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f�e.�a®T^Qd|\0^Xd�b^X¬0|b^Xh�b^XgH[]\0^Xd<¬a® e�`|b^XfOe.[]gN^Xd1�0��W0�°�e�¬0gN_K`wf�Æ �&_KZ�+�b^$j�Z0[�`0_EZad<eJe�Z0fN_KgN[]d0b^M¸e�gN^Q¬0gN_�\0Z0[]gH^µ\a^�®3e.gN»K^Xd
^$��fNg�e�[]fNd$\0Z�¹�5e.¬0[]fNgH^J��j�Z>Ð ^X®]®]^Je1�Ee.[]f|g0b^X\0[]»?b^�¬�_KZ0g$®,Ð � A0V*FNS1IEB��nV*D3SKA�CKB � ~G,r0�$~G1p�~G1FXD3IKGXPMC.PXV*FNSKA0SEp�D3q1BwGQPX���&W
�(^QÏwdHd�e�`0\0[]^Xg�j�Z0[&`0_KZ0d�e e�[]\cb^J\5e.`0d$®3eMfHg�e.\aZ0¹XfN[]_K`�\0^J®3e dN^X¹XfH[]_E`*�0WÑk ^XfJYMW+)ag�e.`a¹X_EZ�¬�_KZ0g$dN^XdÃ¹X_E`0dH^X[]®]d
®T_KgNd?\a^<®,ÐNb^X®3e.�5_Eg�e�fN[]_E`�\0^Xdib^X¬0|b^Xh�b^XgH[]\0^XdnW � ^³¹X_Ehi[]f0b^°\0^<g0b^X\�e.¹QfN[]_E`i¹X_Ehi¬�_Kd0b^|\0^ �JW�)>[]^X`a»we0�K��W#�°[]gN®3e.`¨�EÅ�W
Y�e.hM�0[]d1�n±5W Æ � Ww¶�[]hi_E`�^Xf � W#�|�Z0[]®]®]_Efoe$g0b^ne.®][]d0b^³®3e$gN^O¯*_E`�fN^$¹X_Kh�¬0®*¸^XfH^|\0^<®,Ð _EZ0��gOe.»E^|dHZ0g|®]^Xd�b^X\0[]fN[]_E`adckKlEl.�
¸eMkElElK�0W
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�<�NY �<dHdN_�¹X[3e.fH[T_K`��,`wfH^XgN`5e.fN[]_K`�e.®]^$\0^�Y�b^X_�\|b^XdH[]^��3�K_E[]gce�Z0dNdH[>� �<Y��
�c�|Ç³¶ �ce�gNÏ�¹X^X`�fHgN[]¹ �°^Q®T^QdNfN[3e�®>Ç|^O¯:^QgN^X`0¹Q^ ¶�Ï�dHfN^Xh
�c�?� �ce�dN[]¹J�?e�gNfHÖ�&e�g�e.hi^XfN^QgNd
�o��� �oZagN^ne�Z[]`wfH^XgN`5e.fN[]_K`�e.®�\0^$®,Ð 0^XZ0gH^
�o�N�?� �oZagN^ne�Z[]`wfH^XgN`5e.fN[]_K`�e.®�\0^Qd|¬�_K[T\ad|^Xf<hi^XdNZ0gH^Xd
���$� �oZagN^ne�Z`�e.fH[]_E`�e�®�\0^Ãh�b^XfHgN_E®]_K»E[]^
�cÇ³¶ �ce�gNÏ�¹X^X`�fHgN[]¹ Çs^O¯:^XgH^X`0¹X^�¶�Ï�dNfN^Qh
�|�|Åµ¶ �°_Ehi[Tf0b^|¹X_E`adNZ0®]f�e�fN[ ¯?¬�_KZ0g|®3e�\|b^Oº�`0[]fN[]_K` \a^µ®3eÃdN^X¹Q_E`0\0^
�|�?È �°^X®]^XdNfH[3e.®(�7¬00^Xhi^XgN[]d<È³gN[]»E[]`
�|�?� �°^X®]^XdNfH[3e.®(�7¬00^Xhi^XgN[]d<�¨_E®]^
�|�?Ç|Y � �°^X`�fNgH^�\>ÐNb^XfNZa\0^Xd<^Qf<\0^$gN^Q¹�a^XgN¹O0^XdÃ»?b^X_�\0Ï�`�e�h�[]j�Z0^Xd?^Xf$e.dHfNgN_K`0_Ehi[]jwZa^Xd
�|Y��?� �°_E`�¯Eb^XgN^X`a¹X^J»?b^X`|b^XgOe.®]^$\0^Xd³¬�_K[T\ad|^Xf|h�^XdHZ0gN^Qd
�°�NÈ �°^X®]^XdNfH[3e.®>�,`�fH^XgNhi^X\0[3e.fH^µÈ³gN[]»E[]`
�°�N� �°^X®]^XdNfH[3e.®>�,`�fH^XgNhi^X\0[3e.fH^µ�¨_E®]^
�°�N�?� �°_Ehi[Tf0b^|[]`wfH^XgN`5e.fN[]_K`�e.®�\0^Qd<¬5_E[]\0d|^Xf|hi^XdNZ0gH^Xd
�°�NÇ<¶ �°^X®]^XdNfH[3e.®>�,`�fH^XgNhi^X\0[3e.fH^µÇ|^�¯:^XgN^Q`0¹X^M¶�Ï�dNfN^Qh
� �µ�?¶ �°^X`�fNgH^�`�e.fH[]_E`�e�®�\>ÐNb^XfNZ0\a^Xd<dH¬�e.fH[ e�®]^Xd
ÅµYÃÇ<¶ Å³Ïw`5e.h�[]¹ne�®�Y$^X_�¹X^Q`wfHgN[]¹JÇs^O¯:^XgH^X`0¹X^M¶�Ï�dNfH^Xh
ÅµÈ$Çs�N¶ Å³_E¬0¬0®]^Xg<È³gH�0[]fN_E»Kg�e�¬0�Ï�Ç<e.\a[T_�Æ£¬5_EdH[]fN[]_E`0[]`0»$�,`�fN^Q»Eg�e�fN^X\
�wÏ�¶0e.fH^X®]®][TfH^
�?È$� �?e.gHfNÈ³gN[]^X`�f�e�fN[]_E`�&e.gOe.hi^XfN^XgHd
�?Ç	� �?e.gHfNÇ|_Kf�e�fN[]_E` �<`0»K®T^
� � �&¬00^Qh�^XgH[Td	�|[]hi^��3�E_K[]g<e.Z0dHdN[��<� �
)>� � )0gH^X^J�°_KgN^ �<Z0fOe.fH[T_K`
Y �<� � Y$®]_E��e�® �³dNfHgN_Ehi^XfNgH[]d|�,`wfH^Xg,¯*^XgN_Kh�^XfH^Xg|¯:_Kg��³dNfHgN_E¬awÏ�dH[T¹Qd
Y��|Ç<¶ Y$^X_�¹X^X`�fHgN[]¹J�°^X®]^XdHfN[3e.®&Ç|^O¯:^QgN^X`0¹Q^J¶�Ï�dNfH^Xh
Y��¶�� Y$gN^Q^X`��|[T¹O��Ö^ne.`¶�[]\0^XgH^ne.® �|[]h�^
Y��?¶ Y$®]_E��e�®¿�¨_KdN[]fN[]_E`a[T`a» ¶�Ï�dHfN^Xh
Y�Ç<¶ Y$^X_�¹X^X`�fHgN[]¹JÇ|^�¯:^XgN^Q`0¹X^M¶�Ï�dNfN^Qh
Y�Ç � Y$^X`0^Qg�e.®&Ç|^X®3e�fN[]��[Tf,Ï �|0^X_KgNÏ
Y�¶�� Y$gN^Q^X`��|[T¹O�¶t[T\a^XgN^ne�® �|[]h�^
� �<Y �,`�fN^XgH`�e.fH[T_K`�e.® �³dNdH_w¹Q[ e�fN[]_E`�_�¯7Y$^X_�\0^QdNÏ��3�K_E[]gce�Z0dNdH[��³�NY��
� �	� �,`�fN^XgH`�e.fH[T_K`�e.® �³dNfHgN_E`a_Eh�[]¹ne�® �<`0[]_K`��3�K_E[]g|e.Z0dHdN[�� �<�N�
�N�|Ç�) �,`�fN^XgH`�e.fH[T_K`�e.®>�°^Q®T^QdNfN[3e�®(Ç|^�¯:^XgN^Q`0¹X^ )0gOe.h�^
�N�|Ç<¶ �,`�fN^XgH`�e.fH[T_K`�e.®>�°^Q®T^QdNfN[3e�®(Ç|^�¯:^XgN^Q`0¹X^M¶�Ï�dNfN^Qh
�N�?Ç<¶ �,`�fN^XgH`�e.fH[T_K`�e.®>� e.gNfHgN_Kf�e�fN[]_E`�e.`0\Ç|^�¯:^XgN^Q`0¹X^�dHÏwdHfN^Xhid<¶�^XgH�w[]¹X^
�NY�¶ �,`�fN^XgH`�e.fH[T_K`�e.®>YÃ�?¶�¶�^XgN��[]¹X^
�N��|�|� �,`0dNfH[]fNZ0f|\0^Ãh�b^X¹ne�`0[]j�Z0^<¹�b^Q®T^QdNfN^�^Xf|\0^$¹ne�®]¹XZ0®>\a^Xdb^X¬acb^Xh�b^QgN[]\0^Xd
�NÇ<� �,`�fN^XgH`�e.fH[T_K`�e.®>Çs^O¯:^XgH^X`0¹X^M��^XgH[]\0[3e.`
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� �<Ç�) �,`�fN^QgN`�e�fN[]_E`�e�® �&^XgNgH^XdNfHgN[3e.®&Ç|^O¯:^QgN^X`0¹Q^ )ag�e�h�^
� �<Ç<¶ �,`�fN^QgN`�e�fN[]_E`�e�® �&^XgNgH^XdNfHgN[3e.®&Ç|^O¯:^QgN^X`0¹Q^ ¶�Ï�dHfN^Xh
±w� � ±K^Xfµ�&gH_E¬0Za®TdH[]_E` � e.�5_EgOe.fN_KgNÏ
� Y�Ç³¶ � []`0^Xh�e.fN[]¹ne�®¿Y·^X_�¹X^X`�fNgH[T¹�Ç|^O¯:^QgN^X`0¹Q^J¶�Ï�dNfH^Xh
��� Ç � Z0`�e.g � e.dH^Xg<Ç<e�`0»E[]`0»
� È$Å � ^X`0»EfH�_.¯7Å$e1Ï
��?Ç|� � ��_K`0[]fN_KgN[]`0»�_�¯ � e.gNfHÇ|_EfOe.fH[T_K` e�`0\��,`�fN^Qg,Æ,¹X_Ehi¬�e.gH[TdH_E`i_.¯ �&^X¹O0`0[]j�Z0^Xd
�µÇ|È �³_E`Ç|_Kf�e.fH[]`0»JÈ³gN[]»E[]`��3_EgH[]»E[]`0^$`0_E`tÆ£fH_EZ0gH`�e.`�fN^1�
� )>� � �&gH_E»Kg�e.\a^�)agN^Q^J�°_EgH^	�³Z0f�e�fN[]_E`
�?� � �&e.gOe.h¸^XfNgH^Xd|¬�_KdNf�Æ£`0^ �|fN_E`a[T^Q`0d
�?Ç � �&e.gOe.h¸^XfNgH^Xd|\0^$gN_Kf�e.fH[]_E`�\a^�®3e*�&^XgHgN^
Ç<Ç � Çs^X¬�¸^XgH^�\0^$g0b^O¯Eb^XgN^X`a¹X^JfH^XgNgH^XdNfHgN^
¶�� ¶�Ï�dHfX¸^Xhi^µ[]`�fN^QgN`�e�fN[]_E`�e�®�\¨Ð Za`0[]f0b^Xd
¶��N� ¶�¬5e.¹X^$�,`�fN^Xg�¯:^XgH_Eh�^QfNgNÏ���[]dNdH[T_K`
¶ � Ç ¶0e�fN^X®]®][]fN^ � e.dH^XgµÇ³e.`0»K[]`0»
¶0Ç � ¶�Ï�dHfX¸^Xhi^µ\a^µg0b^O¯Eb^XgH^X`0¹X^�fN^QgNgN^QdNfNgH^
���³� �&^Xhi¬0dce�fN_Kh�[]j�Z0^|[]`wfH^XgN`5e.fN[]_K`�e.®
�<� � �&^Xhi¬0do¹Q_w_KgN\0_K`0`|b^X^Ã��e.gHÏw¹Q^X`�fNgN[]j�Z0^
�<�|Y �&^Xhi¬0do¹Q_w_KgN\0_K`0`|b^X^Ã»?b^X_�¹X^X`�fHgN[]j�Z0^
�<Å(� �&^Xhi¬0do\aÏw`5e.h�[]j�Z0^|��e�gNÏ�¹X^X`�fHgN[]j�Z0^
�<Å(� �&^Xhi¬0do\aÏw`5e.h�[]j�Z0^|fH^XgNgH^XdNfHgN^
�<� �&^Xhi¬0do\a^Xd b^X¬0|b^Qh�b^XgH[T\a^XdJ���E_E[]g|e.Z0dHdN[&� �<�
�<�?È �&^XgHgN^XdHfNgN[3e�®(�&¬0a^Xh�^XgH[]d<È<gH[]»E[]`
�|�NÈ �&^XgHgN^XdHfNgN[3e�®>�,`�fN^XgHh�^X\a[ e�fN^�È³gN[]»E[]`
�|�NÇ<¶ �&^XgHgN^XdHfNgN[3e�®>�,`�fN^XgHh�^X\a[ e�fN^�Ç|^�¯:^XgN^Q`0¹X^J¶�Ï�dHfN^Xh
�	� �&^Xhi¬0dofH^XgNgH^XdNfHgN^
�	� �&^Xhi¬0doZa`0[]�E^XgHdN^X®°�3�E_K[]gce�Z0dNdH[��(�<�
�(�<� �³`0[]_E` �³dNfHgN_E`a_Eh�[]j�Z0^³�,`wfH^XgN`5e.fN[]_K`�e.®]^M�3�K_E[]gce�Z0dNdH[>� �	�$�
�µY�Y$� �³`0[]_E` Y�b^X_�\cb^XdN[]j�Z0^�^Qf<Y�b^X_E¬awÏ�dH[Tj�Z0^$�,`�fN^QgN`�e�fN[]_E`�e�®]^
�(� �³`0[]�E^XgHd�e.® �|[]hi^J�3�K_E[]g|e.Z0dHdN[��	�$�
�(�<� �³`0[]�E^XgHd�e.® �|[]hi^µ�°_�_EgH\0[]`�e.fH^X\�� �&^Xh�¬adoZ0`a[T�K^XgNdH^X®>¹Q_w_KgN\0_K`0`|b^n�
² � � � ²?^QgNÏ � _E`0» �|e.dN^Q®T[]`0^ �<gNgOe1Ï
² � �°� ²?^QgNÏ � _E`0» �|e.dN^Q®T[]`0^Ã�,`wfH^Xg,¯*^XgN_Kh�^XfHgNÏ
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� ^Xd°`0_EfOe.fH[T_K`0d&dN_K`wf ¬0g0b^X¹Q[Td0b^X^Xd|^Xf°^$��¬0®][]j�Zcb^X^Xd?\5e.`0d°¹O�e.¹XZa`M\0^Xd°¹�5e.¬0[]fNgH^Xd°_¿¸Z�^X®]®T^QdodH_E`�f?[]`�fNgN_�\0Za[TfH^XdnW �<_EZad
`0_EZ0d|dH_Ehih�^Xd?^,-¿_KgN¹�b^Xd$\0^$»�e.gN\a^Xg<\0^Qd|`0_EfOe.fN[]_K`0d|¹X_E|b^XgN^X`�fH^Xd$dNZ0g|®,Ð ^X`0dH^XhM�0®]^<\0^Ã®£Ð _KZ0��g�e.»K^EW
� ^Xd$dNÏ�hM��_K®]^Xd<Z0fH[]®T[]d0b^Xd<dHZ0[]�E^X`�f$^X`�»?b^X`|b^Qg�e.® ®T^QdµgH^X¹X_Kh�h e�`0\�e�fN[]_E`0d°\0^�®,Ð �³`0[]_E`��<dHfNgH_E`0_Kh�[]j�Z0^$�,`wfH^Xg,Æ

`�e.fH[T_K`�e.®]^E�KfN_KZ0fN^�¯:_E[]d|®,Ð _EgN[]»K[T`a^|\0^Xd<fH^Xh�¬ad|±wkElKlElaW l·^XdNf³`0_Ef0b^X^�±wkKlElKl0W
�¨_EZag(®]^Xd Z0`0[]f0b^Xd `0_EZ0d?e1�K_E`0d&Z0fH[T®][]d0b^°®]^Xd&dNÏ�hM�5_E®]^Xd&\|b^Oº�`a[Td&\�e�`0d?®3e|dH^X¹XfH[T_K`�k0WÑk|h�e.[]d(e�Z0dNdH[0®]^Xd?dHÏwhM�5_E®]^Xd

dNZ0[]�Ee.`�fHd*)

¹X¬0dN\ ¹XÏ�¹X®]^�¬5e.g��O_KZ0godH[]\cb^Xg�e�®
h e.d hi[T®]®][]dN^X¹Q_E`0\0^|\a^�\0^X»Kg0b^M�Nm1l � ����� �
h�d hi[T®]®][]dN^X¹Q_E`0\0^��Hmnl � � d��
� e.d hi[T¹QgN_EdH^X¹X_K`0\0^$\0^$\0^X»Kg0b^��Hmnl ��� ��� �
� d hi[T¹QgN_EdH^X¹X_K`0\0^M�Nm1l ��� dO�
`0d `�e�`0_EdH^X¹X_K`0\0^��Hmnl ��� d��

Å�Ð Z0`�¬�_K[T`�f$\0^���Z0^Mf,Ï�¬�_K»Eg�e�¬00[]j�Z0^E��®]^Xd$�K^X¹XfN^QZ0gNdMdH_E`�f$gN^X¬0g0b^XdN^Q`wf0b^Xd�¬5e.g$\0^Xd�¹1e.g�e�¹XfX¸^QgN^XdM»Kg�e.d$^XfÃ®T^Qd
¬�_K[T`�fHd|¬�e.g|\0^Qd|¹ne.gOe.¹XfX¸^XgN^XdÃgN_Eh�e.[]`0d1W
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� ¬�e.»K^Xd|�N�XW0� � � � �0�0�&®]Z0fH_E`i^Xfµe�dNf0b^QgN_�� � \0^QdnW � ^Xd<¹Q_w_KgN\0_K`0`|b^X^Qd<\0^Xd$e.dHf0b^XgH_�� � \0^Xd³dN_E`�f°¯£e�Z0dNdH^Xd �
GQR3RTGQP<PXSKA0V|IED]P*r0SEA0D�½XR]GXP$PXB�FµÒ
�����������������������! �"�"$#%�'&�()��&�(�����*�+),)��"$-����/.�012�2��*�+),� .$&�&���")�3#�,�,�#��)"/4�� #�(�(5-��)-6�'��4�&

� ¬�e.»K^µ�H�XW�mnlK 0�0Å³^X[]h�_KdnW � ^�\0^XgH`0[]^Xg<hi_E[]d<� �³��gN[]®3�?\0_K[]f �^XfHgN^�dNZ0¬a¬0gN[]h�b^KW
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� Ð �,`0dNfH[]fNZ0f³\0^Jh�b^X¹ne�`0[]jwZa^µ¹�b^X®]^XdNfH^M^Xf$\0^�¹ne�®T¹QZ0®&\0^Xd�b^X¬0|b^Qh�b^XgH[T\a^Xd$\0[.-¿Z0dH^J\a^�`0_EhM�agN^XZ0dH^Xd$[]`�¯:_EgHh e�fN[]_E`0d1�
¬cb^XgN[]_�\0[]j�Z0^Xhi^X`�f|gN^Xhi[TdH^XdJ¸e	��_EZ0g1�0»Eg&�e.¹X^�¸e�dN_K`dN^QgN�E^QZ0g�dNZag<®]^�g0b^QdN^ne�Z � A0V:G1FXA0G1V*W�È³`Ï�fNgH_EZ0�K^E�0_KZ0fNgH^J\0^Qd
[T`t¯:_EgHh e.fH[]_E`0d¨»?b^X`|b^Qg�e.®]^Xd°dNZago®]^Xdoe�¹XfN[]��[]f0b^Xd \0^<®,Ð �,`0dNfH[]fNZ0f?\a^|h�b^X¹ne�`0[]j�Z0^|¹�b^X®]^XdHfN^E��\0^Qdo\0_K`0`|b^X^QdodH¹X[]^X`�fN[ º�j�Z0^Xd
¹X_E`0¹Q^XgN`�e�`�f<®]^Xd|_E�#��^XfNd³\0Z�dNÏ�dNfX¸^Xh�^$dN_K®3e.[]gN^�)
0 b^X¬0|b^Xh�b^XgN[]\0^Qd<\0^$¬0®3e.`�¸^XfN^Xd1�5¬0®3e.`�¸^XfH^Xd|`�e�[T`a^Xdn�a¹X_Eh¸^XfN^Xd1�0e.dHf0b^XgH_�� � \0^Xd³^Xf<dOe.fN^Q®T®][]fN^Qdn��¬0|b^Q`0_Eh¸^X`0^Xd �
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�?#&4 8 W�WMWiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW��E¢
�<dN¹Q^X`0dN[]_K`\0gN_K[]fN^E�a\cb^X¹X®][]`�e.[]dH_E`>��\0[]dHf�e.`a¹X^ WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW��#�

-$':-a4 �8 / 8 6$;&=.):4?+.)*;&-0' 8 6 WiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0¢��
�°_w_KgN\0_K`0`|b^X^Qd<|b^X®][]_�¹X^X`�fNgH[]jwZa^Xd�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0¢.�
��^QgN¹XZ0gH^�WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0¢.�
²b^X`�Z0d�WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0¢E 
�e�gNd WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW��El
±KZ0¬0[]fN^Xg1��¶0e�fNZ0gH`0^E�'�<g�e�`�Z0dn� �<^X¬0fHZ0`0^ WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW��0m

�°_w_KgN\0_K`0`|b^X^Qd<»?b^Q_w¹Q^X`�fNgN[]j�Z0^Xd�W�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW��Ek
��^QgN¹XZ0gH^�WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW��Ek
²b^X`�Z0d�WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW��#�
�e�gNd WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�El
±KZ0¬0[]fN^Xg WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�.�
¶0e�fNZ0gH`0^ WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�E 
�³g�e.`�Z0d WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0 Ek
�³^X¬0fNZa`0^MWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0 #�
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 � 9>8 6 WiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�0m
�°_w_KgN\0_K`0`|b^X^Qd<»?b^Q_w¹Q^X`�fNgN[]j�Z0^Xd WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�Ek
�&®]Z0fH_E` WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�Ek
�ib^XgX¸^Xd WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0���
�&e.®]®3e.d�WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�.�
±KZ0`0_E`�WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�E¢
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²?^QdNf�e WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�#�

�¿-a/ 8 '*':)*/ 8 6 9>8 � -0=E6 WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�E�
�°_w_KgN\0_K`0`|b^X^Qd<f�e�`0»E^Q`wfH[]^X®]®T^Qd<e.Z��M0^QZ0gN^Xd$®]^Xd|¬0®]Z0d|¬agN_�¹O0^Xd<\a^Xd<¬0®]Z0d|»Kg�e�`0\0^Xd�b^X®]_K`0»we�fN[]_E`0d|�&dHf W°�H�XW0�E 
�&a_E�5_Ed¾WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW�W°�H�XW0�E 
Å
b^X[]h�_Kd WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m1l#�

�¿-a/ 8 '*':)*/ 8 6 9>8 ��#(;&)*/ 8 = WiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m1lE�
�°_w_KgN\0_K`0`|b^X^Qd<f�e�`0»E^Q`wfH[]^X®]®T^Qd<e.Z��M0^QZ0gN^Xd$®]^Xd|¬0®]Z0d|¬agN_�¹O0^Xd<\a^Xd<¬0®]Z0d|»Kg�e�`0\0^Xd�b^X®]_K`0»we�fN[]_E`0d WMWMW �N�XW�mKmnl
�,_ W�WMWiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mKmnl
�&ZagN_E¬5^ WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mKm �
Y�e�`�Ïwh¸^X\0^ W�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mKmn¢
�|e�®T®][]dNfH_ WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mKm��

�¿-a/ 8 '*':)*/ 8 6 9>8 �¿-a/n#&=.4 8 WMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mKmn�
�°_w_KgN\0_K`0`|b^X^Qd<f�e�`0»E^Q`wfH[]^X®]®T^Qd<e.Z��M0^QZ0gN^Xd$®]^Xd|¬0®]Z0d|¬agN_�¹O0^Xd<\a^Xd<¬0®]Z0d|»Kg�e�`0\0^Xd�b^X®]_K`0»we�fN[]_E`0d WMWMW �N�XW�mKmn 
��[]h�e.d�WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mKmn 
�&`a¹X^X®3e.\0^ WMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m1k.�
��b^XfH�Ïwd WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m1kE 
Å³[]_E`|b^�WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m �0m
Çscb^ne WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m ���
�|[]f�e�` WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m �.�
�³Ïw¬|b^XgN[]_E` WMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m �E¢
±�e.¬5^Xf�WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m �E¢

�¿-a/ 8 '*':)*/ 8 6 9 § ��=.-a4>#?6 WiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m �E�
�°_w_KgN\0_K`0`|b^X^Qd<f�e�`0»E^Q`wfH[]^X®]®T^Qd<e.Z��M0^QZ0gN^Xd$®]^Xd|¬0®]Z0d|¬agN_�¹O0^Xd<\a^Xd<¬0®]Z0d|»Kg�e�`0\0^Xd�b^X®]_K`0»we�fN[]_E`0d WMWMW �N�XW�m �E 
��[]gOe.`0\�e WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m �E 
�³gN[]^X®"WiWMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mQ�wk
�³hM�0gN[]^X®�WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mQ�w¢
�|[]f�e�`0[3e WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mQ�w�
È³�|b^XgH_E` WMWMW�WMW�WMWiWMW�WMWMWiWMW�WMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�mQ�w 
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�°_Eh�¬5_EdH[]fN[]_E`M\0^$®,Ð �,`0dNfH[]fNZ0f°\0^�h�b^X¹ne.`a[Tj�Z0^³¹�b^X®]^XdHfN^�^Xf³\0^$¹ne.®]¹XZa®>\0^Xdb^X¬0|b^Qh�b^XgH[T\a^XdJWMWiWMW�WMWMW �N�XW�m1¢��
�°_Eh�¬5_EdH[]fN[]_E`M\0Z��°Z0gN^1e.Z�\0^Xd³®T_K`0»E[]fHZ0\0^XdMWMW�WMWMWiWMW�WMWiWMWMW�WMW�WMWiWMWMW�WMWiWMW�WMWMW �N�XW�m1¢E¢
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�°�e�¬0[]fNgH^·�aW0��_�\�¸^X®]^Xd³_EgN�a[TfOe.Z��M\a^Xd<dOe.fN^Q®T®][]fN^Qd|`�e.fHZ0gN^X®]d0%(%'%(%(%'%(%)%*%)%(%'%(%(%'%(%'%(%'%(%)%*%(%)%*%)%(%'%$�XW�mn�K�
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� ÐNb^Xf�e��0®][]dNdN^Qh�^X`�f�\0^Xd�b^X¬0|b^Xh�b^XgH[]\0^Xdn�&¬ag0b^X��[]dN[]_E`�\0^XdM¬5_EdH[TfH[]_E`0d�\0^XdM¹X_KgN¬0di¹�b^X®]^XdHfN^Xd1�o\|b^X¬�^Q`0\�\0Z�dHÏwdHfX¸^Xhi^
\>Ð Z0`0[]f0b^Xd ^Xf?\0^|®3e³�Ee.®]^XZ0g \0^Xd?¹X_K`0dNfOe.`�fN^QdoZ0fH[]®T[]d0b^X^XdnW��&`M¬0®]Z0d \0ZMdNÏ�dNfX¸^Xh�^°¯*_E`0\�e�h�^X`�fOe.®E\¨Ð Za`0[]f0b^Xd1�.¹X_EhihMZ0`
¸e�fN_KZ0fN^Xd�®]^Xd�dN¹X[]^X`0¹Q^Xdn�&®]^XdMe.dHfNgN_K`0_Ehi^Xd�Z0fH[]®T[]dH^X`�fn��¬�e�g�¹X_Kh�h�_�\0[]f0b^�¬0Z0[]dNj�Z>Ð []®?d1Ð e�»E[]f$\0^�gH^X¬0g0b^XdN^X`�fH^Xg�\0^Qd
h�_EZa�E^Xhi^X`�fNdo¸e·»Eg�e�`0\0^�b^X¹O0^Q®T®]^E�KZ0`�e�Z0fNgH^<dNÏ�dHfX¸^Xhi^|\0[]f|PXÄ1P�VK�G1pJG$I À BwAaD3V0~GQP<C.PXV*FNSKA0SEp�D3q1BwGQPXWw�$Ð ^XdHfoe.ZM¹Q_EZ0gHd
\0^®3e��°_K`�¯Eb^XgH^X`0¹X^
[T`�fH^XgN`�e�fN[]_E`5e.®]^�\0^Xd�b^QfN_E[]®]^Xd�¯:_K`0\�e�h�^X`�f�e�®]^Xd�fN^Q`wZa^�¸e��&e.gN[]dM\0Z�m1 �e.Z kam�h e�[µm1 E�#�
jwZa^$¯:Z0fb^Xf�e��0®][>Z0`�dNÏ�dHfX¸^Xhi^�\0^�¹X_K`0dNfOe.`�fN^Qd·e�dNfHgN_E`a_Eh�[]j�Z0^Xd|dHZ0g<®]^Xj�Z0^Q®(®]^Xd<e�dNfHgN_E`a_Eh�^Qdb^XfOe.[]^X`�f<[]`���[Tf0b^Xd�¸e
¯:_E`0\a^Xg|®]^XZ0gNd|¹1e.®]¹XZ0®]dnW0�°^ÃdNÏ�dNfX¸^Xh�^³\0^�¹X_K`0dNfOe.`�fN^Xd1�0[]`�fN^XgH`�e.fH[]_E`�e�®�\¿¸^Xd|®,Ð _EgN[]»K[T`a^E�E^QdNf|^X`�fNg0b^�^X`e.¬a¬0®][T¹1e.fN[]_K`
[Thih�b^X\0[3e.fH^Xh�^Q`wf°^Xf$^XdHf�gN^XdHf0b^i^X`���[]»EZa^XZ0g �OZ0dHjwZ¨ÐT¸e ®,Ð e�\0_E¬afN[]_E`�¬�e�gµ®3e \0_EZ�+Q[:¸^Qh�^Je�dNdN^QhM�0®nb^X^J»?b^X`|b^XgOe.®]^�\0^
®£Ð �³`0[]_E` �<dNfHgN_K`0_Ehi[Tj�Z0^��,`�fN^XgH`�e.fH[]_E`�e�®T^�� � �<�N�Q�>g0b^XZ0`0[]^�¸e �µe.hM�5_EZagN»�^Q` mn� �.�5��\aZ�dNÏ�dNfX¸^Xh�^�� �<��m1�#�.�
� �(�³�X��mn� �#�K�XWo�°^�\0^XgH`0[]^XgdHÏwdHfX¸^Xhi^¯*Z0f�^ -¿^Q¹XfN[]�E^Qh�^X`�f�[]`wfHgN_�\0Z0[]fi\�e.`0d�®]^Xd b^X¬0|b^Xh�b^XgH[]\0^Xd�¸e ¬�e.gHfN[]g�\0^
mn�#�K 0W � e�dH^X[ +X[:¸^Xh�^�e.dHdN^XhM�a®nb^Q^µ»?b^X`|b^XgOe.®]^�\0^$®,Ð �(�³�og0b^XZ0`0[]^�¸e�Y$gN^Q`0_E�0®]^�^Q` m1�E� �0��®]^$h�_�\0[ º¿e$¬5_EZ0g|\a_E`0`0^Qg
`�e.[]dNdOe.`0¹Q^Je.ZidNÏ�dNfX¸^Xh�^ �(�³��mn�K�#�M� �(�<�X�¨mn�K�E�E� j�Z0[�¯*Z0fo[]`�fNgH_�\0Z0[]f|\�e.`ad|®T^Qd b^X¬0|b^Xh�b^XgN[]\0^Qd<^X`�mn�K .�5W
Å$e�`0d�¹Q^�¹O�e.¬a[TfHgN^�`0_EZ0d�e.®]®]_E`ad¬0g0b^QdN^X`�fN^Qg�¹X^�dNÏ�dNfX¸^Xh�^�e.[]`0dN[�j�Z0^�\a^Xd�\0_E`a`cb^X^Xd�¬0®]Z0d�g0b^X¹X^Q`wfH^Xd�^Qf

e.¹XfHZ0^X®]®]^Xh�^X`�f°^X`Z0dOe.»K^EW �<_KZ0d<`0_KfN^XgH_E`0d*)
2 �N� Ç<¶�kElEl �0�Q®T^Qd?\0_E`a`cb^X^Xd?[]dHdNZ0^Xd \0ZJdHÏ�dNfX¸^Qh�^°\0^|g0b^O¯Eb^XgN^X`a¹X^$dNf�e�`0\�e�gN\�\cb^Oº�`0[a¬�e.g&®]^c¶t^XgN��[]¹X^|�,`�fN^XgH`�e.fH[]_E`�e�®
\0^�Ç|_EfOe.fH[T_K`�\0^$®3e �(^QgNgN^i�3�N�?Ç³¶��0�,`�fN^QgN`�e�fN[]_E`�e�®>�?e.gHfN�gN_Kf�e�fN[]_E`�e.`0\Ç|^�¯:^XgN^Q`0¹X^�dNÏ�dNfH^Xh�d<¶�^QgN��[]¹X^n� �
2 ¶�^Q[T\a^X®]h e.`a` ^Xf�e.®,W$kElKlEk0�s®T^Qd�\0_E`0`|b^X^Xd�¬0Z0�a®T[1b^X^Qd�¬�e�g�®]^�UEFHSEBQrtG�IKG V*FNCKÁnCKD]R<¹X_Kh�hMZ0`�¸e�®,Ð �(�³� ^Qf
¸e�®£Ð �³dNdN_�¹X[3e�fN[]_E`��,`wfH^XgN`5e.fN[]_K`�e.®]^�\0^�Y�b^Q_w\|b^XdN[]^���� �<YM�&�,`�fN^XgH`�e.fH[T_K`�e.® �<dHdN_�¹X[3e.fH[T_K`�_.¯·Y·^X_�\0^XdNÏ0� dNZ0gi®T^Qd
¹X_�_EgN\a_E`0`|b^Q^Xd<¹ne�gNfH_E»EgOe.¬0a[Tj�Z0^Qd<^Xf|®]^Xdb^X®nb^Xh�^X`�fHdogH_Ef�e�fN[]_E`a`0^X®]d|\0^Xd³¬0®3e.`�¸^XfH^Xd|^Xf³\0^Xd|d�e�fN^X®]®][]fN^Xd �
2 )0Z43wZadN0[]h e³kElKlEl0�1®]^Xd°¬0gN_K¬�_KdN[]fN[]_K`0d?\0Z�UKFNSKBXr0G$IEG�V*FNCKÁnCKD]R.\0^|®,Ð �(�<�&dHZ0g?®]^Xd°¹X_E`0dHf�e�`wfH^Xd|e.dNfHgN_K`0_Ehi[Tj�Z0^QdnW



�XW�� ���������� 	9	 ������� ����	 ��������	

��� 	 � � ����� ��(�'���

§ �����3� ����

��� 	 � � � ��>6Q/ �8�©�8�� 254 9 - ©�8 4¨/n-0'

