
��������� 	�
������	�����
����������� 	�� ��
����	����
 !����	�
#"%$�&('�$���)*	�� +�$�
,� -.��
/��"0�1
#$����1$�
2$���3 +4$ 3�	��
5 
�6��"%78��
��	*-�)*	���"%&('���9:�;	�� 9�<$�
=�>
�*������	*� $���3 ? ��"%"@	*


A*B/C�D#EGF�H�I/J%K#LNMPOI/M�QSR;T%UWVNJXD#EGF�Y�CZV\[/EGF]U^VNMPOI/M6_#M]K#M`M]a/I/F]M
b K#F�cSF]LNI/C#a/K#C#aXD#EGF�d OK#F]D#E�EeVNC#EGU6fgB/J%M]B/F`U�D#EGF

h�I/M]K#F]i�V\U^U^EeCZUWjkR#I/lmM]EGConpfgFeqrF]EGFPq(C#I/MPqts�a/EGC#EGR#uXVNa/M]E�v�w#R#I/C#DZL\KZC#a

A*B/F]a/EGLNEGa/M�[/B/Cyx>I/F]M]VNC�z.UWE�I/KZU8{�RZV\LNLG|I/C}np{�R#VNLNEGs

~�I/K#�#M]w�EGF]VNjkR�M]EGFP�1Q�F`B/l�qrf�FPq(��qrx>I/VNEGF
x>VNM]w�EGF]VNjkR;M]EGFP�#Q�F]B/l�q(f�FPq(x�qrx>EGR#F]VNC#a

��I/aXD#EGF�u}OK#C#DZL\VNjkR#EGC�Q�F0OK#l�K#C#aZ���/�Zq��Zqt�/�/�/�

x>I/�%��Q�LNI/C#jkJ%��z.C#U^M]VNM]K#M�l`OK#F8H�EGUWM`J�OB/F`��EeF`l�B/F]U^jkR;K#C#aZ�#_#M]K#M`M]a/I/F]M
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¯ ° £�£¦�(¤%§¤ ¢ ��¤§±²������¨�£��#��¤%�   ®

�Zq � Q³B/LNT%uXEGF]��c�LNEGJ%M]F]B/LNT%M]��x>EGu´wZF]I/C#EGCµnpQSc�x>s qgqªqgqªqgqªq�q �e¶

�Zqt� Q�c�x>��·6F]EGC#CZUWM]B/¸ b EGLNLNEeC qgqªqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q �/¹

�Zqtº ��F]I/C#U^��B/F]M]a/LNEGVNjkR;K#C#a/EGC�DZEeF�V\F`F]EG[/EeF`UWVNw#LNEGC���R#EGF]uXB%D#T%C#I/uXVNJ � ¶

» ¡�¼¾½ ¤%� ¢ §¤¿� ¥ ¤¿£¦£¦¤gÀ�� ¥ ¤%���G��ÁÃÂ¾�����(¤%�µ¨�¤%�6Ä �#�G�e¤%� ¥ ���Z��� ½ «(� ¥ � ¯�Å

ºZq � x>EeU^U^K#C#a6[/B/CªEeLNEGJ%M]F]B%B/U^uXB/M]VNUWj^R#EGC8x>VNM]l`OK#R#F]K#CZa/UWJ/B/EGÆ b VNEeCZ�
M]EGC�uXVNM�EGL\EGJ%M]F]B/�ZR#B/F]EGM]VNUWjkRZEeFSÇgEGF]C#U^�#VNC#F]EGU^B/C#I/C b npcSh�x>È8s �/É

ºZq � q � Ê F]K#C#DZL\I/a/EGCµD#EGF�ÇgEGF]CZUW�#VNC#F`EeU^B/C#I/C b qªqgqªqgqªq�q �/É

ºZq � qt� Q�F`V\C b VN��DZEeF�c�h�x>ÈË��x>EeU^U^K#C#aÌq´q�qªqgqªqgqªqgqªq�q º/¹

ºZq � qtº Íg�ZM]VNuXV\EGF]KZC#a²D#EGU�_ZV\a/CZI/L\��ÈËI/K#U^jkR#��A*EGF]RÎOI/LNM]C#VNU^UWEGU q º ¶

ºZq � qt¹ c��%��EGF]VNuXEGC;M]EGLNLNEGF�v�K#l�wZI/K qªq�q´q�qªqgqªqgqªqgqªq�q ¹ �

ºZq � qtÏ Q�F`B/w�EeCZ�#F OI/�#I/F]I/M`V\B/CªK#CZD´f�K#F]jkR#l OK#R#F]K#CZa�D#EGFÐx>EGU^�
U^K#C#a/EGC§qªq�q´q�qªqgqªqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q ¹/º

ºZq � qtÑ c�F`a/EewZC#VNUWU^EgK#CZD�fgVNU^J¿KZUWU^VNB/C�q�q´q�qªqgqªqgqªqgqªq�q ¹/�

ºZqt� x>EeU^U^K#C#aÒ[/B/C�~�ÓÔÍg��Q4EeF`uXEeI/wZV\LNVNM OI/M]EGC q´q�qªqgqªqgqªqgqªq�q Ï/Ñ

ºZq��Zq � Q�F`V\C b VN��DZEeF�x>EeU^U^K#C#a qªqgqªq�q´q�qªqgqªqgqªqgqªq�q Ï/Ñ

ºZq��Zqt� c��%��EGF]VNuXEGC;M]EGLNLNE�fgK#F`jkR#l`OK#R#F`K#C#a q�qªqgqªqgqªqgqªq�q Ï ¶

ºZq��Zqtº c�F`a/EewZC#VNUWU^EgK#CZD�fgVNU^J¿KZUWU^VNB/C�q�q´q�qªqgqªqgqªqgqªq�q Ñ/�
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ºZqtº A*EGF]a/LNEGV\jkRZEeCZD#Egf�V\U^J%K#U^UWVNB/CXD#EGFËuXI/J¿F`B/UWJ/B/�#VNU^jkR#EGC²��F`I/C#UW�
��B/F]M]�ZI/F]I/uXEGM]EGF qgqªqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q´q�qªqgq Ñ/¹

� ° ���#£¦Õ¾�G¤>¨�¤%�×Ö ¢�Ø ��«(� ¥ ��� ØÎ¥ ��� Ù Å

¹Zq � x>EGUWU^K#C#aÒD#EGF�ÈÌOB/C;M]a/EGC#J%LNEGVNC;i�VNC#J/EGLNUWM`F]EGK#K#C#aÚnp_#v�Û�_#sÜqªqgq Ñ/É

¹Zq � q � Ê F]KZC#D#LNI/a/EGC�D#EGF8ÈÌOB/C;M`a/EeCZJ¿LNEGVNC;i�VNC#J/EGLNU^M]F]EGK#K#C#a q Ñ/É

¹Zq � qt� cS�%��EeF`V\uXEGC�M]EGL\LNEGF�v�KZl�w#I/K qªqgqªqgqªqgqªq�q´q�qªqgq ¶Z�

¹Zq � qtº QSF]B/w�EGC#�#FPOI/�ZI/F]I/M]VNB/CªK#C#DªfgK#F`jkR#l`OK#R#F`K#C#a�D#EGFÝx>EGUW�
U^K#C#a/EGCÞqªqgqªqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q´q�qªqgq ¶ �

¹Zq � qt¹ cSF]a/EGw#C#VNU^UWE�D#EGF�Q³B/F`B¿DZ��v�C#I/LNT¿U^Eßqgqªqgqªq�q´q�qªqgq ¶ Ñ

¹Zqt� ÇgI/CZI/L\a/VNM]M`EeF`uXB¿DZEeLNLNEàqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q´q�qªqgq �/�

¹Zqt�Zq � Ê LNEGVNjkR;K#C#a/EGC b KZF¾·6EGUWjkR#F`EeVNw#KZC#a�D#EGFÝa/EGB/uXEeM`F]VNUWjkR#EGC
cSVNa/EeCZUWjkR#I/lmM]EGC!qªqgqªq�q´q�qªqgqªqgqªqgqªq�q´q�qªqgq �/º

¹Zqt�Zqt� cSF]a/EGw#C#VNU^UWE�K#C#D�f�V\U^J%K#U^UWVNB/CÚqgqªqgqªqgqªq�q´q�qªqgq �/�

á Ö ¢¦Ø ��«�� Ø « ½�¢ �GÁ@Â�¤§Ö «Î¨�¤%£�£ ¢ ¤%�������â¨�¤%�Xã6���#��� ½ «�� ¥ ¤ ¢ ��¤%��ä
�GÁÃÂ��#� ¥ ¤%� Å�»

ÏZq � H4V\CZV\M`Ee��cSLNEeuXEGC�M]EG��·�EGF]EGjkR#C�K#C#a/EGC²[/B/CyÈ8I/K#uXLNI/D#KZC#a/UW�
�#F]B/åZL\EGC�KZC#D�QSF]B/M]B/C#EGC#U^M]F OB/uXEGCæq�qªqgqªqgqªqgqªq�q´q�qªqgq É/º

ÏZq � q � f�EGå#C#VNM]VNB/C�D#EGU�x>B%D#EGLNLNU,q�qªqgqªqgqªqgqªq�q´q�qªqgq É/¹

ÏZq � qt� f�VNEgH4V\CZV\M`Ee��cSLNEeuXEGC�M]EG��x>EeM`R#B%D#E�qgqªqgqªq�q´q�qªqgq É/É

ÏZq � qtº cSF]a/EGw#C#VNU^UWE�K#C#D�f�V\U^J%K#U^UWVNB/CÚqgqªqgqªqgqªq�q´q�qªqgq � �/�

ÏZqt� ~�T%D#F]B%D#T%C#I/uXVNU^jkR#E³x>B%D#EGLNLNVNEeF`K#C#a�DZEeFÝEGLNEGJ¿M`F]B/B/UWuXB/M`V\U^jkR#EGC
x>VNM]l`OK#RZF]K#C#a q�qªqgqªqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q´q�qªqgq �/�/�

ÏZqt�Zq � f�EGå#C#VNM]VNB/C�D#EGU�x>B%D#EGLNLNU,q�qªqgqªqgqªqgqªq�q´q�qªqgq �/� �

ÏZqt�Zqt� cSF]a/EGw#C#VNU^UWE�K#C#D�f�V\U^J%K#U^UWVNB/CÚqgqªqgqªqgqªq�q´q�qªqgq �/� ¹



º

ÏZqtº fgVNUWJ%K#U^U^V\B/C×i�EGVNM]EGF]EGF6x>B¿DZEeLNLNE�I/K#UËD#EGF�çÝVNM]EGF]I/M]K#FËK#C#D
uyOB/a/L\VNjkR#EGF6i�EGVNM]EGF]l`OKZR#F]EGC#D#EGFËx>B¿DZEeLNLNVNEGF]K#C#a/U^I/C#UèOI/M b EËqgqªq�q �/� �

Ù Ö � Ø �0«(� Ø « ½�¢ �GÁ@Â�¤éÖ «Î¨�¤%£�£ ¢ ¤¿�0�����â¨�¤%�×ã��0�#��� ½ «(� ¥ ¤ ¢ �(¤%��ä
�GÁ@Â��Z� ¥ ¤%�,ê(«��!© ¡ Ö ��� ¥ ¤%�×ëì��¤%����� ¥ «�í*�;¤%£¦£�¤%�¾¬*¤%¨ ¢ ��������ä
�(¤%�  �¯(»
ÑZq � fgI/U�x>B%D#EGLNL qgqªq�q´q�qªqgqªqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q � �/º

ÑZqt� c�F]a/EGw#C#VNU^UWE�KZC#D�f�VNUWJ%K#U^UWVNB/CÞqgqªqgqªq�q´q�qªqgqªqgqªqgqªq�q � º �
ÑZq��Zq � A*B/LNLNUWMPOI/CZD#VNa/Egx>EGuîw#F]I/CZR;T%D#F]I/M]VNU^VNEeF`K#C#aàqgqªqgqªq�q � º �
ÑZq��Zqt� Y�C;[/B/LNLNU^MPOI/C#D#VNa/Egx>EGuîwZF]I/C#R;T%D#F`I/M]VNUWVNEGF]K#C#a qgqªq�q � º/�

® ï³���G�#§é¤%�����#�G�G�����=����¨ ° ���G¬�£ ¢ Á Ø   �Ý®

ð Ö � ¥ Â�¤%§� ¥G¢ �GÁÃÂ�¤%� ° ��Â��#���  �á �

�Zq � Ê EGB/uXEGM]F]VNE�D#EGU�ñÝT¿LNVNC#D#EGF]JÃI/C#I/LNa/VNM]M]EGF]Uòq´q�qªqgqªqgqªqgqªq�q � Ï/¹

�Zqt� Íg�#M]VNuXVNEGF]M]Eª~ Ó Íg��x>VNM]l`OKZR#F]K#C#a/U^J/B%EGÆ b VNEGC;M`EeC�ó�ô�õ÷ö qgqªq�q � Ï/Ñ

° ¬ ØÜø���0�;�������Gäª����¨ ù1Õ¾>¬*«�£¦ê(¤%����¤ ¢ ÁÃÂ�� ¢ �  �á ®

ú ¢¦¥ ¤¿�0� ¥ ����ê�¤¿�0�;¤ ¢ ÁÃÂ�� ¢ �   Ù��
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Q³B/LNT%uXEGF]��c�LNEGJ%M]F]B/LNT%M]��x>EÔu�w#F]I/C#EGCÞnpQ�cSx>s�UWVNC#D>I/K#lma/F]K#C#D§VNR#F]EGF�v�C;iSEGC#�
D#K#C#a�VNC>Q�cSx>��·6F]EGC#C#U^M]B/¸ b EeLNLNEGC�EeVNCµI/J%M]K#EGLNL\EGUËH(B/F`UWjkR�K#C#a/U^a/EewZV\EGMPq(z.C>EGVN�
C#EGF�Q�cSx>��·�F`EeCZC#UWM`B/¸ b EGLNLNE��rVNC>D#EGF�D#VNEîjkR#EGuXVNUWjkRZE´ÈËEGI/J%M]VNB/C#UWEGC#EGF]a/VNEªD#EGF
È8EGI/J%M]VNB/Cµ�²~�Ó�Ì ÍÌÓ �²~�ÓÔÍ uXVNMËR#B/R#EGu dæVNF]J%K#C#a/U^a/F]I/D>VNC�EGLNEGJ¿M`F]VN�
UWjkRZEîc�C#EGF]a/VNEª[/EGF]i�I/CZD#EGL\MËi�VNF]DÎ��D#VNEeC�M�D#VNEªx>Eeu�w#F]I/C b K#FË��F]EGC#C;KZC#a�D#EGF
È8EGI/J%M]I/C#DZEeC�K#C#D,a/LNEGV\jkR b EGVNM]VNa b K#F OY�w�EGF]l`OKZR#F]K#C#a§D#EGFÒ[/B/u doI/UWU^EGF]UWM`B/¸
UWM`I/uXuXEeCZD#EGC�Q�F]B/M`B/C#EGC>[/B/C�D#EGF�v�C#B%D#E b K#F�Ç�I/M]R#B%D#E�q1Y�u DZEeCµz.C#C#EGC#�
i�VND#EGF]U^M]I/C#D�D#EGFËñÝEeLNLNE�a/EGF]VNC#a b K�R#I/LNM]EGCÎ�(uîK�ÍXEGVNC#EªQ�c�x EGVNC#EgU^EGR#F�a/K#M]E
Q�F]B/M`B/C#EGC#LNEeVNM]l:OI/R#VNa/J/EeVNM�w�EeU^VNM b EGCÎqÐfgVNEGUWEXi�V\F`D2D#I/DZK#F]jkR=EeF`F]EGV\jkR�MP�³D#I\Í>I/C
D#I/U�Q4B/L\T%uXEGF]F0OKZjkJ¿a/F`I/M�_ÎOI/K#F]EGa/F]KZ�#��EGC>a/EewZK#C#D#EGCµi�EGF]D#EGCÎ�¾D#VNEªD#VNEîx>EGuX�
w#F]I/C R;T%D#F]B/�ZR#VNL´uXI/jkRZEeC!K#CZD VNC D#I/U�[/B/C DZEeFyx>Eeu�w#F]I/C I/w#U^B/F]w#VNEGF]M]E
d I/U^UWEGF×EeVNC#EµR#B/R#E>Ç�B/C b EGC;M]F]I/M`V\B/C![/B/CæQ�F]B/M]B/CZEeC!I/w#U^�#I/LNM]EGCÎq�fgVNEµ·�EG�
i�EGa/LNVNjkR#J/EGV\M�D#VNEGUWEGFgQSF]B/M]B/C#EGCâ�ËK#C#D�D#I/uXVNM´DZV\EXQSF]B/M]B/C#EGC#LNEGVNM]l�OI/R#VNa/J/EGVNMg�
UWVNC#D,U^M]I/F]J,I/wZRÎOI/C#a/VNaâ[/B/u d I/U^UWEGF]a/EGR#I/LNMXD#EGF×x>Eeu�w#F]I/CÎq�Y�u D#VNEµ·�EG�
D#VNC#a/K#C#a/EGC,l`OKZFXR#B/R#EµQ�F]B/M]B/CZEeCZL\EGVNM]l�OI/RZV\a/J/EGVNMîEGVNC#EGFìQSc�x b K=[/EGF]U^M]EGR#EGCÎ�
VNUWM6EGU�D#I/R#EGF�CZB/M i�EGC#DZV\aZ��D#VNEgd I/U^U^EeF`M]F]I/C#U^��B/F]M]EGVNa/EGC#UWjkRZI/l�M]EGC²D#VNEGU^EeF6x>I/�
M]EGF]VNI/LNV\EGC b KwÎ%K#I/C;M]VNå b VNEGF]EGC K#CZDéDZEeC§cSV\CLÏ#K�Í�D#EGFªx>VNJ%F]B/UWM`F]K#J%M]K#FªU^B�i�VNE
D#EGF�d EGjkR#U^EGLNi�VNF]J%K#C#a/EGCªD#EGF�w�EGM]EGV\LNVNa/M]EGC�_#��E b VNEeUÝI/K#lZD#VNE���F]I/CZUW��B/F]M`J/B¿EGÆX�
b V\EGC�M]EGC l OK#F8QSF]B/M]B/C#EGC�KZC#D�doI/UWU^EGF b KyI/C#I/LNT¿U^VNEGF]EGCÎq
f�I/UªQ�F]VNC b VN� D#EGF�·�F`EeCZC#UWM`B/¸ b EGLNLNE�� uXVNM b iSEeV4C#I/jkR#l`OK#R#F]w#I/F`EeC=ÈËEeI/J%M]I/CZ�
D#EGC jkR#EGuXVNU^jkR#EìcSC#EGF]a/VNEXVNC EGLNEeJ%M]F`V\U^jkR#EîcSC#EGF]a/VNE b Ko[/EeF`i�I/C#D#EGLNCÎ�ÐVNC#D#EGu
D#VNE8ÈËEGI/J%M]I/C#D#EGC²CZV\jkR�M�D#VNF]EGJ%M*K#uXa/EGU^EeM b M*iSEGF]D#EGCÎ�¿U^B/C#D#EGF]C²VNB/C#VNU^jkR#E�K#CZD
EGL\EGJ%M]F]B/CZV\U^jkR#EËçÝI/D#K#C#a/U^M]FPOI/a/EGF�EGVNC#EGU6È8EGI/J%M]I/C#D#EGC×UWEG�#I/F]I/M6�4EGF]UWM`EeF`EXOK#w�EGF
EGV\CZEeCyc�LNEGJ¿M`F]B/LNT¿M6K#CZD>L\EGM b M]EGF]E OK#w�EGF8EGVNC#EGC�EGLNEGJ¿M`F]B/C#VNUWjkRZEeC�çÝEGVNM]EGF8� b K#u
I/C#D#EGF]EGC È8EGI/J%M]I/C#D#EGC iSI/C#D#EGF]CÎ�gVNUWMyUWjkR#B/C � �/º/É,[/B/C d VNLNL\VNI/u Ê F]B�[/E
w�EGUWjkR#F`V\EGw�EGC iSB/F]D#EGCÎq���R#EGB/F]EGM]VNUWjkR§JÃI/C#C§D#VNE²a/EGUWI/u�M]E²l�F`EeVNE×È8EGI/J%M]VNB/C#U^�
EGC;M]R#I/LN�#VNEXD#EGFªñÝEGL\LNF]EGI/J%M]VNB/C>VNC EGLNEGJ¿M`F]VNUWjkR#EÒc�CZEeF`a/V\EX[/EGF]iSI/C#D#EGLNMgiSEeF`D#EGC
npD#EGF4d VNF]J%K#C#a/U^a/F]I/DÒV\U^MÝC#VNjkR;M4i�VNE6w�EeV%d OI/F]uXEGJ¿F`I/l�M]uXI/U^jkR#VNC#EGCîD#K#F]jkRÒD#EGC
{�I/F]C#B/M`��d VNF]J%K#C#a/U^a/F]I/D²w�EGU^jkRÎOI/C#J%M]sP�@VNCXD#EGF*Q�F`I/�¿VNU4a/VNw#M*EGU³I/w�EGF*A*EGF]LNK#U^M]E
I/C�D#EGC�c�LNEGJ%M]F]B%D#EGCÎ�;V\u c�LNEGJ%M]F]B/LNT%M�K#CZD�w�EGV�w�Eea/F`EeC b M`EeF6ñÝK#l�KZR#F�D#EGF6È8EG�
I/J%M]I/C#D#EGCÎq(c�VNC#EªR#B/RZEeFËd VNF]J%K#CZa/UWa/F]I/Dµw�EGVÝa/L\EGVNjkR b EGVNM]VNaîa/EGF]VNC#a/EGF8f�Eea/F`I/�
D#I/M]VNB/CîU^M]EGLNL\MÎD#I/R#EGF4R#B/R#E�v�CZl�B/F]D#EGF]K#CZa/EeCÒI/CîD#VNESV\C�EeVNC#EGFÝ·6F]EGC#C#U^M]B/¸ b EGL\LNE
[/EGF]i�EGC#D#EGM]EGCXx>I/M]EGF]VNI/LNVNEGCîK#C#DXI/CXD#EGCÒñÝEeLNLNI/K#l�wZI/KÎq@A*EeF`UWjkR#VNEGD#EGC#E6��T%��EGC
[/B/C§·�F`EeCZC#UWM`B/¸ b EGLNLNEGC>K#C#DâD#EGF]EGC§M]EGjkR#C#VNU^jkR#EGFgcSC;M i�V\jkJ%LNK#C#a/U^U^M]I/C#D iSEGF]�
D#EGCªV\C8Ð �yÑ DZI/F]a/EGUWM]EGLNLNMPqefgVNE*EGF]U^M]EGCªM]EGjkR#C#VNUWjkRZEeCªv�C�i�EGC#D#K#CZa/EeC�[/B/CîQ�cSx>�
·6F]EGC#C#U^M]B/¸ b EeLNLNEGC,a/I/w!EeU×VNC DZEeCæUWEGjkR b VNa/EGFX�;I/R#F`EeC npDZEeU��/�Zq���I/R#F]R;KZC#�
D#EGF]M]U^sìl`OK#FìÈËI/K#uXl�I/RZF]M]�#F]B/a/F`I/uXuXE/�*i�B/w�EGV6UWK#LNl�B/CZV\EGF]M`EeU�Q³B/LNT%UWM�T%F]B/L�K#CZD
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C#I/jkRZl�B/LNa/EeCZDéQ4EGF�Ï#K#B/F`B/UWK#LNl�B/CZU OI/K#F`Ee��Q4B/LNT%uXEeF`EìI/LNUªx>EGuîw#F]I/C#uXI/M`EeF`V\I/LNVNEGC
EGVNC#a/EGUWEGM b MSi�K#F]D#EGC³Ð � Ñ qrz.C�D#EGC�C#EGK#C b VNa/EGF���I/R#F]EGC�UWVNC#DyD#VNEgv�C#U^M]F]EGC#a/K#CZ�
a/EGCÎ��·�F`EeCZC#UWM`B/¸ b EGLNLNEGC b KZF�x>I/UWU^EGC#I/C;iSEGC#D#K#C#a b Kªw#F]VNC#a/EGCÎ�èVNuXuXEGF¾iSEGV\M`EeF
[/EGF]U^M OI/F]J%M*i�B/F`D#EGC�Ð º Ñ �EGU�i�VNF]D×D#I/R#EGF*EGF]i�I/F]M`EeMe�¿D#I\ÍîU^V\E�l OK#F�KZC#UWEGF]EËc�CZEeF`�
a/VNEG[/EGF]UWB/F`a/K#C#aâVNu � � q���I/R#F]R;KZC#D#EGF]M�EGVNC#Eµi�VNjkR;M]VNa/E>ÈËB/L\LNE>U^�#VNEGL\EGC=i�EGF]�
D#EGCÎq�fgI/w�EGV6LNVNEea/MÒD#EGF²cSVNC#UWI/M b w�EGF]EGVNjkRâl`OKZF²Q�cSx>��·6F]EGC#C#U^M]B/¸ b EeLNLNEGC§EeRZEeF
w�EGV�J%LNEGVNC#EGF]EGC>_#T%UWM]EGuXEGCànpw#VNUîEGVNC#VNa/EXR;K#CZD#EGF]MîJ%d sîl OK#FìDZE b EGC;M`F]I/LNEXK#C#D
VNC#U^w�EGUWB/C#DZEeF`E�l`OK#FËuXB/w#VNL\E�v�C;iSEeCZD#K#C#a/EGCÎq
fgVNE b K#FXñÝEeVNMîI/u RÎOI/K#å#a/U^M]EGC,VNC2QSc�x>��·6F]EGC#C#U^M]B/¸ b EGLNL\EGC§[/EGF]i�EGC#DZEeM`EeC
x>EGuîw#F`I/C#uXI/M]EGF]VNI/LNV\EGC=UWVNC#D=��EGF�Ï#K#B/F`V\EGF]M`E�Q4B/LNT¿uXEGF]E�uXVNMXI/C,_#EGVNM]EGC#J/EGM]�
M]EGCXa/EGw#K#CZD#EGC#EGCì_#KZL\lmB/C#UGOI/KZF]EGa/F]K#�#��EGC²i�V\E�h�I/å#B/C n�H³VNF]uXIªfgKZQ³B/C�M*D#E
h�EGuXB/K#F]U^sWÐ ¹ Ñ qÐ·�EGV*A*EGF]U^K#jkR#EGCÎ�¾C#VNjkR;M	Ï#K#B/F`R#I/LNM]VNa/EXQ�c�x uXVNMg[/EGF]a/LNEGVNjkR#�
w#I/F`EeCµc�VNa/EGC#U^jkR#I/l�M]EGC�R#EGF b K#U^M]EGLNL\EGCÎ�#uîK�Í/M]E�l�EGUWM]a/EGU^M]EGLNL\MSi�EGF]D#EGCÎ��D#I\ÍXD#VNE
I/LNVN�#R#I/M]VNU^jkR#EGC,v�C;M]EGVNLNE�U^B/L\jkRZEeF×Q³B/LNT%uXEGF]E��³V\CZUWw�EGU^B/C#D#EGF]EµM]EGF]M]V÷OI/F]EµÇgB/R#�
LNEGC#U^M]B/¸�I/M]B/uXE���KZC;M]EGF6·6F]EGC#C#U^M]B/¸ b EeLNLNEGC;w�EGD#VNC#a/K#CZa/EeCXJ/EGVNC#E�I/K#U^F]EGVNjkR#EGC#D#E
çÝI/C#a b EGVNM]UWM`I/w#VNL\VNM OI/Mªw�EGU^V\M b EGC Ð Ï Ñ q�c�F]U^Mî[/B/FÒJ¿KZF b Eeu i�K#F`D#E�a/E b EeVNa/MP�ÐDZI\Í
I/K#jkRæUWKZL\lmB/C#VNEeF`M]E���B/LNT/I/F]B/uXI/M`V\U^jkR#Eµx>EGuîw#F]I/C#EGC,i�VNE>U^K#LNl�B/C#VNEGF]M]EµQ³B/LNT%�
EGM]R#EGF]J/EGM]B/CZEµn b q · q³U^K#LNl�B/C#VNEGF]M]EGUîQ�cSc�Ç�ÇÒ� H4VNF]uXIµv�[/EeC�M]VNUîÈËEeU^EGI/F]jkRwÒ
��EGjkR#CZB/L\B/a/VNEGU^sXEeVNC#EµR#B/R#E>QSF]B/M]B/C#EGC#LNEGVNM]l OI/R#VNa/J/EGVNMXK#C#D!a/LNEGV\jkR b EGVNM]VNa EGVNC#E
a/K#M`E>EeLNEGJ%M]F]B%jkR#EGuXVNUWjkRZE ·6EGU^MPOI/C#D#VNa/J/EGVNMXI/K#l�i�EGVNU^EeC Ð ÑZ� ¶ ��� Ñ q�A*B/F×I/L\LNEGu
iSEea/EGC DZEeFyJ/B/UWM]EGC#a OKZC#UWM`V\a/EGF]EGC!~�EGF]U^M]EGL\LNK#CZaZ��I/w�EGF�I/K#jkR I/KZl�a/F]K#C#D DZEeF
w�EGU^UWEGF]EGC²Y�u�i�EGLNM][/EGF]M]F OI/a/LNVNjkR#J/EGVNM�n�x OB/a/L\VNjkR#J/EGVNM b K#u ÈËEGjGT¿jGLNVNC#aîw b i�q#VNu
A*EGF]a/LNEGVNjkR b K,��EeFAÏ#K#B/F]VNEGF]M]EGC=Q³B/LNT%uXEGF]EGC2iSEeCZV\a/EGFÒ�#F]B/w#LNEGuXI/M]VNU^jkR#E�A*EeF`�
w#F`EeCZC;K#C#a/s�U^VNC#D U^K#LNl�B/C#VNEGF]M]EµQ³B/LNT/EGM]R#EGF]J/EGM]B/CZE�D#I/RZEeF×EGV\CZE�VNC;M`EeF`EeU^U^I/C;M]E
v�LNM]EGF]C#I/M`V\[/E b K���EGF�Ï#KZB/F]VNEeF`M]EGC�x>I/M]EGF]VNI/LNVNEGCÎq¿Y�u w�EGK#F]M`EeVNLNEGC b KµJ OB/C#C#EGCÎ�
K#C�M]EGFªi�EGLNjkR#EGC ·6EGD#VNC#a/K#C#a/EGC x>EGuîwZF]I/C#EGC I/K#UªU^K#LNl�B/C#VNEGF]M]EGC Q4B/LNT/EGM]R#EGF]�
J/EGM]B/C#EGC×[/EeF`a/L\EGVNjkR;wZI/F]E8çÝEGVNUWM`K#C#a/U^D#VNjkR;M]EGC²i�V\E���EGF�ÏZK#B/F]VNEGF]M]E�x>EGuîw#F]I/CZEeC
VNC>Q�cSx>��·6F]EGC#C#U^M]B/¸ b EeLNLNEGC�LNVNEGl�EGF]CÎ�1U^VNC#D>[/EGF]a/LNEGV\jkRZEeCZD#EîY�C;M`EeF`UWK#jkR�K#C#a/EGC
D#EGFÝ��F]I/CZUW��B/F]M`EeVNa/EGC#U^jkR#I/l�M]EGCªw�EGVND#EGFÐx>I/M`EeF`V\I/LNVNEGC�C#B/M iSEGC#D#VNaZq@~�V\EGF b K�K#C#D
b K#u uXVNJ%F]B/U^J/B/�#VNUWjkRZEeCËA*EGF]U^MPOI/C#D#C#VNUÝD#EGF¾��F]I/C#U^��B/F]M]EGVNa/EeCZUWjkR#I/lmM]EGCgU^B/L\LÃD#VNEG�
U^Egv�F]w�EGVNM�EGVNC#EGC�·�EGVNM]F]I/aXLNEGVNUWM`EeCÐq

HÜOK#F>h�I/å#B/C EG�¿VNU^M]VNEGF]M�w�EeF`EeVNM]UµEGVNC#E§UWEGR#Fµa/F]B\Í/Eâv�C b I/R#Lª[/B/C Y�C�M]EGF]UWKZ�
jkR�K#C#a/EGC>VNC>D#EGF�çÐVNM]EGF]I/M`K#F�npjGIZq1¹/�/�/�²v�F`w�EeVNM]EGCµuXVNMtÓ`h�I/å#B/C�Ô²I/LNU�_#M`V\jkRZ�
iSB/F]M�VNC>D#EGC�{�RZEeuXVNjGI/LÝv�w#U^M]F]I/jGM]U^sPq(v�C#D#EGF]EGF]U^EeVNM]UËU^V\CZD=OK#w�EGF�U^K#LNl�B/C#VNEGF]M]E
QSc�c�Ç�Çg��x>EGuîw#F`I/C#EGC w#VNU^R#EGFgC;KZFîi�EGC#VNa/EÒv�F]w�EGV\M`EeCo[/EGFPOB/¸�EGC;M]LNVNjkR;M�i�B/F]�
D#EGCÎ�*z:C=D#EGC,v�F]w�EGVNM]EGC2[/B/C=ÇgF`EeKZEeFe��f�V\�Z��EeL6K#CZD,x>I/V\EGF@Ð Ñ Ñ U^B�i�VNE�[/B/C
Ç�F]EGK#EGF®Ð ¶\Ñ i�K#F]D#EGC v�w#U^B/F]�#M`V\B/CZUWVNU^B/M]R#EGF]uXEGCÎ�8Q�F]B/M`B/C#EGC#LNEeVNM]l:OI/R#VNa/J/EeVNM]EGC
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K#C#D ÕÔ~���_#EGLNw#UWM`D#VN¸�K#UWVNB/C#U^J/B%EGÆ b VNEGC;M]EGC=[/B/C U^K#LNl�B/C#VNEGF]M]EGu Q�cSc�Ç�Ç K#CZD
h�I/å#B/CXw�EGUWM`V\uXu�MPq@z:CXDZEeF*v�F`w�EeVNM4[/B/CX{�I/U^I/a/F]I/C#D#ErÐ É Ñ i�K#F]DZE8EGVNC#E�U^M]F]K#J%�
M]K#F]EGLNLNE*{�R#I/F]I/J%M]EGF]VNU^VNEeF`K#C#a�[/B/CªU^K#LNl�B/C#VNEGF]M]EGu!Q�c�cSÇgÇ,D#KZF]jkR#a/EGl`OK#R#F`MPq@fgVNE
x>EGuîw#F]I/C#EGVNa/EGC#U^jkR#I/l�M]EGCâ[/B/CâU^K#LNl�B/C#VNEGF]M]EGu QSc�c�Ç�Ç K#CZD2h�I/å#B/C=K#C�M]EGF
·6F]EGC#C#U^M]B/¸ b EeLNLNEGC;w�EGD#VNC#a/K#CZa/EeC×i�K#F]DZEeCy[/B/C Ç�F]EGK#EGF½Ð � � Ñ uXVNM6H³VNC#VNM]EG��f�V\lm�
l�EGF]EGC b EGC#��_#VNuîK#LNI/M]VNB/C#EGC�K#C�M]EGF]UWKZjkR;MPq�HËOK#FÝU^K#LNl�B/C#VNEGF]M]EGU¾QSc�cSÇ2i�KZF]D#EGCª[/B/C
·6EeCZD#EGF8Y�C�M]EGF]UWKZjkR;K#C#a/EGC>D#EGU�A*EGF]R#I/LNM]EGC#UËK#C�M]EGF�·�F`EeCZC#UWM`B/¸ b EGLNLNEGC;w�EGD#VNC#�
a/K#C#a/EGCÉÐ �/�fÑ K#C#D�x>EGU^UWK#CZa/EeC×D#EGF6D#VNEeLNEGJ%M]F]VNU^jkR#EGCXÇgB/C#U^M]I/C;M`EeCÐ�ZDZEeF6doI/UW�
UWEGF]U^M]B/¸���EGF]uXEGI/M]VNB/C K#CZD D#EGF>È8EGI/J%M]VNB/C#U^J¿VNC#EGM]VNJæI/C D#EGF>ÇgI/M]R#B%D#E Ð � � Ñ
D#K#F]jkRZa/Eel`OK#R#F]MPq
f�VNE*H(F]I/a/EGU^M]EGLNL\KZC#a/EGCÎ� DZV\ESVNC´DZV\EGU^EGF¾v�F]w�EGVNMÝ[/EeF`a/L\EGVNjkR#EGC#D�l`OK#F�h�I/å#B/CªK#CZD
UWKZL\lmB/C#VNEeF`M]EGU8QSc�c�Ç�Ç K#C;M]EGF]U^K#jkR�M�i�K#F]D#EGC>uXVNM�D#EGu ñÐVNEGL÷�rEGVNC�a/EGC#I/K#EGF]EGU
A*EGF]UWMeOI/C#D#C#VNU�D#EGF�_#M]F`K#J%M]K#F]�ËK#C#D>��F`I/C#UW��B/F`M]EGV\a/EGC#U^jkR#I/l�M`EeCµw�EGVND#EGF8x>I/M]EG�
F]VNI/LNV\EGC b K=EGF]F]EGVNjkR#EGCÎ��i�EGF]DZEeC,VNC=D#EGC2lmB/L\a/EGC#DZEeC=l`OK#CZl�v�w#UWjkRZC#VNM]M]EGC,w�EG�
UWjkRZF]VNEew�EGCÎqÐf�I/w�EGV*i�EGF]D#EGCÀÖ�EGiSEeVNLNUªD#VNEXQ�F]B/wZL\EGuXU^M]EGLNL\KZC#aZ� w�EGF]EGVNM]UîVNC§D#EGF
çÝV\M`EeF`I/M]K#F�w�EGUWjkRZF]VNEew�EGC#E�Y�C�M]EGF]U^K#jkR;K#CZa/EeC>KZC#D�DZEeFËVNC�DZV\EGU^EGF�v�F`w�EeVNMËw�EG�
R#I/C#D#EGLNM]E�ç*OB/U^K#C#a/U^I/C#U^I/M b [/B/F`a/EeU^M]EGLNLNMP�

� qts�c�LNEGJ%M]F]B%B/UWuXB/M`V\U^j^R#E�x>VNM]l`OK#R#F`K#C#aZ�
c�VNC!Q�F]B/M`B/C#EGC#UWM`F]B/u DZK#F]jkR EGVNC#E>Q�cSx l`OK#R#F]M�I/KZl�a/F]K#C#D D#EGF�~�T%D#F]I/M]I/�
M]VNB/C>D#EGF�Q�F]B/M`B/C#EGC b K>EGVNC#EGu d I/U^UWEGF�Ï#KLÍ VNCµD#VNEìa/LNEGVNjkR#EªÈ8VNjkR�M]K#C#aZ�¾D#VNEG�
UWEGFªc�¸�EGJ%Mgi�V\F`DâI/LNU´EGLNEGJ%M]F]B%B/UWuXB/M`V\U^jkR#EÒx>VNM]l`OK#R#F`K#C#a>w�E b EeVNjkR#CZEeMeq Y�C�M]EGF
·6F]EGC#C#U^M]B/¸ b EeLNLNEGC;w�EGD#VNC#a/K#CZa/EeCµl`OK#RZF]MªD#VNEeU b K>EeVNC#EGF�v�w#C#I/R#uXEÒD#EGFgdoI/UW�
UWEGF]J/B/C b EGC�M]F]I/M]VNB/CXI/C²DZEeF*v�CZB¿DZE/�;U^BgD#I\ÍîDZEeF*dæVND#EGF]UWM`I/C#D²D#EGFSx>Eeu�w#F]I/C
I/C#U^M]EGV\a/MªK#CZD2D#I/uXVNMªD#EGFîdæV\F`J¿KZC#a/UWa/F`I/D2D#EGFî·6F]EGC#CZUWM]B/¸ b EGLNLNEXUWVNC#J%MPq�c�U
VNUWMîDZI/R#EGFîi�VNjkR;M]VNaZ�³D#VNE Ê FPOB\Í/E�D#EGUîEGLNEGJ%M]F]B%B/UWuXB/M`V\U^jkR#EGC>x>VNM]l`OK#RZF]K#C#a/U^EGl��
l�EGJ%M]EGU b K>w�EGU^M]VNuXuXEGCÎ�(K#u D#VNEîd I/U^UWEGF]J/B/C b EGC�M]F]I/M]VNB/C>VNC>D#EGF�x>EGuîw#F]I/CÎ�
D#VNE b KZUGOI/M b LNVNjkRâ[/B/C=D#EGFìdoI/UWU^EGF]I/J%M]VN[¿VNMPOI/MªI/C,D#EGC=c�LNEGJ%M]F]B%D#EGC§K#C#D,[/B/C
D#EGF�f�V\¸�KZUWVNB/CXw b i�q¿Q4EGF]uXEGI/M]VNB/CX[/B/C²d I/U^U^EeFSVNC²D#EGF�x>EGuîwZF]I/C�I/w#RÎOI/C#a/MP�
a/E b VNEGLNM�F]EGa/K#LNVNEGF]EGC b KyJ OB/CZC#EGCÎq
f�EGF¾EGLNEeJ%M]F`B¿B/U^uXB/M]VNU^jkR#EÝx>V\M`l`OK#R#F]KZC#a/UWJ/B%EGÆ b VNEeC�M¾ó^×Ø�Ù�Ú�npEGC#a/L÷qeEGLNEGjeM`F]B%B/UW�
uXB/M]VNj D#F`I/a2jGB%EGÆXjeVNEGC;M`s²VNUWM�D#EGå#CZV\EGF]M�I/LNU�D#VNE>v�C b I/R#L�D#EGF�d I/U^U^EeF`uXB/�
LNEeJ OK#LNE��¾D#VNE²�#F]BµQ�F`B/M]B/CâD#K#F`jkRâD#VNE²x>EGuîw#F`I/CéuXVNM]a/EGl OKZR#F]MîiSEeF`D#EGCÎ� l�I/LNLNU
D#EGF Ê F]I/DZV\EGC�M*D#EGF³doI/UWU^EGF]J/B/C b EGC;M]F]I/M`V\B/CÒVNCìDZEeF4x>EGuîw#F]I/CÒ[/EGF]U^jkR;i�VNC#D#EGMPq
HËOKZFÐh�I/åZB/C#��x>EGuîw#F]I/C#EGCªU^V\CZDg[/EGF]U^jkR#VNEeDZEeCZE³x>EGM]R#B%D#EGC b KZFÐx>EGU^UWKZC#a�[/B/C
ó ×Ø�Ù�Ú I/C#a/EGiSEeCZD#EGMgi�B/F`D#EGCÎ� D#VNEÒx>EZÍ/EeF`a/EewZC#VNUWU^E b EGV\a/EGCµI/LNL\EGF]DZV\CZa/UgEGVNC#E
a/F]B\Í/Eª_#M]F]EGK#KZC#aZq
çÝI/{�B/C�M]V÷��H�F]I/a/I/LNIªK#C#DX·6B�T/I/jkJ@Ð � º Ñ LNEGa/M]EGCÒEeVNC#EGCÒJ/B/C#U^M]I/C;M]EGCX_#M`F]B/u I/C
D#VNE�ñÝEeLNLNE�v�a v�a/{�L �MÛ � u ~�{�L h�I/å#B/C#��x>EGuîw#F`I/C �MÛ � u ~�{�L v�a/{�L
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v�a�I/C KZC#D uXI\Í/EGC>D#I/UªD#K#F`jkR Q�F`B/M]B/C#EGC#U^M]F]B/u uXVNM]a/EGl OK#RZF]M]EXA*B/LNK#uXEGC
uXVNMgÇ�I/�#VNLNL\I/F`EeCÐq _#VNEXU^M]EGLNL\M`EeC>EGVNC#EGC>LNVNC#EGI/F]EGC>v�C#UWM`V\EGa�[/B/Câó^×Ø�Ù�Ú [/B/Co�
npVNu M]F]B%jkJ/EGC#EGC,ñÝK#U^M]I/C#D#sXw#VNU×¹é�ªÏæn�V\u [/B/LNL�R�T¿DZF]I/M]VNUWVNEGF]M]EGC,ñÝK#U^M]I/C#D#s
l OKZFìh�I/å#B/CZ��x>Eeu�w#F]I/C#EGC=uXV\M OvhÎ¿KZV\[ÃI/LNEGC;M]a/EGi�VNjkR;M`EeCo[/B/C �/� Ï/�>wZV\U � � ¶ Ï
a\ÜZnpuXB/LÝ��_#ÍuÝe~�sËl�EGUWM�KZC#D>l�I/C#D#EGCµJ/EGV\CZEg��EGuX��EGF]I/M]K#F`I/w#RÎOI/C#a/VNa/J/EGVNMPq(A*EeF`�
U^jkR#VNEGD#EGC#E³doI/UWU^EGF]a/EGR#I/LNM]E4EeF`R#VNEeLNM]EGC�UWVNE*D#K#F`jkR´A*I/F`V\I/M`V\B/CªD#EGFÝ��EGuX��EGF]I/M]K#F
w�EGVËD#EGF²A*B/F]w�EGR#I/C#DZL\KZC#aâD#EGF²x>EGuîwZF]I/C#EGC VNC£Ï OK#UWU^VNa/EGu ~�ÓÔÍÒq�ñÝI�iSB¿DZ�
b VNC#U^J¿V÷�¿f�EeF`B/K#VNCÎ�rÈËI/D b VNC#UWJ%V÷�¿_#R#EGF]uXI/CÐ�1_#uXVNM]RÎ�(_#�#VNC#a/EGF�KZC#D Ê B/M]M`EeU^l�EGLND
Ð � ¹ Ñ [/EGF]iSEGC#D#EGM]EGC2EGVNC#E OI/R#C#LNVNjkR#E�x>EeM`R#B%D#E�uXV\M�Q�D�Ü/~���cSL\EGJ%M]F]B%D#EGCoK#C#D
EGF]R#VNEGLNM]EGC�ó ×Ø�ÙyÚ)Þ �MÛ Ïgl`OKZF�EGVNC#E�[/B/LNL#R;T%D#F`I/M]VNUWVNEGF]M]EËh�I/å#B/C �/�e¶ ��x>EGuîw#F]I/C
npv�C b I/RZL�DZEeFXdoI/UWU^EGF]uXB/LNEGJÝOKZL\EX�ZF]B _#KZL\lmB/C#UGOI/KZF]EGa/F]K#�#��Eß Þ �/�Z� OvhÎ%K#VN�
[ÃI/LNEeC�M]a/EGi�VNjkR;M �/� �/�µa\ÜZnpuXB/L���_#ÍuÝÔ~�s]sîw�EGV�º/�/�µÇÒq³HËOK#FîEGVNC#E²x>EGuîw#F`I/CÎ�
D#VNE×C;K#F �/� doI/UWU^EGF]uXB/LNEGJÝOKZL\EÒ�#F]B>_ZK#LNl�B/C#UèOI/K#F]EGa/F]K#�#��E�EGC;M`R#VNEeLNMP�ÐiSEGV\LSUWVNE
[/B/FÒD#EGFîx>EGUWU^K#C#a>w�EGV � �/Ï B { a/EGM]F`B¿jkJ%C#EGMîi�K#F]D#E��³EGF]R#VNEGL\M`EeC�UWVNE óà×Ø�ÙyÚ
Þ �MÛ ÉZq H�K#LNLNEeF�K#C#Doh�Eei�uXI/C®Ð � Ï Ñ w�EGUWM`V\uXu�M]EGC>D#EGC EGLNEeJ%M]F`B¿B/U^uXB/M]VNU^jkR#EGC
x>VNM]l`OKZR#F]K#C#a/U^EG¸�EGJ¿MËVNC�h�I/åZB/C �/�e¶ uXVNM8EGVNC#EGFË~ Ó Í���ÇgB/C b EGC;M`F]I/M]VNB/C#U b EGLNLNE�q
_#VNEÒEGF]R#VNEGL\M`EeC>ó ×ØAÙyÚ � Û ¹µnpl`OK#F�ß Þ Ï�w#VNU � ¹/s�K#CZD EGVNC#Eîv�w#C#I/RZuXEîI/K#l
óà×Ø�ÙyÚ Þ ��l`OK#FªEGVNC#EìM`F]B%jkJ/EeCZEìx>EGuîw#F`I/CéI/KZUgVNR#F]EGFªv�C#�#I/U^UWKZC#a�D#EGF´w�EGV
�/Ï B {=a/EGuXEGUWU^EGC#EGC´f�I/M]EGCÎq@x>VNM�D#EGF³a/LNEGVNjkR#EGCîx>EZÍ/uXEGM]R#B%D#E�EGF]RZV\EGLNM]EGCîñÝI/�
iSB¿D b VNC#U^J%V÷��f�I�[/EGT���A*I/LNEGF]VNB>K#C#D Ê B/M]M]EGUWlmEeLND2ó ×Ø�ÙyÚ Þ � Û �ol`OK#Ftß á � ¹
Ð � Ñ Ñ q8x>VNMµD#EGF�_#M]F OB/u�K#C#a/U^��B/M]EGC;M]VNI/LN��x>EGM]R#B%D#E§uXI\Í/EGC Û�VNEéKZC#D Í�J@I/DZI
ó ×Ø�ÙyÚ Þ �MÛ Ñyl`OK#FîEGVNC#EX[/B/LNLNUWMPOI/CZD#VNa�R;T%D#F]I/M`V\U^VNEGF]M]EXh�I/å#B/C �/�e¶ ��x>EGuîw#F]I/C
Ð �e¶�Ñ q�ÈËEGCÎ��~�EeCZD#EGF]UWB/CæK#C#D Ê B/M]M]EGU^l�EGL\D Ð � � Ñ UWM`EeLNLNM]EGC,[/B/F�J%K#F b EGu EGVNC#E
x>EGM]R#B%D#E b K#F²x>EGU^UWKZC#a§D#EGF EGLNEGJ%M]F]B%B/UWuXB/M`V\U^j^R#EGC2x>VNM]l OKZR#F]K#C#a=VNC,EGV\CZEeF
f�V\F`EeJ%M]��x>EGM]RZI/C#B/LN��·�F`EeCZC#UWM`B/¸ b EGLNLNE³[/B/Fe�UWVNE6EGF]R#VNEGLNM]EGCîl`OK#F4EGV\CZE�[/B/LNLNU^MPOI/C#D#VNa
R�T¿DZF]I/M]VNUWVNEGF]M]E6h�I/å#B/C �/�e¶ ��x>EGuîw#F]I/C�EeVNC#EGCîv�CZUWM]VNEGaË[/B/C�ó ×Ø�ÙyÚ I/LNU4H(KZC#J%�
M]VNB/CÒD#EGF³��EeuX��EGF]I/M`K#F³[/B/C � Û É�w�EGV � Ï B {=I/K#l(ÏMÛ � w�EGV � º/� B {´qfgVNEGUWESçÝV\U^M]E
uXVNM²M`EeVNLNi�EGVNU^E�i�VND#EGF]U^�#F0OKZjkR#LNV\jkRZEeCæÈ8EGU^K#LNM]I/M]EGC,J OB/C#C;M`E C#B%jkR [/EGF]L÷OI/C#a/EGF]M
iSEeF`D#EGConpUèqZÈËEGl�EGF]EGC b EGC VNCÉÐ � º Ñ ��Ð � � Ñ sPq
z.C>D#VNEeU^EGF�v�F]w�EGVNM�i�K#F]DZEìD#VNEîx>EGM]RZB¿DZEîD#EGF�EGL\EGJ%M]F]B/�ZR#B/F]EGM]VNUWjkRZEeCyÇgEGF]C#�
U^�#VNC#F]EGU^B/C#I/C b Ð � É Ñ EGF]U^M]uXI/LNVNa�[/EGF]i�EGC#D#EGMP�/K#u EGLNEGJ¿M`F]B%B/UWuXB/M]VNU^jWRZE�x>VNM]l`OK#RZ�
F]KZC#a/UWJ/B/EGl�å b VNEGC#M]EGCÒVNC²Q�cSx b KXw�EGUWM`V\uXuXEGCÎq/x>V\M*DZV\EGU^EGF³x>EGM]R#B%D#E�i�K#F]D#E
óà×Ø�ÙyÚXl OK#FËh�I/å#B/CµK#C#DµUWK#LNl�B/CZV\EGF]M`EeU�Q�c�cSÇgÇ I/LNU8H�K#C#J%M]VNB/C�DZEeUËd I/U^U^EeF`�
a/EGR#I/LNM]EGU�K#CZD�I/LNU�H(KZC#J%M]VNB/C�D#EGF���EGuX��EGF]I/M]K#F�a/EeuXEGU^UWEGCÎq
z.C EGVNC#EGF�v�F]w�EGVNM [/B/C ·�F`EeU^LNI/K!K#C#D x>VNLNLNEeFxÐ �/� Ñ i�VNF]D [/EGF]U^K#jkR;MP�8EGLNEGJ¿�
M]F`B¿B/U^uXB/M]VNU^jkR#E�x>VNM]l`OK#R#F]K#CZa/UWJ/B/EGl�å b VNEGC#M]EGCÎ��D#VNE>l`OKZF [/EGF]U^jkR#VNEGD#EGC#Eµz:B/CZEeC
VNC QSc�x a/EGuXEGUWU^EGC�i�K#F]DZEeCÐ�ÐuXV\M�EGV\CZEeu R;T%D#F]B%D#T%C#I/uXVNU^jkR#EGC>x>B%D#EGL\L b K
VNC;M`EeF`�#F]EGM]VNEGF]EGCÎq�c�VNC OI/R#CZL\VNjkR#EGFÒv�C#U^I/M b ��DZEeF b K#UèOI/M b LNVNjkRâQ�F]B/M`B/C#EGC;M]F]I/CZUW�
l�EGF]�ZF]B b EeU^U^E�w�EGF0OK#jkJ%U^VNjkR;M]VNa/MP��i�V\F`D VNC D#VNEGU^EeFXv�F`w�EeVNMXI/LNU²H�K#C#J%M]VNB/Cæ[/B/u



�/�

d I/U^UWEGF]a/EGR#I/LNM*K#CZD [/B/C�D#EGFS��EGuX��EeF`I/M]K#F6I/K#U^a/EeiSEGF]M]EGM�K#CZD VNu A*EGF]a/LNEGV\jkR
uXVNM�DZEeC�EG�%��EGF]VNuXEeC�M]EGLNL(l`OKZF�h�I/å#B/C�K#C#D�U^K#LNl�B/C#VNEGF]M]EGU6Q�c�cSÇgÇ w�EGU^M]VNuXuX�
M]EGC�EGLNEeJ%M]F`B¿B/U^uXB/M]VNU^jkR#EGCXx>V\M`l`OK#R#F]KZC#a/UWJ/B%EGÆ b VNEeC�M]EGC�D#VNUWJ%K#M]VNEGF]MPq

