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µ ¶�·�¸x¹�ºh»½¼h¾G¸­¿�ºÀ·
Á�ÂuÃ�ÄÆÅ­Ã�Ç�È�ÄWÉZÇ�È�Ê^Ê�Ë�Ç.Ì7Ç#Í�Í�ÎxÈ�Ä&ÌdÈ\Ï�È Å�Í�ÊWÐ�É\Ê.Å�ÃxÑ�Ð�Ï�Â�Ð�ÒÔÓtÕKÖ ×hÄ�ÌlÇ�Ø´Ç�Ë#ÙnÚ�Ã�Ç�Ç�ÛiÇ&Â�Ú�Ã�ÊnÐ7ÄWÈ�Í�Ñ*Ü�Ç�Ç#È
Ë�Ç&Â�Ç�ÈxÚ�Í¯Ñ�Ï¯È�Ú�Ë�ÄxÝ�ÞßÂ�Ç&Ý0Ï�ÈxÚ�ÄàÊnÂ#Â�Ç�Í�Ç#ËuÊ�Ú�ÄnË.Å­Ã�Ñ­Ð�ÏOÂ�Ð®Ê&È�Ýâá�ËãÐ�Ú.ÉZÇ�ÊnÐ�Þ­Ë�Ç�ÉZÇ#È�ÚãÐCÄ�älÍ¯ÄnÈ�åWÏ�Ú�ÞßÝ�Ï�È�Ê&Í Ç&ÂuÃ�Ä
Ð�Ï�åWÈ�Ê�ÍOÐdÐ�Þ�åWånÇ&Ð�Ú.Ú�Ã�Ç^Å�Ä´Ð�Ð�Ï¯Ü�Ï�Í¯Ï�Ú�Ñ�Ä&ä ÞßÐ�Ï�È­å�Ú�Ã�Ï�Ð7Ú�Ç&Â	Ã­È�Ï�æ´Þ�Ç®ä�ÄWËdÜ�Ç�Ê�É,Ý�Ï�Ê&ånÈ�ÄçÐ�Ú�Ï�Â�Ð^Ò�è�é­ê�Õ�Ö
ë7Ã�Ç\Ç&Â	Ã­ÄìÐ�Ï�åWÈ�Ê�ÍdÏOÐ*Ê�ÈíÏ�ÈxÚ�Ç�Ë�ä�Ç�Ë�Ç�ÈßÂ�Ç�ÅßÊ�Ú�Ú�Ç�Ë�ÈAÄ&ä^Ú�Ì7ÄìÂ�ÄWÈ�Ð�Ç&ÂtÞ�Ú�Ï¯Ø´ÇZÎ�ÏOÂ	Î­Ð½Ä&ä^ÝxÏÔÛiÇ�Ë�Ç#È�Ú*Ã�Ê&Ë�î