� ^MdNÏ�dHfX¸^Xhi^�¬0gOe.fN[]j�Z0^M\>Ð Z0`a[Tf0b^Xd�\0^ih�^XdHZ0gN^M^QdNf�®T^�¶tÏwdHfX¸^Xhi^M�,`�fN^XgH`�e.fH[T_K`�e.® \>Ð Z0`0[]f0b^Xd�\0_K`wf$®,ÐÑe.�0g0b^X��[3e.fN[]_K`
[T`�fH^XgN`�e�fN[]_E`5e.®]^|^XdNf|¶��XW�È³`�Ï�\0[]dNfN[]`0»KZ0^<\a^XZ��M¹X®3e.dHdN^Xd|\¨Ð Za`0[]f0b^Xd1�E®]^Xd°Z0`0[]f0b^Qdo\0^³��e.dH^<^Xf°®]^Xd°Z0`0[]f0b^Xd°\|b^XgH[]�ob^Q^XdnW
� ^�¶�Ï�dNfX¸^Xh�^��,`�fN^XgH`�e.fH[T_K`�e.®$^XdHf�¯:_K`0\|b^�dNZag dH^X¬0f�Z0`0[]f0b^Qd \a^���e.dH^�� �?e.�0®]^�mKW]mn�i¹X_E`adN[]\|b^Xg0b^X^Xd�¹X_Ehih�^

[T`a\cb^X¬5^X`0\�e�`wfH^Xd<\aZ ¬5_E[]`�f|\0^$��Z0^$\0[]h�^X`adN[]_E`0`a^X®,W

�?-0%&' 8 ��� � � �<`0[]f0b^Xd<\0^$��e�dN^�\aZÖ¶tÏwdHfX¸^Xhi^$�,`wfH^XgN`5e.fN[]_K`�e.®�\>Ð Z0`a[Tf0b^Xd��:¶t�N�XW

Y$g�e�`0\0^XZ0g �³`0[]f0b^ ¶�Ï�hM��_K®]^

� _E`a»EZ0^XZag h¸^XfHgN^ h
�e.dHdN^ 3�[]®T_K»EgOe.h�hM^ 3�»
�(^Qh�¬0d dN^X¹Q_E`0\0^ d
�,`wfH^X`0dH[Tf0b^�\0^�¹Q_EZ0gOe.`�f b^X®]^X¹XfHgN[]j�Z0^ e.hi¬�¸^XgH^ �

�(^Qh�¬|b^XgOe.fHZ0gN^$fNa^XgNhi_w\aÏw`5e.h�[]j�Z0^ 3E^X®]��[]` �

�<Z5e.`�fN[]f0b^$\0^Ãh e.fH[:¸^XgN^ hi_E®]^ h�_K®
�,`wfH^X`0dH[Tf0b^�®]Z0h�[]`0^QZ0dN^ ¹ne�`0\0^X®3e ¹X\

� ^Xd<\|b^Oº�`0[]fN[]_K`0d|\0^$¹X^Xd³Z0`0[]f0b^Xd³_E`�f°¹�5e.`0»?b^Je.Zi¹X_EZ0gHd<\0Z�fH^Xh�¬0d1W
�°_Kh�¬0fH^ofH^X`�ZJ\a^|®T^QZ0g?¬0g0b^X¹X[]dN[]_E`M[]`�fNgH[]`0dX¸^Xj�Z0^°^Xf?\a^Xd?[]`0¹X^XgHfN[]fNZa\0^Xd°\0^|h�[]dN^ ^X`��$Z0��gN^E�K¹O�e.¹XZa`0^|\0^|®]^XZ0gHd

\cb^Oº�`0[]fH[T_K`0d<dHZ0¹X¹X^QdNdN[]�K^XdJ^QdNf$¹X_Ehi¬�e.fH[]�0®]^·e1�K^X¹�®3eM¬ag0b^X¹�b^Q\0^X`�fN^ifN_EZaf<^X`�¬�^QgNh�^QfNf�e�`�f<\0^Xd$g0b^ne.®][]d�e�fN[]_E`0d³¬0®]Z0d
^$�0e.¹XfH^XdnW

� ^Xd?\0^QgN`0[*¸^XgH^Xd|\|b^Oº�`a[TfH[]_E`0d&¬0Z0�a®T[1b^X^Qd?¬�e.g&®]^ �oZ0gH^ne.Zi[]`wfH^XgN`5e.fN[]_K`�e.®�\0^Xd ¬�_K[T\ad(^Qf?h�^XdHZ0gN^Qd<� �°�N�?���5mn�K�E E�
¬�_KZ0g<®]^Xd³dN^X¬0f$Z0`a[Tf0b^Xd<\a^���e.dH^�dN_K`�f<®]^Xd<dHZ0[]�Ee.`�fN^Qdn�0®]^Xd³dN[]»E®]^Xd$�|Y��?� \|b^XdH[]»E`�e�`wf³®3eM�°_E`�¯Eb^QgN^X`0¹Q^J»?b^X`|b^XgOe.®]^
\0^Xd<¬5_E[]\0d|^Qf|h�^XdHZ0gN^Xd|^Qfµ�°�N�?����®]^��°_Ehi[]f0b^<[]`�fN^QgN`�e�fN[]_E`�e�®�\a^Xd<¬5_E[]\0d|^Xf|hi^XdNZagN^Xd1W

� A0D3V0~GIEG�R]SEAEUKB�GnB�F�Ò³RTGp��G1V:FHG GQPXV³RTC�RTSKAEUKBwG1B�F�IEB�V:FHCNÔXG1V&r0CEFH�OSEB�FXB�IKCEA�P�R]G Á1D3IKG�rtCKFiRTC
R]B�pJD.�G1FNGcrtG1A0IECKA0V|B�A0GMIEB�F&~G1G�IEG�m��EkK�E�?�K�Ek&��¢E �PXGO�OSEA0IKG��Hmn���$�|Y��?����m1�E  �
	Ey

� A0D3V0~G IKG�pJC�P�PXGiÒ|RTG��ED RTSOUEFHCEp�pJGMGQPXV<R À B�A0D3V0~G�IKG p�C.POPXG�µD]R?GQPXV�~GOUKC.R �C
RTCp�C.POPXG�IEBir�FNS.Ê
V*SEV*ÄHr0GJD3AaV:G1FXA0CKV:D3SKA0C.R&IEB��KD]R]S�UKFNCKpJp�G��Hm����|�|Y��?���¨mn K E��G1V �����|Y��?����mn�Elam�	Ey°�?G|r�FNSKV:SKV:ÄHr0G
D�A0V:G1FXA0CKV:D�SEA0C�R(G1A�r�R]CEV*D3A0G�D3FXD3IKDw~G�GQP�V°�OSEA�PXG1FXÁ?~GJCKB L³B�FNGOCEB � A0V:G1FXA0CKV:D�SEA0C�RTy
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� A0D3V0~G�IEG�V*Gnpsr�P�Ò·RTC�PXG��OSKA0IEG�GQPXV�RTC�IEB�F&~G1G�IKG��|m1�Ek � �0m>�K�ElÖrJ~G1FXD3S1IEGQPIEG�RTC�FHCEIED�CEV*D3SEA
�OSKFXFNGQP*rtSKA0IECKA0V��C�RTC�V:FHCEA�PXD3V*D3SKA�GnA0V*FNG RTGQP IKGnB.��A0D3Á1GOCEB.���0ÄHr0GnF��?A�P�IEGiR À ~GnV*CEV��QSEA0IKCEp�GnA0V*C.R|IEG
R À CEV*SEp�G�IEG��?~GQPXD3B�p x
	�	 �Hm ���µ�|YÃ�?���>m1�#�K�
	Ey

� A0D3V0~G IKG���SKB�FNCEAaV ~GQRTGO�1V:FXD�qnB�G Ò�R À CKp|rµ�GnFHG�GQP�V
R À D3A0V*GnA�PXD3Va~G I À B�A ��SKB�FNCEAaV��OSEAtP�V*CEAaV�qnB�D�
p�CED�A0V:G1A0B�IECKA�P IKGnB.���OSEA0IKBw�1V*GnB�FOPÃrtCKFNC.R�Rn�GQRTGQP��$FNGO�1V:D]R]D UKA0GXP��<IKG�RTSKAEUEB�G1B�F D�A��?A0D3G��JIKG�PXG��1V*D3SEA
�1D3FH�nBKRTCKD3FNGiA$~GOU.R]D UEGOCK½XR]GGnV r5RTCE� ~GQP �C�B�A0GIKD]PXV:CKA0�OGIEG�x�p��G1V:FHG�R À B�A�IEGiR À CKB�V:FHG IKCEA�P�R]G Á1D3IKG��
r�FNS1IEB�D3FHCED3V¨GnA0V*FNG$�OGQP<��SKA0IEB��1V:G1B�FOPµB�A0G&�XSKFN�OG�~G�UKC.R]G��Cµk�� m1l ��� AaG��?V*SEA·rtCKF<p��GnV*FNG³IEG³RTSKAEUKBwG1B�F
�*�°�N�?� �>mn���%��G1V>�����|Y�� ����mn���w 
	Ey

� A0D3V0~G IKG�V*GnpsrJ~G1FNCKV:B�FNG�V]�0G1FXp�SnIKÄ.A0CEp�D3q1BwG�Ò RTG��EGQRTÁ1D3A�GXPXV�R]C��XFHCE�1V:D�SEA�m��KkE� � %]m�� IEG RTC
V*G1p|rJ~GnFHCEV*BwFHG�V]�0G1FXpJS1IEÄ.AaCEp�D3qnB�GMIKB�r0SED�A0VoV*FXD r5RTG�IKG�R À GOCEB �Hm � �µ�|Y��?����mn�#�K�
	Ey
� A0D3V0~G�IEG�q1B�CEA0V*D3V0~G IKG�p�CEV*D �GnFHG�Ò�R]C p�S.R]G�GQP�VÖRTC�q1BwCKA0V*D3V0~G�IEG�p�CEV*D.�G1FNG�I À B�A PXÄ1PXVE�Gnp�G

�OSKA0V:G1A0CKA0V�CKBwV*CEAaVMI À G1A0V*D3V0~GQP ~GXRE~Gnp�G1A0V:CKD3FNGQPqnB À D RµÄ�C�I À CKV:SKpJGQP�IKCEA�P l %Ñl0mnk��KD]R]S�UKFNCKpJp�GIEG
�OCKFX½OSEA0GMx1u�y z SEF�P�q1B À SEA�G1p|r5RTSKD3G$RTCMp�S.R]G��&R]GXP$GnA0V*D3V0~GXP�~GXRE~Gnp�G1A0V:CKD3FNGQP<IESKD3Á1GnA0V��G1V:FHG<P*rJ~Gn�1D ��~G1GXP�G1V
r0G1BwÁ1G1A0V��G1V:FHG<IEGQP<CEV*SEp�GQP��&IEGQP<pJS�RE~G1�nBKR]GXP��>IEGQP<D3SKA�P��(IEGQP�~GQRTGO�nV*FNSKA�P��>I À CKB�V:FHGXP¨rtCKFXV*D3�nBKR]GXP|SEBMIKGXP
UKFNSKBQrtG1pJG1A0V�PJP*rJ~Gn�1D ��~GQP IKG�V*GXR�RTGQP|rtCKFXV*D3�nBKR]GXP��HmX� ���|Y��?� �>m1�E�0m 	Ey>¼|G1pJCKFNq1BwSKA�P�q1BwG��|IECEAtPMRTC
I|~G�� A0D3V*D3SEA�IKGMRTC�p�S.R]G��<D]R&GXPXV³GnA0V*G1A0IEB�qnB�G R À SKAPXG�F&~G:���G1FNG��CIKGXPMCEV*SEp�GXP�IEG��OCKFX½OSEA0G�x1u�A0SKA
R]D�~GQP��?CKBFNG�rtS�PµG1VoIKCEA�PÃRTG1BwF�~G1V:CKV��QSEA0IKCEp�GnA0V*C.R]y

� A0D3V0~GMI À D3AaV:G1A�PXD3V0~G�RTB�pJD�A0GnBKPXGMÒ RTC��OCEA0IKGXR]C GQPXV°R À D�A0V:G1A�PXD3V0~G�R]B�pJD3AaGnBKPXG��|IECKA�PMBwAaGMIED3FHG��1V*D3SEA
IKSEA0A$~GnG��(I À B�A0G³P�SKB�FN�OG<q1B�DJ~Gnp�GnV¨B�A�FNCKÄ.SEA0AaGnp�GnAaV(p�SEAaSn�O�0FHSEp�CEV*D3qnB�G$IEG¨�XF&~G1qnB�G1A0�OGo¢��wl���mnl����
�aGnFQVTÉ�G1V�IESKA0V�R À D�A0V:G1A�PXD3V0~G ~G1A0GnF*U|~G1V*D3qnB�G�IECKA�P��OGnV*V*GIED3FHGO�nV*D3SEA�GQPXVJm
�#�E  � �?CEV*V°r0CEF�PXV0~GnFHCEIKD3CEA
�Hm�� � �|YÃ�?���>m1�E�K�
	Ey

z GQPcB�A0D�V0~GQPcI|~GnFQD3Á?~G1GQP¿dH_E`�f¨¯:_EgHh�b^X^Qd>¬�e�g(¹Q_EhM�0[]`�e�[TdH_E`³\0^Xd&Z0`0[]f0b^Qd(\a^o��e�dN^�¸es®£ÐÑe�[T\a^(\a^ogH^X®3e.fN[]_K`0d?e.®]»?b^X�agN[]j�Z0^Xd
®T[3e�`wf°®]^Xd|»EgOe.`0\a^XZ0gNd³¹X_EgHgN^XdH¬�_K`0\�e�`wfH^XdM�N�*�Xy��oZagN^ne�Z\0^Xd³®T_K`0»E[]fHZ0\0^Xd1��mn�E amn�QW

� e�¹X®3e.dHdN^$\0^Xd³Z0`0[]f0b^Qd|dNZ0¬0¬a®nb^Qh�^X`�f�e�[]gN^Xd|\>ÐÑe�`0»E®]^<¬a® e�`�^Xf|\¨Ð e�`0»E®]^³dN_E®][]\0^E��®]^$g�e�\0[3e.`i^Xf<®]^<dHf0b^XgOe.\0[3e�`>��e�b^Xf0b^
e.�0gH_E»?b^Q^J¬�e�g<®3e�mEm ���|Y��?���¨�Nmn�K�E¢K�XW��°^QdµZa`0[]f0b^Xd$dN_K`�fµ\|b^XdN_KgNh e�[]d|[T`�fH^XgN¬0g0b^Xf0b^Q^Xd�¹X_Kh�h�^³Z0`0[]f0b^Qdµ\|b^XgN[]�ob^X^Xd
d�e.`ad|\0[]h�^X`0dH[]_E`>W

� ^�g�e�\0[3e.` ^XdNf®,ÐÑe.`a»E®]^¬0®3e.` ¹X_Kh�¬0gH[Tdi^X`�fNgH^�\0^XZ�� g�e1ÏK_E`0d�j�Z0[,�°dNZ0g®3e�¹X[]gN¹Q_E`�¯Eb^QgN^X`0¹Q^ \¨Ð Za` ¹X^QgN¹X®]^E�
[T`�fH^XgN¹X^Q¬0fN^X`�f$Z0`e.gH¹$\0^$®T_K`0»EZa^XZ0g�b^X»�e.®]^M¸e�¹X^X®]®]^µ\aZ gOe1ÏE_K`>W��,®>e�¬5_EZag<dNÏ�hM�5_E®]^|g�e�\>W

� ^�dHf0b^XgOe.\0[3e.`�^XdNf�®,ÐÑe.`0»K®T^�dN_K®][T\a^MjwZa[£�&e1Ïwe�`�fµdH_E`�dN_Ehih�^Xf$e.Z�¹X^Q`wfHgN^�\>Ð Z0`0^idN¬0�¸^XgN^E� \|b^X¹X_KZ0¬5^�dNZagJ®3e
dNZ0g�¯£e.¹X^Ã\0^$¹X^XfNfH^�dN¬a¿¸^XgN^�Z0`0^�e�[TgH^b^X»�e.®]^M¸e�¹Q^X®]®T^Ã\>Ð Z0`�¹ne�gNg0b^Je1Ïwe�`wf°¬5_EZ0g|¹%�_Kf0b^$®]^$g�e1ÏE_K`�\0^$®3eÃdN¬0�¸^QgN^EW5�,®>e
¬�_KZ0g|dNÏ�hM�5_E®]^<dHgnW

�(e�gce�[]®T®]^XZagNdn�K®]^<�°_Ehi[Tf0b^o[]`�fN^QgN`�e�fN[]_E`�e�®�\a^Xd|¬�_K[]\0d?^Xf°h�^XdHZ0gN^Qd<e�e.\0_K¬0f0b^³^X`�m1�E� �$Z0`0^³`0_EZ0�K^X®]®]^<¹X®3e.dHdN[ º�¹ne Æ
fN[]_E`M\0^QdoZ0`a[Tf0b^Xd|^X`i\0^X0_KgNd°\0Z ¶��&j�Z0[5¬�^QZ0�E^X`�f*�^XfHgN^$Z0fH[T®][]d0b^Q^Xdce1�K^X¹|®]^µ¶��XW��&e.gHh�[0¹X^Q®T®]^Xd�Æ£¹Q[£�K_E`i\0_E`a`0^|\�e.`ad
® eÃf�e��0®]^MmEWÑk�®]^Xd|Za`0[]f0b^Xd|Z0dHZ0^X®]®]^Xd<\a^�fN^Xhi¬0d°^Xf|\>ÐÑe.`0»K®]^<^Xhi¬0®]_.Ïob^Q^Xd|j�Z0_EfH[T\a[T^Q`0`0^Xhi^X`�fnW
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� -0%&' 8 � � 	 � �³`0[]f0b^Xd³^X`�\0^X0_KgNd<\aZÖ¶t�X��^X`�Z0d�e�»E^Je1�K^X¹$®T^�¶��XW

�³_Eh ¶�Ï�hM��_K®T^ ²oe�®T^QZ0g|^X`�Z0`0[]f0b^�¶��

hi[]`wZafN^ hi[]` m³h�[]` � �ElÃd
a^XZ0gN^  m³ � �El�hi[]` � �#�KlElÃd
��_EZ0g \ m³\ � k��M �  #���wlEl·d

\a^X»Eg0b^ � m�� � �����0mn KlE�°gOe.\
hi[]`wZafN^ � m � � �Hm��#�KlE��� � �����0mnl  ElElK�&g�e�\
dH^X¹X_K`0\0^ ��� m ��� � �Hm�� �ElE� � � �����#�.�� ?lElKlE� g�e�\

�,®�^XdHfogH^X¹X_Kh�h e�`0\|b^°j�Z0^<®]^<\a^X»Eg0b^<dN_K[]f?dNZ0�5\0[]��[]d0b^<\a^<h e�`0[:¸^XgN^|\|b^X¹X[]h e�®T^°¬0®]Z0f&�_Ef?j�Z>Ð ^X`iZ0fN[]®][]d�e.`�f&®3e$h�[]`�Z0fH^
^Xf|®3e�dN^X¹X_K`0\0^EW

��� 	 � 	 � ��>6Q/ �8�©�8 ����� 9 § #&4()*/ �8 6³-�6Q/1=.2�4&2 © )£ª5# 8 6

	 %$ 8' ���� "$� � ./� �
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^X`�fNgN_K[]d|¹ne.f0b^X»E_KgN[]^Xd )
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�&^XgHgN^ � �E�K 0W]mX��l � �E�K 0W]mX� ��l0WÑlam
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¶ � � � l0WÑlKlEl?lKl0mn� � l0WÑlElKl?lElam��E �� � l0WÑlKlEl?lKl0m��K�E¢?¢am��
� � � � l0WÑlKlEl?lKl0mn  � l0WÑlElKl?lElam���� � � l0WÑlKlEl?lKl0m>�K�El|m1�#�
¶ � � 
 l0WÑlKlEl?lKl0m 
 l0WÑlElKl?lElKl ����� �K¢ 
 l0WÑlKlEl?lKlEl?kK�El?�K�El
� �!2 � l0WÑlElKl?lElKl|mn¢ � l0WÑlKlEl?lKlEl|mQ�w¢ �K ��
� ��� 
 l0WÑlElKl?lElK�|mn  
 l0WÑlKlEl?lKlE�|m1�E�? Kl0m
¶ � � � l0WÑlElKl?lElKk?�E¢ � l0WÑlKlEl?lKlEk?���w�&���.�
� � � 
 l0WÑlElKl?lElam��E��l 
 l0WÑlKlEl?lKl0m����E�?¢amn 
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	 ����dH[T`��M�X�
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h�_.ÏE^Q` # � �*¶�^X[]\0^X®]h e�`0`M^Xf<e�®£W]��kElKlEkE�QW�)¨[T»KZ0gN^Q`wfib^X»�e.®]^Xh�^Q`wf°\�e�`0d|®3e�fOe.�0®]^MmEW]mn�a�E¬5_EZag|®T^Qd|¬0®3e.`�¸^XfH^Xd|^Xf|®3e� Z0`0^K��®]^ FHCEÄ.SEA�FHGXR]CEV*D3Á1D]PXV:G # � � �(� 
 � ��� �³^Xf$¬�_KZ0g�®]^M¶�_E®]^X[]®,�0®3e � Z0`0^M^XfÃ®T^Qdµ¬a® e�`�¸^XfH^Xdn��dOe.Z�¯<��^XgH¹XZ0gH^E�
®T^��QCE�1V:G1B�FJUKFNCEÁ1D3V*CEV*D3SEAaA0GXR ��0W&�¨_EZ0g�®3e � Za`0^�^XfÃ®T^QdJ¬0®3e�`¿¸^XfN^QdJfH^X®]®TZagN[]j�Z0^Xd���_E�#�O^XfHdJ`a_E`�»we +X^XZ��0�Q� ���^XdHf
\0_E`0`|b^µ¬5e.g � � � ��� � ��� �?_�¸Z �"^XdHf|®]^<¬5_EfN^Q`wfH[]^X®�\0^$»EgOe1�w[]f0b^�¸e�®3eÃdNZ0g�¯£e.¹X^$\0Zi¹X_EgH¬0d���� ^XdNf|Z0`a^µj�Z�e�`�fN[]f0b^
h�^XdHZ0g0b^X^1�XW��¨_KZ0g|®]^Xdce�Z0fNgH^Xd<¹Q_EgN¬adn�0_K`�¬0gH^X`0\ � � � ��� ��
 Î ��� _�¸Z � ^XdHf|®3e�h�e.dNdH^<\0Z�¹X_KgN¬0d|¹Q_E`0dH[T\|b^Xg0b^�^Qf
 Î dN_K`Mg�e1ÏK_E`�b^Xj�Z�e.fH_EgN[3e�®£W<��^XdNf°®3e|¹X_K`0dNfOe.`�fN^³\0^|®3e³»Eg�e1��[]f�e�fN[]_E`ÃZ0`0[]�E^XgHdN^X®]®]^|^Xf � ®3e³�w[]fH^XdNdH^<\0^|®3e³®]Z0h�[*¸^XgH^� )aZ-3�Z0dN0[]h�e0�5mn�E�KlE�QW
� ^Xd$h e�dNdN^Qd<\0^Xd$dOe.fN^Q®T®][]fN^Qd<^Xf$®]^Xdµe�`0`0^ne�Z���\0^Xd$¬0®3e.`�¸^XfN^Xd$dH_E`�f<\0_K`0`|b^X^Qdµ\5e.`0d³®T^QdµfOe.�0®]^Xd�mEW]mn �^QfJmEW]m1�0W

� e$fOe.�0®]^�mEW]m1 <\a_E`0`0^|®3e³h e�dNdH^<e.ZMgN^Q¬�_Kd3� ^Q`�h e�dNdH^odH_E®3e.[]gN^K�.®]^|g�e.¬a¬�_KgNf°\0^/� ¸e·® e³h�e.dNdH^o\a^<®3e³¬0®3e.`�¸^XfH^
¹X^X`�fNgOe.®]^�^Xf|®]^$¬0gN_�\0Za[Tf/� � \�e.`0d|®]^$dNÏ�dHfX¸^Xhi^µ\¨Ð Za`0[]f0b^Xd<e�dNfNgH_E`0_Kh�[]j�Z0^Xd1W � eÃf�e.�a®T^MmKWTm1��\a_E`0`0^�� \�e.`0d|®]^
¶��XW0�°^Xd<h�e.dHdN^Xd|dH_E`�f|\|b^X\0Za[TfH^Xd<\a^Xd<�Ee�®T^QZ0gNd°\0_E`a`cb^X^Xd³¬�e.g*)
� Åµ�7�wlE¢Ã¬5_EZ0g|®3e � Z0`0^ �
� �oÏ�®]^Xg°^Xfµe�®£W��*kElKl��E� ¬5_EZ0g<�&a_E�5_Ed �
� 
oZ�e.`i^Xf<e.®,W��*kElElamn� ¬�_KZ0g<Åb^X[]h�_Kd �
� �|e.h�¬a��^X®]®5^Xf<¶�Ï�`0`0_KfNf��Hmn�E K¢E� ¬�_KZ0g|®]^Xd|d�e�fN^X®]®][]fN^Xd³»we�®T[]®1b^X^X`ad �
� )0Z-3�Z0dH0[]h eMm1�E�Kl$¬�_KZ0g<®]^Xd<e�Z0fNgH^Xd<dOe.fH^X®]®T[]fH^Xd|\0^$±EZ0¬a[TfH^Xgn�a®]^Xdµe�`0`0^ne�Z���\0^�¶0e�fNZ0gH`0^E� �<Ï�¬|b^XgH[T_K`>���7��$�cb^^Qf �b^Qg0b^X[]\0^ �
� �|e.h�¬a��^X®]®5^Xf	�<`a\0^XgNdH_E`��Hmn�K E�E� ¬5_EZ0g	�|[]f�e�` �
� �oÏ�®]^Xg°^Xfµe�®£W��Hmn�K EkE� ¬5_EZ0g<��[]h�e.dn�K�&`0¹X^X®3e�\0^E��� b^XfN�Ï�dn�5Å³[T_K`|b^E�0Çscb^ne�^Xf|±�e.¬5^Xf �
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� �|0_Eh�e.d?^Xf<e�®,W��Nmn�K E�K�?¬5_EZ0g|®]^Xd³¬�^QfN[]fNd|dOe.fN^Q®T®][]fN^Qd|\>Ð �<g�e�`�Z0d<�°_EgH\cb^X®][3e�^Xf$È³¬0|b^X®][]^ �
� ±we�¹X_E�0dH_E`�^Xf e�®,W?�Nm1�E�EkK�$¬5_EZ0g�®]^XdMe.`a¹X[]^X`0d�d�e.fH^X®]®][TfH^Xd�\>Ð �<g�e�`�Z0d��:�Ö[TgOe.`0\5e0� �³gN[]^X®,���³hM�0gN[]^X®,���|[]f�e�`0[3e0�È³�|b^QgN_E`5� �
� �ce�`�º�^X®]\�^Xf<��Z0gHg�e1Ï��Nmn�K�EkK�?¬5_EZ0g|®]^Xd³dN[ �M¬5^XfN[]fNd³d�e�fN^X®]®][]fN^Xd|\0^ �³^X¬0fNZa`0^ �
� È �°^X`�^Xf$e.®,W��Hmn�K�0mn� ¬5_EZ0g	�&gN[]fH_E` �
� �|0_E®]^X`i^Xf(�°Z0[]^M�Nmn�K�E�K�?¬5_EZ0g<�°5e.gN_K`>W
� eMfOe.�0®]^�mKWTm1��\0_E`a`0^�b^Q»we.®]^Xhi^X`�fn��¬5_EZ0g$®]^Xd³d�e.fH^X®]®][TfH^Xdn�5®]^�gOe1ÏE_E` # � \0^�®3e�dN¬0�¸^XgN^M^Xf1�<b^X�E^X`�fHZ0^X®]®]^Xh�^X`�f1�®T^Qd<\0^Xhi[ Æ�e �w^Qd�b^Xj�Z�e�fN_KgN[3e.Z���� # � � # � �°^Xf³¬�_K®3e.[]gN^M� # � �°\0^Ã®£Ð ^X®]®][]¬0dN_ � � \0^<fHgN[3e&��[3e.®�gH^X¬0g0b^QdN^X`�f�e�`�f·e�Z�h�[]^XZ��M®3edNZ0g�¯£e.¹X^Ã\0Z�d�e.fH^X®]®][TfH^EW��¨_KZ0g|fN_KZ0d|®]^Xd|d�e�fN^X®]®][]fN^Xd|¹X^Qdµ�Ee�®]^XZ0gNd|dH_E`�f|\0_K`0`|b^X^Xd³¬�e.g<¶t^X[]\0^X®]h e�`0`�^Xf<e�®,W��:kElKlEkK�XW

�°_Eh�hi^<¬5_EZ0g³®]^Xd$¬0®3e.`�¸^XfH^Xdn�5®,Ð ^XdNfH[]h e.fH[]_E`�\a^J®3e�h e�dNdH^��E_K®TZah�[]j�Z0^µe�b^Xf0b^�_E�0fH^X`�Z0^¸eM¬5e.gNfH[]g<\0^�®3e�h e.dHdN^
^Xf|\0Z�g�e1ÏK_E`�h�_.ÏK^X`M¬�e.g	�°^X¹OÆ �°_EgNdH^X`���^QgN»E^Qg��:kKlEl.���XW
È³`\a_E`0`0^Ã^X`�º�`>�5\�e�`0d<®]^Xd³\0^XZ���\0^QgN`0[*¸^XgH^Xd�¹X_K®T_K`0`0^Xd³\0^�®3e�f�e��0®]^�mEW]m1�0��®3e�h e�»E`0[]fNZa\0^<��[]dNZ0^Q®T®]^����M^Qf

®£ÐÑe�®T�|b^X\0_$»?b^X_Kh�b^XfHgN[]j�Z0^EW � e·¬0®]Z0d?»EgOe.`0\a^|¬�e.gHfN[]^|\0^<¹Q^Xdoj�Z�e�`�fN[]f0b^Xd ^XdNf°fN[]g0b^Q^<\0^|®,Ð ¥ A0�1Ä.�XR]SOrJ~GnIKD3G³P��1D3G1A0V*D �?q1BwG
IEGMR À B�A0D3Á1GnF�Pµ� �°Z0gH^ne.Z�\0^Qdµ®]_K`0»E[]fNZa\0^Xdn�&m1�E #�K�°_EZ\aZ���BQrKr�RE~G1p�GnA0V��CiRTC��?SEA0AaCED]POPXCEA0�OG�IEGQP �5G1p|r5Pc¬5_EZag
®T^Qd?d�e�fN^X®]®][]fN^Xd?\a^<�e.gHdn�K±EZ0¬0[]fH^Xgn��¶0e.fHZ0gN`a^<^Xf �³g�e�`wZad<� �°Z0gN^1e.Z�\a^Xd?®]_E`0»K[]fNZ0\0^Qdn�0m1�E�E¢K�XW � ^Xdoe�Z0fNgH^XdodH_EZ0gH¹X^Xd
Z0fN[]®][]d0b^X^Xd|dH_E`�f*)
� �(e�dN¹XZ�^Xf$e.®,W5�Nmn�K�EkK�?¬5_EZ0g �||b^X�|b^ �
� ¥ A0�nÄ.�QRTS�rJ~G1IED3G·P��1D3G1A0V*D �?q1BwG$IKG<R À B�A0D3Á1GnF�Po� �°Z0gN^1e.Z�\a^Xd?®]_E`0»K[]fNZ0\0^Qdn�0m1�E #�K�¨¬�_KZ0g?®3e³¬0®]Z0¬�e.gHf&\0^Xd?dOe.fN^Q®T®][]fN^Qd\a^J¶0e.fHZ0gN`a^E���³g�e.`�Z0d|^Qf �<^Q¬0fNZ0`a^ �
� ¶�0_ �|e.®]fN^Xg$�Nm1�E�KlE� ¬�_KZ0g|®,Ð e�®]�cb^X\0_�^Xf|®]^$g�e1ÏE_K`�\0^��(e�` �
� �oZ0gOe.fHfN[>^Qf|²?^X�E^Qg 3Ee��Nm1�E ��w� ¬�_KZ0g<��[]h e�dn���&`0¹X^X®3e�\0^E����b^QfN�Ï�dn��Å³[]_E`|b^µ^Qf<Ç||b^ne��
� �|0_E®]^X`i^Xf �5^X®]®]`0^Xg��Hmn�K ��E� ¬5_EZ0g³®T^Qd<e.®]�|b^X\0_Kd|\0^#�<Ï�¬|b^XgH[]_E`�^Xf|\0Z�¹%�_Kf0b^�dH_EhM�0gH^<\0^$±we�¬�^Qf��
� ¶�fN_K`0^$^Xf<��[]`0^Xg��Nmn�K EkK�?¬5_EZ0g|®]^Xd<e�®]�cb^X\0_Kd|\0^Xd<`a_EZ0�K^ne.Z��MdOe.fH^X®]®T[]fH^Xd|\0^J¶0e�fNZ0gH`0^ �
� �|0_Eh�e.d?^Xf<e�®,W��Nmn�K E�K�?¬5_EZ0g|®3eÃh e�»E`0[]fNZa\0^<^Xf|®,ÐÑe.®]�|b^Q\0_J\a^ �|[]fOe.`0[3e0W
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� Za`0^ �0W �E��� �El �E� �cm1l � � mEWÑk��Kl?lEl �E ��|m1l � � ��WÑ�ElKk? ElKl#���|m1l � �

� -0=E6
�&0_K��_Kd ¢0W]m1k��|mnl � � � mEWÑ¢E  �cm1l � �  0W �w� �|mnl��
Åb^X[]h�_Kd mEW]m ���|mnl � � � �0WÑ¢ �cm1l ��� mEWÑkEl �|mnl��

��#&;()*/ 8 =
� b^XfH[]d ´³²<� �5WÑ ��|mnl � ��� ¢��|m1l � � � �aW � �|mnl��
�<\ag�e.dHf0b^X[3e ´³² �aWÑ¢��|mnl � � � m �|m1l � � � mKW � �|mnl��
�<h�e.®]fN|b^X^ ² �aW ���|mnl � � � �0WÑ  �cm1l ��� �5W   �|mnl �
�||b^X�|b^ ´³�,² �aWÑ ��|mnl � � � ���|m1l � ��� ¢aWTm �|mnl
	
�,_ � �5W �����|mnl � � ��WÑ�ElK¢��|mnl � � ¢0WÑ� ���|mnl � �
�&Z0gH_E¬5^ �H� kaW �5m �|mnl � � k0WÑ¢EkK���|mnl � � �0WÑkKl��|mnl � �
Y�e�`wÏ�h¸^X\0^ �H�N� �aW ��¢��|mnl � � �0WÑ El����|mnl � � �0WÑ K���|mnl � �
�|e.®]®][]dNfH_ �,² ¢aW �5m �|mnl � � ¢0W �#�K ��|mnl � � �0W]m1 ��|mnl � �
� b^Q\�e ´³�N�N� kaWÑ���|mnl � � � ���|m1l � � � �aW   �|mnl��
�<[]h�e.®][3e ²³� �5WÑ ��|mnl � � � ¢0WÑl �cm1l ��� �aW � �|mnl �
� Ï�dH[TfH|b^ne ´ �aWÑ ��|mnl � ��� ���|m1l � � � ¢aWTm �|mnl �
�&®3e.gOe ²³�N� �aWÑ ��|mnl � � � ���|m1l � ��� ¢aWTm �|mnl
	
�<`5e.`-3°b^ ´³�N� mKWÑ���|mnl � ��� k��|m1l � � � kaW ¢ �|mnl��
�|e.gHh�b^ ´³� �5WÑ ��|mnl � ��� ¢��|m1l � � � �aW � �|mnl��
�&e.dH[T¬a�e&b^ ²³�N�N� �aWÑ¢��|mnl � ��� m �|m1l � ��� mKW � �|mnl
	
