{
��yzPQ}3�po>Ð3o>×vu�wvsµnp}esvyr��Ø3u5|�u5×C{·qtsvo,ØáÞ�wv}e×�×vu5�)×:Þ3o>nAn�Þ3×�ß5u ��sv×vu�×v}es�Ø3u5y>yru�ß�u5y>yrsvy>u�Þás�ß5u�×t{p�pu�wvu
y PQÞ3|)Þ3n&�ÔE"Þá×vn"sv×�u�×tØDor�p}e×v×�u5|�u5×C{ ��ß5orn�Þ3ory>yru5|�u5×C{T|)}DwvÚ5�AÚ3ÖÔy Þ��pÚ5Ð3Ú5×vÚ���Þá{po>}e×Âw�u5n=ß5u�y>yrsvy>u�nXnAuxÕiÞ3or{
w:Þ3×�n1wvu5nxwvo>�Au5ß�{po>}e×�nx~v�AorØDo>yrÚ5ÐeorÚ5u5n!~:Þá�x��Þá~v~[}3�A{ Þás0å Þ3×vß5oru5×v×�u5n ß5u�y>yrsvy>u�n&�ÛNÎÞ ::Ðesv�Au 6 � � |�}e×C{��Au
sv×vu�|1s�yr{�orß5u�y>y>s�y>u�}e�pÐCÞá×vo>nAÚ5u���F=×��pu�|�Þá�pqtsvu�qtsvu�y Þ��pÚ�ÐeÚ5×vÚ���Þá{po>}e×§wvu�n!ß5u5yry>svyru5n=nAu�ÕiÞáor{L��y PQÞäØ3Þá×t{
wvs�nAmDnâ{��5|�u!u�{,u�nA{T}e~v~Ô}enpÚ�uL� y PQÞ3y>or|)u�×t{�Þá{�or}e×�u5×�Þ3o>�Ißhl:Þ3svw�u�{,ltsv|�o>w�u=wvu5n �:Þ3nAnpu�nTß�}esvßhlvu�n&�[F"×
~:Þ3�Ay>u=wvu!~v�A}e~:Þ3ÐeÞá{�or}e×��pÚ�{��p}3Ðe��Þ3w�u=~:Þ3�`��Þá~v~[}3�A{TÞ3s0å·Øeu5×C{pn	u5×CØDo>�A}e×v×:Þá×t{pn&�

_�`bac`�� � ���\� � "x��� � ���a���	�a���
]Io>u�×�qtsvu�ß5u!{7mD~[u�w�P }e��Þ3Ð3u�Þáor{,sv×vu�u�åD{pu5×vnAo>}e×�np~:Þá{po Þ3yru"wvu�y P }e�pw��pu!wvu�ß5u5yry>u=w�P sv×�}e��Þ3Ð3u�|xsvyÙè

{�orß5u�y>y>s�y Þ3or�pu3Öásv×�}e�pÞ3ÐeuTnpsv~Ôu5�Aß5u5yry>svy>Þ3o>�Au,u5nA{�ß5}e×vnâ{�oÙ{�svÚXw�PQs�×vu"npu�svy>uX~:Þ3or�pu"Þánpß5u�×vw:Þ3×�ß5u�èVnps+��npo>w�u5×vß�u��
N�u5n^npsv~Ôu5�Aß5u5yry>svyru5n^np}e×C{�w�}e×vß	ß�}e|�~[}enAÚ5u�nIw�P sv×vu"ß�u5yry>svyruTß�}e×CØeu�ß�{�oÙØeu=sv×�o>qtsvu	w�uX{��A�5n^Ðe��Þ3×�wvuX{�Þ3o>yry>u
� � : � = : êt|�!�ÖÛwvu·{��A�5n1yr}e×vÐesvu)wvsv�AÚ5u�wvu�ØDoru�u�{1wvu·{��A�5nxÕ¢}e�â{�u·or×C{�u5×�npor{pÚ��ÝNÎÞ�Ø0oÙ{�u�npnpu)Øeu5�â{�orßäÞ3yru
Þ3s§npu�o>×§wvu {�u�y>n=}e�pÞ3Ðeu�n=~[u�s�{�Þá{p{pu5o>×�wv�pu B : � = : | �Qn −1 ��N�u5n!|�}es�Ø3u5|�u5×C{�n�Þ3nAß5u5×�w:Þ3×C{�n!{��A�5n!o>×0è{�u�×vnpu�nxÞáo>×vnAoÊqtsvu�y P }e�pÐeÞ3×vo>npÞá{�or}e×�{p�porwvo>|�u5×vnAo>}e×�×vu5yry>u�wvs +:s0å§nA}e×C{��Au5nA~[}e×�n�Þ��vyru5n!wvu�y Þ)wvsv�pÚ�u�wvu
ØDo>u=or|)~Ô}e�A{�Þ3×C{�u"w�u�ß�u�{A{�u�ß5u5yry>svyru���NÎu�n,npsv~Ôu5�Aß5u5yry>svyru5n`nA}e×C{	ÐeÚ�×vÚ5�AÚ5u�nX~:Þá�`wvu5nTß5}e×�wvor{po>}e×vnIwvu=Õ¢}e�A{pu
o>×�nA{hÞ6�vo>yror{�Ú,ß�}e×CØeu5ß�{�oÙØeu=u�{�wvu	Õ¢}e�â{�ß5orn�Þ3ory>yru5|�u5×C{bwvu	Øeu�×C{"�:N�u"ß�o>n�Þáo>y>yru5|�u5×C{LØeu��A{�orßäÞ3y[wvu	Ø3u5×C{`ØáÞxo>×0è
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ß5yro>×vu���y P }e�pÞ3Ðeu���N_P Þ3nAß5u�×vw:Þ3×vß�u�ØáÞ�Þ3yr}e�pn�nAsv�p~�y>}e|(�Ôu5�`yru"ß5}3sv��Þ3×C{Twvu�npß5u�×vw:Þ3×C{5ÖÔu�|)~4�5ßhlvÞ3×C{XyzPQ}3��Þ3Ðeu
wvu�nAsv~v~v�Ao>|�u5�Ýn�Þ	nA}esv�pß�u`w�P Ú5×vu��pÐeoru��áNLPQÞ3or�ÛÕ¢�A}eo>w�wvu�y ÞTnps+��npo>w�u5×vß�u`y>}e�Anpqts�P o>y0Þ3�p�AorØeuIÞ3s1nA}ey0ØáÞXÕ¢}e�Aß5u��
y PQÞ3or�^ßhl:Þásvw�u�{`ltsv|�o>wvu"w�u=y ÞxnAsv�AÕiÞ3ß�uL�1n5P Ú5yru�Øeu��5Ö:ß�u=qDs�o ØáÞ1�pu5×0Õ¢}e�pß�u5�`y Þ�ß5}e×CØeu�ß�{po>}e×���NÎÞ1ß�}e×CØeu5�aè
Ðeu�×vß5u"w�s�ß5}esv�pÞ3×C{`wvu"w�u5×vnAor{�Ú	ÞäØeu5ß=yzP Þáo>�bu5×C{��pÞ3×C{`o>×vnâ{hÞ���y>u,Õ¢}esv�p×�or{^sv×vu=Þ3yro>|�u5×C{hÞ.{�o>}3×�ß�}e×C{�or×Ds�u �
y P }e�pÞ3Ðeu��
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N�u�ß5o>npÞ3o>yry>u�|)u�×t{)wvuÂØ3u5×C{(7A}esvu�sv×O���ey>uÂw�Ú�{�u��p|�o>×:Þá×t{·w:Þ3×vn�yruÂwvÚ�Ø3u5yr}e~v~Ôu5|�u5×C{�wvsO×ts:Þ3Ðeu6�
N�}e�pnAqtsvu)yru ß5orn�Þ3ory>y>u�|)u�×C{"wvu Øeu�×C{xu�nA{�ß5}e×vnâ{hÞ3×C{5Ö�y>u5n!ß�u5y>yrsvy>u�n=ß5}e×CØ3u5ß�{porØ3u5nxnAu)w�Ú5~vy>Þ3ß5u�×t{ ��y Þ·ØDoÙè
{�u�npnAu�wvs�Øeu�×C{	u�×�|�}�meu5×�×vu�{p�p}e~Ô}enA~vlv�5�Au���E"Þá×vnXß�u�{A{�u!npoÙ{�s:Þá{po>}e× Övy>u�n`ß5u5yry>svyru5n`nA}e×C{Xor×vnA{�Þ��vyru5n`ßäÞá�
y PQÞ3or�æÕ¢�p}eorw�ornpnAs�wvs)ß5}esv�pÞ3×C{�wvu�npß�u5×vw:Þá×t{�npuT|)Ú�y Þ3×vÐ3uTwvÞ3×vnby>u5n'�:Þ3nAnpu�nIß5}3svßhlvu5n�Þ�Ø3u5ßXy PQÞ3o>�_or×vnA{�Þ��vy>u
qtsvovÞáy>o>|�u5×C{pubyzP Þánpß5u�×vw:Þ3×�ß5u��3YÊÞ3�Ýß5}e×C{p�pu3Öáy>}e�Anpqtsvu�yru^ß�o>npÞ3o>yry>u5|�u5×C{Îwvu^Øeu5×C{æØáÞ3�Ao>u^ÞäØeu5ß`yzP Þáyr{�oÙ{�svw�u3Ö�y>u
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ß5�Ao>nâ{hÞ3yÔÞ3×vÐ3svy>u�s0å Øeu��pn�yru,Ðe�p}enbß5�Ao>nâ{hÞ3y�~vyrsvnLy>o>nAnpu6��GIu�y Þ!×vÚ5ß�u5nAnpor{pu"y Þ=Õ¢svnAo>}e×�{��A�5nby>}DßäÞ3yru`wvu	y>Þ�Ðey>Þ3ß5u
nps�or{�u �)yzP Þ6�vnp}e�A~�{�or}e×�w�P Ú5×vu��pÐeoru�ß�o>×vÚ�{�o>qtsvu�wvÚ�ÐCÞ3ÐeÚ�ux~:Þ3�Ty>u!|�o>ß��p}áèVßhlv}0ß6��NÎÞ)Ðe�A}enpnAu�~:Þá�A{�orß5svyru!qDs�o
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qts:Þ3×C{�oÙ{�Ú!w�P uäÞ3s�nps��AÕ¢}e×vw�svu���Z	or×vnpo�yr}e�pnAqts�PQory m�Þ {��A�5n,~[u�s�w�P uäÞás�nAsv�AÕ¢}e×�wvsvu3Ö�y>Þ�nAsv�AÕiÞáß5u!wvs�Ðe�pÚ�npo>y
npuT�pu�ß5}es0Ø0�AuXw�uTÐ3orØD�pu,qtsvo�~v�pÚ�npu�×t{puXs�×vuXnâ{��Asvß�{psv�pu,Õ¢��Þ3Ð3o>y>uI~vy>svn9::×�uTqtsvuTß5u�y>yru`wvu5nb~[u�{�oÙ{�nLß5�Ao>nA{�Þ3s0å
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qtsvovÞáß5qtsvo>u��A{LÞáo>×vnAo0sv×�u�ßhl:Þ3�AÐeu�~Ô}enpoÙ{�orØ3u � ::Ðesv�Au 6 � 6 � !F�áYÝ}3sv�æwvu�næß5}e×�wvor{po>}e×vnÝ|)}�m3u5×v×vu�n_wvuI{pu5×vu�sv�
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KX×�Ú5ß�y Þ3or�Iu5nâ{TwvÚ5ß�y>u5×�ßhlvÚ�yr}e�pnAqtsvu=y>u=ßhl:Þá|)~�Ú5yru5ß�{��porqtsvu!Þ3s�npu�o>×�wvs�×DsvÞ3Ðeu!wvu�ØDoru5×C{Tnpsv~ÔÚ5�Ao>u5s��

�xsv×�ß5u5�â{hÞ3or×�nAu5svory9�iw�u	y P }e�Awv�puTwvu �;:;: ê�U��Q| −1 ! �vW0}3×·�	�eyruXu�nA{`w�u	wvor|)or×Ds�u5�by>uTßhl:Þ3|�~·Ú5yru5ß�{p�porqDs�uu5×��pu5w�o>nA{p�po#�vs:Þ3×C{Xy>u5nXßhl:Þ3�AÐeu5n<�)y P o>×C{pÚ5�poru5sv�Twvs�×DsvÞ3Ðeu���F"×�wvornA{�or×vÐesvu�wvu�s0å�{7mD~Ôu5n"w PQÚ�ß5y Þáo>�pn ,Ôy>u�n
Ú5ß�y Þ3or�pnæor×C{���Þ¥è7×ts:Þ3Ðeu�n��iSâG�!Êu�{Ly>u5n_Ú�ß5y>Þ3o>�Anæ×ts:Þ3Ðeu è7np}3yC� G`Ü !F�eN�u�nbÚ�ß5y>Þ3o>�Anæ×ts:Þ3Ðeu è7np}3y Ö���o>u5×�qtsvu,|�}eo>×vn
Õ¢�pÚ�qtsvu5×C{�n�qtsvu�y>u�n=Ú5ß5y>Þ3o>�An"o>×C{p��Þ.èV×DsvÞ3Ðeu5n	np}e×C{�w:Þ3×vÐ3u5�pu�s0å§~Ô}esv�=yru5n=~Ôu5�pnA}e×v×vu�n!u�{!y>u�n=nA{p�psvß�{�sv�Au5n
Þ3s�np}3yH�
N�u5n	Ú�ß5y>Þ3o>�AnTnA}e×C{	w�o#$�ß5ory>u5n���~v�pÚ�Øe}eor�&��S7y>n,~Ôu5s�Ø3u5×C{=n5PQÞäØeÚ��pu5�X{��p��n	w:Þá×vÐeu5�Au5s0å�Þ3s�npnpoC�voru5×�~[}es��

y>u�n)��o>u5×�n^qtsvuT~[}3sv�^yru5nL~Ôu5�pnA}e×v×vu�n&�0Z	s0å)Jæ{hÞ.{�nâè7KX×vorn5ÖC{�}3svn^yru5nbÞ3×vn�Öty>u5nbÚ5ß�y Þ3or�pnLnp}3×t{^�pu�np~Ô}e×vnpÞ��vy>u�n
wvu�y Þ�|�}e�A{!w PQsv×�u�ß�u5×C{hÞáo>×vu�wvu�~[u��pnA}e×v×vu�n�u�{�~�y>svnAo>u5s��pn!ß5u�×t{�Þ3o>×�u5n�w�P Þás�{��Au5n!np}e×C{ �vy>u�npnAÚ5u5n%�ÛNÎu�n
Ú5ß�y Þ3or�pn^~[}enAu5×C{,~v�A}I�vy>��|)uX~[}3sv��y>u�nI{�Ú�y>Ú�ß5}e|�|1sv×vorßäÞá{po>}e×�n^u�{`y>u�n�nA{p�psvß�{�sv�Au5n,Ú5yru5ß�{p�porqDs�u5n`Þ3or×vnpo[qtsvu
~Ô}esv�`y PQÞäØDo Þá{po>}e×��DS7y>n,~Ôu5s�Ø3u5×C{	Þ3svnpnAoÎ~v�p}�Øe}Dqtsvu5�,wvu�nXor×vß5u�×vwvoru5n&�
��Þ3orn	y>u�n	Ú�ß5y Þáo>�pn 7A}esvu�×C{=Þ3svnAnpoÝsv×Â�	�3y>u�w:Þ3×vn"y>Þ)ßhlvor|)oru�Þá{�|�}enp~�lvÚ5�Ao>qtsvux×�}3{hÞ3|�|�u5×C{"ÞäØ3u5ß1y>Þ

~v�A}0wvs�ß�{�or}e×�w�u"R"FXå�qtsvo[u�nA{`s�×·~v�pÚ�ß5sv�Anpu�sv��wvu"yzPQ}�>5}e×vu6�DE	u"~vyrsvn5Ötß5}3|)|�uXß�u5y>ÞxÞxÚ�{�Ú	|�u5×C{po>}e×v×�Ú
Þ3s�wvÚ%�vs�{Xwvu!ß5u!ßhl:Þ3~voÙ{��Au3Ö:o>yrn�}e×C{Tsv×��	�eyru=~v�pÚ�~[}3×vwvÚ5�pÞ3×C{Tw:Þ3×vnTy>u"ß�o>�Aß5svoÙ{,Ú5y>u�ß�{p�po>qtsvu=Ð3y>}I�:ÞáyH�

_�`��C`�_ � ��� �!� ��mL�7�v� f � m�qL� �.��db�
N�u5n1Ú�ß5y Þáo>�pn�×ts:Þ3Ðeu è7nA}ey^~Ôu5s0Øeu5×C{ ��{��pu�~[}enAor{porÕ¢n!}es ×vÚ�ÐCÞá{porÕ¢n5ÖÎyru5sv��~[}ey>Þ3�poÙ{�Ú�Ú�{�Þ3×C{1wvÚ�{�u��p|�o>×vÚ�u

~:Þ3�`yru=nporÐe×vu!wvu!y Þ1ßhl:Þá�pÐeu!wvs�×ts:Þ3Ðeu!qtsvo�u5nâ{	×�u5s�{p��Þ3yro>npÚ�u��
GI}e×vnAo>wvÚ��p}e×vnTsv×�×DsvÞ3Ðeu�w�PQ}3��Þ3Ðeu�ÞäØeu�ß�s�×vu�nâ{��Asvß�{psv�pu�Ú5y>u�ß�{p�po>qtsvu={p�po>~Ô}ey>Þ3o>�Au3ÖDß3P u5nA{���w�o>�pu=s�×vu

>5}3×vuxnAsv~[Ú��poru5sv�Auxßhl:Þ3�AÐeÚ5u�~[}3npor{porØ3u5|�u5×C{äÖ�y Þ >5}3×vuxor×t{pu5�A|)Ú�wvo Þ3or�pu=ßhl:Þá�pÐeÚ�ux×vÚ�ÐCÞá{�oÙØeu�|)u�×t{5Ö[u�{	s�×vu
~Ôu�{�oÙ{�u��pÚ�Ðeo>}e×�~[}3npor{porØ3u���y>Þ �:Þánpu�w�s ×ts:Þ3Ðeu6�æKX×�u�wvÚ�ßhl:Þ3�pÐ3u·~v�pÚ�y>or|)or×:Þ3o>�Au(�vorwvo>�Au5ß�{po>}e×�×vu5yry>u u5nâ{
wvÚ�ß5y>u�×vßhlvÚ�u)w:Þá×vn!y Þ�~:Þ3�â{�o>uxo>×�Õ¢Ú��po>u�sv�pu w�s�×ts:Þ3Ð3u3Ö�u5×C{p�pu�y Þ >5}3×vu�o>×�Õ¢Ú��po>u�sv�pu ~Ô}enAor{�oÙØeu1u�{�y Þ�>5}3×vu
o>×C{pu5�p|�Ú5w�o Þ3or�pub×vÚ5ÐCÞ.{�orØ3u � ::Ð3sv�pu 6 � 6 B=! �3ZX~v�p��nbqtsvu�y>qtsvu�nb|�o>yry>ornpu5ß�}e×vwvu�n5Ö¥sv×vu`w�Ú5ßhl:Þ3�AÐeu,��Þ3|�o#:vÚ5u�u�{
wvornpß5}3×t{po>×tsvu^npuI~��p}e~:ÞáÐeubØ3u5�AnÊy>u'�:Þ3n�,¥ß3P u5nA{Êy>uL{��pÞ3ß5u�sv�Ý~vÞ3�Ê~:Þán.�¢}esxyruäÞ3wvu��@! �áN�u^~v�pÚ�ß5sv�Anpu5s��ænpu^~v�p}áè
~:Þ3Ð3u�~:Þ3� �Ô}e×vw Öeu�{_ßhlvÞ3qtsvu,npu5Ð3|)u�×t{æ|)u�npsv�Au`u5×�|)}�m3u5×v×vu = : | �áN�u`y>uäÞáwvu5�æ×�Ú5ÐCÞá{porÕ�n�PQÚ�ßhl:Þ3~v~Ôu,wvs
×ts:Þ3Ðeu^u�{Ênpu��pÞ3~v~v�A}0ßhlvu^wvs1nA}ey Ö�{��pÞ3×vnA~[}e�â{hÞ3×C{ÊÞäØeu5ß`yrsvoty>ub~[}á{�u5×C{po>u5ytwvsx×DsvÞ3Ðeu����"s:Þ3×vwxy P u�åD{��AÚ5|�or{�Ú
wvs�y>u5Þ3wvu5�`u�nA{T~v�A}0ßhlvu!wvs�np}3y Övyru=ßhl:Þ3|�~�Ú�y>u5ß�{��Ao>qtsvu=~v�A�5nTwvu!y Þ1nps��AÕiÞ3ß�u�w�u�ØDo>u�×t{T{��A�5n,o>|�~Ô}e�A{�Þ3×C{äÖ
u�{,s�×�{p��Þ3ß�u5sv�,Þ3nAß5u�×vw:Þ3×C{X~[}enAor{porÕÎwvu=ß�}e×v×vu å�or}e×�Þ3~v~:Þ3�pÞ65>{ �i~v�A}0ß�u5nAnpsvnTw�PQÞá{p{�Þ3ßhlvu5|�u5×C{@!F��N�}e�pnAqtsvu
y>u�n_wvu5sDå1{��pÞ3ß5u�sv�pnLnAu`ß5}e×v×�u5ß�{pu5×C{ �"qDs�u5y>qtsvu�nLwvo�>5Þ3o>×vu�næwvu`|���{p�pu5n_w�s�nA}ey Öásv×�ßhlvu5|�o>×�ß�}e×vwvsvß�{�u�sv�
u5×C{p�pu=y>u	×DsvÞ3Ðeu=u�{�y>u"nA}ey[ÕiÞ3oÙ{�nA}e×�Þ3~v~:Þ3�Aor{po>}e×�Ötu�{,y>u	~��pu5|�o>u��`Þ3�Aß"u5×��pu�{�}es���ß5}e|�|�u5×vß�u��vN_PQÞ3�pß	u5×
�pu�{�}es��=u5nA{�sv×�Õ¢�A}e×C{!w�PQor}e×vorn�Þá{po>}e×Â~Ô}enAor{�oÙÕLo>×C{�u�×vnpu qtsvo_w�Ú&�vs�{pu�Þ3s§×vorØ3uäÞ3s§wvs�np}eyÊu�{!npu�~v�A}e~:Þ3Ð3u
Øeu��pn1yru�l:Þás�{1yru)yr}e×vÐ�w�s y>u5Þ3wvu5�%�ÝS7y^Þ3|��5×vu)wvu5nxßhl:Þ3�pÐ3u5n1~Ô}enpoÙ{�oÙØeu5n�wvs nA}ey^Ø3u5�pnxy>u�×DsvÞ3Ðeu·u�{xØáÞ
wv}e×�ß"~[u��p|�u�{A{��puXwvu	×�u5s�{p��Þ3yro>npu��Isv×�u	~:Þ3�â{�oru	wvuXy Þ�ßhlvÞ3�pÐeu	×vÚ5ÐCÞ.{�orØ3u	wvs�×ts:ÞáÐeu��vW0o[yzP Þá�pßTu5×��pu�{�}es��
×�PQÞ)~:ÞánX×vu�s�{��pÞ3y>ornpÚ=nAs�$�n�Þ3|�|)u�×C{	wvu�ßhl:Þ3�AÐeu3ÖÔsv×�{���Þáß5u5s��Xß�}e×C{�o>×ts � D7w:Þ3�A{TyruäÞ3wvu��1E8!`nAsvor{Tyru�ß5Þ3×:Þ3y
ß5}3×vwvsvß�{�u5s��Iu�å0ornA{hÞá×t{Iu�{^n5PQÞ3~v~v�A}0ßhl�u	wvs)np}ey ,t}e×�Þ�sv×�×�}es�Øeu�y�Þ3�AßXu�×��Au�{�}3sv�&�DN�uT{p��Þ3ß�u5sv�^ß5}e×C{po>×ts
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qtsvu5×�ß5u3ÖÔß5u�qtsvoÛy>u5n,�Au5×vw�Þ3npnAu&>�ÕiÞáß5o>yruL��w�Ú�{�u�ß�{pu5�&�[E	o 8 Ú��pu5×C{pnXnâm0nâ{���|)u�n	wvu�wvÚ�{pu5ß�{�o>}3×�wvu�nXÚ�ß5y Þáo>�pn
}e×C{^Ú�{�ÚXwvÚ�Ø3u5yr}e~v~ÔÚ5nIß�u5n^wvu5�A×vo>���pu5n^wvÚ5ß�u5×v×�o>u5n ��wvu�n)::×�nIwvuT~v�pÚ�ØDo>npor}e×�ÖtwvuT~v�p}á{�u5ß�{�or}e×)u�{�w�P Ú�{psvwvu6�

_�` �c`�_ � ���\�����t�
	 l����\� l��Im_��� � ���
	�� dL��gogX� ��m_�0���a�a�V�����
Z`ß�{psvu5yry>u5|�u5×C{5Ö:wvu5s0å�{7mD~Ôu5nTwvu�nâmDnA{���|)u�n	u�|(�:Þ3�AqDs�Ú5n �,�Ô}e�pw�wvu�n�Þá{pu5yry>or{pu5n�u å0o>nA{pu5×C{�,:yru5n,wvÚ è

{�u�ß�{pu5sv�AnX}e~0{�o>qtsvu�n(�iN�SâW[ÖÔF"H,E !�u�{Ty>u�nTw�Ú�{�u�ß�{pu5sv�AnXU=ÑXé �zéÛF=MÊH,J'!F��N�u!n�Þá{pu5y>yror{pu=éÛF!MÝH,J �zé�Þ3nâ{
}e×�F"� ��or{`M,u5ß�}e�pw�o>×vÐ }3ÕÎHÛ��Þá×vnporu5×C{TJæØeu5×C{pn@!�y Þ3×�ß5Ú"u�× 6#7&7 =xu�|(�:Þ3�AqDs�u"sv×�nAmDnA{p�5|�u=wvu=�pÚ�ß5u�~�{�or}e×
U=ÑXé\qDs�oÛu�×v�pu�Ðeo>nâ{��Au=y>u5n,nAo>Ðe×:Þ.{�sv�Au5n,Ú5yru5ß�{p�p}e|)Þ3Ðe×�Ú�{�orqtsvu5n`wvu�n,Ú5ß5y>Þ3o>�An&�

B �
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N�u�nAmDnA{p�5|�u�F"H,E � F"~�{po>ß5Þ3yIHÛ��Þ3×�npo>u�×C{�E	u�{pu5ß�{p}e�@!1wvÚ�Øeu�y>}e~v~ÔÚ�~:Þ3� y>ÞÂRXZ"W0Z u�{�u�|(�:Þ3�AqtsvÚ
nps��1y>u)n�Þá{pu5y>yror{pu���o>ß5�A}CNÎÞ��0èVS=u5× 6#7&7 =�Õ¢s�{xy P sv× wvu�n ~v�pu�|)oru5�pn�nAmDnA{p�5|�u5n wvu�wvÚ�{pu5ß�{po>}e× np~:Þá{po Þ3yru��
GI}e|�|)u�nA}e×�×�}e| y P o>×vw�o>qtsvu3Ö�oryæÚ�{�Þ3or{�ß5Þ3~:Þ��vyru�wvu)w�Ú�{�u�ß�{pu5�xyru5n!|�}0wvo ::ßäÞ.{�o>}3×vn"~:Þ3nAn�Þ3Ð3�5�pu�nxw:Þá×vn
sv×vu�npß��5×vux}e~�{�orqtsvu3Ö:ß�u�qtsvoÛo>×vw�o>qtsvu!y P }0ß�ß5sv�A�pu�×vß5u�w�P sv×�Ú�ß5y Þáo>�&�ÔWD}e×�}3� �voÙ{�u={�u��p�pu�nA{p�puxÚ�{hÞ3oÙ{��.A 6):
êt|ªw�PQÞ3yÙ{�or{psvwvu ÞäØ3u5ß�sv×vu or×vß5yro>×:Þ3ornp}e×�wvu,A : ◦ Ö ß5u qtsvo_yrsvoÛ~[u��p|�u�{p{�Þ3or{	wvu ß5}3s�ØD�po>�=s�×vu �pÚ�Ðeo>}e×�wvu6 B :;: × 6 B :&: êt| 2 u�{�wvu�nps��AØeu�o>yry>u5��{�}es�{pu5n yru5n �pÚ�Ðeo>}3×vn1wvs Ðeyr}I�[u)}�� wvu5n�Ú�ß5y Þáo>�pn�npu�~v�A}0wvs�o>npu�×C{l:Þ���or{�s�u5y>yru5|�u5×C{"�DF"H,E wvÚ�{�u�ß�{hÞáor{�yzP Þáß�{�oÙØDor{�Ú,Ú�y>u5ß�{��Ao>qtsvu'7A}es��^u�{`×tsvor{�Þ�Ø3u5ß"s�×vu"u%$�ß5Þ3ß5oÙ{�Ú	w�u � : �
wvÚ�~[u�×vw:Þ3×C{Xwvu5n,ß5}3×vwvor{po>}e×�n`u�åD{�Ú��po>u�sv�pu�n&�
N�SâW �iN�o>ÐelC{�×�o>×vÐ�S7|)Þ3Ðeor×vÐ�W0u�×vnp}3�@!"u5nâ{�s�×�or×vnA{p�psv|�u5×C{!wvu y>Þ�RXZ"W0Z qtsvoLÞ·Ú�{pÚ�u�|(�:Þ3�AqtsvÚ �

�Ô}e�pw§wvs§n�Þ.{�u5yry>oÙ{�uxH,M � � �iHÛ�p}e~�o>ßäÞáyæMTÞ3o>×�ÕiÞáy>y ��uäÞ3nAsv�por×vÐ ��o>nAnpor}e×J!Xu�× 6)7&7 A��ÎGIu�{!o>×vnâ{��Asv|)u�×C{
}e~�{po>qtsvubu5nâ{ÊwvÚ�wvo>Ú)�XyzPQÚ�{�svw�u^wvuby Þ`wvornA{p�po���s�{�or}e×!u�{Ýwvu^y>Þ,ØáÞ3�Ao Þ���o>y>oÙ{�ÚÝwvu^yzP Þáß�{�oÙØDor{�Ú_Ú�y>u�ß�{��Ao>qtsvuL{�}3{�Þ3y>u
�i×ts:ÞáÐeu�èVnp}ey�u�{`o>×C{p��Þ.èV×DsvÞ3Ðeu-! �0S7y ß5}es�ØD�Au=y>u5nI�pÚ5Ð3o>}e×vnIwv}e×C{,y Þxy>Þá{�oÙ{�svw�u	u5nâ{`ß5}3|)~v�Ao>nAu"u5×C{��AuLBB= ◦ W·u�{
BB= ◦ R �:N_P o>|)Þ3Ðeu5s��Iu5nâ{,}e~�{po>|�o>npÚX~[}3sv�`wvÚ�{pu5ß�{�u5�,u�{,y>}DßäÞ3yro>npu��^yru5n�Ú�ß5y>Þ3o>�An`ÞäØeu5ß!sv×�u��AÚ5nA}ey>s�{po>}e×�wvu =
� 6): êt| npsv�^sv×vuT�pÚ�Ðeo>}e×�ß5}3s�ØD��Þ3×C{ ?;:&: × ?&:&: êt| 2 �0W0}e×C{^u5×v�Au5ÐeornA{��AÚ5n^y>u`{�u�|)~vn^w�P }0ß�ß5sv�Au5×vß�u	w�P sv×Ú�Ø3Ú5×vu�|)u�×C{äÖ�y P Ú5×vu��pÐeoru"��Þáwvo Þá{porØ3u"u�{,yzPQu�nA{�or|�Þ.{�o>}3×�wvu=y>Þ1y>}DßäÞ3yro>n�Þ.{�o>}3×��DW0}e×�u%$�ß5Þ3ß5oÙ{�Ú=wvu!wvÚ�{�u5ß�{�or}e×
u5nâ{�or|)Ú�u�u�nA{"w�u 7&: � �ÔZ �Ô}e�Aw�wvu�H,M<� ��Ö[nA}e×C{"u5|��:Þ3�pqtsvÚ�n"w�PQÞ3s�{p�pu5nXo>×vnâ{��Asv|)u�×C{�n-,ÔYLM �zY_�pu è
ß5or~vor{�Þá{�or}e×§MTÞ3w:Þ3�3!	qDs�ob~Ôu5�A|)u�{�y Þ�y>}DßäÞ3yro>n�Þ.{�o>}3×�wvu�n�~v�AÚ5ß�o>~voÙ{hÞá{po>}e×vn�Ö�H���S �¢H,M<�4� ��orß5�p}-;IÞäØeu
S7|)Þ3Ðeu5�3!Ý~Ô}esv�_y Þ"w�Ú�{�u�ß�{po>}e×�wvu,y Þ"Ðey>Þ3ß5uáÖáU	SaM	W �¢U	o>npo#�vy>u^S7×�Õ¢��Þ3MTu�w·W0ß5Þ3×v×vu��@!æwv}e×�×vu`wvu5nbo>×0Õ¢}e�p|)Þ.è
{�or}e×vn,nps��	y Þ�ß5}3s�Øeu��A{�s��pu1×ts:Þ3Ð3u5svnAuxu�{	npsv�Ty Þ {�u�|)~ÔÚ5�pÞá{�s��pu�Þ3s�nA}e|)|�u�{Twvu�n	×ts:Þ3Ð3u5n5Ö[u�{"G�JLMXJbW
� GIyr}esvwvn	Þ3×vw�JLÞ3�â{�l�P n=MTÞ3wvo>Þ3×C{"J_×vu��pÐ3m�WDmDnA{�u�|�!,sv×�ßäÞá~�{�u�sv�	ØDo>nAo��vyru�u�{"o>×0Õ¢��Þ.èV�p}esvÐ3u�~Ôu5�A|)u�{"y>Þ
|�u5nps��pubwvu^yzPQÚ�×vu5�AÐeo>u_�pÞ3wvo>Þá{�oÙØeu��äNÎSâW!~[u��p|�u�{Îwv}3×vß^w PQ}I�0{�u5×�o>�Îsv×vubß5yro>|)Þá{�}eyr}eÐeoruÝÐeyr}I�:Þ3yruæwvu�nÝÚ�ß5y Þáo>�pn
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nps���y>u�nI�pÚ�Ðeo>}3×vn^{p�p}e~vorßäÞ3yru5n�Ö0|)Þ3o>n^Þ3svnAnpo�w�u"|)u�{p{p�pu	u�×��pu�y Þá{po>}e×�y PQÞ3ß�{porØDor{pÚXÚ�y>u�ß�{��Ao>qtsvu"u�{�wvo 8 Ú��pu�×t{pn
~:Þ3�pÞ3|���{��Au5n�~vlCmDnpo>qtsvu�n �i~v�AÚ5ß�o>~voÙ{hÞá{po>}e×vn�Ö�ß5}e×C{pu5×tsvn1u�× Ðey Þáß5u�wvs ×ts:Þ3Ðeu"!!ß5Þ3��Þáß�{�Ú��pornA{�orqtsvu5n�wvu�y>Þ
ß5}3×tØ3u5ß�{�o>}3×�~v�A}3Õ¢}e×vwvu"{p�p}e~�o>ßäÞáy>u��

_�` �c`Ha � ���\�����t�
	 l����\��db�
S7y�u�å0ornA{�u�u�×Äé:�pÞ3×vß5u�w�o98[Ú5�pu�×C{�n nAmDnâ{��5|�u5n�wvu�wvÚ�{�u�ß�{�or}e× wvu5n�Ú�ß5y Þáo>�pn1Þ3s\np}ey �_F"× ~[u�s�{�ß5oÙ{�u��

×v}3{�Þ3|�|)u�×t{)��Ú�{�Ú�}e��ÞáÐeu,qDs�o:u5nA{'�:ÞánpÚTnpsv�Ly Þ"w�Ú�{�u�ß�{po>}e×�wvs�ßhl:Þ3|�~�|)Þ3Ðe×�Ú�{�orqtsvu`ÐeÚ5×�Ú5�pÚT~:Þ3�_yzP Þá�pß�è
u5×Dè7�pu�{�}es���wvu�y Þ�w�Ú5ßhl:Þ3�AÐeuÂ×ts:Þ3Ð3u�è7nA}eyH�^N�u��AÚ5npu5Þ3sO}e~ÔÚ5�pÞá{�or}e×v×vu�yTw�u�nps��AØeu�o>yry Þ3×vß�u�wvu�y Þ§Õ¢}esvwv�Au
��Ú�{�Ú5}3��Þ3Ðeu=u�nA{,ß�}e×vnA{por{psvÚ"wvu"w�oÙåtè7nAu5~�{ �:Þáy>o>nAu5n^��Þ3wvor}áè7Ð3}e×vo>}3|)Ú�{��porqtsvu5nLwvornA{hÞá×t{pu5n`wvu � :&: êt| ßhl:Þ¥è
ß5s�×vu3ÖÛß5u)qDs�o^~Ôu5�A|)u�{xwvu)ß5}es0Ø0�Ao>�!y P u5×�npu5|��vy>u�wvs {pu5�p�Aor{p}eo>�Au1Õ¢��Þ3×+*5Þ3o>n�u�{�y>u�n >�}e×vu�n1y>or|)oÙ{��p}3~vlvu5n%�
S7y�u�nA{)Þ3o>×�npoI~Ô}enAnpo���y>u�w�P }I��{pu5×vor�1wvu5n�nâ{hÞá{po>nA{po>qtsvu�n wvs\Õ¢}esvwv�A}eo>u�|)u�×t{&�ÊHÛ}es�{pu�Õ¢}eorn5ÖA��Ú�{�Ú�}e��Þ3Ð3u�×vu
~Ôu5�p|�u�{�qDs�u�y>Þ1wvÚ�{pu5ß�{�o>}3×�w�u=y Þ1~Ô}ey Þ3�Aor{pÚXu�{,y Þ1y>}DßäÞáy>o>npÞá{�or}e×�wvu5n`or|)~:Þáß�{�nIwvu"Õ¢}esvwv�Au3ÖvßáPQu�nA{âè8�.èVwvo>�Au
y>u�n`Ú5ß�y Þ3or�pn`×ts:Þ3Ðeu è7nA}eyH�
N�uInAmDnâ{��5|�u`WDZ"éÊSaM � Wtm0nâ{���|)u^w�PQZXy>u��A{�u^é:}esvwv�Au^~vÞ3�ÝS7×C{pu5�AÕ¢Ú��p}e|�Ú�{p�poruIMTÞ3wvor}0Ú�y>u5ß�{��Ao>qtsvu-! w�Ú�Øeu è

y>}3~v~[Ú �=yzP F=R	JLM,ZxÖáu5nA{bqts:Þ3×C{)�=y>svo��:Þ3npÚ,nAsv�Ly Þ"wvÚ�{�u5ß�{�or}e×�wvs)ßhlvÞ3|)~�Ú�y>u5ß�{��Ao>qtsvu��CS7y�u5nA{bß�}e|)~Ô}enAÚ
wvu1{p�p}eorn	nA{�Þá{�or}e×vn"w�u wvÚ�{pu5ß�{po>}e×��AÚ5~:Þá�A{�oru5n=Þás�np}e|�|)u�{=w�P sv×�{��Ao Þ3×vÐ3y>u�wvu,= : � 6 = : êD| wvu ß6�á{�Ú3Ö
u�{XnAmD×vßhl��p}e×vornpÚ�u5n&�[S7yÎwvÚ�{pu5ß�{puxyzP Þ3ß�{�oÙØ0oÙ{�Ú=Ú�y>u5ß�{��Ao>qtsvu={�}3{�Þ3y>u�Þ3s�npu�o>×�w�PQs�×�×ts:Þ3Ðeu�w�P }e��ÞáÐeu3Ö�u�{Xwv}e×�ß
y>u�n`Ú5ß�y Þ3or�pn`×ts:Þ3Ðeu è7nA}ey�u�{To>×C{p��Þ.èV×DsvÞ3Ðeu��
Z	s0å\Jæ{hÞá{pnâèaKT×vo>n�Öæy>u�R	NÎE"R �iR	Þá{po>}e×:ÞáyIN�o>Ð3lt{p×vo>×�Ð�E	u�{pu5ß�{�o>}3×ÄRTu�{ ;^}e�pê�!xu�nA{�sv× �pÚ�npu5Þ3s wvu