�Zqts�~�Ó Í���Q³EGF]uXEGI/M]VNB/CÎ�
d EGC#C VNC EGVNC#EGF�QSc�x>��·6F]EGC#C#U^M]B/¸ b EGLNL\E>DZK#F]jkR D#EGC EeLNEGJ%M]F]B%B/U^uXB/M]VNUWjkR#EGC
x>VNM]l OK#R#F`K#C#a/U^Ee¸�EGJ%MªK#C#D=D#VNE²·6VNLND#K#C#aµ[/B/CâÈËEeI/J%M]VNB/C#U^i�I/U^U^EeF�EGV\C Ê F]I/D#VN�
EGC;MËV\u jkR#EGuXVNUWjkRZEeC�Q4B/M]EGC;M]VNI/LÝ[/B/C�doI/UWU^EGF�EGC;M]U^M]EGR;MP�(l`OKZR#F]M�D#VNEGUWEGF b K�EGVN�
C#EGu doI/UWU^EGF]F0OK#jkJ%M]F`I/C#UW��B/F`M�[/B/C�D#EGF�Ç�I/M]R#B%D#E b K#F�v�C#B%D#E��¿D#EGF6I/LNU�~�Ó Í��
Q³EGF]uXEGI/M]VNB/C>D#KZF]jkR D#VNEîQSc�x w�E b EeVNjkR#CZEeM�i�VNF]DÎqÐY�u DZI/Ug~�T%D#F]I/M]I/M`V\B/CZUW�
[/EGF]R#I/LNM]EGC²EGVNC#EGF*Q�cSx Î%K#I/C�M]VNM]I/M]VN[ b K²[/EGF]U^M]EGR#EGCÎ�;uîK�ÍîD#EGU^R#I/LNwXI/K#jkR²DZV\E
~�ÓÔÍg��Q4EeF`uXEeI/wZV\LNVNMPOI/M6w�EGUWM`V\uXu�M�iSEGF]D#EGCÎq
cSU�a/VNw#M�[/EGF]U^jkR#VNEGD#EGC#E�x�OB/a/LNV\jkRZJ/EeVNM]EGCÎ�;EGVNC#EGC Ê F]I/DZV\EGC�M�D#EGU�jkR#EGuXVNUWjkRZEeC
Q³B/M`EeC�M]VNI/LNU²[/B/C,~�ÓÔÍ VNC,EGVNC#EGFXQ�cSx EGVNC b K#U^M]EGLNL\EGCÎ� b q�· q�D#K#F`jkR K#C�M]EGF]�
UWjkRZV\EGD#LNVNjkR#E Ê EGU^I/uîM]D#F0OKZjkJ/E*B¿DZEeFÎD#K#F]jkRª[/EGF]U^jkR#VNEGD#EGC#E³doI/UWU^EGF]�#I/F]M`V\I/LND#F0OK#J%�
J/E8I/KZl¾w�EGVND#EGCX_#EGV\M`EeCÒD#EGF�x>EGuîwZF]I/Cµnp[%a/L÷qÇ�I/�Îq¿�/sPq;HËOK#F6R#B/RZE8doI/UWU^EGF]a/EG�
R#I/LNM]EËD#EGF*x>Eeu�w#F]I/C²u�K�ÍªD#VNEeU^E�VNu ÇgB/C�M]I/J%M�uXVNM6Ï�OK#U^UWVNa/EGu ~ Ó Í U^EGVNCÎ�@UWB
D#I\ÍªUWVNjkRXD#VNE�x>EGU^UWKZC#agD#EGUSd I/U^UWEGF�Ï#KZUWU^EGU³I/K#lma/F]K#C#D�EGVNC#EGF Ê EGUWI/u�M]D#F]K#jkJ%�
D#VN¸�EGF]EGC b�b i�VNUWjkRZEeC b iSEGV#D#K#F]jkRXDZV\E�x>Eeu�w#F]I/CXa/EGM]F]EGC#C�M]EGCÎ�uXVNM�Ï�OK#UWU^VNa/EGu
d I/U^UWEGF4a/EGl`OK#LNLNM]EGCìÇ�I/uXuXEeF`CXI/C;w#VNEGM]EGM�npçÝVNC#D#EG��Q³EGF]uXEGI/M]VNB/C#U b EGL\LNE�èUèqÇgI/�Îq
ºZqt�/sP��KZu DZV\EË~�ÓÔÍg��Q4EGF]uXEGI/w#VNL\VNM OI/Me�D#VNE�VNC²D#VNEGU^Eeu H�I/LNL(I/KZjkRXI/L\USR;T%D#F]B%D#T%�
C#I/uXVNUWjkRZEgQ4EeF`uXEeI/wZV\LNVNMPOI/MSw�E b EGVNjkR#C#EGM6i�VNF]DÎ� b K�uXEeU^U^EeCÐq
HÜOK#Fªh�I/å#B/C§i�K#F`D#EGCé~ Ó Í���Q³EGF]uXEGI/w#VNLNVNMPOI/M]EGC uXVNMgEGVNC#EGFgçÝVNC#D#EG��Q4EGF]uXEGI/�
M]VNB/C#U b EGLNLNEªI/L\U�H(KZC#J%M]VNB/C>D#EGUgd I/U^U^EeF`a/EeRZI/L\M`EeUËK#C#D§D#EGF���EGuX��EGF]I/M]KZFg[/B/C
çÝI/{�B/C;M]V�EGM×I/L�quÐ � º Ñ w�EGUWM`V\uXu�MPq�_ZV\Eµa/EGw�EGC2EGVNC#EµL\VNC#EGI/F]EµñÝK#C#I/R#uXEµD#EGF
R;T%D#F]B%D#T%C#I/uXVNU^jkR#EGC�Q4EGF]uXEGI/w#VNLNV\MeOI/M8uXVNM�D#EGFgI/wZUWB/F]wZV\EGF]M`EeC>doI/UWU^EGF]uXI/U^UWE
�#F]Bµx>I/UWU^EîD#EGF�M]F]B%jkJ/EGC#EGC x>EGuîw#F]I/CoI/CÎ�ÐI/K#UªD#EGC I/CZa/Eea/EGw�EGC#EGCµfgI/M]EGC
i�K#F]DZEîEGV\CZE�v�J¿M`V\[%VNEGF]K#C#a/U^EGC;M]RZI/L\�ZV\E�[/B/C � Ñ/�XuXEeA w�EGF]EGjkR#C#EGMPq
z.CµD#VNEGUWEGFËv�F]w�EGV\MËi�K#F`D#EìEGVNC#EªçÝVNC#D#EG��Q³EGF]uXEGI/M]VNB/C#U b EGL\LNE�I/K#lma/EewZI/K#MP�1uXVNM
D#EGFªQ³EGF]uXEGI/M]VNB/C#U^uXEGUWU^K#C#a/EGC>l OK#Fªh�I/å#B/C§K#CZDâUWKZL\lmB/C#VNEeF`M]EGU´QSc�cSÇgÇ w�EGV
È8I/KZuîM]EGuX��EGF]I/M]K#FXD#KZF]jkR#a/EGl`OK#R#F`M i�K#F]D#EGCÎq�fgVNE�cSF]a/EGw#C#VNUWU^E�i�EGF]D#EGC b K#�
UWI/uXuXEGC!uXVNM�D#EGC EeLNEGJ%M]F]B%B/U^uXB/M]VNUWj^R#EGC x>VNM]l`OKZR#F]K#C#a/U^J/B%EGÆ b VNEGC;M`EeC!K#CZD
uXVNM�çÝV\M`EeF`I/M]K#F]D#I/M`EeC>l OK#F8DZV\EªQSF]B/M]B/C#EGC#LNEGVNM]l OI/R#VNa/J/EGVNM b K#F�·�EGF]EGjkR#C�K#C#a�D#EGF
ÍgC#U^I/a/EGF]����F]I/CZUW��B/F]M`J/B¿EGÆ b VNEGC;M]EGC npUGqgÇgI/�Ðq´�/s [/EGF]i�EGC#DZEeMe� iSEeLNjkR#E=I/C#�
UWjkRZL\VNEZÍ/EGC#Dgl`OK#F�D#VNE�uXI/J%F]B/U^J/B/�#VNU^jkR#E*x>B%D#EGL\LNVNEGF]K#C#a6D#EGU�doI/UWU^EGF]M]F]I/CZUW��B/F]M`U
VNC EGVNC#EGF²QSc�x>��·6F]EGC#C#U^M]B/¸ b EGLNL\EyEeVNC#a/EGU^EGM b MXi�EGF]D#EGCÎq�d EGVNM]EGF]R#VNC iSEeF`D#EGC
D#VNE8Q4EGF]uXEGI/M]VNB/C#U^D#I/M]EGCìuXVNM*~�ÓÔÍg��_ZEeLNw#U^M]D#VN¸�K#U^VNB/C#U^J/B¿EGÆ b V\EGC�M]EGCîK#C#DX~;â³�
çÝEeVNM]l:OI/R#VNa/J/EeVNM]U^D#VN¸�K#U^VNB/C#UWJ/B%EPÆ b V EGC;M]EGCXI/K#UËD#EGF�çÝVNM]EGF]I/M]K#FË[/EGF]a/LNV\jkRZEeCÐq
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ºZqts�x>VNJ%F]B/U^M]F]K#J%M]K#Fe�
Y�u D#VNEî��F]I/C#U^��B/F]M]EGVNa/EGC#U^jkR#I/l�M]EGCµEeVNC#EGFËR;T%D#F]I/M`V\U^VNEGF]M]EGC>Q�cSx b K>[/EGF]U^M]EG�
R#EGCÎ�;VNUWM4EGU*C#B/M iSEGC#D#VNaZ�¿D#VNE�x>VNJ%F]B/UWM`F]K#J%M]K#F*D#EGUSx>I/M]EGF]VNI/L\U b KXJ/EGC#C#EGCÎqf�I
D#VNE�z.B/C#B/uXEGF]E²U^EGR#FîR�T¿DZF]B/�#R#VNLNE�_#K#LNl�B/C#U OI/K#F]EGa/F]K#�Z��EeC�K#C#D=EeVNCâEGR#EGFîR�T%�
D#F`B/�#R#B/w�EGUîQ4B/L\T%uXEGF]F0OKZjkJ¿a/F`I/Mgw�EGUWVNM b EGCÎ�¾J/B/uXuîMªEGU b KoEeVNC#EGFªR;T%D#F`B/�#R#VNLN�
R�T¿DZF]B/�#R#B/w�EGC§c�C�M]uXVNUWjkR�K#C#aµI/K#l6D#EGF´h�I/CZB/uXEeM`EeF`UWJÃI/LNIZq1fgVNE Ê FeOB\Í/EXK#C#D
A*EGF]C#EGM b K#CZa�D#EGFgVNC>D#EGC x>EGuîwZF]I/C#EGC a/EGw#VNLND#EGM]EGC>R;T%D#F]B/�ZR#VNL\EGCo·�EGF]EGVNjkR#E
w�EGU^M]VNuXuîM6D#VNEgv�C b I/R#LÝK#C#DyD#VNE´cSVNa/EeCZUWjkR#I/lmM]EGC²[/B/C���F`I/C#UW��B/F`M i�EGa/EGCµl`OK#F
doI/UWU^EGF]uXB/LNEeJ OK#LNE×K#C#D,�#F]B/M`B/C#VNUWjkR#EyçÐI/DZK#C#a/U^M]FPOI/a/EGFP��i�B/w�EGV�U^B�i�B/R#L�F]EGV\C
a/EGB/uXEGM]F]VNU^jkR#EXc�VNC#U^jkR#FPOI/C#J%K#CZa/EeCànpa/EGa/EGC�OK#w�EGFªD#EGu ��F]I/CZUW��B/F]M�V\CeÏ�OK#U^UWVN�
a/EGu ~�ÓÔÍgs6I/LNU6I/K#jkR�c�¸�EGJ%M]E��D#VNE�D#K#F`jkR�D#VNE�jkR#EGuXVNUWjkR#EËd EGjkR#U^EGLNi�VNF]J%K#C#a
[/B/C!d I/U^U^EeF`uXB/L\EGJ OK#LNEGC2uXVNM×D#EGC _ZK#LNl�B/C#UèOI/K#F]EGa/F]K#�#��EGC!K#C#D D#EGu Q³B/LNT%�
uXEGF]F0OKZjkJ¿a/F`I/M�w�EGD#VNC#a/M�U^V\CZDÎ�rw�EGF0OK#jkJ%U^VNjkR;M]VNa/M6i�EGF]D#EGC�u}OKZUWU^EGCÎq
z.CgEGVNC#EGF¾B/l�M b VNM]VNEGF]M]EGC�v�F]w�EGV\MÎ[/B/C Ê VNEGF]J/E�� x>K#CZCgK#C#DªdæV\LNU^B/CWÐ � �yÑ i�K#F]D#E
I/K#lma/F]K#C#D=D#EGFìv�CZI/L\T%U^EX[/B/CâÇgLNEGVNC;i�VNC#J/EGLNFPOB/C�M]a/EGC#UWM`F]EGK#D#I/M]EGCâEGVNC§_#M]F]K#J%�
M]KZF]uXB%D#EGL\L�l`OK#F8h�I/åZB/C#��x>EGuîw#F]I/C#EGC�[/B/F]a/EGU^jkR#LNI/a/EeCÐ��w�EGV�D#EGu d I/U^UWEGF]jGLNK#�
U^M]EGFªuXV\MªEGVNC#EGu f�K#F]jkR#uXEGU^UWEGF�[/B/CâjGIZqÐ����¹µC#u I/K#l�EGVNC#EGu J%K#w#VNU^jkR#EGC
Ê VNM]M]EGFgU^VNM b EGC>K#C#D§D#K#F]jkR�ÇgI/CÎOI/LNEX[/B/C jGIZq � CZu fgK#F`jkR#uXEGUWU^EGF�[/EeF`w#K#C#�
D#EGC iSEGF]D#EGCÎq8fgEGF�fgK#F`jkR#uXEGUWU^EGF²D#EGF�A*EGF]w#VNC#DZK#C#a/U^J@I/CÎOI/LNE���D#EGF�l`OKZF�D#VNE
��F`I/C#UW��B/F`M]EGV\a/EGC#U^jkR#I/l�M`EeC=i�EGU^EGC;M]LNVNjkR2VNU^MP�³i�VNF]D,VNC2DZV\EGU^EGu x>B¿DZEeLNLSC#VNjkR;M
I/w#a/EGLNEGVNM]EGMP�¿UWB/CZD#EGF]C�I/D�R#B%j�I/C#a/EGC#B/uXuXEGCÎq
z.C>EeVNC#EGFËJÝOK#F b LNV\jkRyEeF`UWjkR#VNEGC#EGC#EGCµv�F]w�EGV\MË[/B/C Ê EGw�EeLÝK#CZD>çÐI/u�w#I/F]DãÐ �/� Ñ
i�KZF]D#EÒa/E b EGVNa/MP�(D#I\Í�l`OK#F�h�I/å#B/C#��x>EGuîw#F]I/CZEeCµEGVNC#E b K#UèOI/M b L\VNjkR#Eªz.C#l�B/F`uXI/�
M]VNB/C�I/K#U6D#EGF6_#M]F]EGK#VNC�M]EGC#UWVNM OI/MSl OK#F�F`EeLNI/M]VN[Òa/F]B\Í/Eg_ZM]F]EGK#[/EGJ%M]B/F]EGCµnpw�E b B/a/EGC
I/K#l6D#EGCoz:B/CZB/uXEeF`��Q³EGI/J%s8EGF]RZI/L\M`EeCoi�EGF]D#EGC§JÃI/C#CÎ�¾CÎOI/uXLNV\jkR>DZI/U´A*EGF]RÐOI/L\M`�
C#VNU4[/B/CìVNC#CZEeF`EeF Ê F]EGC b ÏÎOI/jkR#E�KZC#DìA*B/LNK#uXEGCÎ�@D#I/U*uXVNM�DZEeF*Q4B/F]B%D#��v�C#I/LNT%U^EÐ �/º Ñ w�EGU^M]VNuXuîM6i�VNF]DÎq
_#K#LNl�B/C#VNEGF]M]EGU*QSc�c�Ç�Ç R#I/MSEeVNCÒi�EGC#VNa/EGF*R;T%D#F]B/�ZR#B/w�EGU�ÈÒOK#jkJ%a/F]I/M*I/LNU*h�I/�
å#B/CÐ�ZKZC#D�EGVNC�iSEeVNM]EGF]EGFËY�C;M]EGF]U^jkR#VNEGD�D#EGF�w�EGVND#EGC�x>I/M]EGF]VNI/LNVNEeC�D#I/F`V\CÐ�ZDZI\Í
w�EGVgU^K#LNl�B/C#VNEGF]M]EGu QSc�cSÇgÇ DZV\Eo_#K#LNl�B/C#U OI/K#F]EGa/F]KZ�#��EGC C#VNjkR;MµI/C _#EGVNM]EGC#�
J/EGM]M]EGCÎ��U^B/C#D#EGF]C!I/C!D#EGF�LNV\CZEeI/F`EeCæQ³B/LNT%uXEGF]J/EGM]M]E>a/EGw#K#CZD#EGC U^V\CZD n�[¿a/L÷q
v�w#wÐqZ�Zq � �#_Îq �e¶ sPq(z:CÉÐ É Ñ i�K#F]D#EîI/CZR#I/C#Dµ[/B/C�ÈªOB/C�M]a/EGC#�*K#C#Dµh�EGK#M]F]B/CZEeCZ�
Ç�L\EGVNC;i�V\CZJ/EeLNU^M]F]EGK#EG�%��EGF]VNuXEeC�M]EGC2a/E b EGVNa/MP��D#I\ÍâM`F]B/M b DZV\EGU^EGFXY�C;M]EGF]U^jkR#VNEG�
D#EÒI/K#jkRoV\C>U^K#LNl�B/C#VNEGF]M]EGu Q�cSc�Ç�Ç EGVNC#EîR�T¿DZF]B/�#R#VNLN��R;T%D#F]B/�ZR#B/w�EXc�C�M]uXVN�
U^jkR;K#CZa [/B/F`L\VNEGa/MP�(EGU�i�K#F]DZEÂÖ�EGD#B%jkRµJ/EGV\CZEîQ³B/F`B¿DZ��v�C#I/LNT¿U^EªD#K#F]jkRZa/Eel`OK#R#F]MP�
D#I§D#VNEµfgI/M]EGC,uXVNMÒEeVNC#EGFXÇ�F]I/M]J%T%��ÇgI/uXEGF]I§a/EGuXEeU^U^EeC�i�K#F]D#EGCæK#C#D DZI/�
R#EGFSw�EeV�D#EGC²a/FeOB\Í/M]EGC²_#M]F`EeKZ[/EeJ%M]B/F`EeC×J/EGV\CZE�a/K#M]E�_#M`I/M]VNUWM]VNJÒEGF b V\EGLNM4i�EGF]D#EGC
J/B/C#C�M]E�q
z.CgD#VNEGUWEGFÎv�F]w�EGV\MÎi�K#F]DZEeCªD#EGU^R#I/LNwgÇ�L\EGVNC;i�V\CZJ/EeLNFPOB/C�M]a/EGC#U^M]F]EGK#EG�%��EeF`V\uXEGC#�
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M]EËuXV\M4R#B/R#EGC×_#M]F]EGK#VNC;M`EeCZUWVNM OI/M]EGCXI/u ~�I/UWT%LNI/w�n�~�I/uîw#K#F]a/EGFS_#T%C#jkR#F]B/M]F`B/C
çÝI/w�B/F]s�D#K#F]jkR#a/EGl`OKZR#F]MP��K#u l`OK#F�UWK#LNl�B/CZV\EGF]M`E�QSc�c�Ç�Çg�îKZC#D!l`OK#F�h�I/å#B/C#�
x>EGuîw#F]I/C#EGCXD#VNE�Ç�LNEeVNC�i�VNC#J/EGL\U^M]F]EGK#KZC#agK#CZD²[ qIZq;D#VNE�VNC#C#EGF]E Ê F]EGC b ÏÎOI/jkR#E
�#F]BªA*B/LNK#uXEGCXI/LNU*H(K#CZJ¿M`V\B/CÒD#EGU�doI/UWU^EGF]a/EGR#I/LNM]EGU b KÒw�EGUWM]VNuXuXEGCÎq@d EGVNM]EGF]�
R#VNCâi�K#F`D#E�EeVNC§_#M]F`K#J%M]K#F]uXB%D#EGLNL�EGC;M�i�VNjkJ/EGL\Me� D#I\Íµ[/B/CâEGVNC#EGu J%K#w#VNUWjkRZEeC
ÇgI/C#I/LNa/VNM]M]EGF�I/LNU Ê F]K#C#DZUWM]F`K#J%M]K#F�I/K#U^a/EGR;M6K#C#D�DZI/U8D#F`EeVÎQ³I/F`I/uXEeM`EeF npÇ�I/�
C#I/LND#K#F]jkRZuXEeU^U^EeFe� Ê VNM]M`EeF`J/B/C#UWM`I/C;M]E>K#CZD D#VNE>v�C b I/R#L�[/B/C!ÇgI/C OI/LNEGC �ZF]B
Ê V\M`M]EGF]�#K#C#J%M]s4EGC;M]RÐOI/L\Me�D#VNE6I/K#U*D#F]EGV%EG�¿��EGF]VNuXEGC;M`EeLNL b K#aZOI/C#a/LNVNjkR#EGC Ê FPOB\Í/EGC
npd I/U^U^EeF`[/B/L\KZuXEeCZI/C;M]EGVNL÷�çÝI/a/E�D#EGF�z.B/C#B/uXEGF]��Q4EeI/J%U*K#CZD VNC#CZEeF`E Ê F]EGC b ÏÎOI/�
jkR#E��#F]BÒA*B/LNK#uXEGC#s�EGF]uXVNM]M`EeLNMSi�EGF]D#EGCÎq¿f�V\EGU^EGU*x>B¿DZEeLNL�[/EGF]i�EGC#D#EGM6VNu Ê EG�
a/EGC#UWI/M b�b KyD#EGC wZV\U^R#EGF6VNC DZEeF�çÐVNM]EGF]I/M`K#F�[/EGF]i�EGC#DZEeM`EeCyx>B¿DZEeLNLNEGCynpUèqPÐ �/� Ñ
K#C#DîDZI/F]VNC b V\M`V\EGF]M`E*v�F]w�EGV\M`EeCZsÐI/LNLNE�F`EeLNEG[ÃI/C;M]EGCgEG�%��EGF]VNuXEGC;M]EGLNLNEeC�cSF]a/EGw#C#VNU^�
UWEÒK#C#DoD#EGå#C#VNEGF]M�EGVNC#D#EGK#M]VNa�D#VNEìA*EGF]CZEeM b KZC#a�D#EGFgR;T%D#F`B/�#R#VNLNEeC>·6EGF]EGVNjkR#E��
D#VNE�l`OK#F6D#EGC²��F]I/C#U^��B/F]M�[/B/C��#F]B/M`B/C#VNUWjkR#EGC×çÐI/DZK#C#a/U^M]FPOI/a/EGF]C�K#C#D×d I/U^UWEGF]�
uXB/LNEeJ OK#LNEGC²iSEGUWEGC;M`L\VNjkR�U^V\CZDÎq

¹Zqts�È8I/KZuXL\I/DZK#C#a/U^Ee¸�EGJ%M]E��
HËOKZF�D#VNE QSF]B/M]B/C#EGC#LNEGVNM]l�OI/R#VNa/J/EGVNM²VNUWM�C#EGw�EGC!D#EGF Ê EGB/uXEeM`F]VNE>D#EGF�x>VNJ¿F`B/�
UWM`K#J%M]K#FªEGV\CZEeFªR�T¿DZF]I/M]VNUWVNEGF]M]EGCoQ�c�x K#C#DâD#EGFªÇgB/C b EGC�M]F]I/M]VNB/CâU^B�i�VNEXD#EGF
_ÎOI/K#F]EGU^MPOI/F]J/E*D#EGFÝ_#K#LNl�B/CZUGOI/K#F`Eea/F`K#�#��EGCgD#VNE*{�B/KZL\B/u�w#��d EGjkR#U^EGL\i�V\F`J¿KZC#a6D#EGF
D#VNUWU^B b VNV\EGF]M`EeCÒQ�F`B/M]B/C#EGC�uXV\MSD#EGC²F OI/KZuXL\VNjkR×å#�%V\EGF]M`EeC×_#ÍSäÝ � Ê F]K#�#��EGC�EGC;M]�
UWjkRZEeVND#EGC#DÐq1fgI×D#VNEî_#K#LNl�B/C#UèOI/K#F]EGa/F]KZ�#��EìU^EGR#F�U^I/K#EGF8VNU^MªnpVNC>h�I/å#B/C>U^B/a/I/F
I/C#CÎOI/R#EGF]CZDâUWKZ��EeF`UWI/K#EGFpÐ �/¹ Ñ sP�ÐU^V\CZDéDZV\EXuXEGVNU^M]EGC _#Í Ý ~�� Ê F]KZ�#��EGCéDZV\U^U^B/�
b V\VNEGF]MP�(I/w�EGF�D#VNEªl�F]EGVNEGC��ZF]B/M]B/C#VNU^jkR#EGC�çÝI/D#K#CZa/UWM]F OI/a/EeFËR#I/LNM]EGCµUWVNjkR�w�EG[/B/F]�
b K#a/M�V\C!D#EGF�h�OI/R#EoEeVNC#EGF Ê EGa/EGC#LNI/D#K#CZaâI/K#l���i�EGVNLgD#VNE>EGLNEeJ%M]F`B/UWM]I/M`V\U^jkR#E
v�C b VNEeR�K#C#a§D#K#F`jkR D#VNE�~�T%D#F]I/M`R�OK#LNLNEeC=C;KZF²M]EGVNLNi�EGVNUWE�I/w#a/EGU^jkR#VNF]uîMXi�VNF]DÎq
fgVNEË·�EGiSEea/LNVNjkR#J/EGVNM*D#EGF6�#F]B/M]B/C#VNU^jkR#EGC²çÝI/D#K#CZa/UWM]F OI/a/EeF�i�VNF]D�D#EGUWR#I/LNwX[/B/u
uXVNM]M]LNEGF]EGCìCÎOI/jkRZUWM]EGCÒh�I/jkR;w#I/F`I/w#UWM`I/C#DXD#EGF*_#K#LNl�B/C#UèOI/K#F]EGa/F]KZ�#��EGCÎ�D#EGF*U^V\jkR
I/K#UgDZEeF�v�C b I/R#L4[/B/C>_#K#LNl�B/C#UèOI/K#F]EGa/F]K#�Z��EeCo�#F]B�VNC#CZEeF`EeF Ê F]EGC b ÏÎOI/jkRZEìEGF]�
a/VNw#MP�(w�EGEeVNC�ÏZK�Í/MPq
f�VNEeU^EË_#VNM]K#I/M]VNB/CÎ�#V\C×D#EGF�ÈËI/K#uXLNI/D#K#C#a/EGC²VNC#CZEeF`R#I/LNw DZEeF6x>EGuîw#F`I/C�EGC;M]�
UWM`EeRZEeCÐ��J@I/CZC2CÎOI/RZEeF`K#C#a/U^i�EGVNUWE�uXVNMXEGV\CZEeu Q4B/VNUWU^B/C#��·6B/LNM b uXI/C#C#��v�C#U^I/M bÐ �/Ï Ñ w�EGU^jkR#F]VNEGw�EGC�i�EGF]D#EGCÎq¾z.C�DZEeFËçÝVNM]EGF]I/M]K#F�i�K#F]D#EGC>w#VNU^R#EGF8C�K#F�x>B%D#EGLN�
LNEìuXVNM�EGVNC#EGF8R#B/uXB/a/EGC#EGC>H4L÷OI/jkR#EGC#LNI/D#K#C#a/U^D#VNjkR;M]E��1DZV\EÒEGVNC#EGF8v�C b I/R#L4[/B/C
_#ÍSäÝ � Ê F]K#�#��EGC>�#F]B�H4L÷OI/jkR#EªEeC�M]U^�#F]VNjkR;MP�¾K#C�M]EGF]UWKZjkR;MWÐ �/Ñ Ñ q1z.C�D#VNEGU^Eeu H�I/LNL
i�VNF]D§I/w�EGF´CZV\jkR�Mªw�EeF0OK#jkJ%UWVNjkR;M`V\a/Me�ÐD#I\Í�DZV\EX�ZF]B/M]B/C#VNU^jkR#EGCéçÝI/D#KZC#a/UWM`FPOI/a/EGF
EGV\CZE�c�C#EGF]a/VNEGw#I/F]F]VNEGF]E�OK#w�EGF]i�V\CZD#EGC²u}OK#U^UWEGCÎ�¿KZu [/B/C�EGVNC#EGF�_#Í äÝ � Ê F]K#�#��E
b K#F�CÎOI/jkR#U^M]EGC b K�a/EGLNI/C#a/EGCÎq
z.CµD#VNEGUWEGF�v�F]w�EGVNMËi�K#F]D#EÒD#EGU^R#I/LNw�EGV\CZEîA*I/F]VNI/M]VNB/C�DZEeFËH4L�OI/jkRZEeCZL\I/DZK#C#a/U^�
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D#VNjkR�M]EXEGC;M]LNI/C#a�EGVNC#EGU�d I/U^U^EeF`J@I/C#I/LNU�w�EGM]F]I/jkR�M]EGMgK#CZDél OK#FgD#VNEGU^EeC>H�I/LNL³EGVN�
C#E>uXB%D#VNå b VNEGF]M]E�Q4B/VNUWU^B/C#��·6B/LNM b uXI/C#C#� Ê LNEGV\jkR�K#C#aouXV\M×~�VNL\lmE�D#EGF�H³VNC#VNM]EG�
cSL\EGuXEGC;M`Ee��x>EGM]RZB¿DZEÂÐ � ¶�Ñ a/EGL÷OB/UWMP�ÔK#u D#VNE*LNB/J@I/LNEGC�~ â ��ÇgB/C b EGC;M`F]I/M]VNB/C#EGC b K
w�EGU^M]VNuXuXEeCÐqY�u DZEeC×È8EGjkR#EGC#I/KZl�i�I/C#D b K�w�EGa/F]EGC b EeCÐ��i�KZF]D#EgEGVNC²lmB/F]uXI/L
b i�EGVND#VNuXEGC#U^V\B/CZI/L\EGU*_#T%U^M]EGu K#C�M]EGF]UWKZjkR;MPq1x>VNM6D#EGF�v�C#CZI/R#uXE��¿D#I\ÍXD#VNE�LNB/�
JÃI/LNE³QSF]B/M]B/C#EGC#LNEGVNM]l�OI/R#VNa/J/EGVNM¾�#F]B/��B/F`M]VNB/C#I/L b K#F�LNB/JÃI/LNEeC�~ â ��ÇgB/C b EGC�M]F]I/M]VNB/C
VNU^MP��i�K#F]D#E�D#I/CZC²D#VNEËQ�F]B/M]B/CZEeCZL\EGVNM]l OI/RZV\a/J/EGVNM4D#EGU�a/EGUWI/u�M]EGCXÇgI/C#I/LNU�DZK#F]jkR
ç�OB/U^K#C#a�D#EGF8Ç�B/C;M]VNC�K#VNMPOI/M]U^a/L\EGVNjkR;KZC#a�l`OK#F�D#EGC>�#F]B/M`B/C#VNUWjkR#EGCµçÝI/D#K#C#a/UYÏ#K�Í
EGw�EGC#l�I/LNLNU6uXV\M�D#EGF8H4VNC#VNM]EG��c�LNEGuXEeC�M]EG��x>EGM]R#B%D#EËw�EeU^M]VNuXuîM np[%a/L÷qPÐ �/� Ñ s�K#C#D
uXVNMËD#EGF8QSF]B/M]B/C#EGC#LNEGVNM]l�OI/R#VNa/J/EGVNMP�rD#VNEªU^V\jkRµl`OK#F�EGVNC#EªR#B/uXB/a/EGC#EªA*EGF]M]EGVNLNK#C#a
D#EGF�QSF]B/M]B/C#EGC�EGF]a/EGw�EGC�i�OK#F]DZE/�([/EGF]a/LNVNjkR#EGCÎqrcSU�i�K#F`D#Eîl`OK#F�D#VNEeU^EGU�x>B%D#EGLNL
D#EGFSc�VNC�Ï#K�ÍªD#EGUS_#K#LNl�B/C#UèOI/K#F]EGI/w#U^M]I/C#D#U6K#CZD²D#EGF�DZV\EGLNEGJ%M]F]VNUWjkRZEeC�ÇgB/C#U^M]I/C#�
M]EGCoD#EGUgI/w#U^B/F]w#VNEGF]M]EGC>d I/U^U^EeF`UgK#C�M]EGF]UWKZjkR;MPqÐñÝK#UèOI/M b LNV\jkRµi�K#F`D#E²D#EGF�cSV\CZ�Ï#KLÍXD#EGF�_ÎOI/K#F]EGU^MPOI/F]J/EªD#EGF�_#KZL\lmB/C#UGOI/KZF]EGa/F]K#�#��EGCµI/C#I/LNT¿U^VNEGF]MPq

ÏZqts�cSV\a/EGC#U^jkR#I/l�M`EeC×[/B/C�Q�cSx KZC;M]EGFË·�F`EeCZC#UWM`B/¸ b EGLNLNEGC;w�EGD#VNC#a/K#C#a/EGCÎ�
f�V\E×EG�¿��EGF]VNuXEGC;M`EeLNL4w�EGUWM]VNuXuîM`EeC§��F`I/C#UW��B/F`M]�#I/F]I/uXEGM]EGFî[/B/CâQSc�x npQ�F`B/�
M]B/CZEeCZL\EGVNM]l�OI/RZV\a/J/EGVNMP�¾~�ÓÔÍg����F]I/CZUW��B/F]M`J/B¿EGÆ b VNEGC;MgKZC#DâEGLNEeJ%M]F`B¿B/U^uXB/M]VNU^jWR#EGF
x>VNM]l`OKZR#F]K#C#a/U^J/B/EGl�å b VNEGC;M]sÝJ OB/C#C#EGC�[/EGF]i�EGC#DZEeMÝiSEeF`D#EGCÎ�eK#u D#VNE³cSV\a/EGC#U^jkR#I/l��
M]EGC,K#C�M]EGF²QSc�x>��·6F]EGC#C#U^M]B/¸ b EGL\LNEGC;w�EGD#VNC#a/KZC#a/EGC b K,w�EGF]EGjkR#C#EGC,w b i�q b K
U^VNuîK#LNVNEeF`EeCÐq0z.CÒD#EGF*çÝV\M`EeF`I/M]K#F�EG�%VNUWM`V\EGF]EGCî[/EGF]U^jkR#VNEGD#EGC#E6v�F]w�EGVNM]EGC OK#w�EGF4D#VNE
x>B%D#EGLNLNV\EGF]KZC#a§[/B/C ·6F]EGC#C#U^M]B/¸ b EGL\LNEGC,uXVNM²h�I/å#B/CZ��x>Eeu�w#F]I/C#EGCÎ��w�EGVËD#EG�
C#EGCâDZV\E���F`I/C#UW��B/F`M]EGV\a/EGC#U^jkR#I/l�M`EeC�D#EGFîx>EGuîw#F]I/C=uXVNM´KZC;M]EGF]U^jkR#VNEGD#LNV\jkRZEeF
Ê EGC#I/K#VNa/J/EGVNM�w�EGU^jkR#F]VNEGw�EGC²i�EGF]DZEeCÐ�
z.CéEGVNC#EGu EeVNC#DZV\uXEGC#U^VNB/C#I/LNEGC>x>B¿DZEeLNL4[/B/Câ_#�#F`V\CZa/EeFe��ñÝI�iSB%D b V\CZUWJ%V4K#C#D
Ê B/M]M]EGU^l�EGLND¬Ð �/É Ñ i�EGF]D#EGCÒD#VNE���F]I/CZUW��B/F]M`�#I/F]I/uXEGM]EGF³I/LNU�H�K#C#J%M]VNB/CîDZEeU�d I/U^�
U^EGF]a/EGR#I/LNM]EGU�[/EGF]i�EGC#D#EGMPq(v�LNLNEGF]D#VNC#a/U�i�VNF]DµD#EGFËd I/U^UWEGF]F OKZjkJ¿M`F]I/C#U^��B/F]M8[/B/C
D#EGF�Ç�I/M]R#B%D#E b KZFgv�C#B%D#EîI/LNU�F]EGVNC#EGF�fgVN¸�K#U^VNB/C#U^�#F]B b EZÍXV\u Ê F]I/D#VNEGC;MgDZEeF
~ Ó Íg��Ç�B/C b EGC;M]F]I/M`V\B/CoI/C#a/EGC#B/uXuXEGCÎ�¾EeVNCµJ/B/C;[/EGJ%M]VN[/EGF�d I/U^UWEGF]F0OKZjkJ¿M`F]I/C#U^�
��B/F]M�K#C#D�D#VNE�x OB/a/L\VNjkR#J/EGVNM�EGVNC#EGU Ê EeU^I/uîM]DZF]K#jkJ%a/F]I/D#VNEGC;M]EGC�I/LNU�M]F]EGVNw�EGC#D#E
Ç�F]I/l�Mgl`OK#FgD#EGCµd I/U^UWEGF]F0OK#jkJ%M]F]I/C#U^��B/F]M�i�EGF]DZEeC>CZV\jkR�Mgw�EGF0OK#jkJ%U^VNjkR;M]VNa/MPq(fgVNE
A*EGF]F]VNC#a/EGF]KZC#a8DZEeUÝdoI/UWU^EGF]a/EGR#I/LNM]UÝI/C´DZEeFÝv�C#B%D#E*I/KZl�a/F]K#C#D�D#EGFÐEGLNEGJ%M]F]B%B/UW�
uXB/M]VNU^jkR#EGC�x>V\M`l OK#R#F]KZC#a²i�VNF]DyuXV\M�D#VNEeU^EGu x>B%D#EGLNL�D#EGUWR#I/LNw OKZw�EeF`UWjkR OI/M b Meq
c�VNCßOI/R#C#LNVNjkR#EGU¾x>B%D#EGLNL/VNUWMÎD#I/U�[/B/CªH(KZL\LNEGFÝK#C#Dªh�EGi�uXI/CÐ º/� Ñ �èiSB/w�EGV/D#B/F]M
D#VNES��F]I/C#U^��B/F]M]a/LNEGVNjkR;K#C#a/EGCªI/K#U�DZEeC Ê LNEGV\jkR�K#C#a/EGCgDZEeF�V\F`F]EG[/EeF`UWVNw#LNEGCg��RZEeF`�
uXB%D#T%C#I/uXVNJ�I/w#a/EGLNEeVNM]EGM�iSEGF]D#EGC>K#C#D>D#EGU^R#I/LNw��ZFPOI b V\U^EGF8U^VNC#DµI/L\U�VNu x>B/�
D#EGLNL�[/B/C>_#�ZF]VNC#a/EGF�EeM�I/L÷qN�(I/w�EGF�OI/R#C#LNVNjkR#EîÈËEeU^K#LNM]I/M]E�L\VNEGl�EGF]CÎq�fgI/U�x>B%D#EGLNL
[/B/C§H�K#LNL\EGF�K#C#Dâh�EGi�uXI/CoV\U^M b i�EGVND#VNuXEeCZUWVNB/C#I/L�KZC#D§EeF`L\I/KZw#M b KZUGOI/M b LNVNjkR
D#VNEÒY�C;M]EGF]U^K#jkR�K#C#a>D#EGUgd OI/F]uXEGM]F]I/C#U^��B/F]M]UèqÐfgEGF�v�C#UWI/M b D#VNEGU^EeU�x>B%D#EGLNLNU
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l OK#FîDZV\E×Q�cSx i�VNF]D�I/K#jkRâVNC§D#EGFîv�F]w�EGVNM´[/B/C§d OB/R#FP�³·6B/L\i�V\CÐ� _#jkR#C�K#F]C#�
w�EGF]a/EGFP�³h�EeKZw#F]I/C#D#Me��H³VNU^jkR#EGFªK#C#D=c�VNa/EGC;w�EGF]a/EGFÀÐ º �KÑ [/EGF]iSEeCZD#EGMP�³V\C=D#EGF
I/K#jkR�EGVNC#Egv�CZB/F]D#C;KZC#aµn�Ó`_ZM]I/jkJ�Ô/s�[/B/C�[%VNEeF6VNC�_#EGF]VNE�a/EeU^jkR#I/LNM]EGM]EGC�Q�cSx>�
·6F]EGC#C#U^M]B/¸ b EeLNLNEGC²K#C�M]EGF]U^K#jkR;M�i�VNF]DÐq
z.CoD#EGu EGVNC#D#VNuXEGC#U^VNB/C#I/LNEeCyx>B¿DZEeLNL�[/B/Co·6EeF`C#I/F]D#VSK#C#D A*EGF]wZF]K#a/a/E�Ð º/� Ñ
i�VNF]DXD#I/a/EGa/EGCìEGVNCîJ/B/C#U^M]I/C�M]EGF*d I/U^UWEGF]a/EGR#I/LNM4V\CÒD#EGF*x>EGuîw#F]I/CÒI/C#a/EGC#B/uX�
uXEGCÎ��DZEeFSd I/U^UWEGF]M`F]I/C#U^��B/F]M�D#KZF]jkR�D#VNE8x>EGuîw#F`I/C²i�VNF]D×I/L\USH(KZC#J%M]VNB/C²[/B/C
ó^×Ø�Ù�Ú�KZC#D�[/B/u Ê EGU^I/uîM]D#F]KZjkJ¿a/F`I/D#VNEeC�M8w�EGF]EGjkR#CZEeMeqZx>VNM�DZV\EGU^EGu x>B¿DZEeLNL
J OB/C#C#EGC åÌ��æ/��ÇgEGC#CZL\VNC#VNEGC![/B/C QSc�x>��·6F]EGC#C#U^M]B/¸ b EGLNL\EGC!uXVNM�R#B/R#EGC çÝEeVN�
UWM`K#C#a/U^D#VNjkR;M]EGCµa/K#M�I/C#a/EG�#I\Í/MËi�EGF]D#EGCÎ�¾EGV\CyJ/B/C#UWM`I/C;M]EGF�d I/U^U^EeF`a/EeRZI/L\M�V\U^M
I/w�EGFÐC�K#F4w�EeV�EGV\CZEeFÝB/�#M`V\uXVNEGF]M]EGCªd I/U^U^EeF b KZl�K#R#F b K#F�x>Eeu�w#F]I/CîF]EGI/LNVNUWM`V\U^jkRÎq
z.C>D#EGFgv�F]w�EGVNM�[/B/C x>B/U^VNa�Ð º/º Ñ i�V\F`D EGVNC>[/B/L\LNU^MPOI/C#D#VNa×D#F]EGVND#VNuXEeCZUWVNB/C#I/LNEGU
x>B%D#EGL\LZl`OK#F6EGV\CZEeCX·6F]EGC#CZUWM]B/¸ b EGLNLNEeCZ��_#M]I/jkJîK#C�M]EGF]U^K#jkR;MP�#l`OK#FSD#VNE�x>Eeu�w#F]I/C
i�VNF]D�D#I/F`V\CµD#I/U�x>B%D#EGLNL�[/B/C�·6EGF]C#I/F]DZV�K#C#DµA*EGF]w#F]K#a/a/E OK#w�EGF]C#B/uXuXEGCÎq
_ZV\u�K#LNI/M]VNB/C#EGC>D#EGU�A*EeF`R#I/LNM]EGC#U�[/B/C>UWKZL\lmB/C#VNEeF`M]EGC>Q�c�cSÇgÇ���x>Eeu�w#F]I/C#EGC
K#C;M`EeF4·6F]EGC#C#U^M]B/¸ b EGL\LNEGC;w�EGD#VNC#a/KZC#a/EGC�i�K#F]D#EGCÒ[/B/CªÇgF]EGK#EGF�Ð � � Ñ uXVNMÝEGVNC#EGu
OI/R#C#LNVNjkR#EGC�x>B¿DZEeLNL�i�VNEg[/B/C�_#�#F`V\CZa/EeF�EeM6I/L÷qrDZK#F]jkR#a/EGl`OK#RZF]MPq1f�IîVNC�D#VNEGUWEGu
x>B%D#EGL\L�EGV\CÒd I/U^U^EeF`F0OK#jkJ%M]F]I/C#U^��B/F]M4[/B/CìDZEeF4ÇgI/M`R#B%D#E b K#F4v�C#B%D#E��0DZEeF4D#EGC
EGL\EGJ%M]F]B%B/U^uXB/M]VNUWjkRZEeCÒx>VNM]l`OK#RZF]K#C#a/U^J/B%EeÆ b VNEGC;MSI/K#UWa/LNEGVNjkR;MP�¿C�K#F�D#KZF]jkR�EGVNC#E
UWM`I/F]J/E�v�w#CZI/R#uXE�D#EGU�doI/UWU^EGF]a/EGR#I/LNM]EGU¾VNCîÈËVNjkR;M]K#CZa�D#EGFÐv�CZB¿DZE�EGC;M]U^M]EGR#EGC
J@I/CZCÎ�ei�I/U�npVNC#U^w�EeU^B/C#D#EGF]E4l OK#F�Q�c�cSÇgÇ���x>Eeu�w#F]I/C#EGC#s b KªEGVNC#EGFÐDZEeKZM]LNV\jkRZEeC
A*EGF]UWjkRZL\EGjkR�M]EGF]K#C#aâDZEeF�çÝEGVNM]l�OI/R#VNa/J/EGVNM²l`OK#RZF]MP��J OB/C#CZEeCæD#VNE>EG�¿��EGF]VNuXEGC;M`EeLNL
a/EGuXEeU^U^EeCZEeCyÇgEGC#C#LNVNC#VNEGC�uXVNM�D#VNEGUWEGu x>B¿DZEeLNLÝC;KZF´KZC;M]EGFgU^EGR#F�U^��E b VNEGLNL\EGC
È8I/CZD#w�EGD#VNC#a/K#C#a/EGCÎ��D#VNE�EGVNC#EGC,a/EGC OK#a/EGC#DæR#B/R#EGC doI/UWU^EGF]a/EGR#I/LNMXI/C D#EGF
v�C#B%D#Ega/EGi�OI/RZF]LNEeVNU^M]EGCÎ�¿F]EG�#F]B%D#K b VNEGF]M�iSEGF]D#EGCÎq
z.C!D#VNEGUWEGF×v�F]w�EGV\M�i�VNF]D!D#EGU^R#I/LNw EGVNC!x>B¿DZEeLNLË[/B/F]a/EGUWjkRZL\I/a/EGCÎ��D#I/U�I/KZU
Ê L\EGVNjkR;KZC#a/EGC2D#EGFXVNF]F]EG[/EGF]U^VNw#LNEeC=��R#EGF]uXB%D#T%C#I/uXVNJâI/wZa/EeLNEGVNM]EGMîi�VNF]D,K#CZD
VNu Ê Eea/EGC#U^I/M b�b K×I/C#D#EGF]EGC�v�F]w�EGV\M`EeCXw�EGF0OKZjkJ¿U^VNjkR;M]VNa/MP�;D#I\ÍÒD#K#F]jkR�D#VNEË·6V\LN�
D#K#C#aªD#EGU*ÈËEGI/J¿M`V\B/CZUWiSI/UWU^EGF]U�I/CXD#EGF*ÇgI/M`R#B%D#E8EGVNC Ê EGU^I/uîM]D#F`K#jkJ%a/F]I/D#VNEGC;M
VNCâD#EGFìx>EGuîwZF]I/C2EGC�M]UWM`EeR�MP��D#EGF b K=EGV\CZEeu EGF]R OB/R�M]EGC2doI/UWU^EGF]F OK#jkJ%M]F]I/CZUW�
��B/F]MgKZC#D D#I/uXVNM b K>EGVNC#EGF�D#EGK#M]LNVNjkR>w�EeU^U^EeF`EeCµQ�F`B/M]B/C#EGC#LNEGV\M`l�OI/R#VNa/J/EGV\MËD#EGF
x>EGuîw#F]I/C×l`OK#R#F]EGC×J@I/C#CÐq�HÜOK#F�DZV\EGU^EGU*x>B¿DZEeLNL#iSEGF]D#EGC²D#VNEËÈ8I/CZD#w�EGD#VNC#a/K#C#�
a/EGCìEGF]uXVNM]M]EGLNMP�DZV\E�EeVNC#E�B/�#M]VNuXVNEeF`M]E�·6EGl�EGK#jkR;M]KZC#aªD#EGF*x>Eeu�w#F]I/CXEGF]u OB/a/LNVN�
jkR#EGCÎ� KZC#D§EeU�i�EGF]D#EGC§H³VNC#VNM]EG��f�V\¸�EGF]EGC b EGC#��_#VNuîKZL\I/M`V\B/CZEeCµl`OK#F�EeVNC#EXU^K#LNl�B/�
C#VNEGF]M]EªQ�cSc�ÇgÇ���x>EGuîw#F]I/C�w�EGU^jkR#F]VNEGw�EGCÎq

fgVNE v�F`w�EeVNM�VNUWM�i�VNEol�B/LNa/M�a/EGa/L\VNEGD#EGF]MP��z.C!ÇgI/�Ðq��,iSEGF]D#EGC D#VNE§l`OK#F�DZI/U
A*EGF]UWMeOI/C#D#C#VNU²DZEeF×i�EGVNM]EGF]EGC,ÇgI/�#VNM]EGLËC#B/M iSEGC#D#VNa/EGC I/LNLNa/EeuXEGVNC#EGC Ê F]K#CZD#�
LNI/a/EeC§D#EGFªY�C;M`EeF`UWK#jkR�K#C#ao[/B/CéQ4B/LNT%uXEeF`��c�LNEGJ¿M`F]B/LNT¿M`��x>Eeu�w#F]I/C#EGC>D#I/F]a/EG�
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U^M]EGLNL\Meq1z.C>ÇgI/�Îq¾º�i�EGF]DZEeCoD#VNEîVNC>D#VNEGUWEGF�v�F]w�EGVNM�D#K#F]jkRZa/Eel OK#R#F]M]EGCoEe�%��EGF]VN�
uXEGC;M`EeLNLNEGCìY�C�M]EGF]U^K#jkR;K#CZa/EeCXDZEeUSd I/U^UWEGF]M`F]I/C#U^��B/F]M]U�npx>EGU^UWK#CZa/EeC b K#F*·6EG�
U^M]VNuXuîK#C#aÒD#EGF6EGL\EGJ%M]F]B%B/U^uXB/M]VNUWjkRZEeCÒx>VNM]l`OK#RZF]K#C#a/U^J/B%EeÆ b VNEGC;M]EGC×uXV\M6EGLNEGJ¿�
M]F`B/�#R#B/F]EGM]VNU^jkR#EGF�ÇgEGF]C#U^�#VNC#F]EGU^B/C#I/C b K#CZD x>EGUWU^K#C#a/EGC�DZEeF�~�ÓkÍg��Q4EGF]uXEGI/�
w#VNLNVNMPOI/M]s4w�EGUWjkR#F`V\EGw�EGCîK#CZDXV\u A*EGF]a/LNEeVNjkRîuXVNM4i�EGVNM]EGF]EGCì��F]I/C#U^��B/F]M]�#I/F]I/uXEG�
M]EGF]CªD#VNU^J%K#M]VNEGF]MPqeÇgI/�Ðqè¹�w�EGU^jkR#F]EGVNw#M¾Ç�L\EGVNC;i�V\CZJ/EeLNFPOB/C�M]a/EGC#U^M]F]EGK#EG�%��EeF`V\uXEGC#�
M]E b K#F6v�C#I/LNT%U^E8D#EGF6_#M]F`K#J%M]K#F]EGVNa/EGC#UWjkRZI/l�M]EGC²K#CZD DZEeF`EeC�v�K#U^i�EGF]M`K#C#aÒuXV\M
Ç�I/C#I/LNa/V\M`M]EGF]uXB%D#EGL\LNEGCÎq¿z.C�Ç�I/�Îq(ÏXi�EGF]D#EGCµD#VNEgB/w�EGC�a/EGC#I/C#C�M]EGC�v�U^��EGJ¿M`E
D#EGFSuXV\J%F]B/U^J/B/�#VNU^jkR#EGCîx>B%D#EGL\LNVNEGF]K#C#a�D#EGF���F`I/C#UW��B/F`M]EGV\a/EGC#U^jkR#I/l�M`EeCXKZC;M]EGF]�
U^K#jkR;M�K#C#DîiSEeVNM]EGF]E*KZC;M]EGF4·�EGF0OKZjkJ¿U^VNjkR;M]VNa/K#CZa8[/B/Cªx>B%D#EGLNL\I/CZUGOI/M b EGC�I/K#U�DZEeF
çÝVNM]EGF]I/M]K#FSD#VNUWJ%K#M`V\EGF]Meq�f�V\E�uXI/J¿F`B/UWJ/B/�#VNU^jkR#E6x>B%D#EGL\LNVNEGF]K#C#a�D#EGF*��F]I/C#U^��B/F]�
M]EGVNa/EGC#U^jkR#I/l�M]EGC>[/B/C QSc�x K#C�M]EGF´·6F]EGC#CZUWM]B/¸ b EGLNLNEeC�w�EGD#VNC#a/K#C#a/EGC>i�VNF]DoV\C
Ç�I/�ÎqÑ�w�EGUWjkRZF]VNEew�EGCÎq�_#jkR#LNVNEZÍ/L\VNjkRªi�EGF]DZEeCÒVNCîÇgI/�Ðq ¶ D#VNE6i�VNjkR;M]VNa/U^M]EGCîv�K#U^�
U^I/a/EGC>D#VNEeU^EGF�v�F]w�EGVNM b K#U^I/uXuXEeCZa/EelmI\Í/M8K#CZDéEGU�i�VNF]D§EeVNC>v�K#U^w#LNVNjkJ�OKZw�EeF
uyOB/a/LNVNjkR#E�i�EGVNM]EGF]l`OKZR#F]EGC#D#EîY�C�M]EGF]U^K#jkR;K#CZa/EeCµa/EGa/EGw�EeCÐq
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z.C²D#VNEGUWEGu ÇgI/�#VNM]EGL�i�EGF]DZEeC×l`OK#F6D#I/U6A*EGF]U^MPOI/C#D#C#VNUSD#EGF�C#I/jkR#lmB/L\a/EGC#DZEeC×ÇgI/�
�#VNM]EGL�C#B/M�i�EGC#D#VNa/E Ê F`K#C#D#LNI/a/EGC>D#I/F]a/EGU^M]EGL\LNMP��i�B/w�EGV b K#CÎOI/jkR#U^M�D#VNEîw�EGF]EGVNM]U
I/K#U4D#EGF³çÝVNM]EGF]I/M]K#F*w�EGJÃI/C#C;M`EeC�c�VNa/EGC#UWjkRZI/l�M]EGCîD#EGF4K#C;M]EGF]U^K#jkR�M]EGCXx>I/M]EGF]VNI/�
LNV\EGCÎ�/D#I/C#I/jkRXD#EGF]EGCXv�C;iSEGC#D#K#C#aÒVNCì·6F]EGC#CZUWM]B/¸ b EGLNLNEeCÒK#C#D×UWjkRZL\VNEZÍ/LNVNjkR´DZV\E
uXI/J%F]B/UWJ/B/�ZV\U^jkR#EGC���F]I/C#U^��B/F]M]a/LNEGVNjkR;K#CZa/EeCµl`OK#F�D#VNEª·�EGU^jkR#F]EGVNw#K#C#a×D#EGU8a/EG�
F]VNjkR;M]EGM]EGC×Q�F]B/M]B/CZEeCZ��w b i�q¿d I/U^U^EeF`����F]I/C#U^��B/F]M]EGU�VNCXD#VNEGU^EeCX_ZT¿U^M]EGuXEGCXw�EG�
UWjkRZF]VNEew�EGC×i�EGF]D#EGCÎq(fgVNE�f�I/F]UWM`EeLNLNK#C#a�D#EGF�M`R#EGB/F]EGM]VNUWjkR#EGC�K#C#DyEe�%��EGF]VNuXEGC#�
M]EGLNL\EGC Ê F]K#C#D#LNI/a/EGCXl`OK#F*DZV\EË[/EGF]U^jkR#VNEeDZEeCZEeC�V\CXDZV\EGU^EGF³v�F]w�EGVNM4[/EeF`i�EGC#D#EGM]EGC
Y�C;M]EGF]U^K#jkR�K#C#a/U^uXEeM`R#B%D#EGC�EGF]l�B/LNa/M�VNC�D#EGC�C#I/jkRZl�B/LNa/EeCZD#EGC Ç�I/�#VNM]EGLNCÎq
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h�I/å#B/C VNU^M²EGVNC,Q³EGF�ÏZK#B/F]B/U^K#LNl�B/C#U OI/K#F]EG��Q³B/LNT%uXEGFP��D#EGUWU^EGC,Q³B/LNT%uXEGF]F OK#jkJ%�
a/F]I/M6D#EGu Q4B/LNT%uXEeF*Q4B/LNT%M]EGM]F]I\Ï#K#B/F`EeM`R;T%LNEeC npI/K#jkR×I/L\U6QS��H³c=B%D#EGF���EZÏ#B/C
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o4���4k {z��� ��4jl��¢q�4n Î µ § ¨ ªF·h§ ¨ ¸ µ ¿ ¡ § ¨ ¹�·h§ ¨ ¸ µ ¼ ��� ¿4�³�4jl¤
����{�ilnh{�n¦kh{�mh��j�il���Ï� ��4�h{���{�nÏ�¬{����°�4j��°¥ �mh�q� ��4��¢q{�~����4¥���¢q�4�����hilnh{�n ¯ ¢qil�
{�i�n;{z¢ �h�4�h{�n Ð_{z¢q�2{����4��mh��nhil¾4{��4m ¡$Ñ mhnhk {�i�n;{z¢ nhil{�kh��ilo4{�n ¡;Ò ±z�Ó¥ �m;�
khil{"���h{��4��{���il�����Ôk;{z�q�Äil��~�mhnho4��o4���4k¡khmh�����¡k;{zn Ë �4��nh�4��¤À�Äi���~Õm;nho4��o4���4k
Î©Ö µ ¿ ¡;Ò · ¡$Ñ f2{zo4��{zn;�z�Çil��� Ë Æ � ÍÈr ¯À× �4��¢q�4jl{z���T{�il��{Êil��� Î©Ö ¼ � s;�
¥ �mh�B��{��4jl{�� ��4��¢q{z~����4¥Ø��¢q�4�����;i�n;{znÇil���Ùkh{��)��il��~�mhnho4��o4���4k£¢q{�il����{�nh�Ùkh{�mh��¤
jli����Ïo4{���ilnho4{���rt± � {�i � {�jl�4����mhnho�¾4�4n¡��{��4j�{�n � ��{�nhnh����� Ð ��{zjljl{�n¦����{���{�n ã {�¤
kh�����"Úh�h�4n;n�mhnho4��¾4{���jlmh����{bf2{�il¢ |)jl{z~������Õk;{zn;khmh�����v����il�����Ykhmh�����"kh{�n"�4�h¢q¤
�����;{znÊ��ilkh{��������4nhkÊkh{��gÛ�{�¢}fh���4n$�Ékh{���|)jl{z~������Õk;{znÜmhnhkÊkh{��gÛ�{z¢�fh���4nh¤
|Tjl{�~�������kh{�nh¤À�b�4nv���4~���{}���º��il{°khmh����� � i Ð mh��i��4n;���h{�¢q¢}m;nho£kh{��D�zm;o4{z¥ �mh�h��¤
��{�n ¨ �4��{q�4mh¥ Ë Æ4Å��)¿zp¶ÍÈ�$khil{qkh{�n���il��~�mhn;o4��o4���4k��4fh��{�nh~4{�n¬mhn;k¦kh{����;�4j�f
¢qilnhil¢qi�{����B�){z��kh{�n"¢Ý�mh����{�n�r
� �4�b���4����{���~4�4nh��{�n������4��i��4n;���h���4Þhjßiln�kh{��D�T|TÛà�2�4mh�bkh{�¢ ��i�����k;i�{ ¨ {�¤
���4¢���jl{zil��¥ ��4�hilo4~4{zil�°kh{�� �T|TÛ {���o4ilfh�����ái���kÃf2{�igo4{�o4{�f2{�nh{�n © �4nhkhf2{�khilnh¤
o4mhnho4{�n {�ilnh{�����{�il���Êkhmh����� kh{�n {�j�{�~��������4��¢q�4��il�����h{�nâÛ�il��¥��mh�h��mhnho4��{ Ð {�~��
mhnhkq�4nhk;{z��{z����{�il����khmh�����qkh{�n°�¬�4����{���� �mh��~������4nh���2�4���Ù�4mh¥�o4��mhnhkq{�ilnh{�� ¨ ���4¤
khil{�n���{�n kh{��"���;{z¢qil�����h{�n����4��{�n���il�4jl�"¾4�4nâ«  ® f2{�{�iln � mhã4��r���il{¬�����4��~
khil{ Ð@���4nh���2�4����{�ilo4{�nh�����;�4¥���{�n�kh{��>Û�{�¢}fh���4n¦¥��mh�°�¬�4����{��}k;i�{ �)���4���4nh{�nh¤
jl{zil��¥ ��4�hilo4~4{zil�@f2{�{�iln � mh����{zn°~ ��4nhnh{�n��ä� ��4nho4�T��{��h�Ù¾4�4nqkh{�n © �4n;khf2{�khilnho4mhnh¤
o4{�n}�4f��äilnh��f2{����4nhk;{z��{Ù¾4�4n>kh{�n}���4����{����4~���il¾�i�� ��4��{�nFm;nhk � � �mh��~4{�n°kh{�� © {�¤
�4~���il�4nh��o4�4��{å�4n�k;{zn�|)jl{z~������Õk;{zn$�;k;{znÊ��{z��¢q{z�4f;i�jlil����4��{�n"k;{z�g|)jl{z~������Õk;{zn
¥ �mh� � �mh����ilo4{��Fm;nhk�o4�4��¥ ��4��¢qi�o4{��å«D ® mhnhk¦k;{zn�il¢ ° jlmhãÊkh{�� © {��4~���il�4nh��¤
o4�4��{q¢qil��o4{�¥ �m;�h����{�n��¬�4����{���¢q{�nho4{�n�r � il{��b�ái���kæiln��b�4�hil��{�j » i�¢ � {����4ilj
khil��~�mh��i�{����zr
¯ nv��{��åo4{z{�ilo4nh{���{�n © �4nhk;f2{zk;i�n;o4mhnho4{�n¬~ ��4nhnh{�n�¢qil�bf2{�ilkh{�n�mhnv��{�����m;���h¤
��{�nqÛ��4��{���il�4jli�{�n°��{��h�Ù�;�4�h{ Õ {�il����mhnho4��khil������{�nq{�����{�il�����Ù�){z��kh{�n�rHegf;f�rHp;r »
��{zilo4��¾4�4n£kh{�� ° il��¢q�}Úhil{�¢q{�nh�Ùo4{�¢q{z����{zn;{�²å¤èçH¤À�b{�nhnhjlilnhil{�n Ë�± ¼ Íé¥ �mh� » s Ì
��m;j�¥Ø�4nhil{z����{����T|)|T�b� ¯ ± ¼£ê ¢ � il��~4{Dkh{�����������~4{�nh{�n Û�{z¢�fh���4nh±�il¢ � {���¤
o4jl{zil���Ç¢qi�� × �4Þh�4nÝ¿4¿zÌ ¯ ¿zÌ4s ê ¢q±Bmhnhk kh{�� � ® ��¤ÀÛ�{�¢}f;���4n ¯ �h{���o4{�����{�jlj��
¾4�4n � ® ��¤ Ë �h{�¢qil���4jÈ� »4¼>ê ¢ � il��~4{z±z�Hkhil{g��il{gkhil{ × �4Þh�4nh¤ÀÛ�{�¢}fh���4në�4m;�
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��{�n"�;�4� Ë p4ÍÀr
� il{q�b{�nhn;j�ilnhil{�n���mh��k;{znÏ¢qil�åkh{�n���{��4~���il�4nh��o4�4��{�n¬«  mhnhk ®  m;n���{��

� {��){ziljl�Tp°fh�4� � ��mh��~qf2{�i�� ¼ ��� �4mh¥�o4{�nh�4¢q¢q{�n���khil{���{��4~���il�4nh��o4�4��{á��mh��¤
kh{�n}f2{�i � ¼ � � f2{�¥�{�mh������{��@m;nhk>¢qil��{�i�n;{z��Úh�z��4���hil�4¢q{z����il{ ¯ � {z������4jl��nhil�ß¾4�4n
ilnh��o4{����4¢}�)khmh�����Ükh{�n"!å�4��¾4{�����{�ilj�{��$#hil{�ã4{�nhkh{�¢ ��m ¾4{���fh���4mh���v��{�¢ ��{��4~�¤
��il�4nh��o4�4��±$¾4�4n�¢q��%Õil¢q�4jÉ¿'& ¿T¾4{����T{�nhk;{z�zr |)�@il���_�zmå{���~4{�nhnh{�n��¶kh�4ãg¢qil�@��mhjl¤
¥��4n;i�{�����{z¢ �T|)|T�b� ��{��h���h�4�h{�Úh�����4¢qkhil���v��{�n�¾4�4n��4nhn$��4�h{���nhk�p£e Â ��¢ 
{�����{�il�������T{���k;{zn°~ ��4nhnh{�n��¶khil{T{�����{zil���v��{�n)(�{�jlj����h�4nhnvmhnho4{�nå¥��4jljl{zn��z�)�4�ßf2{�i
Úh�����4¢qkhil������{�n �m;f2{z�F¿Óe Â ��¢  kh{�mh��jlil��� o4{�o4{zn �mhf2{��Tkh{�� � ® �Ä¤ÀÛ�{z¢�fh���4n
�4f�����ilnhk��4f2{��Ç�4nhkh{�����{zil���Çkh{�mh��jlil���¡����4�h{�� �4jl�£il¢ *Y�4jljgkh{�� ¯ �4j�jl{���khilnho4�
khil��~4{���{�nh± × �4Þh�4n�¿4¿zÌ4¤ÀÛ�{�¢}f;���4n�r,+ në{�ilnh{�¢ � �4mh{�����{���� �mhf2{��D¿ ¼4¼4¼ Ú;��mhnh¤
kh{�nÊf2{�i@{�i�n;{z��Úh�����4¢qkhil������{°¾4�4n�Æ ¼4¼ ¢qe Â ��¢  m;nhk�{�i�n;{z�	(�{�j�jl���h�4nhnvmhnho
¾4�4n����;r ¼ &-�4s � ¯ k$r&��r$Î ¼ & s4Ì4±���mh��k;{q¥ �mh�b{�ilnh{}��mhjl¥��4nhil{�����{��T|T|)�b�D¤
Û�{�¢}fh���4n ¯ {�f2{�nh�����ái�{Ç¥ �mh�°khil{ �ß{��.#hm;�4���4��m;j�¥Ø�4nh� ��4m;��{�¤À�ß�4j�/�¢q{���{�±F~4{�ilnh{
egfhn;�4�h¢q{åkh{��0(�{zjljl���h�4nhn�m;nho>¥Ø{z����o4{�����{�j�jl��r
� il{T¢q��%�il¢q�4jl{�n�1${�il����mhnho4��khil������{�n}f2{������4o4{znå¥ �m;�ßkhil{)i�n�egfhf�r¶p;r » o4{���{�i�o4¤
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��{�n£�D{zn;nhjli�n;i�{�n ¼ & » � Â ��¢  f2{ziJ¿'& ¿�e Â �z¢  ¥��mh� × �4Þh�4nÜ¿4¿zÌ;� ¼ & Åå� Â �z¢ 
f2{�iå¿'& » e Â ��¢  ¥ �mh� » s32 ��mhjl¥��4nhil{�����{��£�)|T|)�b� mhnhk ¿'& p¦� Â ��¢  f2{�i
p"e Â ��¢  ¥ �mh�åkhil{ � ® ��¤ÀÛ�{�¢}f;���4n�r � il{>¥ �m;�}�4�h��il¢q�4jl{>�D{�nhnhjlilnhil{zn�nh�4��¤
�T{�nhkhilo4{�n4���4nhkhf2{�khilnho4m;nho4{�n¬iln¬�)|TÛ�¤65B��{�nhnh������72��{�j�jl{�nÊ���º�ái�{°khil{98gnh¤
��{��������hil{zk;{¦����il�����h{�n ��m;j�¥Ø�4nhil{z����{�n �T|T|)�b�D¤ëm;nhk × �4Þh�4n;¤ÀÛ�{z¢�fh���4nh{�n
�T{���kh{�n"iln"�D�4��r » khil��~�mh��i�{����zr
� il{T�T��¤65�{�jl{�o4mhnho�kh{��:!å�4��k;i�72m;��il�4nh��{�j�{�~�������kh{�ngf2{�����m;ogf2{zivkh{�n}iln}egfhf�r
p;r » k;�4��o4{�����{�jljl��{�n��D{�nhnhjlilnhil{zn<; ¢qo Â ��¢  � {��g��mh��k;{ � {�kh�����¬iln��4nhkh{���{�n
8gn���{�����mh���vmhnho4{�n�o4{��z{�ilo4���hkh�4ã£�4mh���Ê¢qil���T��¤65�{�jl{�o4mhnho4{�n"¾4�4nÊn�mh� ¼ & ¿
¼ & » ¢qo Â ��¢  ��4�hnhjlil���h{=1${�il����mhnho4��khil������{�nÄ{z����{�i����vfh�4�£��ilnhk ¯ ��r Ë ;;¿zÍ�mhn;k
kh�4��iln��4n;o4{zo4{�f2{�nh{>(�il���4��{�±��T���¦kh�4ã¦khil{Ê|Tkh{�jl¢q{����4jljl~4�4����{�n¦¥ �mh� ¢qi��q«D
f2{�����il{�f2{zn;{g�T|TÛ�¤65B��{�nhn;������72��{�jljl{znÇ{����h{�fhjlil���ëo4{���{�nh~����){���kh{�n"~4�4nhnv��{�n�r

Y[Z@? A�eCB hjk D[n[e8l'E[s\gGFIHKJ0LjhMEigth N gte F»ePe8g�OÅgtePk FIPjs\gth A4J gteËb
Q nRNMS hMB Q FIT

� {��}Ð@���4nh���2�4���q¾4�4nÔ���4����{���¢q�4jl{z~ �mhjl{�n¬m;nhkÔ¾4�4nÏ�T���4���4nh{�nÔk;mh�����¡{�ilnh{
�T|)Û ~¶�4n;nb¢q�4~����4��~4�4�hil�����gkhm;�����}khil{ ® n;���4o4{���¤6!åjl{�i����vmhnho4{�nbk;{z��il����{�¾4{���¤
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{�j�{�~����������h{�¢qil�����h{�n>���4��{�n���il�4jl�Bkh{��T�)���4���4nh{�n_^ê W X µ ê W X v3`ba �Õ�)�4f2{zi
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ê W Z \ ð

V�W X µ c�ded ^ê W X c�d  ê W Z \ ¯ p;rtp4±
V W[Z�\ µ c  d ^ê W X c � ê WfZ\ ¯ p;rtÆ4±
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���º��il{�khil{gkh�4���4mh��¥Ø�4j�o4{�nhk;{znq|)ilo4{zn;�����h�4¥Ø��{�n ¯�� mh{�jljlmhnho°mhnhkÇ��ilkh{��������4nhk
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+ nÃk;i�{���{�¢ �D�4�hil��{�jg�T{���kh{�nâkhil{�ilnâkhil{z��{��qeg��f2{�il�ëk;mh�����ho4{�¥ �mh�;����{�n {k%�¤
�2{���il¢q{znv��{�jlj�{�n38gnv��{�����mh����mhn;o4{zn¡k;{z�q���4����{��������4n;���2�4�����qi�n × �4Þ;�4nÔmhn;k
��m;j�¥Ø�4nhil{z����{�¢ �T|)|T�D� f2{������h��i�{�f2{�n¦mhn;k�khil{"¢q�4~����4��~4�4�hil�����;{znÏÐ@���4n;��¤
�2�4�����h�4���4¢q{z��{z�á¾4{z��o4j�{�il���h{�nhk khil��~Õm;��il{z����r

?~Í�Î Ï ÐGÑ Ñ L�ÒME O�Ó~Ò ÐGÔÕÐGTÂÖ±×CÓ]Ó~Ñ Q Ó$Ö±F�Ñ|HKJMÐGÒ Ï F@ÖKØÀÙL�JMÚ
×UL�ÒME~Ñ|T:Ó$ÐÜÛ ÝÂF@Ð$ÒMÖzÐGÒ Q F@ÖÞÐGÔ@ÐGTÂÖK×CÓ~D�JMÓ~×�Ð�Ö±F�Ñ|HKJMÐG×
ß Ð$×UÒ�Ñ|D�F�Ò�×CÐGÑ¯Ó~ÒMBàÒMÝ á�â>ã Ï ä¹å

æ,çéèKç@è ê�ë�ì:í:î:ïéð�ñKò|í î:ò ë9óôò ë�í:õkö:÷éí:ë�ò õkøKí:ð�í:ù
� il{��D{z��nh���;i�n;��{����4nh�4n;� ¯ {�nho4jlil����� ð nvmh��j�{��4��¢q�4o4nh{���il����{����4nh�4nh��{ ¯-× Û<��±�±
�h�4�°��il����iln¦kh{�nÔjl{�������{�n�¥ �mhnh¥ Á �4�;����{z�;n���{�nÏ�zmà{zilnh{��å¾�il{zjl¥ ��4jl��iloÊ{�i�n;��{�����¤
fh�4��{�n48gnv��{�����mh����mhn;o4��¢q{����h��kh{q{�nv�è��il��~4{�jl���&k;i�{°{�ilnh{}o4���4ã4{qegnh���4�hj�¾4�4n
������mh~���mh��{�jljl{�n£mhnhk k�/�nh�4¢qil�����h{�n�+ nh¥��4��¢q�4��il�4nh{�n �mhf2{��B�/�nv���h{���il�����;{�mhn;k
�mhf2{���f;i��4jl�4o4il�����h{bÚ�/�����{�¢q{bjlil{�¥�{�����r � il{bÐá�h{��4��il{}mhnhkÊegn��){zn;khmhnho4{�n�kh{��
× Û<�¡�T{���kh{�nÇ�4r�5gr4i�n Ë ;4s7ÍYf2{������h��il{�f2{�n��¶¥ �mh�$8gn���{z����mh���vmhnho4{�n£¾4�4nq���4j�/�¤
¢q{���{�n£��{�jl{�¾¶�4nv��{ × Û<��¤À|�%��2{���il¢q{�n���{á�T{���kh{�n£iln Ë ; » Í2�4m;��¥��m;�h��jlil���£khil��~Õm;¤
��il{�����rª+ n�k;{zn�¥��4jlo4{�nhkh{�n�egfh�����hnhil����{�n��T{���k;{zn�khil{)!å��m;nhkhjl�4o4{�n�mhnhk¬k;i�{
{k%Õ�2{���il¢q{�n���{zjljl{ � mh�����h¥ �mh�h��mhnho�¾4�4n × Û<��¤À|�%��2{���il¢q{�n���{�nÊ��mh�bÛ�{�����mhn;o
¾4�4n4��{�j���%��4��il�4nh����{�i���{�n"mhn;k d «g¤ÀÚh{�jlfh����khi�72mh��il�4nh��~4��{kjq�zi {�n���{�n"f2{������h��il{�¤
f2{�n�r � il{���{�|�%��2{���il¢q{znv��{°��mh��kh{�n���mh� � �4��f2{z��{zil��m;nho"kh{��åÛ�{�����mhnho ¾4�4n
{�j�{�~��������4��¢q�4��il�����;{zn�Û�il��¥ �mh�h��mhnho4��~4�Õ{kjq��il{�n���{�n�f2{�n ��4��ilo4���ßmh¢ ¥ �mh�>k;i�{���{
{�i�n �4�h��i�¢q�4jl{���Úhilo4nh�4jl¤6���4mh�����h¤ � {�������4jl��nhil�B{�i�n;����{�jljl{�nq�zmÜ~2��4n;nh{�n�r
ðûú�ü ò õkõýìfí:ñ3þKø,í ÿ±ö:÷éí��yÿ�ö:÷@í���ìfí:î ÿ±öf÷@í��ýê�÷����ýò ë����"ò ïéð
	ªð��ý÷éøKí:õ��

ù'ò ÷��kò|í
* �m;��{�iln£ÚU/Õ����{�¢ ¾4�4n �b{���n;���hilnh��ç µ ¼ ¥ �m;�h����khil{�(�{�{�¢q�4nh�4mh¥����h�4jl��mhnhoåiln
{�i�n;{z¢ ~4�4nh�����4n���{�n"Û��4o4nh{���¥Ø{zjlk�Ó´b��m"{�i�n;{z�]!åjl{�i����;o4{z�ái����v����¢q�4o4nh{���il��i {z¤
��mhnhoqiln���il������mhnhoq¾4�4n�Ó´7rÕÚh{�nh~���{������B��mh¢ Û��4o4n;{z��¥�{�j�kÇ����{z�;{zn;kh{g�b�4¢q¤
�2�4nh{�n���{�n kh{��BÛ��4o4nh{���il��il{���mhn;oF¥ �mh�h��{�n"kh�4o4{�o4{�n£{�ilnh{��T� ��4��{�����il�4nqmh¢ k;i�{
Û��4o4nh{���¥�{�jlkh��il������mhnho�¢qil�>kh{��È1��4��¢q�4��¥���{���mh{�nh����� µ ���Ó´"�4mh���ß�)�4f2{zi
� kh�4�qo�/����4¢q�4o4nh{���il�����h{ � {���� ��4jl��n;i��°kh{��°�b{���nh���hilnh�qil���zrf* �mh�q�)���4���4nh{�n
¯ d «g±bil���bç"µ ¿ Â p mhnhk���µ pK& » Ì4s;¿ ¿ ¼�� ��� d Ð�� d r � mh�����¬{�iln�¢qi��D{�i�n;{z�
«g�����h¥���{���mh{�nh� ¯ «�*�±�¤ÀÚh�hmhjl{�{�����{zm;o4��{����¶¢qil����� �4����i�jljlil{���{�nhkh{��ßÛ��4o4n;{z��¥�{�j�k
kh{��Teg¢q�hjlil��mhk;{��Rd�~7�4nhn£k;i�{	!åjl{zil���ho4{���il���v����¢q�4o4n;{z��i���il{���m;nhobo4{���il{zjl��f2{�¤
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{�iln�#hmhã4�Ù�){���kh{�n ð + ¢ ¢qil��kh{��$1$�4��¢q�4��¥���{���mh{�nh�gmh¢ khil{0��il������mhn;o}¾4�4n��Ó´
���4��i�{���{�nhk;{zn�5B{z��mho4���e/Õ����{�¢ il���Tkhil{���il������mhn;o>¾4�4n�� d ~4�4nh�����4n��z�Õkhil{gÛ��4¤
o4nh{���il��il{z��mhnho ��{zilo4��kh�4�h{��b{�ilnh{°�T� ��4��{�����il�4nÊmh¢ khil{���{»��il������mhnho"¢qil�bk;{z�
*é��{���mh{�nh��� d µ�� � d räÛ�il�Ù«�*�¤À�Tmhjl��{zn�¾4�4nq{zilnhilo4{�n ê � � �4mh{��Ù~7�4nhn>���4¢qil�
khil{"Û��4o4n;{z��i���il{���mhnho�mh¢ f2{�j�il{�fhilo4{q��ilnh~4{�j�o4{�kh��{z�v�q�T{���kh{�n�r � �4�°o4j�{�il¤
���h{°|T��o4{zf;nhil�b��il{qkhil{���{�~Õjl�4����il�����h{åeg��o4mh¢q{�n����4��il�4n¬jlil{z¥Ø{z���g{zilnh{°o4{�nh�4mh{
��mh�4nv��{�nh¢q{����h�4nhil�����;{¸5B{���{����hn�mhn;o;r
�¬{�nhn}k;i�{ÙÛ��4o4n;{z��i���il{���mhnho�����ilnå{�i�n;{zn × il������o4jl{�il���ho4{���il����������mh�����4nhkgo4{�¤
fh���4��������il��k��¶{���¥��4jlo4��{zilnh{)iln}kh{�nå¢q{zil����{�nx* ��4jljl{�nb{k%��2�4nh{�n���il{�jlj�{$��{�jl��%Õ�4��i�¤
�4n}��mh�f!Fjl{�il���ho4{���il��������¢q�4o4nh{���il��i {���mhnho;r � �4f2{�i4mhnv��{��������h{�i�k;{z�_��il���biÈrº�4j�jlo;r
khil{Dj��4n;o4i���mhkhilnh�4jl{ ¯ Úh�hilnh¤6!åil����{���¤À±���{�jl��%��4��il�4nh����{�il� t d ¥ �m;��khil{���{�jl��%��4��il�4n
iln���il���v��mhnho�¾4�4n!�Ó´q¾4�4n¦kh{��}�����4nh��¾4{������4jl{�n ¯ Úh�;i�n;¤ÀÚh�hilnh¤À±.��{�j���%��4��il�4nh��¤
��{�il� t  ¥ �mh��khil{¸��{�j���%��4��il�4nÇ��{�nh~���{������B��mh�0��il������m;nhoq¾4�4n"� ´ ���)�4f2{zi�il¢q¤
¢q{�� t d t Ó{���¥ �mhjlj��ái�����r
|T��o4ilfh�ß¾4{��������hil{�kh{�nh{T¢ ��4o4jlil���h{B�4khkhil��il¾4{]5B{�i���� ��4o4{B�zm°kh{�nÈ��{�jl��%��4��il�4nh��¤
���4��{zn ¯ i�nv¾4{�����{x��{�j���%��4��il�4nh����{�i���{zn;± ð �h�4¢q�4n�m;~Õjl{��4��{}m;nhk��h{���{����4n�m;~Õjl{��4��{
khil�2�4jl�4��{=��{�jl��%��4��il�4n��#�Õm;�4kh��mh�2�4jl�4��{<��{�j���%��4��il�4n ¯ 5B{�khilnho4mhn;o ð ç ¿z±
���º��il{¸��{�jl��%Õ�4��i��4nÇkhmh�����Êkh{�n"|)i�nU#hmhã°¾4�4n>1�{zil��m;nho4��{�jl{�~������4nh{�n£m;nhk�¾4�4n
�h�4���4¢q�4o4nh{���il�����h{�n=(�{znv����{�n�rª5B{zi�kh{��g�����4n;��¾4{������4jl{zn=��{zjl��%��4��il�4nÊo4i�f;�g{z�
�4mh���å{�ilnh{�nx5�{�il�����4o�khmh�����}Û��4o4nh{���¥�{�jlkhilnh�h�4¢q�4o4{�nhil� ��4��{�n���kh{����4f2{��$k;mh�����
Úh�;i�n;¤À|T���h�4¤À�)mhjl��¥��4jlo4{�n ¯ ��r�m�rt± {zjlil¢qilnhil{����q�T{���kh{�n ~7�4nhn�r�+ ¢ ¥Ø��{�i�{�n + n;¤
khm;~Õ��i��4n;����{���¥��4jlj ¯ {�nho4jlil����� ð ¥���{�{gilnhkhm;�z��i��4nqk;{z����/ ¯ *h+ � ±�±��Õf2{�iékh{�¢ khil{z��{��
5B{�il�����4o°nhil�����B�T{�o4¥ ��4jljl���Õ��il��k kh�4�h{��Bkhil{bilnh�;�4¢q�4o4{zn;{������4nh��¾4{������4jl{���{�jl�4¤
%��4��il�4nh����{zil� t%$ f2{��4fh�4������{z�zr
+ nÔkh{�n¡ilnÏkhil{z��{��}eg��f2{�il�>m;n���{�����mh������{znÄ�T���4f2{�nÏ��il��k¡khil{b��{�jl��%��4��il�4n
¾&rä�;r�khmh�����Çkhil�2�4jl�4��{0��{zjl��%��4��il�4nh���h���4��{�����{T¾4{���m;�����4���v��r � il{�khil�2�4jl�4��{0��{�¤
jl��%��4��il�4nÔ~7�4nhnÏn���4�h{���mhn;o4���){zil��{ khmh�����Äkh�4�qÛ���kh{�j�jB¾4�4n¹5Bjl��{z¢�f2{z��o4{zn$�
�)mh����{�j�j�mhnhk��ß�4m;nhk ¯ 5B�T�T± Ë ;4Ì¶ÍÙf2{���{����hnh{��g�){z��kh{�n�r�+ n¬khil{���{�¢ Û���kh{�jlj
��il��k��4nho4{�nh�4¢q¢q{�n��Ykh�4ã"khil{}��{����h��{�jl��il��~�mhnhoÇ{�i�n;{z�gÚ;�hilnh�b¢qil�g¢q�4o4nh{�¤
��il�����h{�n � il�2�4jl{znqiln ��{zilnh{�� × �4����f;�4�������;�4¥�����{�i���j�il���9#hm;~Õ��mhil{z����mhnhk"k;mh�����
{�ilnh{åegmh���4~4�4����{zjl�4��il�4nh��¥�mhn;~Õ��i��4n=n ¯'& ± {k%�� ¯ & ·)(+*�±�¢qil��kh{����D�4����{�jl�4��il¤
�4nh����{�i���(,*}f2{������h��il{�f2{znÊ�T{���k;{zn�~¶�4n;n��&{��D{z��o4i�f;�b��i����Êkh�4¢qil� ¯ ��r Ë ;4s¶ÍÈ� Ú�r
p;¿zp4± ð
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!å{z¢Ü��4ã !FjÈr$Æ;rl¿£��il��k - d ¯ (,*�±}¥��mh�7(,*8�9��µ ¿£¢q��%�il¢q�4jÀr �¬{�nhn�khil{���{95�{�¤
khilnho4mhnho ¯ khm;����� � �4��il�4��il�4n�kh{�� Ð@{�¢q�2{����4��mh��±Ç{���¥ �mhjljl� ��il��k���{�n������h��il���v�
khil{�Ú;�h��mhnho4���4��{bkh{��Ùkhi�72mhn;khil{z��{zn;kh{�n£Ð@{�iljl���h{�n>n ��4�;{z��mhnho4���T{�il��{�kh{��$1��4��¤
¢q�4��¥���{���mh{�nh�Hr±+ nÊ�'/�kh���4��il��il{z����{�n��)|TÛ jlil{�o4��k;�4����{�jl��%��4��il�4nh��¢q��%�il¢}mh¢
kh{��>«D ® ¤À�T���4���4n;{zn ¯ ¥ �m;�q� /��hil�����;{ëÛ�{�ã4¥���{6��mh{�nh��{�nh±åf2{�iBÐ@{�¢q�2{z���4��mh��{�n
kh{�mh��jlil��� m;n���{�� ¼ � � �©kh�Äkhil{æÚ;�h��mhnho4���4��{�n kh{��Ê�¬�4����{���¢q�4jl{�~ �mhjl{¬f2{�i
���4m;¢}��{�¢q�2{����4��mh�õ��4�hnhjlil���¬��il{°i�n #_�mh����ilo4{�¢ «D ® il¢ Ð�«g��¤65B{z��{zil����jlil{�¤
o4{�n�r¼* �mh� × �4Þh�4n���mh��kh{qk;i�{��Di�n ��{�jl��%��4��il�4nh���z{�il��¢q{�����mhnho4{�n ¯ f2{�i:���Êµ
p.; p ¼ Û�«g��±"¾4�4n Úhjl�4kh{H��«g�4��kh��il��~âmhnhk � il��~4{�nh� Ë ;��4Íbo4{���{zilo4��r�egmh¥
kh{��b«g��������{z¢q�2{����4��mh����{zil��{�kh{��¸��{zjl��%��4��il�4nh��¢q��%�i�¢�mh¢q� ¯ ( * � � 4 ¿z±Do4ilj��
t z· t d ¿4�¶����kh�4ãg¥ �mh�ßk;i�{)«D ® ¤À�T���4���4nh{�n}iln}�'/�kh���4��il��il{�����{�nå�T|)Û �4f2{���¤
�h�4jlf"¾4�4n=���4mh¢���{�¢q�2{z���4��mh��{�n ��4�hnhjlil���h{b��{z����{}¥ �mh� t d mhn;k t b{����T�4����{��
�T{���kh{�n�r
(�mh�BÛ�{�����mhn;o}kh{��BÚh�hilnh¤ÀÚh�hilnh¤6��{�jl��%Õ�4��i��4n;����{�il� t ���mh��kh{åkhil{g«g�4�hn;�����h{
Úh�hilnh¤À|)���h�4¤À�Tmhjl��¥��4jlo4{H�Hf2{�����{��h{�nhk£�4mh�á{zilnh{�¢ Å ¼ � ¤À«�*�¤À�Tmhjl�B¢qil�<� d iln=h¤
��il���v��mhnho ¯ f2{����4o4{�n��4mh¥�kh�4�}���4��il{z��{zn;kh{ �b���4��khilnh�4��{�nh�e/�����{z¢q±D��mh�½(�{�i��
& µ ¼ mhn;k}{�i�n;{z¢ ¿ý� ¼ � ¤À�Tmhjl��¢qil�>�Rd iln =h¤6��il������m;nhog��mh�:(�{�i�� & µ (&��¾4{���¤
�T{�nhkh{���r � �åkh{�� � {���jlmh���T�4n£�)�h�4��{zn;~4�4� ��4��{�nh��kh{��)Úh�hilnh�Bkhmh����� �����4��il�����h{
Û��4o4nh{���¥�{�jlkhilnh�h�4¢q�4o4{�nhil� ��4��{�n�¾4�4�Fk;{z¢ ¿ý� ¼ � ¤À�)mhjl�Ff;i����zm;�½(�{zil� & µ p.(
� �mh��~�o ��4nho4iloåo4{�¢q�4�����T�ái���k��Hf2{��4fh�4���v��{��T¢q�4nq{�ilnqÚh�hilnh¤À|)���h�;�Hk;{z����{zn � {�¤
��{�~���il�4n>¢qil��{zilnh{�¢ Ð@���4nh��il{�n���{zn;��{�~4�4��kh{��ßf2{�ihk;{z��¢q��%�il¢q�4j�{�n}eg¢q�;j�il��m;kh{
��mh��(�{�il� & µ p.(°f2{�o4�4nhn;{znÇ��il��k�r t  ~7�4nhnqkh�4nhn khm;����� egnh�h�4����mhn;o}{�i�n;{z�
|�%��2�4nh{�n���i��4jl¥�m;nh~���il�4n£�4n khil{g�4jl��*émhnh~���il�4n ¾4�4n?(Ç{����h�4jl��{�nh{�nÇÚhilo4nh�4jl�4¢q¤
�hjlil��mhkh{�n"f2{�����il¢q¢}�B�T{���kh{�n�r
� il{FÚ;�hilnh¤6!åi�����{���¤6��{�jl��%��4��il�4nh���z{�il� t då��mh��kh{�¢qi���kh{��	+ n;¾4{z����il�4nh��¤À|T���;�4¤
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¤Nafion 117, ENMR

Nafion 117, Zawodzinski et al. [14]
Nafion 117, Xie and Okada [17]

Nafion 117, Fuller and Newman [15]

Nafion 117, Zawodzinski et al. [16]

65% sulfonated PEEKK, ENMR

Anpassungs-Funktion: 
Kdrag = 0,6272 + 0,001513 * n2
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Úh¬�¨©á�ë9hÓ æå9¬�Þ2ÑÐ®9Þ2¬hàhàOÑ�§«ÓzÔj± � å ¥\¦�§©¨ è ¥ ¬'º®�¯M° ¬hhª ´ ¸ §«h�Ñ�Þ$Ühå9¨«¥ÁªhÑÐÞ Ø æå��9Þ2§«®9Ñ��¦	Ô2ÑÐ§©¨«ÑÍªhÑÐÞóãäÑÐßÁ¥hÞ$å9þï å9Þ$§©§«ÑÐÞ2ÑÐ�èsß æ¬hÓzÓzÑ�ð§« � ¨�±�¯�±+*�� ®9ÑÐß¹§«Ô2Ô2ÑÐ¨«Ô2Ñ�çîÑ�Þ$Ô2Ñ
ªh§«ÑÐÓzÑ�Þ � Þ æë��9ÑÐþ¥OÑÐÔ2Þ2å9ÛÝÜ	Ô2ÑÐÔ�Ø�ÑÐÞ2ª�Ñ�´±



� ¯

��ÓÁ§«ÓoÔ½ÓzÛÝÜEØ�§«ÑÐÞ2§«®�è ß¹§«Ô½ÑÐ§«hÑÐß Üçàsª�Þ2ë�ªyà�hå9ß¹§«ÓoÛÝÜhÑÐ ãäë�ªhÑÐ¨«¨ Ñ�§« Úyà�ÓzÔ2ÑÐß
å9¬há?ªhÑÐÞ��¦å9hë9ß¹ÑÐÔ2ÑÐÞ2Ózú å9¨«åÁ×Ð¬þ¥OÑÐÓzÛÝÜhÞ2ÑÐ§«¥OÑ�´èsØ�ÑÐ§«¨ ªh§«Ñ � Ñ�ÓzÑÐÔ2×ÐÑ¦ªhÑÐÞ��%à�ªhÞ2ë9ü
ªyà�hå9ß¹§«ú §«ÜhÞ$Ñ � æ¬h¨«Ô2§«®9ú9ÑÐ§©Ô ï9ÑÐÞ2¨«§«ÑÐÞ2ÑÐ�èEØ�ÑÐhðªhå9ÓöÚyà�ÓoÔ$Ñ�ß 	¬hÞ�å9¬hÓöØ�ÑÐh§«®9ÑÐ
ãäë9¨«Ñ�ú æ¬h¨«ÑÐ ¥OÑ�ÓzÔ2ÑÐÜEÔ�± � å9ÜhÑÐÞ ¨©§«ÑÐáâÑÐÞ2Ô � ¨�±R¯�±3*��½á æ¬hÞöÓzÑÐÜhÞ h§«ÑÐªhÞ2§«®9ÑóçîÑÐÞ2Ô2Ñ¦ï9ë9
�îï9Ñ�Þ$ßÁ¬hÔ2¨«§«ÛÝÜþú9ÑÐ§«hÑ½Þ2ÑÐå9¨©§«ÓzÔ2§«ÓoÛÝÜ�Ñ�?��Þ2®9ÑÐ¥hh§«ÓoÓzÑR± � Ñ��hë�ÛÝÜþÓoë9¨«¨�á æ¬hÞ¦Ü æë9ÜhÑÐÞ2Ñ
çÌå9ÓzÓoÑÐÞ2®9ÑÐÜhå9¨«Ô2Ñ ÿS�¼»������ ªh§«Ñv(ÏÑÐß¹àOÑÐÞ2å9Ô2¬hÞ$ü�¬h�ªÙçîå9ÓoÓzÑÐÞ2®9ÑÐÜhå9¨«Ô2Ózå9¥hÜ æå9h®9§«®9ü
ú9ÑÐ§©Ô ï9ë9äÚ ø ÛÞÝnß �å9ÛÝÜ°ªh§«ÑÐÓzÑ�Þ ãäësª�Ñ�¨«¨«®9¨«ÑÐ§©ÛzÜE¬�h® ¥OÑÐÔ2Þ$å9ÛÝÜEÔ2ÑÐÔÖØ�ÑÐÞ2ªhÑÐ�±b��§«hÑ
��¬hå9EÔ2§«Ô2å9Ô$§©ï9Ñä�¦¬�ÓoØ�Ñ�Þ$Ô2¬hh®�ï9ë9 � ¨�± ¯�±3*��ìá æ¬�ÞþªhÑÐíÚhàOÑÐ×Ð§«å9¨«áâå9¨«¨óÓzÑÐÜhÞÒÑÐhü
®9ÑÐÞÙçîå9ÓoÓzÑÐÞ2ú å9 æå9¨«Ñ ÑÐÞ2áâë9¨«®9ÔÍ§© ÉÍå9à�± � ±3*�è´§« ªhÑÐ á�ë9¨©®9ÑÐhª�Ñ�î�¦¥hÓzÛÝÜhh§«Ô2Ô2ÑÐ
Ø�ÑÐÞ2ªhÑÐ�×Ð¬h æå9ÛÝÜ�ÓoÔ¹ªh§«Ñ6��§«yé æ¬hÓzÓoÑðªhÑÐÞ¹ÑÐ§«h×ÐÑÐ¨©�Ñ� ýHå9ú�Ô2ë9Þ2ÑÐ�å9¬hÓ � ¨�±A¯�±3*��
ªh§«Óoú�¬hÔ$§©ÑÐÞ2Ô��

� å9Ó ò ÑÐÞ2Ü æå9¨«Ô2�§©Ó7½ ¤ ¥ ¦�§©¨=¾ ÿ ¥ ¦�§©¨ ª ¥y¬'º®�¯M° �¹Ø�¬�Þ2ªhÑä¥h§«ÓzÜhÑÐÞ h§«ÛÝÜ	Ô
ª�§©Þ$Ñ�ú�Ôþá æ¬hÞ°ê?ë9¨+à�ß¹Ñ�Þ$ü���¨«ÑÐúsÔ$Þ2ë9¨+àsÔ$ü(ãäÑ ßÁ¥hÞ$å9hÑÐí¥OÑÐÓoÔ$§©ß¹ß�Ôjè å9¥OÑÐÞþÑÐÓ
ú å9h»å9h®9ÑÐhë9ß¹ß¹ÑÐÒØ�ÑÐÞ2ª�Ñ�´èsªhå��4½ Óo§«ÛÝÜ æå9Ühh¨«§«ÛÝÜÒï9ÑÐÞ2Ü æå9¨©ÔöØ�§«ÑÖ×R±sõ¦±
§« ú9ë9h×ÐÑÐEÔ2Þ$§©ÑÐÞ2Ô$Ñ� Ø æå��9Þ$§©®9ÑÐ¿��À�¨«ü�Á æë9Óo¬�h®9ÑÐ�±´ý æ¬�ÞÁªh§«ÑÐÓoÑ¹ú å9hÌª�§©Ñ
(ÉÑ�ß¹àOÑÐÞ2å9Ô$¬hÞ2ü ¬hhªðçîå9ÓoÓzÑÐÞ2®9ÑÐÜhå9¨«Ô2Óoå9¥�Ü æå9h®9§«®9ú9ÑÐ§©Ô ï9ë96½³ æå9ÜhÑÐÞ2¬h�®9Óoü
Ø�ÑÐ§©ÓzÑ¹ªh¬hÞ$ÛÝÜìªh§«Ñ¹ªhÑÐÓ��¦å ï9ÑÐhü ò ÑÐÞ2Ü æå9¨«Ô2h§«ÓzÓoÑÐÓ�Â?Ã�Ä ¾ Â�Åì¥OÑ�ÓzÛÝÜhÞ2§«ÑÐ¥OÑÐ
Ø�ÑÐÞ2ªhÑÐ�èÎØ�ë9¥OÑÐ§9ªhÑÐÞ�� � ü�Á ÑÐ§«Ô2á æå9Üh§«®9ú9ÑÐ§«Ô2Ózªh§'O¬hÓo§«ë9hÓzú ësÑi�¹×j§©ÑjEÔ9Â Å ß¹§«Ô
ª�Ñ�Þm�¦ÑÐÞ2hÓzÔ2ü���§©�ÓoÔ2ÑÐ§«hü(õöÑÐ×Ð§©ÑÐÜ	¬hh®�å9¬�Ó´ª�Ñ�Þ ê�Þ2ë9Ô2ë9hÑÐh¨«ÑÐ§«Ô2á æå9Üh§«®9ú9ÑÐ§«Ô�¥OÑÐü
Þ$Ñ�ÛÝÜ�hÑÐÔÒØ�§«Þ2ª�± ý æ¬hÞ£��À�¨«ü�Á æë9Óo¬h�®9Ñ� ß¹§«Ô7� ¤ -/� �¬ã 0'Æ�-ÇÀ ¨ÉÈ80ÖÓzÔ2ÑÐ§©®9Ô
Â Ã Ä ¾ Â Å ï9ë9¼��¹e2ð¥OÑÐ§?¯����¡É å9¬há���¹ � ¥OÑÐ§?¯ � �¡É á æ¬hÞ=� ¤ *��ð¬h�ª
ï9ë9%��¹ ��Ê ¥OÑÐ§�¯����¥É å9¬há8��¹ Ê . ¥OÑÐ§ ¯ � ��É á æ¬hÞ~� ¤ ���¹å9Ë-/.�*r0�±
��ÓÁØ�§«Þ2ªìå9�®9Ñ��ë9ß¹ß¹Ñ�´è´ªhå��äªh§«ÑÒ�¦h×Ðå9Üh¨�ªhÑÐÞ½çÌå9ÓzÓoÑÐÞ2ß¹ë9¨«ÑÐú æ¬h¨«Ñ §«
ª�Ñ�Þ��%à�ªhÞ$å9Ô2Ü æ¬h¨«¨«Ñ!���h�jø ÛÞÝ¡  ú�¨«Ñ�§«þ§«ÓzÔó§«ß ò ÑÐÞ2®9¨«ÑÐ§«ÛÝÜþß¹§«Ô~� ¤ ���Ò¬h�ª
ª�å�� Óz§«Ñþú9ÑÐ§«hÑÐìØ�ÑÐÓzÑ�	Ô2¨«§«ÛÝÜhÑÐ«��§©�éh¬:�Ìå9¬�á¦ªh§«Ñ6(ÏÑÐß¹àOÑÐÞ2å9Ô2¬hÞ2ü½¬h�ª
çîå9ÓoÓzÑÐÞ2®9ÑÐÜhå9¨«Ô2Ózå9¥hÜ æå9h®9§«®9ú9ÑÐ§«Ô�ï9ë9�Ú ø ÛÞÝnß á æ¬hÞc�¼»¢���¹Ü�å9Ôj±
� å9Ó ò ÑÐÞ2Ü æå9¨«Ô2�§©Ó ²´�µ�¶�· ¾ ´ ¸ Ü æå9�®9Ô�ÓzÔ2å9Þ2ú¹ï9ë9¹ªhÑÐÞ�ãä§«ú�Þ2ë9ÓzÔ2Þ2¬hú�Ô2¬�Þ�ªhÑÐÞ
ãäÑÐßÁ¥�Þ2å9íå9¥�è�Ø�ÑÐ§«¨Öªh§«Ñ°çîå9ÓoÓzÑÐÞ2ß¹ë9¨«Ñ�ú æ¬h¨«Ñ»¨©ÑÐ§«ÛÝÜEÔ$Ñ�Þ¹§«�ÑÐ§«hÑÐß Ø�Ñ�§«ü
Ô$Ñ��ÉÍå9hå9¨¦ß¹§«Ô2®9ÑÐá æ¬hÜhÞ2Ô»Ø�ÑÐÞ2ªhÑÐñú æë9�hÑÐ�± ý æ¬�ÞÒ®9ÑÐÞ2§«h®9ÑÐÞ2ÑÇçÌå9ÓzÓoÑÐÞ2ü
®9ÑÐÜhå9¨«Ô2ÑÇØ�ÑÐÞ2ª�Ñ��ª�§©ÑâÉ�å9 æå9¨©ÑÇÑÐh®9ÑÐÞ³ÿ6ï�®9¨�± É�å9à�±#2�±'���jè�Óoë ªhå�� Ø�ÑÐü
®9ÑÐ½ªhÑÐÞ ªhå9h½ÓzÔ æå9Þ2ú9ÑÐÞ2ÑÐ½ê ë9¨+à�ß¹ÑÐÞ2ü(çÌå9ÓzÓoÑÐÞ2ü(çîÑÐÛÝÜhÓoÑÐ¨«Ø�§ Þ2ú�¬hh®�ÑÐ§«�®9ÑÐü
Þ$§©�®9Ñ�Þ$Ñ�Þ�ãä§«Ô2á æ¬hÜhÞ$¬hh®9ÓzÑ�OÑÐú�Ô ÑÐÞ2Ø�å9Þ$Ô2ÑÐÔ Ø §©Þ$ª�± � §«Ñóê?ë9¨+àsß¹ÑÐÞ2ü(çîå9ÓoÓzÑÐÞ2ü
çîÑÐÛÝÜhÓoÑÐ¨«Ø�§«Þ2ú�¬hh® §«ÓoÔöÓzÔ æå9Þ2ú9ÑÐÞ�¥OÑÐ§OÔ2§«ÑÐáâÑÐð¬hhªþÓzÛÝÜEØ æå9ÛÝÜ�Ñ�Þ ¥OÑ�§�Ühë9ÜhÑÐ(ÉÑ�ß¹àOÑÐÞ2å9Ô$¬hÞ2ÑÐ�è�Óoë�ªhå�� ²´�µ�¶�· ¾ ´ ¸ ¥OÑÐ§ Ô2§«ÑÐáâÑÐ?(ÏÑÐß¹àOÑÐÞ2å9Ô2¬hÞ2ÑÐðØ�ÑÐ§«Ô2ÑÐÞå9¥�®9Ñ�ÓzÑÐhú�ÔöØ�ÑÐÞ2ªhÑÐÇÓoë9¨«¨«Ô2ÑR±

û! �¦¥h¥�± ¯�±3ÌþØ�Ñ�Þ$ªhÑÐìªh§«Ñ7��OÑ�ú�Ô2ÑRè´ªh§«ÑåÚ ø ÛÞÝnß°¥OÑÐ§ ò å9Þ2§«å9Ô2§«ë9 ªhÑÐÓÁçîå9Óoü
ÓoÑÐÞ2®9ÑÐÜhå9¨«Ô2ÑÐÓ½¬hhª¾ªhÑÐÞ!(ÏÑÐß¹àOÑÐÞ2å9Ô2¬hÞ½¥OÑÐÑÐ§©�éh¬hÓzÓoÑÐ�è´×Ð¬hÓzå9ß¹ß¹ÑÐh®9ÑÐáâå��9Ôj± � §«Ñ
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^ _�`bac^d�egfHhjilk5mXn o p�qsrgotvugwHxjylz5{X|

} ~s�b�g}���g�\�b���5�L� � ���b�c����g�H�j�l�5�X�

�¦¥h¥�§©¨«ªh¬�h®ð¯�±+Ì���� � ���J� � � � � �9��� ������ ��j� � ���j�¢¡ ºh���¦� � �¢£A�¤���Î���½�9���¦¥ �o²¹ÅÉ� ¼
� � ���j� ����º¨§ � ���Î�o��¡���  ��� � � ��©«ª ø�¬8¯®±°

ýH¬hhú�Ô2§«ë9hÑÐ ª³²]´¶µ  ²ø�¬�¯® ¥OÑ�ÓzÛÝÜhÞ2ÑÐ§«¥OÑÐäªhÑÐÌ¨«ë9ú å9¨©ÑÐÇÑÐ¨©ÑÐú�Ô2Þ2ë�ë9Ózß¹ë9Ô2§«ÓoÛÝÜ�Ñ�³ãä§©Ô$ü
á æ¬�ÜhÞ2¬hh®9Ózú9ë�ÑÐáæ<h×Ð§«Ñ��Ô2ÑÐ�è�ªhÑi<h�§©ÑÐÞ2Ô å9¨©Ó��äß¹å9¨ ªh§«Ñ�¨«ë9ú å9¨©Ñ¦çîå9ÓoÓzÑÐÞ2®9ÑÐÓoÛÝÜ	Ø�§«hü
ªh§«®9ú9ÑÐ§«Ô ®9ÑÐÔ2ÑÐ§©¨«Ô?ªh¬hÞ2ÛÝÜðªh§«ÑÖ®9ÑÐß¹§©Ô$Ô2ÑÐ¨©Ô$Ñ � Ñ�ÓzÛÝÜEØ §©�ªh§«®9ú9Ñ�§«Ô?ªhÑÐÞ�àhÞ$ë9Ô2ë9h§«ÓoÛÝÜ�Ñ�
Á å9ªh¬h�®9Ñ�´± � ÑÐÞ¹çÌÑÐÞ2Ô»ï9ë9 ª³²]´�µ  ²ø�¬��® §«ÓzÔ¹E¬h¨«¨�è�Ø�ÑÐh · ®9¨«ÑÐ§©ÛÝÜ�ª�Ñ�ß ¸Íå9ü
hå9¨«Þ2å9ª�§©¬�Óº¹ §«ÓzÔjèsØ�ÑÐ§«¨O§«ðªhÑÐß Ü¼»sª�Þ2ë�ª¢»�hå9ß¹§«ÓoÛÝÜhÑÐ»ãäësª�Ñ�¨«¨Hå9h®9ÑÐhë9ß¹ß¹ÑÐ
Ø�§«Þ2ª´è ªhå��Çªh§«Ñ¹çÌå9ÓzÓoÑÐÞ2ß¹ë9¨«ÑÐú æ¬h¨«ÑÁå9 ªhÑÐÞ½¸�å9hå9¨«Ø�å9�ª ¬�E¥OÑÐØ�ÑÐ®9¨«§«ÛÝÜ Óz§«hª�±
� Ñ�Þ�Ô2ë9Ô2å9¨«Ñ ÿ6¥h×ÐØÍ±A®9ÑÐß¹§«Ô2Ô2ÑÐ¨«Ô2Ñi�½Ñ�¨«ÑÐú�Ô2Þ2ë�ë9Ózß¹ë9Ô2§«ÓoÛÝÜhÑ ãä§«Ô2á æ¬hÜ�Þ2¬hh®9Ózú9ë�Ñ��¹×Ð§«ü
ÑÐEÔ Ñ�Þ$®9§©¥�Ô�Óo§«ÛÝÜðå9¨«Ó ª ø�¬8¯® ¤ $¾ ¶ ¾È ¾ ª ²]´�µ  ²ø�¬��® ÿ¿·M� ·�À¼·	±
��Ó ®9§«¥hÔ ×ÐØ�ÑÐ§EõöÑÐ§«Ô2Þ æå9®9Ñ á æ¬hÞÉªh§«Ñ#(ÏÑÐß¹àOÑÐÞ2å9Ô2¬hÞ$å9¥hÜ æå9h®9§«®9ú9ÑÐ§«Ô ï9ë9 ª ø�¬��® ß¹§©Ô
®9¨«ÑÐ§«ÛÝÜhÑÐß ò ë9Þ2×ÐÑÐ§©ÛÝÜ�Ñ�ÂÁs¥OÑ�§OÔ$§©ÑÐáâÑÐÞ2ÑÐ?(ÏÑÐß¹àOÑÐÞ2å9Ô2¬hÞ$Ñ�³®9§©¥�Ô ÑÐÓ�ÑÐÞ2ÓzÔ2ÑÐhÓ�ß¹ÑÐÜhÞ
ê�Þ2ë9Ô2ë9hÑÐEÔ$Þ2å9hÓzáâÑÐÞ2àhÞ2ë9×ÐÑÐÓoÓzÑRè�ª�§©Ñ ×Ð¬hß ê�Þ2ë9Ô2ë9�Ñ�vÃh¬:��è�å9¥OÑÐÞ h§«ÛÝÜ	Ô´×Ð¬hß çÌå9Ózü
ÓzÑÐÞ�Ãh¬:�Á¥OÑÐ§«Ô2Þ2å9®9ÑÐ�èE¬hhªðÑÐÓ�Ø §©Þ$ªÒ×ÐØ�ÑÐ§«Ô2ÑÐhÓ�ª�§©Ñ¦ê?ë9¨J»�ß¹Ñ�Þ$ü(çÌå9ÓzÓoÑÐÞ2ü(çîÑ�ÛÝÜ�ÓoÑÐ¨«ü
Ø�§«Þ2ú�¬h�®äÓoÔ æå9Þ$ú9Ñ�Þ�èÉÓzëäªhå��äÓz§«ÛÝÜì®9ÑÐÞ2§«h®9ÑÒçîÑ�Þ$Ô2Ñþï9ë9 ª³²]´¶µ  ²ø�¬�¯® á æ¬�Þ · ¹
ÑÐÞ2®9ÑÐ¥OÑÐ�± õöÑÐ§«ªhÑ?�#OÑÐú�Ô2ÑÒá æ¬hÜhÞ2ÑÐ ×�¬¾®9Ñ�Þ$§©�®9Ñ�Þ$Ñ�¾çÌÑÐÞ2Ô2ÑÐ ï9ë9 ª ø�¬��® ¥OÑÐ§
Ô2§«ÑÐáâÑÐÞ2ÑÐ?(ÏÑÐß¹àOÑÐÞ2å9Ô2¬hÞ2ÑÐ�±
� §«ÑÅÄ¦¥�Ü æå9h®9§«®9ú9ÑÐ§©Ô ï9ë9ß çÌå9ÓzÓoÓzÑÐÞ2®9ÑÐÜhå9¨«Ô §©ÓzÔ ú9ë9ß¹àh¨«§«×�§«ÑÐÞ2Ô2ÑÐÞ�Á¤ÆÍ¥EØ�ë9Üh¨hê�Þ$ë9ü
Ô2ë9�Ñ�	Ô2Þ2å9hÓzáâÑÐÞ2àhÞ$ë9×�ÑÐÓzÓoÑä¥OÑÐ§¦®9ÑÐÞ2§«h®9ÑÐ�çÌå9ÓzÓzÑ�Þ$®9Ñ�Ü�å9¨©Ô$Ñ�ñØ�ÑÐh§«®9ÑÐÞÒØ�§«ÛÝÜ	Ô2§«®
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Ø�ÑÐÞ2ªhÑÐ�ès§«ÓzÔ ª ø�¬�¯® ús¨«ÑÐ§«hÑÐÞ å9¨«Ó ¥OÑÐ§HÜhë9ÜhÑÐðçÌå9ÓzÓoÑÐÞ2®9ÑÐÜhå9¨«Ô2ÑÐ�±���ÓöØ�§«Þ2ªÒª�å9Þ2ü
å9¬hÓöå9¥h®9ÑÐ¨«Ñ�§«Ô2ÑÐÔjèEªhå��Áª�Ñ�ÞöØ�§«ÛÝÜ	Ô2§«®9Ñ�Þ$Ñ��#OÑÐú�Ô ªh§«Ñ ò Ñ�Þ$Þ2§«h®9ÑÐÞ2¬hh® ªhÑÐÓ�Ü¼»sª�Þ2ë9ü
ª¢»�hå9ß¹§«ÓoÛÝÜ�Ñ�äê�¬hß¹àOÑÐhÓ½§«ÓoÔjè´å9¬�Óo®9ÑÐªhÞ æ¬�ÛÝúsÔÍªh¬hÞ2ÛÝÜ ÿS� �8�h� ø�¬8   �vÇÈ�É ¶�ÊÈ�Ë §«
� ¨(±h¯�±3*��ÍÌ ±
û!ñªh§«Ñ�ÓzÑÐß ��¬hå9¨«§«Ô2å9Ô2§«ï9ÑÐ�õö§©¨«ªñ®9§©¥�ÔÒÑÐÓÒ×ÐØ�ÑÐ§¦õöÑÐ§«Ô2Þ æå9®9ÑÇá æ¬hÞðªhÑÐ , 	Ô2ÑÐÞ2ü
ÓoÛÝÜ�§©ÑÐª ï9ë9 ª ø�¬�¯® §« �¦å�<hë9 ¬hhª�§«¿Óz¬h¨«áâë9h§«ÑÐÞ2Ô2ÑÐß ê#�#�«¸Î¸ á æ¬hÞ»ÑÐ§©�Ñ�
®9ÑÐ®9Ñ�¥OÑÐhÑÐñçÌå9ÓzÓoÑÐÞ2®9ÑÐÜhå9¨«Ô6�ÏÁ���Þ2ÓzÔ2ÑÐhÓþÑÐ§«hÑÌÓzÔ æå9Þ2ú9ÑÐÞ2Ñ çîå9ÓoÓzÑÐÞ2ü(ê ë9¨J»�ß¹ÑÐÞ2ü
çÌÑÐÛÝÜhÓzÑÐ¨©Ø §©Þ$ús¬�h® §«ÇÓo¬�¨©á�ë9h§«Ñ�Þ$Ô2ÑÐß ê��#�Å¸Ð¸ è�ªh§«Ñ½§«hÓo¥OÑÐÓzë9hªhÑÐÞ2ÑÍå9¬háâ®9Þ2¬h�ª
ªhÑÐÞÑ¸ÍÑ�Ô$ë9ü � Þ$¬hàhàOÑÐíÑÐÞ2Ø�å9Þ2Ô2ÑÐÔðØ�§«Þ2ªí¬h�ª å9¬�ÛÝÜí§«�ªhÑÐÒÄ¦¥hÓzë9Þ2àhÔ$§©ë9�Óo§«Ózë9ü
Ô2ÜhÑÐÞ2ß¹ÑÐ³ÿ6ÓÎ±Ó¸Íå9à�±)*�� ×Ð¬¹ÑÐÞ2ú9ÑÐhhÑÐ¹§«ÓoÔjèE¬hhª»×ÐØ�ÑÐ§«Ô2ÑÐhÓ ªh§«Ñóá æ¬hÞ�Óz¬h¨«áâë9h§«ÑÐÞ2Ô2ÑÐÓ
ê#���Å¸Î¸ ¥OÑ�§Ö®9¨«ÑÐ§©ÛÝÜ�Ñ�ß çîå9ÓoÓzÑÐÞ2®9ÑÐÜhå9¨«Ô §«ß ò ÑÐÞ2®9¨«ÑÐ§©ÛÝÜ ß¹§«Ô��¦å�<�ë9íÑÐÔ�Ø�å9Ó
ú�¨©ÑÐ§«hÑÐÞ2ÑÐ¨¸�å9hå9¨«ªh¬�Þ2ÛÝÜhß¹ÑÐÓoÓzÑÐÞ ÿ6ÓÐ±Ô¸Íå9à�±
2�±'���j± çîÑÐ¨©ÛÝÜ�Ñ�Þ�ï9ë9ìªh§«ÑÐÓoÑÐ õöÑ�§«ü
Ô2Þ æå9®9ÑÐþØ�§«ÛÝÜ	Ô2§«®9Ñ�Þ §©ÓzÔjèhú å9hð¥h§«ÓzÜhÑÐÞ�h§«ÛÝÜEÔ Ñ�	Ô2ÓzÛÝÜh§«Ñ�ª�Ñ�³Ø�ÑÐÞ2ªhÑÐ�±
Ä¦¬�ÓÑÄ¦¥h¥�±�¯�±gÕÌ¬h�ª *�± ¯Ì§«ÓzÔ ×Ð¬�ÑÐÞ2ú9ÑÐhhÑÐ�èAª�å�� §« Ê�� 5 Óo¬�¨©á�ë9h§«Ñ�Þ$Ô2ÑÐß
ê#���Å¸Î¸ ÿ6á æ¬hÞ7� Ö ¯���� ¥OÑÐ§�®9¨«ÑÐ§«ÛÝÜhÑÐÞ½ê�Þ2ë9Ô2ë9�Ñ��¨©ÑÐ§«Ô2á æå9Ü�§©®9ú9ÑÐ§«Ô�Ø §©Ñð§«��¦å9ü
<hë9 ����.4 &ÑÐØ�ÑÐ§«¨«Ó�ú�¨«ÑÐ§©�Ñ�Þ$ÑÁçÌÑÐÞ2Ô2Ñ»á æ¬hÞ ª ø�¬8¯®÷å9¨«Ó½§« �¦å�<hë9Ë����.þ®9ÑÐ®9ÑÐ¥OÑ�
Óo§«hª´è´Ø�å9ÓÁï9ë9Þ2Ô$Ñ�§«¨«Ühå9áâÔ½á æ¬�ÞÁªh§«Ñ ò ÑÐÞ2Ø�Ñ��ªh¬hh®Çï9ë9 Óo¬h¨«áâë9�§©ÑÐÞ2Ô$Ñ� ê��#�Å¸Ð¸�ü
ãäÑÐßÁ¥hÞ2å9hÑÐî§©äê���ãäü(õöÞ2ÑÐhhÓzÔ2ë�O×ÐÑÐ¨«¨©ÑÐþ§«ÓzÔj±9��§«hÑ ÓoÑÐÜhÞ¦ÓzÔ2å9Þ2ú9Ñ Õ�¬hÑÐ¨«¨«¬hh®
ªhÑÐÞ Óz¬h¨«áâë9h§«ÑÐÞ2Ô2ÑÐ ê#���Å¸Ð¸�ü(ãäÑÐßÁ¥hÞ2å9 ÿS� » ¯����jè ªh§«ÑÒÜ æë9Ü�Ñ�Þ$Ñ÷çîÑÐÞ2Ô2Ñþá æ¬�Þ
ª ø�¬��®÷å9¨«Ó½§«@�¦å�<�ë9�è´å9¥OÑÐÞ�ú9ÑÐ§«hÑ Ø�ÑÐ§©Ô$Ñ�Þ$Ñ���Þ2Ü æë9Ü	¬hh®äªhÑÐÞ½ê�Þ$ë9Ô2ë9hÑÐh¨«ÑÐ§©Ô$ü
á æå9Üh§«®9ú9ÑÐ§«Ô ¨«§«ÑÐáâÑÐÞ2Ô�-/.10�è�Ózë9¨«¨«Ô2Ñ¦¬hEÔ$Ñ�ÞÖõöÞ2ÑÐhhÓzÔ2ë�O×ÐÑÐ¨©¨«ÑÐE¥OÑÐªh§«h®9¬�h®9ÑÐÒï9ÑÐÞ2ß¹§«ÑÐü
ªhÑÐþØ�ÑÐÞ2ª�Ñ�´±