¶�[]`0_K¬cb^ �,´ �aWÑ ��|mnl � ��� ���|m1l � � � ¢aWTm �|mnl��

��-0/1#&=.4 8
�<`a`0^ne.Z'� � �5WÑ���|mnl � � � mEWÑ� �cm1l ��� �aW � �|mnl
	
�<`a`0^ne.Z'� � mKWÑk��|mnl � � � ��WÑk �cm1l � � mKW � �|mnl �
�<`a`0^ne.Z'� � �aW]m �|mnl � � � mEW]m �cm1l � � �5W k �|mnl �
��[]h e�d � k0WÑkK���|mnl � � �  0WÑlEl �cm1l � � �0WÑl.� �|mnl �
�&`0¹Q^X®3e.\0^ �H� �aWÑ���|mnl � � � mEW � �cm1l � 	 �5W � �|mnl �
��b^XfHwÏ�d �H�N� �aW ���|mnl � ��� mEWÑk �cm1l � � ��WÑ¢ �cm1l ���
Å³[]_E`|b^ �,² ¢0WÑkK���|mnl � ��� mEWÑ E¢ �cm1l � � �0WÑl �cm1l ���
Ç||b^ne ² mKWTm����|mnl ��� ��WÑl#� �cm1l � � mEWÑ¢����|mnl � �
�|[]f�e�` ²³� �0WÑ�#�K¢Ek �cm1l � � kaW � �E�Kl��|mnl � �  aW �K�E Kk��|mnl � �
�<Ï�¬|b^QgN[]_E` ²³�N�  aW ���|mnl � � � � �cm1l � � mKWTm �|mnl �
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� -0%&' 8 � � � ��� �3dHZ0[]fN^n�QW

�
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�3h e�dNdH^<dN_K®3e.[]gN^n� �3h�e.dHdN^$¬0®3e.`�¸^QfN^n� ��h � d � � �

��-0/n#&=.4 8
±we.¬5^Xf ²<�H�N� �aWÑ�E���|m1l � ��� k0WÑ�K���|mnl � � mKWÑl#���|m1l � �
�&��$�|b^ �,´ k��|mnl � � � ���|m1l � ��� k0WÑ���|mnl 	

��=.-a4>#?6
�°_EgN\|b^X®][ e ²<� �0WÑl��|m1l � � � mKW � �|mnl � ��� �0W ���|mnl��
È<¬acb^X®][]^ ²<�H� mEW ���|m1l � ��� kaW � �|mnl � ��� mEWÑ���|mnl �
��[]g�e.`a\�e ² laW �����|m1l � ��� l0WÑ� ���|mnl � � ��W ���|mnl �
�<gN[]^X® � �aWÑ El��|m1l � ��� mEWÑ¢ ���|mnl � � �Kl0W ���|mnl �
�<hM�0gH[T^Q® �N� ¢aWÑ E���|m1l � ��� mEW �K¢��|mnl � � �K 0WÑk��|mnl �
�|[TfOe.`0[3e �N�H� m1�0WÑ��� �|mnl � ��� ��WÑl#�am �|mnl � � k �E¢0W � �cm1l �
È<�|b^XgN_K` �,² m1¢0W]mn¢ �|mnl � ��� �0W �w�am �|mnl � � kKl0mEW]m �cm1l �
�µe � � e�\0^ �N�H� ¢0WÑl��|m1l � ��� �aW � �|mnl � ��� �0W ���|mnl �
�|�e.®3e.dHd�e �,² mEW ���|m1l � � � �aW]m �|mnl ��� k0W]m �|mnl 	
Å<^QdN¬0[]`�e ² mEW]m �|m1l � � � kaW]m �|mnl � � mEW ���|mnl �
Y�e.®3e.f0b^X^ ²<� mEWÑ���|m1l � � � �aW ���|mnl � � k0WÑ¢��|mnl �
� e.gH[]dNd�e ²<�H� k0WÑk��|m1l � � � �5WÑk��|mnl � � k0WÑ���|mnl �
�&gN_Kf0b^X^ ²<�H�N� k0WÑl��|m1l � � � �aWÑ���|mnl � 	 k0WÑ���|mnl �
�(gH[]fN_E` � mEWÑlE  �cm1l � � k0WÑlK���|mnl � � mEW ��kE ��|m1l � �
�b^Xg0b^X[]\0^ �N� m �|mnl � � � k �cm1l � 	 mEW ���|mnl �

-$'*#&/n254
�°�e.gH_E` � laW � ��� �cm1l ��� l0W]mEm1l �aWÑ�����|m1l ���
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m�� � ¹ne.gOe.¹Xf0b^XgN[]dN^|®]^<FHGnV*CEFHI&^Xf>®3es\cb^���^$��[]_E`Ã\0^?®3e|®]Z0hi[:¸^QgN^E�Xk���k � 
 	M¹ne�g�e.¹Qf0b^XgH[TdH^o®]^<I|~Gn�OC�RTCnUKG<IKB|rJ~GnFQD3�OGnA0V*FNG1W
�¨_KZ0g|®3e�gH^X®3e.fN[]��[]f0b^$»?b^Q`cb^Xg�e�®]^�\>ÐÑ�&[]`0dNfH^X[]`>��_E`e )

� � � l
	 � � � m

��� � � � � � #&/n= 8 6Ã#(4&)*/ �8 6

È<`�\a_E`0`0^�\�e�`0d�¹X^M\0^QgN`0[]^Xg�¬�e.gOe.»Kg�e.¬a0^J®]^XdÃ\cb^Oº�`0[]fH[T_K`0d$\0^Mj�Z0^X®]j�Z0^Xd�Za`0[]f0b^Xd�`a^�¯£e.[]d�e�`�fµ¬5e.d$¬�e.gHfN[]^M\0Z
¶�Ï�dNfX¸^Qh�^��,`�fH^XgN`�e�fN[]_E`5e.®|h e�[]dµgH^X`0¹X_K`�fNg0b^Q^Xd�\�e.`0dM®3e�®][]fNf0b^Xg�e�fNZ0gH^�^XfM^X`0¹X_KgN^�fN_K®nb^Xg0b^X^Qd��:�°_K0^X`�^Xf��?e1Ï�®]_Egn�
mn�E  � ���°Z0gH^ne.Z\a^Xd|®]_E`0»K[TfHZ0\0^Xd1��mn�K 0mE��m1�E  �E�XW

��
 ��&3#�	��' � 5�% �/5�38'
� ÐNb^X®]^X¹XfHgN_E`��K_E®]f��3^X²$�|^XdHf|Z0`0^�Za`0[]f0b^$^X`Z0dOe.»K^·e1�K^X¹$®]^·¶tÏwdHfX¸^Xhi^$�,`wfH^XgN`5e.fN[]_K`�e.®°�3^X`�¬0�Ï�dN[]j�Z0^Je�fN_Ehi[]jwZa^n� �
d�e³�Ee.®]^XZ0g&^X`MZa`0[]f0b^<¶��¨^XdNf?_K�0fN^Q`wZa^|^$��¬cb^XgN[]hi^X`�f�e.®]^Xhi^X`�fnW��<`�b^X®]^X¹XfHgN_K`w�K_E®]f?^XdHf?®,ÐNb^X`0^XgH»E[]^o¹Q[T`|b^XfN[]j�Z0^<e.¹QjwZa[TdH^
¬�e.g|Z0` b^X®]^X¹QfNgN_K`^X`�dNZa�0[]dNd�e�`�f<Z0`0^$\0[.-µb^XgN^Q`0¹X^�\0^$¬�_KfN^X`�fN[]^X®¨\0^Mm�²�\�e�`0d|®]^µ��[]\0^�)

m$^X² � m % �KlEk|m1�E� � � ��mnl � � � ±�e.¬0¬0gH_&��[Th�e.fH[T�K^XhM^X`�f %
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��
 . % 6 � ' � �5 
� ÐÑe.`0»KdNfHg��_Eh � ��µ�°^QdNf<^Q`0¹X_EgH^�Z0fH[T®][]d0b^$^X`�dH¬�^X¹QfNgN_KdN¹X_K¬0[]^J^Qf<^X`�h�[]¹XgH_EdH¹X_E¬0[]^EW0È³`e )

m �� � mnl � ��� h � mnl � � � h � l %]m�`0h %

��� 6 . )��!�
� ^$»we�Z0dNd��*Y$d|_EZY��°^XdHf|®]^µ`a_Eh \0_K`0`|b^�¸eÃ®,Ð Z0`0[]f0b^$�|Y�¶�b^X®]^X¹XfNgH_Eh�e.»E`|b^XfN[]j�Z0^EW0È³`e�)

m$Y$d � mnl � � � %

��� 6 .   .
� ^$»we�h�h e�� � �X�a^XdNf³Z0`0^$Z0`0[]f0b^$Z0fH[]®T[]d0b^X^$¬�_KZ0g|^$��¬0gN[]hi^Xg|®,Ð []`�fN^Q`0dN[]f0b^³\0Z�¹O�e.hi¬�h e�»E`|b^QfN[]j�Z0^EW�È<`e�)

m � � mnl ��� � � m�`�� %

��
 .0'  5�� ������ � �
� ÐÑe.fHh�_EdH¬0�¸^XgH^E�³Z0`0[]f0b^�^Xhi¬0®]_.Ïob^Q^�¬�_KZ0g�®3e�¬0gN^QdNdN[]_K`>���Ee�Z0f m1l0m �KkE¢��&eaW � Ð Zad�e.»K^�\0^�¹X^QfNfN^�Z0`0[]f0b^�^XdHf
¯:_EgHfN^Xhi^X`�fo\|b^Q¹X_E`0dH^X[]®]®nb^ �a^X®]®T^³`>Ð ^XdNf³\0_E`a`cb^X^$[]¹X[>j�Z>Ð]¸eÃfN[]fNgH^µ\¨Ð []`�¯*_EgNh�e.fH[T_K`>W

��
  %��(�
� Ð []`0¹O�3¬5_EZ0¹X^1�°Z0`0[]f0b^$e.`0»K®T_�Æ£dOe&��_E`a`0^o\a^µ®]_K`0»EZ0^QZ0gn�K^XdNf°Z0fH[T®][]d0b^|¬5_EZago\0_K`0`0^Xg|®]^Xd°\0[3e.h¸^XfNgH^Xd?\0^Qdo_K�#�O^X¹XfH[ ¯*d
\0^$¹X^XgNfOe.[]`0d³[T`adNfNgHZ0h�^Q`wfHd<e.dHfNgN_K`0_Ehi[]jwZa^XdnW�È³`�e )

m³[T`a¹� � k %Ñ¢��?¹Xh %

� ^<¬5_EZa¹X^<Z0fH[]®T[]d0b^<^X` )0gOe.`0¹X^K�E_KZ É1S.R3RK^X` �³®T®]^Xh�e.»K`0^E�1`>ÐÑe1�Ee.[]f&¬�e.d fN_EZafµ¸e³¯,e.[]f?®3e$h��^Qh�^?�Ee�®T^QZ0g )�k0WÑ�KlE�&¹Xh�W

��� � . %2�����
È<`�¬�^QZ0fJhi^XdNZagN^Xg�®,Ð []`�fN^X`0dH[]f0b^M\0^Xd�g�e�\0[]_.Æ,dN_KZ0gN¹X^QdJ¬�e�g�®3e�\0^X`adN[]f0b^i\0^ ��Z'�:�°�3�0�Ãj�Z0[o^QdNf�®£ÐHb^X`a^XgN»K[T^MgH^��¹XZ0^
\0^®,Ð ^X`0dN^QhM�0®]^�\>Ð Z0`0^
dN_EZagN¹X^�\0^\0[]hi^X`0dN[]_K`�º�`0[]^E� ¬�e.giZ0`0[]f0b^�\0^
dNZ0g�¯£e.¹X^�g0b^Q¹X^X¬0fHgN[]¹X^�¬0®3e.¹�b^X^dNZag�fN^QgNgN^
¬�^XgH¬�^Q`0\0[]¹XZ0®3e.[]gH^Xh�^X`�f�¸e�® eÃ\0[]gN^Q¹XfN[]_E`
\0^$® e�dH_EZ0gH¹X^E�5¬�e�g|dN^X¹X_K`0\0^�^Xf<¬5e.g|0^XgHf +�\0^$��e.`a\0^EW b�7f�e.`�f³\0_E`0`|b^X^
® e·¯£e�[T�a®T^³[]`wfH^X`0dH[Tf0b^$\0^Xd<gOe.\0[]_�Æ£dH_EZ0gH¹X^Xd<_K`�^$��¬0gN[]h�^ �°�3�0�|^X`*�Xe�`0d 3�Ï�W

m �Xe.`0d 3�Ï � mnl � � � � h � � � + � � %
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�<gN®]_Kfn�0±5W Æ��|W]�'�o^X¹�Æ �°_EgHdN^X`��5^XgN»K^Xg.����WT�a^Xf�e.®,W )�kElKl��0���,hi¬0gN_.�K^Xh�^Q`wf°_.¯?fH0^�^X¬0a^Xh�^XgH[]\0^Xd$_.¯o�&0_�^X�5^E�>��fN
dOe.fH^X®]®T[]fH^|_.¯¿¶0e�fNZ0gH`>��¯:gN_Kh�`0^ ��_E�0dH^XgN�Ee�fN[]_E`ad(h�e.\0^ ¯:gH_Eh mn�K�E¢³fN_�kKlElEla�.@$PXV:FHSEA0y0@·PXV:FHSOrt�aÄ1PXy � � � ���ElK�0W

��3�dN`0^Qdn� � W )>mn�K�E a�#�|0^$hi_EfN[]_K`M_.¯(±KZ0¬0[]fN^Qg<´<�H�N�$� � ^X\�eE�Q�>m1�E�.��Æ�kKlElKl0�E@·P�V*FNSKA0y � y � � ��mnk.���0W
�ce�`�º�^X®]\>�5ÅJW]����Z0gHg�e1Ï�� �JW )¨mn�K�Ek0� ��\0Ï�`�e�h�[]¹ne.®50[]dNfH_EgHÏ�_.¯&fN0^$[]`0`0^Qg �<^Q¬0fNZ0`a[ e�`�d�e.fH^X®]®][TfH^Xdn� � �OCEFQBEP �� �
�K�ElaW

�o^X¹�Æ �°_EgHdN^X`��5^XgN»K^Xg.� �JW )0kElEl������°_EhihMZ0`0[]¹ne.fH[]_.`J¬0gH[]�ob^Q^EW
�o�N�?� )�mn�E�K 0� z GÃ��Ä1PXVE�Gnp�G � A0V*GnFXAaCEV*D3SEA0C�R(I À B�A0D3V0~GXP���� � 	E�5�(e1��[]®]®]_E`M\0^ �°gN^XfH^XZ0[]®,�¿¶5¸^X��gN^Xd1W
�o®3eEe�Z������JW]�0Y$Z0h��E�$WÑ¶�W]��^Xf<e.® )¨mn�#�Kl0� �|0^$`0^ ��� �	��dHÏwdHfN^Xh _.¯&»we�® e�¹XfN[]¹$¹X_�_EgH\0[]`�e.fH^Xd��Nm1�E¢K �gH^X��[TdH[]_E`��Q�
¡�SKA0VT�tRTÄ�¦�SEV*D3�OGQPc¼|SKÄ.y>@$PXV*FNSEAay>�5Sn�1y � 	 � ��mnk �0W

�o_K`0\>� � W �$W�)>m1 E¢amE��È<`�fH0^�`0^ � gN[]`0»�_.¯o¶0e�fNZ0gH`>�0@$PXV*FNSKA0y � y 	 �0¢0W
�ogH^Xf�e�»E`0_K`>���&W )5kElElKk0���°_EhihMZ0`0[ ¹1e.fN[]_K`J¬0gH[]�ob^Q^EW
�oZ0gOe.fHfN[,�&�$WT��²?^X�E^Qg 3Ee0�1±5W�)0mn�K .�5�n² _.Ïwe.»K^Xg>¬a0_EfH_Eh�^QfNgNÏ$_�¯ Çs0^ne0�KÅ<[]_K`0^E���&^XfN�Ï�dn�E�7`0¹X^X®3e.\aZ0doe.`a\ ��[]h�e.dn�
� �OCEFXBKP � � �0kE¢.�5W

�oZ0gH^ne.Z�\0^Xd�®]_K`0»E[]fNZa\0^Xd )?m1�E amE� � e�¬awÏ�dH[Tj�Z0^K� ¥ A0�1Ä.�XR]SOrJ~GnIKD3G�PX�nD�GnA0V*D �?q1B�G�IEGiR À B�A0D�ÁnG1FOP � 1 �>Y�e�Z0fN0[]^Xg�Æ
²³[]®T®3e�gNdn�0�&e�gN[]dnW

�oZ0gH^ne.Z�\0^Qd|®T_K`0»E[]fHZ0\0^Xd )�mn�K #�0� � ^Qd b^XfN_K[T®]^Xd1��®]^<dNÏ�dHfX¸^Xhi^µdH_E®3e.[]gH^E� ¥ A0�nÄ.�QRTS�rJ~G1IED3G�PX�1D3G1A0V:D �?qnB�G�IEG$R À B�A0D3Á1GnF�P
� � �5Y�e.Z0fH0[]^Xg,Æ,²<[]®]®3e.gHdn���(e�gN[]dnW

�oZ0gH^ne.Z�\0^Xd³®]_E`0»K[TfHZ0\0^Xd*)¨¸eM¬�e�gNfH[Tg|\a^�mn�K�E¢0� b�7¬0|b^Xh�b^XgN[]\0^Xd³\0^Xd$d�e�fN^X®]®][]fN^Xd|\a^J�e.gHdn�5±EZa¬0[]fN^Xg1�¿¶ae.fNZagN`0^�^Qf
�³g�e�`wZadn���5BXrKr�RE~Gnp�GnAaV�CMRTC
�?SEA0AaCED]POPXCEA0�OGMIKGXP��5Gnpsr�PX���°Z0gN^1e.Z\0^Qd|®T_K`0»E[]fHZ0\0^Xd1���&e.gH[Td1W

�oZ0gH^ne.Z�\0^Xd ®T_K`0»E[]fHZ0\0^Xd )E¸e|¬5e.gNfH[]g(\a^µm1�E�#�a� b�&¬0|b^Qh�b^XgH[T\a^Xd&\0^Xd&d�e�fN^X®]®][]fN^Xd¨¯£e�[T�a®T^Qd>\0^°±EZ0¬a[TfH^Xg&^Xf&\0^o¶0e�fNZ0gH`0^E�
�5BXrKr�RE~Gnp�GnAaV�CMRTC
�?SEA0AaCED]POPXCEA0�OGMIKGXP��5Gnpsr�PX���°Z0gN^1e.Z\0^Qd<®]_E`0»K[]fNZ0\0^Qdn�0�&e.gH[Td1W

�oZ0gHd�ea����W )�m1�E�Eka�w�&e�g�e.hi^XfN^QgNd°_.¯(¹Q_Eh�hi_E`�gN^X®]^X�Ee�`0¹X^$_.¯?e.dHfNgN_K`0_EhMÏ��.»K^X_�\0^XdNÏ�e.`0\i»E^X_�\0Ï�`�e�h�[]¹Xd1�wL³BKR3RTy
��~G1SnIKy � � ��mn� �0W

�|e.h�¬a��^X®]®,�5±�W � W]� �<`0\a^XgNdH_E`>�¨±�WÑÅ�W )°mn�E K�0��Y$gOe1�w[]f,Ï�º5^X®]\�_.¯|fN0^�¶0e.fHZ0gN`0[3e�`�dHÏwdHfN^Xh ¯:gN_Kh �&[]_E`a^X^XgMe.`0\
² _.Ïwe.»K^Xg°fNg�e�¹!3w[]`0»M\5e.f�ea�0@$PXV*FNSEAay � y � � ��mQ�w E¢aW

�|e.h�¬a��^X®]®,�.±5W � W]�0¶�Ï�`0`0_Kfn�0¶�WÑ�&W�)�mn�K E¢0��Y$gOe1�w[]f,ÏÃº�^X®]\�_.¯>fH0^$±E_.��[3e.`�dHÏ�dNfN^Qh ¯:gH_Eh��7[T_K`0^X^Xg<e�`0\�² _.Ïwe.»K^Xg
fHg�e�¹03�[]`0»M\�e�f�ea�0@$PXV:FHSEA0y � y �� ���#����W

�°�e.¬0gH_E`�f,Æ �&_EZ�+�b^E�0��W )5mn�E K 0���?¶��$� �µÈ )0e�dH^Xh�[ ÆNe.`�e�®TÏ�fH[T¹1e.®�fN0^Q_EgNÏ ¯:_Eg°fNa^µ_KgN�0[]fOe.®5h�_EfH[]_E`�_.¯7�70_E�5_Ed1�
@·PXV:FHSEA0y�@$PXV*FNS�rt�0Ä1PXy 	��� �0kE¢K¢0W

�°�e.¬0gH_E`�f,Æ �&_EZ�+�b^E�0��W�)�m1�E�Kl0�0È³gN�0[]fHd|_.¯?fN0^��e�gNfH[ e�`�d�e.fH^X®]®][TfH^Xd°¯:gH_Eh��?¶��µ� �$È e�`0\�?¶��$Åµ��fH0^X_EgH[]^Xdn�
@·PXV:FHSEA0y�@$PXV*FNS�rt�0Ä1PXy 	 � � ��mn¢K�0W

�°0gN[]dNf,Ï���±�W � W]� �µe�gNgN[]`0»KfN_K`>��ÇÃW ¶ W )�m1�E�E a���|0^$d�e�fN^X®]®][]fN^$_.¯?�&®]Z0fN_5�0@$PXV:FHSEA0y � y ��� ��mnlKlE¢aW
�°_E0^X`¨�>�|WÑÇ�W]���?e1Ïw®]_Kgn���µW ��W )?mn�K #�a� �|a^ m1�E #��e�\��OZ0dHfN^Xhi^X`�fµ_�¯cfH0^�¯:Z0`a\�e.hi^X`�f�e.®¨¬0�Ï�dN[]¹ne.® ¹X_E`0dHf�e�`wfHdn�
�?S1IECKV:C�L<BKR3R]GnV*D3A � � W

Å<[]¹!3E^QÏw�&±5W È�W )<m1�E K�0�&�,`�fN^XgH¹X_Ehi¬�e.gH[]dN_E`adM��^Xf �°^X^X` 3�[]`0^Xh e�fN[]¹ e�`0\�\0Ï�`�e.hi[]¹ne.®°dNÏ�dNfH^Xh�d1�°[T`�¼|G*�XG1FNG1A0�OG
�QFNCEp�GQP·D�AC.PXV*FNSEAaSEp�Ä�CEAaI UKGOSOr0�0Ä1PXD3�QP��5±5W � _.�Ee.®]^X��d 3�Ï����XW �XW0��Z0^X®]®]^Xgµe�`0\��µW � _E®3e�¹$+X^ 3�^X\0d1W]� � ®]Z �°^Xg1�
Å³_KgN\0gH^X¹Owf1�+�ElE¢aW
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Å<_KZ0gN`a^ne.Z>��YMW )?m1�E� �0��È³gH�0[]f�e.®&^X®]^Xhi^X`�fNd$_.¯°fN0^M^X[]»Kwf³h e$��_Eg<dOe.fH^X®]®T[]fH^Xd$_.¯c¶0e�fNZ0gH`�\a^XfN^XgHh�[]`0^X\
¯:gH_Eh e
º5f|_.¯?fN0^Q[Tg|fH0^X_KgN[]^Xd<_�¯(hi_EfN[]_K`MfN_�_E�0dH^XgN�Ee�fN[]_E`0d°¯*gN_Eh¾mn K #�$fH_mn�K E¢0�0@·PXV:FHSEA0y�@$PXV*FNS�rt�0Ä1PXy 	 � � �0kK�EkaW

�&®]®T[]_Kfn�0±5W � W]��Å³Z0`05e.h��5�|W]����[]®T®][]dn�0ÇÃW � W )&mn�E�K�0�5Å<[]dH¹X_.�E^XgH[]`0»�fH0^JgH[]`0»Ed$_.¯ �<g�e�`�Z0dn�&� �EÄ�CEAaI��5GXR]GXPX�OSOr0G
� � ����mnkaW

�&dN¬5_EdH[TfH_�� � W � WT��Å³[]®T®]^XÏ��.±5W �&W]��)0_KZ0`�f�e�[T`¨�E±5W � W )�m1�E Ela�w�70_EfH_Eh�^QfNgNÏ�e�`0\�¬5_E®3e�gN[]h�^XfHgNÏ�_.¯?¶0e.fHZ0gN`>Ð d|gH[T`a»Ed
¯*gN_Eh �&[]_E`0^X^Qgµ¶0e�fNZ0gH`>� � y �|G�S�rt�aÄ1P�y&¼|GQPXy � � �0¢K�.�w aW

�&dN¬5_EdH[TfH_�� � W � W]�.�°Z�+$+X[,�K±�W �JW]�.^Qfce�®£W')0mn�K .���K¶0e.fHZ0gN`>Ð d?gH[]`0»Ed1�E[]`i��CEV*B�FXA0� ��WwY$^Q0gN^X®]d|e.`0\�� W ¶ WE�e.fHfN0^ �|d
^Q\0dnW]�0�����aW

)�e�[TgH0^ne�\>� � W]� �ogH^Xf�e�»E`0_K`>�o�&W )|mn�K�El0� �<`�e�`�e.®]Ï�fN[]¹ne�®?¯:_KgNhMZ0®3e ¯:_KgJfH0^�fN[]h�^MfHg�e.`ad,¯:_KgNh e�fN[]_E`!�	� Æ �	���
@·PXV:FHSEA0y�@$PXV*FNS�rt�0Ä1PXy 		�� �0k.��l0W

)0^X[]�5^X®]h e�`>� � W ��W )¨mn� �E�0���°_E`a¹X^XgN`a[T`a»MfN0^ �OÅ �JgH[T`a»J_�¯ ¶ae.fNZagN`>�0¦ÃCEV*BwFHG 	 � � �0�E� �0W
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e�`0\�[]_E`0_KdN¬00^QgN^Je�`0\�fH0^�h e�dNdH^Xd|_.¯?��[]h e.d1�#�&^XfH�Ïwd<e�`0\��Ne�¬�^QfNZ0d1�>�5�nD3G1A0�OG 	 � � �0¢E¢ �0W

�oÏ�®]^Xgn�0Y W � W]�#�|e.®]h�[]`0_5�EYMW]��^Xf<e�®£W )0kKlEl �0���µ¶�� �(�$¶�� ±�� � �È$Ç<¶ m1lEkamE�
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Å³_KgN\0gH^X¹Owf1W
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Å<^Q¬0Z0[]d�mn� �E�0�K®3e�\|b^Oº�`0[]fN[]_K`�\0^$®3e$dN^Q¹X_E`0\a^J^XdHf|^X`�fNgH^�®]^Xdoh�e.[]`0d?\a^Xd<¬0�Ï�dN[]¹X[]^X`adn��^Xf|`0_K`�¬0®]Z0do^Q`wfHgN^�¹Q^X®]®T^Qd
\0^Xd e�dNfHgN_E`a_Eh�^QdM¹X_Ehih�^�¹Q^�¯:Z0fM®]^¹ne�d�¬5^X`0\�e�`�f�\0^`a_EhM�0gH^XZ���dN[*¸^X¹Q®T^QdnW<�°^X¬5^X`0\5e.`�f�®]^Xd�b^X¬0|b^Xh�b^XgN[]\0^Qd
e.dNfHgN_K`0_Ehi[Tj�Z0^Qd|¬0Z0�0®][nb^X^Xd$dN_KZ0d<®]^Xd�e�Z0dN¬0[]¹X^Qdµ\aZ�oZagN^ne�Z�\0^Qdµ®]_K`0»E[]fNZa\0^Xd<¹Q_E`�fN[]`�Z0^X`�f<\a^�¬�_KgNfH^Xg�®]^�h��^Qh�^
`0_Eh�\0^Q¬0Z0[]d?®]^XZ0g¨¯:_K`0\�e.fH[]_E`>� z CM�?SKA0A0CKD]POP�CKA0�OG$IEGQP·�5G1p|r5P�W.�°^X®3e³dNZ7�fc¸esg�e�¬0¬�^Q®T^Qg?j�Z0^odH[0®]^Xd?e.dHfNgN_K`0_Ehi^Xd
`0^�dN_K`�f<¬0®]Z0d³®T^Qd<»we�gN\0[]^X`ad<\0^�®,Ð Z0`0[]f0b^µ\a^JfH^Xh�¬0d1�0[]®]d|¬�_KgNfH^X`�f<fN_KZ��O_KZ0gNd³Z0`»EgOe.`0\
[T`�f0b^Xg��^Xf�¸eM®3e�\|b^Oº5`0[]fN[]_E`
^Xf<e.Z��ig0b^ne�®][TdOe.fH[T_K`0d°\0^�¹X^XfHfN^�»Kg�e�`0\0^XZ0g1W ¸��¹X^Q® ea�0[]®�Ï�eMe.Z�hi_E[]`0d?\0^QZ���gOe.[]dN_K`0d*)

� Å$e�`0d�fN_KZ0fN^Qd�®]^Xd�b^XfOe.¬5^XdJ\a^MdN_E`�\|b^X�E^X®]_K¬0¬�^Qh�^X`�f$®3e�h�b^X¹ne�`0[]jwZa^J¹�b^Q®T^QdNfN^�e�Z0fH[T®][]d0b^�¬5_EZ0gJe�gN»KZ0h�^X`�f³\0^
dN^XdMfHcb^X_EgH[]^XdM®]^MfN^Xhi¬0d�Z0`0[ ¯:_KgNhi^J[]\|b^ne�®o[]`�fNgH_�\0Z0[]f�¬�e�g �³^ �|fN_K`>W � ^Xd�\|b^X�K^X®]_E¬0¬5^Xhi^X`�fNd�®T^QdJ¬0®]Z0d�g0b^Q¹X^X`�fNd
¬0gN^X`a`0^X`�f�¬5_EZ0g³��e.dH^J®3eMfH|b^X_KgN[]^JgH^X®3e.fH[T��[]dNfH^J\a^�®3eM»EgOe1��[TfOe.fH[T_K`�^Xf$®T^Ã¹�a_E[ ��\0Z�dHÏ�dNfX¸^Qh�^�\0^�¹X_�_EgH\0_E`a`cb^X^Xd
[Thi¬�_KdN^°¹X^X®]Z0[5\0^<®3e$�Ee�gN[3e.�a®T^°[]`0\|b^X¬5^X`0\5e.`�fN^³\cb^X¹XgH[T�Ee�`�fo®]^|\|b^XgH_EZ0®]^Xhi^X`�f?\0ZMfH^Xh�¬0d1WwÈ³`MgH^XfNgH_EZ0�K^<¹X^$h��^Qh�^
e.gN»KZ0h�^Q`wf³dN_KZ0d$¯:_KgNh�^ÃjwZ5e.`�fN[]f�e�fN[]�E^Ã\�e.`0dÃ® e ¹X_E®]_K`0`0^�\>Ð ^X`�fNg0b^Q^�\0^Xd�b^X¬0|b^Xh�b^XgN[]\0^QdnW>�°^XdÃ\0^XgN`a[:¸^QgN^Xd�b^Xf�e�`�f
\0^XdNfH[]`cb^X^Xd°dN_K[Tf°¸e|¹X_Kh�¬�e�gN^Xg&\0^Qd(_K�0dN^QgN�Ee.fH[]_E`0d|¸e|\a^Xd?¹ne�®T¹QZ0®]dn�1dN_K[Tf|¸es¬0g0b^X¬5e.gN^Qg?\0^Xd?_K�0dN^QgN�Ee.fH[]_E`0d1�n[]®�¹X_K`w��[]^X`�f
\0_E`0¹
\0^\|b^Oº5`0[]gM®T^
¬0®]Z0dM¹X_EgHgN^X¹QfN^Xhi^X`�f ¬5_EdHdN[]�0®]^�¹X^Xfe.gH»EZ0hi^X`�fJ^Qf�\0^\|b^XfN^XgHh�[]`0^XgM®]^XdigN^X®3e�fN[]_E`0dMj�Z>Ð []®
^X`�fNgN^QfN[]^X`�fµe1�K^X¹$®T^Qdb^X¹O0^X®]®]^Xd³\0^$fN^Xhi¬0doZadNZ0^X®]®]^Xd1W

� � edH^X¹X_E`a\0^�¶���^QfM®£ÐHb^X¹O0^Q®T®]^i\0^��(^Qh�¬0dJe�fN_Kh�[]j�Z0^M[]`wfH^XgN`5e.fN[]_K`�e.®°`>Ð _E`�f�b^Xf0b^�[]`�fNgN_�\0Za[TfH^XdMj�Z>Ð ^X` m1�E�Kk0W
� ^Xd�¬agN^Xhi[:¸^QgN^Xd�a_EgN®]_K»E^XdM¸ei¹�b^XdH[TZah \5e.fN^Q`wfÃ\0^XdJe�`0`|b^X^XdÃ¹X[]`0j�Z�e.`�fN^KW(�¨_EZagµ®]^Xd�e.`0`|b^Q^XdJe.`�f0b^XgN[]^XZ0gH^Xd�_E`�`0^
¬�^XZaf \5e.fN^Qg \a^Xd�b^X�°b^X`0^Qh�^X`�fNd�\�e�`0d�¹X^Xd�`0_KZ0�E^X®]®]^Xd b^X¹O0^X®]®]^Xd�^Xf�®]^�gH^X¹X_KZ0gNd�e�Z���fN^Xhi¬0d e�dNfHgN_E`a_Eh�[]j�Z0^Xd
dnÐ []h�¬5_EdN^KW � ^Xd|_E�0dH^XgN�Ee�fN[]_E`ad|®T^Qdo¬0®]Z0d<e�`0¹X[]^X`0`a^Xd|dN_K`wf|^��w¬agN[]h�b^X^Qdo^X`�fH^Xh�¬0d°dN_K®3e.[]gN^E��\¨Ð _�¸Z�®3eÃ`cb^X¹X^XdHdN[]f0b^Ã\0^
¹X_E`0dH^XgN�K^XgM®3eifNg�e�¹X^�\a^�¹X^XfHfN^�b^X¹O0^X®]®]^�^Xf�\0^Md�eÖ®T[3e�[TdH_E`�e1�E^X¹M®]^��&^Xhi¬0d$\0^Xd�b^X¬0|b^Xh�b^XgN[]\0^QdJj�Z0[?^QdNfn�&dH^X®]_E`
fN_EZafN^$��g�e.[]dH^XhM�0®3e.`0¹Q^E��Z0`0^$�5_E`0`0^Ã^$��fNg�e�¬�_K®3e.fN[]_K`�\0Z��&^Xh�¬adce�fN_Ehi[]jwZa^|[T`�fH^XgN`�e�fN[]_E`5e.®5\�e.`0d|®]^$¬�e�dNd0b^KW
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� e|¹Q_Eh�¬a®T^��w[]f0b^(\a^o®3e|`a_EfN[]_K`�\0^?fH^Xh�¬0d1�1®£ÐÑe�h�b^X®][]_EgOe.fN[ _E`³g�e.¬a[T\a^?\0^X¬0Za[Td&¹X[]`0j�Z�e�`�fN^|e.`0d¨\0^o®3es¬0g0b^X¹Q[TdH[]_E`Je1�K^X¹
® e�j�Z0^X®]®]^|_E`�®]^|hi^XdNZ0gH^<^Xf|®]^Xd°¬0gH_E»EgX¸^Xd|fN^Q¹�a`0_E®]_E»K[]jwZa^Xd?\�e�`0do®3eÃ¹X_E`adNfNgHZ0¹XfH[T_K`�\0^Qd|0_EgH®T_K»E^Xd°_E`�foe�h�^X`|b^|®T^Qd
e.dNfHgN_K`0_Ehi^Xd&^Xf?®]^Xd&¬0�Ï�dN[]¹X[]^X`0d<¸e³\|b^�º�`0[]g?¬0®]Z0dH[T^QZ0gNdMb^Q¹�a^X®]®T^Qd?Z0fN[]®][]d0b^X^Qd?dN[]hMZ0®]f�e�`|b^XhM^X`�f1Wn�°^XfHfN^|¹X_Kh�¬0®][]¹ne.fH[]_E`
dN^XgOe ��Z0dNfH[ º<b^X^M\�e.`ad<®3eMdHZ0[]fN^EW��¨_EZ0g$®]^�hi_Eh�^Q`wf°\0_K`0`0_E`adµZa`��0gH^O¯ce�¬�^Xg �¹XZ�¹O0gN_K`0_E®]_K»E[]j�Z0^�\0^�®,ÐNb^Q�E_E®]Z0fH[]_E`
\0^$® e�j�Z0^QdNfN[]_K` � �?e.�0®]^µkaW]mn�XW

