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��¹rº1»[¼Uºr»|½

¾ ¿kÀ�Á.Â.Ã^ÄRÅaÆ�Á � Ã,À ¾
¬ C ¬ Ç +J2K :2zBM�J6g%')�#U5�6*�oÈ*#.OQ% C�CUCUC�CUC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC ¬
¬ CÊÉ =b)�#n+. !/	�.B|�b�J6*"&+.-,�¡�G !%*#h6m+j%'��6*#>6*#789 !#7� CUC�CUCUC�CUC�CUC�CUCnCWCnC ¬

Ë ÌYÍ3Í3Ã,À �MÎ&Î ÀaÄ�Í3Ï§ÁoÐ Î ÀRÃ,Ñ[ÒQÓRÀ,Á.ÐaÏ9Ò � Ò Ô
ÉTC ¬ � /S/Y��-� �+U+j-,�&/Y#7%*)_+j-��J�^2K09-9%*)�#.24 :2|�!�$��5_2�CUC�CUCUC�CUC�CUC�CUCnCWCnC Õ
ÉTCÊÉ � /S/Y��-� �+U+j-,�&/Y#7%*)_+j-��J��"9 !-�#7%' :OX2*Om)�#7/Y#o2ÖC�CUCUC�CUC�CUC�CUCnCWCnC ×
ÉTCÊØ =b)�#n+./Y/Y��-P :+�+.-,�¡/S#7%*),+.-����Ù2K09-T%')�#.24 :2b6*#o+�OQ%'��6m2{C�CUC�CUC�CUCnCWCnC ¬J¬

Ú ´ ÐRÏ<Í3Ã^ÄRÏTÑ Î ÀRÄ�Ò � Í�ÅRÑ Î Á � Ã�ÀRÒ ¾9Ô
ØTC ¬ � 2K G/Y5��G#A+./Y/Y��-P :+U+j-,�&/Y#7%'),+j-��J�^240T-9%*)�#o2K :2b6'#.+�Ok%*��6H2 /S�9�T#7�ÛCWCnC ¬ Õ
ØTCÊÉ v, G-�#.+j6>2K0P2K%'#7/&2�+j-,�Y�! G-�#.+.6* !Üh#.�r/Y�9�T#h� CnCUC�CUCUC�CUC�CUC�CUCnCWCnC ¬hÝ
ØTCÊØ D$ G/r�P�:+j%' !�J-,2z�.B[�G !/Y G%bOk0�OQ�G#gy,#7)_+o89 !�J6 CWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC ¬ ×

Ô ÌYÀ Î Ñ:ÓRÒ � Ò Ë,Ë
Õ�C ¬ D$ G/Y5��G �V,#.�12K%'#.+��90§\Þ2K%H+j%*#l+j-,+.�!0P2K �2 CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢ÉJÉ
Õ�CÊÉ v, G-�#.+j6>2K%H+jy� G�! G%K0S+j-_+j�!0P2K �2 CUC�CUC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢É.Õ

ÕPCßÉTC ¬ � -,+.�!0P2K :2b�.B[6'#.+�Ok%*��6X/Y�9�T#h� CnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢ÉJà
ÕPCßÉTCÊÉ � �$�J%A�!�9Ok�,2?+j-,+.�!0P2K �2�C�CUC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢É$×
ÕPCßÉTCÊØ Ç �9�T#q�9 :+jFJ6m+./&2?+j-,+.�!0P2K �2gC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢ÉJá
ÕPCßÉTCâÕ ;g0Pã§�� �2K%�5��!�J%A+.-,+j�G0�24 :2�CUC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢Ø ­

ä å � ÒhÆ$ÅaÒ7Ò � Ã,À Ú,Ú
àTC ¬ �|�J/Y5,+j6' !-�Fq�.B�+j/S/Y��-� �+U+j-,�&/Y#7%*)_+j-��J�^2K09-9%*)�#.24 :2b6'#.+�OQ%'��6H2?+j-,+.�!0P2K :2�ØJØ
àTCÊÉ �[N95��:+.-,+j%' !��-&BM��6?%')�#U !-98$#76m24#A6*#.245,��-,24# CnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢ØJØ
àTCÊØ �a¦w#.OQ%H2 �.B[�J%*)�#76?5_+j6m+./Y#7%'#76m2b G-¡%')�#n+j/Y/S��-� �+W+.-,�¡/S#7%*),+.-����Ù2K09-T\

%')�#.2K �2b�!�$�J5,2 CWCnCUC�CUC�CUCUC�CUC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢Ø.Õ
à9CßØTC ¬ �a¦�#oOQ%g�.B[5P6*#.2'2K��6'#W G-&%*)�#n2K09-9%*)�#.24 :2b�G�$��5 C�CUC�CUC�CUCnCWCnC¢Ø.Õ
à9CßØTCÊÉ �a¦�#oOQ%g�.B[ G-�#76'%X+j/Y�J��-T%� !-&%*)P#�240T-9%*)P#.2K �2bF$+�2�C�CUC�CUCnCWCnC¢ØJà
à9CßØTCÊØ �a¦�#oOQ%g�.B[%')�#U6*#.+JOQ%* G��-&5�6'�9�T�,OQ%H2gOQ�J-,OQ#7-9%*6H+j%' !��-�CUC�CUCnCWCnC¢ØJà

àTCâÕ �|�J-,2K ��T#76* G-�F1��%*)P#76X+j/Y/S��-� �+W+.-,�¡/S#7%*),+.-����w6*#.+JOQ%*�J6m2X2*Om)�#7/Y#o2ACWCnC¢ØJà
àTCÊà =b)�#nOQ�J-T%'6*�J�^�jB�240T-9%*)�#o2K :2b6'#.+�Ok%*��6H2WCUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢Ø Ý