ÉàÄnÈ�ÏOÂ�Ð�ÖðïqÚñÂ�Ê�ÈòÊ&Å�Å�Ç&Ê�Ë�Ê�Ú�Ê$Ú�Ï�ÉZÇ\Í¯ÄnÈ�åíÊ�ä�Ú�Ç�ËZÚ�Ã�Ç0Ï¯È�Ï�Ú�Ï�Ê�Í�Ð�Ï¯ånÈ�Ê&Í.Ã�ÊWÐâÝxÏ�Ð�Ê&Å�Å�Ç&Ê�Ë�Ç&ÝòÝ�Þ�Ç5Ú�Ä
áßÍ�Ê�ÉàÇ�È�ÚãÊ�Ú�Ï�ÄnÈìÏ�ÈAÅ�ÃßÊnÐ�ÇóÐ�Å�ÊWÂ�Ç´ÖAë7Ã�Ç\Ç&ÂuÃ�ÄìÐ�Ï�ånÈßÊ�ÍhÐ�Ã­Ä�ÌhÐ*ÄnÈôÊõÃßÊ�Ë�ÉàÄnÈ�ÏOÂ�ÌdÃ�Ï�ÂuÃöÏOÐÆÇ&æaÞßÊ�ÍdÚ�Ä
Ú�Ã�Ç*ÝxÏÔÛiÇ�Ë�Ç#È�Â�ÇÆÄ&älÚ�Ã�Ç*Ã�Ê&Ë�ÉZÄWÈ�Ï�Â#Ð®ÊWÐ�Ð�ÄxÂtÏ�Ê�Ú�Ç&Ý0ÌdÏ�Ú�Ã5Ú�Ã�Ç*Ú�ÌlÄZÂ�ÄWÈ�Ð�Ç�Â�Þ�Ú�Ï¯Ø´ÇÆÎxÏ�ÂuÎ�ÐtÖh÷ßÄWË.Ç�ø­Ê�ÉZÅ­Í�Ç´Ù
Ê&Å�Å�Í¯Ñ�Ï¯È�åQÊÆÝ�Ï¯Å�ÄWÍ�ÇhÎ�ÏOÂ	Î^ä�ÄnÍ¯Í�Ä&Ì7Ç&Ý*ÜxÑ Ê½æ´Þ�ÊWÝ�Ë�Þ�Å�ÄWÍ�Ç.ÎxÏ�ÂuÎÆË�Ç&Ð�Þ�Í¯ÚuÐ�Ï�ÈàÊÆÝ�Ï¯Å�ÄWÍ�ÇhÇ&ÂuÃ�ÄQÐ�Ï�åWÈ�Ê�ÍùÒ�ú&ÕKÖ ïKÈ
Ú�Ã�Ç.ä�ÄnÍ¯Í�Ä&ÌdÏ�È�å*ÌlÇ.Ï�ÈxØ´Ç&Ð�Ú�Ï�åçÊ�Ú�Ç.ÄnÈ�Í¯ÑZÚ�Ã­Ï�ÐdÂ�ÊWÐ�Ç´Ö
û Å�Ê&Ë�Ú�Ï�Â�Þ�ÍOÊ�Ë�Í�Ñ5Ï�ÈxÚ�Ç#Ë�Ç&Ð�Ú�Ï�È­å\ÊnÐ�Å�Ç�Â�ÚÆÄ&ähÇ&Â	Ã­ÄâÉàÇ&ÊnÐ�Þ�Ë�Ç�ÉàÇ�È�ÚãÐÀÏOÐ.Ú�Ã�Ç Å�Ä´Ð�Ð�Ï�Ü�Ï¯Í�Ï¯Ú�Ñ5Ä&ä�Ý�ÏÔÛiÞ�Ð�Ï�ÄWÈ

ÂtÄ´Ç�ü\ÂtÏ�Ç�ÈxÚ®ÉàÇ&ÊnÐ�Þ�Ë�Ç�ÉàÇ�È�ÚãÐÀÏ¯ÈöÐ�Ã�ÄnË�ÚÆÚ�Ï�ÉZÇQÏ�ÈxÚ�Ç�Ë�ØnÊ&Í�Ð.Ð�Ï�È�ÂtÇZÊ&È�Ñ0ä�ÄWË�É<Ä�ä�ÝxÏÔÛiÞ�Ð�Ï¯ÄnÈöË�Ç&Ý�Þ�ÂtÇ&Ð.Ú�Ã�Ç
Ç�Â	Ã�ÄñÐ�Ï�åWÈ�Ê�Í�ÖÆýþÃ�Ï¯Í�Ç Ð�ÞßÂ	Ã5ÉZÇ�ÊnÐ�Þ­Ë�Ç�ÉZÇ#È�ÚãÐdÊ�Ë�Ç ÝxÇ&Ð�Ï¯ËuÊ�Ü­Í�ÇÆä�ÄnË^Ú�Ã�Ç*Í�ÄWÈ�ånÏ¯Ú�Þ�Ý�Ï¯È�Ê�ÍlÊ&È�ÝõÚ�ËuÊ&È�Ð�Ø´Ç�ËãÐ�Ç
ÅßÊ�Ë�Ú�Ï�Â�Í¯Ç.ÉZÄWÚ�Ï�ÄWÈ�Ù�ÄWÈ�Í�ÑàÍ�ÄnÈ­ånÏ�Ú�Þ�Ý�Ï¯È�Ê�Í�Ç&ÂuÃ�ÄEÐ�Ï�åWÈ�Ê�ÍOÐÀÃßÊ�Ø´Ç^Ü�Ç�Ç�È\ÉZÇ�ÊnÐ�Þ­Ë�Ç&ÝZÐ�Ä4ä�Ê&ËQÒ�ÿxÙ��´Ù�ê�Õ�Ö
� È­Ç*Ë�Ç&ÊWÐ�ÄnÈ5ä�ÄnË^Ú�Ã�Ç*Í�ÊWÂ	Î\Ä�älÚ�ËuÊ�ÈßÐ�Ø´Ç�ËãÐ�Ç*Ç&ÂuÃ�ÄZÉZÇ�ÊnÐ�Þ­Ë�Ç�ÉZÇ#È�ÚãÐCÏ�Ð.Ú�Ã�Ç Ý�ÏÔüñÂ�Þ�Í¯Ú�ÑZÄ�äSÊ�Å­Å�Í�ÑxÏ�È�å