× E�GIHAW�HALK[:HAL�_ GIW�^�U)Rd OMHAL�JMUMVZW�a
HAGIW�H�pML�XZprXZL�^�G3XZU d YyoAJÐØ�gwQ d YIY3WÔØÚÙ�Û�Ü�ÝßÞáà�a
HAW�HAUt^�Y3GINPO�iY3HAGIUMHAL d Y3WâØ�GIW�^�JMUMfäãå�æ ¶èçêé å�ë U�JTL9W�NPOta d NPO
srXZUìØ d qMO{Rd UMV�^�g�s�VZYI� d JMNPOîí d pM��ïZ�gðZ�
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Ø�ë�� ³ � º µ�¶�· � ³ Þóß¹ë��«å9Þ ³ çÌå�µlµ ³ Þ�Ã��]�ÇÿÂ����Áhü(éÃ�«ÛÝÜ ² ���������z�Ä� ³ Þ¦ê#��ã¾è À » ¼
��� ³ � �«ÛÝú ³ � ³ Þ�� ³ �2��ë��z� ³ � ³ �þã ³ ß¹�hÞ$å��Å�����Æ½�À ¤ À � À $ ��� ³ � ³ µoå9ß ² ü�hÞ\�hÛÝú6���' ³ Þ ³ �h×þ×ÐØ¶��µzÛÝÜ ³ �Ç� ³ �È� ³ ��� ³ � ¸�å9ß¹ß ³ Þ\�È��µ ² � ý æ�hÞª��� ³ �z� Ä������
���'����� ³9² Þ2å9ÛÝÜ ²\³9²\³ Ú�� ² �hå ² �«ë��ðÜhå ² º µ�¶�· ³ ���É� ³ �9å ² �«ï ³ µ ò ë9Þ$× ³ �«ÛÝÜ ³ ��è,µoë��hå��
� � àOë�µl� ² �«ïÙØÊ�©Þn��� û�µ ² ·�Ë  ¸bÌ ²]² �¬\Í � ³ Þ?éóå�������µÎ� ³ Þê¸Íå9à������©å9Þ ³ �����Ñ· ¼ Í\Ï¢Ð¿¬8sÑ
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] � ³_^�³?`%a9³ ��� ³ � ³ µ ²n³�b ²�c ��µ a?d ³ �
µfe�� ³ � ³ ��µá»�ghg ³9²ji ��µfk b�³ � ¸ c ghg ³?i �ml���� ³
c ��µÃ��� c µ[n c µ ³?ijo�³?i µ ²Apc%ijq6²\³ g rtsusÅ¸ c ��� ³ n ³�in² ��� ² µl������� ] � ³v^�³ g¹� iSc � d � i �
��� i k b � i\³ �êÆ_wyxÃ����� ³ � ³ � ³ ����� ³ � ³ ��� ³ � ¸ c ghg ³?i �×�����Å� ³ � ³ �Å� ³ � Ä��zw
`�³ � ijc �zg c ��� ³ ���Gk b ²\³9² �+{��}| ³ � ³�~
³ ��� b pc ��n ²\³ µl����� ~ ��n p� b�i ����� ³ � c ��µ�s¤� ³ ��w
µ ²jc%b ��µf� d � ³¶³ ����� b�³�i gh� ³ � ³ g ³ � ² gª� ²Î³ ��� ³ g ste:�
��»6� b�c%ija w ¸ � ³ � ³?iu� surÅÆ�w
��s«¸Æ� \ �%� ] l#�ÿ� i g cÊ³ e:��� » ²\³ k b ���������V»Ã����k�� �!�v� Äv��� a�d ��r����J» ²\³ k���g¹�z�
�!��c ����� i �����z�Al dtc µlµ ³?i n ³ µ ² ����� ²\³ ghe ³?ijc�² � i � ³ µ ² pc �������Ü����µ��%�%� ��� � ³ ����w
� ³?q � ³ � ² � ] � ³ ��� ²\³?i\³ � ~ ��� ³ � ² ����� ³ ��� ³�i�~
³ ��� ³ µf����� p��� ³?i_� k b � pc ��k b�³ gª� ²
X��%�%wygª��w � e i � ²Sa7³ �hn p� i ��� ³��¢³ w�������s¤� ² � c �������¹� ³�i~
³ ��� ³ gª� ²u��c µlµ ³?iuo�³�i w
������� ³ �ml p��� ³�i ��� ³ ��� ³�in³ � Ä���µfk b � p��µfµ ³�d � i �Ç� ³?i�b »6� i ��µ ²jc�² ��µfk b�³ ] i ��k q
³ ����� ³ µ ²n³ ��� ² � a?d �å� c µ¢��� i k b ��� ³ r i ��� ³ � ³ Ãz��µfµ ³ � ³���c µfµ ³?ita � i� ������g ³ ��w
g ³ µlµf�����Û���×� ³?i�c ��� ³ Ã c ��µfk b,²n³ ���&� c µ q�c e������ c%i\³�c ��� ³ n p� b�i\² � ] ³�i ] � i k b w
g ³ µlµ ³?i � ³?i ��� i k b Ã���µlµ ³ � ³ � ^�³ g¹� iSc �¢Ã pc k b�³ ��µ ² À ¼ Í\Ï¢Ð¿¬�^Ñ�� �%�vghg�lá� ³�i
] � i k b g ³ µlµ ³?i � ³?i ¸ c e������ c%i\³ � ³9²jiApc � ² ÀåË #� Ì ²]² ¯¬\Í � �� }�¡ghg�� ] � ³h^�³ ghw
� iSc � d � i �¸��� i k b¸³ ��� ³ X�ghg ����k q�³ l:gª� ²v¢ � c � ijc�² ��µ[k b�³ �£xÃ����� ³ � o ���£�� }�
ghg �i\³ � ²\³ �����}�� ¥¤�ghg Ä���µ ²Sc ��� o�³�i µ ³?b�³ � ³ ����� a ��µ pc�²ja �z��k b gª� ²¤³ ��� ³ g
n ³ ��� ³ ���&� c µfn c µ ³?i � ³?d¤³ � ³ � ³ � ³ k q6²\³¦^�³9²jc ����e�� c�²\²\³ g ³ k bzc ����µ[k b µ ²jc ���z����µl� ³?i\² �
] ³�i ] i �zk q§d � i � p��� ³?i¢³ �z� ³v��c µlµ ³?i µ pc ��� ³�o ����g c �6��g c �B��  \ g � p� b�³·³ ����w
� ³ µ ²\³ �z� ² �
� g �U¨ c �zµ£� ��� q6² ����� � ³ µ ��c µfµ ³?i � ³?b�c � ²\³ µ a � � ³ µ ² ��ghg ³ �ml d � i � ³ �
^�³ µlµf����� ³ � c �È��� ²n³�i µ[k b � ³ ������k b©o � i � ³�bzc ��� ³ � ²\³ �ªr i ��� ³ � � µ9�U� c ���ÿ���`�%�
��� i k b � ³ n p� b�in² l�� ³?i\³ � ��c µfµ ³?i � ³?b�c � ²\³ ��� i k b � i ��k q � ����� o ���«x ³ n ³?i\³ � a w
g ³ g¹� iSc ��µ ²�p��k q�³ �´��g st�6µl� q�q�c�² � i¬p��� ³?i r¯Æ�® � k c �¯�%° ��² ���ÿ� ³ �¦±%� � � �
³?i gª� ²\²\³ � ²d � i � ³ ���
�¢³ ��g s¤���,� c �¹� ³?i r i ��� ³ � d � i � ³ � c%iSc ��n�� ³?c k b,²\³9² l(� c%` ��� ³ µ ³ ��ghg ³?i ��g

¸���� ²jc%q6² gª� ² Ã p��µlµl�z� ³ g ���Æ dtc%in³ �¯lå�����4� c%` � ³ ��g Ä���² p����� ³ �ª� ³�i^�³?` w
a9³ ��� ³ gª� ² � ³ µ ² �z����� ³?i\²\³ g ��c µfµ ³?i�q�³ ��� ³�³ �zn ² ��� c µ ³ � ³ ����� ³ µ[k b ����µlµ ³ � d � i w
� ³ ���ts¤µ d � i � ³´p��� ³?i ��� ³¡��c µlµ ³�i µ pc ��� ³Ü³ ��� q ����µ ²Sc � ²\³?i ] i ��k q©o ���µk c �
�%�%�ªw¶� \ �·g � c%i�o � i � ³ � ³ � ³ �È����� � ³?i§��c µfµ ³?i µ ²jc ���/���Æ� ³?i ¸ c e��z��� c%i\³
��g a7³ � ² ����k b�³ �¨Ä���µ ²Sc ��� o ���ªk c � \ gª��� c ��� ³ � ³ µ ³ ��� �¸³ � ³ �Ç� ³�i µ ²jc%iSq�³ �
� ³ ghe ³?ijc�² � i\³ ghe�¸���������k b�q�³ � ² � ³ µ ¸ c e������ c%i\³ ��n p������µ ²jc ��� ³ µ � k c � \ k?g � p������w
µ ²jc ����µ pc ��� ³?i �����ª� ³ � ³ ��� ³?i � ³ ghe ³?ijc�² � iApc ��� ³?i ����� o ����XÎ¸_� d � i � ³ �Ü��� ³
^�³ µlµf����� ³ �¸�,� i � ³ �tx c ��g ²\³ ghe ³?ijc�² � i ��� i k b � ³ n p� b�i\² l d ��� ³ �¤��� ³ � ³ ghw
e ³?ijc�² � i n p� i | ³ � ³ � ^�³?` e���� q6² gª� ² ������n ³ � ³?i � b�³?i gh� ³ � ³ g ³ � ²\³ � ³ µ ² ��ghg ²
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Nafion, LaConti et al.[13]

ß������z��������������X7�zà ¡ �jÍ���°^��Ë�ÌfÌ9� ���f�¶®¢�f�\���9���!Ë 7��Ìl���[Ì[Ì,�^��Í��f�áËz� â��f�jÍ�� �[Ëäãæå
�hË �UçØË �\�f�^���^�^�7�����\�f�mÎ
� ³?iè^�³ g¹� ijc � ³ � � ����ÙÚX7��Û����Gk b ² � ³ � c � c ��� ³ � ³ � ³ ���+� ³ � i�p����� ³9² µ ³ ��� q�c �����
] ³ gª� ³ � ³ � p��� ³?i ��� ³ � ³ �×��� ³��Å³?i\²\³�o ���´é ¨ n p� i�o ���«¤ \£ê µl����në����� ³?i\²\³ g
ruststì�ì � ³ �Õ��� ³ �Gk b�³ g ��c µfµ ³?i � ³?b�c � ² ÃÄ�����Üµf�%gª� ²uc ��k b � pc%b�³�i ������µ d¤³ ��w
µ ³ ��� ³ �Gk b�³ g ��c µfµ ³?ijo ������g ³ � c � ²n³ ��� � ³ � ² ����k bí� �zg ³ ��� ³ �«� c%q6² � i ��w��%�
��� ²\³?i � ³ � �Å³?i\²\³ �hn p� i � c ¸������ ] � ³ µ ³?iè� � ²\³?i µfk b � ³ � d � i � c ��n ³ ��� ³�in³ ì c w
� c ��µ ²ji � q6² � i\³ �Ü���Üµf���Gn������ ³�in²\³ g ruststì�ì a � i�p�zk q � ³ n p� b�i\² �



¤zX

� � ²\³?i � ³?i µ ³�bziho�³�in³ ����n c k b�³ ��� ³ �µß���� c%b g ³ l¤� c%`Ç³ ��� b4î � i �6� î � c gª��w
µ[k b�³�iº��c µlµ ³�iSï � ` ��� i k b£a?î �z����� i ��µ[k b�³ ì c � pc � ³ µ ²jc�²\² ¸���� ³9² lÕ� ³?i\³ � ³ðpc ��� ³
� ³?i ] ��k q�³ � ³�i � ³?¢ ������� ³ � ³ � ^�³ g¹� ijc � ³ � ² µfe i ��k b ² l qñp����� ³ � ��� ³ ì c � c ��w
��� i k b g ³ µlµ ³�i gª� ² � ³ g � c � ³ ��wyrè����µ ³ ������� ³ wy� ³ µ ³9²ja Ù��%ò%Û

Ò ¼�½S¿ �äó �
ó � ô+õ�ö ½¶Àò4÷ ¼»ùø

� ���Ú���%�

c ��� ³ µ[k b¯pc�²ja9²úd¤³?i � ³ �ml d ��� ³ � Ò ¼ ½ ¿ �äó �ÿ� c µÿ����� ³?i�~
³ � ²ûó � ³ �6� ³?i ] i ��k q ����nëw
n ³?i\³ � a§ü À´��� i k b ³ ��� ³ ��ì c � c �¤� ³?i�³ðpc ��� ³ ÷ ¼» �����Ç� ³ g x c ������µ õ � ³ wï ��µlµ ³ � ³���c µfµ ³?ijo ������g ³ �Û����� ø ��� ³�� ��µ q ��µl� ²Apc�²�o ���£��#ý � �� ¥ò À X X���Õ Á
��µ[×%g  � ³ �+� \ � � Ù�� \ Û��¶��µ ² � �¢³�a ��� ³ � c �znÿ��� ³�þ � ³?i µfk b ��� ²\² µ ïmpc k b�³ ��� ³ µ ³�i
ì c � pc � ³&³?i ����� ² µf��k b � c%ijc ��µÃ� ³?i �  ý_w � ������g ³ � ï � `

º�ÿ¼�½S¿ � õ
 ½�À
ò4÷ ¼»�ø��

� ���Ú�%°%�

ß���� ³?i\³?i µ ³ � ² µ·����� ² ���Å� ³ g b � ³?i � ³7²Sijc k b,²\³9²\³ ��� c ���älA� c%` ��� ³ ì c � pc � ³hc ��� ³
e c%ijc ��� ³ �Õ���É� ³?i ����� `%i ��k b,² ����� o�³?i � c ��n ³ �mà

é ¨ Ò Ï ���¼¾½S¿ � º�ÿ¼¾½ ¿
÷ ¼» ���½·¾ � õ

 ���
ò ø

  � ���Ú� \ �

d ��� ³ �Õ��g ³?i µ ²n³ � � k bzi � ²\² Ò Ï �	�¼ ½ ¿ º ¼ ½ ¿ � º ÿ¼ ½ ¿ � � gª� ² � ³ g ��c µlµ ³�iSo �%w
����g ³ � c � ²\³ ��� � � �����4��g a?d ³ � ²\³ � � k b�i � ²\² �&�{�,���Ú�%°&�z�h�&� �=���Ú�zX ³ �z��� ³ µ ³9²ja9²
d � i � ³ ��� ] � i k b ß�� ïmp��µ ³ � o ������� ����� � \ ³?i ����� ² µl��k b

õ � ò4é ¨ Ò Ï �	�¼�½f¿ ø�
 � � �
� ���Ú�%¤%�

] � ³ � ³ g pc%` �&� �¦���Ú�%¤ c ��µl� ³�d ³?i\²\³9²\³ �£ì c � c � ijc ��� ³ ��µl����������� c � ³ ��� ³ ���Ú°
c ��� ³ � ³ � ³ �¯l ³ µ ³�i � ³ � ³ �¸µf��k b ì c � c � ijc ��� ³ �Ç��g �¢³�in³ ��k b õ� X ��g�� ] ³?i
�Å³?i\² n p� i � c ¸����Æ��µ ² ����� ³ n pc%b�i ���%e�e ³ � ² µf�Å� i � `·d � ³ � ³?i �z� ²\³?i e:����� ³�in²\³
�Å³?i\² n p� i µl����në����� ³?i\²\³ µ�rustsuì_ì � ³ ����� ³ ��k b�³ g ��c µfµ ³?i � ³?b�c � ² �
� p� i+³ ��� ³ � ³ � c � ³?i\³¦�¢³�in³ k b �,����� � ³?i ì c � c ����� i k b g ³ µfµ ³?i g p� `�²\³ � ³?i p��k q w
µf��k b ² ��� ²}d ³?i � ³ �mlâ� c%` ��� ³���c µfµ ³?ijq�c � pc � ³ ��� o�³?i µfk b � ³ � ³ � ³ xÃ��k b,² ����� ³ �
o�³?i � c ��n ³ �/����� µl��k b µ[k b � ³ �z� ³ ��� �¸³ ��� c ��� ³ �z�%ghg ³ � d � i �ml�� c%`Ç³ ² ³?q w
² � o � � i¶³ ��� ] i � ²n²\³ �Õ� ³ µ c ��µf� i ��� ³?i\²\³ � ��c µlµ ³?i µ a � i r ³?i g ³?c�² ������� ³ � ²jiApc � ²
� �,� i ì c � pc � ³ gª� ² ý i � ³ � ² � ³?i �����Û���Å� ³�i �ÿ��� `%i �Gk b ² �����%��l�µ[� ³?ijb¯p� b�³ �Åµl�Gk b
��� ³ ì c � c � ijc ��� ³ � ��g � ³ � � c%q6² � i ����{�� ³ ��� ³?i�i\³?c � ³ � ^�³ g¹� ijc � �zµ ²
��� ³£� � ² � c�² �����ª| ³ ����k b q �%ghe���� a � ³?i\²n³�i l d¤³ ����µf��k b � c µ ��c µfµ ³?i | ³?d¤³ ����µ����



¤%�

� c � ³ ��� ³ ���Ú°zà ¡¤�jÍ���°^��Ë�ÌfÌ9�����n�Ê®¢�f�\���9���!Ë 7��Ìv© Y �[Ì[Ì,�^��Í��f�
r i ��� ³ éU¨�× � gh����× � k?g µ¶� c%i �j� ��� õ ×���g� c ¸����¡rWX X4 ¥°%° X�� ÕmÖ �� }�%¤%¤ ��  ± \
rtsustì_ì rºX X4 ¥ò%� X�� Õ��	� �� }�%� ��  �%ò
rtsustì_ì rt� ±�  � �� }� X���Õ��	� �� ¥°zX�¤ ��  °%± �� ¥�zX

o�³?i µfk b � ³ � ³ � ³ xÃ��k b,² ����� ³ ��� ³ � �Å³ �4� ³ µ q � ³ �z��µ ²\³ � � ��� ³?i µ ²jc ��� ³ µ � � a?d �
] i ��k q�c ��n c ����µ[��µl��k b,² l���� ³�³ ² ³?q6² � o�³��Å³ ��� pc ��� ³�d � i �×� c ��� i k b � iAp� `�³?i�c �zµ
��� ³ ] �Gk q�³ � ³?i � ³?¢ ������� ³ � ³ � ^�³ g¹� iSc ��� ] c¹³ µ ³ ��� ³v�¦c%i � c�² �G���ª� ³�i ì c � c ��w
� a?d �Brè� i\³ ����� i k b g ³ µfµ ³?i ����� ² �����Ä� ³ ��g b¹î � i �6� î � c gª��µ[k b�³ �����z� `ho � c �
c �4� ³ �§s¤����µ ²\³ ��� ³ � ³ ��� ³ µtì c � c ��µ¤� ³?i ] i �zk q�c ��n pc �z� ² l2µl�����ª��� ³ � ³ g pc%` ��� �
���Ú�%¤¶� ³?i\³ k b � ³9²\³ � �Å³?i\²\³uc �zµ
� ³?d ��k b,²n³7²n³¦^ � ²n²\³ � d ³?i\²\³ gª� ²
³ ��� ³?i µ ² pc%iSq�³�in³ �
� ³?d ��k b,² ����� ³ ��� ³?i ì c � pc � ³vc � a ��µ ³?b�³ ��� ] � ³º��²ji � q2² � i � ³?it��c µfµ ³?ijq�c � pc � ³
d � i ���z��ì c e��B°ª� ³ � c � ³?i�c � c � î µl� ³?i\² �
~ � i§�¢³?i\³ k b �,����� o ����� [ g � ` �&� �ð���Ú¤�n p� i � c µ b � ³�i ��� i k b � ³ n p� b�i\²\³
su�Óe ³?i ��g ³ � ² � ³9²jijc k b ²\³9²�d¤³?i � ³ �¯l d ³ � ³ � º ¼�� � � ³�i ���z� ² µf��k b � c%ijc ��µ

º ¼ ½ ¿ � � � f � � � �	� � � ¼ ½ ¿   � ��� �%±%�
d ��� ³ � c ��� ³ �z�%ghg ³ � d � i �ml(� c%` � ³�iØ��c µfµ ³?i � ³?b�c � ² ����� c ��� ³ � ijc ��µfe:� i\² e c w
ijc g ³9²\³?i ���É� ³?i rus ^ � pc%b�³?i ������µ d¤³ ��µ ³_q ����µ ²jc � ² µf��������{��Ü� ³?i�^�³ g¹� ijc �
����� ² �z����� ³ µ ³ g � c �z� � ¼ ½ ¿ � ����� ½��� � À¶� Ò Ï ���¼ ½ ¿ À �!o ��� �èÙN°%��Ûäl � ���%�%�%�Al
µf�%gª� ²�³?i ����� ² µf��k b�c ��µÃ� ³ g �Î³?i ��� ³ ��k b gª� ² �&� �å���Ú�zX%à

é¦¨ � � �;[ � � � �	� � Ò
Ï ���¼ ½ ¿

�
� ��� �%ò%�

ß�� ï¯p��µ ³ �É� c k b �uf���� ³ n ³�in²
�uf;� éU¨

Ò Ï �	�¼ ½ ¿��
� � � ��� �

é¦¨
Ò Ï �	�¼ ½ ¿��

 !#"%$'&)(*    �,+.- � À �
d ��/ ³1020 g a?d¤³30�²\³34¡� k b�i50z²n² �76 - � - ° o�³?ijd ³3498�³9²�d;:�i%8�³<- ] ³�i�a�d ³30z²n³ � ³�i g0=4 �>6 -?+.- � À 0 µ ² n p:zi@8.0z³A0=4B890�³ µ ³?i ß i / ³30�²C:94,²n³�i µ : k b ²\³34¡^�³ gD/ ijc�4�³14ái\³ 6 c w
²%0�oBE�³?i%0=49E�� k c.-Ba?d¤³30 � iAp� `�³34 � i%8.4?:949E�³34£q 6 ³30F4�³�ic 6�µG�;[ 0 g �¢³�in³10 k bH8�³�i



¤ +

��c µlµ ³?i%E�³?b�c 6 ²\³ l4n p:�iI8.0z³�³ ��e ³?i%0 g ³34,²\³ 6=6 ³ ] c�²\³34áo � i 6 0z³3E�³34 � - � c k b �>6 - � - °
q�c�4.4 � [ 0=4J8�³14���c µlµ ³?i\²jiSc�4 µ[e:� in²jq � ³1Kha30=L34?M%L34BN ¼ ½ ¿ l 89L?iI890=L ] 0 g L14 w
O 0 � 4BL30=49L O ] 0 ² : O 0 � 4 O q � L3KhaP0=L'4?M%L34§bzc�M l : g E�L?i%L k b949L3MdQL?i%89L34 à

N ¼ ½ ¿ � RASÙN��#ý_Û � f �
�T+.-U+ �%�

] 0=L s i%E�L / 4.0 O	O L n p:�i � [ :9498VN ¼ ½ ¿ d�L�i589L34W0 g n���6 E�L3498.L14 ì c e 0=M%L 6 o�L?i wE 6 L10 k b9L3498 g 0=MH89L34 c�4989L?i%L34 L ��e L?i%0 g L14XM%L 6=6A/ L O M%0 ghg M%L34 g c%q�i � O q �%e 0 wO k b.L14 � iSc�4 O e:� i5M e c%ijc g L3M%L?i%4Y890 O q�:9M50FL?i%M1-



¤%°

Z;[\Z ]W^`_)a;b\^`cedgf@^`hAi@^ jkcel�mInAl�l�cpo;h i@^`_rq sCm;_)o;l�mto;uAc\v
l�dgf@^`h wx_)s�hAl�u;o;_�y�u@s�_)sCq ^2y?^`_

{ g në��6 E�L14.89L34·d�L?i%89L34©a3:94¯pc k b O M>890=Láo�L�i O k b90=L389L349L34 � ijc�4 O e:� i%M e c%ijc g L wM%L?iz0=4 ��� i g o � 4 ] 0 ² : O 0 � 4 O q � L3Kha30{L34?M%L34>:9498|8�c�4�c k b}890=L�o�L?i O k b90=L389L349L34ý 4 O c�E�L?i wyì�� L1Kha30=L34?M%L34 ��~=��n p:�i � c ¸�� 4�:9498 O : 6Gn�� 490=L�i5M%L O rtsustì�ì g 0FM wL30=4�c�4989L?ièo�L?i%E 6 0 k b.L14�-�~2: O pc�Mja 6 0 k b7L?i n���6 E�M�L30=4��zL?i%E 6 L30 k b g 0=M �#�vw �9L 6=/ O M%890 nëwn : O 0 � 4 O w :.498 � � w ³2L30FM n pc%b90=E%q�L30FM O 890 ² : O 0 � 4 O q � L'Kha30{L34?M%L34 n p:zi�q � 4�a3L34?MSi%0=L�i wM%L � � 6�w ³ðp� O :949E�L34�-{ 4 ßA/./ -1+.- X�° O 0=498>890=LzE�L g pc%` �>6 -1+.-U+ � c�: O 89L34�b4î�8�i � 8�î�4�c g 0 O k b9L34 r L�i wg L?c / 0 6 0=MApc�M%L34 / L�i5L k b.49L3M%L34���c O	O L?i%MSijc�4 O e:� i%Mjq � L3Kha10=L34?M5L14DN ¼ ½ ¿ a3: O c ghwg L34 g 0FM�89L34©c�: O ru�Ø�Åwy� ^ xºw ^VL O�O :949E�L34�L?ijb�c 6 M%L349L34 �#�vw �9L 6=/ O M%890 ² : wO 0 � 4 O q � L3Kha30=LP4?M5L14>:94.8}89L34�c�: O 8.L�i � L?i%4 O M wys 0=4 O M%L30=4 wy�>6 L10 k bX:949E / L�i5L k b w49L3M%L34 � � w ³�L30=M n pc%b.0FE%q�L30=M O 890 ² : O 0 � 4 O q � LPKha30�L14XM%L34©c�: n E�L3Mjijc�E�L34�- ] 0=L ] c wM%L34 n p:�i � � 6Gw ³ðp� O :949E�L34ªdI:zi%89L34©c�: O 89L34�0=4 Ù \%\ Û c�49E�L3E�L / L349L34 ß 4 e c O wO :949E O q�:�ijo�L34 n p:�iANB�5��:9498WN�� / L?i%L k b949L3M'-] L?iú�zL?i%E 6 L30 k b_o � 4�N ¼ ½ ¿ g 0=M�N � � a3L10=E�M l 8�c%`�N ¼ ½ ¿ O � d � b 6�/ L30 � c ¸�� 4
c 6 O c�: k b / L30 O : 6Gn�� 490=L�i5M%L g rustsuì_ì 89L3:9M 6 0 k bÄ� k c.-?L30=49L � iAp� `�L34 � i5894?:94.E �
bmp� b.L�i5Lh��L?i%M%Lhc�494.0 ghg MÅc 6 O 89L?i ��#ý_w �9L 6=/ O M%890 ² : O 0 � 4 O q � L3Kha30{L34?M1- ] 0=L O
q�c�494>89:�i k b�L10=49L34�a1: g 0F4.89L O M / L10%b p� b9L?i%L34 Ã:w �L�i5M%L34Åbzc�: e M O pc k b 6 0 k bÅq � 4 w
o�L?q�M%0�o�L34���c O	O L�i5Mjijc�4 O e:� i%M>L?ijq 6 pc%i5MÅd�L?i%89L34 l c 6 O � 89:�i k b�L30F4�q ��6=6 L?q�M50Go�L O��6 0FL?`�L34�8.L�i¶��c O	O L?i gh��6 L?qØp: 6 L�- { g � L3E�L34 O c�Mja�8�c%a3:ªd¶p:�i%89L34 / L30QL30=49L g
i%L30=4r890 ² : O 0�o�L14µ��c O�O L?i%Mjijc�4 O e:� i%M|890=L ��c O�O L?i gh��6 L?q p: 6 L|89:�i k bkL30=4�a3L 6 4.L
� e i�p:949E�L�0F4|L30F4.L�i n L O M5L14á^£c�Mji%0 � �!dI0=Lva<-4�A-90=4�L30=49L g ì i%0 O MSc 6F6 E�0=M%M%L?i � 8�c Ok b9L g 0 O k b9L rè� M%L34?M%0�c 6 c / Mjc O M5L14�:9498V4?:ziA89:�i k bY890=L 6 L30 k b?M�:94XM%L?i O k b.0FL38 6 0 wk b9L34Ä� e i%:.49E%dtc%b�i O k b9L30=4 6 0 k b�q�L30=M%L34¡c�: n E%i%:.498VL30F4.L O � ijc�890=L34?M%L34Y0 g k b9L w
g 0 O k b9L34 r�� M%L34XM%0�c 6 L30=49L34}E�L?i%0 k b?M%L3M%L34 ��6 :�`>L?ija3L1:.E�L14�- ] 0FL O L?i � c 6=6 0 O M n p:�i
bmp� b.L�i5L_��c O	O L�i5E�L�bzc 6 M5L �%² L14 O 0 k b?M 6 0 k b|490 k b?MIE�L3E�L / L34 l dI0�i%8�c / L?i n p:�iI8.L14� c 6=6¯Ã � L�iSdtc%i%M%L3M'-
� g L30F4.L r c%ijc g L3Mji%0 O 0=L?i%:94.EV89L?i �  ý_wy� ijc�4 O e:� i%MSq � L3Kha30=L34?M%L34 n p:�ix890=L
g c%q�i � O q �%e 0 O k b.Lh^ � 8.L 6=6 0=L?i%:949E�o � 4ª��c O�O L?ijq � 4�a3L34?Mjijc�M50 � 4 O e i �%¸96 L14�:94 wM%L?iu�;i5L14.4 O M �%² a1L 6=6 L34 / L3890=49E�:949E�L34á� O - ì c e - ¤%� a3:|L�iSb�c 6 M%L34 l dI:�i589L34J8.L O w
b�c 6=/ 890=L / L30�490=L18zi%0=E�L�i5L14£��c O�O L?i%E�L?b�c 6 M%L34VE�L g L O	O L14.L14���L?i%M%L n p:zi�N � �
c�: n+ÃÔ� � L � Mjijc e:��6 0=L?i%M l :94.8hc�4 O k b 6 0=L?`�L3498�dI:zi%89LAL30=49L ß 4 e c O	O :949E%q�:�ijo�Ln p:ziz890=L�c�: O 89L34 r L?i g L?c�M%0 � 4 O g L O	O :.49E�L34 / L?i%L k b94.L1M5L14xN ¼ ½ ¿ w ��L?i%M%L;:949889L34HL � Mjijc e:��6 0=L?i%M%L34§�L?i%MGN � � � Ãñ�_�%�I/ L O M%0 ghg M'- ] 0FL ß 4 e c O	O :.49E�L34}o � 4N ¼ ½ ¿ :.498�N � n p:�i O : 6�në� 4.0FL?i%M5L O rtsustì�ì�l 890=L n p:�i�890=L@0=4 ì c e - ¤A/ L O k b�i%0=L w/ L349L34 � 0=490=M%L w ] 0 ² L?i%L34�a3L34 w �90 g : 6 c�M%0 � 49L34�o�L�iSdQL34989L3MdI:�i%8.L14 l bzc / L14|890=L



¤ \

          n = [H2O] / [HA] 
mit  HA = SO3

� H bzw. HA = HCl
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HCl-Lösungen 

Nafion 117

T ca. 300 K D1H [7, 55]

Dσ�  [7, 55]

DH2O
�

DH2O
�  berechnet aus [13]

65% sulf.
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°"q î�rps+t k � ï6vxwyt�î > � D ¾ ûd�³ûd¿ Bts ÅEû ú ¼� ¼ D � û ù ú ¿ @^@ ÄEÅEÈ Ã û < � u �{û < ú û Ùk¯l¬l ÄEx Ã û @ Æ ¿�ÅEû l�< ûdÅ k û ú û p�ú=; < ú l Å >è�%� D Æ ¿�ÅEû l�< ��; Å Ã û < × l Å l Æ�uÅ�Ä @^@ û <^l ¾ s nl ÅEÈ ú | r Ä < Ã û³Å Ã ¿Hû ú l Å >è�%� D u �{û < ú û Ã û < e s ;�Æ û ù ú û < ¿HÅ u�qú < ûdÄ @^l�� ¿ @^l È�ûdÈ�û³Å Ã ¿Hû^�dÄEÈ�û s n; < ¿HÈ�û:× l Å l Æ Å�Ä @^@ û <«l ÄExÐÈ�û ú <=l È�ûdÅÄqÅ Ã @ ¿ ú ûd¿HÅqû <�¦ û <=l Ã û l ÅqÈ�û �ql Ò�ú ¼ ® Ä ù Ã û³Å @ ¿ ú Ã û <�¦ û <=l Ã û³ÅqÈ Æ ûd¿ uBts ÄEÅEÈGû <=sql ÆHú û³Åqû³Å ú l Å >��%� D u �{û < ú ûdÅ r Ä < Ã û�xFnÄ <~� û Ã û(× l Å l Æ Å�Ä @^@ û <�dÄEÅ~nl�BtsEù ú�� ÄEÅ ÃüÃ l�<Fl Ä ù È�û @ nl Ò ¦ Æ ¼§�q¼ Ð � ¾ û < û Bts ÅEû ú ¼Ï ¼ D ® Å �El�ùCù ÄEÅEÈ Ã û <�kml ú ûdÅ Ù¤ @ zÍ; < ; Ã u�� û < ûd¿ Btsh| Ã û ùCù ûdÅ � ûdÈ�¿�ÅEÅ xFnÄ <�l Æ�Æ û z < ;�¾ ûdÅ l ÄEx � q rBî�r�ígjilk �� ý Ù Å @ É é x û ù ú È�û Æ ûdÈ ú$r Ä < Ã û | r Ä < Ã ûdÅ Ã ¿�û z l�<=l�@ û ú û <}|0|Q~ ÄEÅ Ã�� ù ;l ÅqÈ�û �ql Ò�ú | Ã l Ò
° q�� r�s�t�u q�� rps+t k/�� vxwyt � > � D � | � É µ�� ~ ° q�� rps+t k/�� vxwyt � > � D � � > �q¼ Ù DÃ ¿Hû p�Æ ûd¿�Å ù ú û o Ä l Ã <=l ú ¿ ùABts û ®�¾%r ûd¿ Bts ÄqÅEÈ�û < È�¿ ¾Eú ¼ kml ¾ ûd¿ r Ä < Ã ûËx nÄ <°"q�� rps+t k/�� vxwyt � > � D�� û(Å l�Bts Ó @ È�û ¾ ÄEÅEÈ Ã û < z < ;�¾ û r nl�sE< ûdÅ Ã:Ã û < ¡ û ù uù ÄEÅEÈ > � l�ùAù û < ; Ã û < ©MÄEx ú |Íù ¼ Î l ¾ ¼.�q¼l� D Ã ¿�û �Eú < û³Äq¿HÅ ú ûdÅ ù ¿ ú nl ú ûd¿�ÅEû ùÅ�Ä <V@ ¿ ú � l�ùAù û < ¾ � r ¼ Å%Ä <j@ ¿ ú ©MÄEx ú È�ûdxFnÄ Æ�Æ�ú ûdÅ z < ;�¾ ûdÅ sEl Æ�ú û <=ù ûd¿�ÅEÈ�û uù û ú � ú ¼ k ¿�û�× ; Å ù ú l Å ú û ~ p�; ÅEÅ ú û l ÄExÐÈ < ÄqÅ Ã�Ã û ù ��; @ z < ;�¾ ûdÅ sEl Æ�ú û < ux û³Å ù ú û <$l Ä ù × l�� úF; Å ù ú l�@^@ ûdÅ Ã ûdÅ �qú < ûdÄ @^l�� ¿ @ Ä @^ù$@ ¿ ú l ÅEÈ�û �El Ò�úr û < Ã ûdÅ | Ã l�@ ¿ ú^r Ä < Ã û ° q�� r�s�t > � D � ° q�� rps+t�u q�� r�s�t k/�� vxwNt � > � D ~° q�� rps+t k/�� vxwyt � > � D ¾ û < û Bts ÅEû ú ¼

�q¼ D � û ù ú ¿ @^@ ÄEÅEÈ Ã û ù �qú < ûdÄ @^l�� ¿ @ Ä @^ù��k¯l�ù �Eú < ûdÄ @^l�� ¿ @ Ä @ r Ä < Ã û l Ä ù Ã û @ ¡ l�� ¿ @ Ä @ ûd¿�ÅEû < ¤�Å ú û <=� ;�uÆ l ú ¿ ; Å ù xÐÄEÅ p\ú ¿ ; Å�xFnÄ <	°"q�� rps+t > � D ¾ û ù ú ¿ @^@ ú ¼ � Ä ù nl ú � Æ ¿ Bts r Ä < Ã û Ã l�ù¡ l�� ¿ @ Ä @ xFnÄ < Ã ¿�û v ÄEÅ p�ú ¿ ; Å > ° q�� r�s�t ú l Å >��%� D=D > � D ¾ û ù ú ¿ @^@ ú | Ã ¿�û uù û�ûdÅ ú �E< ¿ Bts ú Ã û < nÄ ¾ û < Ã ¿�ûË�dÄ @ �Eú < û³Ä r ¿�Å p û Æ(�%� È�û s n; < ¿�È�ûË× < ûd¿ ù uùABtsEl Æ ûË¿�Å ú ûdÈ < ¿�û < ú ûdÅ �Eú < ûdÄE¿�Å ú ûdÅ ù ¿ ú nl ú ÄEÅ Ã r ¿ < Ã ¿ @ x ;�Æ È�ûdÅ Ã û³Å @ ¿ ú° > � D u ¤�Å ú ûdÈ <=l ÆM¾ ûd�dû³¿ Bts Åqû ú ¼Ù ¼ D � û ù ú ¿ @^@ ÄEÅEÈ Ã û < �qú < ûdÄE¿�Å � l�< ¿ l Å ú û �k ¿�û �Eú < ûdÄE¿�Å � l�< ¿ l Å ú û · >è� È Æ ¼ ¦ Æ ¼Ê�q¼�� D p l ÅEÅ^ÅE¿ Bts ú û ��l p�ú$¾ û ù ú ¿ @^@ úr û < Ã ûdÅ | Ã l Ã û < È�û @ û ùCù ûdÅEû � u�� û < û³¿ Bts ûdÅ Ã Æ ¿ Bts ¿ ù ú ¼ · r Ä < Ã û Ã l�s û <Å~nl�s û < ÄEÅEÈ ù r ûd¿ ù û Ã Ä <=Bts
· � > °�q�� r�s�t > � gjilk D � D � gjilk � ±h�b�+�+����d���
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¾ û < û Bts ÅEû ú ¼ v nÄ < È < ;�Ò û � u �ÿû < ú û r Ä < Ã û Ã l ¾ ûd¿ Ã l�ùml Ä ù Ã û < ;�¾ ¿�È�û³Å® Å �El�ùAù ÄqÅEÈ^û <=sEl Æ�ú ûdÅEû z; < ; Ã u � û <=sEl Æ�ú ûdÅüû � ú <=l�� ;�Æ ¿�û < ú | Ã ¿�û�xFnÄ < ����hg}ilk l ÅqÈ�û³Å ; @^@ û³Åqû � É Á u�®�¾ s nl ÅEÈ�¿�È p û³¿ ú ûdÅ ú ùA�E< ¿ Bts ú Åhnl�s û < ÄEÅEÈ ù r ûd¿ uù û Ã û @ û ��� û < ¿ @ ûdÅ ú û Æ�Æ ¿�Å Ã ¿�û ù û @ � û < ûd¿ Bts ¾ û ;�¾ l�Bts ú û ú ûdÅ � û <=sql ÆHú û³Å� I Øb� ¼®�¾E¾ ¼��q¼(� �³ûd¿�È úG� ûd¿ ùC� ¿�û Æ ûËxFnÄ < Ã ¿�û	9on; Å ú È�û³Å u × Æ ûd¿HÅ r ¿�Å p û Æ ù ú < û³ÄqÄEÅEÈ ��; ÅÇ l � ; Å�ÄEÅ ÃüØ�Ù�a ù Ä Æ x ; ÅE¿�û < ú û @ z yÏy½×¯× ¾ û³¿�È Æ ûd¿ Bts û @ � l�ùAù û < È�û sEl Æ�ú�� ¼y ù ¿ ù ú �dÄmû < p ûdÅEÅEûdÅ | Ã l Ò Ã l�ù ¤ ; Å ; @ û <F@^l�� ¿ @ Ä @ x nÄ <Mù Ä Æ x ; Åq¿Hû < ú û ù z yÏy½×m×r û ù ûdÅ ú=Æ ¿ Bts c l�Bts û < ¿ ù ú l Æ ù xFnÄ < Ç l � ; Å | r l�ù Ã l�@ ¿ ú û < p�Æ nl�< ú�r û < Ã ûdÅ p l ÅEÅ |Ã l Ò Ã ¿Hû ú�� � ¿ ùABts ûä©�nl ÅEÈ�ûdÅ ù p l Æ l Ã û < s � Ã < ; �qs ¿ ÆHu s � Ã < ; �Es ;�¾ ûdÅ y½Å ú @ ¿ uùABts ÄEÅqÈ{¿�Å ù Ä Æ x ; ÅE¿�û < ú û @ z yÏy½×m× ûd¿�ÅEûËÈ < n;�Ò û < û � Bts r l Å p ÄEÅEÈ l ÄEx r ûd¿ ù ú ¼v nÄ < Ã ¿�û v ÄEÅ p\ú ¿ ; Å > °�q�� r�s�t ú l Å >è�%� DFD > � DVû < È�¿ ¾Eú ù ¿ Bts � û Ã ; Bts ¿�Å l ÆHÆ ûdÅ v nl Æ�Æ ûdÅûd¿�Å Ã ûdÄ ú=Æ ¿ Bts û ù ¡ l�� ¿ @ Ä @ ¼� û³¿ Ã ûdÅ^È < n;�Ò�ú ûdÅ � u �{û < ú û³Å Æ ¿�ûdÈ ú ûd¿�ÅEû < û Æ l ú ¿ � È < ;�Ò û �Eú < û³ÄqÄEÅEÈ Ã û < ¡ û Ò�uÃ l ú û³Å¨Ä @ Ã ¿�û l ÅEÈ�û �El Ò�ú ûdÅ v ÄEÅ p�ú ¿ ; ÅEûdÅ ��; <}| Ã ¿�û ú ûd¿ Æ�r ûd¿ ù û Ã l�@ ¿ ú �dÄ ùAl�@ u@ ûdÅ s nl ÅqÈ�û³Å p l ÅEÅ | Ã l Ò Ã l�ù �qú < ûdÄ ù ¿HÈ�Å l Æ Ã û < × l�� ú=; Å u v ûdÅ ù ú û <½l ¾ È�ûd� ; È�ûdÅr û < Ã ûdÅ @ Ä Ò�ú û ¼ y ù r Ä < Ã û Ã l�s û < ûd¿�ÅEûË� r ûd¿ ú û ¡ û Ò < û³¿ s û Ã Ä <=Bts È�û³xFnÄ sE< ú |¾ ûd¿ Ã û < z < ;�¾ û³Å sEl Æ�ú û < xÐûdÅ ù ú û <Ël Ä ù zÍ;�Æl� û ú s ��Æ ûdÅ ú û < û �Es ú l Æ l ú >èz y½Î |½v ¿ < u@^l × l Æ�Æ û Ç l ÆH; > �Ô¿�û ù ¾ l Ã ûdÅED=D � û < r û³Å Ã û ú½r Ä < Ã ûdÅ | Ã ¿�û(¿ @ È�û ùAl�@ ú ûdÅ ¾ û uú <Fl�Bts ú û ú ûdÅ � u�� û < ûd¿ Bts Å�Ä < ûd¿HÅqû ù û sE< È�û < ¿HÅqÈ�û�ÄqÅ Ã È Æ û³¿ BtsE@ nl Ò ¿�È�û �Eú < ûdÄEÄEÅEÈl ÄEx r ûd¿ ù ûdÅ ¼ >è®�Æ�ú û < Å l ú ¿ �ªp n; ÅEÅ ú û l Ä Bts ¡W�\Æ l�< u v ;�Æ ¿�û � û < r ûdÅ Ã û úËr û < Ã ûdÅ |Ã ¿�û�¿ @ ¦ ûdÈ�ûdÅ ùAl ú �(�dÄ z y½Î l Ä Bts ¿ @ �ÿû³¿ ú r ¿�Å p û ÆH¾ û < ûd¿ Bts p û³¿�ÅEû �Eú < û³Ä @^l u� ¿ @^l �³ûd¿�È ú � I�I � ¼ D � ûd¿ Ã ¿�û ù û < ¡ û Ò < ûd¿ s û ú <Fl ú ûdÅ��+û Ã ; Bts ÅE¿ Bts ú û < p\Æ nl�< ¾ l�< û�Eú n; <=ù ¿�È�Å l Æ û ¾ û³¿ s ; s ûdÅ � u �ÿû < ú ûdÅª¿ @ k û ú û p�ú=; <«l ÄEx |Íù ; Ã l Ò Ã ¿�û kml ú û³ÅÅ�Ä < ¾ ¿ ù � � ý Ù Å @ É�� l Ä ù È�û r û < ú û ú½r û < Ã ûdÅ p�; ÅEÅ ú ûdÅ |Eù ; @ ¿ ú$p�; ÅEÅ ú û p ûd¿ uÅEû s n; s û < û z < nl �d¿ ù ¿ ; Å l Æ ù ¾ ûd¿ Ã û < û <=ù ú ûdÅ > s ¿�û < ¿ @ k û ú l ¿ Æw¾ û ùABtsE< ¿�û ¾ ûdÅEûdÅED¡ û Ò < ûd¿ s ûmû <=< û³¿ Bts ú�r û < Ã ûdÅ ¼ k Ä <=Bts Ã û³Å � û < È Æ ûd¿ Bts Ã û < ¿ @ x ;�Æ È�û³Å Ã ûdÅüÈ�û u�dûd¿�È ú ûdÅGy < È�û ¾ Åq¿ ùAù û ¾ ûd¿ Ã û < ¡ û Ò < ûd¿ s ûdÅ p l ÅEÅ l ¾ û < Ã ¿�û >è¾ ¿ ùCs û < Å ; Bts ÅE¿ Bts úù û sE< È�Ä ú ûdD ¡ û Ò È�ûdÅ l ÄE¿�È p ûd¿ ú l ¾ È�û ùABts nl ú � ú�r û < Ã ûdÅ ¼
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k ¿Hû$y < È�û ¾ ÅE¿ ùAù ûxFnÄ < Ã ¿HûÏÈ�û @ nl Ò ¦ Æ ¼³�q¼(� û <=@ ¿ ú=ú û Æ�ú ûdÅ¯¿HÅqÅEû < ûdÅ ¦«< ûdÅE� c nl�Bts û³Å�E< ; � ;�Æ Ä @ ûdÅ?�dûd¿�È ú(®�¾E¾ ¼c�q¼��q¼ ¤ ù ú »/£ r k Ã l�ù�� ;�Æ Ä @ ûdÅ �E< ;ü� Ä Æ x ; Å ù nl Ä < û uÈ < Ä �E� ûm¿ @ ú < ; B p ûdÅEûdÅ�¤ ; Å ; @ û <}|\ù ; ¿ ù ú » £ r k&¤ > � ¸ ¹ D Ã l�ù�� ;�Æ Ä @ û³Å �E< ;� Ä Æ x ; Å ù nl Ä < ûdÈ < Ä �E� û�¿ @ s � Ã <=l ú ¿ ù ¿�û < ú ûdÅG¤ ; Å ; @ û < ¼ k ¿�û½¿�ÅEÅEû < û ¦�< û³Åq� c nl�Bts û�E< ;^� Ä Æ x ; Å ù nl Ä < ûdÈ < Ä �q� ûG¿ ù ú ù ; @ ¿ ú
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®�¾E¾ ¿ Æ Ã ÄEÅEÈ �q¼(� �T° î±³²µ´ ê/¶ ²�·¹¸»º ¶Cç ².¼ ç ² ì/¶ º é ´¾½ ¶b¿/¿ ² êËï¶î¿ ½�À³Á�Â�À³Ã�±³²�Ä U Á?Å öÇÆéÈ¿ º ï ±³² ç2¶ ½³´ ¶Cémí PÉP ¸Ê¸ æ^ç ´ÌË ¶ ¼ ¶Cç º é � � �³Í ý � ø�Îmç2¶ÐÏb¶ ½ éÒÑÔÓEç2¶ÒÕ�¶ ² ¶ ²_À ¿}ïÐê/¶ ·
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®�¾E¾ ¿ Æ Ã ÄqÅEÈ �q¼�� ��, ²�² ¶ ½ ¶.- ½ ¶ ²0/21 îÀ ÑÔÓ�¶ ð 354 À³º é$ë ¿ ² ì ´ ç ±³² Õ�¶Cé.6 À éCé�¶ ½ Ï ±³º ¿ ·æ�¶ ²�À³².´ ¶Cç º é(ï¶î¿ ½ Â�À³Ã�±³² ¿ ² Õ Å ö�Æ é ¿ º ï ±³² ç2¶ ½n´ ¶Cé(í PÉP ¸Ê¸ ø
�074r87 s Æ Ã ¿�û ùA� ûd�d¿H� ù:9ts û�¿�ÅEÅEû2;=û ¦ ;=ûdÅE� c nl&9ts û º ¤

» l Æ ù¨l Ä 9ts Ã ¿Hû�¿HÅqÅEû u;=û ¦ ;Fû³Åq� c nl&9ts û � ; 7¬� Ä Æ x 7 Å ù nl Ä0;=ûdÈ&;=Ä �E� û ù ¿HÅ Ã xFnÄ<; Ç l � 7 Å ¾ ûd¿�È Æ ûd¿ 9ts û>=� l�ùCù û2;=È�û sEl Æ�ú È�û>;F¿HÅqÈ�û>; l Æ ù ¿�Å Ø�Ù a ù Ä Æ x 7 Åq¿Hû2; ú û>= z y½y½×¯× | r l�ù Ã Ä0; 9tsûd¿�ÅEû ù ú nl ; p û2;=û:y½Å ú =^¿ ù:9ts ÄEÅEÈ�¿�Å Ç l � 7 Å?û2; p�Æ nl ; ú�r û2; Ã ûdÅ p l ÅEÅ ¼ k ¿HûÑ¿HÅqÅEû u;=û ¦ ;=ûdÅE� c nl&9ts û � ; 7 � 7�Æ Ä<=^û³Å�ÅE¿?=@= ú�¾ û³¿ ¾ ûd¿ Ã ûdÅ z y ¡ =^¿ ú ù ú ûd¿HÈ�ûdÅ Ã û>=� l�ùCù û2;=È�û sEl Æ�ú l ¾BA ù ú nl ; p û2;=û½yÏÅ ú =^¿ ù�9ts ÄEÅqÈ ¾ û³¿ s n7 s û2;=ûdÅ�� l�ùCù û2;=È�û sEl Æ�ú ûdÅ0C ¼k¯l ¾ û³¿ s n7 s û>;Fû³Å � l�ùAù û>;FÈ�û sql ÆHú û³Å Ã l�ù^� 7�Æ Ä0=^ûdÅ � ; 7{� Ä Æ x 7 Å ù nl Ä<;=ûdÈ&;=Ä � u� û«�dÄEÅE¿?=@= ú | ¿ ù ú Ã ¿Hû«¿�ÅEÅEû2;=û ¦ ;=ûdÅE� c nl&9ts û � ; 7¨� Ä Æ x 7 Å ù nl Ä0;=ûdÈ&;=Ä �q� û�Å nl�s û u;=ÄqÅEÈ ù r ûd¿ ù ûmÄqÅ l ¾ s nl ÅEÈ�¿�È �&7 = � l�ùCù û2;=È�û sEl Æ�ú ¼¡ ¿ ú Ã û>; ® ÅEÅ l�s =^û | Ã l Ò Ã ¿�û zD7 ù ¿ ú ¿ 7 Åqû³Å Ã û>; � Ä Æ x 7 Å ù nl Ä<;=ûdÈ&;=Ä �E� ûdÅ¬ûd¿HÅo Ä l Ã ; l ú ¿ ù:9ts û ù¯¦ ¿ ú=ú û>; l ÄEx Ã û>;¯¿�ÅEÅEû2;=ûdÅ ¦ ;=ûdÅE� c nl&9ts û ¾ ¿ Æ Ã ûdÅ | û2;=È�¿ ¾Eú ù ¿ 9tsxFnÄ<; Ã û2;=ûdÅüÅ~nl&9tsEù ú û³Å Ç l&9ts ¾ l ; l ¾ ù ú l Å Ã
� ¦�¨ª©« � ¥§¦ ¨ª©« A �q¼ Ú C

=^¿ ú ¥ ¦ ¨ © « l Ä ù¯¦ Æ ¼��q¼�Eq¼ k ¿�û ù û2; ®�¾ ù ú l Å Ã ù 7�Æ�Æ =^¿ ú ûd¿�ÅEû2; Ã ;=ûd¿ Ã ¿?=^ûdÅ ù ¿ 7�uÅ l Æ s 7 = 7 È�ûdÅEûdÅ � û2; ú ûd¿ Æ ÄEÅEÈ Ã û>; � Ä Æ x 7 Å ù nl Ä<;=ûdÈ&;=Ä �E� ûdÅ � û2;=È Æ ¿ 9ts ûdÅ r û>; Ã ûdÅ �¡ ¿ ú Ã û2; ® ÅEÅ l�s =^û | Ã l Ò Ã ¿Hû � Ä Æ x 7 Å ù nl Ä<;=ûdÈ&;=Ä �E� ûdÅ nlbo ÄE¿ Ã ¿ ù ú l Å ú l ÄExwûd¿�ÅEû2=ûd¿�ÅEx l&9ts p Ä ¾ ¿ ù�9ts ûdÅ ¦ ¿ úFú û2; ù ¿ ú �dû³Å | û>;FÈ�¿ ¾qú ù ¿ 9ts =^¿ ú ûd¿�ÅEû2= � 7�Æ Ä<=^û³Å » £ r k
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®�¾E¾ ¿ Æ Ã ÄEÅEÈ�� ¼ Ù ��, ²/² ¶ ½ ¶�- ½ ¶ ²0/21 îÀ ÑÔÓ�¶ S ½n± ð ¿ º ï ±³² éwîÀ ¿ ½ ¶Cê ½ ¿ S�S ¶ À³º émë�¿ ² ì ·
´ ç ±³² Õ�¶Cé 6 À éCé�¶ ½ Ï ±³º ¿}æ�¶ ²�À³²µ´ ¶Cç º é¬ï î¿ ½ Â�À³Ã�±³² ¿ ² Õ Å ö Æ é ¿ º ï ±³² ç2¶ ½n´ ¶Céí PÉP ¸»¸ ø
Ã û ù ú ; 7 9�� ûdÅEûdÅ�¤ 7 Å 7 =^û2; ù�� ; 7�� Ä Æ��b7 Å ù2�� Ä<;=ûdÈ&;=Ä �E� û � �Ä0; Ã ûdÅ ®�¾ ù ú�� Å Ã?Ã û2;Å �� 9��Eù ú ûdÅ Ç � 9�� ¾<� ;=Å �

� � r g¦ ¨ª©«�� A » £ r k
� ¸�� Ck� © A � ¼(Í C

=^¿ ú »/£ r k � � ý Ú Ø&� Å<= z � �Ä0; Ç �&�07 Å �b�>E ÄEÅ Ã »/£ r k � � ý Ú � Ø Å<= z ¿�Å Ø�Ù�aù Ä Æ��b7 ÅE¿�û>; ú û2=  8¡¢¡½×¯× ¼£ ¿�û � Ä ù Ã ûdÅ¥¤ ú ;=ûdÄE¿�Å ú ûdÅ ù ¿ ú ���ú û³Å�û2;�=^¿ ú=ú û Æ�ú ûdÅu¦ÿû2; ú û � �Ä0; � ¦ ¨�©p« ÄEÅ Ã	Ã ¿Hû¾ û2;=û 9�� ÅEû ú ûdÅ§¦{û2; ú û � �Ä0; � � r g¦ ¨�©h« ¨ ûd¿HÈ úª©�¾q¾ ¼ � ¼ Ø ��Æ ù¬« ÄEÅ � ú ¿ 7 Å Ã û ù ¦ � ù:ù û2;�® 7�Æ Ä0=^ûdÅ � Å ú ûd¿ Æ ù ¸ � ¼ ¡ ù û>;FÈ�û ¾ ûdÅ ù ¿ 9�� =^¿ úFú=Æ û>;Fû¯¦ÿû>; ú û � �Ä<; Ã ¿�û§¤EÄ Æ 
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²³ E.I¿¾ _ ³ µ·¶ E.IÀ¾ ¸}¹�º ñ�ô�¶ � s,k`x��
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� k ± � _ » µ
¶  Æ ÇÆ È.ÉÊ µ� . L ¶#Ë µ ¸ Æ ÇÆ È.ÉÊ � ¶ Úðö ¬ µ

� ¯>í  ïVË _ ÌÎÍÏXÐ (  ® �'�ÑXÒ� � �ÀÓ ® ÒO>ö�BÃÔN�Ñ�� ¯  ®jõjÕ Ô � � Õ%± � > ?Ó ® Ò Õ  s k x 4 ¯ Ñ��Ñ ³
� s k x � _ » µ

¶  Æ$ÇÆ�È.ÉÊ µ� . L ¶ Ë µ ¸ Æ$ÇÆ�È4ÉTÊ � ¶ Úðö ´ µ
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<WÓ ®�± �DB Õ Ñ��M � 7��Ñ (	¯ Ñw� _ ½ ¶ � k ± � � s,k x � µ Õ Ñ !�Ö ö�ÚðöìÚ� ®jõjÕ Ô � � Õ%± � ³
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¶  Æ$ÇÆ�È.ÉÊ µ� . L ¶ Ë µ ¸ Æ$ÇÆ�È.ÉÊ
¶ Úðö%&�	µ

½ » µ
¶  Æ�ÇÆ�È.ÉÊ µ� . L ¶#Ë µ ¸ Æ$ÇÆ�È.ÉÊ �

< Õ  G ?+ �O ® ÓXÑ õ » µ&Ü » e Z:¼ � Ö Õ �>g ®�� Ò Õ ,A ¯jÕ �Y� ¯ Ñ�$ ] ¯ Ö � 7 °8+ ÑXÑ�$ !`Ö  Õ%± �FÓXÑ õ
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� ¯ ÔN Õ Ò Õ �<,&Ô ² �$5[ ?+ Ñ õ 
Ý Þ _ ¤ µ ¤ ¹�º

S ½ r » µ ¶ Úðö%�S	µ
 Õ Ñ õ ��Y � 7 � �ÀÓ ® Ò��ö
B��w��Ó ® Ò� + Ñ õ �Ñ ¯	°8° �Ñ U Ò + F Õ%° A ¯ Ö ²z°  ®�® ?Ó ± � õ	®�+	�à¤ _ S ¶5( õ Ö ö � ´ S U
�S � ÓXÑXÒâ� _ � õjÕ Ö � ö X ?Ó ® Ò + � + Ô�� ¯	® Ô Õ  ®�� q� + �M�Y ® �ÀÓ ® Ò�� Õ Ñ��� ��+	�Õ � ± ��
< Õ  Ö �� ��®TÕ 7 Õ%� ?+	� �Y� ¯ Ñ�� ��+ Ñ �  (	¯ ÑQCj��$ ¬ � (  ® ���ÑXÒ� �:¶ > ?Ó ® � ?Ó��Y� Õ�õ ��"� + �Y�M ®Õ � �À¤ ¬ �àÔN Õ m + Ó °q�  ° LN ®�+	� Ó ®�U � ö + Ó ± �D< Õ �M�6Ó��Y� Õ%¯ Ñ + Ó�>�h ö=&�j� u µ U Ò Õ 
mJ ± �XÑFÓXÑ õ �Ñn�ÀÓ ® Ò��Ñn> ?Ó ® º _ �j�j� � ÒXÓ ®�± � õ �> ?Ó�� ®�� ö a ° !`Ö ö`Úðö%&��> ?Ó ®Ò + � õ �� +	°q� `ÔN ��®�+	± � �  � q- ¯ Ò� Ö7Ö 7�Ó Ö ?¯ �Y&Ñ UW° Ó F ÔN +	± � �  � �� ® Ò��Ñ U Ò + F+ ÑãÒ� ® ! ® &ÑO7 � ?+	± ��*A ¯ Ö ²j°  ®� � + �M�Y ® Ò Õ �h �  �Õ�õ �	 Õ%� ��ÔN&Ò Õ Ñ õ ÓXÑ õ �Ñ�> ?Ó ®
Ò Õ  G ¯	®�°8+ Ö � ¯	° L ¯ Ñ��Ñ � yÒ� ® Ò Õ  Ö �� ��®Õ � ± ���Ñ��# ® � ± � Õ �ÔXÓXÑ õ �M� ��®�¯	° Ò Õ%± � � ä _ ¤ µ ¤ ß x!á ).  ÓXÑSÒD>3?Ó ® Ò Õ �p + Ñ õ �Ñ �Õ%+ Ö � ¯	° L ¯ ÑO&Ñ � �Ò���9 Ö �� ��®Õ � ± ���Ñ
X  Ö Ò���¡å _ ß x�á )t   ® > ?Ó Ö7Ö � �� ® Ò��Ñ ö
< +	°|Õ%� Ò Õ 8[ ?¯ �$ÓSÑ õ�(	¯ Ñ !`Ö ö`Úðö%&�D�M Ö Ô�� � � ¯ Ñ�� Õ � � �Ñ � � Õ%® Ò U}° Ó F Ò Õ  õ �$
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´ ¬