2 � e
gN_EfOe.fH[T_K`�\0[]Z0gN`0^�\0^
® e �&^XgNgH^�e.ZafN_EZagM\0^�dN_E` e&��^e�dN^XhM�0®1b^idNZ!�dOe.h�hi^X`�f�Z0`0[ ¯:_KgNhi^M¬�_KZ0gMj�Z0^
®£Ð _K`^X`�\cb^XgN[]�K^J®,Ð Z0`0[]j�Z0^�b^X¹O0^Q®T®]^M\0^�fN^Qh�¬0d$e.®]_EgHdµ\a[TdH¬�_K`0[]�0®]^E�5\>ÐÑe.�5_EgH\®]^JfH^Xh�¬0d³dN_K® e�[]gN^���g�e�[?_EZ
h�_.ÏE^Q`
¬�^X`a\�e.`�f|¬0®]Z0dH[T^QZ0gNd|dH[:¸^Q¹X®]^Xdn�a¬0Z0[]d|d�e·¯:_EgHh�^|®3eÃ¬0®]Z0d�b^Q® e���_Kg0b^X^�e.¬0¬5^X®nb^��G1psr�PµB�A0D�ÁnG1FOPXGXR]�we��0g0b^Q»?b^$^X`��	��_EZ
�(� � �³`0[]�E^XgHd�e�® �|[]h�^n�QW��<`0^Me.Z0fHgN^�b^X¹O0^X®]®]^ e�dNdH_w¹Q[nb^Q^¸eM®3e�gN_Kf�e.fH[]_E`\0^Ã® e �&^XgNgH^E��®]^�V*Gnpsr�P�PXD3I|~GnFHC.R]�0`>Ð ^XdHf
¬�e.d�b^XfHZ0\0[1b^X^$[]¹X[ ��_E`idN^$gN^Q¬�_KgNfN^Qg�e0�¨¸e�¹Q^µdHZ��O^Xf1��e�Z�¬�e�g�e.»Kg�e�¬00^��aW �0W �0W � ÐÑe.\0_K¬0fN[]_E`M\a^µ`a_EZ0�K^ne.Z��M¹Q_E`0¹X^Q¬0fNd
®T[1b^Xd�¸eÃ®3e�gH_EfOe.fN[]_K` \a^µ®3e �&^XgNgH^Je�b^Xf0b^$gH^X¹X_Ehih e�`0\|b^X^³¬�e.g|®,Ð �(�³�<�N�*�Xy�¬�e�g�e�»Eg�e�¬00^ �0W �K�XW

2 � e�h�[]dH^�^X` b^Q�w[]\0^Q`0¹X^\0^
\0[]�E^XgHdN^Xdi[TgHg0b^X»KZ0®3e.gH[Tf0b^Xd�\5e.`0dM®3e�gN_Kf�e�fN[]_E`�\0^®3e�&^XgHgN^�e�h�^X`5e^X`adNZ0[]fN^
®T^Qd
e.dNfHgN_K`0_Ehi^Xd<¸eÃ[T`�fHgN_�\0Z0[]gN^K�E¬5_EZ0g°®]^<¹ne�®]¹XZ0®5\0^Xd�b^X¬0|b^Xh�b^XgH[]\0^Xd°\0^Xd|¹X_KgN¬0d°\0Z�dHÏ�dNfX¸^Qh�^<dH_E®3e.[]gH^E�EZa`0^<`0_KZ0�E^Q®T®]^
b^X¹O0^X®]®]^<��e�d0b^X^$dNZag|® e·g0b^X�K_E®]Z0fN[]_K`M\0^<®3e �&^XgHgN^µe�Z0fN_KZ0g°\0Z ¶�_K®]^X[]®�e.¬0¬5^X®1b^X^�5Gnpsr�P$IEGQP�~G�rt�$~Gnp�~GnFQD3IEGQPX�we��0g0b^X»?b^
^X`��<��_KZ� � �*�&¬00^Qh�^XgH[Td	�|[]hi^n�XW

2 �7`mn�E¢K¢0�1®]^Xd&0_EgH®]_E»E^Qd<¸e³¹¿b^XdN[]Z0h�_E`�f?¬5^XgNhi[]d(e.Z'��¬0�Ï�dN[]¹X[]^X`0d?\a^|¹X_E`0dHfNgHZ0[]gN^<Za`0^ b^X¹O0^X®]®]^<e.¬0¬5^X®1b^X^��5G1p|r5P
CEV*SEp�D3qnB�G�D�A0V:G1FXA0CKV:D�SEA0C�RT��e.�0g0b^X»?b^³^X`����³�XWE�°^XfHfN^�b^X¹O0^X®]®]^E��¬0gH_w¹O0^$\0Z��<�s��^X`�\0[.-(¸^XgN^³\0^��Kk %]mn ��$dN^X¹X_K`0\0^Xd1�
g0b^XdHZ0®]f�e.f \>Ð Z0`�h e�`0j�Z0^?\0^|¹Q_w_KgN\0[]`�e�fN[]_E`i¸e<®,ÐHb^X¬5_�jwZa^o^X`�fHgN^<e.dHfNgH_E`0_Kh�^Xd&^Xf&¬0�Ï�dN[]¹X[]^X`0d³�3®3e|`0_KZ0�E^Q®T®]^�b^X¹O0^X®]®]^
¸e�b^Qf0b^ e��OZ0dNf0b^X^�dHZ0g�®3ei�Ee.®]^XZ0g$\0Z �	� ^X`�m1�E¢K  e�Z�®][]^XZ�\0^M®,Ð �^XfNgH^MdNZ0g�¹Q^X®]®T^M\aZ!�<�?�XW �³_EZ0dÃgN^XfHgN_EZa�E^XgH_E`0d
¹X_E`0dHf�e�h�h�^Q`wf&\�e�`0d°® eÃdNZa[TfH^<¹X^$\|b^Q¹ne.®3e.»K^<[]`�fN^Xhi¬�^QdNfN[ ¯>j�Z0[�`>ÐÑe�e�Z0¹XZ0`a^"��Z0dNfH[ º5¹ne.fH[T_K`MdN¹X[]^X`�fH[ º5jwZa^µ^Qf|\0_E`�f
[T®5¯,e.Z0f°�0[]^X`�dnÐÑe.¹Q¹X_Ehih�_�\0^Xg1W

2 �&`�mn�K�#�0�a®,Ð e�Z0»Ehi^X`�f�e�fN[]_.`�\0^�®3e�¬0g0b^Q¹X[]dN[]_E`�\0^Xd$_E�adN^XgH�Ee.fN[]_K`0d$\�e.`0d³®]^�dNÏ�dNfX¸^Xh�^�dN_K®3e.[]gN^E�a\0Z0^�^X`�¬�e.gHfN[ Æ
¹XZ0®][]^Xg�¸ei®3e�¬ag0b^X¹X[]dH[T_K`�\0^Xd�hi^XdNZagN^Xd�\a^M\0[]dNf�e�`0¹X^Xd�¬�e�g�g�e�\�e.g1�>e.[]`0dH[?j�Z0^M®,Ð e�h�b^X®][ _Eg�e�fN[]_E`i\0^Xd�fN|b^Q_EgN[]^XdÃ\0^
h�b^X¹ne�`0[]j�Z0^<¹�b^Q®T^QdNfN^K��»Eg&�e.¹X^�e.Z'��[]`�f0b^X»Kg�e.fH[]_E`0d|`�Z0h�b^XgN[]j�Z0^Xd|gOe.¬0[]\0^Xd|¬5e.g|_EgH\0[]`�e.fH^XZ0g1�0_E`�f|¹X_K`0\0Z0[]f|®,Ð �<`0[]_K`
�<dNfHgN_K`0_Ehi[Tj�Z0^M�,`�fH^XgN`�e�fN[]_E`5e.®]^�� �(�<�N��¸e
\|b^Oº5`0[]gJ\0^Qd b^X¹O0^X®]®]^Xd�\0^ifN^Xhi¬0d�fN^X`�e�`�fM¹X_Ehi¬0fN^M\>Ð ^ -�^XfHd�gN^Q® e Æ
fN[]��[TdHfN^Xd1W � Ð Z0`0^�\¨Ð ^Q®T®]^Xd³^XdNf³®]^��5Gnpsr�PJIKÄ.A0CEp�D3q1B�G�½OCEFXÄ.�OG1A0V*FXD3q1BwGÃ� �<Å �c�Q�<b^X¹O0^X®]®]^J\0^ÃfN^Xhi¬0d,Æ,¹X_�_EgH\0_E`0`|b^X^
\0^XdNfH[]`cb^X^J¸e·¹ne.®]¹XZ0®]^Xg ®T^Qd b^X¬0|b^Qh�b^XgH[T\a^Xd?\0^Xd°¹X_KgN¬0d?\aZMdNÏ�dNfX¸^Xh�^|dH_E®3e.[]gN^°\�e�`0d?Z0`MdHÏwdHfX¸^Xhi^|\>ÐÑe&��^Xdoe1Ï�e.`�f>¬5_EZag
_EgN[]»K[T`a^M®T^i��e.gHÏ�¹X^X`�fNgH^\0Z�dHÏ�dNfX¸^Qh�^�dH_E®3e.[]gH^EW � ÐÑe.ZafNgN^i^XdNfM®]^���G1psr�P�IEÄ.AaCEp�D3qnB�G�V:G1FXFHGXPXV*FNGM� �<Å �<�Q�>fHgX¸^Xd
�E_E[]dH[T`i\0Z��<��^Xf|\0^XdHfN[]`|b^X^�¸e�®,ÐHb^XfOe.�0®][]dNdH^Xh�^X`�f?\a^Xdb^X¬acb^Xh�b^QgN[]\0^Xd|»?b^X_�¹X^X`�fNgH[Tj�Z0^Qdµe.¬a¬�e.gH^X`�fN^Xd³\0^Xd<¹Q_EgN¬ad<\0Z
dNÏ�dNfX¸^Xh�^MdH_E®3e.[]gN^KW � ^��<Å ��^Xf�®]^��<Å � \a[ -&¸^XgH^X`�fJ¬�e�g$\0^Xd�fN^XgHh�^Xd�¬|b^XgN[]_�\0[]j�Z0^Xd�^XfÃ\0^��¨_E[]dNdH_E`�\0^�¯£e�[]�0®]^
e.h�¬a®T[]fHZ0\0^EW0�°^Xd$\0^QZ���b^X¹O0^X®]®]^Xd$_E`�fb^Xf0b^�[]`wfHgN_�\0Z0[]fH^Xd$\�e.`0d³®]^JdHÏwdHfX¸^Xhi^*�(�³�Jm1�E�#�a�0e.\0_K¬0f0b^�¸eM®,ÐÑe.dHdN^XhM�a®nb^Q^
»?b^X`|b^Qg�e.®]^³\0^|®,Ð � �<�°¸eµY·gN^X`0_K�0®]^|^X`�m1�E� �0�1^Xf?Z0fH[]®T[]d0b^X^Xd°\�e.`0d ®T^Qd b^X¬0|b^Qh�b^XgH[T\a^Xd?`�e�fN[]_E`�e�®]^Xd<¸e³¬�e.gHfN[]g?\0^�m1�E ���W

2 Å<^Q¬0Z0[]d<dH_E`�e�dNdN^QhM�0®nb^X^$»?b^X`|b^Qg�e.®]^�\0^*�°Z0^X`0_Kd,Æ �<[]gN^Qdµ^Q`�mn�K�0mE��®,Ð �(�³�ce�¬ag0b^X¹X[]d0b^ ¸e ¬0®]Z0dN[]^XZ0gHd<gH^X¬0gN[]dH^Xd$®T^Qd
\cb^Oº�`0[]fH[T_K`0d|\0^Xdb^X¹O0^X®]®]^Xd<\a^µfH^Xh�¬ado\�e�`0d<Za`�¹ne�\0gN^�gH^X®3e.fH[T��[]dNfH^�)
�
¸� fN_KZ0f�dHÏwdHfX¸^Xhi^M\0^Mh e�dNdH^Xd�\�e�`0d�®,Ð Z0`0[]�E^XgHd�¬5^XZ0f �^XfHgN^e.dHdN_�¹X[1b^MZ0`�dHÏwdHfX¸^Xhi^M\0^�¹Q_w_KgN\0_K`0`|b^X^QdJdH¬�e.fH[T_�Æ

fN^Xhi¬�_KgN^X®]®]^Xd<¹Q^X`�fNg0b^�e�Z��e�gNÏ�¹X^X`�fNgH^M\0^Xd$h e�dNdH^Xd<¹X_K`0dN[]\|b^Qg0b^X^Xd�^Xf$`0^�¬ag0b^XdH^X`�f�e.`�f�¬5e.d<\a^JgH_Ef�e�fN[]_E`
»E®]_E��e�®]^
¬�e.g�g�e.¬a¬�_KgNf�e.Z'� »�e.®3e&��[]^Xd�®]_E[]`�f�e.[]`0^QdnW � e ¹Q_w_KgN\0_K`0`|b^X^ fN^Qh�¬5_EgN^Q®T®]^�\0^�¹X^ dNÏ�dNfX¸^Xh�^�^XdHf�®T^�fH^Xh�¬0d�Æ
¹X_�_EgN\a_E`0`|b^Q^�¹X_EgHgN^XdH¬�_K`0\�e�`wf�� �<� � �Q��_¿¸Z�®]^$fN[]gH^Xf°º�»EZagN^J¸e�®3e$¬a® e�¹X^$\>Ð Z0`0^³®T^QfNfNgH^�¹ne�g�e.¹Qf0b^XgH[TdOe.`�f|®]^<dHÏwdHfX¸^Xhi^
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¹X_E`0dH[]\cb^Xg0b^KW �³[]`0dN[¨¬�_KZ0g b^XfNZa\0[]^Xg<®]^�hi_EZ0�K^Xh�^X`�f?\a^Xd<dOe.fN^Q®T®][]fN^Qd|\0^�±EZa¬0[]fN^Xg³_E`�¬�_KZ0gNgOe.[]f|Z0fH[T®][]dN^Qg|®T^�5G1p|r5P
��S1SEFHIESKA0A$~G1G?ÔXSEÁ1D3�OG1A0V:FQD3qnB�G³� �<�°±w�Q��¬�_KZ0g?®]^|h�_KZ0�E^Qh�^X`�f>\a^XdodOe.fH^X®]®T[]fH^Xdo\a^<¶0e.fHZ0gN`0^³®]^ �5Gnpsr�P<�OS1SEFHIESEAaAµ~GnG
P�CKV:B�FXAaSn�OG1A0V:FQD3qnB�G�� �<�|¶0�°^XfH¹EW
� ^Xd<¬0gH[]`0¹X[]¬�e.®]^Xd|`a_EZ0�K^X®]®T^Qd�b^X¹O0^Q®T®]^Xd³\0^�fH^Xh�¬0d°_E`�f�b^Xf0b^�\|b^XdH[]»E`|b^X^Qd<¬�e�g|®£Ð � �<�XW

� �°^�dH_E`�f�®]^ �5G1p|r5P �OS1SEFNIKSEA0A$~GnG½OCKFXÄ.�OGnA0V*FXD3q1B�G�� �<� �c�Q�&®T[1b^�e�Z���e.gHÏw¹Q^X`�fNgN^�\0Z�dHÏ�dNfX¸^Qh�^�dH_E®3e.[]gH^M^XfJ®]^
��G1psr�P��OSnSKFNIKSEA0A$~G1G�U|~GnS1�OGnAaV:FXD�qnB�G�� �<�|Y��Q�>®][1b^�e.Z�¹Q^X`�fNgN^�\0^ih e�dNdN^M\a^�®3e��&^XgNgH^EW � ^ �<� � ^XfJ®]^��<�|Y
\0[.-(¸^XgH^X`�f�¬�e�gµ\a^Xd$fN^XgHh�^Xd$d0b^Q¹XZ0®3e.[]gN^Qd�^Xf�¬�e�g$\0^Xd$fN^XgHh�^Xd$¬|b^QgN[]_�\0[]jwZa^Xd�\0_K`wf³®3eM®][]dNfN^�^XdHf�\0_E`a`cb^X^�\�e.`0d$®3e
dNZ0[]fN^i�N�*�Xy�k0WÑ�0W �E�QWw�°^QfNfN^Ã\0[.-µb^XgH^X`0¹X^�\|b^X¬5^X`0\�b^X»�e.®]^Xh�^Q`wf°\0^$®3e�¬5_EdH[]fN[]_E`�\0^$®,Ð _E�0dH^XgN�Ee�fN^XZ0g|¬5e.g|g�e�¬0¬5_EgNf$e.Z
»?b^X_�¹X^X`�fHgN^EW
� � ^��<Å ��^XdNf?gH^Xh�¬a® e�¹�b^°¬�e.g&®]^ �5G1p|r5PcV*G1FXFNGQPXV:FHG?� �	�<�¨j�Z0[0®]Z0[�^XdHf?fNgX¸^Xd?¬0gH_w¹O0^KWE�,®�^XdHf?\0_E`a¹|\0^oh��^Xh�^&fHgX¸^Xd
¬0gN_�¹O0^|\0Z �<�|W � ^	�	��^XdHf?Z0fN[]®][]d0b^°¬�_KZ0g&®,ÐNb^Qf�e.�a®T[]dHdN^Xhi^X`�f>\0^XdMb^X¬0|b^Xh�b^XgN[]\0^Qd?»?b^X_�¹X^Q`wfHgN[]j�Z0^Xd|e.¬0¬5e.gN^Q`wfH^Xd?\0^Qd
¹X_EgH¬0d<\0Z�dHÏwdHfX¸^Xhi^$dN_E®3e�[TgH^EW0¶�[�®,Ð _E`i¹X_Ehi¬�e.gH^<®]^$dNÏ�dNfX¸^Xh�^ �(�³�µm1�E� ��^Xf|®]^$`0_KZ0�E^ne�Z�dHÏwdHfX¸^Xhi^E�0®]^ �<Å ��^XdHf
gN^Xhi¬0®3e.¹�b^°¬�e.g&®]^ �<� ��h e.[]d?¸e³®3e|¬0®3e�¹X^o\aZ �<Å ��_K` es\0^XZ���b^X¹O0^X®]®]^Xd?®]^ �<�|Y�^Xf?®]^ �	��W �<_EZad?gN^X��[]^X`0\agN_E`ad
¬0®]Z0d|®]_E[]`�dHZ0g|¹X^�¬5_E[]`�fnW

2 �7`�kElEl �0�5®]_EgHd�\0^M®,ÐÑe.dNdH^XhM�0®1b^X^�»?b^X`|b^XgOe.®]^M\0^��&gOe.»KZ0^E�¨®£Ð � �<�µei¬0g0b^X¹X[]d0b^i®]^Xd�gN^Q® e�fN[]_E`adµ^Q`wfHgN^i®T^ �<� � ^Qf
�<Å(� e1º�`�j�Z0^$¹X^$\0^XgH`0[]^Xg<gH^XdNfH^J®][nb^µe�Z �<� ��¬�e�g|Z0`0^�gH^X®3e.fH[T_K`�®][]`|b^ne�[TgH^<fH_EZ0f|^X`�\0^Qh�^XZ0gOe.`�f|fNgX¸^Xd<¬agN_�¹O0^
\0Z��	����¹EÐ ^XdNf�¸e�\0[]gN^$d�e�`0d|h e�gN¹O0^$dNÏ�dNf0b^Xh e�fN[]j�Z0^<^Q`wfHgN^�®]^Xd|\a^XZ�� b^X¹O0^X®]®]^XdJ�H�:�QW0k0WÑ�0WÑkE�QW

2 �&®]Z0dN[]^XZ0gHd b^X¹O0^X®]®]^Xd<\a^�fN^Xhi¬0d°dN_E`�f|dH[ThMZa®TfOe.`|b^Qh�^X`�f&^X`Z0dOe.»K^ ¸e�®,Ð 0^XZagN^�e.¹XfHZ0^X®]®]^�)
� � ^ �	��¬�_KZ0g|¹X_K`0`�e�� � fHgN^$®3e�¬5_EdH[TfH[]_E`�\¨Ð Za` h�b^XgN[]\0[]^X`i®][nb^�¸e�®3e*�&^XgHgN^���¹X^X®]Z0[>\a^·Y·gN^X^X`��|[]¹O�¬�e.g|^$��^Xhi¬0®]^n�
¬�e.g°g�e�¬0¬�_KgNf$¸e�®3e$dH¬0�¸^XgH^�¹�b^X®]^XdHfN^EW � ^ �	� dNZ0�0dH[]dNfN^�e�Z0dNdH[�dN_EZado®3e·¯:_EgHh�^ �(�<���H�:�XW0kaWÑ¢E�&¹X_Kh�hi^ofH^Xh�¬0d ^X`
Z0d�e�»E^$\�e.`ad|® e���[]^<¹Q[T��[]®]^<^Xf³¬�_KZ0g|\�e�fN^Xg³®T^Qd|_E�0dH^XgN�Ee�fN[]_E`0d1W
� � ^*�<��dN^QgNf$®]_EgNd|\a^µ®,Ð Z0fH[T®][]d�e�fN[]_E`M\¨Ð _K�0dN^QgN�Ee.fH[]_E`0d|\0^Ã¬�_KdN[]fN[]_E`ad|\>ÐÑe.dNfHgN^Xd$e.`�f0b^QgN[]^XZ0gH^XdM¸e�®£ÐHb^XfOe.�0®][]dNdH^Xh�^Q`wf
\0Z����³�XW
� � ^(�<Å ��¬�^XZaf �^XfNgH^µ^Q`0¹X_EgH^$Z0fN[]®][]d0b^<j�Z�e�`0\M_E`i`0^<dH_EZ05e.[]fN^³¬�e.d°gN_Kh�¬0gH^<®3e$¹X_K`wfH[]`wZa[Tf0b^µe1�K^X¹<\0^QdofHg�e1�Ee.Z'�
e.`�f0b^XgH[]^XZ0gNd1W
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� � ^ � �³�J^XdHfM®3e��e�dN^\a^XdMh�^XdHZ0gN^QdM¬0g0b^X¹Q[TdH^Xd�\0^�fN^Xhi¬0d�^Xf�\0^QdM¹X_Ehi¬�e.gOe.[]dN_K`0d�\>Ð 0_KgN®]_E»K^XdnW&�,®|dH^XgNfi^X`
¬0g�e�fN[]j�Z0^M¸e�h e.f0b^XgN[3e�®T[]dH^Xg?®]^ �	��W0�&`�gN^X�Ee�`0¹O0^�®]^ �<Å(� \0[]dN¬5e.g�e�� � fnW
� È³`��K_E[]fMe.¬0¬�e�g�e�� � fHgN^i®T^ �<� � ^XfM®]^ �<�|Y e�[]`0dN[,��b^X�E^X`�fHZ0^X®]®]^Xh�^X`�f1�>j�Z0^�®]^Xd�fN^Xhi¬0d,Æ,¹X_�_EgH\0_E`0`|b^X^�®T[1b^Xd�¸e
\>ÐÑe.Z0fHgN^Xd³dNÏ�dNfX¸^Xh�^Xd|\a^µh�e.dHdN^Xd1W

	 � � � � �������'-�������� 1��������(� � ���B�	������¤ ����� 1����������'���3�'���

¸��Z0`�[]`0dHf�e.`�f|\0_K`0`|b^E�a^X`Z0`�®][]^XZ�\a_E`0`|b^Ã®£ÐÑe�`0»E®]^|0_Kg�e.[]gH^ % ��\0Z�¹X^X`�fNgH^J\0Z¶�_K®]^X[]®�^XdNf1�0¬�e�g<\|b^Oº5`0[]fN[]_E`>��®]^
V:G1p|r5P<PXS.R]CED3FHG�Á1FNCED�^Q` ¹Q^µ®][]^XZ�¸e�¹X^Qf|[T`adNf�e�`�fnW % � ¬�^QZ0f|dN^$h�^QfNfNgH^<dH_EZ0d|®3e³¯:_KgNhi^|dNZ0[]�Ee.`�fH^<^X`i¯:_K`0¹XfN[]_K`�\0Z
fN^Xhi¬0d��o\>Ð Z0`0^�b^X¹O0^Q®T®]^�\a^µfH^Xh�¬ad|Z0`0[ ¯:_EgHh�^*)

% � � � � ����
 '+� � �

_¿¸Z ��^Qf	��dN_K`wf|\a^Xd<¹X_K`0dNfOe.`�fN^QdnW ' ��e.¬a¬�^X®1b^ ~G1qnB�CEV*D3SKAIEB�V*Gnpsr�PX��^XdHf<®3e�dH_Ehih�^°\0^$®£ÐK~G1qnB�CKV:D3SKAIEB��OG1A0V:FHG
\0^|¬|b^XgH[T_�\0^°Z0`Me.`�\0Z0^�¸es®£Ð ^$��¹X^Q`wfHgN[]¹X[]f0b^|\a^|®£Ð _KgN�0[]fN^ fN^XgHgN^XdHfNgN^K��\0^|®3e�F&~G1IEB��1V:D3SKA �C$R À ~G1qnB�CEV*G1BwF¨\0^°¬|b^XgH[T_�\0^|dH[ �
h�_E[]d¨\0Z0^�¸e$®,Ð _E�0®][]j�Z0[]f0b^&\0^³®£ÐHb^X¹Q®T[]¬0fH[]jwZa^?dNZ0g°®,ÐNb^Xj�Z�e.fH^XZ0g?^Xf \0^Xd?[]`|b^X»�e.®][]f0b^Xd \0ZJfH^Xh�¬ad?dN[]\|b^XgOe.®>�*e.`0»K®]^|0_EgOe.[]gN^
\0Z�¬�_K[T`�f°�E^XgH`�e.® � �°\0Z0^Xd�¸e�®3eÃ¬0g0b^X¹Q^XdNdH[T_K`^Xf�¸e�®3e$`�Z0fOe.fN[]_K`��N�*�Xy�¢0WÑkaWTmKW �w�XW � ÐÑe.hi¬0®][TfHZ0\0^°\0^$®,ÐNb^QjwZ5e.fN[]_K`�\0Z
fN^Xhi¬0d<¬5^XZ0fJe�fNfH^X[]`0\0gN^m��Mhi[T`�Z0fH^XdnW � ^�fN^XgHh�^ �gH^X¬0g0b^XdN^X`�fH^�\0^XdÃ[T`|b^X»we�®T[]f0b^Xd<\0^�®3eMgH_Ef�e�fN[]_E`
\0^M®3e��&^XgNgH^
e.Z0fH_EZ0g|\0^$dH_E`e&��^$j�Z>Ð [T®�^QdNf|\0[ �¹X[]®]^<\0^Ãh�_�\|b^X®][]dN^Xg1W
È³`e.¬0¬5^X®]®]^MV:G1p|r5P$P�S�RTCKD3FNG�p�SEÄ.G1AM®3eÃ»Eg�e�`0\0^XZag�%���\cb^Oº�`0[]^$¬�e�g*)

% � � % � � ' � � � ��� � � %

¶�[,�0^X`�º5`>��®]^�®][]^XZ^XdHfµdHZ0g$®]^�h�b^XgH[]\0[]^X`�\0^ Y·gN^X^X`��|[]¹O ��_EZ�p�~G1FXD3IED�GnA�D3A0V*GnFQA0CEV*D3SEAaC.R��Q��_K`�e.¬a¬�^X®]®]^��5G1p|r5P
BwAaD3ÁnG1FOPXGQR>� �	��_EZ �(�<�°®3e�j�Z�e.`�fH[Tf0b^ )

�	� � %	� ��mnk& � � � ��� � � � m1k& %
È<`�fHgN_EZa�E^XgOeMZ0`0^Ã\cb^Oº�`0[]fH[T_K`�¬0®]Z0d³gN[]»E_KZ0gN^QZ0dN^�\aZ �&^Xhi¬0d°Z0`0[]�E^XgHdN^X®,�¨¸e�¬�e.gHfN[]g|\0Z�fN^Xhi¬0d|dN[]\|b^Qg�e.®,��\�e�`0d<®]^
¹�5e.¬0[]fNgH^��³\0^|®,Ð _EZa�wgOe.»K^ � A0V*FNS1IEB��nV*D3SKA�CEB.��~G�rt�$~G1p�~GnFXD�IEGQPcC�P�V*FNSKA0SEp�D3q1B�GXPo� �oZagN^ne�ZM\0^Xd?®]_E`a»E[]fNZ0\a^Xdn��mn�K�E�K�XW
� ^(�&^Xh�¬ad(Za`0[]�E^XgHdN^X®�^XdHfo\a_E`0¹³Z0`MfN^Xhi¬0d?Z0`a[ ¯*_EgNhi^o\5e.`0d?®3e$hi^XdNZagN^<_�¸ZM®,Ð _K`J`|b^X»E®][]»E^ ��WKÈ<g ��¹X_K`wfH[]^X`�f

jwZ5e.fNgH^$dN_EgHfN^Xd$\0^$fH^XgNhi^Xd*)
� \0^Xd|fN^QgNh�^Qd|¬cb^XgN[]_�\0[]j�Z0^Xd³d�e.[]dH_E`0`0[]^XgHd|\>ÐÑe.hi¬0®][TfHZ0\0^Xd h e&��[]h e1®]^Xd \0^$®£Ð _KgN\0gH^µ\a^��Kl�hi[]®T®][]dN^Q¹X_E`0\a^Xd �
� \0^Xd��5Z0¹XfNZ5e.fN[]_K`0d|[]gNg0b^Q»EZ0®][:¸^XgN^Qd<\0^�¹1e.g�e�¹XfX¸^QgN^Me.®nb^ne.fH_E[]gN^³¬�_KZ0�Ee.`�f|¬0gH_.�E_�j�Z0^Xg|\0^Qdb^X¹ne�gNfHd<\0^�®,Ð _EgH\0gN^$\0^$®3e
h�[]®]®T[]dH^X¹X_E`a\0^ �
� Z0`MgOe.®]^X`�fN[]dHdN^Xhi^X`�fod0b^X¹XZ0®3e.[]gH^<\0^$®3e$gN_Kf�e�fN[]_E`M\0^³®3e �&^XgNgH^µgH^XdN¬5_E`ad�e.�a®T^$\>Ð Z0`�e�¹X¹XgH_E[]dNdH^Xh�^X`�f°\0^<®3e$\aZ0g0b^X^
\0Z*�O_EZ0g|\¨Ð ^Q`w��[]gN_K` l % lKlEk&d°¬�e�g|dN[:¸^X¹X®]^ �
� \0^Qd���Z0¹QfNZ�e�fN[]_E`0d|\|b^X¹X^X`0`5e.®]^Xd<\aZ0^Xdµe�Z��M[]`�fN^XgOe.¹XfH[T_K`0d|`0_.Ï�e.Z�Æ,h e�`wfH^ne.Z�^Xf³¬�_KZ0�Ee.`�f|e.fNfH^X[]`0\0gH^µ¬a®TZadN[]^XZ0gHd
h�[]®]®T[]dH^X¹X_E`a\0^XdnW
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�°^Xd&[]`|b^X»�e.®][]f0b^Xd�_K`�f5¯£e.[]f>e.�5e.`0\0_K`0`0^Xg¨®]^��	��e.Z�¬agN_.º5f�\>ÐNb^X¹O0^X®]®]^Xd&\0^?fN^Qh�¬0d�¬0®]Z0d¨Z0`0[ ¯:_KgNh�^QdnWX�°^X¬5^X`0\�e�`�f
[T®K^XdNf&¹ne�®]¹XZ0®nb^?^X`�¬5^XgHh e.`a^X`0¹X^°¬�e.g¨®,Ð � A0V*GnFXAaCEV*D3SEA0C�R ¥ CKFXV]�MFNSKV:CKV:D3SKA�CEAaI<¼|G*�XGnFHGnAa��GsPXÄ1P�V*G1p ��GnFQÁnD3�OG°�3�N�?Ç³¶0�
jwZa[(®]^�¬0Z0�0®][]^Je ¬�_KdNfN^QgN[]_EgH[?dN_KZ0d$®T^�`0_Kh \0^ � ��mEW��°^�dN[]»E®]^�dH[T»K`0[ º�^�jwZa^J®]^�¬��_K®]^Jj�Z0[&[]`�fN^XgH�w[]^X`�f$\�e�`0d<®3e
\cb^Oº�`0[]fH[T_K`�\0^Xdµe�`0»E®]^Xd|a_Eg�e�[]gN^Xd³^XdNf³®T^$¬��_K®]^µ¹�b^X®]^XdNfH^J��g�e�[>\0^Ã® e �&^XgNgH^E�5h�_K�0[]®T^�¸e�®3eÃdNZ0g�¯£e.¹Q^�\0^�¹X^Q®T®]^OÆ,¹X[&\0Z
¯£e.[]f°\0Z�h�_EZa�E^Xhi^X`�f?\0Z�¬ �_E®]^EW
� ��m$dN^XgHfJ¸eÃ\cb^Oº�`0[]g³®£ÐHb^X¹O0^Q®T®]^ �(�<� b^XfNZ0\a[nb^Q^�¬0®]Z0d|®]_E[]`>W
È³`�e�¬0¬�^Q®T®]^�V*G1p|r5PJ�nD�ÁnD]R0\¨Ð Za`®][T^QZ ®]^�fH^Xh�¬ad<h�_.ÏK^X`�\a^�¹X^�®T[]^XZ�e.Z0»Kh�^X`�f0b^$\0^Ã\0_EZ�+Q^J0^QZ0gN^Xd$\0^�fN^Q®T®]^

dN_EgHfN^�j�Z0^�®]^�fN^Qh�¬0d|¹X[]��[]®>dH_E[]f b^X»we�®o¸eil&e.Zhi[T®][]^XZM\0^�®3e�`�Z0[]fnW��³[]`0dN[¨®T^ �(^Qh�¬0d°Z0`0[]�E^QgNdN^Q®?^XdNf³®]^�fN^Xhi¬0d
¹X[]�w[]®�\0^�Y$gH^X^X`��|[]¹O>W
�&e.g°e.[]®]®T^QZ0gNd&®]^µV*G1p|r5P|RE~GOUEC�R ^QdNf°®T^|fH^Xh�¬ad(ZafN[]®][Td0b^odHZ0g?fH_EZ0f?®]^°fN^XgHgN[]fN_K[]gN^<\¨Ð Za`J¬�e1Ï�d?\a_E`0`|b^KW.�,®0^XdHfo\|b^Q¹X[]\cb^

¬�e.g�®]^Xd�e�Z0fN_KgN[]f0b^Xd�e.\0hi[T`a[TdHfNgOe.fN[]�K^Xd<j�Z0[?¹O0_K[]dN[]dNdH^X`�fn�¨^X`�»?b^X`|b^Xg�e�®£� \>ÐÑe.\0_K¬0fN^Xg �(�<��\|b^X¹ne.®1b^M\>Ð Z0`�`a_EhM�0gH^
^X`�fN[]^Xg<\¨Ð a^XZ0gN^QdnW
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	 � � � � � ��s/n-a':254?6 9¨8�� = �8 ª5# 8 4?+ 8 � � -�6 8 +.254 9¨8 ���

Å<Zag�e.`�f�®3eidN^Q¹X_E`0\a^ »KZ0^XgHgN^�hi_E`0\a[ e�®]^�®]^M\cb^X�E^Q®T_K¬0¬5^Xh�^X`�f�\a^XdJgOe.\�e�gNdJeÖ¹X_E`0dH[]\cb^Xg�e��0®]^Xh�^Q`wf�e.h�b^Q®T[]_Kg0b^�®3e
fN^X¹O0`0_K®]_E»E[]^³\0^Xd<¹Q[TgH¹XZ0[]fNd�¸e�hi[]¹XgN_�Æ£_K`0\0^Xd?^Qf|\0^Xd<¹1e1�w[]f0b^Xd�¸e�5e.Z0fH^<¯*g0b^Xj�Z0^X`a¹X^EW��°^Xd|¹ne1��[]f0b^Xd|¬5_EZa�Ee.[]^X`�f �^QfNgN^
g0b^X»K®nb^Q^Xd|\0^|¯,e �¹X_K`MdNZ!�dOe.h�hi^X`�f>¬0g0b^X¹X[]dN^$¬5_EZ0g°¹X_KgNgN^QdN¬5_E`0\0gH^Je.Z'��¯:g0b^Xj�Z0^X`0¹Q^Xd<\0^³fNgOe.`0dH[TfH[]_E`�e.fH_Ehi[Tj�Z0^Qd(^Qf
h�_E®1b^X¹QZ0®3e.[]gN^Xd \�e.`0d|®]^³\0_Eh�e.[]`0^°¹X^X`�fN[]h�b^QfNgN[]j�Z0^EW0�7` m1�.�� $®]^(�JWÑ¶�W��°Z0gH^ne.Z�_.¯?¶�f�e�`0\�e�gN\0d�b^Xf�e�[]f|^X`�h�^XdHZ0gN^
\>Ð Z0fN[]®][]dN^Xg°Z0`0^�¹1e1�w[]f0b^·e��OZ0dNf0b^X^�dHZ0g|Z0`0^$¯*g0b^Xj�Z0^X`a¹X^�\0^�fHg�e�`0dN[]fN[]_K`�\0^$®,ÐÑe.h�hM_K`0[3e.¹EW
� ^Xd&h��^Xhi^Xd�¬agN[]`0¹X[]¬5^Xd¨¯:Z0gN^Q`wf?e�¬0¬0®][]jwZ|b^Xdo¸e°\0^Qd7e�fN_Kh�^Xd1�X^X`�¬5e.gNfH[]¹XZ0®][]^Xg(e�Z�¹�b^XdH[TZah�m � �0W1�&`��OZ0[]`Mmn�K¢E¢ � W