ÊàÐ�Ã�ÄWË�ÚQæaÞßÊnÝ�Ë�Þ�Å�ÄnÍ�Ç ÎxÏ�ÂuÎZÚ�Ä\Ú�Ã­Ç*Ü�Ç�Ê�É5Ö��0ÄçÐ�Ú^æ´Þ�ÊnÝxË�Þ�Å�ÄnÍ¯Ç&Ð.Ã�Ê�Ø´Ç*Ï�È�ÝxÞ�Â�ÚuÊ&È�Â�Ç&ÐdÍ�Ê&Ë�åWÇ�Ç�È­ÄnÞ�åWÃ
Ú�ÄZÍ�Ï¯ÉZÏ�ÚlÚ�Ã�ÇEÂ	ÃßÊ�È�åWÇ*Ä�älÚ�Ã�ÇEæaÞßÊnÝ�Ë�Þ�Å�ÄnÍ�ÇÆáßÇ�Í�Ý\Ú�ÄZÚ�Ï�ÉZÇQÐ�Â#Ê�Í�Ç�ÐÀÄ&ädÐ�Ç�Ø´Ç�ËãÊ�Í�Ã�Þ�ÈßÝ�Ë�Ç&Ý\Ú�Þ�Ë�È�Ð�Ö^ë7Ã­Ç
Ú�Ã�Ç�ÄWË�Ñ�Ý�Ç�Ø´Ç�Í¯ÄnÅ�Ç&ÝZÏ�È5Ë�Ç�ä�Ç�Ë�Ç�È�Â�Ç&Ð^Ò�è�Õ�Ê�È�ÝAÒ�ú�Õ�Ë�Ç&æ´Þ�Ï¯Ë�Ç&ÐtÙ�Ã�Ä&Ì7Ç�Ø´Ç�Ë#Ù�Ê�ÎxÏ�ÂuÎZÄ�ä�Í¯Ç&Ð�ÐhÚ�Ã�Ê&È5ÄnÈ�ÇQÚ�Þ�Ë�È
Ï¯È�Ý�Þ�ËuÊ&Ú�Ï¯ÄnÈ�Ö
ïqÈ\Ú�Ã�Ï�Ð7È�ÄWÚ�Ç^Ì7ÇQÐ�Ú�Þ�Ý�Ñ\Ú�Ì7Ä ÝxÏÔÛiÇ�Ë�Ç#È�ÚlÄnÅ�Ç�ËuÊ&Ú�Ï¯ÄnÈ�Ê&Í}ÉZÄxÝxÇ&Ð7Ä�ä�Ú�Ã�ÇQæ´Þ�ÊnÝxË�Þ�Å�ÄnÍ¯Ç��
� û Å�Þ�ÍOÐ�Ç&Ý\æ´Þ�ÊnÝxË�Þ�Å�ÄnÍ¯ÇÆÇ�ø­Â�Ï¯ÚuÊ�Ú�Ï�ÄWÈZÄ�älÊ&ÚdÍ�Ç&ÊWÐ�Ú^Ó^Ú�Þ�Ë�È\Ü�Þ�ÚhÈ�Ä�Í¯ÄnÈ�åWÇ�ËdÚ�ÃßÊ�ÈöÓ	�4Ú�Þ�Ë�ÈßÐ�Ö
� û È û�
 î�æ´Þ�ÊWÝ�Ë�Þ�Å�ÄWÍ�ÇÆÇ#ø�Â�Ï¯ÚuÊ&Ú�Ï�ÄWÈZÄ&Ø´Ç�ËdÊ Â�ÄWÞ�Å�Í�Ç^Ä&ä ÃxÞ�È�Ý�Ë�Ç&ÝZÚ�Þ�Ë�È�Ð�Ö
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_Y`9a�`Mbdc4e�c4a f�g%bih'j!k lSm�n�e op`9k�q�c
rZc4s�j!k�q�e�n�j!mut�a^c9vwqxc4m'y?g zM{�|~} ����� �9�%���4�#�
_Y`9a�e�n�y?k�cGbFj!bFc	m%e^q�b � ��c4o��9y �!�
��`M��n�biq�b�e�a�`9m'�Us�c	a��Uc�a^b���h'c9`9b���n��4c ���4� � bFb �%�����
��`M��n�biq�b�e�a�`9m'�Us�c	a��Uc� �¡)t�qxm'y?e�n�j!m�n�m¢`9a�y4�   �4� � b ���%�O�
£�a�`Mm��Us�c4a¤�Uc�e�q�mxc ¥��4� � � �!�%���4���9�!�����	�
¦Sc4e^q�m�n�m�§©¨Zn�e^ª«`#y?e�n�j!m ¬­¥��4� �¯®9¬�°��4� � b«±�² �4�!³#³

