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giaj\]^�¹wZ�^i��giZ�g�ZN\7���]Z9�]Z9�]{ 
V\]Ykg�bkZ�^�W�ac\]��Y[eDY[ac\]^ªac}�eDY[¹°h~bkZ�^å�]Z§¹wZ�^��]giZ~PV_`\]^i��Y[eDZ~ï�\]aj�]^
{Nei�]�]Y[Z�giaj\]^p^DhHW�ac¹w}Vh~eiYk�]Y[bkY[ei{ßh0�jZ�WTb
� Z�\|��Ykg�ac\]\]ZN¹×ZN\*eß¹×hjôc\]{feDY[´���ZjP

d§hj\]^³b±hC��Z��4dXYkâN¹×Z�}Vhjg�eiYkZ~ï�\�ac�]^�{feD�]�]Y[Z�g�ac\]^��]\5¹×a0çcZN\=�]Z 
Vb eDg�Z�g³}]hjg³ôcgihj�]Y[ac¹×{feDg�YkZ
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W�Zl�]g��]Y[ep¹×hjôc\�{NeDY[´*�]Zlhj¹��]Ykhj\|e�´*�]Y�^���h,�c{NgiZ5ZN\?ôj{�\]{NgDhjböeigiac}"{�b[ZN�j{jP
ë�hêeDg�acYk^�YkâN¹×ZK}Vh~g�eDY[Z"�]Z?WNZ2gihj}]}(acg�ew^iZNgDhêW�ac\]^ihjW�g�{�Z eob±hF¹wYk^iZ"ZN\ a�Z�����giZ��ö� �]\

^�ç�^èeDâ�¹wZBe×U��lOßmídJ��Wjï¬\]ajeDhj¹×¹wZ�\|eph~��^�Z�Y[\?�]�"eD���£Z�e=ô|h"#9}]��bk^i{~P
_`\�
V\öï�hj�H���°�]ZN^ªg�{�^i��b[e�h�eD^y}]gi{NW�{N�]Z�\|eD^NïX\�ac�]^ªhj�£ajgi�]ZNgiac\]^y�Vh~\]^ªbkh§�]Z�g�\]YkâNgiZß}VhjgèeDYkZ

bkZN^×¹wZ�^��]giZN^°WNac\]W�g�âNeiZ�^7�]Z?^iY[ôc\Vhj�4d ¹×hjôc\�{NeDY[´*�]Z�^wW,hjg��]Y±h~´���Z�^�ïå\]ajeDhj¹w¹×ZN\*ew}Vh~g×�]ZN^
^�ç�^èeDâ�¹wZ�^åôcgihj�]Ykaj¹×{feDgiY[´*�]Z�^ eTU��9OCmíd �]WpZNe�e �V�4d*õ ôch~eDZN^_e9áVhj�XeDZp^iZN\]^iY[�]Ykb[Y[eD{~ïjWNac¹×}�bk{fõ
eD{N^ª}]hjgª��Z�^�¹wa0çcZN\]^ª��ZßeigDhjY eDZ�¹wZ�\|eå�]�×^iYkôj\VhjbVZ�\weDZN¹×}]^ågi{NZ�bJeQb���h~Yk�]Z��ö� �]\×}]gia�W�ZN^i^iZN�]g
�]Zl^iY[ôc\VhjbA\���¹×{NgiYk´*�]Z µ d9U�zå»fP
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 I 'X+"!$)�'<1�!$#&%�')(+*,(-'/.(!$/|-�#10�!�'2#3'])�1$#1'/0�!$' 4
�cP � ë�Z9^iYkôj\Vhjbö¹×hjôc\]{feDY[´���Z9W,hjg��]Y±hj´*�]Z PTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP �0�

�cP �cP[� ë�h=¹w{�W,h~\]Yk´*�]Z9W�hjgi�]Ykhj´*�]Z PTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP �0�
�cP �cP�� _`b[Z�WNeigiac}�á*ç�^�Ykacb[acôcYkZC�]��W�a�Z��]g PQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �

�cP �cP�¸ ë�h=¹×hjôc\]{feDa~õ W,hjg��]YkacôjgDhj}]á�YkZÔPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �
�cP �cP � n�aX�]{NbkY[^Dh~eiYkac\7���?WNaXZN�]g PQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP �j�
�cP �cP5� ã§}�eiYk¹wYk^ih~eDY[ac\°�]Zlbkh�¹×ZN^i�]g�Z PlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �
�cP �cP � _ �£ZNeß�]Zlb
� Yk\|ei{�ôcgih~eDY[ac\7^i��gßbkh�^i�]gèð©hjW�Zl�]��W,h~}�eDZN�]g PTPTPTPQPTPQP ¸|�
�cP �cP � ó�aj\]W�b[�]^iY[ac\?PTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP ¸ �

�cP�� ë`��ZN\*��Y[giac\]\�Z�¹wZ�\|eß¹°hjôj\]{NeiYk´*�]Z=PTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP ¸��
�cP��XP[� ë�Z9\]Y �cZ�hj�?¹×hjôc\�{NeDY[´*�]Zlhj¹��]Ykhj\|e�PTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP ¸��
�cP��XP�� ë�ZN^<W�áVhj¹w}]^<�ö� Yk\]�]��WNeDY[ac\ ¹×hjôc\]{feDYk´*�]Z W�gi{N{�^F}Vhjg2bkZ�^2bkYkôj\]Z�^

{NbkZNWNeDg�Yk´*�]ZN^êPTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �
�cP��XP�¸ ë�ZN^ß^�ac�]g�W�Z�^ßbka�W,h~bkYk^�{�ZN^ PTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �

�cP��XP � ë�ZN^ß}(Z�gèeD�]g��Vh~eiYkac\]^�ôj{�ac¹×hjôc\]{feDY[´���Z�^°PTPTPQPTPQPTPTPTPTPTPQPTPQP �X�
�cP��XP5� ë�ZN^T��Yk��gDh~eiYkac\]^9���oW�hj}�eDZN�]gT�Vhj\]^lbkZHW�áVh~¹×}ê¹°h~ôc\]{NeiYk´*�]Z=eDZNgèõ

g�Z�^èeDgiZ PTPTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP �j¸
�cP��XP � ó�aj\]W�b[�]^iY[ac\?PTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �
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�XP � ë�Z�^pôcgDh~�]Ykac¹wâNeigiZN^�Yk�]{�hj�4d PQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �

�XP �cP[� z`g�{�^iZN\|e�h~eiYkac\�ôc{�\�{�gDh~bkZ<PTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �
�XP �cP�� dC{N�cZNbkac}�}£ZN¹×ZN\*eßZN\?^�{�giY[Zl�]Zlà³h,ç�bkacg PTPTPQPTPQPTPTPTPTPTPQPTPQP � ¸
�XP �cP�¸ _ �£ZNe`����ôcgDh~�]Ykac¹wâNeigiZå^i�]g³b±hC¹wZ�^��]giZ��ö����\=W�áVhj¹w}�¹°h~ôc\]{NeiYk´*�]Z

��ac\|e"b±h g�{�}VhjgèeDY eDYkaj\ ^i}Vh�eDY±h~bkZéZN^�e"�]ZFb±hêð&acgi¹wZ�� �	��
 µ
� gi{NZ�b
^èeDg�YkWNeiZ�¹wZ�\|ep}(ac^iY eDY[ðD» PTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �

�XP �cP � ó�aj\]W�b[�]^iY[ac\K�XY[^èõ#e�õ ��Yk^��]Zlb±h�¹×hjôc\]{feDa~õ W,hjg��]YkacôjgDhj}]á�YkZ PTPQPTPQP �X�
�XP�� � gihj�]Y[ac¹×âfeDg�Z�^�g�{�Z�b[^��]��}]giZN¹×Y[Z�g�acg��]giZCPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP �X�

�XP��XP[� dCY��£{�giZN\|eD^�e ç�}£ZN^C�]Zlôcgihj�]Y[ac¹×âfeDg�Z�^��]��}]g�Z�¹wYkZ�g�ajgi�]g�Z PTPQPTPQP �c�
�XP��XP�� _ �£ZNel�ö� �]\]Z=^��]g�ð©h~W�Z=�]Z=W�hj}�eD��giZ=\]ac\F\*�]b[bkZ�^��]g9b±h°¹wZ�^��]giZ=���

�]�4d"¹×hjôc\]{feDYk´*�]ZFPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP � �

�XP��XP�¸ _ �£ZNeß�]ZN^ßZNgig�Z��]g�^Côc{Nac¹w{NeDg�Yk´*�]ZN^�^i�]gpb±h=¹wZ�^��]giZl�]��ôcgDh~�]YkZN\*e P �"!
�XP�¸ n?a��]Z9W�ac¹w¹��]\"ZfeCôjgDhj�]Y[ac¹wâNeDg�Z§�]��}]giZN¹×Y[Z�g�ajgi�]g�ZÙPQPTPTPTPTPTPQPTPQP ! �

�XP�¸�P[� _ �£ZNeß�]��¹×a��]Z§WNac¹w¹��]\"^i�]gpbkhH^�acg�eiYkZ9�]��ôcgihj�]Ykaj¹×âfeDgiZ2PQPTPQP ! �

�XP�¸�P�� ñßY[�jZ,hj�"�]Zl¹waX�]Z9WNac¹w¹��]\"giZN´���Yk^uPQPTPTPQPTPQPTPTPTPTPTPQPTPQP ! !
�XP�¸�P�¸ ó�aj¹×}(Z�\]^ih~eDY[ac\K�]��¹×a��]Z9WNac¹×¹5�]\ PTPTPQPTPQPTPTPTPTPTPQPTPQP ºc�

�XP � Sß{�hjbkY[^Dh~eiYkac\×�ö� �]\2ôcgihj�]Y[ac¹×âfeDg�Z PQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQP º��
�XP � P[� � gDh~�]Ykac¹wâNeigiZCáVhjgi����hjg�Z�²¬ôc{�\�{�gDh~bkY[ei{�^ PTPQPTPQPTPTPTPTPTPQPTPQP º|�
�XP � P�� ë�ZN^ßôjgDhj�]Y[ac¹wâNeDg�Z�^�á]hjgi����hjg�ZQ}]bkhj\VhjY[giZN^��]��}]giZN¹×Y[Z�g�acg��]giZlPTPQP º �

�XP � P�¸ n�aX�]Zéó�ac¹w¹��]\ Y[\|eDZ�gè�cZN\Vhj\|eKbkajgi^w�]Z2bkhêb[Z�WNei�]giZ?�]���V�+d �]Z
^�acg�eiYkZ9�ö� �]\"eDgihj\]^�ð&ajgi¹×h~eDZN�]g��]Z��V�4d PTPTPQPTPQPTPTPTPTPTPQPTPQP º �

�XP � P � � gDh~�]Ykac¹wâNeigiZC^iajð.e���hjgiZ³²(ôj{�\]{NgDhjb[Y[eD{N^oPTPTPQPTPQPTPTPTPTPTPQPTPQP º��
�XP � P5� U�Z��]Y[bö�]Zl�]{NeiZ�WfeDYkaj\?�ö� �]\�ôcgDh~�]Ykac¹wâNeigiZ§^�ajð.e���hjgiZ PTPTPTPTPQPTPQP ºcº
�XP � P � ó�ajá]{�g�Z�\]WNZQZN\*eigiZTbkZN^��]Z��4d�¹×hjôc\�{NeDaj¹×âfeDgiZN^ PQPTPTPTPTPTPQPTPQPu�0�j�

�XP � ó�ac\]WNbk�]^�Ykac\êPQPTPTPTPTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu�0�j¸
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� I '/.(!$/|- � (��|-0)�'�� >��  M�L # �(!£-0#�!�!  �� �
¸�P � ë�ZTU��9OCmíd ��WÕPTPTPTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu�0� �

¸�P �cP[� m \|eigia��]�]WNeiYkac\)e=\]ac^p¹×h~eD{NgiYkhj�4d°^i�]}]gihjW�aj\]�]�]WfeDZ���gi^ PTPTPQPTPQPu�0� �
¸�P �cP�� ë�ZN^���aj\]WNeiYkac\]^ßæjaj^iZ�}�á]^iac\ µ æ|æ|»lPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu�0� �
¸�P �cP�¸ dCZ�^iWNgiY[}�eDY[ac\"�]�éU��lOßmídJ��W PlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu�c�j�
¸�P �cP � äªgi�]Y e��]Z�^ß�]Y[^i}(ac^iY eDY[ð&^ e×U��lOßmídJ��W PTPTPQPTPQPTPTPTPTPTPQPTPQPu�c� �

¸�P�� ã§}�eDY[¹×Y[^Dh~eiYkac\×�]�éU��lOßmídJ��WTWNac¹w¹×Z§¹×hjôc\�{NeDaj¹×âfeDgiZ PTPTPTPTPTPQPTPQPu�c�,º
¸�P��XP[� Sßhj}]}(Z�bA�]Z�^ßgi{N^i�]b e�h~ei^�}£ac��gß��\éU��9OßmídJ�]Wl\]aj\�WNac�]}]b[{ PQPTPQPu�c�,º
¸�P��XP�� ë�ZªU��9OCmíd �]W�epWNac�]}]bkhjôcZy�]Y[giZ�Wfe$ZNe$ac}�eiYk¹wYk^Dh�eDYkaj\§�]Zåb±h�^i��g�ð©hjWNZ

��ZTW�hj}�ei�]giZ PTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu���~�
¸�P��XP�¸ ã§}�eiYk¹wYk^ih~eDY[ac\?��Z
	��
 }£aj�]g9�]\oU��9OCmíd¡�]WTeKW�ac�]}�b±hjôcZ5�]Ykg�Z�WNe

µ������ {fe�hj\|e 
�dX{,»FPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu��� �

¸�P��XP � ã§}�eiYk¹wYk^ih~eDY[ac\?��Z
	��
 }£aj�]g9�]\oU��9OCmíd¡�]WTeKW�ac�]}�b±hjôcZ5�]Ykg�Z�WNe
ZN\�ð&aj\]WNeiYkac\K�]Zlb���hj\�ôcbkZ§���?�]Y õ WNgiYk^èe�hjb`PTPTPQPTPQPTPTPTPTPTPQPTPQPu��� �

¸�P�¸ n2hjôc\�{NeDaj¹×âfeDgiZ!ewU��9Oßmíd �]WlZNeßR³ë$ë PQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu���~º
¸�P�¸�P[� ë�h=�(ac�]W�b[Z!e��cZ�g�giac��YkbkbkhjôcZ§��Z �]�4d§²(R�ë�ëJPQPTPQPTPTPTPTPTPQPTPQPu�0¸X�
¸�P�¸�P�� ë�Y[¹×Y e�h~eiYkac\]^å�]Zlb±h�W�á]h~ø±\]Zl�]Zl�]{feDZNWNeDY[ac\ PQPTPQPTPTPTPTPTPQPTPQPu�0¸3�

¸�P � � bkZ�WfeDg�ac\]Yk´*�]Z9��ZT}�gi{fõ hj¹w}]bkY'
VW,h~eiYkac\ PlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� � �
¸�P � P[� � b[Z�WNeigiac\�Yk´*�]Z9��eiYkbkY[^Dhj\|e�b[Z9W�ac¹w}(ac^Dhj\|eCU]U�né�j��� � ¶ d PTPTPQPTPQPu� � �
¸�P � P�� z`g�{fõíh~¹×}]b[Y$
VW�h~eDZN�]g eH{NeDhjôcZ9�ö� Z�\|eigi{�ZT�]Y[^iW�g�ZNe?PQPTPTPTPTPTPQPTPQPu� � �

¸�P � ë�hHWNg�çjacôc{�\�YkZ2PTPTPTPTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� � �
¸�P �XP[� ó�h~\]\]Zl�]Z9eDZN^�e PQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� � �
¸�P �XP�� ó�aj\*eigDhjY[\|eDZ�^pWNg�çcajôc{�\]Y[´*�]Z�^<PTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� � !
¸�P �XP�¸ ë�Z§ei�]�£Z�eHô|h"#9}]��bk^i{ µ à � zå»§PlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� �~�
¸�P �XP � ìåh~bkYk�]h~eDY[ac\o��� à � z W�ac¹w¹wZ°W�gèçcac^èe�h~eH}(ac�]g=U��9OCmíd�ZNe=}�giZfõ

¹wYkâNgiZ§¹wYk^�Z9Z�\�aXZN����giZl�ö� �]\�¹°hjôj\]{Neiac¹×âfeDg�Z!e×U��lOßmíd�� �0º��5PQPu� � �
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¸�P �XP5� ó�gèçcacôj{�\]Y[ZBeHh"#NajeDZlWNac¹×}]h~eDY[�]bkZ�h0�jZ�WTb±hwnéó � ZÒPTPTPTPTPQPTPQPu� � ¸
¸�P � ó�ac\]WNbk�]^�Ykac\êPQPTPTPTPTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� � �

� I #�+�'?'�! �ö' !�%�)�'<1�' .¬) 'V1$# � (��|-0)�'�+  ����
� P � ìåhjbkY[�Vh~eiYkac\×�]Zlb±h�W�áVh~øk\]Zl�]Z9eDgihjY[eiZ�¹wZ�\|e PTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� � !

� P �cP[� ìåh~bkYk�]h~eDY[ac\°ZN\?W�áVh~¹��]giZl�]b[Yk\]��{�Z�PTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� � º
� P �cP�� n�Yk^iZyZN\5a�Z�����giZåZ�\Q¹×Y[bkY[Z���ð©hjY[�]bkZN¹×ZN\|e��]bkY[\]�]{`Zfe³\]{NW�ZN^i^iY eD{ª�ö����\

eigDhjY eDZN¹×ZN\*e�\���¹×{NgiYk´*�]Zl�]��^iY[ôc\Vhjb PQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� �j�
� P �cP�¸ � gDh~�]Ykac¹wâNeigiZ�h&dXY±hjb,e=�]ZN�4d �V�4d*õ ô|h~eDZN^7PTPQPTPQPTPTPTPTPTPQPTPQPu� �~º
� P �cP � ó�aj\]W�b[�]^iY[ac\?PTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� !X�

� P�� � gihj�]Y[ac¹×{feDg�YkZ�e°U��9Oßmíd òßà@WÊPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� !X�
� P��XP[� � gDh~�]Ykac¹wâNeigiZN^QáVh~gi����hjgiZKg�{,hjb[Yk^�{�^ eéb���h~Yk�]Zw�]ZK¹×h~eD{NgiY±h~�4dê^i�Xõ

}�gDhjWNac\]�]�]WfeDZN�]gi^�eHòCà$W PQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu� ! �

� P��XP�� � gDh~�]Ykac¹wâNeigiZN^�^iajð.e���hjg�ZBe×U��9OCmídJòCà$W PQPTPQPTPTPTPTPTPQPTPQPu� ! �
� P�¸ n?Yk^�Z9Z�\�aXZN����giZT�ö� �]\?ôjgDhj�]Y[ac¹wâNeDg�Z6ewU��9OCmíd �]WÙPTPQPTPTPTPTPTPQPTPQPu� !"!
� P � OßeiYkbkY[^Dh~eiYkac\×�ö� �]\?^èç�^�eDâN¹×ZTYk\|ei{�ôcg�{!eH´*�Vh�eDgiZQU��9Oßmíd g�ðÚPTPTPTPTPQPTPQPu�0ºj¸
� P � ó�ac\]WNbk�]^�Ykac\êPQPTPTPTPTPTPQPTPQPTPTPQPTPlPQPTPQPTPTPQPTPQPTPTPTPTPTPQPTPQPu�0ºjº
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ñCac��^�h,�cac\�^��]{�WNYk�]{ª�ö� ��eDY[bkYk^�Z�g�bkZå^iY[ôc\Vhjb*¹×hjôc\]{feDY[´���ZªW�hjgi�]Ykhj´*�]ZåW�ac¹w¹×Zå^i��}]}£ajg�e@�]Z
\]ajeigiZå{Nei�]�]ZjP�z$ac�]g@hj}]}]g�{�á]ZN\]�]Z�g@bkZy^i����ZNe,ï�\]aj�]^@��ZN�caj\]^��ö��hj�(acgi�T}]gi{NW�Y[^iZ�g$b±h�\Vh�eD�]g�Zª�]ZN^
^iY[ôc\Vhj�+d7W�hjgi�]Ykhj´*�]Z�^�}��]Yk^�{feD�]�]Y[Z�g�b[Z�^�}]á�{�\]ac¹wâ�\�Z�^�´*�]Y�}(Z����jZ�\|eßbkYk¹wY[eiZ�gybkZN�]g�¹wZ�^��]giZ~P
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W�áVhj´*�]Z�W�Z�b[bk�]b[ZjP�ë�hC^èeDY[¹��]b±h�eDYkaj\9�ö����\]Z�WNZ�bkb[�]bkZy}]g�a0�ca�´���Z��]\5��{�}]bkhjW�ZN¹×ZN\*e³�ö� Ykac\]^ceßeigDh�õ
�cZNgi^9bkh°}Vhjg�acY³WNZ�bkb[�]b±h~YkgiZ~P¬ë�h7�]Y��£{�g�Z�\]WNZ=�]Z�}(ajeDZN\*eiYkZNb³}Vhj^�^iZ=�]g���e�h~bkZ�¹wZ�\|e!e��T�~�7¹�ì�P
ó�� Z�^�eCb
� {NeDhj}(Z9�]Zl�]{�}(acb±h~giYk^ih~eDY[ac\öP�ó�ZNe�eDZTac\]�]Zl�]Zl�]{N}£acbkhjgiY[^Dh~eiYkac\°^iZ9eDgihj\]^i¹wZNeß�]ZlWNZ�b õ
bk��bkZ=Z�\êW�ZNbkb[�]bkZ=b[Z=bkac\]ô"�ö� �]\]Z 
V�]g�ZjP$_`\]^i��Y[eDZ~ï�bkZN\*eiZ�¹wZ�\|e µ Z�\ê´*�]Z�b[´*�]Z�^QW�Z�\|eDhjYk\]ZN^l�]Z
¹wYkbkb[Yk^�Z�W�aj\]�]Z�^D»fï*b±hQ}VhjgiajYAW�ZNbkb[�]b±hjY[giZp^iZ9g�Z�}(acb±h~giYk^�ZjPXë�Z�^�eDZN¹×}�^��]Z9giZN}£ajb±hjg�Yk^Dh�eDYkaj\×Zfe�bkZN^
��Y[eiZ�^i^�Z�^C�]ZQ}�giac}Vh~ô|h~eDY[ac\K�]ZTb
� ac\]�]Zl�]ZT�]{N}£acbkhjgiY[^Dh~eiYkac\K^�ac\|eCeigiâN^C�]Y �cZNgi^iZN^�^��]Y[�~hj\|eßbkZN^
�]Y �A{NgiZ�\|ei^pe ç�}(Z�^ß�]ZlW�ZNbkbk��bkZ�^�W�hjgi��Y±hj´*�]ZN^�P