Ò� ® &� Ö>Ö  (  ® � ± �P� Õ ÑSÒ� � ö ¶ < Õ ��Y ] �Ò Õ Ñ õ ÓXÑ õ Ö Õ �>g ®�� Ò + � õ Ö  Õ%± ��"B ®jõ �ÔXÑ Õ �
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aus idealem Verhalten für KS = 10 
extrapoliert (sulfoniertes PEEKK)
KS = 0,1
KS = 1000 (Nafion)
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? å d �H��E/?�eh�O¥? å d �H��E�?�� ` ; c��éc � � e.=��@? b�c ane cxd ; c b�c ��;���= b �@?q�H; c�� ��h å � ;���O` � � 5 � � c � � ;�� � ; � ` � � c ; c�� ���H�H;�hhe.;���� Ü � =�;���a�; ` ; c =Ce��@? A Cb � d e.;�= b h A ��Oc e.;��H�H; c¬ � �H;���e � he.; c}� A Cb � d e.;3;�e c ;3? å d �H��E�?�eh.O¥? å d �H��E/?�� ` ; �éc � � e.=��@? b�c a
� b A d ;�� � � c � � ;��H;��H= � � h � =B� � �H�R® c�d ;�� �f� h.;�e c ;��H; � �FE<� c ; c �H; c � h.= A Cb � c e.�@?q�= b h A � c e.;����H; � ��h å � ;��H; � � � ` ;�e A Cb � � � ®�� c e � �w;���a�h.;�e.�@? ��b = b h A � c e.;���O�H; � �2��� ��� ;�e cnd ; b ��he.�@?.a�;���e c a�;��H;�� � �ZE<� c ; c �1a�; A b�c�d ; c � e.� d 5 ´ ��?�;
  ;�h ` =�� d e.: b =üe.� c = � �Z;�ä � e ; c �H; c��Bd e�; � h.;�e c ; � �ZE<� c ; c �H; c he�; A ;�� c}� � ;�� d ; c;�� � � �H��;�� � � ; c�c a���� � ;D��� �   ��h.��; c � � b =Ca�; A Cb hh.�H;��n;��H;�e.�@?�; c�� d e�;Oa b � � e.�HO;�e c � c�d ;��J��;�� c ;�� � ��=Ce c�d�� ������he�;�a�; c 5 ¡ ;�� d ; b ��he��@?/; � c �H;��H=B�@?�e.; d£� � e.=��@?/; c� � ®�� c b�c�d = b h A � c e�;��H��; � �2��� �3� � � c�c =B� � e.� ª���b�� e c�d ;�=B�>�H;�eh � ;�e�=B; d � d�b ���@?¢;�� � h�C� �H� � ;�� d ; c��rd � �_d e.;D� � =�=B;�� � � c C� h.;çe c�� � ®�� c ;�� � � =éa���C� � ;�O�H; � e.�H��h.;��H;�� � c � h d�b �H�@? � ;�=B=�;�� � h�=Oe c = b h A � c e.;��H�H; � ���2� �3� � b Ap� ;�e.=�; c
ª �5a�h�5}� � E�5°¯ vb�c�d ` ;�=B=B;�����;�� c ;�� � �3=Ce c�d � h�=_e c = b h A � c e.;��H�H; � �2��� �3�£5�a;�e.�H;��H?�e c =BE�e.;�h��êe c = ` ;�=�� c�d ;���; ` ;�e c e.; d ��ea�; c � � =B=�;���a�;�? � h.�H; c � b �@? d e�;
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d e.; b�c �H;��H=��@?�e�; d he.�@?�; � ��h å � ;��HO¥� � =�=B;��HO¥�a;��@?�=B;�h � e�� �rb�c a�;�e c ;éã ��hh�; Ü ��e.;` ;��H;�e.�H=ée c � � E�5F¦/5.§ d e.= �5b �We�;��H� � b � d ; � =Ce c�d d e.; i � �We��5e.;�� b�c a�=B; c �H? � h�E�e�; c��� c [ \�] e c = b h A � c e.;��H�H; � �2��� ��� ;�� � � =3?�C��?�;�� � h.=1e cn� � ®�� c�� � � = ��b;�� � � = c e.; d ��ea�;��H; c [j\¬] O¥�a;��H��; c e c = b h A � c e.;����H; � �2��� �3� A Cb ?/�H��5 ¬ C��a�he.O
�@?�;�� � ;�e�=B; � e.� dnd�b ���@? d � = b�c E<��h � �H; � ��h å � ;����9Cb � � a�� � �Oe c�� � ®�� c =���a � �` ; � e.� � � ��d � �Od e.;�h.� � � h.;M�n; � ;�a�he.�@? � ;�e.� d ;�� � � =B=�;�� � ��h.; � Cb h.; d e.;�e c�6 Cb =B=üe.Oa�; � � � =�=B;�� Cb ` ;����H��e.:<� �fd ;�� � �H��ea�; O � hh.;�� d e c a�= cfb �Ne � �n;��H;�e��@? ` e�= � � �5e.O
� � h�± ª è he�;�a�; c�d ;wO � :<; � �H; � b � d ; c e c>  � h � h�C��= b�c a�; c\� e.�:a���� � ; c ª � ; c eaE<��h � ��e.=Ce�;��H; c�d ; c/ � � c ; c�� e.� �Nd ;�hpa � = � � c ®�a b � � ��e.� c � e.; � 5/�i5 ã `§² � d ;��
¯ = ² � h.=�� � ��e.� c ; c b�c�d �n�3³¶� d ;�� � ³ � h�= i c e.� c ; c ` ;�� ` � �@?q�H;�� °²±�±Z� § ª«ª�³ 5´ Cb � � � ®�� c¶� C� c�c ; c � b �@? d e.; [k^ O¥�a;��H��; c C� ?�;�� b�c a�= � ;�e.=�; � e.�);�e c ; �
� ���H; c�� a�;�=�;�� � ` ;�=��@?��We�; ` ; c � ;�� d ; c}� � b A a�� b�c�d d ;�� � � c � � ;���O � �H���H� c O�
;��@?/=�;�h � e.� �5b�c a b�c�d � C��a�hpe.�@?�;�� � ;�e�=B; � b �@? � b A a�� b�c�dâd ;�� � �H���H� c O¥� � =BO=B;��HO¥�a;��@?�=B;�h � e�� �rb�c an;��Wa�e ` � =Ce��@?�µ�; d �Z�@?3;�e c e � �w;���a�h.;�e.�@? � e.� [j\¬] a���C� � ;�O�H;�� � �ZE<� c ; c � ª C� ? c he��@? � e.; A Cb � [j\ ] e c = b h A � c e�;��H��; � ���2� ���  5 � c = b h.O
A � c e�;��H��; � �2��� ��� e.=B� d � a�;�a�; c%d � = i1` =üe c�� ; c ��� c [ ^ ` ;�eOa�;���e c a�; c� � =�=B;���a�;�? � h.�H; c =B�¶=�� � � �<��d � � [ ^ � h.= ´ b�c�� ��e.� c ��� c ¤ ¦ c e.�@?d� � ;�?��
� e.��;�e c ; � � ���H; c�� a�;�=B;�� � ` ;�=��@?/��e.; ` ; c � ;�� d ; c�� � c�c ª �5a�h�5 � � E�5 Û 5 Û  5
¡ ;�� =�� � � � ; i c =��We�;�a d ;�� 7 ;�e.� A C� ?�epa � ;�e.� ��� c � � ®�� c O ¬ ; � ` � � c ; cV� e��d ; � � � =�=B;���a�;�? � h.� � e.� d ��� c3� e � ;���he c a � ����� c å =B?�;�� b�c�d�  ��e ��� e c a d�b �H�@?;�e c%«�� b A � hh.=�O � ;�� � � ;�� � O ¬ � d ;�h h ¬ ` ;�=B�@?���e.; ` ; c�° § ª § ³ 5 ¡ ;�� i c = � � � e c.d e.;�O=B; � ¬ � d ;�hh:e.=�� � d � �Ed e.; ¬ ; � ` � � c ` ;�e c e.; d ��ea�; c � � =�=B;���a�;�? � h.�H; c.cæb �
� ; c epa£? å d � � ��e.=üe.;��H�H; � =B�@?�h.;��@?d�nE��H����� c ; c h.;�e.�H; c�d ; � ���H; c b�c�d � � c C� h�; ` ;�O=Ce.� � � b�c�d d � �)� e.�w=B�H;�ea�; c�d ; � � � =B=B;��Wa�;�? � h�� c � �@? b�c�d c � �@? � ���H; c�� e��?���?/; c � � =B=�;���a�;�? � h.�H; c1b�c�d)� � e.=B�@?�; c1d e.;�=�; c\� A � d ; � e.� ?���?�;�� 7 ;�e�� A C� ?�ea�O
� ;�e.� ; c ��=��H;�?�; c�� =�� d � � =Ce.�@?3;�e c¶µob � =üe.O � ;�� � ��h � ��e.� c =���;��H? � h���; c A Cb � d e.;wL�;�O= � � ��h.;�e.� A C� ?�ea � ;�e.� � d e�; � e�; d ;�� b/� � e.� ;�e c ; � « ;�:<;�����e.��; � ; d e b/��¬ O i c = � � �` ;��H;��@? c ;�� � e.� d}� ;���a�e ` ��5 ¡ e.;�=�;�= ¬ � d ;�hh a�e ` �\;�e c ;>E�h � b =Ce ` h.;¸·º¹ �«»�¼ � � � ¼ ��;
� � � » C� �R¹¾½¾¿ A C¹/�ÁÀ � =ÁÂÃ½/=��H; ¼ ¿�;�½¢À�;�� � �H���H�«½�;�½ » ; ¼ � A C� ? ¼ ¿ � ; ¼ � � ¼ �ÄÀ/; � � � =BO=B;���¿�;�? �«» � � À ¼ ;Å·º¹ � ½d� ¼ � � � ¼ ��;ÆÂÃ¹/= � ;�����¹¾½¾¿ ¼ =��>µ�;�À��Z�@?®��; ».� � ¼ �£¹¾½/= ¼ �@?�;�� �
� ; ¼�» ��;��H=B�@? ¼ ;:À/;:½/;ÇÂÃ½¾½ � ? � ;:½ C¹¾È<;��¸À ¼ ; ¬ ¼ � �H��=�����¹ � ��¹��É¹¾½¾ÀÊÀ ¼ ;Ë½ ¼ �@?d�¿�;�½ � ¹ÌÈ<; � � ½�½d�H;�½ 7 ; ¼ � A C� ? ¼ ¿ � ; ¼ �H;�½£À�;�� ; ¼ ½ � ; » ½�;�½ � ����;:½ÌÈ � � 5j� � ½�C�«» ;¿�; � � �@?d� � ;���À�;�½ � C¹�=B=B;:½}5
Í � À�;�½ � ¼ ½ 6 ¹ � À�;�� ¬ ¼ � �H��=�����¹ � ��¹�� � ¹ A À ¼ ;��M� � ½�=BE<���H� � �Z;�ä � ¼ ;:½q�H;�½
� ¹¢È<;�=�� ¼ ��� ;�½ �~� C�«½¾½�;�½ ¬ �«½q�H;�O ¯ � � » ��O   ¼ � ¹ ».� � ¼ �«½�;�½ A C¹��ÄÀ ¼ ;   ; » È�=B��À ¼ :7¹�O= ¼ �«½¶À¾¹����@?¾¿�; A C¹�?��H� � ;���À/;:½ � À ¼ ;�=B;��ÎÂÃ½�= � � � � ¹��RÀ�; A C¹��M?�;��H;��H�«¿�;�½�; ¬ ;�� �«»�» O� � =�=B;��H=�����:<= å =B�H; � ; ¼ ½ÏÀ�;��ÐÂ\��È<; ¼ �0���«½ ´ ;�� � � ½¾½ ° § ª ± ³ ��;�� A � » ¿���5z� C� ?�O�H;�½¾À ¼ ½ÇÀ ¼ ;�=B; � ´ �«»Ñ» À ¼ ;\� � =B=B;���=��H��: � ��� � ; ¼ ½���� ¼ =�� �«»Ñ» ¿ ¼ �H�H;���½¢À ¼ :7¹�½¾À ¼ ;�O�H;�½ �w� C¹ � �H;�½ A C¹��¢À ¼ ; ¡ ¼ :7¹�= ¼ �«½ ���«½�� � =B=�;�� � � » ; � C¹ » ;:½¶�ºÀ�;�� � �H���H�«½/;:½
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¼ ½ �2�Ä¬ È<; »�¼ ;�È ¼ ¿�;1ã ¼ �@?d��¹¾½�¿�;:½ÏÀ�;�� ¡ ¼ :7¹�= ¼ �«½/=�=BE�� C¹¾½�¿�;3;�� ».� ¹¾È�� � ;���À�;�½ �=�� A ;��R½ÒÀ ¼ ;�=B; � ¼ ;�À�;�� ¼ ½ÒÀ ¼ ; � C� � � ¼ ¿�; � ? � =�;ÓÀ�;�� ���Ô¬ A C¹�?��H;�½�57ÂÃ¹ A À ¼ ;�=B;�a; ¼ =�; � C�«½�½d�H; A ;�=��R¿�;�=B�H; »�» � � ;��RÀ�;�½ � � ; » �@?/; ¡ ¼ :7¹/= ¼ �«½�= � �Z;�ä � ¼ ;:½q�H;�½�= ¼ �@?
A C¹��ÓÀ ¼ ; ¼ ½N� � E�5Õ¯ � ¹�=¶À/;:½   ÂÃÖ   O ¡ � �H;�½ÆÈ<;���;��@?�½�;��H;�½N� � ½ �«» ¿ ¼ �H�H;�� � ��OÀ�; »�» ;\;���¿�;�È<;�½ � C¹���À/;:½}5 Í � À ¼ ;�=B; ¬ �ºÀ�; »Ñ» ; � ; ¼ �H;�� � ¹�� � � ¼�¼ ;��H;�½×¹¾½¾À � ¼ �À�;�½ ¡ ¼ :7¹/= ¼ �«½�=ØÀ � �H;�½ � �«½�= ¼ =��H;�½q� � ¹ � � �@?�;�½ �}� C�«½¾½q�H;�; ¼ ½a�M; ¼�» À/;����w;��HOÈ ¼ ½¾À¾¹¾½�¿�= � � ½ C�«» ; ¼ ½   � � � ¿ � =B=�;�½ A C¹��¢À ¼ ;ËÀ ¼ :7¹¾½�À ¼ ;���;:½�À�;�½ �M; ¼�» �@?/;:½¶��;��HO
� � ½¾À/; » � � ;���À�;�½ � � �ÙÀ�¹��H�@?©= ¼ �@? ª ½�C� ?�;���¹�½¾¿�= � ; ¼ =B;  À ¼ ; ¼ ½£À � = ¬ �ÙÀ/; »�»; ¼ ½�¿�;�?/;:½�À�; ¼ ½¾½�;��H;�L��H;�½ ��6 C� �@?�;¶½ ¼ �@?q��C� ½�À�;���½ � C¹��RÀ�;G5Â »�» ;���À ¼ ½¾¿�= � ¹ � È<;��9C¹�� � = ¼ �@?d� ¼ ¿�� � ;���À�;�½ � À � � À ¼ ;   E���¹¾½¾¿�� � �H;�½¸À�;�� � � =�O=�;�� � � » ; � C¹ » ;¥È � � 5 � �H�����«½�;�½ � ¹ A ¿��R¹¾½¾ÀÀ�;��2�a;��@?�=B; » � ¼ � � ¹¾½�¿�;:½ � ¼ �{À�; �
� � » å � ;��H�9C¹�� � ¿�� � ��½ ¼ �@?d��½���� � ;:½�À ¼ ¿�;�� � ; ¼ =�; � ¼ �ÎÀ/;:½   E���¹�½¾¿�� � �H;�½ ¼ ½3� � =�O=�;��ÚÈ � � 5 ¼ ½ � �«½ � ;:½q�H� ¼ ;��H�H;�½   C� ¹��H;�½�C¹¾È<;��H; ¼ ½�=B� ¼ ��� ;:½ � � � ={À/;:½£�w;���¿ » ; ¼ �@?���«½   ¼ � ¹ ».� � ¼ �«½�=ØÀ � �H;�½ ¹�½¾À ;��ZE<;�� ¼ � ;�½d�H; »�» È<;�=�� ¼ ��� ��;:½   ; » È�=B��À ¼ :7¹�= ¼ O�«½�= � �F;�ä � ¼ ;�½d�H;�½ ;��H=B�@? � ;�����5 ´ C¹/�¢� � =�=B;�� � � » ; � C¹ » ; � C�«½¾½�;�½£À ¼ ; � ¼ �H� » ;�O�H;�½   E/��¹¾½¾¿�� � ��;:½ � È<;�� � ¹�= ¬ ;�=�=Ø¹¾½¾¿�;�½£À�;��Ç·º¹ � = ¼ ; »�� =B� ¼ =B��?�;�½ÊÛ\;�¹��H�H��O
½�;�½�=B�H�H;�¹¾¹¾½¾¿ � � ; » �@?/;ÜÀ ¼ ; » � � �«» ; ¡ ¼ :7¹�= ¼ � ¼ ��C� � ª ¼ � �n;���; ¼ �@?����«½�� � 5s§Ý½ ��
»�¼ ; A ;���½ ° § ª�Û�³ � È<;�=�� ¼ ��� � � ;���À�;�½�5 ´ C¹��¢Û � ®/�«½ � ¹/��À�;�½�=�� » �@?�; ¬ ;�=B=�¹¾½/O
¿�;�½����«½��w� »�¼ ½�� �J� ¼ ½�;�� ¼ �J¡ ¼.� ½��«¹��Þ¹¾½¾À£À�;�L�; å ;��ßÀ�¹��H�@?¾¿�; A C¹�?/�H� ° § ª ¯ ³ �¹¾½¾À�;�= � ¹���À/; A C¹�� ß §:±Æ¹¾½�Àáà â ± ±«ã � ; ¼ ½ » � � �«» ;�� ¡ ¼ :7¹�= ¼ �«½�= � ��O;�ä � ¼ ;�½d�£���«½ §åä ã § ª ³�æ � �×ç3è =�;�� � ¼ �H�H; » � � À/;��¢À/; � � � � �H��= � ��E ¼ =B�@?�;�½ �
� ¹�= � ´ L�OFÛ ¬ ã O ¬ ;�=�=Ø¹¾½¾¿�;�½ÇÈ<;�=B� ¼ ��� �H;�½��
;��H� A C¹��êéËëRì ¼ ½ ¦§ä Û O � � »�� ��;��´ ¯ » O 7 C��=�¹¾½�¿�;:½q�H=BE�� ¼ �@?d� ° ë ± ³ 5
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Ï å ë mrÑ í Ñ î Ì äztlmrÏ î ÌlÑ  mruzÑ�tlÏ î Ì ädÑ ã Ñ�tØqlÑ�âÖÒÙÑ í j#âuäztÚsltlqÚqlÑ�â  orÑ ð ã â å qnÑ�tî Ì#ädâuä ð ã Ñ�â�mrÏ%mpÑ�â�Ñ�t×sltlq Ñ Ís#âÛÑ�mrtlÑGâ�Ñ�äzormrÏ ã mpÏ î ÌlÑUôlm í snoLä ã m å t�t å ã ë Ñ�tnqlmruÜÏ%mptnq�xïGä�Ñ Ís#âÐqnmpÑ�Ï%Ñ ! ädâ(ä í Ñ ã Ñ�â ã Ñ�mro ë Ñ�mrÏ�Ñ ð Ñ�mrtlÑkÑ2� Ï Ñ�â�m í Ñ�t ã Ñ�ororÑ�tTïGä ã Ñ�tùì å â�ormrÑ�Ð
uzÑ�t ÿ�ífÍslÏ%Ï�Ñ�tÝiktnt#ädÌ í Ñ�t Ísnj¦Ñ�âÀm;Ì#â Ñ � Ñ�â ã ÑÛuzÑ í ä î Ì ã ë Ñ�â�qlÑ�t�x  ÏÀÏ å opo�ÌlmrÑ�â
uzÑ�ó�Ñ�mru ã ë Ñ�â�qlÑ�t ÿ q#ä � í m ã qlÑ�tÓÑ2� Ï Ñ�â�m í Ñ�t ã Ñ�oroÞÑ�â í m ãuã Ñ�o ã Ñ�t Y âuäztnÏ Ï å â ã(Ï ädÐâuä í Ñ ã Ñ�â�t ÿ qlÑ�t�mrtûâ Ñ�äzorÑ�t !  ÒRÐ9�Aâ�Ñ�tltlÏ ã å � ó�Ñ�oropÑ�tTìzÑ�â ë Ñ�tnqlÑ ã Ñ�t�Õ\äztlqlj¦Ñ�Ð
qlmrtluzsltluzÑ�tÝsntlq©Ï%mrtltcì å ororÑ�tßiktlt#ädÌ í Ñ�t�Ñ Ís#â�t å�î ÌÝsltàj¦Ñ ð äztlt ã Ñ ! ädâuä í Ñ ã Ñ�â
qlmrÑùÑ Ís#â !� ÒRÐ9�Aâ�Ñ�tltnÏ ã å � ó�Ñ�ororÑ�tÙÑ2� Ï Ñ�â�m í Ñ�t ã Ñ�oroÀÑ�â í m ãuã Ñ�o ã Ñ�t  mruzÑ�tnÏ î Ì#ädÑ Ðã Ñ�tÓÏ%m í slormrÑ�â ã ë Ñ�â�qnÑ�t ð Íå tltnÑ�táx  mrtlÑßikt#äzo�\ÌÏ%ÑßqlÑ�ââÒÙÑ í j âuäztlÑ�mruzÑ�tnÏ î Ì#ädÑ Ðã Ñ�tÙj¦Ñ�mA�~ädâ mLä ã m å t äzororÑ�âÛÑ�mrtluzÑ�Ñ Ís#Ì#â ã Ñ�t ! ädâuä í Ñ ã Ñ�â ð äztlt äztÙqlmrÑ�Ï%Ñ�â�ô ã Ñ�ororÑ
tlm î Ì ã qls#â î ÌluzÑ�Ñ Ís Ì#â ã ë Ñ�â�qlÑ�t ÿ Ï%mpÑmpÏ ã äzj¦Ñ�â í m ã qlÑ í ìzÑ�â ë Ñ�tlqlÑ ã Ñ�tRôlm í s#Ð
o;ä ã m å tlÏ Ï â å udâuä íTí í»Íå uzopm î Ì�x

ãªäæåçä»è éÔêçë»ë Ü�ß jìlíïîïðæñªòôó òfõ Õ ×öìlíï÷�øÞî�×ùì#ß�ð�Ü�ðæò�×ùúïíïñ
�¢Ñ�ì å âßqlmrÑ  â�uzÑ�jltlmrÏ�Ï%Ñ�qlÑ�â Î mrtlm ã Ñ�ÐEïÖm � Ñ�â�Ñ�t#ó�Ñ�t#ÐûÕÛÑ î ÌltüsltluzÑ�tÙq#ädâ�uzÑ�Ï ã Ñ�oro ãë Ñ�â�qlÑ�t ÿ ë m;â�q¨m í Ñ å opuzÑ�tlqnÑ�t�ó�slt Íä î ÌlÏ ã slt ã Ñ�â�Ï�s î Ì ã³ÿ j¦Ñ�m ë Ñ�o î ÌlÑ�t©Õ\äztlqlj¦Ñ�Ð
qlmrtluzsltluzÑ�tôqlmrÑ í ä��fm í äzorÑNö'\fq#âuä ã mrÏ%mpÑ�â�sntlu×qlÑ�âÔÒÙÑ í j#âuäztôÑ�âuâ�Ñ�m î Ì ã ë Ñ�âuÐ
qlÑ�t ð äztlt�x  mrtlÑ ë m î Ì ã mruzÑÛÕ å ororÑÐÏ Ï mrÑ�opÑ�t�q#äzj¦Ñ�mªqnmpÑ\öÖý Ô Ð ! Ñ�â í Ñ�äzjlmropm ã³Íä ã Ñ�t
qlÑ�âÐþ?äzÏ�qnm � snÏ�m å tlÏ%Ñ�opÑ ð ã â å qlÑ�t ÿ qlmrÑ ã \ Ï mrÏ î ÌnÑ�â ë Ñ�mrÏ�ÑUäzslÏÛÑ�mrtlÑ í Ì \fq#â å Ï Ì å Ð
jlmrÑ�â ã Ñ�t6ò å ÌlorÑ�tnÏ ã å � Ð Î äzÏ%Ñ�â(Ðûþ´Ñ ë Ñ�j¦Ñ�sltlqÉÑ�mptnÑ í q#ädâ(äzs#Ñ?äzs#Ñ�uzÑ�j#âuä î Ì ã Ñ�t
þßÑ í mrÏ î ÌRì å t !�Y Î  ÐÐsntlqÚqlÑ�t !Çã ÐEòGä ã äzo]\fÏ=ä ã å â ã âuäzuzÑ�tlqlÑ�tÚÕâs � Ð ! ädâ ã m;Ðð Ñ�opt j¦Ñ�Ï ã Ñ�ÌlÑ�t õ ��ÿ éd÷ûx ø�� í Ñ å oruzÑ�tlqlÑ�t ë m;â�q qlmrÑ×uzÑ�Ï=ä íNã Ñ×þ?äzÏ%qlm � slÏ�m å tlÏ=Ð
Ñ�opÑ ð ã â å qlÑAäzs#Ñ�qlÑ�â~òGä ã Ì å qnÑ�t Ðïj#ó ë x«ikt å qlÑ�tlÏ%Ñ�m ã Ñ�äzorÏ~òGä ã Ì å qnÑâj#ó ë xàikt#Ð
å qlÑ¢j¦Ñ�ó�Ñ�m î ÌltlÑ ã x.ü � tlÏ%j¦Ñ�Ï å tnqlÑ�â�Ñ�qlmrÑÇöÖý Ô Ð ! Ñ�â í Ñ�äzjlmrorm ã³Íä ã qlÑ�â&òñä ã Ì å qlÑ ` dð äztnt©q#äzÏ � äzÏ�Ï%Ñ�â ðdå t#ó�Ñ�t ã â(ä ã m å tlÏ Ï â å�� olmrt�qlÑ�â !� Ò Ñ�t ã Ï î ÌnÑ�mrqlÑ�tlq�j¦Ñ�Ñ�mpt Ð
�lslÏ%Ï�Ñ�t ÿ ë Ñ�mroáj¦Ñ�mïÑ�mrtlÑ í uzÑ�â�mrtluzÑ�t � Ñ�â ã ì å t ` d qns#â î ÌÙqlmrÑ �¢mrorqlsltluùì å t
ÕâÑ�ä ð ã m å tlÏ ë äzÏ%Ï�Ñ�âÀsltnq�qls#â î Ì�qlÑ�t�Ñ�orÑ ð ã â å�å Ï í å ã mpÏ î ÌlÑ�t � äzÏ%Ï%Ñ�â ã âuäztlÏ Ï å â ãó�s#â?òGä ã Ì å qlÑ±ä í ò å t ã ä ð ã ÒÙÑ í j#âuäzt��dòGä ã Ì å qlÑ×Ñ�mrtØÑ�âuÌ Íå Ì ã Ñ�âÝþßÑ�ÏFä íNã Ð
q#â�s î�ð äzs#Ñ uzÑ�j äzs ã ë m;â�q ÿ qlÑ�â¢Ñ�mrtlÑ�t � äzÏ%Ï%Ñ�â(â Ís î�ð ã âuäztlÏ Ï å â ã ó�s#âÐikt å qlÑÖj¦Ñ�Ð
ë m;â ð ã x�� í qnmpÑ í ä��Ìm í äzorÑ?ö'\fq#âuä ã mrÏ%mpÑ�â�sntluÜqlÑ�âÖÒÙÑ í j#âuäztRó�sÙÑ�âuâ�Ñ�m î ÌlÑ�t ÿð äztntÓq#ädÌnÑ�âUìzÑ�â�Ï%s î Ì ã ë Ñ�â qlÑ�t ÿ qns#â î ÌÙÑ�mrtlÑ�tÓuzÑ�t ÍsluzÑ�tlq ð orÑ�mrtlÑ�t ` d Ð � Ñ�â ã
qlÑ�t þßÑ�ÏFä í�ã q#â�s î�ð ä í ò å t ã ä ð ã ÒÙÑ í j#âuäzt��dòñä ã Ì å qlÑÙÏ å udâ å�� ó�s í ädÐî ÌlÑ�t ÿ q#ä � qlÑ�âGâ Ñ�Ï%slo ã mrÑ�â�Ñ�tlqlÑ � äzÏ�Ï%Ñ�âuâ Ís î�ð ã â(äztlÏ Ï å â ã qlÑ�tÙÑ�orÑ ð ã â å�å Ï í å ã m;Ð
Ï î ÌnÑ�t×ÒÙm ã Ñ Ís Ì#â�sltluzÏ%Ñ � Ñ ð ã ðdå íTÏ Ñ�tnÏ�mrÑ�â ã x
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ú s#â
�kt ã Ñ�â�Ï%s î Ìüsltlu×qlmrÑ�Ï�Ñ�ÏÛiktlÏFä ã ó�Ñ�ÏÛÏ å oro4ó�slt Íä î ÌlÏ ã äztluzÑ�t å íTí Ñ�t ë Ñ�âuÐ
qlÑ�t ÿ q ä � m í Ô ýÂÐ Î ors � ó�s â´þ?â�Ñ�t#ó2� Íä î ÌnÑ¨ÒÙÑ í j#âuäzt��dòñä ã Ì å qlÑ ð Ñ�mrtÓöÖý Ôí m ã uzÑ�Ñ Ís#Ì â ã ë m;â�q ø����� ÿ üÔsltnq q ä � m í Ô ý Ðûþ?äzÏFìzÑ�â ã Ñ�mrorÑ�ââÏ å ë mrÑ¨mrtØqnÑ�â
!  Ò äzt qlÑ�âRòGä ã Ì å qlÑ qnmpÑ � äzÏ%Ï�Ñ�âuä ð ã m;ìfm ã Íä ã�������� � � mpÏ ã³ÿ Ï å q ä ���� d����� � ��� d! �" �#����� mrt þßoKx vnxg"ÙÑ�mrtluzÑ�Ï%Ñ ã ó ã ë Ñ�â qlÑ�t ð äztlt ÿ ë å j¦Ñ�m$��� d
qlÑ�âÝþßÑ�Ï=ä íNã q#â�s î�ð snt ã Ñ�â�Ï î ÌlmrÑ�q ó ë mrÏ î ÌlÑ�tÚqlÑ�â´ÒÙÑ í j âuäzt sltlq qlÑ í þ�äzÏ=Ðâuäzs í äzt�qlÑ�â�òGä ã Ì å qlÑÝmrÏ ã x � t�qlmrÑ�Ï%Ñ í Î äzopo uzmro ã

��� d �
% d�����

` d  " �#������& ø vnx ��� ü

ø  mrt6ïGâ s î�ð äzj�'¡äzoroâÑ�t ã oLäztnu qlÑ�â þ�äzÏ%qlm � slÏ%m å tlÏ�Ñ�orÑ ð ã â å qlÑ t j#ó ë x Ñ�t ã oLäztnu
qlÑ�â�þ?äzÏ=ó�s�'�(s�)#â sltluzÏ ð äzt*(äzorÑ ë m;â�q )lmrÑ�â�tlm î ) ã j¦Ñ�â!(s î�ð Ï%m î ) ã mru ã³ÿ Ñ�Ï í (s � ã Ñ
q#ä�' (s#â Ñ�mrt í Ñ+)#â�qlm í Ñ�tlÏ%m å t äzopÑ�Ï Ò å qlÑ�orozj¦Ñ ã âuä î ) ã Ñ ã ë Ñ�â�qlÑ�t�x.üïiksnÏïþßoûxÅvnx ���
ð äztlt s�x½änx j¦Ñ�â�Ñ î )ltlÑ ã ë Ñ�â�qlÑ�t ÿ ë Ñ�o î )lÑÝþßÑ�Ï=ä íNã q#â�s î�ð qnm � Ñ�â�Ñ�t#óßÏ%m î )Åó ë m-,
Ï î )lÑ�tÜqlÑ í ò å t ã ä ð ã ÒÙÑ í j âuäzt��dòGä ã ) å qlÑÔsltnq�qnÑ í . ý/,ûþ?äzÏFìzÑ�â ã Ñ�mrorÑ�âÀÑ�â�,
uzmrj ã³ÿ ' äzoporÏ�qlÑ�â � äzÏ�Ï%Ñ�â^�ls � qls#â î )×qlmrÑUòGä ã ) å qlÑÔuzÑ�âuäzqlÑkqnÑ�â �¢mporqlsntluzÏFâ(ä ã Ñ
qlÑ�ÏÐÕÛÑ�ä ð ã m å tlÏ ë äzÏ�Ï%Ñ�â�Ï¢Ñ�t ã Ï10#â�m î ) ã ø %

d� � � � % �32�4 	 ü�x
 Ï Ï å opo tàsnt´snt ã Ñ�â�Ï%s î ) ã ë Ñ�â�qlÑ�t ÿ j¦Ñ�m ë Ñ�o î )lÑ í þßÑ�Ï=ä íNã q â�s î�ð slt ã Ñ�â Ï î )lmrÑ�qó ë mrÏ î )lÑ�tTòGä ã ) å qlÑksntlqÜqlÑ�â�ikt å qlÑâqnÑ�â � äzÏ%Ï�Ñ�â^�ns � mrt¨Ñ�mptnÑ�â~ì å ororÏ ã (äztlqlmru)V\Ìq âuä ã mrÏ�mrÑ�â ã Ñ�t !  Ò äzs�'�udâ�sntlqÚqlÑ�âGò å í 0¦Ñ�tlÏ=ä ã m å tÙqlÑ�ÏÔÑ�orÑ ð ã â å�å Ï í å ã m5,

Ï î )lÑ�t�ÒÙm ã ' (s�) â�sltluzÏ%Ñ � Ñ ð ã Ï¹qls#â î ) qlÑ�t � äzÏ%Ï%Ñ�â(â (s î�ð ã âuäztlÏ10 å â ã ìzÑ�â�Ï î ) ë mpt�,
qlÑ ã³ÿ Ï å q#ä � qlÑ�â Î äzoro %�6����� � ÿ j#ó ë x % d����� � % � 2 4 	 uzÑ�uzÑ�j¦Ñ�tÙmrÏ ã x��¢Ñ�mì å ororÏ ã (äztlqlmruzÑ�âgö'\fq#â(ä ã mrÏ�mrÑ�â�sltlu¨qnÑ�âÛÒÙÑ í j#âuäzt ð (å tltnÑ�t�qlmrÑ Y âuäztlÏ10 å â ã 0#ä�,âuä í Ñ ã Ñ�â7' (s#âqlÑ�t í ä��fm í äzorÑ�t � äzÏ%Ï�Ñ�â�uzÑ+)#äzo ã98;: Ñ�mptnuzÑ�Ï%Ñ ã ó ã ë Ñ�â�qlÑ�t ÿ qlmrÑ
ã â Ñ�mrj¦Ñ�tlqlÑUòñâuä�' ã ' (s#â¢qlÑ�t � äzÏ%Ï%Ñ�â(â (s î�ð ã âuäztlÏ10 å â ã mpÏ ã mrt qlmrÑ�Ï%Ñ í Î äzoro©äzoporÑ�mrt
qlÑ�â¢þßÑ�ÏFä íNã q#â�s î�ð udâuäzqlmrÑ�t ã x ikslÏÐþßoKx 	 x v í m ã �$� 6���<� � �=� 6  " �#����� ÿ ë å ,j¦Ñ�m¦Ï%m î )¨qnÑ�â � tlqlÑ2��> äzs�'áqnmpÑ\ïÔm � Ñ�â�Ñ�t#ó\ó ë mrÏ î )lÑ�t±òGä ã ) å qlÑksntlq×ikt å qlÑ
j¦Ñ�ó�mrÑ?) ã³ÿ Ñ�â�uzmrj ã Ï%m î )�q#äztlt

�=� 6 �
@ 6: �BADCFEHGbø 8 : ü % � 2 " 1#����� øJILK �NMPO-QSR�TU�V õ öÖý . ÷ ø 8 : ü W �XZY\[F] O-Q R T-^_O5Q R T` � üba ø vnx �?	 ü

ë å j¦Ñ�mÀqnÑ�â Y Ñ�â í W �XcYd[�] O5Q R T-^_O-Q R T` � äzorÏ ð orÑ�mrtlÑ�âUò å âuâ�Ñ ð ã s#â ã Ñ�â í äztnuzÑ�Ï%Ñ+)lÑ�t
ë Ñ�â qlÑ�t ð äztnt ø ìfuzoKxPòGä�0áx ¶ x 	 ü�x
ikslÏkþßoKx vnx �?	 ð äztltÓj¦Ñ�â�Ñ î )ltnÑ ã ë Ñ�â�qnÑ�t ÿ ë Ñ�o î )lÑÝþßÑ�ÏFä í�ã q#â�s î�ð qlm � Ñ�â�Ñ�t#óó ë mrÏ î )lÑ�t òGä ã ) å qnÑ sltnq ikt å qlÑÚj¦Ñ�mßÑ�mrtlÑ�âÓuzÑ�uzÑ�j¦Ñ�tlÑ�t ú Ñ�oporÏ ã â å í qlm î )�,ã Ñ�e � f % � 2 qlÑ�tØÑ�orÑ ð ã â å�å Ï í å ã mrÏ î )lÑ�tÓÒÙm ã '�(s�)#â�sltnuzÏ�Ñ � Ñ ð ã äzslÏ%uzorÑ�m î )lÑ�të (s â�qlÑ§x ÒÙm ãhg � � � � ��ÿ_i*j î í ý �zÏ ÿ � ADCFE/G � 	 a � ÿ=k � ÿ a ÿ vdélô�� î í»ÿ
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l � ¶zÿzÿ ò ÿ @ 6: � v ÿ � í sltlqme � � i Ñ?n uzmpj�oÔÏ%m î )p�=� 6 é�q j�r�n�x
Î (s�n�Ñ�mrtlÑts�0�o m í rzorÑÙÒÙÑ í j�n�rztàj¦Ñ+'�Ñ�s î )uo sltlu Ï�szoro-o�Ñ qlÑ�Ï�)�rzorj qlmrÑÙþ9rzÏ%qlm-'v,
'�slÏ%m-sztlÏ�Ñ�orÑ ð oFnFsfqlÑ7rzs�'�qnÑ?nñò$r�oF)�sÌqnÑ�tnÏ�Ñ�m-o�Ñ�j¦Ñ�m�ï$n (s î�ð Ñ�tÙm í � Ñ+n�Ñ�m î )Rì�szt
î rnx ��ÿzÿ j�r�n ø Ñ�tuo�Ï10�n�Ñ î )lÑ�tlq¨qlÑ�t mptwn Ñ?rzorÑ�t �xn�Ñ�tltlÏ1oFs � ó�Ñ�oporÑ�t�Ñ?n�n�Ñ�m î )üj�r�n�Ñ�tô�oFnFs í qnm î )So�Ñ�tÛì�szt � , 	 i
� î í ý üÜtüs�n×Ñ�mptnÑÓuzÑ+n�mrtluzÑ öÖý . , ! Ñ+n í Ñ+r�o�m-szt
ø %
d� � � % �32b4 	 üyrzs�' ë Ñ�mpÏ%Ñ�t�xªþßÑ í (r � þßoûxªvnx ��� ë m5n q�' (s�nz�=� 6 � é�qÜj�r�n

sltlq % d����� � % � 2 4 	 � ø � i
� î í
ý ü 4 	 f j¦Ñ�m qlÑ+nGö ý . , ! Ñ+n í Ñ+rzjlmrorm-o (r�okqlÑ+n

ò$r�oF)�sÌqnÑ ` d � ¶ a é ��ÿ i � í szo ý � ø�{ î í
ý Ï=ü�qlmrÑ !� Ò ì�szoporÏ1o (rztlqlmrußj¦Ñ+'�Ñ�s î )�,o�Ñ+o�x

� í Ñ�mrt#ó�slÏ î )*(r�ouó�Ñ�t ÿ ë mrÑØÏ1szo î )lÑØtnmpÑ�q�n mpuzÑ�tÛöÖý . , ! Ñ+n í Ñ+rzjlmropm-oH(r�o Ñ�tÉÑ+nF,
n�Ñ�m î )uo ë Ñ+n�qlÑ�t ð (sztltSo�Ñ�t ÿ Ï%mptnq qlmrÑ|'vszoruzÑ�tlqlÑÚikjlÏ î ) (r�ouó�sltnuzÑ�t t (s�ouó�orm î ) y�¢Ñ�m��ÀÑ+n ë Ñ�tlqlsltluRì�szt})V\Ìq�nFs�0�)�szj¦Ñ�tZ�¢Ñ�Ï1oFrztlq�o�Ñ�mporÑ�tØqnÑ?nßþ7rzÏ%qlm � slÏ�m-sztlÏ1,
Ñ�opÑ ð oFnFsfqlÑ�t ð rztlttrztluzÑ�t�s íTí Ñ�t ë Ñ+n�qnÑ�t ÿ q�rzÏ � (slÏ%Ï�mruzÑ�ÏGö ý . qlmrÑz)V\Ìq�nFs�,
0�)�szj¦Ñ�t ! s�n�Ñ�tÚtlm î )uoÝqls�n î )lq�n�mrtluzÑ�t ð rztnt ÿ ë Ñ�tnt qlmrÑ�Ï�Ñ¨uzÑ�t (sluzÑ�tlq ð orÑ�mpt
Ï�mrtlqáx½ïÔÑ+nkq�r�' (s�nÔt�s�o ë Ñ�tlqlmruzÑ ! s�n�Ñ�t�nFrzqlmrslÏ7~ ð rztlt í m-okqlÑ+n Î s�n í Ñ�o�~ �	 k�� ����� 6 rzjluzÑ�Ï î ) (r�ouó+o ë Ñ+n�qlÑ�t ÿ ë szj¦Ñ�m k�� � ÿ a ÿ é 	 "B�
� í qnmpÑ . j¦Ñ+nF,
� (r î )lÑ�tlÏ10�rztltüsltlu ì�szt ö ý . ø j¦Ñ�m � q s�� üßmpÏ1ohõ ¶ q�÷ ÿ ' (s�n��=� 6 � ��ÿzÿ j�r�n
Ñ+n�uzmrj�oÀÏ�m î )w~ � �ßt í x � m-n�qÜq�rzuzÑ�uzÑ�t�Ñ�mptnÑ�ì�szoropÏ1o (rztlqnmpuzÑi�¢Ñ�tlÑ+ouó�sltlußqlÑ+n
! s�n Ñ�t¨sntlqÜÑ�mrtTï$n�s î�ð rzj�'NrzopofuzÑ í (r � qlÑ í ö
rzuzÑ�t�, ! szmrÏ�Ñ�slmrororÑ?,ûþßÑ�Ï�ÑHouó�rztluzÑ+,
t�s íTí Ñ�t ø ìfuzoKx�ò$r�0�x ¶ x 	 ü ÿ Ï1sÜÑ+n�uzÑ�j¦Ñ�t�Ï%m î )�j¦Ñ�m j¦Ñ�m (r�)ltlorm î )lÑ+n�ïÔm î�ð ÑßqlÑ+n
þ7rzÏ�qlm � slÏ%m-sztlÏ%Ñ�orÑ ð o�nFsfqlÑ�t sntlq qnÑ?n�ÒÙÑ í j�nFrzt qlÑ�s�o�orm î ) ð orÑ�mrtlÑ+n�Ñ ! s�n�Ñ�t�,nFrzqlmrÑ�t ø î rnx � t í ü ÿ�� Ñ�tltÙqlmrÑßþ7rzÏ�qlm � slÏ%m-sztlÏ%Ñ�orÑ ð oFnFsfqlÑkm í �ÀÑ+n�uzorÑ�m î )ûó�s�n
!� Ò Ñ�mrtlÑ (r�)ltlorm î )lÑ7sÌqnÑ?nÛuzÑ+n�mrtluzÑ+n�Ñ ! Ñ+n í Ñ+r�o�m-szt�)�rzj¦Ñ�tÓÏ1szoroKx � tÙqlmrÑ�Ï�Ñ í
Î rzoro � (s�n�qlÑkqlmrÑÛþ7rzÏ�qlm � slÏ%m-szt©qns�n î )ÜqnmpÑÛuzÑ+n�mrtluzÑ�t ! s�n�Ñ�t�nFrzqnmpÑ�t Ñ?n�)lÑ�jlorm î )
Ñ�mptnuzÑ�Ï î )�n (rzt ð o�xïÖmrÑ þßorÑ�m î )àsltluzÑ�t vnx ��� í m5o % d� � � � % � 2 4 	 sltnq vnx �?	 ð (sztltnÑ�t tàsnt
ð s í jlmrtlmrÑ+nFo � Ñ+n�qnÑ�t ÿ s í Ñ�mptnÑ�ikslÏ%Ï�rzuzÑ�(slj¦Ñ+n¨Ñ�mrtlÑ×u�(sltlÏ1o�mruzÑ � r�)loy��szt
` d ó�s Ñ+nF)�rzo5o Ñ�t y Î (s�n qlmrÑÙïÔm � Ñ+n�Ñ�t#óØqlÑ+n þ7rzÏ�q�n (s î�ð Ñm�Ýs � �  ��� ��=� E�� �=� 6 � ��� d uzÑ�o-o�Ñ�t�x«ÒÙm-oÀqlÑ+nÀiktlt�r�)��¨Ñ ÿ q�r � rzt¨qlÑ+n�ikt�sfqlÑ ð Ñ�mrtlÑ
þßÑ�Ï1r���o�q�n�s î�ð qlm � Ñ+n�Ñ�t#ó���s�n�ormrÑ�u�o ø ��� E � ÿ ü ÿ Ñ+n�uzmrj�o�Ï%m î )qls�n î )  mptnÏ�Ñ+ouó�Ñ�t
��szt�þßoKx vnx ��� ÿ þßoKx vnx �?	 Ï�s � mpÑ % d����� � % � 2;4 	 sltnq�iks&� (szÏ%Ñ�t�t�r î ) ` d y
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Kdrag = 2,5;  p� o - p� h = 0 
Kdrag = 2,5;  p� o - p� h = 3 bar
Kdrag = 1,5;  p� o - p� h = 0
Kdrag = 1,5;  p� o - p� h = 3 bar

ikjljnmporqlsntlu vnx 	ny±�¢�������������r�r�K����z�¨�l����� �z��~�£f�l�+�k�«�K�Ù�l��� ���K��� ����£f£�����£z�û�û�
��}�~����É�Ù�û�¡ ¢���~l�«���l�z����¤ ��� �Ü�n���%�z�K���û}�~á� � ®£������n�?�Ö���r�¥¤������ ���K£�� �l����¦ ���r�û�
������£����«�K}�~ ����µ��Ô�K�á�l�K}�~ � �r� �l���L§¥�����r�K�����l����l�n���n�¨�Ì�������Ô� ���������������±®Ö�����
�l���ô®À�û�Ö�n�H �{lµª©?«�«´�n��®����~l�K��µ

¬ Ñ�mÀÑ�mrtlÑ+� uzÑ+n�mrtluzÑ+n�Ñ�t|ØÑ+nFo7��szt}®;¯£rzorÏÔqlÑ+� rzsnÏ´þßoKxávnx-° ¶ j¦Ñ+n�Ñ+±D)ltlÑ+,
o�Ñ�t � (s�n�qnÑ � Ñ�tnmpuzÑ+n��rzÏ�Ï%Ñ+n©qns�nF±D)wqlmrÑ³²$r�oF)�sÌqnÑhrzjluzÑ+' (s�)�n�owrzopÏ�mrt qnÑ?n
´ Ñ�oro5n Ñ?r�µ_o�m-szt uzÑ�jnmporqlÑ+o � m-n�q*¶ªÑ�Ïy� (s�·�o�Ñ7rzorÏ�sB¸�slÏ (r�o�¸�orm-±D)×ÕâÑ+r�µ_o�m-sztlÏ � rzÏ%Ï�Ñ+n
qls�nF±D) qlmrÑ¨ikt�sfqlÑwrzjluzÑ+' (s�)�nFo � Ñ?n qlÑ�t�x�¹lÑ+)�nÝuzÑ+n�mrtluzÑBØÑ+nFo�Ñº' (s�nz®�¯ Ï�mrtlq
rzororÑ+n�qlmrtluzÏy0�nFszjlorÑ+�wr�o�mrÏ�±D)�¶ � Ñ�mpo qlmrÑÝþ7rzÏ�qlm-»¦slÏ%m-sztlÏ%Ñ�orÑ+µ_oFnFsfqlÑ
rztÙqlÑ+n
²�r�,
oF)�sÌqnÑÔÑ�mrtlÑÔuzs�o Ñ$¹�rzslÑ+n�Ï1oFs�»�¸�s�'�s�)�n�rzt�qlmrÑÖÒÙÑ?�j�nFrzt×uzÑ � (r�)�n�orÑ�mrÏ�o�Ñ�t sltlq
qlÑ�Ï1)�rzorj×Ñ�mrtlÑÖuzÑ�t (sluzÑ�tlq�u�nFs�·zÑ�¼�s�n�szÏ�m-o (r�o�)�rzj¦Ñ�t½�Ýs�·nx
¬ Ñ�mL) (s�)nÑ?n Ñ�t½ØÑ+nFo�Ñ�t���szt¾®;¯´mrÏ�o¹qlmrÑ9�rzÏ�Ï%Ñ+nFrzj�' (s�)�n�sltlu qls�nF±D)ÙqnmpÑ7²�r�,
oF)�sÌqnÑ´Ï1±D)ltlÑ�ororÑ+n3rzorÏÛqlmrÑ ¬ mrorqlsltnuw��sztÓÕÛÑ+r�µ¿o m5sztnÏ � rzÏ�Ï%Ñ+nH¶Ìq�r�)lÑ+ny�Ýs�·ÜqnÑ?n
ÒÙÑ+�Ýj�n�rztÀrzt qlÑ+n©ikt�sÌqnÑ�qlmrÑ×Ñ�tSo�Ï10�n�Ñ+±D)lÑ�tlqlÑh�rzÏ�Ï%Ñ+nF�¨Ñ�tluzÑ�¸�sluzÑ+' (s�)�nFo
� Ñ?n qlÑ�t*¶«s�� qlÑ�tB�wr�ÁÌm-�wrzorÑ�t7|rzÏ%Ï�Ñ+n�uzÑ+)�rzo-o�rzs�'Nn�Ñ+±D)uoF¸�slÑ+nF)�rzo-o�Ñ�t�x � Ï1o�qlmrÑ�Ï
tlm-±D)SoÂ� (szuzopm-±D)*¶ÅÏ1sÔÏ%mrt�µ_o qlÑ+nÂ�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-oïmrt¨qlÑ+n ÒÙÑ+�Ýj�n�rzt*¶§jnmpÏÀqnÑ?n�þßÑ+,
Ï1r���o�q�n s�±Dµ|rztôqlÑ+n9²�r�oF)�sfqlÑw,ÐsntlqÚq�r��¨m-o´qnÑ?nÖqls�nF±D) qlmrÑz²�r�oF)�sfqlÑ�rzj�,
uzÑ+'�(s�)�nFo�ÑB|rzÏ%Ï�Ñ+nFÃls�·�,�Ï1s � Ñ�m-oyrzjluzÑ�t�s��w�¨Ñ�t�)�rzj¦Ñ�t�¶nq�r�·�qnmpÑßqlÑ+nkÒÙÑ+�w,
j�n�rzt�¸�sluzÑ+' (s�)�nFo�Ñßsltlq�qnmpÑ7rzjluzÑ+' (s�)�nFo�Ñ7|rzÏ%Ï%Ñ?n��¨Ñ�tnuzÑkuzopÑ�m-±D)×u�nFs�·¨Ï%mptnq�x



° ¶�Ä

iksnÏÝikjlj�xávnx 	 mpÏ1o � Ñ�m5o Ñ?n�)lmrtÅ¸�sÚÑ+nFµzÑ�tltlÑ�t*¶áq�r�· j¦Ñ�mÀÑ�mptnÑ?� uzÑ?n mptnuzÑ?n Ñ�t
ØÑ+nFoÆ' (s�n ��ADCFE/G Ñ�mrt¨u�n (s�·zÑ+n�Ñ+nÂØÑ+nFo���szt�® ¯ �zÑ+n � Ñ�tlqnÑ?o � Ñ+n�qlÑ�t�µJrztlt�x�Ç�m-,
tlÑkþ7rzÏ�q�n�s�±Dµfqlm-»¦Ñ+n�Ñ�t�¸�¸ � mrÏ�±D)nÑ�tw²�r�oF)�sfqlÑksltnqÜikt�sfqlÑkÑ+n�o-rzslj�o�Ñ�j¦Ñ�t�'vrzoropÏ
)*(s�)lÑ+n�Ñ�ôÑ+nFo�Ñ�'�(s�n�® ¯ ¶¢rzoporÑ+n�qlmrtluzÏ�mrÏ�o qlÑ+n�ÇÆ»¦Ñ?µ_oïj¦Ñ�mfþ7rzÏ�q�n�s�±Dµfqlm-»¦Ñ+n�Ñ�t�¸�Ñ�t
jlmrÏ ¶ j�r�nÆ' (s�n ´ Ñ�ororÏ�oFn�s��¨qlm-±D)uo�Ñ�t�u�n (s�·zÑ+nÂrzopÏ ÿ a Ä i
��±+� ý n�Ñ�o-r�o�m-�ÝuzÑ+n�mrtlunxuÇ�n
µ¢rztntÀrzj¦Ñ+nÝuzÑ�tàs�oF¸+o � Ñ+n�qlÑ�t*¶ s�� j¦Ñ�m¢uzÑ?n mptnuzÑ?n Ñ�t ´ Ñ�ororÏ�o�n (s��¨Ñ�t*¶²qlmrÑ � Ñ+,
tlmruØÕÛÑ+r�µ¿o m5sztnÏ � rzÏ�Ï%Ñ+n90�nFsfqls�¸�mrÑ?n Ñ�t�¶ qnmpÑ×ÒÙÑ+�Ýj�n�rztàj¦Ñ+'�Ñ�s�±D)uo sltlu}¸�sÀ�zÑ+nF,
j¦Ñ�Ï�Ï%Ñ+n�t�x�ikororÑ+n�qlmrtluzÏ Ñ+n�uzÑ�j¦Ñ�tÝÏ�m-±D)7' (s�n=È-�  ���!ÉyÊ ÿ sltlqÝÏ%Ñ+)�n�µforÑ�mrtlÑ ´ Ñ�oro-,
Ï�o�n (s��¨ÑÐtlÑ�u�r�o�m-�zÑxØÑ+nFo�Ñy' (s�n�® ¯ uzÑ?� (r�·ÖþßoûxÅvnx-° ¶ ¶ÅÏ�sÖq�r�·ÔqnmpÑ�Ï%Ñ¢q�rztltwµzÑ�mrtlÑ
Ï�mrtltS��szoropÑ¹ikslÏ�Ï1rzuzÑÐÑ+n�o-rzslj�o�x¨ËÖÑ?nÀþ7n�sntlq×mpÏ1oH¶«q�r�·Ýq�rztlt¾È-�  � � ÉyÊÌ��� 6
sltlqôÏ�s��¨m-o��=��¯�0�szÏ%m5o m5� � m-n�q*¶ÞÏ�s×q�r�·×qlÑ+n$�rzÏ�Ï%Ñ+nFÃls�·³rztÙqlÑ+n�²$r�oF)�sfqlÑ
mrtÙqlmrÑ©ÕÛm-±D)uo�sltnuh¸�s�nkÒÙÑ+�Ýj�nFrzttÃlmrÑ+·�o�x�ØÑ�tlt�rzslÏkqlÑ+� þ9rzÏ1�zÑ+nFo�Ñ�mrorÑ?nyrzt
qlÑ+n�²$r�o�)�sfqlÑÝtlm-±D)uo¹uzÑ�t (sluzÑ�tlqh|rzÏ%Ï%Ñ?n¹t�r�±D)luzÑ�ormpÑ+'�Ñ+nFo � m-n�q�¶ � m5n qÓqlmrÑ�Ï�¸�s
Ñ�mptnÑ?� ikjlÏ%mrt�µzÑ�t�qnÑ?nÍ|rzÏ%Ï�Ñ+n�uzÑ+)�rzo-o�Ï¢mrt�qlÑ+nÐÒÙÑ+�Ýj�n�rzth' (s�)�n Ñ�táx

iks�'�u�n�sntlq qlÑ+n³¹�±D) � mpÑ+n�mru�µzÑ�m-oH¶�qlmrÑtÇ�orÑ+µ¿o�nFsfqlÑ�t Ï1sm¸�sÎs�0�o�m-�¨mrÑ+n�Ñ�t*¶ q�r�·
Ï�mrÑ¨Ñ�mrtlÑÜÏ%Ñ+)�nßuzÑ+n�mrtluzÑ�¼�Ñ+nF�¨Ñ+rzjlmropm-o (r�o�' (s�n��rzÏ�Ï%Ñ+nßsltlq uzorÑ�m-±D)�¸�Ñ�m-o�mru×Ñ�mrtlÑ
Ï�Ñ+)�n¹uzs�o�Ñ7¼ Ñ+nF�¨Ñ+rzjlmrorm-o (r�o�' (s�nâqlmrÑßÕÛÑ?r�µ_o�m-sztlÏ%u�rzÏ%ÑÏ)�rzj¦Ñ�t*¶ � Ñ?n qlÑ�tÓmrthn�Ñ+r�,
orÑ�t ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�oporÑ�tÝqlmrÑÐÕÛÑ+r�µ_o�m-sztlÏ�u�rzÏ%Ñ¢t�s�nF�wrzorÑ+n � Ñ�mrÏ%Ñ j¦Ñ+'�Ñ�s�±D)So�Ñ+o�x��
�
' (s�nßÑ�mrtlÑ¨uzÑ�uzÑ�j¦Ñ�tlÑBÐ ý . ,¡¼ Ñ+nF�¨Ñ+rzjlmrorm-o (r�oÔqnÑ?n�Ç�orÑ+µ_oFnFsfqlÑ�tØqlmrÑB¸�s�n7Ç�nF)�rzo-,
o�sltluÙqnÑ?nÑ��szoporÏ1oH(rztlqlmruzÑ�t|Ð
Òfq�n�r�o�mrÏ�mrÑ+n�sltlu t�s�o � Ñ�tlqlmruzÑ³|rzÏ%Ï�Ñ+nF¸�s�' s�)�n�¸�s
j¦Ñ+n�Ñ+±D)ltlÑ�t*¶;µJrztlt Ñ�mrt (r�)ltlorm-±D)lÑ+nkiktlÏ1r�oF¸ � mrÑ�' (s�nkþ´oKx vnx-° ¶ �¨m5oyrzororuzÑ?�¨Ñ�m-,
tlÑ+n�Ñ�t ¬ Ñ�qnmptnuzsltluzÑ�tÙuzÑ+�wr�±D)uo � Ñ+n�qnÑ�táx ÒÙm-okqlÑ+nkiktlt�r�)��¨Ñ�¶¦q�r�·h' (s�nkqnmpÑ
ÐÖý . ,ûÒÙm-oF'�(s�)�n�sltluzÏ1µ�sfÑ?Ów¸�mrÑ�tuo�Ñ�t �  � � �Óuzmpo-oH¶ïÑ+n�uzmrj�oßÏ�m-±D)ÔÈ�Ï�xP�wr�oF)lÑ+,
�wr�o�mrÏ�±D)nÑ?n¢ikt�)�rztlu�É
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�¨m-oâáäã ý�ý � ILK
�NM�O-QSR�TU�V å Ð ý .�æ È 8ç: É W �XcYd[F] O-Q R T-^_O5Q R T` � x � t ikjlj�x vnx ¶ mpÏ1o � �ÖÕ uzÑ+� (r�·âþßoKx�vnx-° � �¨m-o qlÑ�tßq�s�nFoärztluzÑ�uzÑ�j¦Ñ�tlÑ�t�¼�r�nFr��¨Ñ+o�Ñ+n�tßsltnqÝqlÑ�t�è�nFrztnÏ�,

0�s�nFoFµ�sfÑ+Ów¸�mpÑ�tSo�Ñ�t�'�(s�nÛv ÄBé j�¸ � xlv 	wé Ï%slo-'vsztlmrÑ+nFo�Ñ�Ïx¼�ÇÆÇ�²�² j¦Ñ�m ¶zÿzÿ ²
È�Ï�xáikjljlmrorqlsltluzÑ�t ¶ xêq�sntlq ¶ x5° � ÉÖsltlq}rzorÏ Î slt�µ_o�m-szt|��sztm® ¯ q�r�n uzÑ�Ï1o�Ñ�oro-oH¶
� szj¦Ñ�m�® E � ® ¯ rztluzÑ�t�s��w�¨Ñ�t � s�n�qnÑzx
Î (s�n¨qlÑ�t Î rzoro9��� E � ÿ sltlqë�  ��� � ÿ t*(r�)lÑ+nFo¨Ï%m5±D) �

� j¦Ñ�m Ï%Ñ+)�n
u�nFs�·zÑ�t ÐÖý . ,¡¼ Ñ+nF�¨Ñ+rzjlmrorm-o (r�o�Ñ�t qlÑ+nmÇ�orÑ+µ_oFnFsfqlÑ�t Ñ+n � r�nFo�sltnuzÏ�uzÑ+� (r�· rzt
	 � ADC�E/G È 8ç: É � rztáxªËÖÑ?n�® ¯ ,¡ôÑ?n�oH¶ª' (s�nÜqlÑ�t � �ÖÕ  � ÿ � m-n�q�¶ªµJrztlt
mrtÙqlmrÑ�Ï%Ñ+� Î rzoroärzslÏÔþßoKx vnx-° 	 j¦Ñ+n�Ñ+±D)ltnÑ?o � Ñ+n�qlÑ�t*¶�' (s�n$µforÑ�mrtlÑ+n�Ñ�® ¯ ,¡ØÑ+nFo�Ñ
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ikjljnmporqlsntluÓvnx ¶ny ÐÖý . �p�Ù�K�� J���~n�«���l���n£f��ó¨¥��û��� � � �ÖÕ  �À�n� �ß¥ª���Ý����~����K�����n�
�l��� ¬z£��p�r����������«�r�n��� ô
õ¦�z���z���r���K���«���n� ��£z� ®������«�r� �r���F�©���r�t¤������ ���K£�� ¬z£��
®;¯�È � ® E É µb¤w���� �«�K�Ô¡k������}�~l�ï���l� �n���p��?ö ¯±�Kµ�÷zµ�©?ø×®Ö�����n� �}  £��r�n�����l�Ô� �z�
�������������|¬z� ��®������l���Fù @ 6: ú q ¶ ��� � �  ��� ú ÿ������wû � E ú Ä j�r�n ��¥§®Ðµ
û � E ú ÿfµÞ�����Ô�¨�K�|üû{z�p�Ù���K�z���K£���ýh�Ì��¥§� �K}�~l�á��� �|� �����¦���Ì��¥��K��~ç� �%�K}�~ �n�H 
�«�K��¤ �r�l�K�����p�Ô�r¤ �������l¥§�����û{«�r�³���K�z���K£������Åþ ��µ�§¥���«µL÷zµ5ø?ÿ�µ

ormrÑ+'�Ñ+nFoßþ´oKxïvnx5° � µzÑ�mrt Ï%mrtltu��szororÑ�Ï7Ç�n�uzÑ�jltlmrÏ ¶ � Ñ�mro�q�rztltmµzÑ�mrtlÑ��rzÏ�Ï%Ñ+nF¸�s�,
'�s�)�n$�¨Ñ+)�nkt�s�o � Ñ�tlqlmru�mrÏ1oH¶ s�� qlmrÑB��szoropÑ7Ð
Òfq�nFr�o mpÏ%mrÑ+n�sltlu qlÑ+nÔÒÙÑ+�Ýj�nFrzt
¸�s�Ñ+nF)�rzo-o�Ñ�t�x
ÕâÑ+rzormrÏ�o mpÏ1±D)lÑ+nÐmrÏ1oÏrzj¦Ñ+n
rzs�'�u�n sltlqØqnÑ�Ïkikt�0�n�Ñ+·zq�n�s�±DµzÑ�ÏÖsltlqØqnÑ�Ï
¸�slÏ (r�oF¸+,

orm-±D)×qls�nF±D) qlmrÑ � slÑ�ororsltlu�qlÑ+nÐÒÙÑ+�Ýj�nFrzt Ñ�tuo�Ï1o�Ñ+)lÑ�tlqlÑ�t³Ë$n�s�±DµzÑ�ÏÛqlmrÑÔikt�,
t�r�)��¨Ñ�¶ïq�r�·m�=� E Ñ�mrtlÑ�tÚÑ�tlqlorm-±D)lÑ�tÅôÑ+nFo�rztltlm-�w��o�x Î (s�n¥��� E � Ä j�r�n
Ï%mrtlqÙj¦Ñ�m�® ¯ ,¡ØÑ+nFo Ñ�t�¶áqlmrÑz�¨Ñ+)�n
rzorÏÔq�s�0�0¦Ñ�o5okÏ1s×u�nFs�·×Ï�mrtlq � mpÑ�qlÑ+n$s�0�o�m-,
�wrzorÑ9® ¯ ,¡ôÑ?n�oH¶ªqlÑ�s�o�orm-±D)lÑ$) (s�)nÑ?n Ñ9ôÑ+nFo�Ñ7' (s�n � �ÖÕ  t�s�o � Ñ�tlqlmrunx

� tØqnÑ?nÖjlmrÏ�)nÑ?n mpuzÑ�t ¬ Ñ+oFnFr�±D)So�sltlu � s�n�qnÑ���sztØÑ�mrtlÑ+nkÏ%Ñ?)�nÔuzs�o�Ñ�t ¬ Ñ+'�Ñ�s�±D)�,
o�sntlu qlÑ+n¨ÒÙÑ+�Ýj�nFrztprzsnÏ�uzÑ�u�rztluzÑ�t�x � twqlmrÑ�Ï%Ñ?� Î rzoro�µJrztltwqlmrÑÓþßÑ�Ï1r���oF,
orÑ�m-oF'\(r�)lmru�µzÑ�m-oÐqlÑ+nâÒÙÑ+�Ýj�nFrzttrzslÏkqlÑ+n
�wr�Áfm-�wrzopÑ�t�� Ñ�m5o�'\(r�)lmru�µzÑ�m5oÛsltlqÙqnÑ�t
ÒÙÑ+�Ýj�n�rzt�rzj��¨Ñ�Ï�Ï%sltluzÑ�t opÑ�m-±D)uo¢j¦Ñ+n�Ñ+±D)ltlÑ+o � Ñ+n�qnÑ�táx�è�rzj¦Ñ�ororÑÛvnx5°$¸�Ñ�mpu�o�qlmrÑ
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Ï�m-±D)ÖÏ�s¢mrtÔÑ�mrtlÑ+n ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�oropÑ�Ñ+n�uzÑ�j¦Ñ�tlqlÑ�tkqlm-»¦Ñ+n�Ñ�t�¸�mpÑ�ororÑ�t� mrqlÑ+n�Ï1oH(rztlqlÑ
m-� �ÀÑ+n�uzorÑ�m-±D)p�¨m-o³Ë$r�o�Ñ�t rzslÏ×Ñ?Á_0¦Ñ+n�m-�¨Ñ�tuo�Ñ�oroÐj¦Ñ�Ï1o�m-�w��o�Ñ�t ¬ n�Ñ�tltlÏ1oFs�»�,
¸�Ñ�ororÑ�t�µzÑ�tltlormrtlmrÑ�t å �zÿ æ È�Ï�x|ikjlj�x 	 x v�É�x ËÖmpÑ}rztluzÑ�uzÑ�j¦Ñ�tlÑ�t Ï10¦Ñ?¸�m � Ï1±D)lÑ�t

è�rzj¦Ñ�oropÑßvnx-° yn� �z�������K���K���r�n� �n��}�~��? ������ �����ô�l�����n���h�Ì� ����}�~n�������Ý�«�r¤ �������ç���K�
���p�K���³�û�n� � ��������á�l�Ï ¢���� ¬z£��p��~uõ �«���z�û�p�%�K������� �����

Ç�mpuzÑ�tlÏ1±D)�r�'vo �
r � szt v Äwé Ï%slo-' x�¼ÆÇ�ÇÆ²$²
>
	  Q �½È�u����wszo-É °�° ÿzÿ v�q Ä
� 	  Q �½È�u���±+� à É 	 a ° 	 ° a ¶ v8 � å ÐÖý .$æ � å ¹ . à Ð æ 	zÿ ¶zÿ
k È ¶zÿz¶ ²�É��½È�¹���±+�wÉ ÿ a ÿ v 	 ÿ a ÿ�Ä�	� E ' (s�n k l �w�¨Ñ� å � æ ° ¶ ° ° ��Ä
k È ¶�Äz¶ ²�É��½È�¹���±+�wÉ ÿ a ° ÿ q ÿ a ÿ���Ä@ 6� �w��� ° ��Ä �zÿ
@ 6: �w��� 	���� q ¶
@�� 4 @ e È ¶zÿz¶ ²$É��w��� ����� °�v �
@�� 4 @ e È ¶�Äz¶ ²$É��w��� 	�� v q�q
@�� 4 @ e �����uÈ ¶�Äz¶ ²$Éy�z��� å �zÿ æ 	 v ÿ ° �zÿ

� Ñ�m-oF' (r�)lmru�µzÑ�m-o�Ñ�t j¦Ñ�m ¶zÿz¶ ² � s�n�qnÑ�t½rzslÏÐqlÑ�t�mrt×ikjlj�x ¶ x-° � q�r�n�uzÑ�Ï1o�Ñ�oro5o Ñ�t
ikt�0�rzÏ%Ï�sntluzÏ�' slt�µ_o�m-sztlÑ�t j¦Ñ�Ï�o m5�w�ÑoH¶ qlmrÑhØÑ+nFo�Ñ�j¦Ñ�m ¶�Äz¶ ² � s�n�qnÑ�tprzsnÏ
qlÑ�ttØÑ+nFo�Ñ�tôj¦Ñ�m ¶zÿz¶ ² �¨m5okqnÑ�tÙmrtÙqlÑ+n
è�rzj¦Ñ�ororÑ7rztluzÑ�uzÑ�j¦Ñ�tlÑ�t i
µ_o�m-�ÌmrÑ+,
n�sltluzÏ%Ñ�tuoF)�rzo50nmpÑ�tº' (s�n k l å � æ j¦Ñ+n�Ñ+±D)ltlÑ+o�xçÈ Î (s�n¢qlmrÑâi
µ_o�m-�fmrÑ?n sltluzÏ%Ñ�tSoF)�rzo-0lm-,
Ñ�t � s�n�qlÑ�t×qlmrÑ$ôÑ?n�o�ÑÔqlÑ+n�� Ñ � Ñ�mrorÏ�) (s�±D)nÏ�o�Ñ�t×uzÑ+�¨Ñ�Ï�Ï%Ñ�tlÑ�tz�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ
�zÑ+n � Ñ�tlqlÑ+oH¶¿�fuzoKx«ikjljáx Ä x � xêÉÂËÖmpÑ � snÑ�ororsltluqlÑ+n�ÒÙÑ+�Ýj�nFrzt � s�n�qnÑ$rzorÏ�)lmrÑ+n
rzorÏÐÑ�mptnqlm-�¨Ñ�tnÏ�m-szt�rzo�rztluzÑ�t�s��w�¨Ñ�t×sltlq�uzÑ?� (r�·�þßoKx vnx � j¦Ñ�Ï1o�m-�w��o�x
ËÖÑ+n��ÀÑ+n�uzorÑ�m-±D)�qnÑ?n¹j¦Ñ?n Ñ?±D)ntlÑ+o�Ñ�t�sltlq Ñ+Á¿0¦Ñ+n�m-�¨Ñ�tuo Ñ�oro�Ñ?n�)�rzo-o�Ñ�tlÑ�thØÑ+nFo�Ñ
¸�Ñ�mru�oH¶�q�r�·âqlmrÑÂs�0�o m5�wrzorÑ�t�� Ñ�m-oF' (r�)lmru�µzÑ�m-o�Ñ�t$' (s�n��
r � szt7rztlt (r�)lÑ+n�tnqÝÑ+nFn�Ñ�m-±D)uo
� s�n�qnÑ�táx Î (s�nÝÏ�sno5'NsztlmrÑ?n�o�Ñ�Ï�¼�ÇÆÇ�²$² � s�n�qnÑ�q�rzuzÑ�uzÑ�t m-� ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�o-,
orÑ�tnÑ?Á_0¦Ñ+n�m-�¨Ñ�tuo¢Ñ�mrt�m-� �ÀÑ?n uzopÑ�m-±D)³�¨m-oÐqlÑ+� '�(s�nkqlmrÑ7�wr�Áfm-�wrzopÑ�� Ñ�m-oF'\(r�)lmru�,
µzÑ�m5oj¦Ñ?n Ñ?±D)ntlÑ+o�Ñ�tmØÑ+nFo¨Ñ+o � rØq�s�0�0¦Ñ�o-o�Ï�st)�s�)lÑ+n©qlm-»¦Ñ+n�Ñ�tuo mpÑ�ororÑ+n� mrqlÑ+nF,
Ï�o�rztlq×uzÑ?�¨Ñ�Ï%Ï�Ñ�t*¶ � rzÏ�� Ñ�q�s_±D)ºrzs�±D)×tàs�nÐj¦Ñ�m¦Ï%Ñ+)�n�uzs�o Ñ?n ¬ Ñ+'�Ñ�s�±D)uo sltlu¨qlÑ+n
¼�Ç�Ò �½(szuzorm5±D) mrÏ�oH¶ � Ñ�mpokj¦Ñ�mkqlÑ�tÉÑ+Á_0¦Ñ?n m5�¨Ñ�tSo�Ñ�opo¹Ñ?n�)�rzo-o�Ñ�tlÑ�tÎ²ÔÑ�tltnopmrtlm-,
Ñ�tÎ¸�slÏ (r�oF¸�opm-±D) qlmrÑ ¬ Ñ�m-oFn (rzuzÑÙqlÑ+n ´ slorÑ�m5o sltluzÑ�tp¸�s�� qlm-»¦Ñ+n�Ñ�tuo�mrÑ�ororÑ�t  m-,
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qlÑ+n�Ï1oFrztlqÚj¦Ñ+n!(s�±DµfÏ%m-±D)uo�mru�o � Ñ+n�qnÑ�t}� (slÏ%Ï%Ñ�táx Î (s�nßqlmrÑ¨j¦Ñ+n�Ñ+±D)ltlÑ+o�Ñ�t|ôÑ?n�o�Ñ
j¦Ñ�Ï1o�Ñ+)uo�rzororÑ+n�qlmrtluzÏ�Ñ�mrtlÑ Ñ+nF)lÑ�jlorm-±D)lÑ³�ktlÏ�m-±D)lÑ+nF)nÑ�m-oÝj¦Ñ+¸ (sluzorm-±D)ÚqlÑ+n©ÒÙÑ+�w,
j�n�rztlqlm-±DµzÑßm5� uzÑ��fs�szororÑ�tlÑ�t ´ slÏ1oFrztlq y ¬ Ñ�máÑ�mrtlÑ+nÐmrÏ1s�oFnFs�0¦Ñ�t � snÑ�ororsltlu¨qnÑ?n
ÒÙÑ+�Ýj�n�rzt � (s�n�qlÑ @ 6: � @ 6� ÈF° � 8  �����" 1# 4

 	  Q" �# É �
Õ à � Ñ�Ï�Ñ�tSo�orm5±D)�uzÑ?n mptnuzÑ?n

Ï%Ñ�mpt�rzorÏÝj¦Ñ�m�qlÑ+nßÑ�mptnqlm-�¨Ñ�tnÏ�m-szt�rzorÑ�t � slÑ�ororsltlu�¶ïqlmrÑÜuzorÑ�m5±D)nÑ � slÑ�ororsltlu mpt
qlmrÑ�j¦Ñ�mpqnÑ�ttrztnqlÑ+n�Ñ�tØÕyrzs��wn�m-±D)uo�sntluzÑ�t � (s�n�qlÑ¨qlmrÑ¨ÒÙÑ+�Ýj�n�rzt�Ã (r�±D)lÑB0�nFs�,
0�s�nFo m5szt�rzoÏ¸�sÌÈF° � 8  �����" 1# 4

 	  Q" �# É
ýDÕ à ¸�sltnÑ?)��¨Ñ�t o-rzÏ�Ï%Ñ�t È � rzÏ�¸�s Ñ�mptnÑ?n

ôÑ�ororsltluÛqlÑ+n ÒÙÑ+�Ýj�nFrzt7' (s�)�n�Ñ�t�� (s�·�o�Ñ+É�x � tÖqlmrÑ�Ï�Ñ+� Î rzoro � (s�n�qlÑ�tÝqnmpÑÂo�)lÑ+s�,
n�Ñ+o�mrÏ1±D)lÑ�t|ôÑ?n�o�Ñ�' (s�n @ � 4 @ e s�� �¨Ñ+)�n7rzorÏÔÑ�mrtlÑ�t Î r�µ_oFs�n 	 uzÑ�uzÑ�t (slj¦Ñ+n
qlÑ+� Î rzorofqlÑ+n Ñ�mrtlqlm-�¨Ñ�tlÏ%m-szt�rzorÑ�t � slÑ�oporsltnu
n�Ñ�qls�¸�mrÑ?n�oH¶«Ï1skq�r�·ÔÏ%mrÑ qnÑ�s�o�orm5±D)
sltSo�Ñ+nâqnÑ�t�Ñ?Á_0¦Ñ+n�m-�¨Ñ�tuo�Ñ�oroçÑ?n�)�rzo-o�Ñ�tlÑ�thØÑ+nFo�Ñ�t�ormrÑ�uzÑ�t � (s�n qlÑ�t�x

ãçä»åçäæå ! í#" êçëæë%$�&('ìlíïîïðæñçò ó òfõ*),+ùìlíï÷Þø�î,+öì & ð $ ð»ò-+öúïí ñ
ËÖmpÑ×ikj � Ñ�m-±D)àsltluÚqlÑ+n�Ñ+Á¿0¦Ñ+n�m-�¨Ñ�tuo Ñ�oroÀj¦Ñ+szj�r�±D)So�Ñ+o�Ñ�t qlm-»¦Ñ+n�Ñ�tuo mpÑ�ororÑ�tÅ m-,
qlÑ+n�Ï1o (rztlqnÑÏ��szt¨qlÑ�tw' (s�n�qlmrÑy�wr�ÁÌm-�wrzorÑx¼�nFs�o�sztlÑ�tlorÑ�m-oF' (r�)lmru�µzÑ�m-oïÑ+n � r�nFo�Ñ+o�Ñ�tôÑ?n�o�Ñ�tÝmrÏ�oªÈ�tlÑ�j¦Ñ�t�s�)��¨Ï1±D)lÑ�t7 mrqlÑ+n�Ï1oH(rztlqlÑ�tÝqnÑ?n�Ç�orÑ+µ¿o�nFsfqlÑ�tÔsltlq ´ snopÑ�m-,
o�sntluzÑ�t�Ï1s � mrÑ (�kj¦Ñ+n�Ï�0�rztltàsltnuzÏ�j¦Ñ�m-oFn (rzuzÑ�tÜqns�nF±D)×qlmrÑki
µ_o�m-�ÌmrÑ+n�sltnuzÏ�j�r�n�n�mrÑ?,
n�Ñ�tÝqnÑ?n�ÕÛÑ?r�µ_o�m-sztlÑ�t7rztÝqlÑ�t�Ç�orÑ?µ_oFn�sÌqnÑ�tßj¦Ñ�màuzÑ+n�mrtluzÑ�t7¹�oFn�s��¨qlm-±D)uo�Ñ�t�sltlq
qls�nF±D)|ËÖm5»¦snÏ�m-sztlÏ1)lÑ+�w�Ýsltlu¨qnÑ?nÖÕâÑ+r�µ_o�m-sztlÏ%u�rzÏ�ÑÖj¦Ñ�mïÏ�Ñ+)�n
)�s�)lÑ�tt¹�oFnFs��w,
qlm-±D)So�Ñ�t�Éwrzs�'ktlm-±D)uoº��szoropÏ1o (rztlqnmput)SÒfq�nFr�o�mrÏ%mpÑ+nFo ÑhèïÑ�mropÑ×qlÑ+nw¼ÆÇ�Ò ¸�s�n (s�±Dµ_,
¸�s�' (s�)�n�Ñ�t�x � � 'vszoruzÑ�tlqlÑ�tÙÏ1szoropÑ�t�tüslt|�¨m-o Î mrtlm-o�Ñ+,¡ËÔm-»¦Ñ+n�Ñ�t�¸�Ñ�t�,¡¹lm-�Ýslo-r�o�m-s�,
tlÑ�tB' (s�n�Ñ�mrtlÑ¢Ï%slo-'vsztlmrÑ+nFo�Ñx¼�ÇÆÇ�²�²$,ûÒÙÑ+�Ýj�nFrzt¨j¦Ñ+n�Ñ+±D)ltnÑ?o Ñ3�rzÏ�Ï%Ñ+nFµ�szt�¸�Ñ�t�,
oFn�r�o�m-sztlÏ�0�nFs � orÑÀqlmrÏ�µfs�o mpÑ+nFo � Ñ+n�qlÑ�t*¶?rzsnÏáqnÑ�tnÑ�tÖqlm-»¦Ñ+n�Ñ�tuo�mrÑ�oropÑ� mrqlÑ+n�Ï1o (rztlqlÑ
Ñ�mrtlÑ+n�¼ÆÇ�Òt, ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�oporÑÐj¦Ñ+n�Ñ+±D)ltnÑ?o � Ñ+n�qlÑ�t³µ (sztltlÑ�t*¶ÌqlmrÑkqlÑ�t Ñ?Á_0¦Ñ+n�m-,
�¨Ñ�tuo Ñ�oro¦j¦Ñ+szj�r�±D)So�Ñ+o�Ñ�t¥ôÑ+nFo�Ñ�t×Ñ�tSo�Ï10�n�Ñ+±D)lÑ�t�x¿Ç�Ï � Ñ+n�qlÑ�t³)lmrÑ+n tüs�n�¹lm-�Ýs�,
o-r�o�m-sztlÑ�t¨j¦Ñ�m l � ¶zÿzÿ ² j¦Ñ+oFnFr�±D)So�Ñ+oH¶ � Ñ�mro�' (s�n�qlmrÑkÏ�sno5'NsztlmrÑ?n�o�Ñ�tw¼�Ç�ÇÆ²$²�,
ÒÙÑ+�Ýj�n�rztlÑ�t´j¦Ñ�m�) (s�)nÑ?n Ñ�t�èïÑ+�w0¦Ñ+nFr�o�s�n�Ñ�tßjlmrÏ1)lÑ+n�µzÑ�mrtlÑä��szoropÏ1o (rztlqnmpuzÑ�t
Ë�r�,
o�Ñ�tlÏ (r�oF¸�ÑÔqnÑ?nÍè�nFrztlÏ10�s�nFoF0�r�n�r��¨Ñ?o Ñ?ny��s�n�ormrÑ�uzÑ�táx
ikjlj�x vnx � r�É ¸�Ñ�mru�o |rzÏ%Ï%Ñ?n uzÑ?)�rzo5o Ï�0�n�s � orÑ Ñ�mptnÑ?n v Ä�é Ï�slo-'vsztnmpÑ+nFo Ñ�t
¼ÆÇ�Ç�²�²$,ûÒÙÑ+�Ýj�n�rzt*¶ qlmrÑ��¨m5o×qlÑ+� m-� ²�r�0�x vnx-°Øj¦Ñ�Ï1±D)�n�mrÑ�j¦Ñ�tlÑ�t ikoru�s�,
n�m-oF)��ÝslÏ�sltlq qlÑ�t mrtm²$r�0�x ¶ 0�r�n�r��¨Ñ?o�n�mrÏ�mrÑ+nFo�Ñ�t}è�nFrztlÏ10�s�nFoFµ�sfÑ+Ów¸�mrÑ�tSo�Ñ�t
' (s�n��zÑ+n�Ï�±D)nmpÑ�qlÑ�tlÑB¹�oFn�s��¨Ï�o (r�n�µzÑ�tÚj¦Ñ+n�Ñ+±D)ltlÑ+o � s�n qlÑ�t*¶²ikjljáx²vnx � j�É9¸�Ñ�mru�o
qlmrÑ�¸�snuzÑ?)�(s�n�mruzÑ�t×þßÑ�Ï�r��Ño�q�n!(s�±DµzÑ§x
Î (s�n�rzororÑh��sztwtàsloroy�zÑ+n�Ï�±D)nmpÑ�qlÑ�tlÑ�t ¹�oFnFs��¨Ï1o (r�nFµzÑ�twj¦Ñ�Ï1o�Ñ+)lÑ�t qlmrÑ�¼�nFs � ,

orÑBrzslÏ$¸ � Ñ�m�è Ñ�mrorÑ�t y � tÙqlÑ+� t (r�)lÑ+n$rztôqlÑ+n
²$r�oF)�sÌqnÑ¨uzÑ�orÑ�uzÑ�tlÑ�t ¬ Ñ+n�Ñ�m5±D)
� m-n�qÙt�(r�)lÑ+n�sltluzÏ � Ñ�mrÏ�ÑqlÑ+n
�wr�ÁÌm-�wrzorÑ7|rzÏ%Ï�Ñ+n�uzÑ+)�rzo-oÐÑ+nFn Ñ�m-±D)SoH¶ mrtÙqlmrÑ�Ï%Ñ?�
¬ Ñ+n�Ñ�m-±D)ÝmrÏ�o qlmrÑxn (s�±Dµ_oFn�Ñ�mrj¦Ñ�tlqlÑÆ²$nFr�'voä' (s�n�q�rzÏ�mrtÝqlÑ+nïÒÙÑ+�Ýj�nFrztÑrzjlÏ�s�n jlmrÑ?n�,
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o�Ñw�rzÏ�Ï%Ñ+nkqlÑ+nÔqls�nF±D)Øq�rzÏßÕÛÑ+r�µ¿o m5sztnÏ � rzÏ�Ï%Ñ+nÏrzs�' uzÑ�j�rzs�o�Ñ�þ´Ñ�Ï1r���o�q�n s�±Dµ_,
u�nFrzqnmpÑ�tSo�x � t�qlÑ+� t (r�)lÑ+nyrzt�qlÑ+nÛikt�sfqlÑßopmrÑ�uzÑ�tlqlÑ+� ¬ Ñ+n�Ñ�m-±D)ÓÑ+nF'vszoru�oÐÑ�mrtlÑ
Ï1oFr�nFµzÑ (iktlqnÑ?n sltlu qlÑ�Ï9�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�Ï+¶�)lmrÑ?nÖmrÏ�oÖqlÑ+n´þßÑ�Ï1r���o�q�n�s�±Dµ�¶áqnÑ?n
rzt qlÑ+nÝikt�sfqlÑ³�wr�Áfm-�wrzo�mrÏ�o?¶ � Ñ�m5o uzÑ?)nÑ�tnqmrzjluzÑ+'vrzororÑ�t�¶áqlmrÑ¥n!(s�±Dµ_oFn�Ñ�mrj¦Ñ�t�,
qlÑ½²$nFr�'vow' (s�n©q�rzÏwrzjlÏ�s�n jlmrÑ?n�o�Ñ³|rzÏ%Ï�Ñ+n�mpÏ1o�)lmrÑ+nÝqlmrÑh��s�� �rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o
rzj�) (rztluzmruzÑ � szt�s��¨Ñ+nF,¡|rzÏ%Ï%Ñ?n�,¡ØÑ+±D)lÏ%Ñ�o � m-nFµfsltnunx
ËÔmrÑ
n�Ñ�Ï%slo-o�mrÑ?n Ñ�tnqlÑ � ,de�,¡²ÖÑ�tltlormrtlmrÑkmpÏ1o¢mrt�ikjnj�xªvnx Ä q�r�n�uzÑ�Ï�o Ñ�oro-oH¶ � szj¦Ñ�mBA

t�r�±D)ÙþßoKxªvnx vÜj¦Ñ+n�Ñ+±D)ltlÑ+o � s�n�qlÑ§x;ËÖÑ+nâÏ1oFr�nFµ tlm-±D)uo�ormrtlÑ+r�n�Ñ;�ÀÑ+n�o-rzs�'Àj¦Ñ�mLn�Ñ+,
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o-r�o�m-� uzÑ?n mptnuzÑ�tp¹�oFnFs��¨qlm-±D)uo Ñ�t ) (rztnu�o��¨m-oÜqlÑ+n mptwqnmpÑ�Ï%Ñ+� ¬ Ñ+n�Ñ�m-±D)wÏ�Ñ+)�n
Ï1oFr�nFµzÑ�t (iktlqnÑ?n sltluÉqlÑ�Ïh|rzÏ%Ï%Ñ?n�µ�szt�¸�Ñ�tSoFnFr�o�m-sztlÏ10�nFs � opÏ�¸�slÏ1r��w�¨Ñ�táx=ËÔmrÑ
Ï1o�s�'�Ñ�t�r�n�o�mruzÑ Î s�n�� qnÑ?nB²ÔÑ�tltnopmrtlmrÑ�j¦Ñ�mÏe ÿ a ° i
��±+� ý � m-n�qwmrt Ñ?Á_0¦Ñ+,
n�m-�¨Ñ�tuo Ñ�ororÑ�t ²ÔÑ�tltlormrtlmrÑ�t t�s�nF�wrzorÑ?n � Ñ�mrÏ�ÑÙtlm-±D)SoÓj¦Ñ+szj�r�±D)So�Ñ+oH¶ � s�)lo7rzj¦Ñ?n
Ñ�mrtØÏ1o�Ñ�mropÑ+n�Ñ+nÖikj�'vrzoroÀqlÑ+n7²ÔÑ�tltlormrtlmrÑ¨j¦Ñ�mÀuzÑ?n mptnuzÑ�t}¹�o�nFs��¨qlm-±D)uo�Ñ�t*¶ïqlÑ+nßmpt
�fmrÑ�opÑ�t ¬ n�Ñ�tltnÏ�oFs�»�¸�Ñ�ororÑ�t�,ûÒtsÌqnÑ�oro Ñ�t}rzs�'kqnmpÑ ¬ s�o�orÑ+nF,i�Âszo-�¨Ñ+nF,¡²ÔmrtlÑ+o�m-µ qnÑ?n
Ç�opÑ+µ_oFnFsfqlÑ�t�n Ñ?r�µ_o�m-sztlÑ�t å 	�Ä æ ¸�s�n (s�±DµfuzÑ?' (s�)�nFo � m-n�q½È�Ï�x å ¶z¶ æ sltlq q�s�nFo�¸�m-o�mrÑ+nF,
o�Ñki
n j¦Ñ�m-o�Ñ�t�É?¶¿rzj¦Ñ?n�sltuo Ñ?n¹j¦Ñ�Ï1o�m-�w��o�Ñ�t ¬ Ñ�qlmrtluzsltluzÑ�t È�¸§x ¬ xÌmrt�qnÑ?� )lmrÑ?n
sltSo�Ñ+n�Ï%s�±D)uo�Ñ�t Î rzoro-Éxo�Ñ�mro � Ñ�mpÏ%Ñ
rzs�±D)�qns�nF±D)�qlmrÑ (iktlqlÑ+n�sltlu qlÑ�ÏÐÒÙÑ+�Ýj�nFrzt�,
� mrqlÑ+n�Ï1oFrztlqnÑ�ÏÍ�zÑ?n s�n�Ï1r�±D)uoÛÏ�Ñ�mrt³µ¢rztltáx
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ËÖÑ+n��ÀÑ+n�uzorÑ�m-±D) qlÑ+n��¨m-oFo�Ñ+n�Ñ�t³¹�o�Ñ�mruzsltlu @�� 4 @ e ÿ a Ä � �¨m5o¹qlÑ�thØÑ+nF,
o�Ñ�tÚmpt}è�rzj¦Ñ�ororÑ©vnx 	 x-°�¸�Ñ�mru�oH¶ q�r�·ÓsltSo�Ñ+nÝqlÑ�t}�zÑ+n � Ñ�tlqlÑ+o�Ñ�t ¬ Ñ�qlmrtluzsltluzÑ�t
qlmrÑ$¼ÆnFs�oFsztlÑ�tlorÑ�m-oF' (r�)lmru�µzÑ�m-o�qlÑ+nÐÒÙÑ+�Ýj�n�rzt�s�� Ñ+o � r¨Ñ�mrtlÑ�t Î r�µ¿o�s�n ¶ µfopÑ�m-,
tlÑ+nÝmrÏ�o7rzorÏÝqlÑ+nÝÒtr�Áfm-�wrzo � Ñ+nFoßj¦Ñ�m�±+rnx ¶zÿzÿ ²�x ¬ Ñ�m¢qlÑ+nÝm-� ÇÆÁ¿0¦Ñ+n�m-�¨Ñ�tuo
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Ñ�mptnÑ�) (s�)lÑ+n�Ñ ¬ Ñ?' Ñ�s�±D)uo�sltnuzÏ�o�Ñ+�w0¦Ñ+nFr�o�s�n�qlÑ+nÀÕÛÑ?r�µ_o�m-sztlÏ%u�rzÏ%Ñ�sltlqºrztlqlÑ+n�Ñ+nF,
Ï�Ñ�m-o�Ï�qls�nF±D)ÝÑ�mrtlÑ�t$ËÖs�nF±D)�Ãns�·Ï��szt (slj¦Ñ+n�Ï1±D) (slÏ%Ï%mpuzÑ+� ÐÖý qls�n�±D)´qnÑ�tßþ7rzÏ1�zÑ?n�,
o�Ñ�mropÑ+nªÈ�rzorÏäè�n (rzuzÑ+n�u�rzÏä' (s�näÐ ý . É�Ñ+nFn�Ñ�m-±D)uo � Ñ+n�qlÑ�t�x¢ËÖmpÑÆ' (s�n�Ñ�mptnÑ���szororÏ�o (rztnqlm-,
uzÑÔÒÙÑ+�Ýj�n�rzt�)uÒfq�nFr�o mpÏ%mrÑ+n�sltlu�t�s�o � Ñ�tlqlmruzÑ�t¥ÐÖý . ,ûÒÙm5o�' (s�)�n�sntluzÏ�µ�sfÑ+Ów¸�mrÑ�t�,
o�Ñ�t � �ÖÕ  � s�n�qlÑ�tm' (s�nÝqlmrÑÜmrtÚqlÑ+n�¹lm-�Ýsno5r�o m5szt}�zÑ+n � Ñ�tnqlÑ+o�Ñ�tÅ¼är�nFr��¨Ñ+o�Ñ+n
�¨m-oÀþ´oKxàvnx-° � j¦Ñ+n�Ñ+±D)ltnÑ?o?¶«Ñ�Ï�Ñ+n�uzmrj�o�Ï%m-±D) � �ÖÕ  � ÿ a ¶�� È�Ï�x¨rzs�±D)¨ikjnj�xÌvnx ¶ É�x
� Ï�o¨Ï1s��¨m-o¨qlÑ+n�Ð ý . , Î ors�· qls�n�±D) qnmpÑ ikt�sfqlÑ uzÑ+n�mrtluzÑ+n�rzorÏ ÿ a °?q Ä % � 2 ¶
Ï�s � Ñ+n�qlÑ�t j¦Ñ�m�Ï1sztlÏ1oÝuzorÑ�m-±D)lÑ�tôÕÏrztlqnj¦Ñ�qnmptnuzsltluzÑ�t j¦Ñ+n�Ñ+±D)ltlÑ+o�Ñº|rzÏ%Ï�Ñ+nF,
µ�szt�¸�Ñ�tuoFnFr�o m5sztnÏ�0�n�s � orÑ>�fs�rzorm-oFr�o�m-�Öm5�w�¨Ñ+nïÑ�mrtlÑ�t (r�)ltlorm-±D)lÑ�t��ÀÑ+n�o-rzs�'�¸�Ñ�mruzÑ�t
� mrÑâmrt¨ikjljáx§vnx � ¶ � szj¦Ñ�mªqnÑ?nÂ�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�rzt qlÑ+n�ikt�sfqlÑ¹sltlqÜq�r��¨m5oÀqnmpÑ
þßÑ�Ï1r���o�orÑ�m-oF'\(r�)lmru�µzÑ�m-oÔj¦Ñ�m�Ñ�mrtlÑ+� u�nH(s�·zÑ+n�Ñ�tmÐÖý . , Î ops�·Ùqls�nF±D) qlmrÑ×ikt�sfqlÑ
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qlÑ+o�Ñ�ttØÑ+nFo�Ñ�tÙj¦Ñ+n�Ñ�m-o�ÏkÑ�mrtlÑ7��szoporÏ1o (rztlqlmruzÑ�Ð
Òfq�n�r�o�mrÏ�mrÑ+n�sltlu qlÑ+nkÏ�sno5'NsztlmrÑ?n�,
o�Ñ�th¼�ÇÆÇ�²�²$,ûÒÙÑ+�Ýj�nFrzt�Ñ?n�n�Ñ�m5±D)So�x



° ���
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qlÑ+� jlmrÏ1)lÑ+n�mruzÑ�tÝikoru�s�n�m-oF)��ÝslÏ�qlmrÑxÇ�mrtlÏ1o�Ñ�oropsntluâqnÑ�Ï�þßorÑ�m-±D)luzÑ � m-±D)So�Ï�0�nFs � orÏÈ�mrtlÏ%j¦Ñ�Ï�sztnqlÑ+n�ÑÝqlmrÑ ¬ Ñ�Ï1o�m-�w�Ýsltlu qlÑ+n$¼äszÏ�m-o�m-szt qlÑ�ÏÔÏ1o�Ñ�mropÑ�t iktlÏ1o�mrÑ�uzÏkqnÑ�Ï
�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ï$rzs�' 8 � 8 : Éj��Ñ � Ñ�mporÏ��¨Ñ?)�n�Ñ+n�Ñ�¹�o sltlqlÑ�tÚÕâÑ+±D)lÑ�t�¸�Ñ�m-o
rzs�'
Ñ�mrtlÑ+nxË$Ç � i���¼ÆÐki v ÿzÿwÄ � ¶zÿzÿ |s�n�µÌÏ1oFr�o�m-szt�Ñ+nF'Ns�n�qlÑ+nFo�x
. j qlmrÑÚmrt qnmpÑ�Ï%Ñ+nÓi
n�j¦Ñ�m-o�j¦Ñ+n�Ñ+±D)ltlÑ+o�Ñ�t |rzÏ%Ï�Ñ+nFµ�szt�¸�Ñ�tSoFnFr�o�m-sztlÏ10�nFs � orÑn�Ñ+rzormrÏ�o mpÏ1±D)ÉÏ�mrtlq�¶ÍµJrztlt )nmpÑ+n�tnm5±D)SoÓÑ�tlqnu (slo-o�mruwÑ�tSo�Ï1±D)lmrÑ�qnÑ�t � Ñ+n�qlÑ�t*¶|q�r

jlmrÏ1)lÑ+n$µzÑ�mrtlÑ�Ñ?Á_0¦Ñ+n�m-�¨Ñ�tuo�Ñ�ororÑ�t��ktSo�Ñ+n�Ï�s�±D)àsltluzÑ�t}��szt|�rzÏ�Ï%Ñ+nFµ�szt�¸�Ñ�tuoFn�r�,
o�m-sztlÏ10�nFs � opÑ�tÙmrt Ï�slo-'vsztnmpÑ+nFo Ñ�tt¼ÆÇ�ÇÆ²$²$,ûÒÙÑ+�Ýj�nFrztlÑ�tÓqns�nF±D)luzÑ+' (s�)�nFo � s�nF,
qlÑ�t�x Î (s�nB�
r � szt�,ûÒÙÑ+�Ýj�nFrztlÑ�twuzmrj�o���Ñ�q�s¿±D) Ñ�Ï¨Ñ�mrtlmruzÑÜi
n j¦Ñ�m-o�Ñ�t*¶ mrt qlÑ+,
tlÑ�t |rzÏ%Ï�Ñ+nFµ�szt�¸�Ñ�tuo�nFr�o�m-sztlÏ10�nFs � orÑ�sltSo�Ñ+n ¬ n Ñ�tntlÏ�o�s�»�¸�Ñ�ororÑ�tàj¦Ñ�qlmrtluzsltluzÑ�t
Ñ+Á_0¦Ñ+n�m-�¨Ñ�tSo�Ñ�oroªj¦Ñ�Ï1o�m-�w��o � s�n�qlÑ�t*¶¦qlmrÑ�Ï%Ñ � Ñ+n�qnÑ�t�'vszoruzÑ�tlqlÑ�t×qlmrÏ�µfs�o mpÑ+nFo y
� t¨Ñ�mrtlÑ+n�i
n�j¦Ñ�m-o���szt¨ÒtszÏ%q�rzorÑ¨¶ùþßÑ�j¦Ñ�olsltlqw¼�mrtlÑ+n�m å ° ÿ q æç� s�n qlÑâqnmpÑÍ�kÑ�s�,
oFn�sztlÑ�t�µfopÑ�mrt � mpt�µzÑ�orÏ1oFn�Ñ�slsltnu Ñ�mrtlÑ+n��
r � szt�,ûÒÙÑ+�Ýj�nFrztßmrtßÑ�mrtlÑ+n ¬ n Ñ�tntlÏ�o�s�»�,
¸�Ñ�oropÑÑ�¨m5o�e � 	 qh�¨i
��±+� ý uzÑ+�¨Ñ�Ï%Ï�Ñ�tÙsltlq}rzorÏ�� mrtlÑ+r�nFµ�s��Ýjnmpt�r�o�m-szt qnÑ?n
²ÖopÑ�mrt � mpt�µzÑ�orÏ1oFn�Ñ�slsltnuw��szth¹�±D)lm-±D)uo Ñ�t��¨m-oÐsltSo�Ñ+n�Ï�±D)nmpÑ�qlorm-±D)lÑ+� |rzÏ%Ï�Ñ+n�uzÑ+,
)�rzo-oÐmrtSo�Ñ+nF0�n�Ñ+o�mrÑ+nFo�x;Ç�Ï � s�n qlÑ�rzorÏ��wr�Áfm-�wrzopÑ+nx|rzÏ%Ï%Ñ?n uzÑ?)�rzo5o 8 °�v¨sltlq
m-� þßorÑ�m-±D)luzÑ � m-±D)So�Ï�¸�slÏ1oFrztlqÚÑ�mrt (r�)ltlorm-±D)lÑ+n��ÀÑ+n�o-rzs�'ÛqlÑ�Ïz�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�Ï
� mrÑßmrt�qlÑ+n Î mrtlm-o�Ñ+,¡ËÔm-»¦Ñ+n�Ñ�t�¸�Ñ�t�,¡¹lm-�Ýslo-r�o�m-szt uzÑ?' sltlqlÑ�t*¶�rzororÑ?n qlmrtluzÏ��¨m-oâÑ�m-,
tlÑ+� qlÑ�s�o�orm-±D)ÔÏ1rzt�'vo�Ñ+n�Ñ�tßikj�'vrzoroS¸�s7µforÑ�mptnÑ?n Ñ�t
�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�t$rzorÏ mrt´ikjnj�x
vnx � x
¬ (s�±D)lm�¶ªÐksnÏ�o-rzuzÑ�sltnqÎ¹�±D)lÑ+n�Ñ+n å ° ÿ�� æ j¦Ñ�Ï1o�m-�w��o�Ñ�tÀ�rzÏ�Ï%Ñ+nFµ�szt�¸�Ñ�tuoFn�r�o�m-,
sztlÏ10�nFs � opÑßqls�nF±D)�qlmrÑßÒÙÑ�Ï�Ï%sltluÝqnÑ?nz� Ñ�m5o�'\(r�)lmru�µzÑ�m5o Ñ�t Ñ�mpt�¸�Ñ�ortlÑ+n�¹�±D)lm-±D)uo�Ñ�t
mrtÚÑ�mptnÑ?n�rzslÏ7�fmpÑ+nÖq (sltltlÑ�tÚÒÙÑ+�Ýj�nFrztnÑ�tÚj¦Ñ�Ï1o�Ñ+)lÑ�tlqlÑ�t ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�ororÑ�t�,
�¨Ñ+�Ýj�n�rzt�x�¹lmrÑ�Ñ+nF)nmpÑ�o-o�Ñ�tÚqlÑ�tm|rzÏ%Ï%Ñ?n uzÑ?)�rzo5o 8 � ° ¶ ° � ' (s�n�qlmrÑ×q�n�Ñ�m
t*(r�)nÑ?nÑrzt qnÑ?nÑ²$r�oF)�sfqlÑ uzÑ�opÑ�uzÑ�tlÑ�t|¹�±D)lm-±D)uo�Ñ�tÚt�r�)lÑ+¸�sÚslt�rzj�)*(rztnuzmput��szt
qlÑ+nh¹�oFnFs��¨qlm-±D)uo ÑpÈ ÿ , ÿ a v Ä i
��±?� ý É�sltlq �¨m-o×Ï�o�Ñ�mruzÑ�tlqlÑ+n�¹�oFnFs��¨qlm-±D)�,
o�ÑÙjnmpÏ³rzs�' 8 Ä rzjnÏ�mrt�µzÑ�tlqlÑ�|rzÏ%Ï%Ñ?n uzÑ?)�rzo5o ÑÓmrt qnÑ?n³¹�±D)nm5±D)So³rzt qnÑ?n
ikt�sfqlÑ§x�ËÔmrÑ�Ï�Ñ�Ï�ÇÆn�uzÑ�jltlmrÏ×mrÏ�o×Ñ�j¦Ñ�t�'vrzororÏ��fs�rzorm-oFr�o�m-�p�¨m-o×qlÑ+� )nmpÑ+nh��s�n�,
uzÑ�Ï1o�Ñ�opo-o�Ñ�t ÒtsfqlÑ�oroßmrt (�kj¦Ñ?n Ñ�mrtlÏ1o�m-�w�Ýsltnu�¶ � szj¦Ñ�m©qlÑ+ntn�Ñ�o-r�o�m-� tlmrÑ�q�n�mruzÑ
�wr�Áfm-�wrzorÑw|rzÏ%Ï�Ñ+n�uzÑ+)�rzo-oH¶ïqlÑ+n 8 V Eux Ñ�tuo�Ï10�n�m-±D)SoH¶ (slj¦Ñ+nFnFrzÏ1±D)uo�x ÒÙm-o��
r � ,szt}µJrztlt|rzs�' u�n�sltlq qnÑ?n7n�Ñ�o-r�o�m-� uzÑ?n mptnuzÑ�t�ËÔm-»¦Ñ+n�Ñ�t�¸�qlÑ+n�� Ñ�m-oF' (r�)lmru�µzÑ�m-o�Ñ�t
' (s�n 8 V Eux ° � sltlq 8 : 	zÿ rzs�±D) Ñ�mrtØÏ1s�uzÑ+n�mrtluzÑ+nßÒtr�Áfm5�wrzo � Ñ?n�oH¶ qnÑ?n
�¨m-o�qlÑ+n©tlm-±D)SozrztluzÑ�uzÑ�j¦Ñ�tlÑ�t��Âs�n�j¦Ñ+)�rztlqlorsltluôqlÑ+n©ÒÙÑ+�Ýj�nFrztlÑ�tÀ¸�slÏ1r��w,
�¨Ñ�t�) (rztnuzÑ�t µ (sztltuo Ñ�¶�Ñ�mrtlÑ×uzs�o�Ñ ¬ n Ñ�tntlÏ�o�s�»�¸�Ñ�ororÑ�t�µzÑ�tltlormrtlmrÑÜormrÑ?' Ñ?n t�x ÒÙm5o
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� t Ñ�mrtlÑ+n³��s�nhµfs�nF¸�Ñ+� Ñ+n�Ï1±D)lmrÑ�tlÑ�tlÑ�tÉi
n�j¦Ñ�m5o³��szt ¬ Ñ�oro-s � Ï ¶>�ámrt*¶âi
n�m-'\¶
è�)�s��w0lÏ1szt sltlq { r�±+szjlÏ1szt å °�° ÿ æ�� m-n�qÙqnmpÑÏ�oFr�n�µzÑÝikjlÏ1s�nF0�o�m-szt���szt��kÑ�s�,
oFnFsztlÑ�tÚqls�n�±D)Å�rzÏ�Ï%Ñ+nF�wszorÑ+µ (snopÑÑrzslÏ�uzÑ�tüs�oF¸+oH¶Þs�� Ñ�mrtt|rzÏ%Ï%Ñ?n�µ�szt�¸�Ñ�tSoFnFr�,
o�m-sztlÏ10�nFs � o�mpt Ñ�mptnÑ?nÆ�
r � szt�,ûÒÙÑ+�Ýj�n�rzt�sntuo�Ñ+n ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�ororÑ�tàj¦Ñ�qlmrtluzslt�,
uzÑ�t|¸�sØj¦Ñ�Ï1o�m-�w�¨Ñ�táx ¬ Ñ�mÀÑ�mptnÑ?n�¹�oFnFs��¨qnm5±D)So�Ñ���szt ÿ a 	 i
��±+� ý sltnq Ñ�mptnÑ?n
uzs�o�Ñ�t ¬ Ñ+'�Ñ�s�±D)uo sltluÜqnÑ?n¹ÕâÑ+r�µ_o�m-sztlÏ%u�rzÏ�Ñ È ¬ Ñ+'�Ñ�s�±D)uo�Ñ+nFo Ñ?�w0¦Ñ+nFr�o s�nÏq Ä s�� ¶
´ Ñ�oro-o�Ñ+�w0¦Ñ+nFr�o�s�n�q ÿ s�� ¶²þ7rzÏ1Ãls�· ÿ a ÿ q�o5���¨mrt�rzt qlÑ+nßikt�sfqlÑÜsltnq ÿ a ÿ q Äo-���¨mpt�rztÚqlÑ+n9²�r�oF)�sfqlÑ¨¶���Ñ � Ñ�mporÏ�° j�r�nßþ7rzÏ%q�n�s�±Dµ_ÉßÑ+n�uzmrj�oßÏ�m-±D)ØÑ�mrtØÏ%Ñ+)�n
Ã�r�±D)lÑ�ÏÂ¼�n�s � o��¨m-oÀÑ�mptnÑ?� iktnÏ�o�mrÑ�uÔqnÑ�Ïä|rzÏ%Ï%Ñ?n uzÑ?)�rzo5o ÏÂ��szt 8 � ° ¶ rzt¨qlÑ+n
ikt�sfqlÑyrzs�' 8 � ° � rzt qlÑ+n�²$r�o�)�sfqlÑ§x¨ËÖmpÑ�Ï � m-n�qº��sztÜqlÑ�t¨iks�o�s�n�Ñ�tÜÏ1s´uzÑ+,
qlÑ�s�o�Ñ+oH¶Ìq�r�·qlmrÑÏÐÖý . ,¡ËÖm-»¦slÏ�m-sztlÏ1µ�sfÑ+Ów¸�m Ñ�tuo�Ñ�tÝu�n (s�·zÑ+n�Ï�Ñ�mrtw� (slÏ%Ï�Ñ�twrzorÏ�mrt
qlÑ+� ¸�s�nz�Âs�nF)lÑ+n�Ï1rzuzÑÝqlÑ�Ïy¼�nFs � orÏ
�zÑ+n � Ñ�tnqlÑ+o�Ñ�tÓÒtsfqlÑ�oro���szt�¹�0�n�mrtluzÑ+nkÑ+o
rzoKx å 	�� æ ¶²mrt q�rzÏBÐ ý . ,¡ËÔm-»¦slÏ%m-sztlÏ1µ�sÌÑ+Ów¸�mrÑ tSo�Ñ�t|rzslÏB¹lÑ�orjlÏ�o qlm-»¦slÏ�m-sztlÏ1�¨Ñ�Ï�,
Ï�sntluzÑ�tÙÑ�mrtluzÑ+)lÑ�t�x¦ÒÙm5okqnÑ�tôu�n (s�·zÑ+n�Ñ�ttrzslÏ7¼ Ñ+nF�¨Ñ+r�o�m-sztlÏ%q�r�o�Ñ�t uzÑ � sztltlÑ+,
tlÑ�t}ÐÖý . ,¡è�nFrztlÏ10�s�nFoFµ�sfÑ+Ów¸�mrÑ�tuo Ñ�t�µ (sztltuo�ÑºrzorÏ�s×Ñ�mrtlÑ¨uzs�o�Ñ (�kj¦Ñ?n Ñ�mrtlÏ1o�m-�w,
�Ýsltlu³�¨m-oÛqlÑ�tÙÑ?Á_0¦Ñ+n�m-�¨Ñ�tuo�Ñ�ororÑ�t¥Ë�r�o�Ñ�tÓÑ+nF¸�mrÑ�o-o � Ñ+n�qlÑ�t*¶�rzororÑ?n qlmrtluzÏâÏ%mrtlq
qlmrÑ�Ï�Ñxrzs�'�u�n sltlq���sztw�ktnÏ�m-±D)lÑ+nF)lÑ�m-o�Ñ�tÝj¦Ñ�mlqlÑ+nä|rzÏ%Ï�Ñ+n�uzÑ+)�rzo-o�Ï%j¦Ñ�Ï�o m5�w�sltlu
sltlq qns�nF±D) Ñ�mrtlÑºØÑ�ororsltlu qlÑ�ÏÝuzÑ+�¨Ñ�Ï%Ï%Ñ�tnÑ�tt¼ÆnFs � orÏ ¶²qlmrÑ��zÑ+nF�s�o�orm-±D)mrzs�'(�kj¦Ñ+n�u�rztluzÏ%j¦Ñ?n Ñ�m-±D)lÑkmrt�qnÑ?n¹m5� ÇÆÁ_0¦Ñ?n m5�¨Ñ�tSo3�zÑ+n � Ñ�tlqlÑ+o�Ñ�th�¨Ñ+)�n�Ï1±D)lm-±D)uo�m-,
uzÑ�t�ÒÙÑ+�Ýj�nFrzth¸�s�n (s�±Dµ_¸�s�' (s�)�n�Ñ�t�mrÏ1oH¶ jnmpÏ1)lÑ+nÐtlm-±D)SoÐÏ�Ñ+)�nÍ0�n (r�¸�mrÏ�Ñ§x
´ slÏ�r��w�¨Ñ�t�'NrzÏ�Ï%Ñ�tlqtµ¢rztnt|'�Ñ�Ï1o�uzÑ�Ï�o�Ñ�oro-o � Ñ+n�qlÑ�t*¶²q�r�·Óq�rzÏ7)lmrÑ+n7��s�n�uzÑ�Ï�o Ñ�oro-,
o�ÑßÒtsfqlÑ�opo¦qnmpÑ ¬ Ñ?n Ñ?±D)ntàsltluº��szth|rzÏ%Ï%Ñ?n�µ�szt�¸�Ñ�tSoFnFr�o�m-sztlÏ10�nFs � opÑ�t×sltlq qlÑ+n
n�Ñ�Ï�sno5o mpÑ+n�Ñ�tlqnÑ�t�ÒÙÑ?�j�nFrztlÑ�mruzÑ�tlÏ�±D)�r�'vo�Ñ�t×sltuo�Ñ+nkÏ%Ñ+)�n�rzororuzÑ?�¨Ñ�mrtlÑ�t ¬ Ñ�qlmrt�,
uzsltluzÑ�t Ñ?n o5rzsnj�o�x�ËÔÑ+n��ÀÑ+n�uzorÑ�m-±D)¥��szt Ï%slo-'vsztlmrÑ+nFo�Ñ+� ¼ÆÇ�ÇÆ²$² sltlq��
r � szt¸�Ñ�mru�oH¶ q�r�·À�¨m-o×Ï�sno5'NsztlmrÑ?n�o�Ñ�tÎ¼�ÇÆÇ�²�²$,ûÒÙÑ+�Ýj�nFrztnÑ�tÉsltSo�Ñ+n�s�0�o�m-�¨mpÑ+nFo Ñ�t
¬ Ñ�qnmptnuzsltluzÑ�t*¶ qlmrÑ�m-� Ñ+n�Ï�o Ñ�t èïÑ�mpo¢qlmrÑ�Ï%Ñ�ÏÑ²$r�0lm-o�Ñ�orÏ©qnmpÏ1µfs�o�mrÑ+nFo � s�n�qlÑ�t*¶
'vrzÏ1oÝÑ�j¦Ñ�tnÏ�s uzs�o�Ñ³Ç�n uzÑ�jntlmrÏ�Ï%ÑÜÑ+nF¸�mrÑ�o5o � Ñ?n qlÑ�tÀµ (sztltlÑ�t � mrÑ³�¨m-o��
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¸�mpÑ+n�sntlu¨qlÑ+n�Ð
Òfq�nFr�o�mrÏ%mrÑ?n sltluw' (s�)�n�Ñ�t*¶��zÑ?n�) (rzo-oÐÏ�m-±D)�qnmpÑ7�
r � szt�,ûÒÙÑ?�j�nFrzt
rzoropÑ+n�qnmptnuzÏïu (sltlÏ1o�mruzÑ+nH¶ � Ñ�mroàqlmrÑx¼�nFs�o�sztlÑ�tlorÑ�m-oF' (r�)lmru�µzÑ�m-o j¦Ñ�màtlmrÑ�q�n�mruzÑ�t��rzÏ�,
Ï�Ñ+n�uzÑ+)�rzo-o�Ñ�t�qlÑ�s�o�orm-±D)z) (s�)lÑ+n�mrÏ�oärzorÏÀmrt¨Ï�slo-'vsztnmpÑ+nFo Ñ?� ¼�ÇÆÇ�²$² x � � ¬ n Ñ�tnt�,
Ï�o�s�»�¸�Ñ�ororÑ�tàj¦Ñ+oFn�mrÑ�jt�¨m-o´Ï%slo-'vsztlmrÑ+nFo�Ñ�t}¼�ÇÆÇ�²�²$,ûÒÙÑ+�Ýj�nFrztnÑ�t mpÏ1oßÑ�ÏÝq�r�)lÑ+n
� m-±D)uo�mru�¶ Ñ�mrtlÑ�� (szuzopm-±D)lÏ1oÐuzs�o ÑÝÒÙÑ+�Ýj�nFrztüj¦Ñ?' Ñ�s�±D)uo�sltnu¥¸�s Ñ+nFn�Ñ�m-±D)lÑ�t�x�Ë$rzÏ
)lmrÑ+nÓqlmrÏ1µfs�o�mrÑ+nFo�ÑÚÒtsfqlÑ�opo�È�mrtlÏ%j¦Ñ�Ï1sztlqlÑ+n�ÑÚþßoKxâvnx5° � É Ñ+nF� (szuzorm-±D)uo Ñ�Ï ¶ qnmpÑ
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q�r�'�(s�nÜt�s�o � Ñ�tlqlmruzÑ�twÕyrztlqlj¦Ñ�qlmrtluzsltluzÑ�t ¸�swÑ?n��¨m5o�o�Ñ�opt�¶ � Ñ�tlt qlmrÑhÐÖý . ,¼�Ñ+nF�¨Ñ+rzjlmropm-o (r�o Ñ�tkqnÑ?n mrtßqlÑ+n ¬ n Ñ�tntlÏ�o�s�»�¸�Ñ�ororÑ��zÑ+n � Ñ�tlqlÑ+o�Ñ�tßþ9rzÏ%qlm-»¦slÏ%m-sztlÏ�,
Ñ�orÑ+µ¿o�nFsfqlÑ�tÜj¦Ñ+µ¢rztntuoÐÏ%mrtlq�x
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� t qlmrÑ�Ï�Ñ+nßi
n�j¦Ñ�m-o � s�n�qnÑ�t è�nFrztnÏ�0�s�nFo�,Ôsltlq ¹�oFn�s�µ_o�s�n�Ñ�mpuzÑ�tlÏ1±D)�r�'vo Ñ�t ��szt
�
r � szt�°�° � , sltlq×v Ä�é Ï%slo-'vsztlmrÑ+nFo�Ñ�tw¼�ÇÆÇ�²�²$,ûÒÙÑ+�Ýj�nFrztnÑ�tº�zÑ+n�uzorÑ�m-±D)lÑ�tlq
sltuo Ñ?n Ï�s�±D)So��¨m-o×qlÑ+� ´ mrÑ�o�¶±Ñ�mrtlÑ�t ��szoropÏ1o (rztlqnmpuzÑ�t ¹�r�oF¸|��szt è�n�rztlÏ�0�s�n�oF,
0�r�nFr��¨Ñ+o�Ñ+n�t�¸�sôÑ+nF)�rzo-o�Ñ�t*¶Þq�rzÏ7�¨m5µ_nFszÏ1µ�s�0lmrÏ1±D)lÑ;�ÀÑ?n Ï�o (rztnqltlmrÏßqlÑ+n$è�nFrztnÏ�,
0�s�nFo�Ñ�mruzÑ�tlÏ�±D)�r�'vo�Ñ�t}¸�s}�zÑ+n�j¦Ñ�Ï%Ï�Ñ+n�tôsltlq Ñ�mrtlÑw�wr�µ_nFszÏ1µ�s�0lmrÏ�±D)lÑ�ÒtsfqlÑ�oropmrÑ+,
n�sltluÚqlÑ+n�ÒÙÑ+�Ýj�nFrztlÑ�mruzÑ�tlÏ1±D)�r�'vo�Ñ�t sltSo�Ñ+n ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�oropÑ�tüj¦Ñ�qnmptnuzsltluzÑ�t
qls�nF±D)�'�(s�)�n�Ñ�tp¸�s}µb(sztltlÑ�t�x � � 'vszoruzÑ�tlqlÑ�t � Ñ+n�qnÑ�t qlmrÑ¥ÇÆn�uzÑ�jltlmrÏ%Ï�Ñ¨qlmrÑ�Ï%Ñ?n
i
n�j¦Ñ�m-o�¸�slÏ1r��w�¨Ñ�tluzÑ+'vr�·�oH¶Åsltlq Ñ�Ï � m5n q¨Ñ�mrt¨ikslÏ%jlorm-±Dµ (slj¦Ñ+nÂ� (szuzopm-±D)lÑ � Ñ�m-,
o�Ñ+nF' (s�)�n�Ñ�tlqlÑ��ktSo�Ñ+n�Ï�s�±D)àsltluzÑ�t uzÑ�uzÑ�j¦Ñ�t�x