6#: =ÂÞá×t{pu5×v×�u5n&�bWD}e× Õ¢}e×vß�{�o>}3×v×vu5|�u5×C{ u�nA{,�:Þ3nAÚ�npsv� y>Þ�{�u�ßhlv×v}eyr}eÐeoru·S1��Y[ZTGIH qtsvo�ß5}3|(�vo>×�u·y>u�n
|�Ú�{�l�}0wvu�n"wvu1{pu5|�~vn=w�PQÞ3�p�AorØeÚ�u �iwvÞá{hÞá{po>}e×�~:Þ3�"yru�Ü�YbW+!Tu�{=wvu �pÞ3wvor}áè7Ðe}3×v}e|�Ú�{��Ao>u6�:S7yæ×vu1~Ôu5�A|)u�{
qtsvu�y Þ1wvÚ�{�u5ß�{�or}e×�wvu5nTÚ5ß�y Þ3or�pn`×ts:Þ3Ðeu è7nA}eyH�
N_PQ}I��npu5�âØáÞá{�or}e×»wvu§y P Ú5|�o>npnAo>}e×ÄU=Ñ	é wvu�n�Ú�ß5y>Þ3o>�An·u5nâ{��AÚäÞ3yro>nAÚ5u�×v}3{�Þ3|�|)u�×t{·Ðe�323ß�u§Þ3s­NG��Z

�zN�orÐelC{�×vor×vÐ ��Þ3~�~vo>×vÐ�ZX�p�pÞ�m�!�}3sÄÞás\nAmDnA{p�5|�u�or×C{�u5�âÕ¢Ú5�A}e|)Ú�{��Ao>qtsvu�w�u�y P F!RXJLMTZ �æN�u�NC��Z u5nâ{
sv×�nâm0nâ{���|)u=~Ô}e�A{�Þ��vyru �:ÞánpÚ"nAsv��y>u"Ü�YbW �zÜ!yr}I�:Þ3yÔYÝ}3npor{po>}e×�×vo>×vÐ1WDmDnA{pu5|�!^qtsvo yr}0ß5Þ3y>ornpu,y>u�nInp}3sv�pß�u5n
wvu·�pÞäme}e×v×�u5|�u5×C{1U=ÑXé�w:Þ3×�nxy>u�n�{p�p}eorn�wvor|)u�×vnpor}e×vn�np~:Þ.{�o Þáy>u5n�u�{1w:Þ3×vn�y>u){pu5|�~vn ���,9 � +.8µ6�4!@3<
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6#7&7;7�� � �:+.��@ � 6�4X@3<
�
Ö �;:&:26 � �[S7yæs�{�ory>ornpuxyrux{�u�|)~�n=w�P Þá�p�poÙØeÚ�u�Þ3s§×vorØ3uäÞ3s§wvu nAoÙå�nâ{hÞá{po>}e×�n"}es§~vy>s�n

~Ô}esv�	yr}0ß5Þ3y>ornpu��Tyru5n"nA}esv�Aß5u5n=w�sÂ��Þäme}3×v×vu5|�u5×C{&��N�u5n"yruäÞ3wvu��pn"×�Ú5ÐCÞá{porÕ¢nXÚ5|�u�{p{pu5×C{=sv×��pÞäme}e×v×�u5|�u5×C{
wvuTÕ¢}e�A{puXÞá|)~vyror{psvwvu`w:Þ3×�nIy>u�nbU"Ñ	éIÖDÞ3yr}e�pnLqtsvuXy>u,��Þäme}3×v×vu5|�u5×C{`Ú�|)ornL~:Þ3�by>u5nby>u5Þ3wvu��pnb~[}enAor{porÕ¢n_u5nâ{
~vyrsvn^ÕiÞ3o#�vy>u6�DYÊÞ3��ß�}e×vnAÚ5qtsvu5×C{5Ö:ß5u"{7mD~[u	wvu"nAmDnâ{��5|�u=~Ôu5�p|�u�{Iwvu"ß5Þ3�A{p}eÐe��Þá~vlvo>u��Iu�npnpu�×C{�o>u�y>yru5|�u5×C{�y>Þ
~:Þ3�â{�oru=×vÚ5ÐCÞ.{�orØ3u=wvu5nTÚ5ß�y Þ3or�pn%�
N_P F=R	JLM,Z wvÚ�Øeu5yr}e~v~Ôu�Þ3ß�{psvu5yry>u�|)u�×t{�sv×\wvornp~Ô}enpoÙ{�oÙÕ`~[u��p|�u�{A{hÞ3×C{1w�u·npsvoÙØD�pu·y>Þ�~v�p}3~:Þ3ÐCÞá{po>}e×

np~vÞá{�o>Þ3y>u=u�{T{pu5|�~[}3�pu5yry>u"w�u5nTÚ5ß5y>Þ3o>�An`w:Þ3×vnTy>u�n,×DsvÞ3Ðeu5n%�[GIu�nâm0nâ{���|)u �:Þ3nAÚ�nAsv�Xy>Þ wvÚ�{pu5ß�{po>}e×�Ðe}e×�o>}áè
|�Ú�{��Ao>qtsvu,wvu�Ø0�pÞ3or{ ��{p�puTo>×vnâ{hÞ3yry>Ú.::× �;:&: ==u5×�S7y>u�èVwvu�è7é:��Þ3×vß�u��DGIuT~v�p}3Ðe��Þ3|�|�uXY_�A}3Õ¢u5} 
_Þ3npnA}0ß�o>ÚXÞ3s0å
|�u5nps��pu5n,�pÞ3w:Þ3��~Ôu5�A|)u�{p{p��Þ3oÙ{�wvu=|�o>u�s0å�ß�}e|)~��pu5×�wv�pu=yru5n�or×t{pu5�pÞ3ß�{po>}e×vnIu5×C{��Au�~vÞ3�A{po>ß5s�y>u5nIwvu!Ðey Þ3ß�u3Ö
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δqH
NI =

{

2 × 10−15C
�7D

T > TCR
−2 × 10−15C

�7D
T ≤ TCR

|y~�xpr '=�

δq
( ��+64�B�8:9NB$A7a=(�A7(se ,�(�KNB$A�4�B�K�4;,���a=A7!O�7�7(RK�BOA"+7D58 ,/45(OqZ2NBO.��64;(�8iBO�6K�A"� �"( .@+<45(Ra=A"� �7D;4yxz©H!=,�A�2/( �

8 !O4545D;�7D;!=.��{aOA7� �"D54�#>.�(*D5a=($q�45B�8:9�BOA7a=(6�*8:9NBO.�a=�*([�*\³(µ��K�A7D;01(6�7!O,��ª4�BF��!=A"01(R�

δqH
NI =

{

2 × 10−13C
�7D

T > TCR
−2 × 10−13C

�7D
T ≤ TCR

|y~�xpruv@�
}P(64�BR0�� 0�(P��B%e*!=.]qN45!OA7�`2�(*�m8*!=454;D5�"D5!=.���.�( D;a=(J#�a=4�B$8 (-K�A"D501BOD5A"(F�

δqH
NI =

{

2 × 10−14C
�7D

T > TCR
−2 × 10−14C

�7D
T ≤ TCR
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δqT
NI = fT (T, LWC)Min
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(

Di,s
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fT (T, LWC)

A7� �",�4;+7(¤2]\³,/.�(¤D5.@+C(*A7KL!=4�B$+7D5!=.P2�(�4�BS+:B$Y�45(�2/(SkHBO��BO9NB$�79�D�b���h
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∆T
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τ
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τ = (−21/Tr)(T − 273.15)
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δqG
NI = kqD

m
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τ = (−21)
Tr
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 ����� �"��� �&�$� ����� )�+ ,1,"+�0
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W�\³(µ��K�A7(*�7�7D;!=.�2/(�45B�8:9NBOA"a=(�� 8:9NBO./a=� (

∆q
|�( .��¦Q`��B§,�.�(R��!=A70�(R�7D;01D;4�BOD;A7(<��8 ( 4;45(�2/( 1ªfOj('O ¢¡zkJj

kJl{fOnposb�rut=v@·¯w��
∆q = BDm

i (∆vgi)
nδq

|y~�x®~ ã �
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m
q
n
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kHBOD;4545(�2�(64�B�KNB$A"+CD;8 ,�4;(�2�(6a=4�B$8 (�|

µ
0c� u�D;+7,NB$+CD;!=. h 0 .