æ ± Ã,ÀaÆ$ÑMÅRÒ � Ã,ÀRÒ Ú,ç

è ÌYéUé µA³ å&¿mêÖÌ{ë|å Î Á Îfì Ã�Â1Á.ÐaÏ{Ò � ÍLíRÑMÏYÍ3Ã^ÄaÏ9Ñ Ô è
×$C ¬ �[+.6m+./Y#7%*#h6m2z�.B�2K G/r�P�:+j%' !�J-¢CUC�CUC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnCIÕ9×
×$CÊÉ Z`+.%*)�#7/t+j%* �O7+j�,/Y�9�9#7���.B�ã§�P#7-,Om)Y5,�� !-9%m2YCnCUC�CUCUC�CUC�CUC�CUCnCWCnCIÕ�î
×$CÊØ Z<�9�T#h��BM��6X%*)�#U)�#.+.%?#7NPO�),+.-�F�#h6 C�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnCIÕ�á
×$CâÕ ;g�P/Y#76* �O7+j�w24���!�P%* !�J-&/Y#7%*)P�9�<C�CUC�CUCnCWCnCUC�CUCUC�CUC�CUC�CUCnCWCnCIÕ�á
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ç ÌYéUé µA³ å&¿mêÖïYë£éUÑªÃ�Á.Ò1Ã ìA·,Î Â � Ã,ÅaÒqÒ � ÍdÅaÑ Î Á � Ã,ÀaÒ äw¾

ð ÌYéUé µA³ å&¿mê ± ë,éUÂ.Ã_ñwÂ Î Í3ÒXÃ ì Ò � Í�ÅRÑ Î Á � Ã�ÀRÒ � À`ò ²uóA´�ó Ì ³ôè,è Î ÀRÄ
õ Ì ´�ö ÌYï ä,ä
áTC ¬ ����6X%*)P#�+./Y/Y�J-� :+U2K09-9%*)�#.24 :2b6'#.+�OQ%'��6 CWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC¢àJà
áTCÊÉ ����6X%*)P#W/S#7%*),+.-����Ù2K09-T%')�#.24 :2z6'#.+�Ok%*��6 CWCnCUC�CUCUC�CUC�CUC�CUCnCWCnC Ý É
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=b)�#>2K%H+j6'%* !-PFW5,�J !-9%iBM�J6|%*)� �2i����6'"q�?+�2�c���)�-SZ<��6'�,�1�i)ÙCß��C$%*)P#.2K �2 � =b)�#>�g0T-_+j/Y �O72
�.B[�|)�#7/S :O7+.�9� #.+JOQ%*�J6m2a�? G%*)1�g#o+j%|��-9%*#7FJ6m+j%' !�J- � © ¬ áJá�à$«mC��Þ-q%'),+j%£�b��6'"q)�#X+j-_+j�!09Ü7#.�
+WV,N9#.�Yy,#.�Y !-,�9�,2K%'6* :+.�R+j/Y/S��-� �+W240T-9%*)P#.2K �2z6*#o+�OQ%'��67x��?)P :Om)Yy,#.O7+j/S#A��-,24%m+jyP�!#$C|�g#
�,24#.��%H+jy�����+j%'#.�( !-,�T�_2K%*6' :+.�?��+.%m+¡BM��6n%*)�#t+j/Y/Y�J-� :+Y6'#.+�OQ%' !�J-(6m+.%*#&+J2WBM��-,OQ%' !��-��jB
%'#7/Y5,#76m+.%*��6'#A+.-,�&+j/Y/S��-� �+WOk��-,OQ#h-T%'6m+j%' !�J-^C|��%b :2| !-9%*#76'#.2K%' !-�Fn%*�q/&+."$#X+j-,+.�!0P2K �2b�jB
24%m+jyP !�! G%40��jBÙ%*)�#>+j/S/Y��-� �+g240T-9%*)P#.2K �2a6*#.+JOQ%*�J6| !-1F�#7-�#h6m+j�¥x��,24 !-�Fn�b#7�G��\¥"T-��.�36*#o+�OQ%' !��-
6H+j%*#>#.ã§�_+j%* G��-,2kC|=b)�#AV,6m24%?F���+j�^�jBR%')� :2b5P6*�.È*#.Ok%b�?+J2z%'�12K#7#A ¤B£2K G/Y !��+j6[6'#.2K���G%m2?OQ�J���:�
y,#U��y�%H+j G-�#.�¡�? G%*){+12K%m+.-,��+.6m�¡6H+j%'#W#hNT5�6'#.2*24 !�J-tBM6'��/	�G !%'#76m+.%*��6'#$C
=b)�#{/Y#7%'),+j-��J�X2K09-T%')�#.24 :2q5�6*�9OQ#o2*2r �2YO7+j6'6* G#.�(����%Y G-LV,N9#.�3y�#o��6*#.+JOQ%*�J6r�G !"$#&%*)�#
+./Y/Y��-P :+U2K09-T%')�#.24 :2b6*#o+�OQ%'��6X+j-_�ty,�J%*)<�.B|%*)P#7/	+.6*#U8$#76'0Y24 !/Y G�:+j6hx$#.2K5,#.OQ �+j�G�!0q%*)P#7 !6
�T09-,+./Y :O?y,#7),+78T G��6hC|=b)�#U2K#oOQ��-,�YFJ�$+j�^�.B[%')� :2b����6'"r�s+�2?%*�12K#h#A �B£24 !/Y G�:+j6£��-,2K%H+jy��G#
y,#7),+789 !�J6YOQ�J���:��y,#&BM����-,���_2K !-PF3+�%*)P#7��6' :O7+.�X+j-,+.�!0P2K :21�jBl+�/Y#7%'),+j-P���X2K09-9%*)�#.24 :2
6'#.+�OQ%'��6hC