´�j#a�`Mk�k��Un�buq�k�`Me^n�j!m��µ¨=c�q'�Uc9¶·e�ªxc¸rS��¹�º»n�m½¼�c9y?e�n�j!m¿¾'`Ma¤`MbFc4e^c4a���t�j!a�¾�a^j!e^j!mÀj!¾'c4a�`9e�n�j!mÂÁK�Uc4c
£Q`MhÃ�S�#ÄZyIt^�¿rÅc?t^��ÆÇ�MÈ�É��¿ÊÅe©n�m9¼�c9y?e^n�j!mËe^ª�c�v�q'`!¶�a�q�¾'j!k�c«��n~y��Ì¨Zn�k�k���ª�j9¨Íe�ª�cÎ�Ue^a�j!mx§!c9��euc?ÏÐc9y¯e4�
_Ya^j!e�j#mÌj#¾'c4a�`9e�n�j#mÌn��S¾�a^c?t�c4a�`9h�k�cÑy?j!bd¾'`Ma^c9¶Òe^jÒ§#j!k�¶«j!¾'c4a�`9e�n�j!mÓ�Un�m�y?c©e�ª�c©c¯ÏÔc½y?eSj9tZn�m%e^a�`Mh'c9`9b
�^y4`Me^e�c4a^n�m�§xÄ%¨Zª�n�yIª�b�`4gia�c9¶�q'y?c�e^ª�c�c9yIªxji�Un�§#m'`Mk�e^juqxm'¶%c4e^c9y?e�`9h�k�cGk�c4s�c4k��?Ä�n~�pk�c9���Z��c4s�c4a^c��
¹ÕmÖe^ª�c×t�j!k�k�j9¨Zn�m�§À��c9y?e�n�j!m'�«¨=c×Ø'a���eÌ¾�a^c9�Uc	m%e¢m%q�bdc4a�n�y4`MkÙ�Un�buqxk~`Me^n�j#m'�Út�j#a�hÛj#e�ª»y4`#�Uc9�«j9t

v�q'`#¶%a�q�¾'j#k�c�j#¾Ûc	a�`Me^n�j#m���Ü¸c�e^ª�c4m�¶%n���y?q�����e^ª�c�e^c9yIªxm�n~y4`9k�j!¾xe�n�j#m'�pjMtÝn�bd¾�k�c4bic¯m%e^n�m�§�e�ª�c½�Uc�y4`#�Uc9�
n�m¢rS��¹�º��

Þ ßáà¤â�ã�ä�åYæ�à�çÅè éêçSë�ìQä
Ü¸ci�Un�buqxk~`Me^c�e�ª�c©bFj#e�n�j!m�jMtá¾'`Ma^e�n�y?k�c9�Zn�mÓ`F¶%n��Ue^a�n�hxq�e�n�j!mÓ`!��e�ª�c	g«e�a¤`4s�c4kY`9a�j#q�m'¶�e�ª�cia�n�m�§ut�j!a
`im%q�bih'c4apj9t=e�q�a^m'�?��ÜÌc©j#h'�Uc4a^s�c�e^ª�c©¶%n�¾'j!k�cÙbFj!bdc4m%e=jMt=e�ªxc©¶%n��Ue�a^n�h�qxe�n�j#m�`9m'¶«n�e¤�Åa^b��Ås#`9k�q�c
j9s�c4a=e�n�bFc��
£pª�c���n�biq�k~`9e�n�j!m'�Y`9a�cG¶%j!mxcSn�mF`�t�j!q�a=¶%n�bFc4m'��n�j!m�`Mk�¾�ª�`!�Ucí�U¾'`#y?cSn�m'y?k�q'¶%n�mx§�m�j!mxk�n�mxc9`Ma=¶%c4e^q�m%¡