2 � r¯·=· � ã x�t=~ × ru¥ 13 �/x 'OÎ ~�x®·
r¯·=· � 2 ≤ ã ·=~ � ã x³¥ ã × ru¥ 6 r=x³t=¥ ~�x®·

2�� ã ·=~ � ·=~�x³v=¥ ¥/x ã=ã ~�x®·
2 ≤ ~=·$� # ·�x�~ ã × ru¥ 8 ~�x�· ã ~�x�v
2��«~=·O� # ~ ã x³¥=¥ ¥/x�·O¥ ~�x�v

�������L~�x³� � �����! #"�$+&�(* +& 7 ?�=�&#1V�[=c1� +& � 5 .  21�=L"�13AY�UAY&@J4 +&�(*��=�&X�� #&gJ �2"��[13A3?[=�& �%_ ���  21 �%_ � ��_

^ 8:9NBOEG,�(¬A7�*a=D5!=. 2/, a=A7BOK�9�(�(*�"+�BO�7�"!�8*D5� (V,/.�( �*EG,NB$+CD;!=. 2�� 8*A7DpIOB$.G+�45B 8:9NBOA7aO(¬�*8:9NBO.�aO� (¬( .
��!=.�8J+CD;!=.�2�(64�BF+C(*01KL� A7B$+C,/A7(�(*+m2�,�8 !O.G+7( .G,�(*.�( BO,�45D5EG,�D;2�(

δq(T, EW )
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7 ?�=T1� #=E"  #=z -�[" �UA��2"�AP(* 9 ��� 7 13A > EW
� �I(I�#,]1�JX(* !�� #� &2(I?�=  21<���!_ 5 ��� �
� � _�< � 7 ?�"%$ 6  o$ ?�"[N* X$- �,]$-J+&  #=c1� 9�� 

7 ?�=T1� #=E"  2=C -�[" �UA��2"%AP(* m ��� 7 13A > 7 $#A313A��2"E _

EW
(*�"+§4;(�8*!=.@+C( .G, ( . ( BO, 45D;EG,�D52�(�(*�Z( 8J+CDp�1|�a�x_0 −3 �Jq±8O\_( �"+�#&��#�2�D5A"(�45B�KZ!OA"+CD;!=. 2z\³( BO, 45D;E�,/D52�(

�7,/A"��!=.�2/,�(�EG,�DmKNBOA�+CD58*D5KL(�BO, a=DpI�ACBOa=(�2�, a=A7�*�7D54¦x��>4ª( �"+c� a@B$4P�
LWC × Ecg

!�#
LWC

( ��+�4;(
8 !O.G+7( .G,�(*.�( BO,�45D5EG,�D;2�(-(J+

Ecg

(*�"+�4y\_(sr�8iB$8 D;+7��2�(68 !=4;45(*8*+CD;!=.§2�(*�maO!=,/+7+7( 4;(*+7+7( �ª2]\_(iBO,��7,/A"��!=.�2/,�(
KNBOAm45(6a=A"� �"D54�|��*a@BO45(<��rF2NBO./�P45(60�!�2/3 45(i�JxLQ{([KNBOACB$013J+CA7(6(*�"+-,�+CD54;D5�"�6�14�B�K�45BO8 (<2�,�8*!=.@+C(*.�,�( .
(iB$,c45D;EG,�D52�(`8 BOA¤45(ª0�� 8iB$.�D5�"01(ª2�(ª+CA7BO.��"��(*A"+�2�(m8:9NBOA7aO(�2��*KZ(*.�2�2�,�+:BO,���2�(�8 BOK/+7,�A7(m2�( ��a=!=,/+"+C(*�
K�4;,/+2pO+ªEG,�([2�,�8 !=.@+C(*.G,�( .�(iBO,�45D5EG,�D;2�(-2�,�.G,NBOa=($xZW�(<8 !=.@+7( .G,�(*.�(iB$,�45D;EG,�D52�(�(J�z(*8*+7D;��8*A7Dp+CD5EG,�(
CEW

|�( .�a�x_0 −3 �{(*�"+m2�!=./.��6KNBOAª4y\_� EG,NB$+7D5!=.V�

CEW = −0.49 − 6.64 × 10−2T
|y~�x�~=·=�

Q{(*+"+C(�� EG,NB$+7D5!=.[2�� 8*A7D;I$BO.@+
CEW

( ��+ I$BO4�B$Y�45(¤KL!=,�As2�( �H8 !=.@+C(*.G,���( .F(iBO,�4;D5EG,�D;2�(¤(*�Z( 8*+7D;�N8*!=0�K�A7D;�
( .@+7A7(-¥�x®~=~6(*+�r=xprPa�x_0 −3 xTu�D EW � ¥/x�~=~�a�x³0 −3 q CEW - ¥/x�~=~�q@(J+{�"D

EW
�²r=xprPa�x_0 −3 q CEW

- rOx;r=x
W�( �ª� EG,NB�+CD5!O.��ª2�� 8*A7D;I$BO.@+m8:9NBOEG,�(<A7�*a=D5!O.§2�,�aOACBOK�9/(<�"!=.@+mA7� 8 BOK�Dp+C,�4;� ( �`2�BO.��m45(-+:B$Y�45( BO,�~�x ã x
f�. uZrOq±�J+:BO.@+c2�!=.�.���EG,]\_D54ª.]\_(J��D5��+C(�K�BO�12/(�A"� �7,/4;+:B�+c2�(�4�B$YZ!=A7B$+C!OD5A7(cKZ!=,/A12�(*�1+7( 0�KZ�*ACB$+7,�A7(*�
�7,/KZ�*A7D5(*,�A7(*����#
'�x³�@·

o
QPq 4;( �FI$BO4;( ,�A"��2�(*��8:9NBOA"a=( ��+7ACBO.������ A"� ( ���"!=.@+RD5.@+C(*A7KL!=45�*( ��4;D5.�� BOD5A"( 0�( .@+[�

KNBOA�+CD;A�2�(*�PI$BO45(*,�A7��2�(
δq

��#
'�x³�@·
o
Q (*+-2/(F+C(*4545(<�7!OA"+C([EG,�(

δq - ¥1KL!=,�A
T - ¥

o
QPx�%-.�!=Y�+CD5(*.@+

2�!=./8<2�BO.��ª45(�8 BO�ª2�(64y\_D5.@+C(*A7KL!=4�B$+7D5!=.12�(�uZr=qGu/��q u�~R(*+�u/t/qNA"( �"KZ(*8*+CDpI=(*01(*.G+[�
δqS1 = (−2.75 × EW − 0.007) × T
δqS3 = (−57.06 × EW + 12.60) × T
δqS2 = (42.78 × EW − 1.08) × T
δqS9 = 0
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δ
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δ
E - ã rut/x ã ¥ × f x #�t@~�x�Î ã

u ã
δ
E - ~O¥/x�~=~ × f x � rOx��=Î × k � ru¥/x³¥@·

u�·
δ
E - ~O¥ ã r=x 'OÎ × f x #mr¯~$v/x('$¥

u/Î
δ
E - #�~OtO¥=¥/x�~=~ × � ã Î@~�x³t/r

u '
δ
E - �/x³¥@~[#��/r=x 'OÎ × f x ��~$Î/x®·$� × fOx 2u/v

δ
E - ~O¥/x�~=~ × f x #{~=~�x�~OÎ

u/t
δ
E - ¥/x³¥
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´ªjChuh �uÍ�kJl`fOnpo b�rut=t '¯wH!O.G+�A7(*K�A7D;��4;( �mA7�*�7,�4p+:B$+7�P2�(*�P(J��KL� A"D5( ./8 ( �P2�(F45BOYZ!OACB$+7!=D5A"(-2�(1�ZfOË�¡ '�kJjCÍ

kJlªfOnpo�b�rut=t/r*wyq�( .�+CACB$.��"��!=A"0cB$.G+�45(<8 !O.G+7( .G,�( .�( BO,�4;D5EG,�D52/([(J�z(*8*+CDp�m|
EW

�ª(*.�+:BO,���2z\�BO8*8 A"�*+CD;!=.
KNBOA1a=D;I�A7BOa=(�|

RAR
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RAR = EW × V

x
RAR

( ��+
(J��K�A"D50���( .�a�x_0 −2 x_� −1 x�}-BO.��P��� �"!$#&%�'[qN4;(-+:BO,��§2]\�B$8 8 A"�*+7D5!=.�KNBOA`aOD;I�ACBOaO(�( �"+m2�� $N.�DXKNBOA��

RAR = ρair × rc × Ecg × Vgmean

BiIO( 8
Vgmean =

∫

+∞

0
V (Dg)n(Dg)dDg

∫ +∞

0
n(Dg)dDg
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+C(*01KL� A7B$+C,/A7(F(J+�2�,�+CBO,���2]\�B$8 8 A"�*+7D5!=.VKNB$APa=DpI�A7BOa=($xZ�>4H(J��D5��+C(�,�.�+CBO,���2]\³BO8 8*A7�*+7D5!=.�KNBOA-a=DpI�ACBOa=(
8 A"D;+7D5EG,�(1|