¶ W�ZNe�eDZ?hjWNeiY[��Y[ei{KW�ZNbkbk��b±hjY[giZ7WNacgig�Z�^i}(ac\]� �]\]Z�hjWfeDY[��Y eD{K{�b[Z�WfeDgiY[´*�]Z�²y{N�jacbk��eiYkac\u�]ZN^
�]Y �A{NgiZ�\�W�Z�^T�]ZH}(ajeDZN\*eiYkZNb
ïöZfeTð&ajgi¹×h~eDY[ac\<�]ZHW�ac��gDhj\|eD^Tbka�W,h~�4d£P�ó�áVhj´*�]ZwW�ZNbkbk��bkZ=Z�^èeTZ�\
´*�]Z�b[´*�]ZF^iacgèeDZ<�]\]ZF^�ac�]giWNZF�]Z<W�ac��gDhj\|e,ï�eigDhj\�^�ð&acg�¹°hj\|eK��\]Z<{�\]ZNgiôcY[Z<\]ac\Xõ {�b[Z�WNeigiY[´���Z
µ W�á�Yk¹wYk´*�]Zjï$}VhjgQZ[dXZ�¹w}]b[Z0»QZN\ {�\]ZNgiôcY[Z7{�b[Z�WNeigiY[´���ZjP³ó�Z�^=W�aj�]gDhj\|ei^={�bk{N¹×ZN\|e�hjY[giZ�^Nï@WNZ��4d
�]ZN^ ��� �QWNZ�bkb[�]bkZN^9W,hjg��]Y±h~´���Z�^�ï�ZfeQb[Z�^l�]Y �A{NgiZ�\�W�Z�^T�]Zw}£a~eDZ�\|eiYkZ�b`´*�ö� Ykb[^lZ�\|eDgih~ø±\]ZN\|eT�jac\|e
}VhjgèeDY[W�Yk}(Z�gBeéb
� {�bkhj�(acgDh~eiYkac\F�ö� �]\uW�áVhj¹w}�{NbkZ�WfeDg�Yk´*�]Z7Zfe=�ö� �]\uW�áVhj¹w}�¹°h~ôc\]{NeiYk´*�]Z×Z�\
eDaj��eå}£acY[\|eª��Zßb���ZN^i}Vh~W�ZjPXó�ZN^�W�áVhj¹w}]^å�]{�}(Z�\��]Z�\|e�\�ac\°^�Z��]b[Z�¹wZ�\|eå�]Z�^ª�]Yk^èeDgiY[�]��eiYkac\]^³�]Z
W�áVhjg�ôcZ�^QZNeQ�]Z�^QW�ac��gDhj\|eD^Q{�b[{�¹wZ�\|e�hjY[giZN^�ï�¹×hjYk^Thj�]^�^iYå�]Zwb±hKeDac}(acbkajôcYkZ�����W�acg�}]^TZNeQ�]Z
b±hTW�ac\��]�]WNeiY[��Y[ei{§�]ZßeDac�]^�bkZ�^ªeDYk^�^i�]^NP]ë�Z���gi^��~hjg�Y±h~eiYkac\]^y^�ac\|e��]ac\]W�Yk^i^��]Z�^���Z§b
� {N�jacbk��eiYkac\
^i}]h~eDY[a~õ eiZ�¹w}£acg�Z�b[bkZw�]Z�^ #�aj\]Z�^H�ö��hjWNeiY[�~h~eiYkac\öP@ë�h<¹×ZN^i�]g�ZK�]Z"W�Z�^Hôcgihj\]�]ZN�]gi^H^N��hj}�}£ZNbkbkZ
giZN^i}(Z�WfeDY[�jZ�¹wZ�\|eCb
��_ªó � Z��ßZNepb±hwnéó � Z��0P

OC\�}]hjgDhjb[bkâNbkZyZ�\|eDg�Z�bkZN^@��Y��£{�giZN\|eDZ�^³}]áVhj^�Z�^��]Z�b±hp¹×{NW,hj\]Y[´*�]Z�W�hjgi�]Ykhj´*�]Z�Zfe�b���hjWfeDY �XY eD{
{�b[Z�WfeDgiaj¹°hjôj\]{NeiYk´*�]ZjïjW�ac¹w¹×Z�b[Z�¹×aj\*eigiZp�]ZN^ª^�{�´*�]Z�\�W�Z�^��ö����\°_åó � � ! !�� ��¸c� �
ï|}(Z���eªhjb[acgi^
·NeigiZlZ��£Z�WfeD�]{~P¬m b�Z�^�eßg�Z�}(acg�ei{TZN\ 
]ôc�]giZH�cP � ZNeß�]{NW�giY epW�Y õ �]ZN^i^iaj�]^�P

E !$1$' 
 OC\]Z�^�{�´*�]ZN\]W�ZpW,h~gi�]Ykhj´*�]Z�WNac¹×¹wZ�\�W�Z�}]hjg@bkhC�]{N}£ajb±hjg�Yk^Dh�eDYkaj\T���=\]aXZN�]��^�Yk\]a~õ
hj��giYkWN�]b±h~YkgiZ~Pöó�ZwW�aj\]ôcbkaj¹×{NgDh~e9��ZwWNZ�b[bk�]b[Z�^ 
�dXZwbkZ=gèç�eiá]¹wZwW�hjgi��Y±hj´*�]ZHZ�\ê^���hjWfeDY õ
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���)( �	�³� 0�� �"6����è���
���V�f� ��	����A�
�f����	���� ( �	� 0�� � 6����í�
�����V��� �0	����A� � � ���
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�~hj\|e5hj��eDaj¹°h~eiYk´*�]ZN¹×ZN\*eT�]Z � � eê�0�c�Kð&acYk^T}VhjgT¹wYk\*��eDZ~P$ó�Z°^�Ykôc\Vh~båZN\|�jh~á]Y[eQbkZN^
acg�Z�Y[bkbkZfeieiZ�^�P�ë�Z���g�giZ�}(acbkhjgiY[^Dh~eiYkac\w}]gia0�jaX´*�]Z9bkh5W�ac\|eigDhjWfeDYkaj\K´���YAeDZNgi¹wYk\]ZCb±h5�]Ykhj^èõ
eiacbkZ~P

E !$1$' 
 � ëy� ac\]��Z`�ö��h~WNeDY �~h~eDY[ac\§giZN^�eiZªWNac\�
V\]{NZåhj�l\]Y[�jZ,hj�l�]ZN^$ajgiZ�Y[bkb[ZNeieiZ�^ö²N�]\Qhj\]\]Z�hj�
�]ZTW�ZNbkb[�]bkZN^�\]ac\Xõ W�ac\]���]WNeigiYkWNZ�^ßYk^�acbkZ9b[Z�^ßacgiZNYkbkb[ZNe�eDZ�^�ZfeßbkZ�^��jZ�\|eDg�YkW���bkZ�^NPAë�ZT^iY[ôc\Vhjb
hHhjWfeDY[�j{9bkZ9\]a�Z����2hj��giYkWN�]bka�õ �cZN\|eDgiY[W��]bkhjYkg�ZjPXó�Zl�]Z�g�\]YkZNgp^iZlW�ac¹w}(acg�eiZ§W�ac¹w¹wZ9�]\
g�ZNe�h~gi�"}]�]gp�]Z !c�=¹w^�P

E !$1$' � ó�ZF�]{�bkhjY�{NW�ac��bk{jï�b
��hjWNeiY[�~h~eDY[ac\ ôchjôc\]Z<bkh }Vhjg�acY§Yk\|eiZ�gèõ
�cZN\*eigiY[W��]bkhjYkg�Z?��Y±h bkZ
^èçX^èeDâN¹×ZT�]ZTòCY[^èõíz`�]g �*Yk\���Z~P

E !$1$' G ë`��hjWNeiY[�~h~eDY[ac\Kô|hjôj\]Z9b
� Z�\]^�Z�¹���bkZ9�]ZN^ß�jZ�\|eDg�YkW���bkZ�^NP

E !$1$' > � ë�Z�^éWNZ�bkb[�]bkZN^2�]� ¹5çca�W,hjg��]Z�^�Z�giZN}£acbkhjgiY[^iZN\*e2bkZN\*eiZ�¹wZ�\|e,P§ó�Z ð©hjY[^Dhj\|e,ïßbkZ
¹���^iW�b[Z9W,hjg��]Y±h~´���ZT^�ZlW�ac\|eDgihjWNeiZQZfep{N�~hjWN�]ZQb[Z9^Dhj\�ô µ Wj� Z�^�eßbkhH^èç�^�eDajbkZ0»�P