n�m�§�¨Zn�e^ª×`9bF¾�k�n�e�q'¶�c�ÄÔk�n�m�c9`9a�y¯j!q�¾�k�n�m�§¢`9m'¶Ìm�j#n~�Uc��F£pª�c���n�biq�k~`9e�n�j!m«q��Uc9��t�j!q�aÙk�n�mxc9`Ma�e^a�`9m'�Õt�c4a
bÚ`M¾'�iÁ,�Uc	c«´Qn�§��Z�9É��¿£pª�cFØ'a���eubÚ`M¾Ë`#¶4¼�q'�Ue¤�µe^ª�c¢¶%c9��n�a�c½¶Ót�a¤`!y?e^n�j#m'`MkZe^q�m�c¢`Mm'¶Ën�m'y¯k�q'¶%c½��e�ª�c
c¯ÏÔc½y?epj9tYe^q�m�c�bFj�¶�q�k~`9e�n�j#m��î£pª�c�j!e^ª�c4aît�j!q�aZe^a�`Mm��Õt�c4aZb�`9¾'��ª�`½s�cGe�ª�cÙ¶%c9��n�a^c9¶u¾�ª'`#�UcÙ`!¶�s!`9m'y?c9�
h'c4e�¨=c4c4mdy?j!m'��c9y?q�e^n�s�cZj�y?e^q�¾'j!k�c�`Mm'¶�����c4¨·v�q'`!¶�a�q�¾'j!k�c��%n�yI�x�?��Ü¸c�`!�^�Uq�bFc�e�ª�`Mepe^ª�c�b�`9�%n�buqxb
 �¡�t�q�m'y?e^n�j!mdn~�pa�c½`!y�ª�c9¶�`MeZe^ª�c�k�j�y4`9e�n�j#m«j9tîe�ª�cÙ¶%n�¾'j!k�cí`Mm'¶¢vwq'`#¶%a�qx¾Ûj#k�cÙ�%n�yI�Ð�
ïSj!m�k�n�m�c½`Ma�n�e�gÒj9tZe^ª�cu¾�`Ma�e^n~y?k�c©bFj!e^n�j#m�n~�Sn�m%e^a�j�¶%q'y¯c9¶ðh�g«e^ª�a�c	cuj�y?e^q�¾'j!k�cu��n~y�����¾�k~`#y?c9¶�ñC�9�

`9m'¶�ñC�4�i`9¾'`Ma^eZn�m�j!a¤¶%c4aZe�jiy	`Mm'y?c	kÔe�ªxcSØ'a���eZj!a¤¶%c4aZa�c½�Uj!m�`Mm'y?cÙ¶%a^n�s�n�m�§Ùe�c4a^b��?�îò'n�m�c½`Ma�y?j#q�¾�k�n�m�§
n��un�m�e�a^j�¶%q'y?c½¶óh%g·e�¨pjô�U��c4¨õvwq'`#¶%a�qx¾Ûj#k�c¸�%n�yI�x�i�U¾'`#y?c9¶ÀñC�9�Ë`M¾'`9a�e¢n�m·j!a¤¶%c4a�e�j¿y4`9m'y?c4kGe�ª�c
c	��y?n�e�`9e�n�j#m�jMtîe^ª�c©��q�böa�c9��j!m'`9m'y?c��Z£pªxc�c?ÏÐc9y?e^n�s�cÙy?j#q�¾�k�n�m�§©n~�ZbFc9`#�Uq�a^c9¶F¨Zn�e^ª�`MmÎ´Y´Y£÷j9t=e�ª�c
e^a�`9m'�Us�c4a¤�Uc�¾'`9a�e�n�y?k�cGbFj!e^n�j!mÃ�î£pª�c©v�q'`!¶�a�q�¾'j!k�c���n~y����=`Ma^c©`M¾x¾�k�n�c9¶Fn�m�e�ª�n�m�k�c4m'�Z`9¾�¾�a^jM��n�bÚ`Me�n�j!m
j9s�c4aí`Ús#`9a�n~`9h�k�cim�q�buh'c4a�jMtáe�q�a^m'��`MeÙe�ª�c©c4m�¶ðj9t�e�ª�ci`9hÛj9s�cd�Uc9v�q�c4m�y?c©jMtáe�a�`9m'�Õt�c	aøbÚ`M¾'��`Mm�¶
j�y¯e�q�¾'j!k�cF`9m'¶��U��c	¨ùv�q'`#¶%a�q�¾'j#k�ci�%n�yI�x�?��´�j!aÙ`u��n~y���k�c4mx§!e�ª�k�`Ma^§!c4a�e^ª'`Mm¸j!mxcue^q�a�m�¨=ci`!����q�bFc
e^ª'`Meie�ªxc«��n�§#m'`MkZc4m�s�c4k�j!¾'cut�j!k�k�j9¨��i`ðe^a�n~`9m�§!k�c¢�Uª'`9¾Ûc¢¨Zª�c4a^cÒe^ª�c�b�`M§#m�c4e©n���a�`Mbd¾Ûc½¶ôqx¾·`Mm�¶
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octupole

quadrupole kick

skew quadrupole
octupole

skew quadrupole
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= fractional tune
phase advance

phase advance = 5pi/4

phase advance  = pi/2

phase advance = pi/4
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g{c�f k�h��®^ªhUl p��eh�f�f ^ek�g{cqs¯c.bdfzf b¯^e`.��^e^ªn°�o ¢¡z£w�e¡ ¤²± l ¤.¦W§x© p ¤.¦´³ �eµ�¶W�·\¸b¹lz^�hdpxvqk�^}f ]qg�p�n�g3uwvXpxg,boc
�Zb�^��}�Zg,^ec[fºf�]q^�f�g{lz^t�®^#f�|Y^e^ecy»�vXhdn�k vqaXbdi{^¬h�cXn�n[g,aXbdi{^_¼[g���¼��ehUc}�X^¬g{cX��k�^ªhdp�^ªnj�
½ ¾�¿xÀqÁYÂ¸ÃXÄ·¿�ÅÇÆ�È�ÉqÊ
ËWc}f�].g�ptp�^���f g,boc�f�].^¬aXb�p p�g,�.g,i,g{f�g{^�p�bU�Yh�aqaqi{��g{cqszn[g,aXbdi{^ThUc~n�»�vXhdn�k vqaXbdi{^T¼�g���¼.p�g,cyÌtÍ�Ë�Î·hUk ^¬^e`�Ï
a.i,bdk ^�nj��\�]q^ek�^th�k�^tpx^eÐ�^ek�h�iqn[g,aXbdi{^�¼�g���¼�^ek�pjg,cXpxf�h�i,i,^ªn¬g,c�ÌtÍ�Ë�Î´|�]qg���]Tl}he���X^tvXp�^�n¬g{cT^���]qb�fx��aX^
^#`�aX^ek g,lz^ec[f�pZ�t\�]q^z��]Xh�i,i,^#cqsd^�i,g,^ªp�ÑX]qb�|�^eÐ�^ek#Ñ®g{c´f�]q^�»�vXhon�k�vqaXboi,^�¼�g���¼�^ek#��«�^T|�g,i{iSg{c�Ð�^�pxf�g{s�hUf ^
|�].^ef�]q^#kÒh�»�vXhon�k�vqaXboi,^�hUi,k ^�hdn[�_g{cXp�f�hUi{i,^�n�g,c�ÌtÍ�Ë�Î ³ �#ÓU¶WÑ²n�k�g{Ð�^ec¬�[��hUc�hUa.aqk�boaqk�g�hUf�^taXb�|�^ekºpxvqa�Ï
a.i,��ÑX�eh�c´��k ^�hUf ^�hz»�v~hdn�k vqaXbdi,^�¼�g���¼�cq^e^�n�^ªn�f bz�Zk�^�h�f�^Th�c�^���]qb�p�g{sdcXh�iW�tÔ�p�g,c}f�]q^Õp�g{l�vqi�hUf g,bdc~p
|Y^�|�g,i{i���bdc~p�g�n[^ek�fx|�bTlzb[n�^ªpÖ�<bdktf�].^¬»�vXhon�k�vqaXboi,^¬¼[g���¼�^ek#×