� t�¼�Ç�Òt, ¬ n Ñ�tntlÏ�o�s�»�¸�Ñ�ororÑ�tkÏ�0lmrÑ�o-o qlmrÑ�Ñ�orÑ?µ_oFn�s¿szÏ1�ws�o�mrÏ1±D)lÑ ÒÙm-oF' (s�)�n�sltnu$��szt
|rzÏ%Ï�Ñ+nF�wszorÑ+µ (slorÑ�t�qns�nF±D)ÙqlmrÑ�0�n�s�oFsztlmrÏ�±D)nÑ�t��LrzqlsltluzÏ1oFn (rzuzÑ+nkÑ�mrtlÑ � m-±D)uo�m-,
uzÑÝÕyszoporÑ�'�(s�nÔq�rzÏ
�rzÏ�Ï%Ñ+nFµ�szt�¸�Ñ�tuoFn�r�o�m-sztlÏ�0�nFs � oïsltnqØqlmrÑÝq�r�n�rzslÏ$n�Ñ�Ï%slo-o�mrÑ+,
n�Ñ�tlqlÑ þ´Ñ�Ï1r���o�orÑ�m-oF' (r�)lmru�µzÑ�m-okqlÑ+n�¼�Ç�Ò x��
� Ñ�orÑ+µ¿o�nFs_szÏ��ws�o�mrÏ1±D)lÑ�ÒÙm5o�' (s�)�,
n�sltluzÏ1µ�sfÑ+Ów¸�mrÑ�tuo Ñ�t ¸�sp�¨Ñ�Ï�Ï%Ñ�t*¶ � s�n�qlÑÙqns�nF±D) qnmpÑ Òtsfqlm � ¸�mrÑ?n sltluØÑ�mrtlÑ�Ï
j¦Ñ�Ï�o�Ñ+)lÑ�tlqnÑ�tt¼ Î þ9,¡�kÒÙÕy,¡¹�0¦Ñ+µ_oFnFs��¨Ñ+o�Ñ+n�ÏÖÑ�mrt�Ç��kÒÙÕy,¡Ç�Á_0¦Ñ+n�m-�¨Ñ�tSo
rzs�'v,
uzÑ�j�rzs�oH¶Ìj¦Ñ�mçqlÑ+� qlmrÑ��ÀÑ+n�Ï�±D)nmpÑ�jlsntlu���szt��rzÏ�Ï%Ñ+nF�wszorÑ+µ (snopÑ�tBrzs�'�u�n�sntlq�Ñ�m-,
tlÑ�Ï�¼�n�s�oFsztlÑ�tlÏ1oFnFs��¨Ï�qls�nF±D) qnmpÑ³�kÒÙÕy,¡¼�nFszj¦Ñ j¦Ñ�Ï�o�m-�w��o � Ñ+n�qlÑ�t µ¢rztnt*¶
q�rÜqnmpÑ�Ï%ÑÔmrt Ñ�mrtlÑ+� �wrzuztlÑ+o�mrÏ�±D)nÑ�t Î Ñ�orqlu�nFrzqlmrÑ�tuo Ñ�t�Ñ�mrtlÑ7¼Æ)�rzÏ�Ñ�tS�zÑ?n Ï�±D)lmrÑ+,
jlsltlu qlÑ�Ï�¹�0lmrt�,¡Ç�±D)�szÏ×j¦Ñ � m-nFµ_o�x�Ç�Ï � s�n qlÑ�t q�r��¨m5o Ñ�opÑ+µ_oFnFs_szÏ1�ws�o�mrÏ�±D)nÑ
ÒÙm-oF' (s�)�n sltluzÏ1µ�sÌÑ+Ów¸�mrÑ�tuo�Ñ�t mrt �
r � szt sltlq Ï%slo-'vsztlmrÑ+nFo�Ñ+� ¼�ÇÆÇ�²$² rzorÏ
Î snt�µ_o�m-szt´qnÑ�ÏL�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�ÏÞsltlqßqlÑ+n�è Ñ?�w0¦Ñ+nFr�o s�n uzÑ?�¨Ñ�Ï%Ï�Ñ�t�xDËÔmrÑÂØÑ+nF,
o�Ñ$' (s�n �BADC�E/G Ï1o�Ñ�mruzÑ�t�'vrzÏ1o¢m5�w�¨Ñ+nÆ�¨m5o�qlÑ+� �rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�sltnq�qnÑ?nxèïÑ+�w,
0¦Ñ+nFr�o�s�nyrzt*¶�' (s�ny�
r � szt � s�n�qlÑ�t�rzoropÑ+n�qnmptnuzÏÐj¦Ñ�m 8 � å ÐÖý .�æ � å ¹ . à Ð æ v
Ñ+o � rzÏ¨u�n (s�·zÑ?n Ñ�ØÑ+nFo Ñh��szt � ADC�E/G uzÑ?' sltlqlÑ�tmrzorÏ�j¦Ñ�m 8 ° ÿ x Î (s�n©uzorÑ�m-,
±D)lÑ 8 ,¡ØÑ+nFo�Ñ�j�¸ � x uzorÑ�m-±D)lÑ7|rzÏ%Ï�Ñ+nF��szors��¨Ñ�t�rztSo�Ñ�mporÑßsltlqÙuzorÑ�m-±D)lÑ7èïÑ+�w0¦Ñ+,
nFr�o�s�n¢Ï%mrtlq¨qlmrÑÏôÑ+nFo�Ñ
��szt �BADC�E/G mrt¨Ï%slo-'vsztlmrÑ+nFo�Ñ+� ¼�ÇÆÇ�²$² È ÿ a v�, � a 	 ' (s�n8 � � , �zÿ sltlq l � ¶zÿzÿ , ¶�Äzÿ ²$É
µforÑ�mrtlÑ+nxrzorÏâmrt��
r � sztëÈF° a � , ¶ a ¶ ' (s�n8 � v½, 	 ° sltlq l � ¶zÿzÿ , ¶�Äzÿ ²$ÉH¶áj¦Ñ�mÀqlÑ�t|�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�tt�¨m-oÔqlÑ+n
) (s�±D)lÏ1o�Ñ�t�¼�n�s�oFsztlÑ�tlorÑ�m5o�' (r�)lmru�µzÑ�m5oªÈ 8 	zÿ ' (s�nä�
r � szt�sltlq 8 ¶zÿ ' (s�nÀÏ%slo-,
'vsztlmrÑ+nFo�Ñ�Ï
¼�ÇÆÇ�²�²$ÉkÑ+n�uzÑ�j¦Ñ�t�Ï�m-±D)�� Ñ�q�s_±D) (r�)ltlorm-±D)lÑ7ØÑ+nFo�Ñ�È � ADCFE/G � 	 a ÿ, 	 a Ä j¦Ñ�m l � ¶zÿzÿ ² sltlq � ADCFE/G � ¶ a ÿ , ¶ a Ä j¦Ñ�m l � ¶�Äzÿ ²�É�x
Ë$rzÏp�rzÏ�Ï%Ñ+nFµ�szt�¸�Ñ�tuoFnFr�o m5sztnÏ�0�n�s � oÓmrt Ñ�mrtlÑ+n ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�ororÑ�t��¨Ñ+�Ýj�nFrzt
� m-n�q7rztlqlÑ+n�Ñ+n�Ï%Ñ�m5o Ïáqns�nF±D)ÝqlÑ�t�|rzÏ%Ï�Ñ+nFn (s�±Dµ¿o�nFrztlÏ10�s�nFoLrzs�'�u�n�sltnqÝÑ�mptnÑ�Ï þ7nFr�,
qlmrÑ�tuo�Ñ�tÉm-� ±D)lÑ+�¨mrÏ1±D)lÑ�tÎ¼äs�o�Ñ�tuo�m-rzo$��szt ÐÖý . j¦Ñ�Ñ�mrt�Ãns�·�o�x3Ë$r�)nÑ?n � s�nF,
qlÑ¨mrtØqlmrÑ�Ï%Ñ?nki
n j¦Ñ�m-o�rzs�±D)ØÑ�mrtlÑ�ÒÙÑ?·�¸�Ñ�ororÑ9' (s�nßqlmrÑ ¬ Ñ�Ï1o�m-�w�Ýsltlu½��szt|)uÒ_,
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q�n�sÌq�ÒÌt�r��¨mpÏ1±D)lÑ�t�¼ Ñ+nF�¨Ñ+rzjlmrorm-oH(r�o�Ñ�t����¥rzs�'�uzÑ�j�rzs�o�xbÇ�Ï � s�n�qlÑ�tôÒÙÑ�Ï%Ï%slt�,
uzÑ�t|��szt����¥' (s�nÑ�
r � sztØsltnq Ï%slo-'vsztlmrÑ+nFo�Ñ�Ï�¼�Ç�ÇÆ²$² j¦Ñ�m�ÕÏrzs��Ño�Ñ+�w0¦Ñ?n�r�,
o�s�nâqls�nF±D)luzÑ+' (s�)�n�oH¶ qnmpÑ�' (s�nÛÏ�sno5'NsztlmrÑ?n�o�Ñ�Ï�¼�ÇÆÇ�²$² Ñ+o � r s�� Ñ�mrtlÑ�t Î r�µ_oFs�n
¶ µforÑ�mrtlÑ+n�ÑhØÑ+nFo ÑÙopmrÑ+'�Ñ+n�t rzopÏº'�(s�n³�
r � szt�x�ikslÏ����pÈ�Ï1s � mrÑÙÑ�mptnÑ?� µforÑ�m5,
tlÑ�t ²$s�nFn�Ñ+µ_o�s�n�o�Ñ+nF�½¶ mrt qlÑ�twqlmrÑ�¼�nFs�oFsztnÑ�tnopÑ�m-oF' (r�)nmpu�µzÑ�m-o�sltlqÉqlÑ+nÜÑ�orÑ+µ¿,
oFn�s¿szÏ1�ws�o�mrÏ1±D)lÑâÒÙm-oF' (s�)�n�sltnuzÏ�µ�sfÑ+Ów¸�mpÑ�tSoÀÑ�mrtluzÑ+)lÑ�t�É � s�n�qnÑ�t×Ñ�tuo Ï�0�n Ñ?±D)nÑ�t�,
qlÑ7ÐÖý . ,¡è�nFrztlÏ10�s�nFoFµ�sfÑ+Ów¸�mrÑ�tuo Ñ�t g����<� j¦Ñ+n�Ñ+±D)ltnÑ?o?¶ qlmrÑ$'�(s�nâj¦Ñ�mrqlÑÖÒtr�o�Ñ+,
n�m-rzormrÑ�t�±+rnx Ñ�mrtlÑÝþ7n (s�·zÑ�t�s�n�qntàsltlu (slj¦Ñ+nÔqlÑ�ttØÑ+nFo Ñ�tÙqnÑ?n
ÐÖý . ,¡¹lÑ�opjnÏ�o�qnm5'N,'�snÏ�m-sztlÏ1µ�sfÑ?Ów¸�mrÑ�tuo�Ñ�t�ormpÑ�uzÑ�t�xuÇ�Ï � s�n�qlÑÖÏ�s��¨m-o�' Ñ�Ï1o�uzÑ�Ï1o�Ñ�opo-oH¶àq�r�·�qlÑ+nx|rzÏ1,
Ï%Ñ+nFoFnFrztlÏ10�s�nFoÆrzs�'�u�n�sltnq�Ñ�mptnÑ�Ï�þ7nFrzqlmrÑ�tuo�Ñ�tÜm-� ±D)lÑ+�¨mrÏ�±D)nÑ�tw¼äs�o�Ñ�tuo m5rzo���szt
ÐÖý . È¡rzs�·zÑ+nÐm-� Î rzoroÞÏ%Ñ+)�nÐuzÑ+n�mrtluzÑ+n��rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ+É�)�rzs�0�o�Ï (r�±D)nopm-±D)hµ�szt�,
�zÑ+µ_o�m-�zÑ+n i
n�oÐmrÏ�o�x
�
� ikslÏ%Ï1rzuzÑ�t (slj¦Ñ+nÝqlmrÑ×ÒÙm-µ¿n�szÏ�oFn s�µ_o�s�nÝqlÑ+n�)SÒfq�nFr�o�mrÏ%mpÑ+nFo Ñ�t}¼ÆÇ�Ò �wr�,
±D)lÑ�t7¸�s$µ (sztltlÑ�t*¶ � s�n�qlÑ�t�¹li��
¹�,ûÒÙÑ�Ï%Ï%sltluzÑ�t
' (s�n��
r � szt´sntlqßÏ�slo-'vsztnmpÑ+nFo Ñ�Ï
¼ÆÇ�Ç�²�² rzorÏ Î slt�µ¿o m5szt qlÑ�Ï��rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�Ï¨qls�nF±D)luzÑ+' (s�)�nFo�xâiks�·zÑ+nÜqnÑ?n
¬ Ñ�Ï�o m5�w�sltluØqnÑ?n��LrzuzÑ�qlÑ�Ï � szt�s��¨Ñ+nF�wr�Áfm-�Ýs��¨Ï � s�n�qlÑ qlmrÑ � tSo�Ñ�tlÏ�m-o (r�oj¦Ñ�m�n�Ñ�o-r�o�m-�×u�nFs�·zÑ�t�¹�oFn�Ñ�s��zÑ+µ_oFs�n�Ñ�tw�S¶¦qlmrÑÝt�r�±D)�¹lslj�oFn�r�µ¿o m5sztÙÑ�mrtlÑ+ny²$szt�,
Ï1oFrztuo Ñ�tp0�nFs�0�s�nFo�m-szt�rzo�¸�s�� i*j sntlqp¸�s�n©mrtltnÑ?n Ñ�t þ7n�Ñ�t�¸+Ã (r�±D)lÑh¸ � mrÏ1±D)lÑ�t
¼äszo-Ò¿�¨Ñ+nFn (s�±Dµfu�nFr�oksltlq}|rzÏ%Ï%Ñ?nkmrÏ1oH¶�rzslÏ�uzÑ � Ñ?n�o�Ñ+oÑÈ�¼�s�n�sÌq�,ûikt�rzo-ÒÌÏ%Ñ+É�x Î (s�n
Ï%slo-'vsztlmrÑ+nFo�Ñ�Ï�¼ÆÇ�Ç�²�² Ñ+n�uzÑ�j¦Ñ�t�Ï%m5±D)×j¦Ñ�m uzorÑ�m-±D)lÑ+� �rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o¢u�nH(s�·zÑ+n�Ñ
mrtltlÑ+n�Ñßþ7n�Ñ�t�¸+Ã (r�±D)lÑ�t�È¡±?rnx ÿ a q¨t�� ý 0�nFs�¹nslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñ+ÉÐsntlqÓq�r��¨m5o
rzs�±D) u�n (s�·zÑ+n�Ñ³¹lslo-'vsztnÏ (rzs�n Ñ?rzjnÏ�o (rztnqlÑ È @�� ��� � ÿ a � t��wÉBrzorÏ©mrtm�
r � sztÈ @ � � � � ÿ a q�t��wÉ�x
´ s�n � Ñ�m5o Ñ?n Ñ�t�ikt�rzo-ÒÌÏ%ÑÔqnÑ?ny¹li��
¹�,¡Ë�r�o�Ñ�t � s�n qlÑ�tt²$rzt�rzoruzm-oFo�Ñ+nF�wsfqlÑ�ororÑ
�¨m-o;�fs�rzq�nFr�o�mrÏ1±D)lÑ+� sltlq ¸?Òformrtlq�n�mrÏ1±D)lÑ+� ²$rzt�rzo��fslÑ+n�Ï1±D)ltlm-oFoßsltSo�Ñ+n�Ï%s�±D)uoH¶
'�(s�nÐqlmrÑÔq�n Ñ�mL¼är�nFr��¨Ñ+o�Ñ+n È�þßm5o�o�Ñ+nFµ�sztlÏ1oFrztuo�Ñ¨¶�²$rzt�rzopqns�nF±D)��¨Ñ�Ï%Ï�Ñ+n¢sltlq�ikt�,
¸+r�)lo*��szth²$rzt (rzorÑ�th0�n�sÜþßm-oFo�Ñ+nF0lslt�µ¿o�É�rzslÏÛq�n�Ñ�m Ñ?Á_0¦Ñ+n�m-�¨Ñ�tuo�Ñ�ororÑ�t¨þ9n (s�·zÑ�t
È��rzÏ�Ï%Ñ+nF��szors��¨Ñ�t�rztuo Ñ�mro�¶[�LrzuzÑÀqlÑ�Ï � szt�s��¨Ñ+nF�wr�Áfm5�s��¨Ï¦sltlqßmrtltlÑ+n�ÑÀþ7n�Ñ�t�¸+,
Ã*(r�±D)nÑ?ÉÛj¦Ñ�Ï�o m5�w�Ño � s�n�qlÑ�t�x ¬ Ñ�m uzorÑ�m-±D)lÑ+� |rzÏ%Ï�Ñ+n�uzÑ+)�rzo-o¢ormrÑ?' Ñ?n t�qlmrÑßÒts�,
qlÑ�ororÑw' (s�nÝÏ%slo-'vsztlmrÑ+nFo�Ñ�Ï7¼�ÇÆÇ�²�² µforÑ�mrtlÑ+n�ÑB²$rzt�rzopqns�nF±D)��¨Ñ�Ï%Ï�Ñ+nßsltlqm�¨Ñ+)�n
²�rzt (rzorÑ90�nFs¨þßm5o�o�Ñ+nF0lslt�µ_o�rzorÏÐmrth�
r � szt�x
ËÔs�n�±D)ÓÑ�mrtlÑÔÒtsztSo�Ñ+, � r�n�o-s�,¡¹lm-�Ýslo-r�o�m-szt³'�(s�nÛqlmrÑ7ËÔm-»¦slÏ%m-szt¥��szt½¼�nFs�oFsztnÑ�t
sfqlÑ+n��rzÏ�Ï%Ñ+nF�wszorÑ+µ (snopÑ�t�sltlq�qnÑ�t��ÀÑ+n�uzorÑ�m-±D)w�¨m-o�qnÑ�t³¹lÑ�orjlÏ1o�qlm-»¦slÏ%m-sztlÏ�µ�s�,
Ñ+Ów¸�mrÑ�tSo�Ñ�tÓqnmpÑ�Ï%Ñ+nÏèïÑ�mro-±D)lÑ�ttµ (sztltuo�Ñ�mrtÙqlÑ�tØÒtsfqlÑ�ororÑ�t½¸�snÏ (r�oF¸�orm-±D)�' Ñ�Ï1o�uzÑ+,
orÑ�u�o � Ñ+n�qlÑ�t*¶àq�r�·ßtàs�n�Ñ�mrtBèïÑ�mroÌqnÑ?nÂ²�rzt (rzorÑ��ÀÑ+n�jnmptnqlsltluzÑ�tw¸�s�� t (r�±D)lÏ�o Ñ�t
þßm-oFo�Ñ+nF0lsnt�µ_o�)lÑ+n�Ï1o�Ñ�opo-o¢sltlq qlmrÑ (snj�n�mruzÑ�th²$rzt (rzorÑ7rzorÏ�¹�r�±Dµfu�rzÏ%Ï�Ñ�tÜÑ�tlqnÑ�táx
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Î (s�n q�rzÏ��¨m-µ¿n�szÏ�µ�s�0lmrÏ1±D)lÑ��ÀÑ+n�Ï1oH(rztlqltnmpÏ¹qlÑ+n3¼ÆnFs�oFsztlÑ�tlorÑ�m-o�sltlumpÏ1o�Ñ�Ï � m-±D)�,
o�mru�¶ qlmrÑBn (rzs��¨orm-±D)lÑ��ÀÑ+nFo�Ñ�mrorsltluÜqnÑ?n
0�nFs�oFsztlmrÏ1±D)lÑ�t*��rzqnsltluzÏ1oFn (rzuzÑ+nÔmrtÙqlÑ+n
uzÑ�uzÑ�j¦Ñ�tlÑ�t ÒÙm-µ_nFszÏ1oFn�s�µ_o�s�nw¸�spµzÑ�tltnÑ�táx�Ç�Ï � s�n�qlÑÙqlÑ�Ï1)�rzorj Ñ�mrt Õyrzs��w,
o-rzqlsltluzÏ1�wsfqlÑ�opo�¶ªq�rzÏ7rzs�'�Ñ�mrtlÑ+n
�wsfqlm � ¸�mrÑ+nFo�Ñ�t�¼äszmrÏ�Ï1szt�, ¬ szo-oF¸+�wrztlt�,ûþßorÑ�m5,
±D)àsltnu�j¦Ñ+n�s�)uoH¶;�¨m-oÛqlÑ+n Î mrtlm-o�Ñ+,¡Ç�orÑ+�¨Ñ�tuo�Ñ+,ûÒÙÑ+oF)�sfqlÑyrzt�rzo-ÒfÏ�mrÑ+nFo�x��
� qlÑ�t
ÕâÑ+±D)lÑ�t�rzs�' � rztlq�¸�sÓj¦Ñ�u�n�Ñ�t�¸�Ñ�t*¶ � s�n�qlÑ�Ñ�mrtlÑÑ¸ � Ñ�mpqnm5�¨Ñ�tlÏ%m-szt�rzorÑÔþßÑ+s��¨Ñ+,
oFn�mrÑm�¨m-oh0¦Ñ+n�m-sfqlmrÏ�±D) rzj � Ñ+±D)lÏ%Ñ�ortlqnÑ�t ¹�±D)lm-±D)So�Ñ�t ��szt ¼�szo-Ò_�¨Ñ+nFn!(s�±Dµfu�nFr�o
sltlqp�rzÏ�Ï%Ñ+n���s�n�uzÑ�uzÑ�j¦Ñ�t�¶ � szj¦Ñ�mÐqlmrÑ³¹lslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñ�tprzorÏB¹�oFn�Ñ�m-'�Ñ�t
rzs�'çqlÑ�tÝþ7n�Ñ�t�¸+Ã (r�±D)lÑ�tÝj¦Ñ+)�rztlqlÑ�o-o � s�n�qlÑ�t�x¢�ktuo�Ñ+n�qlÑ+n iktnt�r�)��¨Ñ¨¶�q�r�·kqnmpÑ
¹lslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñ�t���szororÏ�o (rztlqlmru©qnmpÏ%Ï1s�¸�mrmrÑ+n�Ñ�tÜsltnqÓq�r�·¨q�rzÏÏrzjlÏ1s�n�jlmrÑ+nFo�Ñ
|rzÏ%Ï�Ñ+nÖqlmrÑ¨qlmrÑ�orÑ+µ_oFn�mrÏ1±D)lÑ�ttÇ�mruzÑ�tlÏ�±D)�r�'vo�Ñ�t|��szt�Ã (slÏ%Ï�mruzÑ+� ÐÖý . )�r�oH¶²Ñ+nF,
uzmrj�oÔÏ%m-±D)Øj¦Ñ�m Ñ�mrtlÑ+n$ËÖm-±DµzÑ©qlÑ+n7|rzÏ%Ï%Ñ?n Ï�±D)lm-±D)So$��szt ° a � q�t�� sltlqÚÑ�mrtlÑ+�
¹lslo-'vsztlÏ (rzs�n�Ñ+rzjlÏ1oFrztlq ��szt ÿ a � t�� È�Ñ�tuo�Ï10�n�Ñ+±D)lÑ�tlq Ñ�mrtlÑ+� |rzÏ%Ï%Ñ?n uzÑ?)�rzo5o
8 � 	zÿ ÉÔmrtÙqlÑ+nÔÒÙm-oFo�ÑqlÑ+n$|rzÏ%Ï%Ñ?n Ï�±D)lm-±D)SokÑ�mrtlÑÑÐ���,¡²$szt�¸�Ñ�tuoFn�r�o�m-szt|��szt
±+rnx�° a °$�wszo-�zo�¶ÌqlmrÑks�� Ñ�mrtlÑ�t Î r�µ_oFs�n 	 a Ä µÌorÑ�mrtlÑ+n�mrÏ1o�rzorÏ¢qlmrÑ$' (s�n¹j¦Ñ�m�Ñ�mptnÑ?n
)�s��wszuzÑ�tlÑ�t;�ÀÑ?n�o�Ñ�mporsltnukqlÑ+n�¼�nFs�o�sztlÑ�tÝÑ+n � r�nFo Ñ?o Ñ�²$szt�¸�Ñ�tuo�nFr�o�m-szt�x¢Ç�mrt�n�Ñ+,
o-r�o�m-�©u�nFs�·zÑ+n�iktuo�Ñ�mroªqnÑ?nÆ¼�nFs�o�sztlÑ�tÜj¦Ñ � tlqlÑ+o�Ï�m-±D)¨Ï1s��¨m5oÀmrt slt��¨m-oFo�Ñ�orj�r�n�Ñ+n
� (r�)lÑÜqnÑ?nÑ¹lslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñ�t�¶ � szj¦Ñ�m�qlmrÑ � t�)�s��wszuzÑ�tlm-o (r�oßqlÑ+n��ÀÑ+nFo�Ñ�m-,
orsltluB��szth0�nFs�oFsztnmpÏ1±D)lÑ�t��LrzqlsltluzÏ1oFnFrzuzÑ+n�t�j¦Ñ�m¦tlmrÑ�q�n�mruzÑ+n�Ñ�t×qlmrÑ�opÑ+µ_oFn�mrÏ1±D)lÑ�t
²$sztlÏ1oFrztSo�Ñ�tÓsltnq�j¦Ñ�m�) (s�)lÑ+n�Ñ�th¹nslo-'vsztlÏ (rzs�n�Ñ+rzjlÏ1o (rztlqlÑ�th¸�sltlm-�w��o�x
ÒÙm-oÝqnÑ?n�iktlt�r�)��¨Ñ�¶ q�r�·ôqlmrÑ×o5s�µJrzorÑw¼�nFs�o�sztlÑ�tàj¦Ñ � Ñ�uzorm-±D)�µzÑ�m5o7µ�sztlÏ1oFrztSo

mrÏ�oH¶ � s�n�qlÑ�t�' (s�n7�zÑ+n�Ï�±D)nmpÑ�qlÑ�tlÑ7²�szt � uzs�nFr�o m5sztnÑ�tôqlmrÑz¹�oFnFs��¨qlm-±D)uo Ñ?�zÑ+nFo Ñ�m-,
orsltluzÑ�twj¦Ñ+n�Ñ+±D)ltlÑ+oÜsltnq qlmrÑ q�r�nFrzslÏ×Ñ+nF)�rzo-o�Ñ�tlÑ�t þßÑ�Ï1r���o�Ï1oFn (s��¨Ñ�e = Q �  "�¨m-o�qlÑ�t³'�(s�n¢Ñ�mrtlÑ
)�s��wszuzÑ�tlÑz�ÀÑ?n�o�Ñ�mporsltnuÝqlÑ+n�¼ÆnFs�oFsztlÑ�t×Ñ+n � r�nFo Ñ?o Ñ�t³¹�o�nH(s�,�¨Ñ�tÅe �  " �zÑ+n�uzorm5±D)nÑ�táx ¬ Ñ�m��Âr�n�m-r�o�m-sztÚqlÑ�Ï9¹nslo-'vsztlÏ (rzs�n�Ñ+rzjlÏ1oFrztlqlÏ @�� ��� ���szt ÿ a � t�� rzs�'=° a 	 t�� j�¸ � x qlÑ+nâqnmpÑ�orÑ+µ_oFn�mrÏ�±D)nÑ�t³²�sztlÏ�o�rztuo�Ñ�tw Ñ��szt�q ÿ
rzs�'Ûv ÿ Ñ?n uzÑ�j¦Ñ�tÚÏ%m5±D) Èa� Ñ � Ñ�mrorÏ�'�(s�n 8 � 	zÿ ÉÑn�Ñ�o5r�o m5�ôuzÑ+n�mrtluzÑ×ikjlÏ�Ñ�t�µfslt�,
uzÑ�tp��sztÎe5= Q �  " 4 e �  " s�� ±?rnxy° ÿ}é x�Ë$r�n�rzslÏ�µJrztltprzjluzÑ�Ï1±D) (r�oF¸+o � Ñ+nF,
qlÑ�t*¶ q�r�·¨j¦Ñ�m*n�Ñ�o-r�o�m-��)�s�)lÑ�th�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�t��ktSo�Ñ+n�Ï�±D)nmpÑ�qlÑÖmrt�qlÑ+nÐmrt�)�s�,
�wszuzÑ�tlÑ�t��ÀÑ+nFo Ñ�mrorsltlu�qlÑ+n�0�n�s�oFsztlmrÏ�±D)nÑ�t��LrzqlsltnuzÏ�oFn?(rzuzÑ?ny'�(s�nÍ�
r � szt�È��¨m-o
@ � � � � ÿ a qÜt�� sltlq� ¨È�ÐÖý . É v Ä j¦Ñ�m ¶zÿzÿ ² sltnq 8 � 	zÿ ÉksltnqØÏ%slo-,
'vsztlmrÑ+nFo�Ñ�Ïy¼�Ç�ÇÆ²$² È��¨m-o @ � � � � ÿ a � t�� sltlq* ¨È�ÐÖý . É Äzÿ j¦Ñ�m ¶zÿzÿ ²
sltlq 8 � 	zÿ É�Ñ�mptnÑ�tºn�Ñ�o-r�o�m-�¨uzÑ?n mptnuzÑ�tºÇ�mrt�Ãls�·�rzs�' qlmrÑ
¼�nFs�o�sztlÑ�tlorÑ�m-oF'Z(r�)lmru�,
µzÑ�m5oÍ)�rzj¦Ñ�t�x;Ç�mrt�uzÑ�t�rzsnÑ?n Ñ�ÏÛÒtsfqlÑ�oro�� (s�·�o�ÑÑ�mrtlÑßq�n Ñ�mrqlm-�¨Ñ�tlÏ%m-szt�rzorÑÔþßÑ+s�,
�¨Ñ+oFn�mrÑ³�zÑ?n � Ñ�tlqlÑ�t sltnqÀ¸�slÏ (r�oF¸�orm5±D)ÚqlmrÑºÇ�mrt�Ã (slÏ%Ï%ÑÜqlÑ�Ï9� � � ,¡ØÑ+nFo Ñ�Ï�qlÑ+n
¹lslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñ¨¶ qlÑ+nÏ²�szt�¸�Ñ�tuoFnFr�o m5sztnÏ�rzj�) (rztluzmru�µzÑ�m-oÛqlÑ�Ïâo-s�µJrzorÑ�t³Ð � ,
ËÔm-»¦slÏ%m-sztlÏ�µ�sfÑ+Ów¸�m Ñ�tuo Ñ�tsltlqÜqnÑ?nÂ¼�Ñ+nFµ�szo-r�o�m-szt©uzs�o�)uÒfq�n�r�o�mrÏ�mrÑ+nFo�Ñ+nÂ²$rzt (rzopÑ
j¦Ñ+n (s�±DµfÏ�m-±D)So�mruzÑ�táx



° Äzÿ

Î (s�n�qnmpÑÍ�¨m5µ_nFszÏ1µ�s�0lmrÏ1±D)lÑ¢ÒtsÌqnÑ�orormrÑ+n�sltlukqlÑ+n�Ñ�orÑ+µ_oFnFs_szÏ1�ws�o�mrÏ�±1)lÑ�tÝÒÙm-oF'�(s�)�,
n�sntlu�� (s�·�o�Ñ�tØqlmrÑ�m5� ��s�n�mruzÑ�tØikjnÏ�±D)ltnm5o�oÔqlmrÏ1µÌs�o�mrÑ?n�o�Ñ�tÙikÏ�0¦Ñ+µ_o�Ñ��¨m-oÔÑ�m-,
tlÑ+� )uÒfq�nFsfq�Òft�r��¨mrÏ1±D)lÑ�t×ÒtsÌqnÑ�oro�¸�slÏ1r��w�¨Ñ�tluzÑ+' (s�)�nFo � Ñ+n�qlÑ�t�xªiks�'�u�n sltlq
qlÑ+n�)�s�)lÑ�t ²�s��w0lorÑ?Áfm-oH(r�o×Ñ�mrtlÑ�Ï�Ï�szo-±D)lÑ�t iktnÏ�r�oF¸�Ñ�Ï ¶3'�(s�n qlÑ�t �fmrÑ�opÑÙikt�,
t�r�)��¨Ñ�t (slj¦Ñ+nÖjlmrÏ�)lÑ+nßtlm-±D)uoßuzÑ�t�rzsôj¦Ñ?µJrztltSo�Ñw¼�r�n�r��¨Ñ?o Ñ?nßuzÑ+�wr�±D)uo � Ñ+nF,
qlÑ�t � (s�·�o�Ñ�t*¶ � s�n�qlÑ mpt qlmrÑ�Ï%Ñ+n×i
n�j¦Ñ�m5o�Ñ�mrt �zÑ+n�Ñ�mrt�'vr�±D)uo Ñ�Ï�)uÒfq�n�sÌq�ÒÌt�r�,
�¨mrÏ1±D)lÑ�ÏâÒtsfqlÑ�oroL'�(s�nkqlmrÑÝÑ�orÑ+µ¿o�nFs_szÏ��ws�o�mrÏ1±D)lÑÔÒÙm-oF'�(s�)�n�sltnu�sntuo�Ñ+n�Ï%s�±D)uo�x � tqlmrÑ�Ï%Ñ?� ÒtsÌqnÑ�oroÂ' (s�)�n�Ñ�tÀ)SÒfq�nFr�o�mrÏ%mpÑ+nFo Ñ¥¼ÆnFs�oFsztlÑ�t*¶ïqlmrÑÜÏ%m-±D) mrt qnÑ?nÒÙm5o�o�Ñ
Ñ�mrtlÑ�ÏÜÏ%Ñ+)�nÜÑ�tluzÑ�tÎ¸+Òformrtlq�n�mrÏ1±D)lÑ�tp²$rzt�rzorÏ×j¦Ñ � tlqlÑ�t*¶ qlÑ�Ï%Ï�Ñ�t ËÔs�nF±D)��¨Ñ�Ï1,
Ï%Ñ+nÐqls�nF±D) qlmrÑÔikt�¸?r�)noáqnÑ?nÍ|rzÏ%Ï�Ñ+nF�wszorÑ+µ (slorÑ
0�nFsw¹lslo-'vsztnÏ (rzs�n Ñ�u�n s�0�0¦ÑßuzÑ+,
uzÑ�j¦Ñ�tÚmpÏ1oH¶ïuzÑ?� (r�· qlÑ�t þßÑ�Ï�Ñ+oF¸�Ñ�tØqnÑ?nÑÐ
ÒÌq�nFsfq�Òft�r��¨m-µ||rzÏ%Ï%Ñ?n��wszopÑ+µ (slorÑ
�¨m-oH¶ � szj¦Ñ�m�¼ÆnFs�oFsztlÑ�tuo�nFrztlÏ1'�Ñ+nF0�nFs�¸�Ñ�Ï�Ï%ÑÔsntlq�qlÑ+n�Ñ�t³²$szt�¸�Ñ�tuo�nFr�o�m-sztlÏ1,Àsltlq
èïÑ+�w0¦Ñ+nFr�o�s�nFrzj�) (rztluzmru�µzÑ�m-o�j¦Ñ+n (s�±DµfÏ%m5±D)So�mru�o � Ñ+n�qnÑ�t sntlq rzorÏ�¼�r�n�r��¨Ñ?o Ñ?n
qlÑ+nºÐ
ÒÌq�nFr�oFr�o�m-sztlÏ1nFrzqlmrslÏ¨sltnq qlmrÑ�ËÔm-±DµzÑ�Ñ�mrtlÑ+n¨sltàj¦Ñ � Ñ�uzorm-±D)lÑ�tÀ¹�±D)lm-±D)uo
��szth�rzÏ�Ï%Ñ+nF�wszorÑ+µ (snopÑ�twr�� ²�rzt�rzo-nFrztlq Ñ�mrtluzÑ+)lÑ�t�x
Ç�Ï�µ (sztltlÑ�t �¨m-o qlmrÑ�Ï�Ñ+� ÒtsÌqnÑ�oro�ØÑ+nFo�Ñ ' (s�nÙÑ�orÑ+µ¿o�nFs_szÏ��ws�o�mrÏ1±�)nÑÙÒÙm5o�,
' (s�)�n�sltluzÏ1µ�sfÑ+Ów¸�mrÑ�tuo Ñ�t j¦Ñ+n�Ñ+±D)ltlÑ+o � Ñ+n�qnÑ�t�¶ qlmrÑ uzs�ot�¨m-oÙqlÑ�t rzslÏØqnÑ�t
ÇÆ�kÒÙÕÏ,ûÒÙÑ�Ï%Ï�sltnuzÑ�tßÑ+nF)�rzo-o�Ñ�tlÑ�tBØÑ+nFo�Ñ�t (slj¦Ñ+n�Ñ�mrtlÏ�o m5�w�¨Ñ�t*¶ � Ñ�tltw' (s�nÂ�
r�,
� szt 8 �[¡ ADCFEy¢ � ° a 	 rzorÏ³�¨m5o�o�orÑ?n ÑÓikt�¸+r�)lo
��szt Ð ý . ,ûÒtszorÑ+µ (snopÑ�t mrt qnÑ?n
Ð
Òfq�nFr�o�r�o�m-sztlÏ�) (sloropÑ¹Ñ�mrtlÑ�ÏäÐ � Ï1s � mrÑ�£ � ÿ a ° 	 t�� rzorÏÂ¹�±D)lm-±D)uo qlm-±DµzÑâsltüj¦Ñ+,
� Ñ�uzorm-±D)lÑ+n�ÐÖý . ,ûÒtszopÑ+µP(slorÑyr�� ²�rzt�rzo-nFrztlq�sltnq¥'�(s�nÐÏ%slo-'vsztlmrÑ+nFo�Ñ�Ïx¼�Ç�ÇÆ²$²
8 �[¡ ADCFEy¢ � ° a qwÏ1s � mrÑ�£ � ÿ a 	�Ä t�� �zÑ+n � Ñ�tlqlÑ+o � Ñ+n�qlÑ�t�xâËÖÑ?n�u�n (s�·zÑ+,
n�Ñ�ØÑ+nFoº' (s�n�£ mptp¼ÆÇ�ÇÆ²$² µJrztltwqls�n�±D) qlmrÑ�m-� �ÀÑ+n�uzorÑ�m-±D)m�¨m-ow�
r � szt
Ï1oH(r�nFµzÑ+n�ÑÂ¼äszo-Ò¿�¨Ñ+nF,¡�rzÏ�Ï%Ñ+nF,¡ØÑ+±D)lÏ%Ñ�o � m-nFµfsltlu�sfqlÑ+nLrzs�±D)ßqls�n�±D)ÝqlmrÑÀÏ�o?(r�nFµzÑ+,
n�Ñ��ÀÑ+nF¸ � Ñ�mruzsltnu�qlÑ+n$²�rzt�rzorÏ�oFn s�µ_o�s�n£È�j�¸ � x�nFrzs�)lÑ+n�Ñw²$rzt�rzorj¦Ñ�u�n�Ñ�t�¸�sltlu�É
j¦Ñ�u�n (sltnqlÑ+o � Ñ?n qlÑ�t�x�ËÔmrÑ³�
n�Ï1r�±D)lÑ³' (s�n¨qlÑ�t µfopÑ�mrtlÑ+n�Ñ�t}ØÑ+nFow' (s�n 8 �[¡ ADCFEu¢mrtm�
r � szt mpÏ1o7�½(szuzorm5±D)nÑ?n � Ñ�mrÏ�Ñ¨qlÑ+nÝÏ1oFn�s�µ¿o s�n�j�n�Ñ+±D)lÑ�tlqnÑhÇ�mrt�Ãls�·ÙqlÑ�Ï©slt�,
0�szo-r�n�Ñ�tw0¦Ñ+nFÃls�s�n mpÑ+nFo Ñ�t³¼äszo-Ò¿�¨Ñ+nFn (s�±Dµfu�nFr�o�ÏÂrzs�' q�rzÏÆ|rzÏ%Ï�Ñ+n�Ï1oFs�»¦j�n (s�±DµzÑ�t�,
tlÑ+oF¸ � Ñ?n�µ¦xÞÒÙm-oÔqlÑ+nÖiktlt�r�)��¨Ñ¨¶Þq�r�·�q�rzÏ7o�Ñ+�w0¦Ñ+nFr�o�s�n�,Ðsltlq}µ�szt�¸�Ñ�tuoFn�r�o�m-,
sztlÏ1rzj�)*(rztnuzmpuzÑ��ÀÑ+nF)�(rzo5o tlmrÏ���szt7ÐÖý . ,¡¹lÑ�orjlÏ�o qlm-»¦slÏ�m-sztlÏ1µ�sfÑ+Ów¸�mrÑ�tuo¦sltlqÑÐ � ,
� Ñ�m-oF' (r�)lmru�µzÑ�m-o�Ï�qnm5»¦snÏ�m-sztlÏ1µ�sfÑ/Ów¸�m Ñ�tuo mptwÐ � o5,i� (szÏ%sltluzÑ�twrzs�'¦qlmrÑÛo-s�µ¢rzorÑxË$Ò_,
t�r��¨m-µwmrt qnÑ�t ¼ÆÇ�Òt,¡²$rzt (rzopÑ�t (slj¦Ñ+nFo�nFrzuzj�r�n�mrÏ1oH¶3µ¢rztnt qlmrÑÙÑ+Á_0¦Ñ?n m5�¨Ñ�t�,
o�Ñ�orofuzÑ+'�sltlqlÑ�tlÑxèïÑ+�w0¦Ñ+nFr�o�s�nFrzj�)*(rztluzmru�µzÑ�m-o���szt �BADCFEHG �¨m-o qlmrÑ�Ï%Ñ?� ÒtsfqlÑ�oro
t (r�)nÑ?n sltluzÏ � Ñ�mrÏ�Ñ�n�Ñ+0�nFsfqls�¸�mrÑ+nFo � Ñ+n�qnÑ�táx

Òtr�µ_nFszÏ1µ�s�0lmrÏ�±D) µ¢rztlt qlÑ+ntè�nFrztlÏ10�s�nFot��szt ¼�nFs�oFsztnÑ�t sltlq �rzÏ�Ï%Ñ+nF�ws�,
orÑ+µ (slorÑ�t qls�nF±D) qlmrÑ7è�nFrztlÏ10�s�nFo�uzorÑ�m-±D)àsltnuzÑ�t�qlÑ+nÐm-nFn�Ñ+�zÑ+n�Ï�mrjlorÑ�t�èÍ)lÑ+nF�wsfq�Ò_,
t�r��¨m-µÑÈ . tlÏ1rzuzÑ?n�,ûþ´orÑ�m-±D)àsltnuzÑ�t�Éámrt7¼�Ç�Ò j¦Ñ�Ï�±D)�n�mrÑ�j¦Ñ�t � Ñ?n qlÑ�t�x ËÖs�nF±D)ßqlmrÑ
ÒÙÑ�Ï%Ï�sltnum��sztÉÑ�orÑ+µ_oFnFs_szÏ1�ws�o�mrÏ�±D)lÑ�twÒÙm-oF' (s�)�n�sltluzÏ1µ�sfÑ+Ów¸�mrÑ�tuo Ñ�t sltlq )SÒ_,



° Ä °

q�nFsfq�Òft�r��¨mrÏ1±D)lÑ�t�¼�Ñ+nF�¨Ñ+rzjlmropm-oH(r�o Ñ�t�Ï�s � mpÑßqlmrÑ��ÀÑ+n � Ñ�tlqlsltlu½¸�snÏ+(r�oF¸�orm-±D)lÑ+n
è�nFrztlÏ10�s�nFoF0�r�nFr��¨Ñ+o�Ñ+nhrzslÏ qlÑ+n�� m5o Ñ?n�r�o�s�nhµ�sztltSo�Ñ�t ' (s�n qlmrÑØj¦Ñ�mrqlÑ�tÉslt�,
o�Ñ+n�Ï%s�±D)uo�Ñ�tt¼ÆÇ�Ò ��szoropÏ1o (rztlqnmpuzÑ7¹ (r�o�¸�ÑqlÑ+nkmptÙqnÑ�t . tlÏ1rzuzÑ?n�,ûþ´orÑ�m-±D)àsltnuzÑ�t
rzs�'voFn Ñ?o Ñ�tnqlÑ�thè�nFrztlÏ10�s�nFoFµ�sfÑ+Ów¸�mrÑ�tSo�Ñ�t¨j¦Ñ�Ï�o�m-�w��o � Ñ+n�qlÑ�t�x�ËÔmrÑ�Ï�Ñ � s�n qlÑ�t
' (s�n¨qlmrÑ ¬ Ñ+n�Ñ+±D)ltàsltnuØqlÑ+n�ÒÙÑ?�j�nFrztlÑ�mruzÑ�tlÏ�±D)�r�'vo�Ñ�tÚsltuo�Ñ+n ¬ n�Ñ�tltlÏ1oFs�»�¸�Ñ�o-,
orÑ�tüj¦Ñ�qlmrtluzsltluzÑ�t³�zÑ+n � Ñ�tlqlÑ+o�x
ËÖmrÑ3)�(s�±D)lÏ�o Ñ3¼ÆnFs�oFsztlÑ�tlorÑ�m-oF'\(r�)lmru�µzÑ�m-o sltlq�Ï�s��¨m-oïqlÑ+n�uzÑ+n�mrtluzÏ�o Ñ�qlm-»¦Ñ+n�Ñ�tuo�m-,

Ñ�oporÑ� mrqlÑ+n�Ï1oFrztlqÙmrt�qlÑ+n ¬ n Ñ�tntlÏ�o�s�»�¸�Ñ�ororÑ�t�µzÑ�tltlormrtlmrÑ � m-n�qÓj¦Ñ�mL��szororÏ�o (rztnqlm-,
uzÑ+n
Ð
ÒÌq�nFr�o�mrÏ�mrÑ+n�sltnu�qnÑ?nÖÒÙÑ+�Ýj�nFrztôÑ?n�n�Ñ�m5±D)SoH¶Þqls�nF±D)ÚqlÑ�tÙÑ�orÑ?µ_oFn�s¿szÏ1�ws�o�m-,
Ï�±D)nÑ�tÙÒÙm-oF' (s�)�n�sltnuzÏ�Ñ+»¦Ñ+µ_o � m-n�q���Ñ�q�s¿±D)ÙÏ1o (rztlqnmpu³�rzÏ�Ï%Ñ+nÏ��sztÙikt�sfqlÑB¸�s�n
²$r�oF)�sÌqnÑ|oFnFrztnÏ�0�s�nFo mpÑ+nFo�x=ËÔmrÑt��szororÏ�o (rztlqlmruzÑ�Ð
Òfq�n�r�o�mrÏ�mrÑ+n�sltlu µ¢rztltÉs�x3rnx
qls�nF±D)ÉÑ�mrtlÑÙÏ%Ñ?)�nÜuzÑ+n�mrtluzÑ�¼ Ñ+nF�¨Ñ+rzjlmrorm-o (r�o¥® ¯ qlÑ+n×þ7rzÏ�qnm5»¦snÏ�m-sztlÏ%Ñ�opÑ+µSoFnFs�,
qlÑwrzs�'¢qlÑ+n7²$r�oF)�sÌqnÑ�tnÏ�Ñ�m-o�ÑB' (s�n�Ð ý . Ñ�mrtluzÑ�Ï1o�Ñ�oro5o � Ñ+n�qnÑ�t�¶ � Ñ�tltÚÏ%m-±D)|rzt
qlÑ+n³²$r�oF)�sfqlÑ È�qls�n�±D) q�rzÏhrzs�' u�n�sltlq qnÑ�Ï×Ñ�orÑ+µ¿o�nFs_szÏ��ws�o�mrÏ1±D)lÑ�tÀÇÆ»¦Ñ+µ¿o Ñ�Ï
¸�sluzÑ+' (s�)�nFo Ñ¨sltlqÚq�rzÏÔmrtôqlÑ+n ´ Ñ�opo-n�Ñ+r�µ_o�m-szt uzÑ�jnmporqlÑ+o�ÑÑ|rzÏ%Ï�Ñ+nFÉÖÑ�mrtÙÏ1sh)�s�,
)lÑ+n�)SÒÌq�nFszÏ�o�r�o�mrÏ�±D)lÑ+nÆË$n�s�±Dµwrzs�'�j�rzs�oH¶Ìq�r�·ÝqlÑ+n�q�rzqns�nF±D)�uzÑ+oFn�mrÑ�j¦Ñ�tlÑ��rzÏ�,
Ï�Ñ+nFn (s�±Dµ_oFnFrztlÏ10�s�nFo$¸�s�nkikt�sÌqnÑ©qlÑ�tÙÑ�orÑ+µ¿o�nFs_szÏ��ws�o�mrÏ1±D)lÑ�t³Ç�»¦Ñ+µ_o
µ�s��w0¦Ñ�t�,
Ï�mrÑ+nFo�x ¬ Ñ�m�) (s�)lÑ+n�Ñ�tp® ¯ ,¡ôÑ?n�o�Ñ�tÀµJrztlt �¨m5oBÐkmro-'�Ñ×Ñ�mrtlÑ+nÝmrt qlmrÑ�Ï�Ñ+nÝi
n�j¦Ñ�m-o
rzjluzÑ�orÑ�m-o�Ñ+o�Ñ�t Î s�nF�¨Ñ�oÂÈûþ´oKxªvnx-° � Éâj¦Ñ+n�Ñ+±D)ltnÑ?o � Ñ+n�qlÑ�t*¶;�¨m-o � Ñ�o-±D)lÑ�t�qls�n�±D)
qlmrÑßÕâÑ+r�µ_o�m-sztlÏ%u�rzÏ�Ñ
¸�sluzÑ+' (s�)�nFo�Ñ�t�Ð ý . ,ûÒÙÑ�tluzÑ�t qlmrÑ$��szororÏ�o (rztnqlmruzÑ$Ð
Òfq�nFr�,
o�mrÏ�mrÑ+n�sltnuÏrzs�'Nn�Ñ+±D)uo�Ñ+nF)�rzo-o�Ñ�t � Ñ+n�qlÑ�t�µJrztlt�x � � Î rzoroàqnÑ?n���szoporÏ1oH(rztlqlmruzÑ�t7Ð
Ò_,
q�nFr�o�mrÏ%mrÑ?n sltluwµ (sztltlÑ�th�¨m-oÐv Äºé Ï�slo-'vsztnmpÑ+nFo Ñ�t½¼�Ç�ÇÆ²$²�,ûÒÙÑ?�j�nFrztlÑ�th'vrzÏ1o
Ñ�j¦Ñ�tnÏ�s uzs�o�Ñ�� Ñ�m-oF' (r�)lmru�µzÑ�m-o�Ñ�tÚsltlq ¬ n Ñ�tntlÏ�o�s�»�¸�Ñ�ororÑ�t�µzÑ�tltlormrtlmrÑ�t � mpÑ³�¨m-o
0¦Ñ+nFÃls�s�n�mrÑ+nFo�Ñ�t�ÒÙÑ+�Ýj�nFrztlÑ�t�Ñ+nFn�Ñ�m-±D)uo � Ñ+n�qlÑ�t�x
�ktSo�Ñ+nÀtlm-±D)uoÂs�0�o m5�¨mrÑ+nFo�Ñ�t ¬ Ñ�qnmptnuzsltluzÑ�twµ¢rztnt©mrtlÏ%j¦Ñ�Ï�sztlqnÑ?n Ñ3rzt�qlÑ+nÀikt�,
sfqlÑ¨¶ � s � Ñ�uzÑ�tqlÑ�Ï Ñ�orÑ+µ¿o�nFs_szÏ��ws�o�mrÏ1±�)nÑ�t�Ç�»¦Ñ+µ_o�Ñ�ÏL|rzÏ%Ï�Ñ+n Ñ�tuoF¸+szuzÑ�t � m-n�q*¶
tlm-±D)uoïqnmpÑÆ�wr�Áfm5�wrzorÑäÐ
Òfq�nFr�o�mrÏ%mpÑ+n�sntluâÑ+nFn Ñ�m-±D)So � Ñ+n�qlÑ�t�xÖËÔmrÑ�mrtßqlmrÑ�Ï�Ñ+� Î rzoro
mrt´ikj�) (rztluzmru�µzÑ�m5oL��sztßqlÑ+n ´ Ñ�oropÏ1oFnFs��¨qnm5±D)So�ÑÀuzÑ�jlmrorqlÑ+o�Ñ�t$|rzÏ%Ï%Ñ?n�µ�szt�¸�Ñ�tSoFnFr�,
o�m-sztlÏ10�nFs � orÑÔmrt�Ñ�mrtlÑ+n¢Ï�sno5'NsztlmrÑ?n�o�Ñ�th¼�ÇÆÇ�²$²�,ûÒÙÑ+�Ýj�nFrzt � s�n�qlÑ�t�mrt�qlmrÑ�Ï%Ñ?n
i
n�j¦Ñ�m-o
�¨m5o Î mrtlm-o�Ñ+,¡ËÔm-»¦Ñ+n�Ñ�t�¸�Ñ�t�,¡¹lm-�Ýslo-r�o�m-sztlÑ�t�È�'�(s�n l � ¶zÿzÿ ² sltnq|odÒ_,
0lmrÏ�±D)nÑÐÑ+Á¿0¦Ñ+n�m-�¨Ñ�tuo Ñ�ororÑ�¼är�nFr��¨Ñ+o�Ñ+nFÉÀj¦Ñ+n�Ñ+±D)ltlÑ+o�x�Ç�ÏÀÑ+n�uzmrj�oÀÏ%m5±D)��fs�rzorm-oFr�o�m-�
j¦Ñ�mÞÑ�mrtlÑ+� ® ¯ ,¡ØÑ+nFo?¶nqnÑ?n¢s�� Ñ�mrtlÑ�t Î r�µ_oFs�n9° a � u�n (s�·zÑ+n�rzorÏ¢qlÑ+n � qlÑ+rzo � Ñ+nFo
uzÑ+�½(r�·kþ´oKx«vnx-° � mpÏ1oH¶ÅÑ�mrtz¸ � Ñ�m-o�Ñ�mrormpuzÑ�ÏL|rzÏ%Ï%Ñ?n�µ�szt�¸�Ñ�tSoFnFr�o�m-sztlÏ10�nFs � o y � t�qlÑ+n
� (r�)lÑ¢qlÑ+n�²$r�o�)�sfqlÑ¢mpÏ1oïmrtÝÑ�mrtlÑ+� ¬ Ñ+n�Ñ�m-±D)��¨m-o�)�s�)lÑ+n�ÐÖý . ,¡²$szt�¸�Ñ�tuoFn�r�o�m-szt
qlÑ+nÜþßÑ�Ï�r��Ño�q�n�s�±Dµfu�nFrzqnmpÑ�tSo�qnmpÑ�oFn�Ñ�mrj¦Ñ�tlqlÑt²�nFr�'vo³' (s�n×qlÑ�tÎ�rzÏ�Ï%Ñ+nFn (s�±Dµ_,
oFnFrztlÏ10�s�nFo�¸�s�nßikt�sfqlÑ¨¶ïmptÚqlÑ+n7� (r�)lÑ qlÑ+n´ikt�sÌqnÑÜmrÏ�oßq�rzuzÑ�uzÑ�tØÑ�mrtÚqlÑ�s�oF,
orm5±D)nÑ?nwÐÖý . ,¡²$szt�¸�Ñ�tuoFn�r�o�m-sztlÏ�u�n�rzqlmrÑ�tSo×uzÑ�uzÑ�j¦Ñ�t*¶ qnÑ?n mrt qlmrÑ�Ï�Ñ+� ¬ Ñ+n�Ñ�m-±D)
qlmrÑ � Ñ�Ï�Ñ�tSo�orm5±D)nÑ9o�n�Ñ�mpj¦Ñ�tlqnÑ�²$nFr�'No
' (s�nkqlÑ�t�|rzÏ%Ï�Ñ+nFn (s�±Dµ¿o�nFrztlÏ10�s�nFoâmrÏ1o�x�Ë$r
mrt Ï%slo-'vsztlmrÑ+nFo�Ñ+� ¼�ÇÆÇ�²�² qlmrÑ³¼�nFs�oFsztnÑ�tnopÑ�m-oF' (r�)nmpu�µzÑ�m-oÝj¦Ñ�mxµfopÑ�mrtlÑ�tm�rzÏ�,



° Ä�	

Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�t�Ï�o?(r�nFµzÑ+nÏrzjlÏ%mrt�µ_o�rzorÏâmrth�
r � szt*¶;µJrztlt�Ñ�mrtlÑßtlm-±D)uo
s�0�o�m-�¨mrÑ+nFo�Ñ
ÒÙÑ+�Ýj�n�rztàj¦Ñ+'�Ñ�s�±D)uo sltlu�j¦Ñ�mçÑ�mrtlÑ+n�Ï%slo-'vsztlmrÑ+nFo�Ñ�tw¼�ÇÆÇ�²$²�,ûÒÙÑ+�¨j�nFrztÜorÑ�m-±D)�,
o�Ñ+n�¸�s�Ñ�mrtlÑ+� Ñ?n�) (s�)uo�Ñ�t�ÒÙÑ+�Ýj�nFrzt � mrqlÑ+n�Ï1oFrztlq�' (s�)�n�Ñ�t�x