�&dNdH^X`�^Xf ±�W.²�W � WE�&e�gNgNÏÃ\0Z �µe�fN[]_E`�e�®0�&�ÏwdH[]¹ne.® � e.�5_EgOe.fN_KgNÏ�^Q` Y$gOe.`0\a^	�ogH^Xf�e�»E`0^|g0b^ne.®][]dX¸^XgH^X`�fo®]^°¬0gN^Qh�[]^Xg
b^Xf�e�®T_K`\0^$¯*g0b^Xj�Z0^X`a¹X^ e�Z¹�b^XdH[]Z0h \0[]»E`0^Ã\0^�¹X^�`0_Eh ^Xf³¬�_KgNfX¸^QgN^X`�f�¹X^QfNfN^�¬0g0b^X¹X[]dN[]_E`�¸eMj�Z0^X®]j�Z0^Xd�mnl � ��� W¿Å³^
mn�E¢K¢¸e�m1�E¢K �¯:Z0f$hi^X`|b^X^MZ0`a^M^$��¬cb^XgN[]^X`a¹X^�¹X_Kh�hMZ0`a^µ^Q`wfHgN^i®T^ �µe�fN[]_E`5e.®?�&�Ï�dN[]¹ne.® � e.�5_EgOe.fH_EgNÏ
^Xf�®,Ð �JWÑ¶�W
�µe1�Ee.®0È³�0dH^XgN�Ee�fN_EgHÏJ\a^ � e.dNa[T`a»EfN_K`Je1º5`J\0^|\|b^XfN^XgHh�[]`0^Xg&®3e³gN^X®3e�fN[]_E`�^X`�fNgH^|® es¯:g0b^Xj�Z0^X`0¹Q^<\0^|fHg�e.`adN[]fN[]_E`�\0Z
¹¿b^XdN[]Z0h�^Xf?®3e|dH^X¹X_K`0\0^<\aZ �&^Xhi¬0d>\0^Qd b^X¬0|b^Qh�b^XgH[T\a^Xd<�N�*�XyEkaW �E� �n®3es�Ee.®]^XZ0g&fNgH_EZ0�°b^X^K�E\0^|�|m1�Ek � �0m>�K�El �MkEl � +
�3^X`MdH^X¹X_E`a\0^Xd|\0^Xdib^X¬0|b^Xh�b^XgH[]\0^Xd��Q�we1�Ee�[]f>Z0`0^³¬0g0b^Q¹X[]dN[]_E`M®][]h�[]f0b^Q^?¬�e.g ® e³j�Z�e�®T[]f0b^o\0^|®3e³g0b^1e.®][]d�e.fH[]_E`�\0Z��&^Xh�¬0d
\0^Xdb^Q¬0|b^Xh�b^XgN[]\0^Xd|^Qf<`0_K`�¬�e�g|® e�¹1e.¬�e�¹X[]f0b^$\0^$®]^X¹XfNZagN^�\0^Ã® e·¯:g0b^Xj�Z0^X`0¹X^KW
� e�fNgN^Q[ +Q[:¸^Qh�^¹X_K`�¯Eb^XgH^X`0¹X^�»?b^Q`cb^Xg�e�®]^\0^Xd�¬5_E[]\0dM^Xfih�^XdHZ0gN^Xd�e.\0_K¬0f�e�Za`0^`0_KZ0�E^X®]®]^�\|b^Oº�`a[TfH[]_E`�\0^®3e

dN^X¹X_K`0\0^�j�Z0[¨\0^X��[]`�f|®£Ð Z0`a[Tf0b^<\0Z¶�Ï�dHfX¸^Xhi^µ�,`�fH^XgN`�e�fN[]_E`5e.®�^X`�mn� �E� )
z CiP�GO�OSEAaIEGMGQP�V°R]C�IKBwF&~GnGMIKG � x � u�� 	0x����Qv�rJ~G1FXD3S1IEGQP�IEG�RTC�FHCEIED�CEV*D3SEA�OSKFXFNGQP*rtSKA0IECKA0V�CiRTC�V*FNCKA�PXD3V*D3SEA

GnA0V*FNGÃRTGQPµIKGnB.��A0D�ÁnGOCEB.�M�aÄHrtG1F �?A�P�IKG�R À ~GnV*CEVa�XSEA0IKCEp�GnAaV:C�R7IKG�R À CEV*SEp�G�IEG��?~GQPXD3B�p x
	�	wy
Å³^Xd�®3e���_Kg�e.fH_E[]gN^QdµdH¬|b^X¹X[3e�®T[]d0b^Xd$¹X_E`0dHfNgHZ0[]dN^X`�f�\0^Xd�b^XfOe.®]_E`adµ\a^�¯:g0b^Xj�Z0^Q`0¹X^¸ei¹�b^XdH[TZah e º�`�\0^Jg0b^ne.®][]dN^QgJe.Z

h�[]^XZ����1¹EÐ ^XdNf�Æ�¸e Æ£\a[TgH^µe1�K^X¹|®3e$¬0®]Z0d?»Kg�e.`a\0^|^$�0e.¹XfH[]fNZ0\0^K��® e³\|b^�º�`0[]fN[]_E`M\a^<®3e³dN^X¹X_K`0\0^EW0�°^Qd�b^XfOe.®]_E`adn�KjwZ5e.®][ ºsb^Xd
\>ÐNb^Xf�e�®T_K`0d?¬0gH[]h e.[]gH^Xdn�1_E`�f?Za`0^<^$�0e�¹XfN[]fNZa\0^<hi^X[]®T®]^XZagN^°jwZa^Jm���mnl � ��� ��e.fNfH^X[]»E`�e�`�f(h��^Xh�^|e1�E^Q¹|®T^Qdo0_KgN®]_E»K^Xd
¸e³¯:_E`�fOe.[]`0^�¸e�e�fN_Ehi^Xd¨¯:gN_K[]\0dµ� �<®]®]^Xh e�»E`0^K� b�7f�e.fHd,Æ �<`0[]d1��)ag�e�`0¹X^n�°\0^Qdo�Ee�®T^QZ0gNd?\a^Jm���mnl � � ��W��°^Xd°`0_EZa�E^X®]®]^Xd
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0_EgH®T_K»E^Xd�¯*_E`�fMh e�[T`�fH^X`�e.`�f�¬�e.gHfN[]^\0Z�g0b^XdN^ne�Z hi_E`0\a[ e�®o\¨Ð a_EgN®]_K»E^XdM^Xfi¹X_E`�fHgN[]�0Z0^X`�f�¸e�®£Ð ^$�0e�¹XfN[]fNZa\0^\0Z
�(^Qh�¬0d|e.fH_Eh�[]j�Z0^|[]`�fN^XgH`�e.fH[]_E`�e�®£W
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� ÐNb^Xf�e�®]_E`M\0^s¯:g0b^Xj�Z0^Q`0¹X^$¬�^QgNh�^Qfo¬�e�goe.¹Q¹XZ0hMZ0®3e.fH[]_E`�\0^Xd°dN^X¹X_K`0\0^Xd$¶��?\0^³¹X_E`adNfNgHZ0[]gN^$Z0`0^b^X¹O0^X®]®]^<\0^³fN^Xhi¬0d
¹X_E`�fN[]`�Z0^E�5¬5_EZ0g$e.Z0fOe.`�f|j�Z0^�®,Ð 0_EgH®]_E»E^$_KZ ®]^Xd³0_EgH®]_E»E^Qd<j�Z0[>dH^XgN�K^X`�fM¸eM¹X_K`0dNfHgNZ0[]gN^�¹X^XfHfN^�b^X¹O0^Q®T®]^Je�[]^X`�f<Z0`
¯:_E`0¹QfN[]_E`0`a^Xh�^X`�f³¹X_E`�fN[]`�Z>W��<`a^J\|b^�º�`0[]fN[]_E`�e�b^Qf0b^�¬0gN_K¬�_Kd0b^X^M^X`�mn�K�El ¬�e.g$®]^J�°_Ehi[]f0b^$¹X_E`adNZ0®]f�e�fN[ ¯|¬�_KZ0g<®3e
\cb^Oº�`0[]fH[T_K`�\0^$® eÃdN^Q¹X_E`0\a^ �*�|�|Åµ¶a�X�0e.¬a¬0gN_KZ0�ob^X^�®3e�h��^Xh�^<e�`0`|b^X^Ã¬�e.g|®]^��°_Ehi[Tf0b^|[]`wfH^XgN`5e.fN[]_K`�e.®�\0^Qd<¬5_E[]\0d
^Xf|h�^XdHZ0gN^QdnW�)¨[]`�e�®T^Qh�^X`�f?®3eÃjwZ5e.fN_Kg +X[*¸^Xhi^|¹X_E`t¯�b^XgN^Q`0¹X^�»?b^X`|b^Qg�e.®]^$\0^Xd³¬�_K[]\0do^Qf|h�^XdHZ0gN^Xd1�0^X`�_�¹XfH_E�0gH^ m1�E�amE�
e�\cb^Oº�`0[¨®3e�g0b^O¯Eb^XgH^X`0¹X^�fN^Xhi¬�_KgN^X®]®]^E��®]^ �&^Xh�¬0d|e.fH_Ehi[Tj�Z0^|[]`�fN^QgN`�e�fN[]_E`�e�®(� � �<�N� )
z G�5Gnpsr�P�CEV*SEp�D3q1B�GJD3AaV:G1FXA0CKV:D3SKA0C.R?GQPXV?R]C��OSnSKFNIKSEA0A$~G1G�IKGJFHG,rJ~GnFHCnUKGJV*G1p|r0SEFHGXR�~GnV*CE½QRTD3Gsr0CEF$R]GµL³B�FNGOCEB

D3A0V*GnFXAaCEV*D3SEA0C�R(IKG�R À �aGnB�FNG·P�B�F$R]C�½�C�PXGJIKGXPJD�A0IED3�OCKV:D3SKA�P�I À �aSEFOR]S�UKGQP·CKV:SKpJD�qnB�GQPo�XSEAa�nV*D3SEAaA0CEA0V|IKCEA�P�IED3Á1GnF�P
~GnV*CE½QRTD]POPXG1pJG1A0V�Po�OSEAX�XSKFXp�~Gnp�GnAaVJ�C$R]CµI|~G�� A0D3V*D3SEAiIEG|R]C³P�GO�OSEAaIEG��>BwAaD3V0~G³IEG³V:G1p|r5PoIEB��5Ä1P�VK�G1pJG � A0V*GnFQA0CEV*D3SEAaC.R
I À B�A0D3Va~GQP�y
� ^ �°Z0gN^ne�Z�[]`�fN^XgH`�e.fH[]_E`�e�®?\0^M®,Ð 0^XZ0gH^� �°���µ��ee.¬0¬a®T[]j�Z|b^�¹X^XfHfN^�\|b^Oº�`a[TfH[]_E`�^Xf�¹X_E`adNfNgHZ0[]f�Z0`0^�b^X¹O0^X®]®]^
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[T`�f0b^X»Eg0b^X^E�5¹X_E`�fHg�e.[]gH^Xh�^X`�f<e�Z���b^X¹O0^Q®T®]^Xd$\0Ï�`�e�h�[]j�Z0^Xd°��e.d0b^X^Xd$dNZagµZa` \|b^X¹X_EZa¬�e.»K^ e�gN�0[]fNgOe.[]gN^$\>Ð Z0`a^ b^X¹O0^X®]®]^
\>ÐNb^X¹X_EZa®T^Qh�^X`�fnW
�,®�Ï�e1�Ee.[]fce�Z�hi_E[]`0d?\0^QZ���¹�a_E[ �M¬�_KdNdH[T�a®T^Qd<¬5_EZ0g|g0b^ne.®][]dN^Xg|®,ÐHb^X¹O0^X®]®]^ � �<�()

� dN_E[]f|¬0gH[]�w[]®1b^X»K[T^QgoZ0`a^µa_EgN®]_K»E^$¬�e.gHfN[]¹XZ0®][*¸^XgH^E�0Z0`a^µa_EgN®]_K»E^�b^Xf�e�®]_E`�¸e�¹�b^XdN[]Z0h���^X`�¯:_K`0¹XfN[]_K`0`0^Xhi^X`�fo¬5^XgNh�e1Æ
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� dN_E[]f�b^Xf�e��0®][]g|®£ÐHb^X¹O0^Q®T®]^ � �<�?dHZ0g<Za` g0b^XdN^1e.ZdHZ!�d�e�h�h�^Q`wf ® e�gN»K^<\>Ð 0_KgN®]_E»K^Xd|\0[]dNd0b^Xh�[]`|b^X^Qd|\�e.`0d|¬a®TZadN[]^XZ0gHd
® e���_Kg�e�fN_E[]gH^Xd�¯*_EZ0gH`0[]dNd�e�`�fJ®]^XZ0g�¬0gH_E¬0gH^ ®]^X¹QfNZ0gH^ ¸e
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e.Z fH^Xh�¬ad�\0^�®3e�h�b^X¹ne.`a[Tj�Z0^KWµ�&` ¬0gH[]`0¹X[]¬�^�[]®M¬�_KZ0gNgOe.[]f �^QfNgN^�\0[.-µb^XgN^Q`wf1��h��^Xh�^�dN[i¬�_KZ0g�®]^�h�_Ehi^X`�f
®£Ð ^$��¬|b^QgN[]^X`0¹X^$^X`�e�\|b^X¹X[]\|b^�e.Z0fHgN^Xhi^X`�fnW��&`M¯,e1�E^XZ0g \0^$¹X^XfNfH^$¹X_�� � `0¹X[]\0^Q`0¹X^$_E`i¬�^XZafo[]`��E_�j�Z0^Xg°®]^<¬0gH[T`a¹X[]¬�^³\0^
¹X_EgHgN^XdH¬�_K`0\�e.`a¹X^�^Xf°®]^Xd�b^QjwZ5e.fN[]_K`0d?\0^$�&0gN^Q`�¯:^XdHf<j�Z0[5g0b^X»K[TdHdN^X`�f°®,ÐNb^Q�E_E®]Z0fH[]_E`�\0Z�¹X^Q`wfHgN^$\0Zi¬�e.j�Z0^Xf \>Ð _E`0\0^Qd
e.dNdH_�¹X[nb^ ¸e Z0`0^�¬�e�gNfH[T¹QZ0®]^EW��>_KZ0g<®]^Xd³»EgOe.`0\0d³`0_EhM�agN^Xd³jwZ5e.`�fN[]j�Z0^Xd³¹X^Xd�b^Xj�Z�e.fH[]_E`0d³dN^�¹X_E`�¯*_E`0\0^Q`wf$e1�E^X¹Ã®T^Qd
b^Xj�Z�e.fH[T_K`0d°¹X®3e.dNdH[]jwZa^Xdo\a^��µe�h�[]®]fN_K`�Æ£±�e.¹X_K�0[,�X\0_K`0¹µe1�K^X¹<®3e³h�b^Q¹ne.`0[]j�Z0^|`0^ �|fN_E`a[T^Q`0`0^EW � e$\0[]dN¹XZadNdN[]_K`�`>Ð ^XdHf
¹X^X¬5^X`0\�e�`wf ¬�e.d&¹X_Kh�¬0®*¸^XfH^?¹ne.g&^X`�fN_KZ0fN^|gH[]»EZ0^XZag(®]^?hi_EZ0�K^Xh�^Q`wf�\aZJ¹X^Q`wfHgN^|\0Z�¬�e�jwZa^Xf&\>Ð _E`0\0^Qd(j�Z�e�`�fN[]j�Z0^Xd
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)¨[]`�e.®]^Xhi^X`�f�®3e�g0b^ne�®][TdOe.fH[T_K` \0Z �&^Xhi¬0d e�fN_Kh�[]j�Z0^�¸e ¬�e.gHfN[]g�\0^Xd b^Qf�e.®]_K`0d�e.Z ¹�b^XdH[]Z0h gN^X¬5_EdH^�dNZag
®£Ð �Ï�¬�_KfN�¸^QdN^E� `0_E`�\cb^Xh�^Q`wfH[]^ ¬5e.gM®,Ð ^$��¬cb^XgN[]^X`a¹X^E�?\a^®,Ð []`��Ee.gH[3e.�0[]® []f0b^M\�e�`0dM®,Ð ^XdN¬�e�¹X^�^Xf�\5e.`0dM®]^�fN^Xhi¬0d�\0^
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® e·¯:g0b^Xj�Z0^X`0¹X^�e.dNdH_�¹X[nb^X^M¸e�®3eÃfNg�e�`0dN[]fH[T_K`�^X`�fHgN^$\0^XZ��i`0[]�E^ne�Z��M\|b^XfH^XgNhi[]`cb^Xd|\>Ð Z0`�e.fN_Kh�^|\0^$¹�b^QdN[]Z0h m ���Ã`0_E`
¬�^XgHfNZ0gH�|b^EW
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� ÐNb^X¹O0^X®]®]^�\0^ �&^Xh�¬ad�e.fN_Kh�[]j�Z0^�¹X_K`0dNfH[TfHZ|b^X^ ¹X_Ehih�^�[]®�^QdNf�[]`0\a[Tj�Z|b^�\�e�`0d�®]^Xd�dH^X¹XfH[T_K`0d�¬0g0b^Q¹¿b^X\0^X`�fH^Xd
¬0g0b^XdH^X`�f�e�[Tf³\�¸^Xd³®£Ð _KgN[]»E[]`0^|\0^QZ���\|b^�¯£e.Z0fHd<¬5_EZ0g|®]^Xd|ZafN[]®][TdOe.fH^XZ0gNd1W
�&`�¬0gH^Xh�[]^Xg|®][]^XZidN_E`�_KgN[]»E[]`0^$e.gN�a[TfHg�e�[TgH^$[Thi¬0®][]jwZ5e.[ f&j�Z0^$®3e�\5e.f�e�fN[]_E`i\>Ð Z0` b^X�ob^X`0^Xhi^X`�f|�0[]^X`�[]\0^X`�fN[ º<b^

\�e.`0d³¹X^XfHfN^�b^X¹O0^X®]®]^J`0^Ã¹X_�� � `0¹X[]\�e�[]f|¬�e.d<e1�K^X¹�®3e�\�e.fOe.fH[T_K`�\0_E`0`|b^X^J\5e.`0d|Z0`a^ e�Z0fNgH^ b^X¹O0^X®]®]^E�5fN^Xhi¬0d|dN_K®3e.[]gN^
_EZ!�&^Xh�¬ad�\0^Xd�b^X¬0|b^Qh�b^XgH[T\a^XdnW&�°^�`>Ð ^XdHfJ¬5e.d�Z0`�\|b^O¯£e�Z0f��0[]^X`�» �^X`5e.`�f�^Xf�[]®�b^XfOe.[]f�fH_EZ��O_KZ0gNd�¬5_EdNdH[]�0®]^M\>Ð Ï
gN^Xh�b^X\0[]^Xg|¬�e�g|Z0`�¹�a_E[ ��e.\�e�¬0f0b^$\0^Ã®£Ð _KgN[]»E[]`0^EW
�&`�dN^Q¹X_E`0\M®][]^XZ>�1®,ÐNb^X¹O0^X®]®]^o\aZ �&^Xhi¬0d>e.fH_Eh�[]j�Z0^�b^XfOe.`�f&fN_EfOe.®]^Xhi^X`�f>\0[]dNdH_�¹X[nb^X^|\0^Xd?hi_EZ0�K^Xh�^Q`wfHd�¹�b^X®]^XdNfH^Xd

[T®¨dnÐ ^X`0dHZ0[]�Ee.[]f<j�Z0^Ã® e�\aZ0g0b^X^�\0Z��O_EZag|dN_E®3e�[TgH^�h�_.ÏK^X`�`a^J¹X_Kh�¬0fOe.[]f°¬0®]Z0d<^$�0e�¹XfN^Xhi^X`�f� #�&��lElÃdN^X¹X_K`0\0^XdÃ\0^
���³�XWw�!�^Xh�^|^X`�e$�OZ0dHf�e�`wf|e.ZMhi[]^XZ���® e·\0Z0g0b^Q^µ\a^<®3e$dN^Q¹X_E`0\a^µ\5e.`0d°®3e$\|b^Oº�`a[TfH[]_E`>�K¹X^Xf|e.¹X¹Q_EgN\�¸e$Za`�[]`0dNfOe.`�f
¬�e.gHfN[]¹XZ0®][]^Xg<`a^�¬�_KZ0�Ee.[]f°dN^�h e�[T`�fH^X`0[]g?^X`gOe.[]dN_K`\0^Xd³[]gNg0b^Q»EZ0®3e.gH[]f0b^Xd³\0^�®3e�gN_Kf�e.fH[]_E`�\0^�®3e �&^XgNgH^�^Xf³\0^JdH_E`
g�e.®]^X`�fH[TdHdN^Xhi^X`�f?d0b^Q¹XZ0®3e.[]gN^KW0�$Ð ^QdNf°\>ÐÑe.[]®]®T^QZ0gNd&¹X^$¬0|b^Q`0_Eh¸^X`0^E�.^QfodHZ0gNfH_EZ0f|®]^°¯£e�[Tf&j�Z>Ð _E`M`a^<¬0Z0[]dHdN^<®]^³¬0g0b^X�K_E[]g
e1�E^X¹�dNZ7�d�e.hih�^X`�f$\>Ð ^$�0e.¹QfN[]fNZ0\a^E�?j�Z0[<e�¹X_K`0\0Z0[]f�¸e�e.��e�`0\0_K`0`0^Xg�®]^ hi_EZ0�K^Xh�^Q`wf$\0^�®3e �(^QgNgN^
¹X_Ehih�^
dN_EZagN¹X^�\aZ fH^Xh�¬ad|Z0`0[ ¯:_EgHh�^EW
�°^X¬5^X`0\5e.`�f|®]_EgNd°\0Zi¬�e.dHd�e.»K^<\0Z�fH^Xh�¬0d°e.dNfHgN_K`0_Ehi[Tj�Z0^<e�Z��&^Xh�¬0d°e.fN_Kh�[]j�Z0^°_E` eÃ¹XgHZ �5_E`i\0^<`a^µ¬5e.d

¬�^XgH\0gN^$fH_Ef�e�®]^Xh�^X`�f?®3e³¹X_KgNgN^QdN¬5_E`0\�e�`0¹X^�^Q`wfHgN^$®]^|fN^Xhi¬0d?^Xf°®,Ð _EgN[]^X`�fOe.fN[]_K`J\0^³®3e �&^XgNgH^<\�e�`0do®,Ð ^XdH¬�e.¹X^KW0�>_KZ0g
¹X^X®3eM_K`�eM¹Xg0b^�b^�Z0`0^�b^X¹O0^X®]®]^J\0^ÃfN^Xhi¬0dn�a\0[]fN^�\0Z �5Gnpsr�P�B�A0D3Á1G1FOPXGXR?�OSnSKFNIKSEA0A$~GM��\|b^X`0_Kh�[]`�e�fN[]_E`i_<�¹X[]^X®]®]^�)
�(�<�$� �<`a[T�K^XgNdOe.® �|[Thi^��°_�_EgN\a[T`5e.fN^1�X�&�Ï��0gN[]\0^�^X`�¹X^dH^X`0dMj�Z>Ð ^X®]®]^�¬5_EdHdX¸^X\0^�®]^XdMj�Z�e.®][]f0b^QdJ\>Ð Z0`a[ ¯*_EgNhi[]f0b^
\0Z!�&^Xh�¬0d$e.fH_Eh�[]j�Z0^�¬5e.g�hi_EgN¹Q^ne.Z����5h e�[]d<j�Z0[?»Kg �e.¹Q^¸e�\a^XdJdOe.Z0fHd�\0^MdH^X¹X_E`a\0^ e�¬0¬0gN_K¬0gN[1b^Xd�¬5^XgNhi^Xf$\0^
h e.[]`�fN^Q`0[]go^X`
¬0�e.dH^�®3e�gN_Kf�e.fH[]_E`�\0^�®3e �&^XgNgH^�^Xf³®T^Qd<0_KgN®]_E»K^Xd|\0^Xd$®3e.�5_EgOe.fN_K[]gN^Xd1W��&`�dN_Kh�hi^<®]^ �(�<� ^XdHf
Z0`0^µe�¬0¬0gH_&�w[]h�e.fN[]_K`�\0Z��&^Xh�¬ad?Z0`0[]�E^QgNdN^Q®�®]Z0^³dNZ0g°Z0`�»�e.gH\0^OÆ,fN^Xhi¬0d?h�^Q[T®]®]^XZ0g&j�Z0^³® e³gH_Ef�e�fN[]_E`M\a^<®3e �&^XgNgH^
� )¨[]»�W0k0W]m1�XW � eÃgN_Kf�e�fN[]_E`i\0^�®3e*�&^XgHgN^�b^Qf�e.`�f|gH^X¬0g0b^QdN^X`�f0b^Q^M¬�e.g	� ��mE��_E`eÃ\0^X¬0Za[Td³®]^Jm �Xe�`w��[]^Xg$mn�K�Ek )

� �<� 
�� �<� � `�dN^Q¹X_E`0\a^XdM�3`�^XdNf|Za` ^Q`wfH[]^Xg��
�

� �(��m 
 � �<� ��� l ���ÃdN^Q¹X_E`0\a^ %
¶�^X®]_E`®]^$\0^X»Kg0b^�\>Ð Z0gN»K^X`0¹X^K��®]^µdOe.Z0f³\0^�dN^X¹X_K`0\0^�^XdNf$¬0®3e�¹¿b^�^X`¬agN[]_EgH[Tf0b^�¸e�®3eÃº�`\0^�\|b^X¹Q^XhM�0gN^Ã_EZ\0^ �OZ0[]`>�
®£ÐÑe�`0`0_E`a¹X^�b^Xf�e�`wfs¯£e.[]fH^·e�Zh�_K[]`0dodH[ ��h�_K[]dµ¸e�®,ÐÑe1�Ee.`0¹Q^EW � e gN^X®3e.fH[]_E`�^$�0e.¹XfH^J^Q`wfHgN^*� ��m�^Xf �(�<� `0^Ã¬�^XZaf
�^XfNgH^J¹X_K`0`�Z0^�j�Z>ÐÑe1�E^Q¹µgH^Xf�e�gN\®]_KgNdNj�Z0^Ã®T^Qd|h�^XdHZ0gN^Xd³\0^�®3eÃgN_EfOe.fH[T_K`�\0^�®3e*�&^XgHgN^�dN_K`wf|¬aZ0�0®][nb^X^XdnW5�°^X¹X[&`>Ð ^XdHf
¬0®]Z0d�®][nb^ ¸ei®3eih�b^XfHgN_E®]_K»E[]^$\0Z�fN^Xhi¬0dn� h e.[]d|�0[]^X`�¸ei®,ÐNb^XfNZa\0^M\0^M®,Ð _EgN[]^X`�fOe.fN[]_K`\0^M®3e��&^XgHgN^�\5e.`0d�®,Ð ^XdH¬�e.¹X^K�
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\0_E`�f|®3e�¹X_E`a`�e.[]dNdOe.`0¹Q^�^XdNf³fN_KZ0fJ¸eÃ¯£e�[]fo^XdHdN^X`�fH[T^Q®T®]^�¸e�®3e�¬0g0b^X¬�e�g�e.fH[]_E`�^Xfµe�Z�fNg�e�[]fN^Xhi^X`�f|\0^Xd<_K�0dN^QgN�Ee.fH[]_E`0d1W
� e�f�e��0®]^µkaW kÃ\0_K`0`0^$®3e�\0[.-µb^XgH^X`0¹X^ ���³� 
 �(�<��dN^X®]_K` ®,Ð �N�?Ç³¶�W
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� ÐÑe1�E^X`a[TgM\a^�� �<� ¹X_Ehih�^�b^X¹O0^X®]®]^�® e�gN»K^Xh�^X`�fM\0[.-�Z0d0b^Q^�^Xf�e.¹X¹Q^XdNdH[T�a®T^�¬5_EZag�®]^Xd��5^XdH_E[]`0d�¹X[]��[T®]dM^XdHf�^X`
\0[]dN¹XZ0dHdN[]_E`Me.Z$dH^X[]`J\0^Qd>[]`0dNfOe.`0¹Q^Xd&[T`�fH^XgN`�e�fN[]_E`5e.®]^Xd>[]`0¹Q®TZ5e.`�f�®]^Xd&¹X_EhihMZ0`�e.Zaf0b^Xd�e.dHfNgN_K`0_Ehi[]jwZa^E�O»?b^X_�\|b^QdN[]j�Z0^
^Xf»?b^Q_E¬0�Ï�dN[]j�Z0^�e.[]`0dN[$j�Z0^�®]^Xd�_EgH»we�`0[]dNh�^Qd�\0^�f0b^X®nb^X¹X_EhihMZ0`0[]¹ne�fN[]_E`0d�^Xf\a^�`�e1��[T»�e.fH[T_K`>W � ^�gH^X¬0gH_w¹O0^
¬0gN[]`0¹X[]¬�e�®�j�Z0^�®,Ð _E` ¬5^XZ0f�¯£e�[TgH^�¸e�¹X^XfHfN^ b^X¹O0^X®]®]^ ^QdNf�dN_K`�e.�0dH^X`0¹X^ \0^�¹Q_E`�fN[]`�Z0[]f0b^�h�e.f0b^XgN[3e.®][]d0b^Q^ ¬5e.g
®£Ð []`�fNgH_w\aZ0¹XfN[]_K`�\>Ð Z0`0^|dH^X¹X_E`a\0^<[]`�fN^XgH¹ne.®3e�[TgH^E�.[]h�¬5_EdOe.`�f�\0^Xd°h�[]dH^Xdo¸e �O_KZ0g&\0^|f�e��0®]^Xd?\�e�`0d?\0^Xd ¬0gN_K»Eg�e�h�hi^Xd
[T`t¯:_EgHh e.fH[]jwZa^XdnWEÅ³^³¬0®]Z0do¹Q^XgNfOe.[]`0d|dNÏ�dHfX¸^Xhi^Xdce�Z0fN_Kh e�fN[]j�Z0^Xd?`0^³dN_K`wf°¬�e�do^X`�hi^XdNZ0gH^<\>Ð []`�f0b^X»KgN^Xg°¹X^Xd|dOe.Z0fHdnW
�°^X¬5^X`0\5e.`�fo®,Ð []\|b^X^|\0^|gH^Xh�¬a® e�¹X^Xg?®,Ð �(�<��e.¹XfHZ0^X®�¬�e�g?Z0`0^b^X¹O0^X®]®]^|¹X_E`�fH[T`�Z0^³d�e�`0d?gN^Q® e�fN[]_E`¸e·®T_K`0»$fN^XgHh�^

e1�E^X¹³®T^³fN^Xhi¬0d?dH_E®3e.[]gN^|hi_.ÏE^X`M`a^|¯£e�[Tf ¬�e.d°®,Ð Za`�e.`0[]hi[ f0b^K�n�a[T^Q`�j�Z0^<®]^³fN^X`0\5e.`0¹X^$dH_E[]f?�E^QgNd|Z0`0^³dNZ0¬a¬0gN^XdHdN[]_E`
\0^Xd$d�e�Z0fNd$\0^�dN^X¹Q_E`0\0^�e1�K^X¹�Z0`�\|b^X¹1e.®3e.»K^�\0^�¬0®]Z0dN[]^XZ0gHd�e.`0`|b^Q^Xd$^X`�fNgN^M®3e�\|b^Q¹X[]dN[]_E`�^Xf$d�e h�[]dN^$^X` �$Z0��gN^EW
�&` )0gOe.`0¹X^K��®T^ �oZagN^ne�Z\0^Xd � _E`0»K[TfHZ0\0^Xd|e�b^Xh�[]d|e.Z�¬agN[]`�fN^Xhi¬0dckKlElK�$Z0`0^$gN^Q¹X_Ehih e.`a\�e.fH[T_K`�^X`i¯£e1�K^XZ0g°\0^
® eÃdNZa¬0¬0gN^QdNdN[]_K`\0^$®3e�dH^X¹X_E`a\0^�[]`�fN^XgH¹ne.®3e.[]gH^E�0\0^$®3eÃ¹X_E`0dH^XgN�Ee�fN[]_E`�\0^$®3eÃfN^XgHh�[]`0_E®]_K»E[]^�� �<��¬5_EZag|®£ÐHb^X¹O0^Q®T®]^
¹X_E`�fN[]`�Z0^$^Xf³\0^$d�e�g0b^1e.®][]d�e.fH[]_E`�¬5e.g|®]^ �o�N�?� W
Å³^M`0_KhM�0gN^XZadN^Xd$¹X_K`0dNZ0®]fOe.fN[]_K`0d$dN_E`�f�^Q`�¹X_KZ0gNd�^Xf$\0[.-µb^XgN^X`�fH^XdJdH_E®]Z0fH[T_K`0d$dN_K`wfÃ^$�0e.h�[]`|b^Q^Xdµe�Z�dN^X[]`�\0^

»EgN_KZ0¬5^Xd<\0^$fHg�e1�Ee.[]®,�K[T`a¹X®]Z�e.`�f )

� ®]^$dNf�e�fNZ�Æ,j�Z0_��*e1�E^X¹ÃZ0`0^Me.Z0»Kh�^X`�f�e�fN[]_E`M\aZ`0_EhM�agN^$\0^�dOe.Z0fHdµ\a^�dN^X¹Q_E`0\0^M\5e.`0d³®T^³¯:ZafNZ0g³^X`�gOe.[]dN_K`�\0^
®£ÐÑe�®T®]_K`0»E^Xhi^X`�f&\0^$® eÃ\0Z0g0b^X^�\0Z*�O_KZ0g��Q�

� ® eÃdNZa¬0¬0gN^QdNdN[]_K`\0^Xd³d�e.ZafNd|\0^�dH^X¹X_K`0\0^�¹X^ÃjwZa[�® e�[]dNdN^Qg�e.[]f|\|b^QgN[]�E^Xg|®,ÐHb^X¹O0^X®]®]^ �(�<��¬�e.g|gOe.¬0¬5_EgHf�¸e � �<�X�

� Z0`�b^X®3e.gH»E[]dNdH^Xh�^X`�f?\a^µ®3e$fH_E®1b^XgOe.`0¹X^$¹X_K`0\0Z0[]dOe.`�fµ¸eÃ\0^Xd|dOe.Z0fHdo¬a®TZado[]h�¬5_EgHf�e�`wfHd?h e�[]d(gOe.gH^Xdn�a¹X_EhM�0[]`|b^Qd?_EZ
`0_E`�¸eÃ\0^Xd<dOe.Z0fHd<g0b^X»EZ0®][]^XgHd|\cb^X¹X[]\|b^Xd�¸e�®,Ð e1�Ee�`0¹X^E�

� ®]^�¬�e�dNd�e�»E^�¸eZ0`a^ e.ZafNgN^�b^X¹O0^X®]®]^�jwZa[o¬5_EZ0gHg�e�[Tf �^XfNgH^ ®]^ ���³�$_EZ��a[T^Q`�Z0`0^ b^X¹O0^X®]®]^�®][nb^X^ e�Z�Y��?¶�_KZ ¸e
Y�e.®][]®]^X_��

� ®3e�¬5_EdHdN[]�0[]®][]f0b^�® ei¬0®]Z0dÃdN¬5^X¹Xf�e�¹XZ0®3e.[]gH^�^X`���[]d�e.»?b^X^M\�e�`0dJ¹Q^XdJ\a[TdH¹XZ0dHdN[]_E`0di�3h e�[]dµj�Z0[ `>ÐÑe e�Z0¹XZ0`a^�¹O�e.`a¹X^
\>ÐÑe.�5_EZ0fH[TgO�b^Xf�e�`wfÃ\0^Mh�_�\0[ º�^Xg$®3ei\|b^Oº�`a[TfH[]_E`�\0^M®3e�dH^X¹X_K`0\0^�¬5_EZag�h e�[T`�fH^X`0[]g<®,ÐÑe.¹X¹Q_EgN\�e�¬0¬0gH_&�w[]h�e.fN[ ¯&\0^
 #�&��lElÃdN^X¹X_K`0\0^Xd³¬�e.g���_EZ0g|dH_E®3e.[]gN^³h�_.ÏK^X`>W
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� -0%&' 8 	 � 	 � Å<[.-µb^XgN^Q`0¹X^ ���³��
 � �<��\aZ m �Qe.`���[T^Qgµm1�E�Ek�e.Z�m �Xe.`���[]^Xg<kElamnli�3dH^X®]_E`�®,Ð �N� Ç<¶0�QW

Å$e�fN^$\|b^X�0Zaf Å$e�fN^³º�` � �<� 
 � �<� Å$e.fH^$\cb^X�0Z0f Åµe�fN^sº�` � �<� 
 � �<�
m��Kl0m
�0mn�K�Ek m
�ElE� �0m1�E�Ek mnl7d m��KlE� �amn�K E¢ m
�Elam��0m1�E K  k��7d
m��KlE� �0mn�K�Ek m
�El0m
�0m1�E��� mEm d m��Kl0m��amn�K E  m
�Elam��0m1�E�Kl k.� d
m��Kl0m
�0mn�K��� m
�El0m
�0m1�E�.� mnk7d m��Kl0m��amn�K�El m
�Elam��0m1�E�am kE¢7d
m��Kl0m
�0mn�K�.� m
�El0m
�0m1�E�E¢ m �7d m��Kl0m��amn�K�0m m
�ElK� �0m1�E�Kk k#�7d
m��Kl0m
�0mn�K�E¢ m
�El0m
�0m1�E�#� mX� d m��KlE� �amn�K�Ek m
�ElK� �0m1�E� � kE�7d
m��Kl0m
�0mn�K�#� m
�El0m
�0m1�E�E� mn¢7d m��KlE� �amn�K��� m
�ElK� �0m1�E��� kE 7d
m��Kl0m
�0mn�K�E� m
�El0m
�0m1�E�E  m��7d m��KlE� �amn�K�.� m
�Elam��0m1�E� � kE�7d
m��Kl0m
�0mn�K�E  m
�El0m
�0m1�E�E� mn�7d m��Kl0m��amn�K�#� m
�ElK� �0m1�E�K� �El7d
m��Kl0m
�0mn�K�E� m
�El0m
�0m1�E El mn 7d m��KlE� �amn�K�E� m
�Elam��0m1�E�K� �0m d
m��Kl0m
�0mn�K El m
�ElE� �0m1�E 0m mn�7d m��Kl0m��amn�K�E� m
�Elam��EkKlEl � �Ek7d
m��KlE� �0mn�K 0m m
�ElE� �0m1�E Ek kEl7d m��Kl0m��KkElKl#� m
�Elam��EkKlElK� ���7d
m��KlE� �0mn�K Ek m
�ElE� �0m1�E �� k0m d m��Kl0m��KkElKlE� �.� d
m��KlE� �0mn�K �� m
�ElE� �0m1�E E¢ kEk7d

�°) � � 	 � � � Å³[ -$b^XgH^X`0¹X^*� �³� 
 �(�<��^Xf|\0[.-µb^QgN^X`0¹Q^J_K�0dN^XgH�ob^X^*� �<� 
 � ��mE��^X`dH^X¹X_K`0\0^Xd1��\a^ m1�E�Kk�¸eMkKl0mnlaW
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� e�®]_E[$\0^ �<^ �|fH_E`�^Xf�®]^�¬agN[]`0¹X[]¬5^�\>Ð []`0^XgHfN[]^�dNZ0¬a¬�_KdN^X`�f�®£Ð ^$��[]dNfH^X`0¹X^�\>Ð Z0` fN^Xhi¬0d�e.�adN_E®]Z>�sZ0`0[ ¯:_EgHh�^E�
¬0g0b^X^��w[]dHf�e.`�f¸e�®3e�h�e.fN[*¸^XgH^EW �<`�h�_KZ0�E^Xhi^X`�f$`>ÐNb^Xf�e�`wf�Z0`0[ ¯:_KgNhi^MjwZa^ ��[]d,ÆX¸e1Æ,��[]d�\>Ð Z0`0^ b^X¹O0^X®]®]^�\0^�fN^Xhi¬0d
¬�e.gHfN[]¹XZ0®][:¸^XgN^K�0[]®�^QdNf<¹Q® e�[]goj�Z0^$®,Ð _E`�`a^µ¬5^XZ0f³\|b^Oº�`a[Tg|®]^³h�_EZa�E^Xhi^X`�f?Z0`0[ ¯:_KgNh�^|dOe.`0d*�^QfNgN^Ã^X`�¬�_KdNdN^QdNdN[]_K`�e.Z
¬0g0b^ne�®3e.�0®]^$\>Ð Z0`0^�b^Q¹�a^X®]®T^Ã\0^�fN^Qh�¬0d|\|b^�º�`0[]^�d�e�`0d<gH^X®3e.fH[T_K`e1�E^X¹�®]^$h�_KZ0�E^Qh�^X`�fnW �<`a^�dN_K®TZafN[]_E`i¹X_E`0dH[]dNfN^�¸e
gN^X¹X_K`0`�e�� � fHgN^|Z0`�h�_KZ0�E^Qh�^X`�f5Z0`0[ ¯:_EgHh�^?e³¬0gN[]_KgN[��:e��0dN^X`a¹X^|\0^ ¯:_EgH¹X^Xdoe�»E[]dNdOe.`�f>dHZ0g?®]^?h�_K�0[]®]^E�O¬�e.g&^$��^Xhi¬0®]^n�
^XfJ¸e�hi^XdNZ0gH^Xg|®]^�fN^Qh�¬0d|Z0`a[ ¯*_EgNhi^|^X`\|b^Q¹X_EZ0¬5e.`�f<®]^$h�_KZ0�E^Xhi^X`�f?¬�e�g|\0^Xd<®]_K`0»EZ0^QZ0gNdb^X»we�®T^Qdn�0^Q`h�^XfHf�e�`wf
^X`�$Z0��gN^�®,Ð �Ï�¬�_KfN�¸^XdH^$¯:_K`0\�e.hi^X`�f�e�®T^|¬5_EZag<®3e�hi^XdNZagN^�\0Z�fH^Xh�¬0d|\a^�®3e�gH^X¬0gN_�\0Za¹XfN[]_E`�¸e�®£Ð []\0^X`�fH[Tj�Z0^$\0^Qd
¬0|b^X`0_Kh¸^X`a^Xd�dN_KZ0h�[]d�e.Z'��h��^Xh�^Xd³¹ne.ZadN^Xd1Wo�$Ð ^XdNf�e.Z�fNgOe1�E^XgHdJ\a^M¹X^�¬0gH[]`0¹X[]¬�^ij�Z>Ð _E`�f�b^Xf0b^i[T`�fHgN_�\0Z0[]fNdÃ®T^Qd
fN^Xhi¬0d$\0Ï�`�e.hi[Tj�Z0^Qd )�_K` e�\0h�^Xf³®3eM®]_E[&fN^Qh�¬5_EgN^Q®T®]^�\0Z�h�_EZa�E^Xhi^X`�f|¹ne.®]¹XZ0®1b^X^¸ei¬�e�gNfH[Tg$\>Ð Z0`�h�_�\�¸^Q®T^Ã\0^
¯:_EgH¹X^$^Xf<\0^$®3eÃ®T_K[�\0^$®3e�\0Ï�`�e.hi[Tj�Z0^|\a^	�³^ �|fN_K`>W
� ^ �&^Xhi¬0d?\0^Qd b^X¬0|b^Xh�b^XgN[]\0^Qd|^XdNf<e�®T_KgNd°Z0`�fH^Xh�¬ado\0Ï�`�e�h�[]j�Z0^|¬�e�gNfN[]¹XZa®T[]^Xg°\0^$®3e$h�b^Q¹ne.`0[]j�Z0^³`0^ �|fN_K`0[ Æ

^X`0`0^EW � eMfH|b^X_KgN[]^�h�[]dH^µ^Q`��$Z0��gN^�^XdHfµ¹Q^X®]®T^�\0Zhi_EZ0�K^Xh�^Q`wf°_EgH�0[]f�e�®>\0^�®3e �(^QgNgN^Me.ZafN_EZag<\0Z�¶t_E®]^X[]®(e1�K^X¹
®T^Mhi_�\¿¸^X®]^�\0^�¯:_KgN¹X^M®]^�¬0®]Z0d�¹X_Kh�¬0®]^Xf³^Xf�®]^M¬0®]Z0d$^$�0e.¹QfJ¬5_EdHdN[]�0®]^EW � Ð _K�0dN^QgN�Ee.fH[]_E`�\0_E`0`a^J®3ei¬�_KdN[]fN[]_K` e�`�Æ
»EZ0®3e.[]gH^µ\aZÖ¶t_E®]^X[]®�\�e.`ad|Z0`dNÏ�dHfX¸^Xhi^µ\a^�g0b^O¯Eb^XgN^X`a¹X^J[]`0^QgNfN[]^X®¨^Xf<¬5^XgHh�^Xf<e�[T`adN[>®3eÃ®]^X¹XfNZagN^�\0Z�fN^Xhi¬0d<e.dHdN_�¹X[nb^
¸eZ0` b^X�ob^X`0^Xhi^X`�fJ¬5e.gNfH[]¹XZ0®][]^Xg )¨®]^ ¶�_K®]^X[]®o^X`�¹X_�� � `0¹Q[T\a^X`0¹X^e1�E^Q¹�Z0`0^�h�e.gNj�Z0^�\0^�®]_E`0»K[]fNZ0\0^KW � ÐNb^QjwZ5e.fN[]_K`
\0^J\|b^Oº�`0[]fN[]_K`^XdNfÃ®£Ð ^$��¬0gH^XdNdH[]_E``�Z0h�b^XgN[]j�Z0^�\0^�®3eM®]_E`a»E[]fNZ0\a^�»?b^X_Kh�b^XfHgN[]j�Z0^�hi_.ÏE^X`0`a^µ\aZ ¶�_K®]^X[]®>g0b^QdNZ0®]f�e�`�f
\0^Xd�fHg�e1�Ee�Z���\0^ �³^ �o¹Q_EhM�>W?�&`�mn�E¢Kk0�¨®,Ð �³`0[]_E` �<dNfHgN_K`0_Ehi[Tj�Z0^i�,`�fN^XgH`�e.fH[T_K`�e.®]^e�e.\a_E¬0f0b^ ®,Ð ^$��¬0gH^XdNdH[T_K`
`wZah�b^XgH[Tj�Z0^K��^$�0e.¹XfH^�¬�e.g|\|b^Oº�`0[]fN[]_K`�)

� � � kK�E� � ��m � �w  ��� �Ol.� � mnkE� �ElEk �#�E  ��� �nm �&% ��m ��� �OlE K�&% � �
_¿¸Z % \|b^QdN[]»E`0^�®,ÐNb^X¹O0^X®]®]^M\0Z �&^Xhi¬0d�\0^Qd�b^X¬acb^Xh�b^QgN[]\0^XdMhi^XdNZ0g0b^X^�^Q`�dN[*¸^X¹Q®T^Qd(�OZ0®][]^X`0d�\0^ � �?¢EkK¢ ��_EZ0gHdJ\0^Qd
b^X¬0|b^Xh�b^XgN[]\0^Qd<\0^X¬aZ0[]d|®£Ð []`0dHf�e.`�f$�3¬0gH_�¹�a^�\0^Mmn�KlEl0WÑlK�&¹X_EgHgN^XdH¬�_K`0\�e�`wfM¸eÃ®,ÐNb^Q�ob^Q`0^Xh�^Q`wf*)

% � l�dN_E[]f � � � kK�E� � ��m � �w  ��� �Ol.� � kE�K� � � �E� � �E�K�?�E� %

� e�\�e�fN^$\0^Xdb^X¬0|b^Xh�b^XgN[]\0^Qd<e.dNdH_�¹X[nb^X^�¸e % � l�^XdHf )

�<� � l ��¢ �Xe.`���[]^Xg$mn�ElKl � k&��m1¢?lEkKl �Ol �O_KZ0g ��Z0®][T^Q`�\0^Xdb^X¬0|b^Qh�b^XgH[T\a^Xd/%

�°^XfNfH^J\|b^�º�`0[]fN[]_E`
¹X_E`�fN[]^X`�f³¹X^X®]®]^J\0^Ã® e�dH^X¹X_K`0\0^M^X`gOe.[]dN_K`\0^�®3e�¬0g0b^XdH^X`0¹X^i\>Ð Z0`�h�_.ÏK^X`�h�_EZa�E^Xhi^X`�fnW � e
_E`�+X[*¸^Xhi^<¹X_K`�¯Eb^XgH^X`0¹X^�\0^Xd³¬�_K[]\0d|^Xf|h�^QdNZ0gH^Xd|\|b^X¹X[]\�e ^X`�mn� �ElÃjwZa^ )
z CiP�GO�OSEAaIEG�GQPXV°RTC³�XFNCK�nV*D3SEA�x � 	tx ��� � � u � � � �HÕ �iIEGMR À CEAaAµ~GnGMV*FNS�r¿D3q1B�G³rtSKB�F�R]GJv�ÔQCEA0Á1D3G1FJx � vEv �Cx1u&�

IEB��5Gnpsr�P�IEGQP ~G,r0�$~G1p�~G1FXD3IKGXPXy
�°^XfHfN^�\|b^Oº�`a[TfH[]_E`>�5\0[ �¹X[]®]^M¸eMg0b^1e.®][]dN^Xg$^X`¬ag�e.fH[]jwZa^�¸eMZ0`a^J\�e�fN^�b^Q®T_K[]»E`|b^X^�\0^�®,Ð _EgH[]»E[]`0^$^Xf|¯*_EgNf³\|b^X®][]¹ne.fH^

¸e�¹X_Ehi¬0gN^Q`0\0gN^Ma_EgNd�\0Z�¹X^QgN¹X®]^�\0^XdMe.dHfNgN_K`0_Ehi^Xd$dN¬|b^Q¹X[3e.®][]d0b^Xd1�&\0[]dN¬�e�gNZ0f�^Q`�mn�#�K��^X`�fH^Xh�¬0dÃjwZ¨Ð Za`0[]f0b^M\0Z
¶�Ï�dNfX¸^Qh�^$�,`�fN^XgH`�e.fH[T_K`�e.®�\¨Ð Za`0[]f0b^Xd<e�Z ¬agN_.º5f|\0^$® eÃ\|b^Oº5`0[]fN[]_E`i¯:_K`0\|b^X^$dNZag<®]^<¹�b^QdN[]Z0h m � �0W
�,\|b^1e.®]^Xh�^Q`wf1�?¬5_EZ0gig0b^ne�®][TdH^Xg�®]^�&^Xh�¬0d�\0^Xd b^X¬acb^Xh�b^QgN[]\0^Xd�[]®|¯£e�Z0fM_E�adN^XgH�E^Xg®3e�®]_E`a»E[]fNZ0\a^ \aZ ¶�_E®]^X[]®,�

^ -¿^Q¹XfNZ0^QgfN_KZ0fN^Xd�®]^Xdi¹X_EgHgN^X¹XfH[]_E`0d¬5^XgHh�^XfHf�e.`�fi\>Ð ^X`�\|b^XfH^XgNhi[]`0^Xg�®3e�®]_E`a»E[]fNZ0\a^ »?b^X_Eh�b^XfNgH[]jwZa^ hi_.ÏE^X`a`0^E�
¬0Z0[]dog0b^XdN_KZ0\0gH^J®,ÐNb^Xj�Z�e.fH[]_E`M\0^$\|b^Oº5`0[]fN[]_E`i¬�_KZ0go®,Ð []`0¹X_K`0`�Z0^�%�W0�e�fN|b^Qh e.fH[]jwZa^Xh�^X`�f?[]®5Ï�e�\0^<`a_EhM�0gH^XZ0dN^Qd
dN_E®]Z0fH[]_E`0d1�?h e�[]d�Z0`�^X`a¹ne.\0gH^Xh�^Q`wfi¬0g0b^1e.®3e.�0®]^�e�Z�h�_.ÏE^Q`�\>Ð Z0`�»we�gN\0^�Æ£fH^Xh�¬0dM¬5^XgHh�^Xfi\>ÐÑe.�5_EZ0fH[Tg¸e�Za`0^
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dN_E®]Z0fH[]_E`MZ0`0[]j�Z0^EW��³�E^X¹³Z0`0^$¬0g0b^X¹X[]dN[]_E`if,Ï�¬0[]jwZa^<\0^�l ��� �O¢$dNZ0g°®3e�\|b^XfN^XgHh�[]`�e�fN[]_E`�\0^$®3e$®]_E`0»K[TfHZ0\0^|\0Z�¶�_E®]^X[]®,�
_E`�_E�0fH[]^X`0\0gOe.[]f|Z0`0^�[]`0¹Q^XgNfH[TfHZ0\0^�\0^�m1k&d|dNZ0g³®3e�®T^Q¹XfNZ0gH^J\a^�®,Ð a_EgN®]_K»E^<¹�b^X®]^XdNfH^EW �<^XZ0gH^XZ0dH^Xh�^X`�f$_E`�`>ÐÑe1�Ee�[Tf
gN^X¹X_KZ0gNd<e�Z�¶�_E®]^X[]®>��^Xf�¸e$®3e � Z0`a^<\0_K`wf ®T^³h�_KZ0�E^Xhi^X`�f>^XdHfofHgN^X[ +X^³¯:_K[]d(¬a®TZadogOe.¬0[]\0^n�7jwZa^<¬5_EZ0g°\0^Xd°h�^XdHZ0gN^Qd
\>Ð [T`�fH^XgN�Ee�®T®]^Xd°®]_E`0»KdnW
�&Za[TdHj�Z>Ð _E`�^XdHf?e.h�^Q`cb^|¸e|gN^ �O^XfN^Qg?®,ÐNb^Q¹�a^X®]®T^ �	�J�1[]`0dNZ!�dOe.hih�^X`�f0Z0`a[ ¯*_EgNhi^E�O®]^ �<�
^XdNf&®3e°dN^XZa®T^ib^X¹O0^X®]®]^°\0^

fN^Xhi¬0d&Z0`0[ ¯:_EgHh�^?\a[TdH¬�_K`0[]�0®]^o¬5_EZag(®,ÐÑe.`5e.®]Ï�dN^?\0^Qdo_K�0dN^XgH�Ee.fH[T_K`0d&\0^Xd?¹Q_EgN¬ad?\0ZMdNÏ�dHfX¸^Xhi^odH_E®3e.[]gN^ ¯£e�[TfH^Xdoe1�Ee�`wf
®£Ð []`�fNgH_w\aZ0¹XfN[]_K`�\0Z�� �<�XW � ^Qd?\|b^Oº�`a[TfH[]_E`0d?\a^Xd?`0_KZ0�E^X®]®]^Xd�b^X¹O0^X®]®]^Xd|e.dHdNZ0gH^X`�f?®3e<¹Q_E`�fN[]`�Z0[]f0b^°\0Z��<Å ���1¬0Z0[]d?\0Z
�	���0e1�E^X¹$®]^ �<��¬5_EZag<®]^Xd�b^X¬5_�jwZa^Xdµe�`wf0b^XgN[]^XZagN^Xd�¸e�mn�E¢K¢0�K¹X_Ehi¬0fN^$fH^X`�Z \a^µ®3e�¬0g0b^X¹X[]dN[]_K` \a^Xd<_K�0dN^XgH�Ee.fH[T_K`0d
\0^Xd$¬0®3e.`�¸^QfN^Xd$^Xf³\0^Xd$d�e�fN^X®]®][]fN^Xd1W¿�7®T®]^Xd$e.dHdNZ0gH^X`�f�b^Q»we.®]^Xhi^X`�f|®3e�¹X_E`�fN[]`�Z0[]f0b^Ã\0Z�<� e1�E^X¹�®]^*�<Å � ¬0Z0[]dNj�Z0^K�
¹X_Ehih�^&`0_EZad(®]^°�E^XgHgN_K`0dn�&�<Å ��^Xf �<Å(��\0[.-(¸^QgN^X`�f?\0^°fN^QgNh�^Qd(¬|b^XgN[]_�\0[]j�Z0^Xd?\>ÐÑe�h�¬0®][]fNZ0\a^Xd�[]`�¯Eb^XgH[T^QZ0gN^Xd³¸eJm ���
h�[]®]®T[*¸^Xh�^³\0^�dH^X¹X_E`a\0^EW&�&`gN^Q�Ee.`0¹O0^M¹X_Kh�hi^(�<� � ^Xf �<�|Y _E`�f<\a^Xd$�Ee.gN[3e�fN[]_E`0d|d0b^X¹XZ0®3e�[TgH^Xd�¬�e�g<gOe.¬0¬5_EgHf
¸e �	����[T®�Ï�e�Z0`0^$\0[]dN¹Q_E`�fN[]`�Z0[]f0b^$^X`�fNgH^*�<��^Xf|¹X^Xd$\0^QZ���b^X¹O0^Q®T®]^Xd³j�Z0^$`0_EZ0d³gN^XfHgN_KZ0�E^XgH_E`0d³\�e.`ad|®T^Qd|f�e.�a®T^Qd
\0_E`0`|b^X^Xd<¬a®TZad|®T_K[]`>W
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Å<^Q¬0Z0[]dmn�K�0mE�¨®]^XdMdNÏ�dHfX¸^Xhi^XdM\0^�g0b^O¯Eb^XgN^X`a¹X^�\¨Ð ^QdN¬�e�¹X^�^XfM\0^�fN^Xhi¬0dMe.\0_K¬0f0b^Xdi¬�e.g�®,Ð �(�<�ÃdN_E`�fM¹X_K`0dNfHgNZ0[]fHd
\�e.`0d$®]^�¹ne.\0gH^J\a^M® e fN|b^Q_EgN[]^�\0^�® e gN^X®3e�fN[]��[Tf0b^J»?b^X`|b^XgOe.®]^EW � eMfHcb^X_EgH[]^J^XdHf�®3e�¯:_KgNhi^µdHf�e�`0\�e.gH\�_E�0fH^X`�Z0^�^X`
\0_E`0`5e.`�f e�Z���¬5e.g�e�h¸^XfHgN^XdM¬5_EdHf,Æ,`0^ �|fH_E`0[]^X`0di®]^XZ0g��Ee.®]^XZ0gM`0_Kh�[]`�e�®T^K� � � m�^Qf 	 � m�¬5_EZagM®T^QdM\0^XZ��
¬0®]Z0dM[]h�¬5_EgNfOe.`�fNd1W(�°^
¹ne.\0gH^»?b^Q`cb^Xg�e�®<^XdHf�¬0g0b^XdN^Q`wf0b^�\5e.`0di®T^�¬�e�g�e�»Eg�e�¬00^ �0WÑk
¹X_E`ad�e.¹Qg0b^X^�e.Z���dNÏ�dNfX¸^Xh�^Qd
\0^Mg0b^O¯Eb^XgN^X`a¹X^EWoÅ$e�`0d�¹X^M¹O�e�¬0[]fNgN^i`0_EZad�¹X_E`adN[]\|b^XgH_E`0d�Za`0[]jwZa^Xh�^X`�f$®]^Xd�¹X_K`0d0b^QjwZa^X`0¹X^XdidNZ0gÃ®T^Qd b^X¹O0^X®]®]^Xd�\0^
fN^Xhi¬0dce1�K^X¹<®,Ð []`�fNgN_�\0Za¹XfN[]_E`M\a^Xd|\0^XZ���b^Q¹�a^X®]®T^Qd<\0^³fN^Xhi¬0d,Æ,¹X_�_EgH\0_E`0`|b^X^ �<� � ^Qf	�<�|YM�Ej�Z0[�dH^XgN_K`�f|^X`0dNZa[TfH^
gN^X®][nb^X^Xd$¸e$\0^Xd g0b^ne�®T[]dOe.fN[]_K`0dn�.\a_E`�f?®]^	� �<�XW � e<fH|b^X_KgN[]^<\0^|®3e³gN^Q® e�fN[]��[]f0b^|^Xf?®3e³¬0g0b^X¹X[]dN[]_E`�e.fHfN^X[]`�fN^<e�Z��O_EZagN\>Ð �Z0[
\�e.`0dÃ®T^QdJ_K�0dN^XgH�Ee.fH[T_K`0dJe�h¸^X`0^Q`wfM¸e�\a[TdHfN[]`0»KZ0^Xg�®]^Xd�b^Q¹�a^X®]®T^QdJ\0^MfH^Xh�¬ad�\0Ï�`�e.hi[]jwZa^Xd$dN^X®]_E`�j�Z>Ð ^X®]®]^Xd�dH_E`�f
¹X_E`0dH[]\cb^Xg0b^Q^Xd<¹X_Kh�hi^ b^X¹O0^X®]®]^Xd|\0^³fN^Xhi¬0d,Æ,¹X_�_EgH\0_E`0`|b^X^<_KZ�¹X_Kh�h�^Mb^X¹O0^X®]®]^Xd|\0^<fH^Xh�¬ad?¬0gN_K¬0gN^KW0È<`i¬0g0b^QdN^X`�fN^
[T¹Q[�®T^Qd<¹ne�®T¹QZ0®]d|jwZa[µb^Xf�e��0®][TdHdN^X`�f|®3e�gN^Q® e�fN[]_E`i®3e�¬0®]Z0d|[]hi¬�_KgNf�e�`�fN^<^Q`wfHgN^�¹Q^Xdb^X¹O0^Q®T®]^Xd1W
¶�_K[]fJ®]^�dNÏ�dNfX¸^Xh�^i\0^�¹X_�_EgH\0_E`0`|b^X^Xd���e.gHÏ�¹X^X`�fNgH[Tj�Z0^Qd�� �|�|Ç<¶a��\�e�`0dM®]^Xj�Z0^X®³® eÖh�b^XfHgN[]j�Z0^�\0^�®,Ð ^XdN¬5e.¹X^OÆ

fN^Xhi¬0dJ\5e.`0dM®]^�dNÏ�dNfX¸^Xh�^�dH_E®3e.[]gN^K�&^X`�Z0fN[]®][]d�e.`�f�®3e
¹X_E`��K^X`�fN[]_E`�\0^�dN_Kh�h�e.fN[]_.`�\>ÐÑ�&[]`0dNfH^X[]`��3�E_K[]g �aWTmKW]mn�X�
¬0gN^X`a\®3e$¯:_KgNhi^*)

\ � � � ����� \�� � \�� � �
_¿¸Z�®£Ð _K`µ¬5^XZ0fMb^X¹XgN[]gH^|®T^Qd(\a[ -$b^XgH^X`�fN^Xd°¹X_Ehi¬�_Kd�e�`wfH^Xd&\0Z�fN^X`0dH^XZ0g?h�b^XfNgH[]jwZa^ � ��� ^X`Ã¯:_E`0¹QfN[]_E`�\a^Xd?¹X_�_EgH\0_E`a`cb^X^Xd
��e.gHÏw¹Q^X`�fNgN[]j�Z0^Xd|��f )$�<� �$� � �XW.�&`$¹X_K`0dN[]\|b^Qg�e.`�f¨®T^Qd>¬0®3e.`�¸^XfN^Xd¨¹X_Ehih�^�\0^Qd>h e�dNdH^Xd>¬5_E`0¹QfNZ0^X®]®]^Xd1�X®]^Xd>dH_E®]Z0fH[T_K`0d
\0^Xdb^QjwZ5e.fN[]_K`0d|\>ÐÑ�&[]`0dNfH^X[]`�d1ÐNb^Q¹XgN[]�E^Q`wf1�&¸e�®,Ð _EgH\0gN^Mm�� � � � �(�<�X�5kElKl0mn�Q�
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_¿¸Z � �  ^QdNf|®]^$dNÏ�hM��_K®]^|\0^ � gN_K`0^X¹!3E^Xg1�|b^X»�e.®?¸eMlÃdN[ �A>� � ^Xf�¸e�m³dN[ � � � W0Å$e�`0d|®]^Xd|^$��¬0gN^QdNdN[]_K`0d<¹X[ Æ,\0^XdHdNZ0d� ^XdHf<®]^<¬5_EfH^X`�fN[]^X®>`a^ �|fN_K`0[]^X`�¬0gN_�\0Z0[]f|e.Zi¬�_K[T`�f 
 � � �°¬�e�g|®]^Xd|¬0®3e.`�¸^QfN^Xd1��\0^$h e.dHdN^Xd/� � ^Xf|\0^$�K^X¹XfN^QZ0gNd
¬�_KdN[]fN[]_E`ad � � ) � � �

�
� � �

� � 
 � � ���
� ^XdNfÃ® e ��[TfH^XdNdH^J\a^J®3eM®]Z0hi[:¸^XgN^M� � � kE�K�?�E�Kk&�w¢K �hid � � �XW�� ®,ÐÑe.¬0¬0gH_&��[Th�e1fN[]_E`M¹Q_E`0dH[T\|b^Xg0b^X^i¬�_KZ0g<_K�0fN^Q`0[]g
® e·gN^X®3e.fH[]_E`M^X`�fNgH^$®T^Qd�b^X¹O0^Q®T®]^Xd°��e�gNÏ�¹X^X`�fNgH[]jwZa^Xd|^Xf°»?b^X_�¹X^X`�fHgN[]j�Z0^Xdn�a®]^<¬5_EfN^Q`wfH[]^X®��K^X¹XfH^XZ0g �  ^XdHfo\0_K`0`|b^³¬�e.g1�
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_¿¸Z Â � ^XdHf<®3e���[TfH^XdNdH^OÆ,¹X_�_EgN\a_E`0`|b^Q^J��e�gNÏ�¹X^X`�fHgN[]j�Z0^�\0^�®3eÃ¬0®3e.`�¸^QfN^ �¨W�� �<`a^���[TfH^XdNdH^OÆ,¹X_�_EgN\a_E`0`|b^Q^J^XdHf<\|b^�º�`0[]^
¹X_Ehih�^<®3e \cb^XgN[]�°b^X^�\0^Xd$¹X_�_EgH\0_E`a`cb^X^Xd�dH¬�e.fH[3e.®]^Xd<\aZ�E^X¹QfN^XZ0g � ¬�e.g$g�e�¬0¬5_EgNf$e.ZfH^Xh�¬ad,Æ,¹X_�_EgN\a_E`0`|b^Q^E� � � WÑ�
�&`�º�`
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_¿¸Z - ��^XdHfo®,ÐÑe.¹X¹�b^X®nb^Xg�e�fN[]_E`�Æ,¹X_�_EgH\0_E`a`cb^X^<�5e.gNÏ�¹X^Q`wfHgN[]j�Z0^<\a^<®3e³¬0®3e.`�¸^XfH^ �¨WwÅ³^Xd?\|b^Oº�`0[]fN[]_K`0dodH[]h�[]®3e.[ gH^Xd&_E`�fMb^Xf0b^
[T`�fHgN_�\0Z0[]fN^Qd?¬�e.g°®]^Xd?g0b^XdN_K®TZafN[]_E`0d \0^<®,Ð �(�³�>¬5_EZ0g?®]^|dHÏwdHfX¸^Xhi^<»?b^X_�¹X^X`�fNgH[Tj�Z0^��:Y��|Ç³¶0�&e1�E^X¹³®]^Xd?¹X_�_EgH\0_E`a`cb^X^Xd
� � )��<�|Y � � �X�a\0_E`�f³®£Ð Z0dOe.»K^µ^QdNf<®][]h�[]f0b^�¸eM®3e*+Q_E`0^�¬agN_�¹O0^J\a^�®3e �(^QgNgN^KW¿�°^Qd<dNÏ�dHfX¸^Xhi^Xd<dH_E`�f<dHZ0g<®]^$¬0®3e.`
fN|b^X_KgN[]j�Z0^�b^Xj�Z0[]�Ee.®]^X`�fHdn��^XfÃ\0^Xd�gN^X®3e.fH[]_E`0d��a[ Æ,Z0`0[]�K_wj�Z0^Qdµ¬5^XgHh�^XfHfN^X`�f�\0^M¬5e.dNdH^Xg�\>Ð Z0`�dNÏ�dNfX¸^Xh�^¸ei®,ÐÑe.Z0fHgN^
�3�E_K[]g�®]^Xd�b^QjwZ5e.fN[]_K`0d �0WÑkaW �a�+�0WÑk0W]mnli^Xf�®]^Xd�b^Xj�Z�e�fN[]_E`ad �aW kaW]m �0�+�aW kaW]mX�w�QW�¶�Z0g�®T^M¬a® e�`�¬0g�e�fN[]j�Z0^E�¨®]^XdJ¹1e.®]¹XZ0®]d
dN^XgH_E`�fM¯:_KgNfH^Xh�^X`�f�¹X_Ehi¬0®][]jwZ|b^Xd�¬�e�gM®£Ð Z0dOe.»K^�\0Z�dNÏ�dHfX¸^Xhi^ »?b^X_�¹X^X`�fNgH[]jwZa^¬�_KZ0g�b^XfHZ0\0[]^Xg�®]^XdMhi_EZ0�K^Xh�^Q`wfHd
\�e.`0d|®]^$dNÏ�dHfX¸^Xhi^µdH_E®3e.[]gH^EW
Ç³e.¬0¬5^X®]_E`0d°j�Z0^$®,Ð _K`�`0^$\0_K[]fo¬�e�d<e.fHf�e.¹O0^Qg|\0^$dN[]»E`0[ º�¹1e.fN[]_K`M¬�e.gHfN[]¹XZ0®][:¸^XgN^�e.Z��M¹X_�_KgN\0_K`0`|b^X^Xd � � ��[]®5`0^