ÿ����  !�������#" ��
%$&����'(�*)�+-,	�.���/������01���2���43��5�4$
=b),+.%�O�)�#h/Y :O7+.��6'#.+�OQ%'��6H2z24��/Y#h%* !/S#.2�F��U���P%z�.BROQ�J-T%'6*�J�� :2a��#7�!�9"9-��.�?-r%'�W%')��$24#g�?)P�
+.6*#Y6'#.2K5,��-_2K !yP�!#qBM��6�5P�:+j-9%��J5,#76m+.%* !�J-^C{� #.+JOQ%*�J6q24%m+jyP !�! G%40`+j-_�(OQ��-9%*6'����),+78$#ry,#7#7-
+.-d+�OQ%' !8$#U6*#.24#.+j6HO�)f+j6'#.+lBM�J6U2K#h8$#76m+.�R�T#.O7+J�T#.2QC>��-`2K5P !%*#n�jB�%*)P :2Qx, !-_OQ :�T#h-T%H2?2K�,Om)`+J2
6'#.+�OQ%'��6^ G-,2K%H+jy� G�! !%40>2K�J/Y#7%* G/Y#.2��9O7OQ�P6m2� !-lOQ��/S/Y#76mOm :+.�75���+j-9%m2QC£��%^ :2� !/S5��J6*%H+j-9%^%*�?y,#
+.y��!#?%'�A5�6*#o�T :OQ%£2K�_O�)q5�)P#7-���/S#7-,+TxJ+�2[%')�#70U/&+70Uy�#bB¥+.%m+.��%*�U+A5���+j-9%|+j-_��),+jÜ.+.6m�T�J�,2
%'�W%')�#?5���+j-9%[5,#76m24��-�-�#h��C|�[+JO�"$#.�$\�y,#.�U6*#.+JOQ%*�J6m2[/&+70n�T :245��:+70q+A6' :Om)�6m+.-�F�#>�jBÙ2K%'#.+��T0
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2 and Tfcrit=231.2 deg.All parameters are the same, only heat exchanger area A=300 m
Ammonia synthesis reactor:
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Ammonia synthesis reactor:

are taken from industry plant (see Morud and Skogestad, 1993) and Tfcrit=234.8 deg. 
All reactors parameters are the same like mentioned above, only reaction rate values  
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Methanol synthesis reactor:
All reactors parameters are the same, only mc=190 t/hr and mh=200 t/hr-90 t/hr goes  to  
another heat exchanger, then Tfcrit=155.8 deg.
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Methanol synthesis reactor:
All reactor parameters are the same, only inlet methanol concentration c=0.01, then
Tfcrit=155.8 deg.
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I>c @'OUsJf'f>l'lF�dJ@'7�eNs'|^ET|'�F�dJ@'7'fUs'�^ET|'gF�dJ@'7>g?sCe8t_Epf;�Q'� I m?sJf_ET}J9U|w�Q>=6eDs?dJ@'7�e8�UZ H @�5hB'MJ�NgJ� I>c @>O_�Q>=Af>s?dJ@'7'f'�UZ H @�5hB'MJ�NgJ� I>c @>O_�Q>=Jg's?dJ@'7>gJ�UZ H @�5hB'MJ�NgJ� I>c @>O_�WC5DBC5NM's'{'l'l��8@UBJ9>i6XNe6]TZ H @�5hB'M6\C�W's'WC5NBC5DM^�° yDB'MJ9UK I <'MC5>@>BQ'M'sCeY�4A@ I 5Ds+en:[eNl'l'l'lMnXN5J\ksnXN58z�e�\D�NQ'M^�W'WnXN5Y]':h\hs'WF�W HJI 9UQ's'W'� I 5DK c M c <'B>QnXNe6]TW6\h�>Q?Mw�W's'W'�?l^Ept'�6X I 5hK c M c <>B'QnXken]TWC\h� I 5NK c M c <'B'Q6XNen]GW HJI 9>Qa\8\N�DQ?M^�9>B'Q°%± 5DBJ9U< I 5D²'<?MC5D@>BWJi>M'<�i'o>s'W'WYX�tUl'l>l^]':[\6�QJ9'7>M?<'s'l^ETl?lJeY�4A@ I 5DsCen:�Z H @�5DB?MH 9 I M?P I �'s'²�9 I @'i6X�Z H @�5DB>M^][e'\6�H 9 I M?P I �nXN5�\hs>QJ9'7NM'<_�­CeAXC:?][5J\hsnX I 5hK c M c <>B'QnX�l^]TW'i>M?<Ui?o>� H 9 I M'P I �^R[\6Rpz I 5NK c M c <'B>QnX[l_]TWJiNM'<Ji>o'z H 9 I M?P I �^Rh\CRh\D�CXhf>�>QJ9>7>M?<A\a�9>B'Q° �>M'<'M�9jO c < I <JO>M�9 I 5Di>MC5DO'i©@N4 I 9U<JO>MJ@ IWJi'i>s?WJi>M'<Ji?on�9 I'I @ I sCen�WC5DM?s'WJi'i_�³>sC5NB'dnX[­Ce�\A�v c 587?9j9 I?I @ I'´ eYEp9'z>g4JP'BJOUs I 5DK c M c <>B'Q6X[l^]GWC5DMC\6�WC5DM'sYX[WC5DM^R�z>l^E�e8�>³'�N4'P'BJOYRh\aR8�9 I'I @ I s'BJ@ I =wX�4'P'B'O_Rh\C�
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E[eDg?�6\6�K I 5DQF�465DK'P I 96X[|6\i>MJ9 H X[­Cen]T¸F] xF]T�_][en]�en:�eDl'l>l6\6�<'mC58iaX��pl%eDl?l'l¼zAe½ET{'�6\6�K I 5DQF�° �>MJ9><?Q'¹¼iUM'<'MJ9#O c < I <JO>MJ9 I 58iUMJ5>O'i©@N4 I 9><JOUMJ@ I <'B?Q¼9>m�O c <'B'K�9 I4A@ I o>sCen:�{JtP'sJf>l?l'�nXho'zAeJ\h�'t_�9 I'I @ I sCen�v c 587?9j9 I?I @ I'´ eYEp9'zNg4JP'BJOUs I 5DK c M c @ H 9NBJ76X�WC5DMC\6�WC5DM'sYX[WC5DM^R�z>l^E�e8�>³'�N4'P'BJOYRh\aR8�9 I'I @ I s'BJ@ I =wX�4'P'B'OC\6�9>B'Q4wXhoC\ks'WC5DMnX`Z H @�5hB'M6\C�²'²nXhor\hs'P^�9>B'Q465DK'P I 96X[}6\9 H i>s?l^ET|Jf>~�tn�W'l'sJ7A5DBJi H <�O89aXhfNl'l^]Tt'tNl^][ehl'l6\C�WC5DsJ9 H i'�>W'l?�rX8e8z>9 H i�\D�NW>4V�H 7'@>MYX[WC5n]TW?lw]�²'²_]G4n\C�<'mC58iaX���f>l'l©{JtUl�f>l'l%t't>l'�6\a�K I 5DQF�mJ7><'��9'76XCR[yNBU7?9>M©MJ9N= H 9 I <'M'P I 9_]¥465 I i>M#�J9>Q^]-WC5n]#�pQ�9>Kjx?�^Rh\6�¹J7><'��9'76XCR µ P8M�7'9NM,MJ9N= H 9 I <'M'P I 9;]�M c 5 I Q#�J9>Q^]-WJ@_]#��QJ9>K#x'�^Rh\6�
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4JP'BJOUMC58@>B,W HJI 5h=A9Us I 5hK c M c <'B>QnX`Mw]�W6\KJ7'@>�?<J7.=AO�= c x H x H O%��ej�'f%�Ug%Z H @�5DB?M,W>4®ON4�Q>=ae¯Q>=Cf#Q>=Jg%Q'� I m° ¦'<Ji?i©4A7?@>vJi_:=6eDs>=CO>�J��en�=Af>s>=aeD�J�'f_�=Jg's>=Cf>�J�>g^�° xJ@>BJO;E¢5DB%��9>Q+en:O6XNeJ\ksJON4J�'QU=Ae>� I mnX[W6XNe'\6]pOk4n\D�k=6eY�4A@ I 5DsJf_:`eDlO6XN5J\ksJO6XN58zAeJ\[�'Q>=Ce8� I mnX�WnXN5'\6]�OAX858z?eJ\>\D�N=Cen�9>B'Q° �>PJ9>B�O c f;:O�5DBJfUs>=6e8�N=Cf8�?O6XkeDl6\[�J�>f'�N=Jf'�'Ok4V�° xJ@>BJO;E¢5DB%��9>Q�f_:O6XNe'e�\hsJO�5DB�fD�?Q>=Jf'� I mnX�WnXNe>eJ\6]TO�5NBUfr\D�k=AfY�4A@ I 5DsCe8f;:pf>lO6XN5J\ksJO6XN58zAeJ\[�'Q>=Jf'� I mnX�WnXN5'\6]�OAX858z?eJ\>\D�N=Jf_�9>B'Q° �>PJ9>B�O c gF:O�5DB'g?s>=Af'�N=�gU�?O6X[f>l6\[�J�NgJ�N='gJ�'Ok4V�° xJ@>BJO;E¢5DB%��9>Q%g^:O6Xhf�e�\hsJO�5DB?g8�?Q>='gJ� I mnX�WnXhf?eJ\6]TO�5NB8ga\D�k=Jg_�4A@ I 5DsJf'f;:Tg'lO6XN5J\ksJO6XN58zAeJ\[�'Q>='gJ� I mnX�WnXN5'\6]�OAX858z?eJ\>\D�N='g^�9>B'Q° �>PJ9>B�O c eY:WC5DBCeNs>=AO'�N=aek� c m6X[WnX�g'lC\6]TWN4n\h�'��e>�h=ae8�NW>4^�° Q'W'Q'ML5DB%�J9UQ+en:Q'W'Q'MYXNeJ\hsnX�=Ae>�>x H �6X�WC5hBCe8zNWnXNe'\'\k�8QU=6eD� I mnX[W6XNeJ\C]pON46\D�UQ8� I ma\D�CX[Q>=Ce8�>x H OC\C�4A@ I 5DsJf_:`eDlQ'W'Q'MYXN5J\hsnX�=6eD�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=6e8� I mnX�WnXN5'\6]�OAX85kzAeJ\>\D�>Q>� I mC\D�6X�Q>=Ce8�Ux H OC\C�9>B'Q° �>PJ9>B�O c f;:WC5DBJfUs>=6e8�N=Cf8�UWnXkeDl6\[�J�>f'�N=Jf'�>WN4V�° Q'W'Q'ML5DB%�J9UQ�f_:Q'W'Q'MYXNe'eJ\hsYXT=Cf'�Nx H �CX[W�5DBJf>z>WnXke'e�\8\k�'QN=Af>� I m6X[WnXke'eJ\C]pOA5`B�fJ\N�>Q>� I mC\D�6X�Q>=Af>�>x H Or\A�4A@ I 5DsCe8f;:pf>lQ'W'Q'MYXN5J\hsnX�=Af>�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=Af'� I mnX�WnXN5'\6]�OAX85kzAeJ\>\D�>Q>� I mC\D�6X�Q>=Jf'�Ux H OC\C�9>B'Q° �>PJ9>B�O c gF:WC5DB'g?s>=Af'�N=�gU�UWnX[f>l6\[�J�NgJ�N='gJ�>WN4V�° Q'W'Q'ML5DB%�J9UQ%g^:Q'W'Q'MYXhf�eJ\hsYXT=�gJ�Nx H �CX[W�5DB'g'z>WnX[f�e�\8\k�'QN=Jg'� I m6X[WnX[f�eJ\C]pOA5`B?gA\N�>Q>� I mC\D�6X�Q>=Jg'�>x H Or\A�4A@ I 5DsJf'f;:Tg'lQ'W'Q'MYXN5J\hsnX�=Jg'�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=JgJ� I mnX�WnXN5'\6]�OAX85kzAeJ\>\D�>Q>� I mC\D�6X�Q>='gJ�Ux H OC\C�9>B'QW HJI 5k=A9>s'Q'W?Q8MF�WC5DB's c mnX[WnX`Z H @�5hB'M6\C]TWN4n\6�
46587'9;: I 5NK c M c @ H 9>B'7_Eu=
4JP'BJOUMC58@>B,W HJI 5h=A9Us I 5hK c M c @ H 9>B�7AX`W6\KJ7'@>�?<J7.=AO�= c x H x H O%��ej�'f%�Ug%Z H @�5DB?M,W>4®ON4�Q>=ae¯Q>=Cf#Q>=Jg%Q'� I mZ'�J9>QreDs'Z H @A5`B?MJ�Ng^�Z'�J9>Q�f>sJf'�>Z?�U9UQCe6�Z'�J9>Q?g's'Z H @A5`B?M^�° ¦'<Ji?i©4A7?@>v^:=6eDs>=CO>�J��en�=Af>s>=aeD�J�'f_�
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I eNs'ÉnX[{6\N� H O>@'f>� H'c f'�6Xke8z H8c f'@>� H O c g'@ c �CX[É'l'� H?c f?�8�UgJ� H O'@>fC\'\I fUsnXNeD�'ÉYX[g6\h� H>c f'@>� H'c f>�?ÉrX8eJ\h�'iNº I M6X H'c fC\h�>ÉnXkfJ\N� H?c f>@C\D�>�>gO�=A@'7'�Uq'KJO><'M��'i
I s I e8� I fx%q'KJ�>q?KJO><'MJ�?i= I m's I �>g�f_Ep�?eDl>l'l^E9>B?Q