�
� qnmpÑÂn Ñ�o-r�o�m-�ÛuzÑ+n�mrtluzÑ�¼ÆnFs�oFsztlÑ�tlorÑ�m-oF' (r�)lmru�µzÑ�m-o���sztÔÏ%slo-'vsztlmrÑ+nFo�Ñ�t$¼ÆÇ�ÇÆ²$²$,
ÒÙÑ+�Ýj�n�rztlÑ�twj¦Ñ�m¹tlmrÑ�q�n�mruzÑ�tp�rzÏ�Ï%Ñ+n�uzÑ+)�rzo-o�Ñ�t È 8 � ° ÿ Éw¸�sp�zÑ+n�j¦Ñ�Ï%Ï�Ñ+n�t�¶
µb(sztltSo�ÑÏ�zÑ+n�Ï%s�±D)So � Ñ+n�qnÑ�t�¶§qlÑ�tz� � � ,¡ØÑ+nFo�qnÑ?nÂ¹nslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñkqns�nF±D)
¸�slÏ (r�oF¸�orm5±D)nÑÆÈ�Ñ�orÑ?µ_oFn�sztlÑ�t�¸�mpÑ+)lÑ�tlqnÑ?Éç¹lsljnÏ�o�m-o�snÑ�tSo�Ñ�t7r�� ¼�ÇÆÇ�²$²�,ûÕ (s�±DµÌu�n�r�o
¸�s��zÑ?n�n�mrtluzÑ+n�t*¶ªq�r��¨m-o7È � mrÑÝj¦Ñ�máqnÑ?ny¹ls�0¦Ñ+n�Ï (rzs�n�Ñ7�
r � szt�ÉkÑ�mrth)�s�)lÑ+nÏËÖmpÏ1,
Ï1s�¸�m5r�o m5sztnÏ�u�nFrzq qlÑ+nx¹lslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñ�t½rzs�±D)�t�s_±D)³' (s�n�µforÑ�mrtlÑ 8 ,¡ôÑ?n�o�Ñ
Ñ+nFn�Ñ�m-±D)uo � m-n�q�x
Î (s�nÐqlmrÑ � Ñ�m-o�Ñ+n�ÑÖÒtr�o�Ñ+n�m-rzo-, . 0�o�m-�¨mrÑ+n�sltluB0�szo-Ò�r�nFs��wr�o�mrÏ1±D)lÑ+n�¼�Ç�Ò � (r�n�Ñ

Ñ�mrtlÑÚÏ�o�rzjlmropÑ
�ÀÑ+n�tlÑ+oF¸�sltlu qlÑ�Ï�¼äszo-Ò¿�¨Ñ+nFn (s�±Dµfu�nFr�o�Ï � (sltlÏ1±D)lÑ�tlÏ � Ñ+nFoH¶|s��
qlmrÑ�þßo-rzÏ1o�Ñ+�w0¦Ñ?n�r�o�s�nH¶�rzjwqlÑ+n�Ñ�mrtlÑ�Ï�Ñ+)�n�Ï�o�r�nFµzÑ � snÑ�ororsltluôqlÑ+nz¼ÆÇ�Ò mpt
Ã (snÏ�Ï%mruzÑ?� ÐÖý . rzs�'voFn m5o�otÈ¡' (s�nÜv Ä é Ï%slo-'vsztlmrÑ+nFo�Ñ�Ïw¼ÆÇ�Ç�²�² ±+rnxªq ÿ s�� ÉH¶
qlÑ�s�o opm-±D)�¸�sÙÑ?n�) (s�)lÑ�t�x�Ç�mrtlÑßm-sztlmrÏ�±D)lÑ��ÀÑ?n tlÑ+oF¸�sltluÜÑ+nF) (rzo5o
�wrztÙmrtt¹ (rzs�n�Ñ+,
¬ rzÏ%Ñ?, ¬ orÑ�tlqlÏ ¶ qnmpÑB¸§x ¬ xáqls�nF±D)ÚÒÙmrÏ�±D)üsltlu�Ñ�mrtlÑ�Ï$)�s¿±D)nÏ�slo-'vsztnmpÑ+nFo Ñ�t�¼�szo-Ò_,
Ñ+oF)lÑ+nFµzÑ+oFsztnÏ9�¨m-oßÑ�mrtlÑ+� iktSo�Ñ�mroÂ¼�szo-Òfj¦Ñ�t�¸�m5�¨mrq�r�¸+szoÆÈ¡¼ ¬ � ÉH¶áqlÑ+n7¸�sôÑ�mptnÑ?n
o�Ñ�mro � Ñ�mrÏ�Ñ�tt�kÑ�s�oFn�rzopmrÏ%mrÑ?n sltlu×qlÑ+n7¹lslo-'vsztlÏ (rzs�n�Ñ�u�n�s�0�0¦Ñ�t}' (s�)�nFoH¶�)lÑ+n�uzÑ�Ï�o�Ñ�oro-o
� Ñ?n qlÑ�t¥µ (sztltnÑ�táx¨Ç�Ï � m-n�q Ï�sÝj¦Ñ�m (r�)ltlorm-±D)lÑ�tw¼�nFs�o�sztlÑ�tlorÑ�m-oF' (r�)lmru�µzÑ�m-o�Ñ�t � mrÑ
mrt )�s��wszuzÑ�tlÑ�tÉÏ�slo-'vsztnmpÑ+nFo Ñ�t ¼ÆÇ�Ç�²�²$,ûÒÙÑ+�Ýj�n�rztlÑ�t Ñ�mptnÑ*�ÀÑ?n j¦Ñ�Ï%Ï%Ñ?n sltlu
qlÑ+n��¨Ñ+±D)�rztnmpÏ1±D)lÑ�t³Ç�mruzÑ�tlÏ1±D)�r�'vo�Ñ�tÜÑ+nF� (szuzorm-±D)uo å °�°�° æ xÎ (s�n´qnÑ?n�r�nFo�mruzÑw¹ (rzs�n�Ñ+, ¬ rzÏ%Ñ?, ¬ orÑ�tlqlÏ � m-n�qØÑ�mrtlÑ¨m-� �ÀÑ?n uzopÑ�m-±D)t¸�s|�
r � szt
qlÑ�s�o opm-±D)m�zÑ+nFn mptnuzÑ?n�o�Ñ�ÒÙÑ+oF)�rzt�szo-,¡¼�Ñ+nF�¨Ñ+r�o�m-szt uzÑ+'�sntlqlÑ�t å °�° 	 æ ¶ � rzÏ¨Ï�Ñ+)�n
0�szÏ%m-o�m-�$' (s�n�qlÑ�t�Ç�mptnÏ�r�oF¸�qlmrÑ�Ï�Ñ+n ÒÙÑ+�Ýj�nFrztlÑ�tÝmrt�ËÖm-n�Ñ+µ¿o�,ûÒÙÑ?o�)�rzt�szo-, ¬ n�Ñ�tlt�,
Ï1oFs�»�¸�Ñ�oporÑ�tºÈ�Ñ�tluzoKxàqlm-n�Ñ+±+o��¨Ñ+oF)�rzt�szoç'�slÑ�oç±�Ñ�oro*È¡ËÔÒ Î � ÉFÉ¢mrÏ�o?¶ � Ñ�mroªmrt qlmrÑ�Ï%Ñ+n
ikt � Ñ�tlqlsltnukqlÑ+nÞÒÙÑ+oF)�rzt�szo-,¡ËÖs�nF±D)uo�n�m-oFoL¸�sÖÑ�mptnÑ?n�qlÑ�s�o�orm-±D)lÑ�tkÕâÑ�qls�¸�mrÑ+n�sltnu
qlÑ�Ï ´ Ñ�oro � m-nFµfsltluzÏ%u�nFrzqlÑ�Ïx' (s�)�n�Ñ�t�µ¢rztnt�x
ikoropÑ+n�qnmptnuzÏ � (r�n Ñ�t ' (s�nwËÖÒ Î � è Ñ?�w0¦Ñ+nFr�o s�n�Ñ�twqlÑ�s�o�orm-±D) (snj¦Ñ?n½° ÿzÿ s �

Ï%mrtltu��szoro�¶ s�� qlmrÑ��ÀÑ+n�uzm-'vo�sntluÓqnÑ�Ï¥(sljnopm-±D)lÑ+n � Ñ�mpÏ%ÑB�zÑ?n � Ñ�tlqlÑ�tuo Ñ�t}¼ÆoF�zÕâs�,
²�r�oFrzo-ÒÌÏ1r�oFs�n�Ï½' (s�nh�¨m-o×qlÑ+� mrt uzÑ+n�mrtluzÑ+n³²$szt�¸�Ñ�tSoFnFr�o�m-szt Ñ�tuo Ï�o�Ñ+)lÑ�tlqnÑ�t
²�s�)lorÑ�t��wszt�sÖÁfmrq�¸�s��zÑ+nF�¨Ñ�mpqnÑ�táx Ë$rkmrtÝqnmpÑ�Ï%Ñ+� èïÑ+�w0¦Ñ+nFr�o�s�n�j¦Ñ+n�Ñ�m5±D)Ñ|rzÏ1,
Ï%Ñ+nïtàs�n�mrtÝÏ�Ñ+)�n�uzÑ+n�mrtluzÑ�tÝÒÙÑ�tluzÑ�tÝmrt©qnÑ�tB)lmrÑ+n sntuo�Ñ+n�Ï%s�±D)uo Ñ�tw¼ÆÇ�Ò uzÑ+)�rzo-,
o�Ñ�t � Ñ+n�qnÑ�t½µ¢rztlt�¶ � m-n�q×t�r�±D)hrzo-o�Ñ+n�t�r�o�m-�zÑ�t�¹nsljlÏ1oFrzt�¸�Ñ�t¥�¨m-ox)�s�)lÑ�t³¼�n�s�,
oFsztnÑ�tnopÑ�m-oF' (r�)nmpu�µzÑ�m-o�Ñ�t×uzÑ�Ï�s�±D)So�x Î (s�nâmrt�Ï%slo-'vsztlmrÑ+nFo�Ñ7¼�ÇÆÇ�²�²$,ûÒÙÑ+�Ýj�nFrztnÑ�t
Ñ�mrtluzÑ�o-rzuzÑ?n�o�Ñ�Ï � �¨mpq�r�¸?szo*µ�sztltuo ÑÝuzÑ+¸�Ñ�mru�o � Ñ+n�qlÑ�t*¶¦q�r�·Ümrt qlmrÑ�Ï%Ñ+� ¹�ÒÌÏ1o�Ñ+�
Ñ�mrtÙÏ�Ñ+)�n (r�)ltlorm-±D)lÑ�Ï$è�n�rztlÏ�0�s�n�oF�zÑ+nF)�rzo-o�Ñ�t|�¨m-oÔÑ�mrtlÑ+� qlÑ�s�o�orm-±D)lÑ�t ¬ Ñ�m-oFn�rzu
��sztt¼ÆnFs�oFsztlÑ�tuo�nFrztlÏ1'�Ñ+nF0�nFs�¸�Ñ�Ï�Ï%Ñ�tt��s�n�ormrÑ�u�o � mrÑÝj¦Ñ�m�)SÒÌq�nFr�o�mrÏ�mrÑ+nFo�Ñ�tÙÒÙÑ+�w,
j�n�rztlÑ�t å v 	 æ È�Ï�x ikjnj�x � x-°?ÉH¶ � szj¦Ñ�m qnmpÑBè�nFrztnÏ�0�s�nFo q�r�o�Ñ�tØuzÑ�uzÑ�t (slj¦Ñ+nÛqlÑ+�



° Äz¶

Î rzoroÐqnÑ?nº)uÒfq�nFr�o mpÏ%mrÑ+nFo�Ñ�tp¼�Ç�Ò s�� ±+rnx �zÿ ² ¸�sp)*(s�)lÑ+n�Ñ�tpèïÑ+�w0¦Ñ+nFr�o�s�,
n�Ñ�t��zÑ+n�Ï1±D)�szj¦Ñ�t�Ï%mrtlq�È��fuzoKx ikjljáx 	 x � É�x Î (s�nÛqlmrÑßikt � Ñ�tnqlj�r�nFµzÑ�m-oâmrt Ñ�mptnÑ?n

(1000/T) / K-1

2.2 2.4 2.6 2.8 3.0
¤

D
 / 

cm
2 s-1



1e-8

1e-7

1e-6

1e-5

Dσ ¥
DH

n = 6.7

n = 5

n = 2.3

Imidazol (Ha¦  = 0,25 eV)

150 120 100 80

T / ˚C
§

      [Imidazol]n

        [-SO3
¨ H]  n =

©�ª�ª�«R¬R�®�¯�° �9± °�²³�´Uµ·¶  Ö�¸¹ µ�º � ´Uµ·¶¼»¾½#¿yÀ#Á�º9´UÂ�µ·¶�¶�´UÃ·¶�´ÅÄ/Ð�½�Æ�µ�Ç>¿»Uµ·ÈÀ�» � È-´  É6�Ê µi´UÀ#½
¶�´UÀ  ¢�¿yË�»�¿yÃ   ÈÀ�µ·´UËy¶�´ÍÌÏÎÐÎ �$� ½�ÑÒ´UÂ � Ë ¸ À#´UÀ3Â�µ·¶ ¸ � »¾ÈË � µ·´UËy¶�´UÂ ÓÔÂ�µ·Á ¸ Ê ÈÃÕ ÷�ÖØ×UÙ
¬vÚ�Û ¯�¯�Ü5Ý�Þ�»�¸ Û ¬R¬ Û�ßáà®�·�Ý Ûãâ ¬R¬ Û�Ú �«R¯�°�Ü� â Ü;ä ß «R â ¸�Þ�¬,« ß�ß Þ�ª�«R¬�«RÜ5« ÛuÚ Ýzå Û�Ú  Û ¯*¶
Þ�æ�¯ Û  â ª Û «ç� Û �Þ_±Næ��« Û ¬�Þ�µ â ¬ Û�¬vÛ å Û °�¬R«-±Næ�µ Û «�Ýè®�¯�� â�ß «RÝ��« Û�éÒàÞ�°�¬R«-±Næ�µ Û «RÝ
¸�® ß ¬ â ¯�° Ú�Û «-±Næ�å Û «RÝ�«R° Û ¯�¼ Ú Þ�Ý�Þ�¯ Û ¯�Ý Ú�â ¯�Ü5ê Û�Ú ¸�®�ë Û�Ú ¬R« Û�Ú�Û ¯ ±
Ë�« Û «�¯��« Û Ü Û�Ú © Ú ª Û «RÝBë Û�Ú å Û ¯� Û Ý Û ¯7è Û ±Næ�¯�«-µ Û ¯7¸�® Ú,é*Û ÜUÜ5®�¯�°jë�Þ�¯�¹ Û ¬Rª�ÜUÝíì

�«-»r®�Ü5«�Þ�¯9Ü�µ�Þ Û Ów¸�« Û ¯�Ý Û ¯�®9¯�wî é*ï ì ï�Û ¬ â Á â Ý�«RÞ�¯�Ü1¸ Û «RÝ Û ¯�ÜUÞGå�« Û ¸�® Ú ¹�Ý Ú ®�µ-ì
Ý�® Ú�â ¯ â ¬5Ò-Ü Û ®�¯�t¸�® Úy¬>Û�Ú�Û ±Næ�¯ ®�¯�°�ë�Þ�¯ ï�â ® ß ¬ â �®9¯�°�Ü Û » Û µ-Ý Û ¯�ÜU«R¯� â ®�±Næ
ê à® Ú �« Û�ð æ â�Ú�â µ-Ý Û�Ú «RÜU« Û�Ú ®�¯�°�®�¯�ñ° Û ¸�« Û ¬RÝ Û ÇÐ¯ ÝYå�«-±Dµ-¬R®�¯�°�ë�Þ�¯�ÜUÞ�¬-±Næ Û ¯�¯ Û ®�ì
â�Ú Ý�«R° Û ¯�ò Ú Þ�ÝíÞ�¯ Û ¯�¬ Û «RÝ Û ¯� Û ¯ é*â Ý Û�Ú « â ¬R« Û ¯�å�«-±Næ�Ýí«�° Û Ð�«R¬RêóÜ ß «�ÝíÝ Û ¬ ±



° Ä�ô

õjöØ÷ øúùBûjü ùPýÿþ��%ù �>ù������
	�����>ù þ���������	����%ý�ý�ù þ��
� Ü�å�« Ú ñæ�« ÛÚ  â Ü���Þ�¬R® ß�Û ¯�®9¯��9« Û�� ª Û�Ú��#àâ � æ Û  Û�Ú"! ¯9Þ�Ý Û ¯�ò�®�¯�#-Ý Û ê à® Ú
 â Üvë Û�Ú�â ¬R¬R° Û�ß�Û «R¯ Û�Ú Ý Û"$&% ¬R«R¯� Û�Ú # â ¯ â ¬R°�«RÝ�Ý Û�Ú ª Û�Ú�Û'� æ�¯ Û Ý ±)( « Û ë Û�Ú å Û ¯� Û Ý Û ¯! ¯�Þ�Ý Û ¯�ò�®�¯*#JÝ Û åj® Ú  Û ¯�«R¯ !�â ò ±�ô â ¬RÜ�+ � æ�¯�«RÝ�Ý ß�Û ¯�° Û�Û «�¯ Û Ü-, à® Ú ê Û ¬�Ü ß «�Ý
 Û�Ú�!�â ¯�Ý Û ¯�¬ àâ ¯�° Û/.)0 ®�¯� Û «R¯ Û�Ú1! ®�° Û ¬ ß «RÝ� Û�ß °�¬ Û « � æ Û ¯2+ � æ å Û�Ú ò�®9¯�#-Ý
®�¯9� Û�ß ï�â 9«�®9Ü4365 .)0  Û87 ¯�« ÛÚ Ý�9¼Ü ± ©�ª9ª ±;:9±=<8>y±

?
@

A

BDC
EGFH

IJ

©�ª�ª9«�¬R�®9¯�° :9±K< ²�LNM-µ Ê�Ê ´ Ê ¿ËPO�´UËy´'Q ¹ À,¿yÀ�º Á�´UË�º9´�ÈÂñ´¶iË�µR»'Q ¹ ´UÀ�ÎÐµRº9´UÀ�»RQ ¹#¸8S ½¶�´UÀ ´UµRÀ#´U»UT�À#È�¶í´íÀ*V�¿yÀ�M�¶�´U» SXW¿Ë�Á ¸ »ZY�´íË ¸ Ã�ÃRº9´UÂñ´UµRÀ#´UËy¶�´/[*\-ÃRµRÀ#Á�´UË�M ¸ À ¸ ÃRº�µ·¶�½¶�´UË Ù
$ ® Ú^]vÛ ÜUÝ�« ß�ß ®9¯�°* Û Ü_��Þ�¬R® ß�Û ¯�Ü/`ba"c  Û Ü ! ¯9Þ�Ý Û ¯�ò�®�¯�#-Ý Û Ü�å�« Ú ed®9ì

¯ àâ � æ9ÜUÝz â Ü���Þ�¬R® ß�Û ¯f`hgXi( â Ü��® Ú�� æ*9« Û;â ®�ê� ÛÚ1� ª Û ¯ Û^j 5 0 ¬R« Û ° Û ¯� Û+ � æ9¯�«RÝ�Ý � àâ � æ Û ë�Þ�¯k, à® Ú ê Û ¬;®�¯9 ! ®�° Û ¬�®�¯9 9« Ûl! ®�° Û ¬RÞ�ª Û�Ú�� àâ � æ Û ® ß ì
Ü � æ�¬RÞ�ÜUÜ Û ¯�«RÜ5Ý�9iÜ ± Ü � æ Ú�â m�Û�Ú Ý Û�n ¬ àâ � æ Û «�¯ñ©�ª�ª ±o:9±=<8> i�ª Û�Ú�Û'� æ�¯ Û Ýy²
` g 5 p q

qsrut v
w j 9x3 v j v > 5 p�3 v 9x3

3
. > p <

y 9z3�{ 3 {
. . >

5 p�3 { 9 .y
|

} . >'~ 9 :9±K<8>
( â�Ú�â ®�Ü ÛÚ °�«�ª9Ý>Ü5« � æ� â Ü"��Þ�¬R® ß�Û ¯� Û Ü ! ¯�Þ�Ý Û ¯�ò9®�¯�#-Ý Û Ü â ¬RÜ

` a"c 5 ô
y ps3 { } ps3 { 9 .y

|
} . > 5 p�3 { 9 |. . :

y >
5 . p�9 | :

y . > 0 { ~ 9 :9± . >
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$ ® Ú�]vÛ Ü5Ý�« ß�ß ®�¯�°� Û�Ú�� ª Û�Ú�� àâ � æ Û�� a"cÒ Û Ü ! ¯�Þ�Ý Û ¯�ò�®9¯�#-Ý Û Ü�å�« Ú �d�®�ì
¯ àâ � æ�Ü5Ý�9¼®�¯�Ý ÛÚ � Û�Ú å Û ¯�9®�¯�°�ë�Þ�¯ ! ®�° Û ¬=#�Þ-Þ Ú �«R¯ â Ý Û ¯ > �« Û�n ¬ àâ � æ Û�� g�iJ9« Û
â ¬RÜ� Û�Ú��,Û «�¬è Û�Ú�! ®�° Û ¬�Þ�ª Û�Ú��Pàâ � æ Û « ß ��â ¬�ª Ú�â ® ß j���0  Û'7 ¯�« Û�Ú Ýz«�Ü5Ý�9¼Ü ±
�« � # Û�� «R¯�« Û «R¯�©�ª�ª ±*:9±=<8> i�ª Û�Ú�Û'� æ�¯ Û Ýy²

� g 5 . p�3 v
� r��g w)� Ü5«�¯ � 5 . ps3 v t v�r�v

Ä
w 9 � Þ�Ü � > 5 p�3 v 9 . . >'~

9 :9±�y >( â�Ú�â ®9Ü Û�Ú °�«Rª�ÝvÜ5« � æñ�« Û�� ª Û�Ú��Pàâ � æ Û  Û Ü ! ¯�Þ�Ý Û ¯9ò�®�¯�#-Ý Û Ü â ¬�Ü
� a"c 5 ô p�3 v } p�3 v 9 . . >���} p�9x3�� . > v 5 ps3 v 9 } . | >

5 . p�9 } . | > 0 v ~ 9 :9± ô >
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( « Û«��Û�Ú ¬ Û «RÝ�®9¯�°�ë�Þ�¯�¬;¬ ±}9±=<ô d® Ú^]vÛÚíÛ8� æ9¯�®�¯�°*ë�Þ�¯ÒÞ�ò�Ý�« ß « ÛÚ Ý Û ¯ � v �

ì
é «RÝ�ê à®9æ Ú ®�¯�°�ÜG#�Þ Û'm d« Û ¯�Ý Û ¯k®°¯

rz±
åj« Ú  â ¯ �« Û Ü ÛÚ +�Ý Û ¬R¬ Û « ß ( Û Ý â «R¬zª Û ì

Ü � æ Ú « Û ª Û ¯ ±
©�®�Ü5° â ¯�°�ÜUò9®�¯�#-Ý;«�Ü5Ý�9« Û ª Û�Ú�Û «RÝ�Ü;«R¯ !�â ò ±²} « ß n�â ¬R¬� Û�Ú ë�Þ�¬R¬RÜ5Ý àâ ¯��«R° Û ¯

é*Û�ß ª Úíâ ¯�æ %  Ú�â Ýí«�Ü5« Û�Ú ®�¯�°�ë ÛÚ å Û ¯� Û Ý Û ¬;¬ Û « � æ ®�¯�°�ê à® Ú �« Û ë Û�Ú Ü � æ�« Û  Û ¯ Û ¯( Ú ® � #-�«=³ Û�Ú�Û ¯�d Û ¯´9¼ë-°�¬ ± ©�ª�ª ±o}9±=<8> ²
µ ± µ ¯ 5 ¶ µ¸· � ¶ µº¹ � ¶ µº» 9 :9±¼| >

( ® Ú�� æ � «R¯�Ü Û Ý�d Û ¯�ë�Þ�¯* Û ¯�¬;¬ Û « � æ�®9¯�° Û ¯ . ±�} ®9¯� }9±=<8½ Ü5Þmå�« Û ¶�¾¿�ÀuÁ�5¶ µ `�Â ±DÃ¿ À Á Û�Ú æ àâ ¬RÝ ß�â ¯� â�Ú�â ®�Ü¾²

µ ± µ ¯ 5 ¶ µ · � w ¹Ä 9 Å ¹¿�ÀuÁ �ÇÆ/È�É ·ËÊ 9xÌ Ä > Å ¿�Í >Î�Ï
vGv
` Â ±DÃ¿�ÀuÁ

Å »¿�ÀuÁ Æ ±
Å
±Ð » ` Â ±GÃ¿�ÀuÁ Ñ 9 :9±¼} >

åÏÞ�ª Û « Î Ï
vDv

5 Ò&Ó ÀÕÔ²ÖK×ÙØDÚ
q�Û

Ü � v ��Ý 9xÌ Ä >
a ÀÞ�ßáà�â Ö=×ÙØDÚKã£Ö=×ÙØ�Úä À ë Û�Ú å Û ¯9 Û Ýãå�® Ú  Û ±å ¯ Ý Û�Ú � Û�Ú å Û ¯9�®�¯�°�ë�Þ�¯æÅ*ç¿�ÀuÁ 5èÅ ·¿�ÀGÁ iÙÅ »¿�ÀuÁ 5èÅ ·¿�ÀuÁ � Å ¿�Í � . ®�¯�é¬�¬ ±}9±=<8½ ÜUÞmåj« Û Å ¯ 56Å ¿�Í � . ®9¯�«Å

±
5 Å ¿�Í � ô êÉÞ�¬�°�Ý

µ ± µ ¯ 5 ¶ µ¸· � w�çÄ 9 Ð · ¶ µ · ` Â ±DÃ¿�ÀGÁ Æ ¯ Å ¯ �ÇÆ/È�É ·ËÊ 9xÌ Ä > Å ¿�Íº>Î Ï
vGv
` Â ±DÃ¿�ÀêÁ

Ð · ¶ µ · `�Â ±GÃ¿�ÀuÁ �ÇÆ ¯ Å ¯ � Ä
v
Å ¿�Í Æ ±

Å
±Ð » ` Â ±GÃ¿�ÀuÁ

5 ¶ µ · <ë� w çÄ Ð ·Î Ï
vDv

� Ð ·Ð » � w çÄ Æ È�É ·ËÊ 9xÌ Ä >Î Ï
vGv<

. Ð »
w çÄ.)Î Ï
vDv

� <
. Ð » � Æ ±ô)Æ ¯ Ð » Æ ¯ Å ¿íì

` Â ±GÃ¿ À Á ~ 9 :9±¼î >

n à® ÚzÛ «R¯�ê Û Ü5Ý Û Ü"� Û�Ú æ àâ ¬RÝ�¯�«RÜ�ï a 5 Æ ±
� Æ ¯ ¬R« Û ê ÛÚ Ý>©�® �#àÞ�Ü Û ¯�¯ â � æ Æ ¯ ²

Æ ¯ 5
ÈñðØ a Þ�ßáà�â Ö=×ÙØDÚò�ó ÀôÀ õv »Gö

÷�ø&ùáúÓ À Ôû Ó Í 9�9 µ ± µ ¯ > ¶ µ · 9 <ë� ÈñðØ » àò�ó ÀôÀ � » à»Dö >�>È ðØ
v ò�ó ÀôÀ

� ü�ý ì v� » ö 9 :*þ¼: >
ÿ���� Æ ±

5 ï_a Æ ¯ þ������ ï aÇ5 <
	������������� ��� ¬�� þ;}*þ=<��*þ
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]/.0. ] ��1 	�23�4	��5�	 � i . ÿ � � 	 ��� ÿ���� . 1 ÿ����(6� n87 (9���5	 # ��:;��	�� ��< � 1�� : ] �5	 ��� �=� 1 ³ºd 	 ��� 	 9 	 �  � þ � ���5	 � ��2>	�� ��< � 1��@? ÿ 	 �� 	 ��� >�0A ��B 	 � 	 # �5� 1�C � 1 ��	������ ��� 	 ! 	�� � � C � � �5	�� 1 � < � d 9 	 �  � þD	 � 	 � �5� 1�C � 1 ��	���� �A ��B1>n�� � n � � ����	�: � � 	�2>	 � ��	�:;��	�� � 1 � 	nFE ( ? �5	���	�� E ����ÿ # ��� 1 � � d 	�� ? < ���¦9 	 �  � þ�G ? ��	�	�� ����ÿ � ��� 1 �H� 	 ��< % >��n � 1 ��� ? �5	�I ÿ 	 � dA � . A :;��	�� �Ù% � : . : C % �5� 1�� � � 1 �A ��B ! 	�� � � C � � ��	�� 1 � < � d/9 	 �  � þ�G �Ùÿ � � 	 < ��2 <  � 	��5� � �5	�� 1 � < � � 	'>.í�-�í!�! . 1�� % 9 � � � 	���: � � � 	���: ! 	�� 1 : ! 	�� 1 >
.í� � . 1�� % 2>	���: � � 	 # ��� 1�� % ��:;�J	�2K��� < � 9 	 � >.ín ¬ �	 C ÿ � ����	��/� <  � 	�� ? 	 � � �� < � ��	 � � 9 	 �  � þ�G C ÿ � ��	 � 7 	 � � ¬ � < � ��	 � ��>.í�"n¦� . 1�� % �5	��5� < � ÿ 1 ��	�� �Ù% � 	 �BL� 7NM ÿ 2>�	 # 	 � ���5	��/� 1 � ��	�: 7�< � ��1 : M � � < � d/9 	 �  � þ�GD�5	�O�	�����	6� 1 � ��	 7�< � ��1< C�C � 1 < ��� >+ MQP + ! � 	�� �&R � � # 	 � �TS1 � ���	 � ������	 ÿ�ÿ��  9 	 �  � þ�GU��2 < ��� < �  � 	 P :;� < %� ��< ����	���� �  >� ÿ ��? þ � ÿ ��?V1 � ��	����W ! ¬ W ÿ < � � < � # < � < � �������	��� W ! ¬ O�	�� < ��� �	�2>	�� � 	����5	�� W ÿ < � � < � # < � < � ����5��	��� $&! ¬ O�	�� < ��� �	�2>	�� � 	����5	�� $&% � � ��� 	�� # < � < � �������	��
R þ � þ R � ���=# Sÿ � � � ��� 	 � � � � 	�����	 �

XZY@[��]\*^ )4,
Ü P�Ý 2 1�� < ��	 ! 1 � d 	 � ��� < ��� 1 �J� 	�� +�C 	 d ��	�� PÜ P�Ý`_ 2 1�� < ��	 ! 1 � d 	 � ��� < ��� 1 �J� 	�� +�C 	 d ��	�� P ��2 a;:;��	 � + ��� � ��� �5	 � 	�2>	 � �¬ � < � ��	 � �
b idc�ife M � C < ��� ÿ�� �� C < � < 2>	���	�� ? Sÿ � � ��	 + MQP + : E � �5	 � �=���TS< ��	 �
b !6< � < � ���5	�����	�I ÿ < � � < ����� ��� 	�� !6< � S< � 	g M � C < ��� ÿ�� �� C < � < 2>	���	�� ? Sÿ � � ��	�h õ :;��	���� ÿ�� g W ÿ 	���� ��� � �����5� � S< ��� 	 � 	�� . � 1 �4	
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g
iÙÁkjê¿ � ��� 	���	 ¬ ��	 � d � S< ��� 	 C � 1�+ ÿ ��?l1 � � S< ÿ ��	��� ÿ C�C 	m � 	 # � 1 �/2>����B < ��� �4	 � � �  ÿ�� �	 � ? Sÿ � n¦� ��:;Bn	 ��� �)ÿ�� �	 �o g ��� < ����� ��� 	��p� <  � 	�� ? 	 � �o õ M 2 C�� ��� ÿ�� 	 � 	��n2 <  � 	������ ��� 	 � � 1 ��� ? ��	�I ÿ 	 � d�? 	 � � �e8g 2 1�� < ��	 ! 1 � d 	 � ��� < ��� 1 � O 1 � � { � ì � d R þ ����q � � , < ���=	��
e Â ·Tr 2 1�� < ��	 � v � : !

1 � d 	 � �5� < ��� 1 � � � � Sÿ �=�����	�2 � v �s c É ±�tvu
, S< ��2>	 # < C < d ��� S< � � 	�� . � 1 �4	s

q �Ùÿ 2>	������ ��� 	�� n*< # � 1 � d ÿ � ] 	���	 ��� �Ùÿ�� wO 1 �yx{zw ¬ ������	���	��4	 � 	 � < ����� < ���w Ä (9� � # 	9	�� � 	�� + ��� � ��� ��	 � 	�2>	 � ������2 �	�I ÿ 1���� 	 � 	 � $ ÿ ��� < ���w�çÄ (9� � # 	 � 	�����	�2K��� < � ��2 �	�I ÿ 1���� 	 � 	 � $ ÿ �=� < ���w g (9� � # 	9	�� � 	�� + ��� � ��� ��	 � 	�2>	 � ������2 �5� 1 � # 	 � 	 � $ ÿ �=� < ���w�çg (9� � # 	 � 	�����	�2K��� < � ��2 ��� 1 � # 	 � 	 � $ ÿ ��� < ���w}| M ����� < ���~� 	�� �)% � � < �5������	�����	 � . � 1 � 1 � 	 �w i)Á j ¿ � S< ��� �=��	�� AQ< ��� � < � < ����� < ��� O 1 � d R 	�� + ÿ ��?V1 � ��S< ÿ ��	��� ÿ C�C 	 �w{�i)Á j ¿ � S< ��� �=��	�� AQ< ��� � < � < ����� < ��� O 1 � d R 	�� + ÿ ��?V1 � ��S< ÿ ��	��� ÿ C�C 	 �� ��� :;BL� ��� � ÿ�� w{�i)Ákjê¿ � S< ��� �=��	�� AQ< ��� � < � < ����� < ��� O 1 � d R 	�� + ÿ ��?V1 � ��S< ÿ ��	��� ÿ C�C 	 �� ��� :;BL� ��� � ÿ�� w a · × · Ã !9< � < � ��ÿ � ��� 2>	����=	��w a�� Ê u�Ã ! ÿ �	 � �*ÿ � ��� 2>	����=	��w c
±GÃ � Â u É ��< � �4	 + ��� � ��� � � � � # 	 � 	�� . 1�� % 2>	��5: + ��� � ��� �w�� ·��5� u É ��< � �4	 + ��� � ��� � � � � # 	 � 	�� , < �=��	���: + ��� � ��� �n ÿ�� # ��� 1 � < ��1�C 	�� < � 1 ��� ��� 	�� n¦� ��:ô(9� ³ 	���	 � ��� < �  � 	�� ��� ÿ�� _ � � � 	 < �����=��	�����	�� n ÿ�� # �5� 1 � < ��1�C 	�� < � 1 � < 2 ��:;��	 � ! � 1 ��	 � C ÿ�� # �� � ��	 � 	 # �5����� ��� 	 � 	���� ��� ��	�� ÿ�� �������� 1 2 � � ��� �5	� + 	 � ����� � � ³ ÿ ��� 1 � � #�1 	 m d �`	 � ������ õ � : + 	 � ����� � � ³ ÿ ��� 1 � � #�1 	 m d ��	 � �� ¿ À Á , < �=��	������ < � � C41 ��� #�1 	 m d ��	 � �� ã � ì : � 	���� ? S<�� �� # 	������ � � ³ ÿ �=� 1 � � #�1 	 m d ��	 � �

� � � 	�2>	 � � < � � < ��ÿ�� � 	 � 	 # �5����� ��� 	�� n 	 � �� � 	���� ? ÿ�� # �5� 1 �� ia"c #�1 � ��� < � ��	�� n�< # � 1 �N� � � a�c
� ÷a"c #�1 � ��� < � ��	�� n�< # � 1 �N� � ` a"c
� n*< � < � < % : ! 1 � �=� < � ��	
� �	 C ÿ � ����	��/� <  � 	�� ? 	 � � �� < � ��	 � �
� ±
|�� 1�C �5��2 < � 	��/�	 C ÿ � �=�5	��/� <  � 	�� ? 	 � � �� < � ��	 � � ? Sÿ � �0A ��B

� g � � � �5	��5�� ÿ���� �� < � ��	 � �
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� 9�� > � <  � 	�� ? 	 � � �� < � ��	 � � < � � n ÿ�� # �5� 1 ��� 	�� $ 	���� �¶ É � 2 1�� < ��	 ? �5	���	9BL	 < # ��� 1 � ��	 � � ��< ��C ��	¶ É � g 2 1�� < ��	 ? �5	���	 + � < ��� < � � ��	 < # ��� 1 � �=	 � � ��< ��C ��	� M � ��	�� � 2 1�� 	 # ÿ � < ��	�� +�C � ÿ��  C � 1 d 	��=��	 < �H� 	�� . � 1 � 1 � 	 � �4	 R 	��:� � ��� # 	����¶ É�� 2 1�� < ��	6Bn	 < # �5� 1 � �=	 � � ��< ��C ��	� ¿�Í C � 1 � 1 � ��� ��� 	�� �8< ��ÿ�� �� � ÿ��  ! 	�� � � C � �  $ 	 ��� ����� 1 2 � � ��� �5	  9 � > ( 1�C�C 	 � � � ��	��� < �¡? Sÿ � � ��	 .-n ¬ : A ��Bn: M ÿ � R 	���� ÿ��   ¯ ± Â . � 1 � 1 � 	 � �=�5� 1 2 �4	�� � 1 2 1 �	 � 	�� � 	�����	�� � ÿ��  � 	�� . � 1 � 1 � 	 �  _ × ¯ ± Â . � 1 � 1 � 	 � �=�5� 1 2 �4	��@� � � 1 2 1 �	 � 	�� � 	�����	�� � ÿ��  � 	�� . � 1 � 1 � 	 �  c É ±=t¢u . � 1 � 1 � 	 � �=�5� 1 2 ��ÿ � ��� � ��	 . � 1 �4	  Â ·£r 2 <�¤ þ . � 1 � 1 � 	 � ����� 1 2 ��ÿ � ��� � ��	 . � 1 �4	  9�¥ > + ����	 ÿ � � ��	 � �=���TS< �Å�¦ 2 1�� < ��	�� n � ÿ��§� 	�� +�C 	 d ��	�� PÅ ¿ À Á©¨ _ 2 1�� < ��	�� , < ���=	�� � ÿ�� < �~� 	��La;:;��	 � ¬ ��	 � d � S< ��� 	Å · r »¿�ÀDÁ 2 1�� < ��	�� , < ���=	�� � ÿ�� < �~� 	�� M � 1 � 	�� d R þ !9< � � 1 � 	Å ç¿ À Á 2 1�� < ��	�� , < ���=	�� � ÿ�� � �H� 	��N��	�23��� < �Å ÷¿ À Á � v � :
�]1�� ÿ 2>	 � � ÿ��ÐDª ] 1�� � d 2 < ��� : ! 1 � ��� < � ��	Ð · r »Ê . 	���2>	 < ��� � ��� S< � � 	�� M � 1 � 	9� d R þ !6< � � 1 � 	 ? Sÿ �� < � ? S1 ��2>���	��� v �Ð · r »Ã

. 	���2>	 < ��� � ��� S< � � 	�� M � 1 � 	9� d R þ !6< � � 1 � 	 ? Sÿ � � Sÿ ���=���	�� � v �Ð · r » . 	���2>	 < ��� � ��� S< � � 	�� M � 1 � 	9� d R þ !6< � � 1 � 	 ? Sÿ �� < � ? S1 ��2>���	��ÿ���� � Sÿ ���=���	�� � v �Æ 9�� > M ÿ � 1 #�1 ���5	 � < ��� 1 � � ? ÿ�� # �5� 1 �Æ/È�É ·ñÊ 	 � 	 # ��� 1+1 ��2 1 ����� ��� 	��]����� ? Sÿ � � ÿ�� �� #�1 	 m d ��	 � �9 	 �  � þ�GD	 � 	 � ��� 1 : 1 �=2 1 ��� � � � <  � 1 	 m�� ��	 � �u>Æ Ã ± »�· ÃÈ�É ·ñÊ ��1 # < � 	��0	 � 	 # �5� 1+1 �=2 1 ����� ��� 	��]����� ? Sÿ � � ÿ�� �� #�1 	 m d ��	 � �
Æ ¯

rz±Ê ����� ? Sÿ � � ÿ�� �� #�1 	 m d ��	 � � ? Sÿ �n < � ? S1 ��2>���	�� � v � ��2 � v :]�
d R þ� v : n

� ÿ��>��ÿ � ��� � ��	 ¬ < � � � ³ ÿ �=� 1 � ��	 � 	 # ��� 1 � 	Æ ¯
rz±Ê ����� ? Sÿ � � ÿ�� �� #�1 	 m d ��	 � � ? Sÿ � � Sÿ ���=���	�� � v � ��2 � v :]�

d R þ� v : n
� ÿ��>��ÿ � ��� � ��	 ¬ < � � � ³ ÿ �=� 1 � ��	 � 	 # ��� 1 � 	Æ ¯

rz±
����� ? Sÿ � � ÿ�� �� #�1 	 m d ��	 � � ? Sÿ � � Sÿ ���=���	�� ÿ����  < � ? S1 ��2>���	�� � v ���2 � v :]�

d R þ � v : n
� ÿ��«�*ÿ � ��� � ��	 ¬ < � � � ³ ÿ �=� 1 � ��	 � 	 # ��� 1 � 	¬ . � 1 �4	 � � S< � �	Î_ û � � 	�2>	 � ��	 � 	�� � � � < �	���:;� < ����� ¤
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®°¯ ±
× � < ���=	 � 	�� E 1 � 1 2>	��52>	�23��� < �± _ û � � 	�2>	 � �5	 � 	���� < ���5� ¤�± ? Sÿ � � ��	 n¦� ��:;Bn	 ��� �)ÿ�� �	 �± ¯ ±
× SM I ÿ ��O < � 	 � ���	 R � ��� �TGU� 1�� 2 < ���=	 � 	�� E 1 � 1 2>	���� C � 1�+ ÿ ��?V1 � ��S< ÿ �5	�:�� ÿ C�C 	

® ¿�ÀGÁ � < ���=	 � 	��n� ��� 	�� E 1 � 1 2>	���2>	�2K��� < � < ��� 1 ������	����5	 � , < ���=	����
® q

, < �=��	���2 < �=��	 i � 	��5	 � � <  � 	������=��	�� ÿ��  � 	���2>����� � 	���	 � B < ÿ � ��� :< 2 C�� ��� ÿ�� 	6	 � ��� C ��� ��� �± ¿�ÀêÁ � 1�� 2 < ���=	QO 1 � , < �=��	��
± � <  � 	���������	�� ÿ�� ± q ] 	���� < >O 1 � � <  � 	��5������	�� ÿ�� /� B < ÿ � ��� 	 �Ì M � d <�� � � 	�� , < ����	��52 1�� 	 # Sÿ � 	 C � 1�+ ÿ ��?V1 � ��S< ÿ ��	��� ÿ C�C 	Ì ¯ � È�É · � M � d <�� � � 	�� , < ����	��52 1�� 	 # Sÿ � 	Q� ��� 	�� ��% � � < � < ��� 1 � � � Sÿ ��� 	

� ����� 1 d ��	�����	�� E 1 � 	 �Ì _ Ì : , 	�������2 a;:;�5	 � + ��� � ��� ��	 � 	�2>	 � �Ì Ä �4	�� � 	�� �]1 ���4	 ��< ��� � ÿ��  � 	��N��	�23��� < � 	�� � �	��=�5	 ��� ��	�� Ì : , 	����Ì
Û ·
� 2 <�¤ ��2 < � 	�� Ì : , 	��5����2 ¬
� 	�� ��� �	 R � ��� �-2>���N < � ? S1 �52>���	�2 , < ���=	��

µ ¬ 	�� < 23� � � ÿ � #µ g + � < ��� < � � �	�� < 2K� � � ÿ � #25 <
� < �
µ _ ¬ 	�� < 23� � � ÿ � # ��2 a;:;��	 � + ��� � ��� �5	 � 	�2>	 � �µ ¯ rz±

¬ < � � � ÿ � # < �H� 	�� M � 1 � 	 9 , < �=��	����=� 1 ³ >p� d R þ !9< � � 1 � 	 9 + < ÿ 	��5:��� 1 ³�1 � 	�� � ÿ ? ��>µ Â _ × 2>� � ��2 < � 	�� ¬ 	�� < 2K� � � ÿ � # � �H� 	�� .-� �µ ¿�ÀGÁ , < �=��	�� C < ����� < � � � ÿ � #µ g ¿�ÀGÁ + S< �5���� ÿ�� �� R < ���=	�� C < �5��� < � � � ÿ � #¶ µ · r » ¬ 	�� < 23� � � ÿ � # � � ³ 	���	 � d�d R ��� ��� 	 � ¬ < ��� < ÿ 2 ÿ���� ��	�2K��� < �< �H� 	�� M � 1 � 	6� d R þ !9< � � 1 � 	¶ µ ç ¬ 	�� < 23� � � ÿ � # � � ³ 	���	 � d � ��� 	�����	�2K��� < � d R ��� ��� 	 � !9< � � 1 � 	ÿ���� M � 1 � 	² ¯ �Ù% � � 1 � % � < 2>��� ��� 	 . 	���2>	 < ��� � ���TS< �¥ ] 	���� <  � 	�� + ����	 ÿ O�	 # � 1 ���¥ ç W ÿ 	 ��� ÿ��  � 	�����	�2K��� < �ï + �5��	 ÿ � � O < ��� < � ��	ï 1 � 2>� ��� 	 , S< ��2>	 C � 1 �0A ��Bn: + ��� 1 2 C ÿ � �
³ _ ! � 1 ��	 � C ÿ�� # �5	 ? Sÿ � n¦� ��:;Bn	 ��� �)ÿ�� �	 �0 B < � � ÿ �0 ª û u É�É

� Â ]F´ 	���� ÿ 2>: M ���=� < ���0 | B < � � ÿ ��	�� � 	�� �)% � � < �����=��	�����	 � . � 1 � 1 � �0 a · × · Ã Ñ
3 !9< � < � � < � � ÿ �0 a�� Ê uuÃ ! ÿ �	 � � < � � ÿ �
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3 � � 	 < � 	 ¬ < � #�1 � ��� < � ��	3 B < ÿ � ��� 	 � �4	�� A ��Bn: �0¤ C 	�����2>	 � ��	 �� � ��� 	���	 ¬ ��	 � d � S< ��� 	 d R ��� ��� 	 � , < ���=	�� ÿ���� . 1�� % 2>	��� a"c � �4	�� � S< ��� 	 � 	�� ! ��	 ÿ d ÿ�� �� C ÿ�� # �5	
��2 � $&! ¬ :;� 1 � 	 ���9 � ��µ >·¶N¸+¹ + �� � < � :;B < ÿ � ��� : � 	�� � S< � � � ��� � 	�� .0��< ��	 � O�	���� ��� ��	�� ÿ��  ? Sÿ �Æ/È�É ·ñÊ 5 ½¶ É � 2 1�� < ��	6Bn	 < # �5� 1 � �=	 � �5� 1�C ��	� $ 	����
� õ Ñ � v Ñ

� { Ñ � � $ 	���� #�1 � �=� < � ��	 ���º
± É

d 	���� � � ��� 	 � S< � �	 � 	�� �-A ��BL: + �5� 1 2 C ÿ � ��	��/O 1 � � 	�2 � ½ 1 : . ÿ � ��x× ·£» ¯ d 	���� � � ��� 	 � S< � �	 � 	�� �-A ��BL: + �5� 1 2 C ÿ � ��	�� � < ��� � 	�2 +�C � � : �í��� 1h � 	�2 C 	�� < � ÿ �¶�¼�½N¾À¿ 2 <�¤ ��2 < � 	 � 	�2 C 	�� < � ÿ ��	�� � S1 � ÿ��  C � 1 �0A ��Bn: + ��� 1 2 C ÿ � �h õ ��1 � ���� ÿ�� � � < � 	 9ô+�C � � : ¬ ������	���:ô>�Bn	 � <�¤+< ��� 1 � � d 	����h v � 1 2 1 �	 � 	6�5� < � ��O�	��5� < � 	 9ô+�C � � : +�C � � :ô>5BL	 � <�¤+< ��� 1 � � d 	����hnÁ
v

� � � 1 2 1 �	 � 	6�5� < � ��O�	��5� < � 	 9ô+�C � � : +�C � � :ô>5BL	 � <�¤+< ��� 1 � � d 	����h ¯ � 1 � 	�� � 	�2 C 	�� < � ÿ � � ��O�	 < ÿh × � ��	 � �����	�� � 	�2 C 	�� < � ÿ � � ��O�	 < ÿÂ $ 	 ��� � C < ���)ÿ�� Â g � � 	 1 ��	������ ��� 	����5	�� ��� � < ��	 $ 	 ��� � C < ���)ÿ�� 
Ã (6��� ? �5�	�� ��� R � ��� �� # 	���� � 	�� . � 1 � 1 � 	 �
Ã g � � 	 1 ��	������ ��� 	�(9��� ? ���	�� ��� R � ��� �� # 	���� � 	�� . � 1 � 1 � 	 � ? Sÿ ��Æ È�É ·ËÊ 5 ½
Ã | (6��� ? �5�	�� ��� R � ��� �� # 	���� � 	�� �Ù% � � < �����=��	�����	 � . � 1 � 1 � 	 �ÄÃ ¿�ÀêÁ 2>����� � 	���	 ¬ 	�� ��� R � ��� �� # 	���� � 	�� , < ���=	���2 1�� 	 # Sÿ � 	 < ÿ�� 	�� ��< � � � 	����% � � < � < ��� 1 � � � Sÿ ��� 	 ��� 	�� . � 1 � 1 � 	 �` �]1�� ÿ 2>	 �`b¿�ÀDÁ , < ���=	���O 1�� ÿ 2>	 � C � 1�+ ÿ ��?V1 � � S< ÿ ��	��� ÿ C�C 	`b¿�ÀDÁ�9�� > C � 1 $ 	���� � � ��	 � 	 ��� 	�� , < ���=	���O 1�� ÿ 2>	 �`�Â ±DÃ¿ À Á � 1�� O 1�� ÿ 2>	 � O 1 � � v �` ¯ ±

× �]1�� ÿ 2>	 � C � 1 + ÿ ��?l1 � ��S< ÿ ��	��� ÿ C�C 	���2 �5� 1 � # 	 � 	 � E 1 � 1 2>	��`�Â ±DÃ¯ ±
× �]1�� ÿ 2>	 �Å� 	��N��� 1 � # 	 � 	 � E 1 � 1 2>	���� C � 1 <
2 1��s+ ÿ ��?V1 � ��S< ÿ ��	�:�� ÿ C�C 	 �`ba"c �]1�� ÿ 2>	 �Å� 	�� ! ��	 ÿ d ÿ�� �� C ÿ�� # �5	
��2 � $&! ¬ :;� 1 � 	 ���

Æ , ��� # ÿ�� ����� < �
Æ!Ç 7�< � � 1 �5: , ��� # ÿ�� ����� < �È n�< # � 1 � ? Sÿ � � ��	 M ÿ � R 	���� ÿ��  � 	�� .-n ¬ : A ��Bn:;��	��=� ÿ�� j Ñ � Ñ � # < �5��	��=��� ��� 	 ! 1+1 � � � � < �5	 �j M � d <�� � � 	�� !6< � S< � 	 C � 1 � � � � 	����5� d 	 ��� 	n��2 !9< � < � �������	��¶ jD_ (6� � # 	 � 	��na;:;��	 � + ��� � ��� �5	 � 	�2>	 � ���
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� Bn� ��� � ÿ��  � 	�� o g : n 	 � � 	��É � 	�� � S< � � � ���NO 1 � 	 � 	 # ��� 1 ��� < ����� ��� 	�� ÿ���� � � 	��52>��� ��� 	�� � � 	������	É�_ , 	��5� ? Sÿ � É < 2 a;:;��	 � ! � 1 ��	 � C ÿ�� # �É i)Á�Êj , 	��5� ? Sÿ � É < �H� 	�� + � q{ : ¬ � ÿ C�C 	
Ë _ . 1�� % � 1 2>	 . þ � � ���Ùÿ��  ? Sÿ � n�� ��:;BL	 ��� �Ùÿ�� �	 �Ì .< � < 2>	���	�� ? Sÿ � �)% � � 1 � % � < 2>��� ��� 	QBn	 ��� �)ÿ�� 
Í  % � 1 2 <  � 	������ ��� 	�� � 	�� � S< � � � ���Î õ ��1 � ���� ÿ�� � � < � 	9BL	 � <�¤+< ��� 1 � ��� < ��	Î v ��� < � �=O�	���� < � 	6Bn	 � <�¤+< ��� 1 � ��� < ��	ÎpÏÀÐÒÑ B < ��	 ? Sÿ � � � ³ ÿ �=��O�	 +�C � ÿ��  C � 1 d 	�����	 � 	�� �Ù% � � < �����=��	�����	 �. � 1 � 1 � 	 �ÎÔÓ�Õ ¾ÀÖ%× B < ��	 ? Sÿ � . � 1 � 1 � 	 � ��� < � � ? 	�� C � 1 d 	����=	Ø � S< � �	 � 	���� <  � 	�� ? 	 � � �� < � ��	 � ��	 � C ÿ � ��	¶ M ����� < ���~� 	���� <  � 	�� ? 	 � � �� < � ��	 � �5	 � C ÿ � �=	
Ù � ��� #�1 �=���TS< �
Ù Så �4	���� C < ���Ùÿ�� 
Ú � ��	 � 	 # �5����� ��� 	 ! 1 � ��� < � ��	�� d R þ � ��	 � 	 # �5����� ��� 	 n ÿ�� # ��� 1 �
Ú g 	 � 	 # �5����� ��� 	 n 	 � � #�1 � ��� < � ��	
Ú | ±GÃ M � ��	�� � 2 1�� 	 # ÿ � < ��	�� . 1�� < �5��� < ��� 1 � O 1 � Ú
Û × . � 1�C41 ����� 1 � < � ���TS< ��� #�1 � ��� < � ��	 ? Sÿ � ��1 # < � 	 � ¬ 	�� < 23� � � ÿ � #´9xÌÝÜ Ì Ä >Û Ä ð . � 1�C41 ����� 1 � < � ��� S< ��� #�1 � ��� < � ��	 ? Sÿ � ¥ ç : < � � S< � ����	 � ¬ 	�� < 2K� � � ÿ � #
Û ¿�ÀêÁ . � 1�C41 ����� 1 � < � ���TS< ��� #�1 � ��� < � ��	 ? Sÿ � ��1 # < � 	 � ¬ 	�� < 23� � � ÿ � #´9xÌ � Ì Ä >Þ , 	 ��� 	 � � S< � �	Þ .< � < 2>	���	�� ? Sÿ � �)% � � 1 � % � < 2>��� ��� 	QBn	 ��� �)ÿ�� Þ Ò (9	�� % 	�: � S< � �	¾ ¦ ��� 	�2>��� ��� 	�� . 1 ��	 � �5� < � � 	�� +�C 	 d ��	�� P¾ g ¿ À Á |�ß ��� 	�2>��� ��� 	�� . 1 ��	 � �5� < � O 1 � , < ����	��N�4	��8h 5 y ½ ½ ! ÿ����Zµ 5 <
� < �
¾ ¯ rx±¿ À Á ��� 	�2>��� ��� 	�� . 1 ��	 � �5� < � O 1 � , < ����	��N��2 ¬ < �=O�	����5	�� � 	�� < ÿ ? � 	��, < �=��	����=� 1 ³ :F� d R þ + < ÿ 	������ 1 ³ ��	�����	¶�¾ · r »¿ À Á (9� ³ 	���	 � d � 	�� ��� 	�2>��� ��� 	 � . 1 �5	 � ��� < � O 1 � , < ���=	�� < �H� 	��M � 1 � 	9� d R þ !6< � � 1 � 	à¾ ¦ 	 � 	 # �5� 1 ��� 	�2>��� ��� 	�� . 1 ��	 � ��� < � � 	�� +�C 	 d ��	�� Pá + ��� � ��� � � � � # 	 ÿ�� �4	 R 	� � � ��� 	�� , < ���=	���2 1�� 	 # Sÿ � 	
x 	 � 	 # �5� 1 �=� < ����� ��� 	�� . 1 ��	 � ��� < �
x ¾ S< ÿ�� 	���	���	 � 	 # ��� 1 ��� < ����� ��� 	�� . 1 �5	 � ��� < �
x{z B < ÿ � ��� 	 �H� 	�� .0��< �=	
x{â 	 ¤ C 	�����2>	 � ��	 ��� 	 å � �	 � < ÿ �� # 	���� � 	�� .0��< ��	
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¶ x .0��< ��	 � O�	���� ��� ��	�� ÿ��  � 	�� +�C � � : �-��� 1 �¶ x-ã ¿åä 	 ¤ C 	�����2>	 � �5	 ��� �4	��=����2>2K�5	 .0��< �=	 � O�	���� ��� ��	�� ÿ��  � 	�� +�C � � : �í��� 1 �¶ x-æ � � 	 1 ��	������ ��� 	 .-��< �=	 � O�	��5� ��� ��	�� ÿ��  � 	�� +�C � � : �í��� 1 � ? Sÿ ��Æ È�É ·ñÊ 5 ½
ç*è , < ���=	���O 1�� ÿ 2>	 � < � ��	�� �ç*è ¨ _ , < ���=	���O 1�� ÿ 2>	 � < � ��	�� � ��2 a;:;�5	 � + ��� � ��� ��	 � 	�2>	 � �
é �8< ��ÿ�� �� � � ��� ��	
ê . � 1 � 1 � 	 � � 	���� ? S<�� �� # 	����
ê ¯ ± Â . � 1 � 1 � 	 � � 	���� ? S<�� �� # 	����-�4	�� � 1 2 1 �	 � 	�� � 	�����	�� � ÿ��  � 	�� . � 1 � 1 � 	 �. � + ����	 ÿëR � � # 	 �
ì $ 	���� d R ��� ��� 	 � � ½ 1 : ÿ���� <8: ½ 1 : . ÿ � �
ì ±
|�� 1�C ����2 < � 	 $ 	���� ì ? Sÿ � �-A ��B

ì õ $ 	���� #�1 � �=� < � ��	
ì » ! 1 ���5	 � < ��� 1 � � d 	����
í ! ��	���� ? ��	�I ÿ 	 � d
í ò �8< ��2 1 � ? ��	�I ÿ 	 � dî E � ��	��� < ��� 1 � ���	�����	��
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Ü < Ý�! þ � 	 � ´ 	 ³�i ] ��	 ��� ��� 1 ³ºd 	 ��� 	 � : � � � Så �4	��5� � � � #hi � � O/ïTð=ñ�ñ�ò�ó�ô�õ4ö÷ð=ø�ø�ð5ñ²i� �5�=*þ ! þ � 	 � ´ 	 ³�i 7 þ n þ��ySÿ ��� 	�� � 	�� � <  i � 	�� � 	 � �4	��� 9 <���� | >
Ü . Ý , þ � � ��� 2>	�� d i^¬ þ � 1 � � � ÿ �� iZ¬ þ (6��	������ ��� i . 1�� % 2>	���2>	�2K��� < � :] ��	 ��� �=� 1 ³ºd 	 ��� 	 � : + % �=��	�2>	 i � � O/ïTð=ñ�ñ�ò�ó�ô�õ4ö÷ð=ø�ø;ð=ñi � ���=*þ ! þ � 	 � ´ 	 ³�i7 þ n þ��ySÿ ��� 	�� � 	�� � <  i � 	�� � 	 � �4	��� 9 <���� | >
Ü y Ý �eþ + þ � ��	�	 # 	 i ( þ � þ�� <�� ÿ���� 7 þU�eþ¸( 1 % � 	 i BL	 C41 ��� 1�? � � 	 � � 	 � :

�5� 1�� % �5� �nE ����ÿ ��������	�� ?V1 �/� � 	nù]	 < �1<���� î i}ú þ � � 	 � ��� 1 ��� 	�2 þ +�1 � þDû÷ü{ý iy } } : 9�þ ��� : >
Ü � Ý67 þ ¬ < O < ��� ÿ���� ¬ þ . 1 ÿ � � 	 ��� % i < > . 	�� � ÿ 1 ��� � < ��	 � 2>	�2K��� < � 	�� iº+ þ. ��� i ��> M C�C�� � ��< ��� 1 � � 1�?]C 	�� � ÿ 1 ��� � < �5	 � C � 1 � 1 � � 1 ���*ÿ � � 1 ��� 9 AQ< :7 1 � �D> i�+ þ�� :�ÿ i � ��� ïTô�ó�ô�ñ ��ô�ñ����NQ�ó�ô�ï�ò��"L�ô�ø
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