dnÐÑe.»K[Tf|e.Zi\|b^X¬�e�gNf³jwZa^µ\a^µj�Z�e�fNgH^µj�Z�e�`�fN[]f0b^Xd|¬5^XgHh�^XfHf�e.`�f|\>ÐHb^XfH[]jwZa^XfN^Xg|Za` ¬5_E[]`�f°\0^$®£Ð ^XdH¬�e.¹Q^OÆ£fH^Xh�¬ad|^Xf|[]®�Ï
e$Z0`0^|»Kg�e.`a\0^|®][T�5^XgHf0b^|\�e�`0do®]^XZag?¹O0_E[ ��W.�°^X¬�^Q`0\�e.`�f1�0e.Z�fNg�e1�K^XgNd°\0^|®,Ð []`wfH^XgN¬ag0b^XfOe.fN[]_K`M\0^Xd?hi^XdNZ0gH^Xd°^Xf?\0^|®3e
¹X_Ehi¬�e.gOe.[]dN_K`·e�Z��$h�_�\�¸^X®]^Xd¨¬�e.gOe.h�b^XfNg0b^Xd>¬�e�g&¹X^Xd&¹X_�_EgH\0_E`0`|b^X^Xdn�K_E`·º�`0[]f>¬�e�g&®T^QZ0g&\0_E`0`a^Xg&Z0`0^°dN[]»E`0[ º�¹1e.fN[]_K`
¬0®]Z0d|¬0�Ï�dN[]j�Z0^�^X`fH^XgNhi^$\0^�\0[]dNfOe.`0¹Q^E�5[T`adNf�e�`�f|\>ÐÑe.gNgH[]�ob^Q^�\>Ð Z0`�dN[]»E`5e.®,��^XfN¹KW¿�&e�g|^$��^Xh�¬0®]^$®3e�¹Q_w_KgN\0_K`0`|b^X^� � ��\0[]��[Td0b^X^<¬5e.g°® e·�w[]fH^XdNdH^µ\a^µ®3e$®]Z0hi[:¸^XgN^ � �K^XdHf|®T^³fN^Xhi¬0d �oj�Z0[5dN^Qg�e.[]f|[]`0\0[]j�Z|b^|¬�e�goZa`0^$0_EgH®T_K»E^<e�Z�gN^Q¬�_Kd
¬�e.g?gOe.¬0¬5_EgHfce�ZM��e.gHÏ�¹X^X`�fNgH^µ\aZMdNÏ�dNfX¸^Xh�^³dN_E®3e�[TgH^|^Xf°[T`tº�`0[]h�^X`�f�b^X®]_E[]»E`|b^Q^|\0^Xd|¬0®3e.`�¸^XfN^Xd1Ww�°^³fN^Xhi¬0dn�Ke.¬0¬5^X®nb^
fN^Xhi¬0d,Æ,¹X_�_EgH\0_E`0`|b^X^E�.\0[.-(¸^XgN^|\a^|¹X^X®]Z0[0®]Z�dNZ0g?Za`0^oa_EgN®]_K»E^|e.fN_Kh�[]j�Z0^&\�e.`ad?Z0`�® e���_Kg�e�fN_E[]gH^E�1® e�j�Z0^X®]®]^&¯:_EZagN`0[]f
®T^°fN^Qh�¬0d&¬0gH_E¬0gH^ ��\0^|®,Ð 0_KgN®]_E»K^?dNZ0g d�e³®][T»K`0^°\>Ð �<`0[]�E^QgNdnW � ^	���³�>\>Ð Z0`Me.ZafNgN^|¹��_Ef0b^|^QdNf?¹X_K`0dNfHgNZ0[]f?¬5_EZag��^QfNgN^
Z0`0^�¹X_�_EgN\a_E`0`|b^Q^J\0^ÃgN^X¬|b^Qg�e.»K^MfN^Xhi¬�_KgN^X®¨h e�[Td|`a^�¹X_�� � `0¹Q[T\a^J¬�e�dµe1�K^X¹�®]^ � � � � \0^�® e�h�b^XfNgH[]jwZa^�¹X[ Æ£\a^XdNdHZ0dnW
� ^$g�e�¹X¹X_EgH\0^Xhi^X`�f<^X`�fNgH^�®]^Xd�b^X¹O0^X®]®]^Xd �<� �µ�'�<�|Y�^Xf|®]^ � �<�°^XdNf³^$�0e.h�[]`|b^|\5e.`0d|®3eÃdN^X¹XfH[]_E`dHZ0[]�Ee.`�fN^EW
�°_K`0dN[]\|b^XgH_E`0d$¸e³¹X^<dHf�e�\0^|®]^	�<�|Y�¹X_Kh�hi^ b^Xf�e�`�f?�E_K[TdH[]`J\0Z�fN^Qh�¬0d?¬agN_E¬agN^|\>Ð Z0`0^|a_EgN®]_K»E^|[]\|b^ne�®T^°¬0®3e.¹�b^X^

e.Z�»?b^X_�¹X^X`�fNgH^�^XfJdH_EZ0dHfNgOe.[]fN^�¸e�®,Ð []` ��Z0^X`a¹X^�»Kg�e1��[]f�e.fH[]_E`0`0^Q®T®]^�\0^�®3e��&^XgNgH^EW ��¬5e.gNfH[]g�\0^�®3e�h�b^XfNgH[]jwZa^�\0Z
�c�|Ç³¶�®][]h�[]f0b^X^<e.Z��ifN^XgHh�^Xd|^Q` m
� ��� �0_K` e�)
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È<`�_E�afN[]^X`�f$®£Ð []`�fN^XgH�Ee.®]®]^$\0^MfN^Xhi¬0d$¬0gN_K¬0gN^�\��
^X`�fNgH^M\0^XZ�� b^X�ob^X`0^Xhi^X`�fNd$\0^M®,Ð ^XdN¬5e.¹X^OÆ,fN^Qh�¬0d$d0b^Q¬�e.g0b^XdJ¬5e.g
\ �c^Qf|\��  ¬�e.g*)
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� � \ � � �
_¿¸Z � � � ��  � � ���� �� � %�<^QdNf&®3e|��[]fN^XdHdN^OÆ,¹X_�_EgH\0_E`0`|b^X^|\0^°®£Ð 0_KgN®]_E»K^?e.fNfOe.¹O|b^X^$¸e|¹Q^Xd&\0^XZ���b^Q�ob^Q`0^Xh�^Q`wfHdnW ¸��®,Ð _KgN\0gH^��M� � � � �¨_E`�_K�0fN[]^X`�f
d�e.`ad|\0[ �¹XZ0®]f0b^�)
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�&®]Z0d�»?b^Q`cb^Xg�e�®]^Xh�^X`�f$^X`�¬0gH^X`�e�`wf�^X`�¹X_Kh�¬0fH^J®]^XdÃ\cb^X�E^Q®T_K¬0¬5^Xh�^X`�fHd"��Z0dNj�Z>Ð ^X`�m
� � � �3^Xf�^Q`�`cb^X»E®][]»E^1e.`�f$®T^Qd
fN^XgHh�^Xd|¬0gH_.�E^X`5e.`�f|\0^ 
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�¨_EZag<[]`�f0b^X»KgN^Xg$¹X^XfHfN^�b^Xj�Z�e�fN[]_E`
[T® ¯£e.Zaf|fN_EZaf<\>ÐÑe.�5_EgH\¬�e�gNfN[]¹XZa® e�gN[]dN^Qgµ®]^�hi_EZ0�K^Xh�^Q`wf \0^J®,Ð 0_KgN®]_E»K^µ¬5e.g
Z0`0^fHg�e$�O^Q¹XfN_K[TgH^¬�e�g�e.h�b^XfNg0b^X^e.Z�h�_.ÏE^Q`�\0^XdM¹Q_w_KgN\0_K`0`|b^X^Qd �M^Xf �  �&¬aZ0[]dM^$��¬0gN[]h�^QgJ®]^�¬�_KfN^X`�fH[T^Q®��J� � �
¬0gN_.�K^X`�e.`�f�\0^XdM¬0®3e�`¿¸^XfN^QdM^XfM\0^�®3e � Z0`0^�^Q` ¹O�e�j�Z0^�¬�_K[T`�f1W(¶0e�`0dM^X`�fNgH^XgM\�e�`0dM®]^�\|b^XfOe.[]®,�>_K`��K_E[]fJ\|b^��.¸e
jwZa^�¬5_EZ0g�Z0`0^M0_KgN®]_E»K^M¬0®3e.¹�b^Q^ e.Z�»?b^X_�¹X^Q`wfHgN^E�&®]^ifN^XgHh�^M¬0gH[T`a¹X[]¬�e.®°dN^XgOeZa`0^�\|b^QgN[]�E^id0b^X¹XZa® e�[]gN^�^Q`wfHgN^i®T^Qd
\0^XZ�� b^X¹O0^X®]®]^Xd�¬0Z0[]dHjwZa^�®3e��Ee.®]^XZagMh�_.ÏE^Q`0`0^�\0^®3e
¯:_K`0¹XfN[]_K` ¸e�[]`wf0b^X»EgH^Xg�`>Ð ^XdNfi¬�e.di`�Z0®]®T^KWo�&`�¬agN^X`�e�`�f
¬�_KZ0g�®3e �&^XgNgH^ Za`0^�_KgN�0[]fN^�¹X[]gN¹XZa® e�[]gN^�\0^�gOe1ÏE_K` # � m � � _K` _K�0fN[]^X`�f�¬�_KZ0g�®,ÐÑe.¹QfN[]_E`�\0Z ¶�_E®]^X[]®,�� � ���
	 ��
 
 � # ����	 � �O E�Kk �m1l ��� ^Xf � � �Kk ����	 � �O���K¢ �mnl ��� ��dN_K[Tf �� � �  � � 	 m 
�m �H�w KlE� �mnl � � W
� eM�Ee�®]^XZ0g<^��te�¹XfN^M\a^J¹X^QfNfN^M¹Q_E`0dHf�e.`�fH^M\cb^X¬5^X`0\�\0^�®,ÐNb^Q¬0|b^Xh�b^XgN[]\0^�ZafN[]®][Td0b^X^�¬5_EZ0g$®,Ð []`wf0b^X»EgOe.fH[T_K`>��\0Z�fN^Xhi¬0d
\>Ð [T`�f0b^X»EgOe.fN[]_K` ^Qfµ\a^J®3eM¬agN_�¹�b^X\0ZagN^M\0^�¹ne.®]¹XZa®(¬5_EZagµ_K�0fN^Q`0[]gµ¹Q^XfNfH^Mh�_.ÏE^Q`0`0^EWa�,®(gH^XdNfH^M\0_E`a¹JZ0`a^J¹X^QgNf�e�[]`0^
e.hM�0[]»EZ�� � f0b^|\�e.`ad<d�e�\|b^Oº�`0[]fN[]_K` ^Qf<d�e��Ee�®]^XZ0gnW5¶�^X®]_E`�®3e�\0Z0g0b^X^�\0^Ã®£Ð []`�fN^XgH�Ee.®]®]^|Z0`fH^XgNhi^ ¸e�®]_K`0»EZ0^$¬|b^QgN[]_�\0^
¬�^XZaf|\0^X�E^Q`0[]g<Z0`ifN^XgHh�^$d0b^X¹QZ0®3e.[]gN^$^Xf|\0_K`0¹$¹X_E`�fHgN[]�0Z0^Xg�¸e�®3e$�Ee�®]^XZ0g|h�_.ÏK^X`0`0^KWw�°^X¹Q[>^XdHf|¬�e.gHfN[]¹XZ0®][:¸^XgN^Qh�^X`�f
b^X��[T\a^X`�f \5e.`0d�®]^�¹1e.d�_�¸Z ®,Ð _K`�^ -¿^Q¹XfNZ0^�\0^Xd[]`�f0b^Q»Eg�e�fN[]_E`ad�`�Z0h�b^QgN[]j�Z0^Xd�\a^Xdh�_KZ0�E^Qh�^X`�fNdM¹1e.g �_EfH^Xg�®T^Qd
fN^XgHh�^Xd|d0b^X¹XZ0®3e.[]gH^Xd<`0^$¬5^XZ0f³dN^$¯£e�[]gN^<j�Z>Ð ^X`�^ -�^X¹XfHZ�e.`�f³\0^Xd<hi_.ÏE^X`a`0^Xd°dNZ0g|\0^Qd<[]`�fN^XgH�Ee.®]®]^Xdo\a^µfH^Xh�¬ad|\0_E`�f
® e
®]_E`0»KZ0^XZ0g�^XdHf e.gH�0[]fNgOe.[]gN^Xhi^X`�f�¹O0_E[]dH[T^KW � Ð ^XdHfN[]h e�fN[]_E`�®3e¬a®TZadJg0b^X¹X^X`�fN^��3�,g �|[]`�^Xf )aZ-3�Z0dNa[Th�e0�°mn�K�E�E�
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� Ð []`�f0b^Q»Eg�e�fN[]_E`Ã¹X_Ehi¬0®:¸^XfN^?\a^|®£ÐHb^Xj�Z�e�fN[]_E`�e.�5_EZ0fH[Tf°¸e³Z0`0^�b^X¬0|b^Xh�b^XgH[]\0^o\aZ �<�|Y�^X`Ã¯:_E`0¹QfN[]_E`�\0Z �<� ��jwZa[
¬�^XZaf �^QfNgN^�gN^Q¬0g0b^XdH^X`�f0b^X^i¬�e.g³\0^Xd³d0b^XgH[T^Qd�\0^�¬5_E®]Ï�`��_Ehi^Xd|\0^*�|¹O0^Q�wÏ�¹O0^X����_KZ��0[]^X`¬�e�g<Z0`\|b^X�E^X®]_K¬0¬�^Qh�^X`�f
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e.`�e�®TÏ�fH[Tj�Z0^Ã^X`�d0b^XgH[]^M\0^��¨_E[]dNdH_E`>��dH[?®]^Xd�fHcb^X_EgH[]^Xd�¬0®3e.`|b^Xf�e�[TgH^Xd�dH_EZ0d�Æ �Xe�¹X^X`�fN^Qd�dN_K`wf�e.`�e�®TÏ�fH[Tj�Z0^QdnW��$Ð ^XdNf�®]^
¹ne.d|\0^$®3eÃdN_E®]Z0fH[]_E`�\a^µ®3eÃf�e��0®]^·kaW �$j�Z0[�\0_E`a`0^$®T^Qd|¬0gN[]`0¹X[]¬�e�Z���fH^XgNhi^Xd|\0^$®3e�d0b^XgN[]^$¹ne�®T¹QZ0®nb^X^�¬�e�g%)5e.[]gNa^ne.\
^Xf	�ogH^Xf�e�»E`0_K`��Nm1�E�KlE�³¸e�¬�e.gHfN[]g|\0^$®3e�fHcb^X_EgH[]^�²µ¶0È$�? K�0W0�°^XfHfN^�d0b^XgN[]^Je�®3e·¯:_EgHh�^*)

, � � � �<Å � � � �  � � dN[]`���� � �<Å � ��� � ��� �:k %Ñ¢E�

_¿¸Z�<Å � ^XdNf$®]^ �(^Qh�¬0d|\0Ï�`�e�h�[]j�Z0^$��e.gHÏ�¹X^X`�fNgH[Tj�Z0^�^$��¬0gH[Th�b^$^X`dN[*¸^X¹Q®T^Qd"��Z0®][T^Q`0d<\0^ �#�?¢KkE¢	�O_KZ0gNdb^X¹X_EZa®nb^Qd
\0^X¬0Z0[]d³®£ÐHb^X¬5_�j�Z0^�±wkKlElKl0W � ^Qd<¹X_�^��¹X[]^X`�fHd � � dN_K`�f<^$��¬0gH[Th�b^Xd|^X`hi[]¹XgN_KdN^X¹X_K`0\0^Xd�� � dO���3^Q`fN_KZ0fN^�gH[]»EZ0^XZag
� d<¬5_EZ0g � � l0� � d �.dH[:¸^X¹X®]^�¬5_EZ0g � � mK��^XfN¹EWÑ�QW � e�f�e��0®]^��aW ��¹X_E`�fN[]^X`�f|fH_EZ0d³®T^Qd<fN^QgNh�^Qd|\0_E`�f|®,ÐÑe.h�¬a®T[]fHZ0\0^
^XdNf$dNZa¬cb^XgN[]^XZagN^�¸e�l0W]m$`�e�`0_EdH^X¹X_K`0\0^��3`0dO�|dNZagµZa`0^�\0Z0g0b^X^�\>Ð Z0`�dN[:¸^X¹X®]^EW��&®]®]^Je.dHdNZ0gH^JZa`0^�¬0g0b^X¹X[]dN[]_E`�\0^�m$`ad
dNZ0gM®3e�fHg�e.`ad,¯:_KgNh e�fN[]_E` �<� ��� �<�|Y W(�&®]®]^�¹Q_E`�fN[]^X`�f��w�.�
fN^XgHh�^Xd�¬|b^XgH[T_�\0[]j�Z0^Xd�� � � lE�Q�? 0mMfH^XgNhi^Xd�^X`
�cdH[T`���� � � m1�X���ifN^QgNh�^Qd�^X` � � dN[]`���� � � kE�$^XfÃZ0`�fN^XgHh�^M^X`�� � dN[]`���� � � �E�XW �<_EfH_E`0dÃjwZa^M®T^M\a^XZ���[:¸^Xh�^
fN^XgHh�^$\0^$®3e�d0b^XgN[]^�^X` � � dN[]`��<e�Z0`a^$¯:g0b^QjwZa^X`0¹X^�`�Z0®]®]^$^Xf|^XdHf<\0_K`0¹E�0^Q` g0b^ne.®][]f0b^K��Z0`�fN^XgHh�^$^X` � � W
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� ÐNb^X¹O0^X®]®]^|\0^M��G1psr�P<V*GnFXFHGXPXV*FNG?� �	�<�¨^XdNf°®,ÐNb^Q¹�a^X®]®T^°\0^|fH^Xh�¬0d&Z0fH[]®T[]d0b^X^o¬5_EZag(®]^XdMb^X¬0|b^Xh�b^XgN[]\0^Qd?»?b^X_�¹X^Q`wfHgN[]j�Z0^Xd
e.¬0¬�e�gN^X`�fH^XdnW � ^�<�|Y ^XdNf�Z0`a^ b^X¹O0^X®]®]^\0^�fN^Xhi¬0d,Æ,¹X_�_EgH\0_E`a`cb^X^gOe.fNfOe.¹O|b^X^�e.Z�»?b^X_�¹X^X`�fHgN^E�|dOe.`0di®][T^Q` `a[
fN|b^X_KgN[]j�Z0^�`0[&¬0g�e�fN[]j�Z0^Je1�E^Q¹J®]^*� �<�XW��¨_EZag<¬�e�®T®][]^Xg³¹X^J\|b^O¯£e.Zafn�5_E`�e dN_KZ0�e.[]f0b^�\|b^Oº�`a[Tg$Z0`a^�b^X¹O0^Q®T®]^�[]\cb^ne.®]^
fNgX¸^QdJ¬0gH_�¹�a^�\0Z�fH^Xh�¬0d$¬0gH_E¬0gH^�dHZ0g�®]^M»?b^X_ � � \0^M^Xf�\0_K`0¹�g0b^ne.®][]d�e��0®]^J¬5e.g�\0^QdJ0_KgN®]_E»K^Xd$®]_w¹1e.®]^XdnW&¶�_K`�Z0`a[Tf0b^
\0^X�Ee.[]f �^XfNgH^J®3eMdH^X¹X_K`0\0^�¶��|dHZ0g$®T^Ã»?b^X_ � � \a^�^Xf$®,ÐNb^Q¹�a^X®]®T^Ã\0^X�Ee.[]f �^XfNgH^M^X`�¹Q_E`�fN[]`�Z0[]f0b^Je1�K^X¹�®]^*�<�|W ¸� ®3e�\�e.fH^
\0Z�m �Xe.`���[]^Xgµm1�E�K��¸eMl& � �<�X���	��e�¬�_KZ0g|�Ee.®]^XZ0g�m �Xe�`w��[]^Xg�m1�E�E�a�wl7Öl7h�[]` �Eka�Tm1 .�?d1W � ÐNb^X¹O0^X®]®]^ �	� ^XdHf
Z0`0^�b^X¹O0^X®]®]^�\0^$fN^Qh�¬0d|[]\|b^ne�®]^<\0_K`wf|®3eÃg0b^ne�®][TdOe.fH[T_K`�¬0gOe.fH[Tj�Z0^$^XdHf<®][nb^X^�e.Z�� �<�XW0È³`�¬�^QZ0f|\0_E`a¹ b^X¹XgH[TgH^ )
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�&`�fNgN^�mn�K�#�M^Qf�mn�K�0mE�5®,ÐNb^X¹O0^X®]®]^ �	� e1�Ee�[Tfb^Xf0b^M[]`�fNgH_�\0Z0[]fN^MdH_EZ0d�®]^�`0_Eh \0^��5Gnpsr�PMIEÄ.AaCEp�D3qnB�GV*G1FXFNGQPXV:FHG
� �<Å �<�XW � ^°h�_Kf?IEÄ.A0CKpJD�qnB�G?`¨ÐNb^Qf�e.[]f¨¬�e.d&0^XZagN^XZ����.¹1e.g&¹X^XfHfN^b^Q¹�a^X®]®T^K�nfH_EZ0f&^X`�b^XfOe.`�f&[T\|b^ne.®]^Xhi^X`�f>[]\0^X`�fN[]j�Z0^
e.Z��&^Xh�¬0d|\a^Xdb^X¬acb^Xh�b^QgN[]\0^Xd1��`¨Ð ^QdNf|^X`�e�Z0¹XZ0`
¹ne.d$e.dNdH_�¹X[nb^X^ ¸e�®3e�fHcb^X_EgH[]^�\0Z�h�_KZ0�E^Xhi^X`�f?\>Ð Z0`�¹X_KgN¬0d$\0Z
dNÏ�dNfX¸^Xh�^|dH_E®3e.[]gN^KWE�°^|`>Ð ^XdNf \0_E`0¹|¬5e.d?Z0`�fN^Qh�¬0d?\aÏw`5e.h�[]j�Z0^EW1�&e.goe�[T®]®]^XZ0gHd&_E`Me1�Ee.[]f&fN^X`0\5e.`0¹X^�¸e³¹X_E`�¯*_E`0\0gH^
®T^ �<Å ��e1�E^X¹$®]^$fN^Xhi¬0do¬agN_E¬agN^Je�Z ¹Q^X`�fNgN^�\0^$h e�dNdH^µ\a^µ®3e �&^XgNgH^E��e.®]_EgHdoj�Z>Ð []®�^XdNf³��^1e.Z0¹X_KZ0¬¬0®]Z0d|¬agN_�¹O0^
\>Ð Z0`�fN^Xhi¬0dJ¬agN_E¬agN^�¸e�®3e
dNZ0g�¯£e.¹X^
\0^�® e �&^XgHgN^EW°�&`�gN^X�Ee�`0¹O0^®]^�fN^Xhi¬0d,Æ,¹X_�_EgH\0_E`a`cb^X^�<�|YM�&¬5^XZ0f�^QfNgN^
¹X_E`0dH[]\cb^Xg0b^$¹X_Kh�hi^ b^Xf�e�`�fo®]^<fH^Xh�¬ad?¬0gN_K¬0gN^³\>Ð Z0`0^³0_EgH®T_K»E^|[]\|b^ne�®]^|¬0®3e.¹�b^X^�e�ZM¹X^X`�fNgH^µ\a^<h e�dNdH^|\0^<®3e �&^XgHgN^EW
� eM\0[.-µb^XgN^X`a¹X^J^Q`wfHgN^M®]^Xd³\0^XZ�� b^X¹O0^X®]®]^Xd$^XdHfµ¬5_EZag<®,Ð ^XdNdH^X`�fN[]^X®&\0Z0^Me.Z�¬5_EfN^Q`wfH[]^X®&fN^XgHgN^XdHfNgN^�¸eMdOeMdNZag,¯£e�¹X^

�3¬5_EfN^Q`wfH[]^X®>¬0gH[]d|`wZa®(e.Zi¹X^X`�fNgH^J\a^µh�e.dHdN^<\a^�®3e*�&^XgHgN^n�QW�È³`¬5^XZ0f�b^X¹XgH[]gN^E�
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� �O�E¢ ��mnl � ��� W?�¨_EZ0gM^$��¬0gH[]h�^Xg�®3egH^X®3e.fN[]_K` ¹Q_Eh�¬a®:¸^QfN^�^Q`wfHgN^�	� ^Xf �<�|Y [T®°¯,e.Z0f�¬0gN^Q`0\0gN^�b^X»�e.®]^Xh�^Q`wf
^X`�¹X_Ehi¬0fN^�®]^�¬5_EfH^X`�fN[]^X®<\aZ »?b^X_�� � \0^�fH_EZ0gH`�e.`�fn�°e.[]`0dH[|jwZa^ ®]^XdM¬5_EfH^X`�fN[]^X®]dM\0^h�e.g0b^X^Xd�\0^Xd e�Z0fNgH^Xd�¹Q_EgN¬ad
\0Z�dHÏ�dNfX¸^Qh�^�dH_E®3e.[]gN^KW � eM�Ee�®T^QZ0g<\0Z�¬5_EfN^Q`wfH[]^X®?fN^QgNgN^QdNfNgH^�¸e d�eidNZ0g�¯£e.¹Q^J^XdHf�Z0`0^�j�Z�e.`�fH[Tf0b^�j�Z0[&\|b^X¬5^X`0\�\0^Qd
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h�_�\�¸^X®]^Xd$\0^M»?b^X_�� � \0^M^Xf�^XdHf�dNZ���^XfNfH^�¸e�g0b^X��[TdH[]_E`>W>�¨_KZ0g�b^X��[]fN^Xg�\0^XdÃ¹�5e.`0»K^Xh�^X`�fHd�¬�_KdNdH[T�a®T^Qd�¬0gN_.�K^X`�e�`wfÃ\0^
`0_EZ0�K^X®]®]^Xd|g0b^ne�®][TdOe.fH[T_K`0d°\0Z�»?b^X_ � � \a^E�0®,Ð �(�³�oe�[]`�fNgH_�\0Z0[]f|^X`kElKlEli� �(�³�X��kKlEl0m1�X�

� � � � ��� �E�?kK�El|m �.� ��mnl � ���

¹X_Ehih�^$`0_EZa�E^X®]®]^�¹X_K`0dNfOe.`�fN^M\0^�\|b^Oº5`0[]fN[]_E`>W � ÐNb^Q¹�a^X®]®T^ �	� e�[]`0dN[&\|b^Oº5`0[]^M`>ÐÑeM¬�e�dµ\a^J\|b^QgN[]�E^�¬�e.g$gOe.¬0¬5_EgHf
e.Z�� �<�?j�Z0[¨^X`�^XdNf³Z0`0^$g0b^ne�®][TdOe.fH[T_K`�¬0gOe.fH[Tj�Z0^KW
�°_Kh�h�^&_K`M®£ÐÑe³��ZJ\5e.`0d°®]^o¬�e�g�e�»Eg�e�¬00^<kaW �aW]mE�1®]^	�<� ���Ee.gH[]^|¬�e.g&g�e�¬0¬5_EgNf|e.Z �<�|YM�.^Qf�b^X»�e.®]^Xhi^X`�f(¬5e.g

g�e.¬a¬�_KgNf�e.Z �	� ¬0Za[TdHj�Z0^J®]^Xd$¹X_K`0dNfOe.`�fN^Qd��
�
^Xf�� � `0^�dN^�¹X_Ehi¬�^X`adN^X`�f�¬�e�dnW�È³`�\|b^Oº�`0[]f�e.®]_EgHd$®£ÐHb^X¹O0^Q®T®]^

�<Å(�$�&¬0gH_w¹O0^
\0Z �<� �µ� jwZa[|`0^�\0[.-(¸^XgH^\0Z �	� jwZa^ ¬5e.gM\0^XdMfH^XgNhi^XdM¬|b^XgH[]_w\a[Tj�Z0^Qdn�?¹Q^Xd�fH^XgNhi^Xd b^Xf�e�`�f
¬0g0b^X¹Q[Td0b^Xh�^Q`wf³¹X^XZ��
fNgN_KZ0�ob^Xd<\5e.`0d³® e�gH^X®3e.fH[T_K` �<� � Æ �<�|Y W��$Ð ^XdNf³®,ÐNb^Q¹�a^X®]®T^$\0^ÃfN^Xhi¬0d<^Xhi¬0®]_.Ïob^X^J¸e�®,Ð 0^XZ0gH^
e.¹XfHZ0^X®]®]^ ¬5_EZagJ®]^Xd�b^X¬0|b^Qh�b^XgH[T\a^XdM\0Z�dHÏ�dNfX¸^Qh�^�dN_K® e�[]gN^�\a^�®,Ð �N��|�|� �&�°Z0gH^ne.Z�\0^Xd � _K`0»E[]fHZ0\0^Xd�*��_E[]dNdH_E`
^Xf �°gN^XfOe.»K`0_E`>�°kElKl0m � )¨[]^X`0»we
^Xf�¶�[]h�_E`¨�(kKlEl.���XW?�¨_EZag�®]^Xd�b^X¬0|b^Xh�b^XgH[]\0^Xd�`�Z0h�b^XgN[]j�Z0^XdM\aZ ±�� � �°_K` dH^
gN^X¬5_EgHfN^XgOe�¸eM¶tf�e.`a\0[]dN��Nm1�E�E K�XW�²³[Td�¸e���[]d|\0Z��<� ��¹X^QfNfN^�b^X¹O0^X®]®]^�dH^�¹X_Ehi¬�_KgNfH^µ^Q` hi_.ÏE^X`a`0^<¹X_Kh�hi^	�	��W
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_¿¸Z�����e0�.\0^Q¬0Z0[]do®3e³g0b^QdN_E®]Z0fH[]_E`�� �$\0^<®,Ð �(�³�>^X`�kElKl#�0�1®]^|dNfOe.fHZ0fo\a^|¹X_E`0dHf�e�`wfH^<\0^³\|b^Oº�`a[TfH[]_E`� � �<�X��kElKl#�E�
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^Xf
�<Å(� � �<� � 
 � � � @�������� 
�k&�E���|mX�K� �O¢ElEl �.�EkK¢E� �   �&�wlKl � �<Å � �

_¿¸Z�<Å � � � 
(� �O¢E¢���mnl � �Qd$^XdNf�Za`0^J`a_EZ0�K^X®]®T^$¹X_K`0dNfOe.`�fN^M\a^J\|b^�º�`0[]fN[]_E`
[T`�fHgN_�\0Z0[]fN^Ã¬�_KZ0g$h e.[]`�fN^Q`0[]go®3e
¹X_E`�fN[]`�Z0[]f0b^�e1�K^X¹$®T^Qd°¯:_EgHhMZ0®]^Xd?^X`Zad�e.»K^EW
�³�E^X¹�¹Q^XfNfH^�\|b^Oº�`a[TfH[]_E`�_E`i¹X_E`0dH^XgN�K^E�

�<Å � � �	�:� ,
_¿¸Z ,�gN^Q¬0g0b^XdH^X`�fN^M®,Ð ^X`0dH^XhM�0®]^$\0^Xd<fH^XgNhi^Xd<¬|b^XgN[]_�\0[]j�Z0^Xd<_K�0fN^Q`wZad ¸e�¬5e.gNfH[]g<\0^�®,Ð []`�f0b^X»Kg�e.®]^M�:kaW �w�°\|b^X¬5_EZa[T®]®1b^X^
\0^$dN^Xd|fH^XgNhi^Xd|d0b^X¹QZ0®3e.[]gN^Xd1W0È³` \a_E[]fo`a_EfN^Qgo®3eÃgN^X®3e.fH[]_E`�fH|b^X_KgN[]j�Z0^ ��� � � � � ��� 
 � � ������j�Z0[�e�dH^XgN��[
¬�_KZ0g|\|b^XfH^XgNhi[T`a^Xg|®3e��Ee�®T^QZ0g|\0^ ��� ¸eÃ¬�e.gHfN[]g|\0^�� ��^Qf|\0^$® e��Ee�®]^XZ0g°\0^$g0b^O¯Eb^QgN^X`0¹Q^M\0^ �

�
W

	 � � � � � � 8 ':-0/1)*2�4?6 8 4>/1= 8 ' 8 6 �8 +1« 8 '*' 8 6 9>8 / 8�© ;76

� ^Xd$\0[.-µb^XgN^X`�fH^Xd�b^X¹O0^X®]®]^Xd$\0^JfH^Xh�¬ad b^XfNZ0\a[nb^Q^Xd�¹X[ Æ,\0^XdNdHZ0d$dN_K`wfsº�`�e�®T^Qh�^X`�f|®][nb^X^Xd<¬5e.g<\a^Xd$gN^X®3e.fH[]_E`0d³dN[]h�¬0®]^Xd
g�e.dHdN^XhM�a®nb^Q^Xd�\�e.`0d�¹X^XfHfN^�dN^Q¹XfN[]_E`¨W Å$e�`0d�®3e�dHZ0[]fN^ , \cb^XdN[]»K`0^ fH_EZ���_EZ0gHd�®,Ð ^X`0dN^QhM�0®]^ \a^Xd�fN^XgHh�^Xd�\0^
h�_.ÏE^Q`0`0^°`wZa®T®]^|\0^³®,Ð []`�f0b^Q»Eg�e�®]^µ�*k0W �w�QW � ^Xd°\0^XZ'� b^X¹O0^X®]®]^Xdo\a^<fN^Qh�¬0d�Æ£¹X_�_KgN\0_K`0`|b^X^³dN_E`�f �<� ��¬5_EZ0g°®]^|fN^Xhi¬0d
��e.gHÏw¹Q^X`�fNgN[]j�Z0^�^Qf	�<�|Y ¬5_EZag|®T^$dHÏwdHfX¸^Xhi^$»?b^X_�¹X^X`�fHgN[]j�Z0^EW

�<� � 
��<�|Y � � � ��� @�� 
 k&�K���|mQ�E� �O¢E� �� #�&��lEl�� , � Â�� � = � � � � �
	 � m �N�� El? Kk#�?  �E�¨��m���mnl � �



���� - ���	� ��	 ��� � ������	 �XW0¢E¢

_¿¸Z Â � ^XdNf°®3e<��[]fN^QdNdN^³��e.gHÏ�¹X^X`�fNgH[Tj�Z0^|\a^|® e �&^XgHgN^<^Qf = ®3e³¬�_KdN[]fN[]_K`J»?b^X_�¹X^X`�fNgH[Tj�Z0^³\0^|®,Ð _E�0dH^XgN�Ee�fN^XZ0g1W @�� ^XdHf
® e�\5e.fN^ �OZa®T[]^X`a`0^�\0^$®,ÐNb^X¬�_�j�Z0^�¹Q_E`0dH[T\|b^Xg0b^X^KW¿È³`¹1e.®]¹XZ0®]^$¯£e�¹X[]®]^Xh�^X`�f?j�Z>Ð]¸e�®3e�dNZag,¯£e�¹X^�\0^�®3e �&^XgNgH^J®]^$fN^XgHh�^
¹X_EgHgN^X¹XfH[ ¯o¹X_EgHgN^XdH¬�_K`0\�e�`wf³\�e.`ad|®£Ð ^$��¬0gH^XdNdH[]_E`�\0^*�<� � 
!�<�|Y ^XdNf³\0^$®£Ð _KgN\0gH^µ\a^·k���m1l � �ÃdN^X¹X_K`0\0^Xd1W

�<� � 
 �<Å � � ��� ��� @�� 
�k&�E���|mX�K� �O¢E� �� #�&��lEl 
 % � � � �
% � � � � 
 � ��¢K¢ ��mnl � � d � � � � m ��¢K¢El?¢amn�?� �E  ��mnl � �

�<�|Y 
!�	� � � � ��� @�� 
 k&�K���|mQ�E� ��¢K� � #�&��lEl � � � � � �O�#�E� kE�Elsm �.� ��mnl � ���
�	��� � �<�N� � � �<�&� �Kk �1mn ��?d

�<Å � � �	�:�+,
	 � � � �O�����)� �����"��-�.����

�ogHZ0hM��^QgN»��Q²JW �JW )Em1�E�0mK� ¥ POPXGnA0V*D3C�RtFHGXR]CEV*D3Á1D]PXV:D3� ��GQRTGQPXV:D�C.Rwp�GO���aCEA0D��XPX�$�³\�e.h �<[]®]»E^Qgn�$�°gN[]dHfN_E®,�1�&0[]®3e.\0^X®]¬0a[ e
e�`0\ �<^ �°Æ 
o_Eg 3�W

Åµe�`��O_K`>�#��W�)�m1�E¢��a�0@$PXV*FNSEAaSEp�D3G<U|~GnA$~G1FNC�RTG1�0¶�^X`0`5e.¹�b^X\¨WT�0�&e�gN[]dn�ag0b^�b^X\a[Tf0b^�^X`�mn�K Ela���o®3e.`a¹�5e.gN\ b^X\¨W
)�e�[TgH0^ne�\>� � W]���°gN^XfOe.»K`0_E`>�?�&W )|mn�K�Ela� �<`�e.`�e�®TÏ�fH[T¹1e.® ¯:_EgHhMZ0®3e�¯:_KgJfH0^�fH[Thi^MfNgOe.`0d�¯:_EgHh e.fH[]_E` �	� � �	���
@·P�V*FNSKA0y�@$PXV*FNSOr0�0Ä1PXy 	�	� �0k.�wlaW

)>[]^X`a»we0� �JW]�E¶�[]h�_K`>�X±5W Æ � W%)�kElKl.�5���³`�e.®]Ï�fN[]¹ne�®0e.`0\�`�Z0h�^XgH[]¹ne.®0dHfNZ0\a[T^Qd?_.¯>e.dHfN^XgH_E[]\M¬�^QgNfNZagN��e�fN[]_E`0d°_E`�dN_K®3e.g
dHÏwdHfN^Xh ¬a® e�`0^Xf|\0Ï�`�e�h�[]¹Xd1�w@·P�V*FNSKA0y�@$PXV*FNSOr0�0Ä1PXy � 	� ��� �0mEW