RARcrit

�`BO,�2/( �7�",��-2�,/E�,/( 4 45BRK�45,��ma=A"!=�7�"(FKNBOA�+CD;8 ,�4;(6I$B��7([8:9NBOA7aO( AmKZ!=�"D;+7D;I=(*01(*.@+P(J+
( .R2/( �7�"!=,���2�,/E�,/( 4yq$( 4;45(�I$BP�"(S8:9NBOA"a=( A .�� a@B�+CD;IO( 0�( .@+ixOW�\³�*E�,�B$+CD;!=.�2��*8 A7DpI$BO.@+�45(±+:BO,���2]\³BO8*8 A7�J+CD;!=.
KNBOA`aOD;I�ACBOaO(�8 A7Dp+CD;E�,/(�( �"+m45B��",�D;I$BO.@+7(R�

RARcrit = a + bT + cT 2 + dT 3 + eT 4 + fT 5 + gT 6 |y~�x�~Ot@�

a = 1.0
q
b = 7.9262 × 10−2 q c = 4.4847 × 10−2 q d = 7.4754 × 10−3 q e = 5.4686 × 10−4 q

f = 1.6737 × 10−5 (*+
g = 1.7613 × 10−7 x RARcrit
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o
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RAR > RARcrit

qZ45B�K�4;,��PaOA7!=�"�7(FK�BOA"+7D58 ,/45(�I$B�BO8 EG,��*A7D;A
,�.�(68:9NB$A7a=(6KL!=�7Dp+CD;IO(R�

q = 6.74RAR − 1.36(−T ) + 10.05
|y~�x³�=¥@�

©H!O,�A
0.3 < RAR < 3.3
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RAR < RARcrit
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Nexistants = nombre de points entre les sphères de rayon (A−1)*r et A*r

non

oui

A*r = Rmax
non

Σp = 0

newp poldDéfinition de 2 seuils de probabilité : et

NexistantsNseuil max> N − NexistantsNseuil max< N −

Nseuil newp psteptel que p > +

pmax min= p
pold newp=

newp
new

p pstep= +

A*r = Rmax

non

oui

oui

non

oui

oui

Nseuil Nexistants= Nmax −

oui

> NmaxexistantsN

NexistantsNmax − )( < Nseuil < NexistantsNmax − )(0.75

Branchements de ces points
A = A + 1

NexistantsNmax − )(Tirage aléatoire de points

n = n + 1

ϕ | | ϕ0>Points possibles tels que |q| > qexcess et

Calcul de la probabilité de branchement p pour ces  points

Sphère de rayon A*r

Pas de branchement possible
A = A + 1

Pas de branchement possible
n = n + 1

Nseuil new
p= nombre de points tels que p > 

pstep
poldnewp −

2
=

Augmentation du seuil de probabilité

pstep = poldnewp −
2

−

Diminution du seuil de probabilité

maxp = max(p) et pmin= min(p)

non

non

Branches positives (puis branches négatives)

Branchements de rang n

�����X��~�xpru¥ � 6 7 H�J#.)�C(* 9,T$#AZ= 7 A ,� (* +& 6 $ �[= 7 H� #.0 #=T1Z&@_ A
 +&#1M"%=  #=c13AV #$X,�?
&+A313A > 5 r

 +&#1M���0,T�U"*&X,E 213AZ1� 
$4J+&2?��U"�13A3?�=L&V,��[13A3�[�� 5 Rmax

 #&#1<�! 9$ ��DI?�=z.)� ; AZ.m"�. (� +&Q&V,cH�/2$- +& 5  21 Nmax

 +&21<�! X=]?�. 6 $- o.)� ; AZ.m"�. (� 
6 $-��= 7 H� +&g��"�1V?�$#A & J4 +& �0�W� (�AY&#1V��= 7  A × r

_�<G +&��["%13$4 +&�� 6 6 $-J ; A3�[13AP?�=�&o&2?�=c1�(*J 7 $#A31� +&g(I��=E&Q�! �1� ; 1� _
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Extension verticale
du canal de l’éclair

Extension horizontale
du canal de l’éclair

Production

de NOx

Séparation et échange de charge

Transport des charges

Calcul du champ électrique

E > Ebe

Leader bidirectionnel

E > Eprop

Schéma pseudo−fractal

Neutralisation partielle des charges

oui

non

non

oui

T
+d

T

Processus
microphysiques et 

dynamiques

�����X�Z~�xpr=rg�76 7 H�J#.)� (* O,T$+AZ= 7 A ,� g(�" .)? (["��! \J#�! 7 13$#A��2"E \(I�[=�&
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sublimation de la neige (DEPS)

sublimation du grésil (DEPG)

évaporation de la pluie (REVA)

ajustement de la vapeur d’eau (DEPI)

;J6 ?

autoconversion de l’eau nuageuse (AUTO)

accrétion d’eau nuageuse (ACCR)

givrage de la neige et du grésil (RIM)

croissance humide du grésil (WETG)

croissance sèche du grésil (DRYG)

effet Bergeron−FIndeisen (BERFI)

ajustement de la vapeur d’eau (DEPI)

;9�x? accrétion d’eau nuageuse (ACCR)

autoconversion de l’eau nuageuse (AUTO)

évaporation de la pluie (REVA)

accrétion de gouttes (ACC)

fonte du grésil (GMLT)
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aggrégation de la glace primaire (AGGS)

autoconversion de la glace primaire (AUTS)

effet Bergeron−Findeisen (BERFI)

ajustement de la vapeur d’eau (DEPI)

;J6 ?

sublimation de la neige (DEPS)

aggrégation de la glace primaire (AGGS)

autoconversion de la glace primaire (AUTS)

givrage de la neige (RIM)

accrétion de pluie et de neige (ACC)

conversion−melting (CMLT)

croissance humide du grésil (WETG)

croissance sèche du grésil (DRYG)
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sublimation du grésil (DEPG)

givrage lourd de la neige (RIM)

accrétion de pluie et de neige (ACC)

conversion−melting (CMEL)

congélation de la pluie (CFRZ)

croissance humide du grésil (WETG)

croissance sèche du grésil (DRYG)

fonte du grésil (GMLT)
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aggrégation de la glace primaire (AGGS)

autoconversion de la glace primaire (AUTS)

effet Bergeron−Findeisen (BERFI)

ajustement de la vapeur d’eau (DEPI)

;J6 ?

sublimation de la neige (DEPS)

aggrégation de la glace primaire (AGGS)

autoconversion de la glace primaire (AUTS)

givrage de la neige (RIM)

accrétion de pluie et de neige (ACC)

conversion−melting (CMLT)

croissance humide du grésil (WETG)

croissance sèche du grésil (DRYG)

;9�x?

sublimation du grésil (DEPG)

givrage lourd de la neige (RIM)

accrétion de pluie et de neige (ACC)

conversion−melting (CMEL)

congélation de la pluie (CFRZ)

croissance humide du grésil (WETG)

croissance sèche du grésil (DRYG)

fonte du grésil (GMLT)
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;9�Z? sublimation du grésil

ajustement vapeur d’eau

neutralisation

;J6 ?
ajustement vapeur d’eau
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croissance sèche du grésil

processus inductif

neutralisation

;9�x? fonte du grésil
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;9�Z?

neutralisation

processus non−inductif glace−neige

autoconversion de la glace primaire

processus non−inductif glace−grésil

ajustement vapeur d’eau

;J6 ?
processus non−inductif glace−neige

autoconversion de la glace primaire

processus non−inductif neige−grésil

neutralisation

;9�x?
processus non−inductif glace−grésil

et neige−grésil

sublimation du grésil

neutralisation

processus inductif
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sublimation de la neige
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ajustement vapeur d’eau
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;9�Z?

neutralisation

processus non−inductif glace−neige

autoconversion de la glace primaire

processus non−inductif glace−grésil

ajustement vapeur d’eau

;J6 ?
processus non−inductif glace−neige

autoconversion de la glace primaire

processus non−inductif neige−grésil

neutralisation

;9�x?
processus non−inductif glace−grésil

et neige−grésil

sublimation du grésil

neutralisation

processus inductif
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−→
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