E !$1$' � 
 ë�Zp^�ç�^�eiâ�¹wZ 
]\]Y[e`��Zß^�Z�giZN}£acbkhjgiY[^iZNg�ZNeåh~e�eDZN\]�H�]\]Zp\]ac���jZ�b[bkZphjWfeDY[�~h~eiYkac\5�]�
\]a�Z�����^�Yk\]a�õíhj�]g�YkWN�]b±hjY[giZ~P*z@Z�\��Vhj\|eßW�Z9gi{N}]Y[e�ï�b[Z§^Dhj\�ô=Z�\|eDg�ZT�]hj\]^�bkZN^��cZN\|eDgiY[W��]b[Z�^NP
m b�^N��hjôjY[e��]ZlbkhH}�áVhj^iZl�]Zlg�Z�}(ac^pZNeß�]ZlgiZN¹×}]b[Yk^�^DhjôcZ µ Wj� Z�^èe�õ#e�õ �]Y[giZ9bkh��]Y±hj^èeDacb[Z0»�P

gihHgih�� kml5npl��is�o�� ���4q[l z {ut�� � z|l�
 ��tDx

ë�hlð&acg�¹×Z���ZCb���_åó � ZN^�eª^iYkôj\]Y$
VW�h~eDY �cZ��]Zßb
��hjWfeDY[��Y eD{�W�hjgi�]Ykhj´*�]ZjP�ó�ZNg�eDhjYk\]ZN^ª}]h~eDá]ajbka~õ
ôcY[Z�^yW,hjg��]Y±h~´���Z�^�ïceiZ�b[bkZ�´*�]Zßb
� á*ç�}(Z�gèeDgiaj}]á]YkZp�]�w¹5çjaXW�hjgi�]Z~ï*}]gia0�ca�´*�]Zß�]\]Zß¹×a��]Y$
]W,h~eiYkac\
�]Zlb
��hjWfeDY[��Y eD{§{NbkZ�WfeDg�Yk´*�]Z9�]ZlW�ZNg�eDhjYk\]ZN^ #�ac\]ZN^C���?WNaXZN�]g�ZNeß�]ZN^�_åó � P

m b¬Z�\7ZN^�eª�]ZC¹w·�¹wZßh,�cZ�W�b±hTnéó � ZjPXëy� {Nei�]�]Zß�]�°W�á]hj¹×}×¹°h~ôc\]{NeiYk´*�]Zpôc{N\]{�g�{�}VhjgåbkZ
W�a�Z���g5}(Z���eHh~Yk\]^�Yå}(Z�g�¹×ZfeieigiZ°�A��Y[�]Z�\|eDY'
VZ�gQW�ZNg�e�h~Yk\]^Q��ç�^�ð&ac\]WfeDY[ac\]\]ZN¹×ZN\*ei^�W,h~gi�]Ykhj´*�]Z�^NP
ë�h�bka�W,h~bkYk^ih~eDY[ac\lZNe`b���Y[�]Z�\|eiY$
VW�h~eDY[ac\Q��Z�^`hj\�ac¹°h~bkYkZN^�^iac\|e`g�Z�bkY[{�ZN^2e�b±hßgiZNW�ac\]^èeDg��]WNeiYkac\=�]ZN^
�]Y[^�eDg�Yk�]�XeDYkaj\]^��]Z9WNac�]gihj\|eD^�{�b[{�¹wZ�\|e�h~YkgiZN^�Y[\*eiZ�gíõ W�ZNbkb[�]b±hjY[giZN^ª´*�]Yöaj\*e��]ac\]\]{9\]hjYk^�^Dhj\]WNZ!e
b±h 
Vôc�]g�Z��]ZQW�áVhj¹w}<¹°hjôj\]{NeiYk´*�]Zjï¬W~��ZN^�e�õ#e�õ ��YkgiZGe°b±hwgi{N^iacb[��eDY[ac\2�]�2}]giac��bkâ�¹wZTYk\|�cZNgi^iZ~P



� ! ���������"� � ����� 
2����	 � �$	
	�������
��,
���
�����������	 ��� ����	�� ����	��

ó�ZNe�eDZ9g�{�^iajbk��eiYkac\×Z�^�e�Yk¹w}£ac^�^iY[�]bkZß�Vhj\]^��]\KW,hj^�ôc{�\]{NgDhjb>eQeDg�acYk^ª�]Yk¹wZ�\�^iYkaj\]^ µ �]\K¹×·N¹×Z
W�áVhj¹w}�¹×hjôc\]{feDY[´���Zw}(Z��Xe�·NeigiZ×Yk^i^����]Z×�]Yk^èeDgiY[�]��eiYkac\]^l�]Z×W�ac��gDhj\|eD^Q�]Y��£{�g�Z�\|eDZN^�»�P�z³h~g
W�aj\*eigiZ~ï��]\]Z�^iacb[��eDY[ac\w��gihjYk^�Z�¹��]bkhj�]b[Z µ Wj� Z�^�eèõ�e�õ �]Ykg�ZC´*�]Y£giZN^i}(Z�WNeiZ9W�ZNg�e�h~Yk\]ZN^�á|çX}(ajeiá]â�^�Z�^
}(ac^i{NZ�^�eH}�giYkajgiY.»y}£ZN��eß·NeigiZ9eDg�ac���c{NZjP

UX�]Y �jh~\*eCbkZT\]Y �cZ,h~�é�]Z5WNac¹w}]bkZ�d�Y eD{l�]ZQb
� Yk\]^èeDgi��¹×ZN\*e µ �]�2^�Yk¹w}]bkZlW,h~}�eDZN�]g�ewb±hHgi{,h�õ
bkY[^Dh~eiYkac\ �ö� �]\]ZFW,hjgèeDacôjgDhj}]á�YkZ e Yk\]^èe�hj\|e�h~\]{�ZZfé�]� W�áVh~¹×} ¹×hjôc\]{feDYk´*�]Z,»fïªb±h ¹×hjôc\]{feDa~õ
W,h~gi�]Y[acôcgDh~}]á]YkZ�}£ZNgi¹wZNep�ö��hj�(acgi�]ZNgp�]Y��£{�g�Z�\|eD^p}]g�ac�]bkâN¹×ZN^��]ZlW,hjg��]Yka�õ }]á|ç�^iY[acbkacôjYkZ � ¸c� �c²

� ZN\?WNac\]^�eiY[ei�Vhj\|ep�]\]ZQhjb[eiZ�g�\Vh~eDY �cZ6eHb
��_åó � Z9WNb±hj^�^iY[´���ZjP
� ZN\?WNac\]^�eiY[ei�Vhj\|ep�]\]ZQhjb[eiZ�g�\Vh~eDY �cZ6eHb
��_åó � Z!e=áVh~��eDZl}]g�{�W�Y[^iY[ac\öP
� ZN\ }(Z�g�¹×ZfeieDhj\|e"�]ZFgi{,h~bkYk^�Z�g7��Z�^"bka�W,hjb[Yk^ih~eDY[ac\]^w�ö��h~\]ac¹×hjbkY[Z�^°��Z<¹°hj\�Ykâ�g�Zé\]ac\�õ
Y[\*�~hj^�Y[�jZjP

ó�Z�^QeDgiajYk^l}£ajYk\|eD^T^iac\|e�hj�£ajgi�]{N^5W�Y õíhj}�giâ�^Nï�\]aje�h~¹×¹wZ�\|eT}£aj�]gQ¹wZNe�eDg�Z×b���hjWNW�ZN\*e5^i�]gQbkZN^
�]Y �A{NgiZ�\�W�Z�^ßZNepWNac¹w}]bk{N¹×ZN\*eDhjgiY eD{N^��]Z�^ß�]ZN�4d"eDZNW�á]\]Yk´*�]ZN^�_åó � ZlZNe�néó � ZjP