Ø ÔÙaqvqi�p�^�n}»�vXhdn[k�vqaXbdi{^¬^e`.��g{f�hUf g,boczbU�Yh�f�i,^�hop�f���f�vqk c}�qvqftcqb�i{bdcqso^ek�f�]~hUc��#¡Úf vqk�c~p��
Ø Ô�cyÔ�ÎÒÏx»�vXhon�k�vqaXboi,^¬^#`q��g{f�h�f�g,boczb�Ð�^ek�h���bovqaqi,^�b��Ò][vqcXn�k ^�nzf�vqk cXp��

ÛwÜ<Ý Þ�ß<àºáXâ(ã}ä�ß<å�æXã�ç�è
ËWc�ÌtÍ�Ë�Î�f�]q^ek ^thUk ^�f�]qk ^e^�fx��aX^�pÒbU�¸n�g,aXboi,^�¼[g���¼�^ek�péheÐohUg{i�hU�.i,^�×�f�]q^�g{c�ê�^���f g,bdc�¼�g���¼�^#k�p ³ ��ë.Ñx�e�U¶¨Ñ�f�]q^
f vqcq^�¼[g���¼�^ek�p ³ �#ìU¶�h�cXn�f ]q^�hU�Xbdk f�¼[g���¼�^ek�p ³ �Uíe¶¨��\�].^eg,kYaqk�boa®^#k�f�g{^�pthUk�^�pxvqlzl}h�k�g,î#^�n¬g,cy\�hU�é�Xï[�

\�]q^¬g{c�ê�^���f g,bdc�¼�g���¼�^ek�p��eh�c�aqk b�Ð�g�n�^�h�¼[g���¼�b��Yp�^#Ð�^ek�h�iéð�ñWp�^#^T\�hU�é�Xï�ò���\�]q^#��h�k�^�Ñq].bU|Y^eÐ�^ek#Ñ
i{g,lzg{f�^�ntf�b�f�]q^�Ð�^#k�f�g��ehUi�a.i�hUc.^�h�cXn�n[g3����vqi,f�f�b�bdaX^ek�h�f�^�hUfºi,b�|�^e`.��g,f�hUf g,bdc�i,^eÐ�^#i�p���\�]q^theÐohUg{i�h��qi,^
k�hUcqso^�n�b�^�p�óXf�f ]q^�¼�g���¼�pxf�k ^ecqsdf ]´hop�p�v.lz^�nzg,c}f�].^¬pxg,l�vqi�h�f�g{bdcXp�ñWµ[�3íªðSò��

\�]q^�f�vqc.^�¼�g���¼�^ek�péhUk ^�f�b�b�|�^�h�¼¬f b�aqk�b�Ð[g�n�^th�p�g,c.sdi,^�f vqk�c�n[g,aXbdi{^�¼�g���¼�b���pxv��}�Zg,^ec[f�p�f k�^ecqsof�]é�
ËWftg�p��ZbdcX��^#g,ÐohU�qi{^¬f b�boaX^ek�h�f�^�f�]q^�f�vqcq^T¼[g���¼�^ek�prg{c´hzl�v.i,f�g/ÏWf vqk�c}lzb[n[^Tp�v~��]´f ]XhUf�p�v.�Xp�^�»�vq^ec[f
¼[g���¼.pS|�g,i{iqcqbdfô�ehUc~��^eiqbovqfe�Yõ�vqfºf�]q^tf�g{lz^�c.^e^�n�^�nTf�bÕ��k�^ªhUf�^tf�].^�^�»�vqg{Ðdh�i,^ec[fÒb���h_ë²ð�¼�g���¼�|Ybdvqi�n
�X^�g{c¬f�].^�bdk�n[^ekÒbU���#¡d¡�f�vqk cXp�Ño|�]qg���]¬g�pÒhUi{k�^�hon��T��bolzaXh�k�hU�.i,^ºf�b�f�].^öóXi�hUlz^ec[f�h�f�g{bdc�f�g{lz^��j«�]qg{i,^
g{fºg�pÒi,g{¼�^ei,��f�]~hUf�f ]q^�k ^�p�vqi{f�g{cqs�n�g�pxf�k�g{�qvqf g,bdc�p�f g,i{ijh�i,i{bU|tpS�<bok�f�].^�n�^ef ^���f�g{bdc�bU��h�f�k�h�cXp�Ð�^#k�p�^t^���]qb
pxg,socXhUi¨ÑÒf�]q^yhUc~hUi,�.p�g�p¬bU��f�]q^�p�g,socXhUi�|�g{i,iY�®^}l�vX��]´lzbdk ^}��bdl�aqi,g��ehUf ^�n�f�]Xh�c�g,c�f�]q^��ehdpx^�b���h
pxg,cqsoi,^�f�v.k�c�n�g{a®boi,^�¼[g���¼j��\�].^¬f�v.cq^¬¼[g���¼�^ek�pº|�bovqi�njÑX]qb�|�^#Ð�^ekeÑ[bUuw^ek�f ]q^¬aXb�p p�g{�qg,i{g,fx�zf�b�^e`[aqi,bok�^
f ]q^�]qbdk g,îeboc�f�hUiéaqi�hUcq^²�

Ô�cqbdf ]q^ektaXb�p�pxg,�qg{i,g{f���f�b�¼�g���¼zg{c�f ]q^¬]qbok�g{îebdc[f�h�iSaqi�hUcq^�g�p�f bzvXp�^�f�]q^ÕhU�Xbdk f�¼[g���¼�^ek�pZ��õ�vqftf�b
�Zk�^�h�f�^�h�ë�ð�¼�g���¼zbocqi,�}bocq^TbU�ºf ]q^¬óXÐ�^�¼[g���¼�^ek�l}h�sdcq^#f�p�l�vXpxf��X^_óXk ^�n´hUftf�]q^�i,b�|�^ªp�fta®b²p�pxg,�qi{^
^#`q��g{f�h�f�g,bocé�´÷�aX^ek�hUf g,cqsyf�]q^}h��Xbdk�fT¼[g���¼�^ek�pøg{c¯f ]qg�p�lzb[n�^z|�g{i,iºl}h�¼�^Tg,fTn[g3����vqi,f�f b�l}h�g,c[f�hUg{c
f ]q^eg{kö�<vqcX�Zf�g,boc´hop�h��®bok�f�¼[g���¼�^ek�p���\�]qg�p�l}he���®^Õhd�e�Z^eaqf�h��qi,^øn�vqk�g{cqs�h���boc�f k�boi,i,^ªn�pxg,cqsoi,^��qvqc~��]
^#`�aX^ek g,lz^ec[f�h�fTg,c�ê�^��Zf�g,boc¯^#cq^ek�so����\�].^�¼[g���¼´i,^#cqsdf ]�bU��f�]q^yh��®bok�f�¼�g���¼�^#k�p�^e`.��^e^�nqp�bocq^}f�vqk c
|�].g���]ù|�g{i,ith�s�hUg{c�k�^�pxvqi,fTg{c�h��Zbdlzaqi{g��eh�f�^�n�aXhUk f�g��Zi,^}n�g�p�f k�g,�.vqf�g{bdcúg{cúaq]~hdp�^ûp�aXho��^�hª�<f ^ek�f�]q^
n[g,aXbdi{^_¼[g���¼w�

«¯^´f ]qg,cq¼�f ]XhUf}f�].^´g,c�ê�^��Zf�g,bocú¼[g���¼�^ek�pTh�k�^´f ]q^´�X^�p�fy��]qbdg���^z�<bdk}f�]q^�n[g,aXbdi{^´¼�g���¼w�Ù\�]q^#g,k
i{g,lzg{f�h�f�g,boc�f b´f�]q^�Ð�^ek�f g��eh�iÒaqi�hUcq^zg�p_cqbyaqk�g{cX��g{aXhUiºbd�~p�f�ho��i,^��<bdkTh�c�^e`�aX^ek g,lz^#c�ftf�]Xh�fTh�g,l}p�hUf
px]qb�|�g,cqs�f�].^_aXb²p�p�g{�qg,i{g,fx��bU��bd�Xpx^ek�Ð[g,cqs�f�k�hUcXpxÐ�^ek�px^�^���].b�p��

ü�ý
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