46587'9;:/= c m^EG4
I 9U<J7©4�P'BJO>MC5>@>B©= c mYX[WJ@C\5DB�O'7>P'QJ9SRG=JQJ9'O?7>< I EG4^RI 9U<J7,W�@_]-¬J­^]3O'i>M'< I ]�B?M'P^]39 H i_]3�_]3WC5¬J­?sJt't>l^E��>g'�>l^EO'iUM'< I s>=CO'�N= cB'M?P's>¬J­J�aX�=AO>�>x H \9 H i>snXNe8z?9>m H XhzNB'M'P'�6XNeDz'O?iDM?< I \'\>\D�6Xke8z'O>i>M'< I �?9Dm H Xkz>B>M'PJ�CXNe8z>O'i>M>< I \'\?\�>s�9 H i'�N=CO'�>x H �CX[WJ@>z>W>46\WC5Ns'W>4J�J�?�6X�=JO'�Nx H \= c m's'WC59>B?Q

46587'9;:/=A9UM c <'BJ@?7_EG=
O'7'9>< I <J7?7KJ7'@>�?<J7.=AO�= c x H x H O%��ej�'f%�Ug��>{jZ H @�5DB'M#W>4®ON4�QU=6e¯QU=Af#Q>=Jg%Q>=�{jQ'� I mjP=AO>sCeN~'lJ��eDl?l8l��>g>|'l'l_�= c sJfU~'lJ��eDl?l8l��>g>|'l'l_�x H O>sre'eDl'l^���eDs'{?lJ��eDl'l?lU�Ug'|>l'l^��'f>s'g?lJ��eDl'l?lU�Ug'|>l'l^�
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�>g'sJfUlJ��eDl'l?lU�Ug'|>l'l^��>{'sCeNlJ��eDl'l?lU�Ug'|>l'l^�Z H @�5NB'M's'{'lF�ON4Js'lFETl'l'g^�
I>c @'OUsCe'e8t>lF�dJ@'7�eNsCe8t_�dJ@'7'fUsJf't_�dJ@'7>g?s'gJt_�dJ@'7>{?sJt>l^�Q>=6eDs?dJ@'7�e8�UZ H @�5hB'MJ�N{J� I>c @>O_�Q>=Af>s?dJ@'7'f'�UZ H @�5hB'MJ�N{J� I>c @>O_�Q>=Jg's?dJ@'7>gJ�UZ H @�5hB'MJ�N{J� I>c @>O_�Q>=J{'s?dJ@'7>{J�UZ H @�5hB'MJ�N{J� I>c @>O_�x H s'g?g'l'l^�Q'� I m?sJt'9>}^�W>4JsCeNg'}^ET~^�WC5DBC5NM'sJf>}'l��8@UBJ9>i6XNe6]TZ H @�5hB'M6\C�W's'WC5NBC5DM^�° yDB'MJ9UK I <'MC5>@>BQ'M'sCeY�4A@ I 5Ds+en:[eNl'l'l'lMnXN5J\ksnXN58z�e�\D�NQ'M^�W'WnXN5Y]':h\hs'WF�W HJI 9UQ's'W'�>= I 5hK c M c <>B'QnXken]TWC\D�UQ8MF�W's'W'�?l^Ept'�6X�= I 5DK c M c <'B'Q6XNen]GW6\k�D= I 5hK c M c <>B'QnXken]TW HJI 9DQa\8\N�>Q>M^�°'± 5DB�9>< I 5D²?<8Mr58@NBWJi>M'<�i'o>s'W'WYX�tUl'l>l^]':[\6�QJ9'7>M?<'s'l^ETl?lJeY�4A@ I 5DsCen:�Z H @�5DB?MH 9 I M?P I �'s'²�9 I @'i6X�Z H @�5DB>M^][e'\6�H 9 I M?P I �nXN5�\hs>QJ9'7NM'<_�­CeAXC:?][5J\hsnX�= I 5DK c M c <'B'Q6X[l^]GWJiUM8<�i'oN� H 9 I M>P I �_Rh\6RTzN= I 5NK c M c <'B'Q6X[l^]GWJi>M><Ji>o'z H 9 I M>P I �_Rh\6R[\D�CXhf'�NQJ9?7DM?<6\C�9>B'Q° �>M'<'M�9jO c < I <JO>M�9 I 5Di>MC5DO'i©@N4 I 9U<JO>MJ@ IWJi'i>s?WJi>M'<Ji?on�9 I'I @ I sCen�WC5DM?s'WJi'i_�³>sC5NB'dnX[­Ce�\A�v c 587?9j9 I?I @ I'´ eYEp9'z>g4JP'BJOUs>= I 5DK c M c <'B>QnX[l_]TWC5hM6\a�WC5DM'sYX[WC5DM^R�z>l^E�e1�'³'�N4JP?BJO_Rh\6R?�9 I'I @ I s'BJ@ I =wX�4'P'B'O_Rh\C�9>B'QP's>= c mnX[WC5DMYXpZ H @?5DB'MC\6]GW>4n\C�P'l's'PF�BJ@ I =_X�= I 5DK c M c @ H 9>B'76X�WC5DMC\'\6�9>B'Q°�µ H 9>B%7'@'@ HWJi>M'<�i'o>s'WC5NMw�QJ9'7>M?<'s'l^ETl?lJeY�4A@ I 5DsCen:�Z H @�5DB?MH 9 I M?P I �'s'²�9 I @'i6X�Z H @�5DB>M^][e'\6�H 9 I M?P I �nXN5�\hs>QJ9'7NM'<_�­CeAXC:?][5J\hsnX�= I 5DK c M c @ H 9NBJ76X�WJiUM8<�i'oN� H 9 I M>P I �_Rh\6RTzN= I 5NK c M c @ H 9NBJ76X�WJi>M><Ji>o'z H 9 I M>P I �_Rh\6R[\D�CXhf'�NQJ9?7DM?<6\C�59>B'QP's'P'l�z>QJ9'7>M?<w�¶'s>= I 5DK c M c @ H 9>B'76X[W'i>M><Ji'o�\6�P's'P'l?�'QJ9'7>M?<w�·'s>= I 5DK c M c @ H 9>B'76X[W'i>M><Ji'o�\6�P's'P'lF�¸'snX[·�z>¶6\D�6Xkf8�UQJ9>7>M'<C\6�
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¸nXhf_:�Z H @�5DB?MA\ks'l'�>¸nX[f_:GZ H @?5DB'MC\6�¸'s'¸^R?��'s'²J9 I @'i6XNeY] Z H @?5DB'MC\6�x's'�^�xnX[Z H @�5DB'M6\ksJeY��'s'l^�° �J7'@>M?MC5DB'K@N=JsJ7?@>KJi H <�O89aXhzN{^]p7>@>K�eDlnX�l^ETl>{6\a]peNl'lC\6�@N=Af>s�7'@>KJi H <UO?96X[z>{^]Tf_]G}'l'lC\6�465DK'P I 96X[g6\�J@>QJ9aX[­Cen]T¸F] xF]T�_][en]T@N=6\6�465DK'P I 96X[{6\B'¹'º'Pr58i>MnX[­rer]�¸^]Gx^]T�_][e6]p@N=JfC\6�K I 5DQF�<'mC58iaX���z'f_E/fLz'f_Ept#f_Ept>�a\6�K I 5DQF�465DK'P I 96XhtC\I 7'@'OUPJi6X[­CeY]�zU¸^]Gx^]T�C\6�<'mC58iaX���z_Epf+ETl?g�z_E[e'e�E[e'eD�a\6�465DK'P I 96X[|6\i>MJ9 H X[­Cen]T¸F] xF]T�_][en]�en:�eDl'l>l6\6�<'mC58iaX��pl%eDl?l'l¼zAenEptÊET{'�6\6�K I 5DQF�
46587'9;:/= I 5DK c M c <'B'Q_EG=
4JP'BJOUMC58@>B,W HJI 5h=A9Us>= I 5DK c M c <>B'QYXpMF]TWC\KJ7'@>�?<J7.=AO�= c x H x H O%��ej�'f%�Ug��>{jZ H @�5DB'M#W>4®ON4�QU=6e¯QU=Af#Q>=Jg%Q>=�{jQ'� I m° ¦'<Ji?i©4A7?@>vJi_:=6eDs>=CO>�J��en�=Af>s>=aeD�J�'f_�=Jg's>=Cf>�J�>g^�=J{'s>=�g'�J�>{^�Z'�'s'Z H @�5DB'M��D{F�° xJ@>BJO;E¢5DB%��9>Q+en:O6XNeJ\ksJON4J�'QU=Ae>�N= I mnX�WnXkeJ\6]TON4n\h�N=aer�4A@ I 5DsJf_:NX[Z'�6\O6XN5J\ksJO6XN58zAeJ\[�'Q>=Ce8�k= I m6X[WnXk5J\a]�OaXN5Dz�e'\'\D�k=6en�9>B'Q° �>PJ9>B�O c f_:O�5DBJfUs>=6e8�N=Cf8�?O6X�Z'�6\[�J�>f'�N=Jf'�'Ok4V�° xJ@>BJO;E¢5DB%��9>Q�fO6X[Z'�?�CeJ\hsJOA5`B�f>�>Q>=Af>�N= I mnX�WnX[Z>�'�reU\a]pO?5DB'fC\D�k=Af_�4A@ I 5DsnX[Z?�'�JfC\6:NXhf'�NZ'�C\O6XN5J\ksJO6XN58zAeJ\[�'Q>=Jf'�k= I m6X[WnXk5J\a]�OaXN5Dz�e'\'\D�k=Af_�9>B'Q° �>PJ9>B�O c gF:O�5DB'g?s>=Af'�N=�gU�?O6X[f'�>Z>�6\[�J�>g'�N=Jg'�'O84;�° xJ@>BJO;E¢5DB%��9>Q%gO6Xhf'�UZ'�'�CeJ\ksUOA5DB>g'�'QN=Jg'�N= I mnX[W6Xhf?�DZ?�'��eJ\C]pO�5hB'g6\h�N=Jg_�4A@ I 5DsnXhf?�>Z'�'�Jfr\6:DX�gJ�NZ'�6\O6XN5J\ksJO6XN58zAeJ\h�>Q>='gJ�N= I mnX�WnX85U\a]pOCXN5Dz�eJ\>\D�N='g^�9>B'Q° �>PJ9>B�O c {F:O�5DB'{?s>=JgJ�N=�{U�?O6X�gJ�>Z>�6\[�J�>{'�N=J{'�'O84;�° xJ@>BJO;EÁ5NB%�J9>Q#{O6X[gJ�UZ'�'�CeJ\ksUOA5DB>{'�'QN=J{'�N= I mnX[W6X[g��DZ?�'��eJ\C]pO�5hB'{6\h�N=J{_�4A@ I 5DsnX[g��>Z'�'�Jfr\6:TZ H @?5DB'MO6XN5J\ksJO6XN58zAeJ\h�>Q>='{J�N= I mnX�WnX85U\a]pOCXN5Dz�eJ\>\D�N='{^�9>B'Q° �>PJ9>B�O c eY:WC5DBCeNs>=AO'�N=aek�8= c mnX[W6X[Z H @�5hB'M6\C]TWU4r\k�J�?e8�k=6e8�NW>4V�
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° Q'W'Q'ML5DB%�J9UQ+en:Q'W'Q'MYXNeJ\hsnX�=Ae>�>x H �6X�WC5hBCe8zNWnXNe'\'\k�8QU=6eD�N= I mnX�WnXNe'\6]pOk4n\N�DQ?� I m6\h�6X[QN=6e8�Nx H O�\6�4A@ I 5DsJf_:�Z'�Q'W'Q'MYXN5J\hsnX�=6eD�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=6e8�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=6e>�Dx H O�\6�9>B'Q° �>PJ9>B�O c f;:WC5DBJfUs>=6e8�N=Cf8�UWnX�Z'�6\[�J�>f'�N=Jf'�>WN4V�° Q'W'Q'ML5DB%�J9UQ�f_:Q'W'Q'MYX[Z'�'�Ce�\�sYX�=Jf'�>x H �CX[WC5hBJf'zNWnX`Z8�?�Ce'\'\[�'Q>=Jf'�N= I mnX�WnX`Z8�?�Je�\6]TO�5DB'fC\D�NQ'� I m6\h�6X`QD=Cf'�Nx H O�\6�4A@ I 5Ds'Z'�?�Jf_:pf'�UZ'�Q'W'Q'MYXN5J\hsnX�=Af>�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=Af'�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=Af?�Dx H O�\6�9>B'Q° �>PJ9>B�O c gF:WC5DB'g?s>=Af'�N=�gU�UWnX[f'�>Z>�6\[�J�>g'�N=Jg'�>WU4;�° Q'W'Q'ML5DB%�J9UQ%g^:Q'W'Q'MYXhf'�>Z'�?�Je�\hs6X�=Jg'�>x H �6X�WC5DB>gJzUWrXkf'�NZ'�>�CeJ\>\h�'QN=JgJ�k= I mrX`WrXkf'�NZ'�'��eJ\6]TO�5DB>g6\h�>Q?� I m6\h�6X[QN=JgJ�Nx H OC\6�4A@ I 5DsJf'�UZ'�'�Jf_:�gJ�>Z>�Q'W'Q'MYXN5J\hsnX�=Jg'�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=JgJ�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=Jg��Dx H O�\6�9>B'Q° �>PJ9>B�O c {F:WC5DB'{?s>=JgJ�N=�{U�UWnX�gJ�>Z>�6\[�J�>{'�N=J{'�>WU4;�° Q'W'Q'ML5DB%�J9UQ%{^:Q'W'Q'MYX[gJ�>Z'�?�Je�\hs6X�=J{'�>x H �6X�WC5DB>{JzUWrX`gJ�NZ'�>�CeJ\>\h�'QN=J{J�k= I mrX`WrX`gJ�NZ'�'��eJ\6]TO�5DB>{6\h�>Q?� I m6\h�6X[QN=J{J�Nx H OC\6�4A@ I 5Ds'gJ�UZ'�'�Jf_:�Z H @?5DB>MQ'W'Q'MYXN5J\hsnX�=J{'�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=J{J�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=J{��Dx H O�\6�9>B'QW HJI 5k=A9>s'Q'W?Q8MF�
46587'9;:/= I 5DK c M c @ H 9NBJ7YEG=
4JP'BJOUMC58@>B,W HJI 5h=A9Us>= I 5DK c M c @ H 9UBU7aX[WC\KJ7'@>�?<J7.=AO�= c x H x H O%��ej�'f%�Ug��>{jZ H @�5DB'M#W>4®ON4�QU=6e¯QU=Af#Q>=Jg%Q>=�{jQ'� I mjPZ'�J9>QreDs'Z H @A5`B?MJ�N{^�Z'�J9>Q�f>sJf'�>Z?�U9UQCe6�Z'�J9>Q?g's'gJ�>Z?�U9UQCe6�Z'�J9>Q?{'s'Z H @A5`B?M^�° 4A7'@UvJi_:=6eDs>=CO>�J��en�=Af>s>=aeD�J�'f_�=Jg's>=Cf>�J�>g^�=J{'s>=�g'�J�>{^�° xJ@>B�O_E35DB%�J9UQ+en:O6XNeJ\ksJON4J�'QU=Ae>�N= I mnX�WnXkeJ\6]TON4n\h�N=aer�4A@ I 5DsJf_:�Z'�J9>QCeO6XN5J\ksJO6XN58zAeJ\[�'Q>=Ce8�k= I m6X[WnXk5J\a]�OaXN5Dz�e'\'\D�k=6en�9>B'Q° �>PJ9>B�O c f_:O�5DBJfUs>=6e8�N=Cf8�?O6X�Z'�J9NQCe'\h�J�>f'�N=Jf'�?Oh4b�° xJ@>B�O_E35DB%�J9UQ�f_:O6X[Z'��9>QCeD�Ce�\�s�O�5hBJf>�>Q>=Jf'�N= I mnX�WnX`Z8��9>Q�eD��eJ\6]TO�5DB'fC\D�k=Af;�4A@ I 5Ds'Z'��9>QCeD�Jf;:TZ'�'9>Q'fO6XN5J\ksJO6XN58zAeJ\[�'Q>=Jf'�k= I m6X[WnXk5J\a]�OaXN5Dz�e'\'\D�k=Af_�9>B'Q° �>PJ9>B�O c gF:O�5DB'g?s>=Af'�N=�gU�?O6X�Z'�J9NQJf�\h�J�NgJ�N='gJ�?Oh4b�° xJ@>B�O_E35DB%�J9UQ%g^:O6X[Z'��9>QJf>�Ce�\�s�O�5hB'g'�>Q>='gJ�N= I mnX�WnX`Z8��9>Q'f>��eJ\6]TO�5DB>g6\D�k=JgF�4A@ I 5Ds'Z'��9>QJf>�Jf;:TZ'�'9>Q>gO6XN5J\ksJO6XN58zAeJ\[�'Q>='gJ�k= I m6X[WnXk5J\a]�OaXN5Dz�e'\'\D�k=Jg^�9>B'Q° �>PJ9>B�O c {F:O�5DB'{?s>=JgJ�N=�{U�?O6X�Z'�J9NQ'gC\h�J�N{J�N='{J�?Oh4b�
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° xJ@>B�O_E35DB%�J9UQ%{^:O6X[Z'��9>Q'g'�Ce�\�s�O�5hB'{'�>Q>='{J�N= I mnX�WnX`Z8��9>Q>g'��eJ\6]TO�5DB>{6\D�k=J{F�4A@ I 5Ds'Z'��9>Q'g'�Jf;:TZ'�'9>Q>{O6XN5J\ksJO6XN58zAeJ\[�'Q>='{J�k= I m6X[WnXk5J\a]�OaXN5Dz�e'\'\D�k=J{^�9>B'Q° �>PJ9>B�O c eY:WC5DBCeNs>=AO'�N=aek�UP'�'��e8�k=6eD�>W>4^�° Q'W'Q'ML5DB%�J9UQ+en:Q'W'Q'MYXNeJ\hsnX�=Ae>�>x H �6X�WC5hBCe8zNWnXNe'\'\k�8QU=6eD�N= I mnX�WnXNe'\6]pOk4n\N�DQ?� I m6\h�6X[QN=6e8�Nx H O�\6�4A@ I 5DsJf_:�Z'�J9>QCeQ'W'Q'MYXN5J\hsnX�=6eD�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=6e8�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=6e>�Dx H O�\6�9>B'Q° �>PJ9>B�O c f;:WC5DBJfUs>=6e8�N=Cf8�UWnX�Z'�J9NQCe'\h�J�>f'�N=Jf'�UWD4b�° Q'W'Q'ML5DB%�J9UQ�f_:Q'W'Q'MYX[Z'�J9>Qre`�reJ\[snX�=Jf'�Nx H �CX[WC5hBJf?zDWYX[Z>�J9NQCeD��eJ\'\[�'Q>=Jf'�8= I mrX`WnX�Z'�J9NQCeD��eJ\6]TO�5hBJfr\`�UQ'� I m6\h�6X[QN=Af>�>x H OC\a�4A@ I 5Ds'Z'��9>QCeD�Jf;:TZ'�'9>Q'fQ'W'Q'MYXN5J\hsnX�=Af>�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=Af'�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=Af?�Dx H O�\6�9>B'Q° �>PJ9>B�O c gF:WC5DB'g?s>=Af'�N=�gU�UWnX�Z'�J9NQJf�\h�J�NgJ�N='gJ�UWD4b�° Q'W'Q'ML5DB%�J9UQ%g^:Q'W'Q'MYX[Z'�J9>Q�fD�reJ\[snX�='gJ�Nx H �CX[WC5hB'g�zDWYX[Z>�J9NQJf>��eJ\'\[�'Q>='gJ�8= I mrX`WnX�Z'�J9NQJf>��eJ\6]TO�5hB'ga\`�UQ'� I m6\h�6X[QN=Jg'�>x H OC\a�4A@ I 5Ds'Z'��9>QJf>�Jf;:TZ'�'9>Q>gQ'W'Q'MYXN5J\hsnX�=Jg'�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=JgJ�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=Jg��Dx H O�\6�9>B'Q° �>PJ9>B�O c {F:WC5DB'{?s>=JgJ�N=�{U�UWnX�Z'�J9NQ'gC\h�J�N{J�N='{J�UWD4b�° Q'W'Q'ML5DB%�J9UQ%{^:Q'W'Q'MYX[Z'�J9>Q?g8�reJ\[snX�='{J�Nx H �CX[WC5hB'{�zDWYX[Z>�J9NQ'g'��eJ\'\[�'Q>='{J�8= I mrX`WnX�Z'�J9NQ'g'��eJ\6]TO�5hB'{a\`�UQ'� I m6\h�6X[QN=J{'�>x H OC\a�4A@ I 5Ds'Z'��9>Q'g'�Jf;:TZ'�'9>Q>{Q'W'Q'MYXN5J\hsnX�=J{'�>x H �6X�WnXN5Dz�eJ\hz>WYXh5�\'\[�'QN=J{J�k= I m6X[WnXk5J\a]�OaXh5>z�e'\'\D�NQ'� I m6\D�CX[QN=J{��Dx H O�\6�9>B'QW HJI 5k=A9>s'Q'W?Q8MF�
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