� ' I 3 �K' # � ( (o'�'#�.-0'*)�!�'X-�#&%(' � �4$ 6Q3 �K'�# �1']+,+,#10�!$'

ë�ZQ�]Y[^i}(ac^iY eDY ð@��Z�néó � ZTbkZl}]bk��^ß^�Yk¹w}]bkZ9¹wZ�^��]giZTbkZlW�áVh~¹×}�Z�\?�]\2^�Z��]b�}(acYk\|e,P(U�ac\
�]��eH\A��ZN^�ew{N��Yk��Z�¹w¹×ZN\*e�}Vhj^=b±hég�{�^�acbk��eiYkac\ �]�u}]giac��bkâ�¹wZ7Y[\*�jZ�g�^iZjPydCZ�^HYk\�ð&ajgi¹×h~eDY[ac\]^
¹w{��]Y[W,hjb[Z�¹wZ�\|ew��eDY[bkZ�^H^�ac\|e7^iY[¹×}�bkZ�¹wZ�\|ew�]{N�]�]Y[eiZ�^×�]Z2b���{f�cacb[��eDY[ac\ eiZ�¹w}£ajgiZ�b[bkZK�]� ^iY õ
ôc\Vh~b
Påó�Z�^×gi{N^i�]b e�h~ei^w^�ac\|e7}Vh~g�ð©hjY eDZ�¹wZ�\|eHWNac¹×}]hjgDhj��bkZ�^TeFW�ZN�4d �ö����\ _åó � WNb±hj^�^iY[´���Z
µ bkh×�]Y �A{NgiZN\]W�Z�ZN\|eDgiZ5�]\F_åó � ZNe��]\ênéó � ^iZNgDh7}]g�{�W�Y[^i{NZ�}]bk��^§bkacY[\öïV}VhjôjZH� � »�P£z$Z���eèõ
·NeigiZ�hj}]}(acgèeDZfõ Ykb�ï$eiac��eH�]ZK¹w·�¹wZjï�´*�]ZNbk´*�]ZN^×Y[\�ð&acgi¹×h~eiYkac\]^T^i��}]}]bk{N¹×ZN\|e�hjY[giZ�^=�]hj\]^HbkZN^
W,h~^��ö����\]Z9á|çX}(Z�gèeDg�ac}]á]Y[Z9�]Z�^��jZ�\|eDg�YkW���bkZ�^ � ¸c���Aac�K�ö� Yk^�W�á]{�¹wYkZ � �j¸ �
PVdQ���]\"}(acYk\|e��]Z§���]Z
}]gih~eDY[´���Zjï]bkhH¹wZ�^��]giZlZN^�eß^Dhj\�^CWNac\|e�hjWfe,P
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� ' I 3 �K' # � ( (o' '#�.-0'*)�!�'X-�#&%(' � �4$ 6Q3 �K' �2%�')!�-0'7)�/�+ ��� !�-�#��£! ��� GwBD6Q3 �7'#�

ë�h7néó � ZTeigiac�X�cZT�]\2Y[\*ei{�g�·NeC}]bk�]^ßYk¹w}(acg�eDhj\|e�bkacg�^i´*�]ZT}]bk��^iYkZN�]gi^ß¹×hjôc\]{feDac¹wâNeigiZ�^
^iaj\*e�hj^i^�aXWNYk{�^NP ¶ �cZNW9W�ZN^��]Yk^�}£aj^iY[eiY[ð&^Nï���Z�áVhj�XeDZ§^�Z�\]^�Yk�]Y[bkY[ei{jï|¹wYk^åZ�\Ka�Z�����g�Z§Z�\7ZN\|�XY[giac\�õ
\]ZN¹×ZN\*eC�]b[Yk\]�]{~ï]�]\]Zl}]g�Z�¹wYkâNgiZl�]Yk^�W�g�Yk¹wYk\Vh~eiYkac\×^i}Vh�eDY±h~bkZ9Z�^èe�}(ac^�^iYk��bkZjP]ë$hHbka�W,h~bkYk^ih~eDY[ac\
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^ia�W�Y[{�Z=bkh7}£ac^�^iY[�]Ykb[Y[eD{T�]Z=eDg�ac���jZ�g9�]\]ZH^�acbk��eiYkac\ eíW�g�{��]Y[�]bkZZf����ê}�giac�]b[â�¹wZ�Yk\|�jZ�gi^�ZjP$z³h~g
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�]\]Zlac}({�gih~eDY[ac\ � ¸c����P

E�� &�' #j-�# �ß1�'<! �¬-,)�'?/|- !@1�'2%�#©+ B � B %�#�+H1�' � ' I 3 �K'

ë`��{f�cacb[��eDY[ac\"ôc{�\]{NgDhjb[Z9�]Zlb±h�¹×hjôc\]{feDa~õ W,hjg��]YkajôcgDhj}�á]YkZ~ïX´*�]Yö�~h=�ö� �]\]Zl^iY[¹×}]b[Z§�]{feDZ�W�õ
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_ G

c/d
_bi ibn�_bhq�$p/kbpre�m
n�f �-, n�n�f�kbf%h/oFm
ibibn�a��`_bf)ibm
h<_bkba��&_,f/� f/k.q!�Bn}m���frhg_be=f%lb_ hgar�
k�m
n|lbf
, l�. f(&��8m
a�hAm�_bhgh=a;��qgd$_,q�f���frhg_be=fNl�m
k,h7_bk ibn�m
k8l~o�_bk c�m�m���iBcregprpNi�m
e�_bk ��d
��frk`q
��m(�$kbp�q�a��`_bf<�`_bfrn�crd$kb�`_bf �
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v m � f/hg_,egf�l,_Kc�m�m
� iK��m(�$k,prq�a��`_bfyc/m
egl,a}m
�`_bf�kbp/crf/h=hga�qgf�_bkK�8m(�
kbprqgd$����q�e=f lbf�$egm
kblbfBh=f/kbh=a 	 a�n�a q�p � ,�m�a�hEfrn�n�f�iXf/_,q)hgfBe=pr�$prn�fre)a�k`_,qga�n�f n�d
eghg�`_bf8n�f 	 eg_ba q)��m(�$kbp�q�a��`_bf
m
� 	 a}m
k.q�frh=q�q�egd
i�a���iXd$eSq+m
k.q �

+ ibe �/h _bk,f�ibegprhgfrk`q�m�q�a�d$k lb_ k,a��$f/m
_ ��m(�$kbp�q�a��&_,f�m
� 	 a}m
k.q=&Ykbd
_bhBi�m
h=hgfregd$kbh8f/k
egf��&_bf]n�f/h�ibega�kbc/a�i�m
n�frhNhgd
_begcrf/h\lbf 	 e=_ba�q��8m(�
kbprqga��`_bf)frk �&_bf]l~o�prq�m 	 n�a�e�_,kbf%h=qge�m�qgp��$a�f
lbf\egf �=frq�lbf\c/frh�iXf/eSq�_be 	 m�qga�d$kbh �
�Y�-,7�S� .)� ¡� 0/Y�¤§Y¬21 §©£Y¡�¢��, 037¬���§4165N 6§Y¡��

v m s��$_be=fE� � � � i,egp/h=f/k.q�f<n�m9l,f/kbh=a�q�p�hgiXf/crqge�m
n�f�lbfrh 	 e=_ba�qghA��m(�$kbp�q�a��`_bfrh�e=f/kbcrd$k.q�e=p/h
m
_?n}m 	 d$egm�q�d
a�egf �v oFfrkbegf �$a�hSq�egfr��frk.q q�f/� iXd$egfrn�lbf�qgd$_,q h=ar�$k�m�n���m(�$kbp�q�a��`_bf�f/h=q?iXf/eSq�_be 	 ptibm
eBc/frh
	 e=_ba�qgh �87 d$kBk,a��$f/m
_Bfrh=q��
p/kbpre�m
n�f/� f/k.qAf 
�ibega���p�i�m
e�n}m<�
m�n�f/_,e�f )�c/m
c/f�lbf 	 e=_ba�q � g 
 9;:<: �*�d
_be¦_bkbf 	 m�kblbf�i�m
h=h�m
k.qgf�l,d$kbkbprf(&$lbpWs�kba�f�i�m
e�hgm DWe=p/�`_bfrkbc/f;lbf�crd$_bib_be=f>=@?�&
n�m 	 m
k,lbf
p/�`_ba ��m
n�frk`qgf�l,f 	 e=_ba�q©f/hSq7lbfBA 3 =C?�frq � g 
 9-:�: frh=qAlba�e=f/crqgf/� f/k.q�n�a�prf	��n}m\lbfrkbhga q�p�h=ijfrcrqge�m
n�flbf 	 e=_ba�q>D 3E �

� g 
 9;:<: x > F 9 =@?8D 3E sS� � � � {
v m�� f/hg_,egf7l~o�_bk)h=ar�$kbm
n�frh=q¦iXd$h=hga 	 n�f©hga,h=d$k]m
� ibn�a q�_bl,f©frh=q¦h=_biXp/ega�f/_be=f ��crf/n�n�f�l,_ 	 eg_ba q �*�d
_be q�egm
lb_ba�egf�c/frq=q�f7crd$k.q�egm
a�k.q�f8&�a�n�frh=q �
p/kbpre�m
n�f/� f/k.q:DJm
a q�m�ibijfrnbm
_Ee�m
ibiXd$eSq�hga��$k�m
n`h=_be
	 e=_ba�q�s 7HG ��{ &
egm
ibiXd$e=q f/k.q�e=f;n�f/h��
m�n�f/_,egh�f )�c/m
c/frhYlb_%hga��$k�m
n�frq¦lb_ 	 e=_ba�q l�m
kbh¦n�m 	 m
k,lbf
i�m
h=h�m
k.qgf �;� p"m
k,��d$a�kbh�&Xl�m
k,h�n�f�c"m
h�l~o�_bkthga��$k�m
n³a�� ib_bn�hga�d$kbkbfrn &bn�m ��m
n�fr_be�f+) c"m
crf)f/hSq
q�e �/h;a�kpDWp/ega�f/_be=f!�%n�oFm
��i,n�a�qg_blbf�c/e w�q�f\lb_�hga��$k�m
n'&,�`_ba³m
ibibm
e�m8n�q�hg_,e�nZoFfrkbegf �$a�hSq�e=f/� f/k.q � 9Cn
hgfr� 	 n�f8ibn�_bhEm�a�hgp�m
n�d$egh9lbf8crd$� i�m
egfre�l,a�egfrcrqgf/� f/k.q)n�f/h)m���ibn�a�qg_blbf/h\cre wrqgf/h)l,_zhga��$k�m
n
frq;l,_ 	 e=_ba�q7ijd$_,e�s 
�f/e;_bk�c/ega q �regf<lbf<�&a�h=_�m
n�a�h�m�qga�d$k�lb_�hgar�
k�m
n �pv o m���ibn�a�qg_blbfNcre wrqgf\lb_
	 e=_ba�q � g 
 ?Ncrd$ege=f/hgiXd$kbl-& i�m
e�f#
�f/� ibn�f(&���n}m?lbfr��a GCp/ibm
a�h=hgf/_,e�lb_ q�e�m�a�qEm
ibi�m
egm
a�h=h�m
k.q*�
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n�o�d$h=c/a�n�n�d$h=c/d$iXf � *|d$_be7_,k 	 eg_ba q��.m�_bhgh=a�f/k-&,n�f"DJm
crqgf/_beAlbfNc/e$wrqgf]sJegm
ibiXd$e=qAf/k.q�e=fNn}m���m
n�f/_be
iba�ctfrq?n}m´��m
n�f/_be8f+) c"m
crf { lbf �p& � ijfreg� frq?lbftcrd$kbhga�lbp/e=f/e %x%�� lbf/h�m
� ibn�a�q�_,lbf/h�lbf
	 e=_ba�qgh %�½,�+& ��v o m
� ibn�a�q�_,lbfNc/e$wrqgf8sWd$_?iba�c { lb_ 	 eg_ba q���m
_,q�m
n�d
egh �

� g 
 ? x 9&K T > F 9 =@?8D E x � K L�� =C?HD E sS� � � � {
f/hSq�p��.m
n�f/� f/k.q;egfribegprhgfrk`qgp/f�f/kis��$_be=f � � � � �
² oFm
ibe �rh c/f�qgq�f s��$_be=f(&An�f/h�kba��
f"m
_�
Kegfrkbc/d
k`qgegprh?m
_ hgfra�k lb_ n�m 	 d$e�m�qgd$a�e=f kbf�iXf/e G

� frqgqgf/k.q\i�m
h<l,f]�&a�hg_�m
n�a�h=f/e�n�f/h<h=ar�$k�m�_�
 	 a�d8GC��m(�$k,prq�a��`_bf/h � 9Cn�frh=q�m
n�d$egh�kbp/crf/hghgm
a�e=f]lbf
egprlb_ba�egf\n�o�a�kEtb_bf/kbcrf<lbf\c/frh�iXf/eSq�_be 	 m�q�a�d$kbh �v o m
kbm
n�<&hgf9lbfrh�lbd$k,kbp/frh 	 a 	 n�a�d(�$e�m
iEmba��`_bfrh7ijfreg� frq�lbf9n�a�hSq�fre�n�f/h�hgd$_,egc/frh�lbfrh�ibe=a�kpG
c/a�i�m
n�f/h�t�_bc�q�_�m1q�a�d
kbh��8m8�$kbprqga��`_bfrh % / � &�% � � & �
��² frhyegm
a�frh lbf+DWegpr�&_,f/kbcrf/h�& � � (�� f�qim�m
eg� d$kba��`_bf/h &�hgd$k.q?�&a�hga 	 n�frh � , n�n�f/h8c/d$e G
e=f/hgiXd$kbl,f/k.q m
_ 
]m�m
e=��d$k,a��`_bf/h]lbf�n}m+DWegpr�`_bf/kbcrf�lbf�n�oFm
n�a�� f/k.q+m�qga�d$k p/n�f/crqgega��&_,fDWd$_,egkba�f8i�m
e ,©²qoA� 9Cn7hro m(�
a�q)l,fBijfre=qg_be 	 m1q�a�d
kbh)��m(�$kbp�q�a��`_bfrh �$prkbp/e=p/f/h]i�m�e)n�frh
c�� 	 n�frh;lb_?hgf/c�q�fr_be �

� *|d$_be n�f/h?DWe=p/�`_bf/k,c/f/h8m
n�n�m
k.q]lbf?�`_bf/n��&_,f/h (�f/eSq�� �L_bk,fylba��"m
a�kbf lbf (�fre=q��8&Y_bk
e=f 	 d$kbl�m
ibi�m
egm8n�q � 9Cn�h/oFm(�$a qYl~o�_bk 	 e=_ba�qYl�oFd$e=ar�$a�kbf7� a�cregd$iOm,d$kba��`_bf8&$n�a�p;m
_�
%�&a 	 e�m�G
qga�d$kbh�l,_yc/m
i,q�fr_be;l�m
kbh;n�f<c�m�m
� i���m(�$k,prq�a��`_bfNq�fregegfrh=qgegf�% � � & �

��, kEs�k-&~n}m �/d$kbfElbf 	 eg_,a�q � 	 m
hgh=f DWegpr�&_,f/kbcrf e=f/crd$_,�&egf%lba���pregfrk`qgh�q <&ijfrh<lbf)iXf/e G
qg_be 	 m1q�a�d
kbh �
� n�f 	 e=_ba�q:�$p/d
�8m(�
kbprqga��`_bf � a�n&f/hSq¦ibe=a�kbcra�i�m
n�f/� f/k.q|l	�]m
_�
�a�k`qgf/egm
crqga�d$kbh�f/k.q�e=f
n�f?c�m�m
� i ��m(�$kbp�q�a��&_,f?qgf/e=egf/hSq�e=fyf�q8n�f?�
f/k.q�hgd$n�m
a�e=f(&¦m
_ 
 d$e�m(�
f/h]frq8m
_�

iEmbp/kbd
���rkbf/h;q�frn�n�_,ega��`_bfrh �

� n�f 	 e=_ba�q���m(�$kbp�q�a��`_bf�_be 	 m
a�k � f/k8f/k.�&a�egd
kbkbf/� f/k.q�_,e 	 m
a�k & 	 d
kBkbd$� 	 egf�lbf
� d$� f/k.q�h9��m(�$kbp�q�a��`_bfrh�h=d$k.q)frkz��d
_,�$fr��frk`q � 9Cn�h9�
d$k.q)lbd
kbc �$prkbp/e=f/e�_bk
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c�mbm
��i���m(�$kbp�q�a��`_bfN��m
e=a}m 	 n�fNl�m�kbh;n�fNq�fr��i,h �
� l,f/hAiXf/eSq�_be 	 m�qga�d$kbh
� 	 m
hgh=f DWe=p/�`_bf/k,c/f�qge�m
k,hgiXd$e=qgp/f/h�i�m
eYn�frhAm�n�a�� f/k.q�m�q�a�d$kbh
l,_yh=f/crqgf/_be�p/n�f/c�q�ega��`_bf �

� d
_bh©m 	 d
eglbd$k,h¦c/aHGCm
ibe �/h¦c�m�m
�`_bf;q <&ijf;lbf�iXf/eSq�_be 	 m�qga�d$k &
i�m
e¦d$e=lbegf�lbprc/e=d$a�h=h�m
k.q©l~oFm
�	G
ibn�a�q�_,lbf �4� d$_bh�m
ibiXd$e=qgf/e=d$kbhYlbf/h©ibe=p/c/a�hga�d$kbhYhg_be©n}m<� d�l,p/n�a�h�m�qga�d$k�lbf/h t�_bc�q�_�m1q�a�d
kbhY�8m�G�$kbp�q�a��&_,f/h�qge�m
k,hg� a�hgfrh�� 	 m
h=hgf DWe=p/�`_bf/k,c/f)i�m�e�n�f�e=p/hgf/m
_�lbf�lba�hSq�e=a 	 _,qga�d$k,h�p/n�frcrqgega��`_bfrh
frqYh=_beYn}mN� d�l,p/n�a�h�m�qga�d$k�lb_ 	 eg_,a�qY��m(�$kbp�q�a��`_bfAa�� ib_,q+m 	 n�fAm
_%q�e�m�s�c;m
_,qgd$��d 	 a�n�f �(l frqgqgf
m
k�m�n�<&hgf�lbf/hNl,a �jp/egfrk.q�f/h�hgd$_be=c/frhNlbfEiXf/eSq�_be 	 m�qga�d$kbh�kbd$_bh�ijfreg� frq=q�e�m�l~oFfrk.��a�h�m(�
f/e�_,kbf
h=qge�m�qgp��$a�f<lbf\egf �=frq�lbf\c/frh�iXf/eSq�_be 	 m�q�a�d$kbh9sJm
_?c�m�m
iba q�egf � {^�
�Y�-,7�;, .)�¤ª]¯ � §41 °Nª]�E�J 6¡���¬�¯��, 6¨Y¡61 §Y£Y¡�¢��� 037¬���¯j¥,¢¤¢¤ª]°�§¦¥B�6�¤ª]�S 6£Y¡��¤ª

¢¤�S�¤¯��&¥b 037¬��¤ª
� d$_,h�m"�
d$kbh��&_�frkus��$_be=f � � � � �`_bf<k,d$h;��frhg_be=f/h���m(�$kbp�q�a��`_bfrh�prq�m
a�frk`q��Cijd
n�n�_,p/f/h��

i�m
e;n�f9e=p/h=f"m
_�l,f�lba�h=qgega 	 _,q�a�d$k p/n�f/crqgega��&_,f � ,Y²Mo l,p/n�a �&egf\f/k o egm
kbcrf�_bk,f�prkbf/e$�$a�f\p/n�f/cRG
q�e=a��`_bf lbf	DWegp/�`_bfrkbc/f � ��(���sJf/k ��d�<
f/kbkbf {�� 7 _be9c/frhEf/k,egf��
a�h=qgegfr��frk`qgh�h=f�e=frqgegd$_,�
f/k.q
n�frh¦e�m
a�f/h
�<n}mMDWegpr�`_bf/kbcrf�l,_�e=p/hgf/m
_8f�q,�<qgd$_,qgf/hYhgfrh6m�m�eg� d$kba��`_bfrh � l frh�l,f/egk,a �/e=f/h©k~o�d$k.q
i�m
hEkbp/crf/hghgm
a�e=f/� f/k.q lbf/h]m���ibn�a�qg_blbf/h9a�kpDWp/ega�f/_be=f/h8��crf/n�n�f8�`_bfu�
p/k �regf n�f � � (�� � * m�e
f#
�fr��ibn�f(&�n}myegm
a�f �z� � � (��(&B�$p/kbpregprf i�m
e)n�f/h�qge�m
k,h$DWd$e=�8m�qgf/_be=h�& myq�e �/h%hgd
_,�$frk`q]_,kbf
m
� ibn�a q�_bl,f hg_biXp/e=a�f/_,egf �Lc/frn�n�f?lb_ � � (���m
n�d$egh �`_bf�n�mLegm
a�f�� �3�$� (��yfrh=q8hgd$_,�
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Dewar contenant l’azote liquide

Partie sous vide contenant le dispositif
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Doigt froid en cuivre de longeur adaptable

Support de saphir
Lecture de température à diode
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Résistance chauffante
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Connections électriques
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magnétomètre tri-axes
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Chambre magnétiquement blindée

Filtre
analogique

Filtre
analogique

DC - 40 Hz

2 Hz - 16 Hz

	�

��� � �98 	�� 0&�F�d�f�?A($U�M�M3�0&��+-��� Z �L7R$&!�)1�T���?'(����� '(;�� < .�)D�V.�� � �U+-!(�



� ��� � � �������`� � � � � � � � � � ������� � � � ��� ��� ��� 
 � � � ��� �

0 1 2 3 4 5 6 7 8 9 10

Temps [s]

S
ig

na
l m

ag
né

tiq
ue

 

200 pT

(a)

(b)

(c)

	�

��� � � f 	 Gk� = � �8087 < � = �?!��M�M3�0&�(���"� < $&AN)D� � � ���&)D� = �d���*)D!(� + �8��� � � '(;�� < .�)D��.�� � �U+-!(�
��� ��� ����� �
J � Q � �(��02)D��+80�.�)102� � < � = �?!��*�M3�0&�S)D! < �8�?���&�#+-��� ��'(;�� < .�)D�V.�� � �U+-!(�e���8���r$��8�M�T���&� _
J". Q � �(��02)D�H+80 � s \ + Z 0-�C$��8�M�T���&� �80��>��� � +-� � ��'(;�� < .�)D��.�� � �U+-!(�9J". �8�U+-�`$��N�(���8�&�%�
+-��� Z �-'43�0-�d��� �*�TAN� +-'�@
	 ��� p Q
JL' Q�
 � � �*) � = �g+80 ��� = � � �,J". Q $��8)S$&A>���*@%�M) �8� �"� < ���&� �80 < AE� ��� + Z 0-��q � �M)D��$��N�(�>�g. �8�U+-�
� � p @ ��� � p



��� 8 � ���e�>� ���,��� � 
[� � � � � �/�������,� � � � � � ��� � 
�� ����� �

2 cylindres en µ-métal

Filtre
analogique

(anti-repliement)

Filtre
numérique
(DSP)

et 2 cylindres de fer doux
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