Y$Z0[]`0_Ef1���$W	)|mn�K E�a�(Y$^Q`0^Xg�e�®<¬0gH[]`0¹X[]¬0®]^XdM_.¯<fH0^�h�^ne�dNZ0gH^�_.¯µfH[]h�^)?e.dHfNgH_E`0_Kh�[]¹ne.® fN[]h�^E�¨[]` ¼|G*�XG1FNG1A0�OG
�XFHCEp�GXP$D3AC�P�V*FNSKA0SEp�Ä�CEA0IMUKG�S�rt�aÄ1P�D��XPX��±�W � _.�Ee.®]^X��d 3�Ï��.�XW �XW0��Z0^X®]®]^Xg<e.`a\ �$W � _K®3e.¹$+X^3 ^Q\0dnW]� � ®]Z �°^Xg1�
Å³_EgH\0gN^Q¹��f1W

� �	� � Y )(m1�E�K�0��±E_K[]`wf³gN^X¬5_EgHf$_.¯ofH0^ �°_Eg 3�[]`0»M»KgN_EZa¬_.¯o� �	��¹X_Ehih�[]dNdH[]_E`M��_K`�¬0gN^X¹Q^XdNdH[T_K`>�¨¬0®3e.`0^XfOe.gHÏ
^X¬a0^Xh�^QgN[]\0^Xd1�0Z0`0[]fHd<e.`0\�fN[]hi^|dN¹ne�®T^Qdn�|�5FNCEAtP�y � @ � � ��1��O� �0Ç|^Q[T\a^X®,�0Å<_KgN\0gH^X¹O�fn��¢#�aW

� �	� � Y )>m1�E�Kk0��Çs^X¹X_Kh�h�^Q`0\�e.fH[]_E`0d ¯:gN_Kh fN0^ �°_Eg 3�[]`0»M»KgN_EZa¬�_K`gN^O¯*^XgN^X`a¹X^�dHÏwdHfN^XhidnW�Ç|^QdN_E®]Z0fH[]_E`��<�5�
�5FNCKA�PXy � @ � � ������� �5Ç|^X[]\0^Q®£�0Å³_KgN\0gH^X¹Owf1W

�,g �|[]`>� �JW]� )aZ-3�Z0dH0[]h e0����W )om1�E�K����`�Z0hi^XgN[]¹ne�®?fN[]hi^J^X¬a0^Xh�^QgN[]d�¯*_Eg�fN0^��?e.gHfN>�?@·P�V*FNSKA0y?@$PXV*FNS�rt�0Ä1PXy
� � � ���.��k0W

��_E[]dNdH_E`>�¨´JW]� �°gN^XfOe.»K`0_E`>�?�&W )?kElKl0mK� �<`�e�®]ÏwfH[]¹ne.®°¬0®3e.`0^Qf�e.gHÏ�dN_K®TZafN[]_E`�²$¶0È$�?kElKlEl0�$�?GQRTGQPXV:y?¡�GO�O�0y � � �
kKlE¢0W

¶�^X[]\0^X®]h e�`0`>���&W � W]��)0Z43wZadN0[]h ea�#��W )¨mn�K�Ek0� � �ÏM`0^ ��fH[]h�^|dN¹1e.®]^Xd����0@$PXV*FNSKA0y�@$PXV:FHSOr0�0Ä1PXy 	 � � �0  ���aW
¶�_&-�^X®,�0��W �JW )�mn�E K�0��Ç|^X®3e�fN[]��[Tf,Ï�[]`e.dNfHgN_Kh�^XfHgNÏ��>�?GQRTGQPXV:D3C�R>pJGO�O�0CKA0D3�QPJCEA0I�UEGOS1IEGQPXÄ.��¶�¬0gH[]`0»E^Xg�Æ£² ^XgN®3e.»5W
¶�f�e�`0\0[]dN>�K�|Ww� W�)0mn�K�E a���|[]hi^odH¹ne.®]^Xd?[]`�fN0^³±w� � e.`0\M� ¯���^X¬a0^Xh�^QgN[]\0^Xd1�w@·P�V*FNSKA0y0@$PXV*FNS�rt�0Ä1PXy ��� � ���E amEW
�(�<� )0kElKl0mK�wÇs^XdN_K®TZafN[]_E`0d°_.¯>fH0^$f �o^Q`wf,ÏKÆ*¯:_EZagNfNY$^Q`0^Xg�e�® �<dHdN^XhM�0®]Ï�� � @ ��� AX�QSEFXp�CEV*D3SEAML³BKR3RTy � � �0kE  � �wl
�*�&gNgOe.f�e )�[]�0[]\>W � � �0���0kKlElamn�XW

�(�<� )�kKlEl �0��Ç|^XdH_E®]Z0fN[]_K`0do_�¯?fN0^$f �°^X`�f,ÏEÆ,dN[ ��fNY$^Q`0^Xg�e�®��³dNdN^QhM�0®]Ïw� � @ ��� AX�XSEFQpJCKV:D3SKA�L³BER�RTy � � W
�µ¶ �$È )�mn�E�Kk0� ¥ �Or5RTCKA0CEV*SEFXÄ PXBXrKr�R]Gnp�GnAaV�V*S VT�aG @·P�V*FNSKA0SEp�D3�OC.RM@³RTp�CEA0CK�n�M�&W � WJ¶�^Q[T\a^X®]h e.`a` ^Q\>W]�
�³`0[]�E^XgHdN[]f,Ï�dH¹X[]^X`0¹X^���_�_ 3wd1�0��[]®]®�²oe.®]®]^XÏ��E�|e.®][ ¯:_EgH`0[3e0W



�XW0¢#� ���������� 	9	 ������� ����	 ��������	

�?-0%&' 8 	 � � � � � � ��33������� , � �<Å � 
 �	� � ��� � � 9 � ��3?<� C 6&�� �E �'�
� 9�L  �� � � 9 �� ) � 9 � ��> � 3��> 9 ������� C ��G�G
%&E��
� 9 � � C 67�  
E � ����� � � >/����? L > ������ � � �������� � �;��������� � �9BL�9 3>;������B	 6�%
%�%��

��� ���� �	�� 
��� � ��	�� 
	��� ��� ���� �	�� 
��� � ��	�� 
	���
������� � ������� � ���	� � � � � ����� �!� �#"�" ���� �$� ������� � ������� � ���	� � � � � �%�#� �!� �#"�" ��	� ���

� � � �� ��& � 	 � � � � � � � & � � 	�� � � � �'& � � � � � � � � & � � � � � � & � � ���� � ( � & 	 � � � � � 	 � & � ��� � 	�� � � � � & � 	� � ��� & � � 	 � 	 � � 	��	& � � �
� � � � � & � � � � 	 	 � � & � � � � � � & � � � � ��� � � �	& � � � 	 � � � �	& � 	 ��� � ��� � & � �
� � � � & � � � 	 � � � � � ��& � � � � 	 � � �'& � � � � � � � � & � � � � � � & � � � � � � � � � & � � � � � � � � & � � � � 	 � � � & � �
� � � & 	 	 � � � � � � & � � � � � ��� � & � � � � � � � � � & � � � � � � & � � � � � 	 � � & ��� � � � � � ��& � � � � � � � 		& � �� � � & � 	 � 	 � � � � ��& � 	 	�� 	���� � & � � � � � � � � & � � � � � � & � � � � � 	 � � & � � 	 	 � ��� �	& � ��� � � � � � � & � �
� � � & � � � 	 � 	 � � & � � �
� � � � �)& � � �� � � � � � & � � � � � � & � � � � � � � � � & 	 	 � � � � � � & � � � 	 ��� � � & � 	
	 � � & � � � � � � ( � & � � � � � ��� �)& � � � � � � 	 � 	 � � & � � ��� � � & � � � � 	 	 � � ��& � � � � � � � � & ��� � � � 	 � � & � �
� � � & ��� � � � � 	�	 	 � & � 	 	 ��� � � �)& � � � � � � � � & � � � � � � & � � � � � � � � 		& � � � � � � � � & 	 � � � � 	 � � & � �
� � � & � 	 � � � � 	 � ��& � � � � � � � �)& � � � � ��� � � & � � � 	 � � & � � � � � � � � � & 	 � � � � 	 � �	& � � ��� 	 � � � & 	 �
��� � � & � � � � 	 � � ��� & � � � � � � � � & � � � � � � 	 � & � � � � � � & � � � � � � 	 � � & � � � � 	 � � � & � � � � ��� � � & � �� � � � & � � � � ��� � � � & � � � � � � � � & � ��� 	 � � � � & � � � � � � & � � � � � � � � � � & � ��� � � � � � & 	 	 ���� ��� � & � �� � � � & 	 � ���� � �� � � & � 	 � � 	 	 � � & � ��� � � � � � & ��� � � � � & � � � � � 	 ( 	 ��� � & � � � � � ��� � & ��� �� 	 � � � & � �
� � � � & � � � � � � � � 		& 	 � � � � � � � & � 	 � � 	 � � � & � � � � � � & � � � � � �*( � � � & ��� � � � � � �	& � � � � � � � � & � �
��� � � & � � � � � 	 � � � & � � � � � � � �)& � � � 	 � ��� � & � � � � � � & � � 		� � 	 � � 		& � ��� � 	 � � �	& � � � � � � � � & � �
� � � � & � � � � � � � � � & � � � � � � 	 � & � � � � � 	 � � & � 	 � � � � & � � � � � � � 	 � & � � � � � � � � & � � ��� � � � � & � �� � � � & � � � � � 	 � � � & � � � � � ��� �)& � � � � � � � � & � � � � � � & � � � � � � ( � � � & � � � 	 � ��� � & � � 	 � � � � �	& � �� 	 � � & � � 	 � � � � & � � � � � � � � & � � � 	 � ��� � � � & � � ��� � � & � ��� � � 	 � � � & � � � � ��� � � & � � 	 � � � � � & � ���� � � & � � � � � � ( � � & � ��� � � � � � & � � � � � � � � �	& 	 � � � � � & � ��� � � � � � � � & 	 � � 	 � � � � & � � � 	 � � � � & � �
� � � � & � � � � � � 		& � 	 �� � � � � & � � � � � � � � � & � � � 	 � � & � � � � � � � � ��� & � � � � � � � �	& � � � ��� � � � & � �
� � � � & � 	��	� ��� ��� � & 	���� � � � � � & ��� � � 	 � � � & ��� � � � � & � � � � � 	 � � � & � � ��� � � � � & ��� � � � � � � & 	��
� � � � & � � � � � � ( 	 		& ��� �	� � � � � & ��� ��� � 	 � � & ��� � � � � & � � � � ��� � � & � � � � � � � � & 	 � � � � � � ��� & � �
��� � � & � � � � � � � � �	& � � 	
	 �� � � & 	 	 � � � � � � & � 	 	 � � � & � � 	 � � � 		& � � � 	 � � � � & � 	�� � 	�� � � �	& 	 �� � � � & � � � 	 � 	 � � � � & � � � � 	 � � � & � � � � � 	 � � & � � 	 � � � & � � 	 � 	 � � � � & � 	 � � � � � � & ��� � � � � � � & � �� � � � & � 	 � � � � � � � � & � ��� 	���� � �'& � � � 	 � � � � & � � 	 � � � & � � � � ��� � � � � & � � � ��� � � � & � � � ��� � � � & � �
� � � � & � � � � � � � � � 		& 	 � 	 � � � � � & � � � � 	�� � � & � 	 	 � � � & � � � � 	 �*( � � �	& � � � � � � � ��& ��� � � � � � � & � 	� � � � & ��� � � � � ( 	 � & � � � � � � 	 �)& � � 		� � 	 � 		& � � 	 � � � & � � � � � � ( ��� & � � � � � � � � & � � � � � � � � � & � �� 	 � � & � � 	 � � 	 �� 	 � & � � � � � � � � & � � � � � � 	 � & � � 	�� � � & � � � � 	 � � � ���	& ��� � � � � � � & � � � � � � � � & � �� � � � & � � � � 	 � � & � � � � � � � � & ��� � � � � � � � � & 	 	 	 � � � & � ��� 	�� � � � � & � � � 	 � ��� � & � � � � � � � � & ��
� � � � & � ��� � 	 � � � � & � 	 	
	 � � � � & � ��� � � 	 � � & � � 	 	 � � & � ��� � ��� � � 	 � & � � � � � � � � & � � � � � � � � & � �
� � � � & � � � � � � ��� �	& � � ��� � � � � & � 	 � � � � � �	& � � 	 � � � & � ��� ��� � � 	 	 � & � � � � � � � � & ��� � ��� � � � & � �
� � � � & ��� ��� � �+( ��� 		& � ��� � � � � �)& � � � � � � � � & � � 	 � � � & � � � � 	 � ( � � & � � � � � � � �	& � 	 � � 	 � � � � & 	 �
� � � � & � � � � � � � � � & � � � � � � � � & � � � 	 � � � � & � 	 � � � � & � � � � � � ��� & � � � � 	 	 � � & 	 � 	 � � � � � � & � �
� � � � & � � �� � � � � & � ��� ��� � � � & � � � � 	 	 	 � � & � 	 � � � � & � � � � � � � � � & � � 	 � � � � � & 	 � � � � � � � & � �
� � � � & � 	 � � � � � � � & � � � � � ��� � & � � � � � � � � & � � � � � � & � � � � � � � � � & ��� � ��� � � � & � � � � ��� 	 � & 	 �
� � � � & � 	�� � � � � � � & � � � � � � � � & � � � � � ��� � & ��� � � � � & � � ��� � 	 � � � & � � 	 � � � � �	& � � � � � � � � & � �
� � � � & � � � � � 	 � 	 � & � � 	 � � � � � & � � � � � � 	 � & � � � � � � & � � � 	 � 	 ( � 	 � & � 	 � � � � � � & ��� �� � � � � & � �
� 	 � � & � � � � ��� � 	 ��& � � � � � � � � & � � 	 � � � 	 � & � � � � � � & � � � � ��� � � � & � � ��� ��� � � & � � � � � � � � & � �� � � � & � � � � � 	 � & � 	 		� � � � � & ��� � � � � � � � � & � � � � � � & � ��� � � � � & � � � � � � � � & � � � � � 	 	 � 	 � � & � �
� � � � & � � � � � � � � & �� � � � � � � & � � � ��� � � ��� & 	 � � 	 � � & � ��� � � � ���	& � � � � � � � � & � � � 	 � � � � � & � �
� � � � & � � �� � � � 	 � ��& � � � � ���� � & � � ��� � � � � & � � � � � � & � ��� � � � � � ��& � � � � � � � � & � � � 	 � � � � & � 	
� � � � & � � � � 	 � � �	& � � � � � � � � & � � � � 	 � 	 � � & � � � � � � & � ��� � � � � �	& � 	 � � � � � �	& 	 � 	 	 � � � ��& � �
� � � � & � � � � � � � ��� & � � � � � � � � & � � � � � � � � & � � � � � � & � ��� � � � � � & � � � � � � � � & � � � � 	 	 � ��� & � �
� � � � & � � � ��� � ( � & � � � � � � � � & � � � � 	 � � � � � � & � � � � � � & � � � � � � ��� & � � � � � � 	 � & � 	 � � � � � � � & � �
� � � � & � � � 	 � � � � & � 	 � � 	 � � �)& 	 � � � ����� � & � � � � � � & � � � � � � � � � & � � 	 � � 	 � � & � � ��� � � � � & � �
� � � � & � � � � � ��� � ��� � & � � � � 	 � 	 � & � 	 � � � 	 � � & � � � � � � & � � � � 	 � ��� � � �	& � � � � � � � � & � 	 � � 	 � � � & � �
� � � � & � � � � � � � � 		& � � � � � � � � & � � � � � 	 � � & � � � � � � & � � � � � � ( � � & � � � � � � � � & � � � � � �� � ��& � �
� 	 � � & � � � 	�� � � � � �	& � � � � � � � � & � � ��� � 	 � � & � � � � � � & � � � � ��� � � � & � � � � � � 	 � & � � � � � � � � & � �
� � � � & � � � � � � � � 	 � & � � �
� 	 � � � & � � � � ��� � � & � � � � � � & � � � � � � ��� 	 ��& � � � � � � � � & ��� � � � � � � & � �



���� - ���	� ��	 ��� � ������	 �XW0¢E�

�?-0%&' 8 	 � � � ��dNZ0[]fN^1�XW

� � � �� � �� 
 �� � ��	�� 
	��� � � � �� � �� 
 �� � ��	�� 
	���
������� � �%�#��� � ����� � � � � ���#� � � �#"�" ��	� ��� ������� � �%�#��� �  ���� � � � � ���#� � � �#"�" ���� �$�

� 	 � � & � � ���� 	 � � � ��& 	 � 	 � � � � � & 	 � � � � � � � & � 	 ��� � � � & � � � � � � ( � � � & � � � � � � � � & � � � � 	 � � � & � �
� � � � & � � 	 � � � � � & � � � ��� 	 � � & � ��� � � � � � � & � � ��� � � � & � � � � � � � � � & � ��� � � � � � & � � 	 � � � � � & � �
� � � � & � � 	 � � 	 � � � ��& � � � � � � 	 � & � � � 	 � � � � & � � ��� 	 � � & � � � � � � 	 � & � � 	 ��� ��� � & � � � � � � � � & � �
��� � � � & � � 		� � � � � � & � � � 	 � � 	 � & � � � � � 	 � � & � � ��� � � � & � � � � 	 � � & � � � � ��� 	 � & � � � � � � � ��� � & � ���� � � � & � � 	 � � � ( � � �	& � 	 	 	�� � � � & �� � � � � 	 � & � � ��� � � � & � � � � � � � 	 � � & � ��� � � � 	 �	& � � � � � � � � & � �
��� � � � & � � 	 � � � � & � � � � � � � � & � ��� � � � 	 � 	 � & � � � � � � � & � � � 	 	�� � � � & 	 � � � � 	�� � & � � � � � � � � & � �
��� � � � & � � 	 ��� 	 ( � � & � 	 � � � � � � & � � ��� � 	 � � �	& � � � � � � � & � � � 	 � � � � � � & � � � ��� � � � & � � � � � � � � & � �
��� � � � & � � 	 � � 	 � & � � � 	 � 	 � �	& � � � � � � � � ���	& � � � � � � � & � � � � � � � � � 		& � ����� � � � � & � ��� � � � � � & � 	
��� � � � & � � 	 � � � � � � & � � � � 	 	 � � & � � 	 � � � � � & � � � � � � � & � � � � 	�� � � � � & � � � � � � � ��& ��� � ��� � � � & � ���� � � � & � � � � � � � � � & � ��� � � � � ��& � ��� � � � � � & � � � � � � � & � � � � � � � � � & � � � � � � � � & � � � � � ��� � & � ���� 	 � � & � � � � � � � � � & ��� � � � 	 � � & � � � � � � � � & � � � ��� � � & � � � � � � � � & ��� � � � � � � & � � � � � � � � � & � 	
��� � � � & � � � � � � 	 � � & � � � � � � � � & � � � ��� � � � & � � � � � � � & � � � � � � � & � � � � 	 � 	 �	& � � � � � � � � � 	 � & � 	
��� � � � & � � � 	 � � � ��	& � � � � � � � �	& � � � � � � � � & � � � � 	 � � & � � � � � � � � � � & � 	 	 � 	 � � � & � � � � � 	 � � & � �� ��� � � & � � � � � � � � � � & � � � � � 	 	 �	& � � �� � � � � & � 	 � � � � � & � � � � � 	 � � � & � � � � � � � � & � � � � � � � � & � �
� � � � � & � � � � � � � � ��& � � � � � � � � & � � � � � ��� � & � � � � � � � & � � � � � � ��& � 	 � � � � � � & 	�� � ��� � � � � & � �� � � � � & � � � � � � ��� � � & � � � � � ��� � & � � � � � � � � & � � � � � � � & � � � � � � � & � � � � � � � ��& � � � � � � � � � � 		& � �� � � � � & � � � � � � � �	& ��� � � 	 � � � & � � � � � � � ��& � � � � � � � & � � � � � � � � & � � � 	 � � � � & 	 � � � � � � � & � �� ��� � � & � � � � � � � � � � & � � � � � � � � & ��� 	 � ��� � � & � 	 � � � � � & � � � � � � � � � & � � � 	 � � 	 � & 	 � � 	 � � � � & � �
� � � � � & � � �	� � � � � ��& � � � � � � � � & � � � � 	 � � � & � � � � � � � & � � � � � � � � � 		& � 	 � � � � � � & � � � ��� � � � & � �
� � � � � & � � � � � � ( � & � � � � � � � � & � � � � 	�� � ��� ��� & � � � � � � � & � � � � � � � � � � & � � � 	 � ��� � & � � � � � � � � & � 	
� � 	 � � & � � � � � � ( � � � & � � � � � ��� � & � � � � � � � � & � � � ��� � � & � � �	� � � � � � & � � 	 � � � � �	& � � � � ��� 	 � & � 	� ��� � � & � � � � � � ( � & ��� � � � 	 � � & � � � � � ��� � � � � & � � � � � � � & � � �	��� � � � & � ��� 	 � � � � & � 	 � � � 	 � � � & 	 �� � � � � & � � � � � � � � � & � � � � � � � � & � � � � � � � � & � � � � 	 � � & � � � � � � ( � � & � � �� � � � �	& � � � � � � � � �	& � �� � � � � & � � � � � � ��� � 		& � 	 � � � � � � & � � 	 ��� 	 � � & ��� � � � � � & � � � ��� � � �	& � � � � � � 	 � & � � � ��� � � � � & � �
� � � � � & � � � � � � � � � & � � � � � � � � & � 	�� � � � � � & � � � � � � � & � � � ��� � � � ��& � � 	 � 	 � � ��& � 	 � � � � 	 �	& � �
� ��� � � & � � � � � � � � � & � � � � � � � � & � � 	 � 	 � � � & ��� � 	 � � � & � � � � � � ����� � & � ��� � � 	 	 � & � � � � � 	 	 � & � 	
� � � � � & � � � � � � � � � & � � 	 � � � � � & � 	�� � � 	 � � & � � � 	 � � � & � � � ��� � ( 	 � 		& � � 	 � � � 	 �	& 	�� � � � � � � & � �� � � � � & � � � ��� � ����� � & � ��� � ��� � �	& ��� � � � � � � & ��� � 	 � � � & � � � � � � � & � � � � � � � � & � � � � � � � � 	 � & � �
� � � � � & � � � � � � � � � & � � � � � � � ��& ��� � � � � � � & � � � 	 � � � & � � � � � � � � 	 � & � � � 	 � � � � & 	�� � � � � � � & � �
� � � � � & � � � � � � ��� � � & � � � � � � 	 � & ��� � 	 � � � � & ��� � 	 � � � & � � ��� � 	 � � � � & � � � � � 	 � � & � � 	 � � � � � & � �
� � 	 � � & � � �� � � 	 � � & � 	 � � � � � � & � � � � � ��� � & � 	 � 	�� � � & � � ��� � � ( � � � & � � � � 	 ��� � & � ��� � � � � � & � �� � � � � & � � �� � � � � � � & � � 	 � ��� � �	& �� � � � � � � & � � � 	 � � � & � � ��� � � ��� �	& ��� � � � � � �	& � � 	 � � 	 � �	& � 	� � � � � & � � ���� � ( � � & � � � � � � � � & � � � � 	 � � � 		& � � � 	 	 � � & � � ��� � 	 � � � 		& � � � � � � � � & � � � � 	 	 � � & � �
� � � � � & � � � � � � ( 	 � �	& � � � � � � � � & � � � � � � � � & � � � 	 � � � & � � ��� � � ( � 	 � & � 	 � ��� � � � & � � � � � � � � & � �
� � � � � & � � � � � � � 	 � & � � � � � � 	 � & � � � 	 � � � � & � � � 	 � � � & � � ��� ��� ( ��� � ��& � � � 	 � 	 � � & � � 	 � � � � � & � 	
� � � � � & � � � � � � � � � � & � � ��� � � � �	& � � � � � � 	 � & � � ��� � � � & � � � 	 � � � � � � � & 	 � � � � � 	 � & � � � � � � � � & � �
� � � � � & � � � 	 � � 	 � � & � � 		��� � � � & � � � � 	 � � � & � 	 ��� � � � & � � � 	 � 	 � � � & � ��� � � � 	 �	& � � � � � � � � & � �
� � � � � & � � � � � � � � � & � 	 	 � 	 � � � & � 	 � 	 � � � � & � � ��� � � � & � � � 	 � � � � � & � ������� � � � & � � � � 	 � � � & � �
� � � � � & � � � � � � � ��& � � � � � � � � & � � � ��� � 	 � � & � � ��� � � � & � � � � � � � ��� � & � � 	 	�� 	 � � & � � � � � � � � & � �� � � � � & � � � � � � ( � � � �	& ����� � � � � � & � � � ��� � � � & � 	 ��� � � � & � � � � � � � � � � & � � � � � � � � & � � � � � � � � & � �
� � 	 � � & � � � � 	 � � � � & � � � � � � � � & � � � � � � � � & � 	 ��� � � � & � � ��� 	 � � � � & � � � � ��� � � & � � � � � � � � & � 	
� � � � � & � � � � 	 � 		& � � � � � 	 � � & � � 	 ��� � � � � & � � ��� � � � & � � ��� � � � & � � �	� � � � � & � � � � � � � � � � & � �
� � � � � & � � � � � � � 	�� � & ��� � 	 � 	 � � & � � � � 	 � � � & � � ��� 	 � � & � � ��� � � � ��� & ��� � � � 	 � � & � � � � � � � � & � �
��� � � � & � � �� � � � � � & � � � � � � � � & � � � � � � � � & � � ��� � � � & � � ��� � � � � � � & � � � � � � � � & 	 � � � � � � � & � 	
��� � � � & � � � � 	 � � � & � � 		� � � � �	& ��� � � 	 � 	 ��& � � ��� � � � & � � � � � � ( � � � & � � � � � � � � & � � � � � � � � & 	 �
��� � � � & � � � � � � � � � ��� & � � ��� � � � � & � � � � � � � � & � � � � � � � & � � � � � � ( � & 	 � � � � � 	 � & � � � ��� � � � � � & 	 ���� � � � & � � � � � � � � � � & � � ��� � 	 � � & � ���	��� � � � & � � � � � � � & � � � � 	 � � � � ��& � � �	� � � � �	& � � � � ��� � � & � 	
��� � � � & � � � � � � � � 		& � � � � � � � � & 	 � 	 � ��� � � & � � � � � � � & � � � � � � ( � ��& � � � 	 � � � � & � � � 	 � � � � � & � 	



�XW0¢E  ���������� 	9	 ������� ����	 ��������	

�?-0%&' 8 	 � � � ��dNZ0[]fN^1�XW

� � � �� � �� 
 �� � ��	�� 
	��� � � � �� � �� 
 �� � ����% 
	���
� �'�$� � ���#��� � ���	� � � � � �%�#� � � �#"�" ���� �$� ������� � ������� � ���	� � � � � ���#� � � �#"�" ���� �$�

� � � � � & � � � � � � � � � � & � � � � � � � � & � � � � � � � � & � � � � � � � & � � � � 	 � �
� � � & � � � � � 	 � ��& � 	 � � ��� � � & � �� � � � � & � � � � � 	 � � ��� & � � � � � � � � & � � � � � � � � & � � � � � � � & � � � � 	 � ��� �'& � � � � � 	 	 � & � 	 � � � � � �	& � �� � � � � & � � � � � 	 � � � � & � � � � � � � � & � � � � � � � � & � 	 � � � � � & � � � � � � � � � �)& � � �� 	 � � � & 	 � � � � � � � & � �� � � � � & � � � � � � ( � � � & � 	 � � � � 	 � & � � � � ��� � � & � � � � � � � & � � � � � � � � & � � 	 � � � � �	& � � � � � � � ��� & � �
� � 	 � � & � � � � � � � � � 		& � � � � � � � �	& � � � � � � � � & � � � � � � � & � � � � � 	 ����� �)& � � ��� ��� � � & � � 	 � � � � � & � �
� � � � � & � � � � 	 � 		& ��� � � ��� � � & 	 � � � � ��� � 		& � � � � � � � & � � � � � � ����� � & � � 	 � � � � � & � � � � � � � � & ���
� � � � � & � � � � � � � � � & � � � � � 	 � �	& � � � � 	 � 	 � & � � � � 	 � � & � � � � � � � � � �'& 	 � � � � � � � & � ��� 	 � 	 � � & � �
� � � � � & � � ��� 	 � � 		& 	 � � � � � � � & � � � � � � � ��� & � � � � � � � & � � � � � � � 	 �'& 	 � � � � 	 � � & � � � � � � � � & � �
� � � � � & � � ��� � � � � � & � � � 	 � � � �	& � � � 	 � � � � & � � � � � � � & � � � � � � � & � � � 	 � � 	 � & � � � � � � � � 	 � & � �
� � � � � & � � ��� ��� ( � & � ��� 	 � � � � & � � � 	 � � � � � � & � � � � � � � & � � � � ��� � � � � & � � ��� � � � � & � � � � � 	 � � & � �� � � � � & � � ����� � � � �	& � 	 ����� � � � & � � � � � � � � & � � � � � � � & � � � � � ��( ��� � � 	)& � � � � � � � � & � � � � 	 � 	 � & � �
� � � � � & � � �
� 	 	 � 		& � � � � � � � � & � � � � � � � � �	& � 	 � � � � � & � � � � � � �
� � 	)& 	 � � 	 � � � � & � � 	 � ��� � � & � �
� � � � � & � � �
� 	 � ( � � � 	 � & 	 � � � � � 	 � & � � 	
� � � � � & � � � � � � � & � � � � � 	 ( � & � � � 	�� � � � & � � � � � � � � � � & � �
� � � � � & � � �
� � � ��� � & � � � � 	 � � � & 	 � � 	�� � � � & � � � � � � � & � � � � � � ( � � ��� & 	 � � � 	 � � � & ��� � � � � � � & ���
� � 	 � � & � � �
� � � ( � 		& � � 	 � � 	 � � & 	���� � � � � � ��& � � � ��� � � & � � � � � � � � & � � 	 ��� � 	 � & � � � ��� � � � �	& � �� � � � � & � � � � � � � 	 � & � � � ��� � � � & � � 	 � � ��� � & � � � � � � � & � � � � 	 � ����� � & 	 � � � � � � � & 	 � � � � � � � & � 	
� � � � � & � � � � � 	 ( � � ��& � � � � � � � � & ��� � � � 	 � � & � � � � 	 � � & � � � � 	�� � � � � & � � 	 � � � � � & � � � � � � � � & � �� ��� � � & � � � � 	 � ��� � & 	 � � � � � � �	& � � � � 	 � � � & � � � � � � � & � � � � 	 � 	 � ��� & � � � � � � � � & 	�� � � � � � � & � �
� � � � � & � � � � � � � � � & � � � ��� � � � & � � � � � � � � & � � � � � � � & � � � � � 	 � � � & � � � ��� � � � & � � � � � � 	 � & 	 �
� � � � � & � � � � � � ( � � � & � � � � � 	 � � & � � � � � � � � & � � � � � � � & � � � ��� � ��� � � & � � 	 	 � � � �	& 	 � � � � � � � & � �
� � � � � & � � � � � � � � � & 	 � � � � � � ��& � � 	 � � � � � & � � � � � � � & � � � ��� � � � � � & ��� � � � � � � & 	 	 � � � � � � & � �
� ��� � � & � � � � � � � � & � � �� � � � � & � � � � � 	�� � 		& 	 	 � � � � � & � � � ��� � � � � & 	 � � � � � � � & � � � � � � � � & � �� � � � � & � � � � � 	 � � � 		& ��� � 	 � � � � & � 	 ��� � � � � & ��� � � � � � & � � � � � � � � � & � � � � � � � � & � � � � � � � � & � 	
� � � � � & � � � � � � � � � � & � � � � � ��� �	& � � � � � � � � & � � � � � � � & � � � � � � � � � � & � � � � � � � � & 	 � � � � � � � & � �
� � 	 � � & � � � � � � ��� 	 � & � � ��� � ��� � & � � � � ��� � � & � � � ��� � � & � � � � � � �
� � � & � � � � � ��� � & � � � � � 	 � � & � �
� ��� � � & � � � � � � ( � ���	& ��� � � ��� � � & � � � � � � 	 � & � � � � � � � & � � � � � � �
� � � & � � � � � ��� � & � � � � � � � � & � �
� � � � � & � � � � 	 � � � � & 	�� � � � 	 ��� & � � � � � � � � & � � � � 	 � � & � � � � � � � � & � � � � � � � � & � � � � 	 � � 		& � �
��� � � � & � � � � � � � � & � � 	 � � � � � & ��� � � � � � � � & � � � � � � � & � � � � � � 	 � � & � � � 	 	 � � � & � � 	 � � � � � & � �
��� � � � & � � � � � � ( � � & � 	 � � 	 � � � & 	 � � � � � � ��� & � � � � � � � & � � � � � � � � � & � � � � � 	 	 � & � ��� � � � � � & ���
����� � � & � � � � � � � � ��& ��� � � � � � �	& � � � � � 	 � � & 	 � � 	 � � � & � � � � � � �
� � � & � � � � � � � � & � 	 � � � � � � & � �
��� � � � & � � � � ��� � 	 ��	& � 	 � � � � � � & � � 	 � ��� � � & � � � 	 � � � & � � � � � � ��� & � � � � 	 � � � & � 	 � � 	 � � � � & � ���� � � � & � � � � � � � � � � & � � � � � � � �	& ��� � � 	 � 	 � & � � � 	 � � � & � � � � � � ( � � & � � � � � � 	 � & � � � � 	 � � � � & � ���� � � � & � � � � � � � � & � � 	 � � � � ��& � � � � � � � � � & � � � 	 � � � & � � � � � � � 	 � & � � � � � � � � & � ��� � � � � � & � �
��� � � � & � � � 	 � � ��� & � � 	 � 	 � � �	& � � � ��� � � � � & � � � 	 � � � & � � � � � � � 	 � �'& 	 � � � � � � � & � � � � � � � � & � �
��� 	 � � & � � � 	 � � � � & � � � � � 	 � �	& � � � � � � � � � & � � � 	�� � � & � � � � � � � 	 � & � � � � 	 � � � & � � � � � � � � & � �
��� � � � & � � � 	 	 � ( � � � & � � ��� � � � � & � ��� � � 	 � � & � � � 	 � � � & � � � � � � � � �)& � � 	 � � � � �	& � � � � � ��� � & � �
��� � � � & � � � 	 � � ( � � � & 	 ���	� � � � � & � � � � � � � � & � � � 	 	 � � & � � � � � � � 	��)& 	 � � 	 � � � � & ��� � � � � � � & � �
� � � � � & � � � 	 � � � � � & � � � 	 � � � � & � � � � � � � � & � � � 	 � � � & � � � � 	 � � � �'& ��� � 	 � 	 � �	& � � 	 � ��� � � & � �
� � � � � & � � � 	 � 	 � � � & � 	 � � � � � � & � � � � � � � � & ��� � 	 � � � & � � � � 	 � ( � � � �'& � � 	 � � ��� �	& � � � � � � � � & � �
� � � � � & � � � 	 � � � � 		& � � � � � 	 � � & � � � � � � � � & � � � � � � � & � � � � 	 � ( � & � � � � � � 	 � & � � � 	 � 	 � � � ��& � �
� � � � � & � � � 	 � � � � � & � � 	 � � � � ��& � � � � � � � � & � � � � � � � & � � � � 	 � � � � � & � � � 	 ��� � � & � � � � � � � � & � �� � � � � & � � � 	 � � � 	 � �	& � � ��� � � � ��& � � � 	 � � � � & � � � � � � � & � � � � � � � � � �'& � � � � � � � � & � � � � � � � � & � �
� � � � � & � � � 	 ��� � � 	 ��& � � � � � � � �	& � 	 � � � 	 	 � & ��� � � � � � & � � � � ��� � 	 � �)& � � �� ��� � � & � � � � � � � � & � �
� � � � � & � � � 	 � � � � ���	& � � � � � � � � & � � � � � � � � & � � � � � � � & � � � � � � � 	 � & � � � 	 	 � ��� & � � � ��� � � � & � �
� � 	 � � & � � � 	 � � � � � � & � 	�� ��� � � � & � � � � � � � � & � � � � � � � & � � � � � � � � 	)& � � � � � 	 � � & � � � � � � � � & � �� � � � � & � � � � � � � � � & � � � � � � � � & � � � � � � � � & � � � � � � � & � � � � � � � � � � & � � � � � � � � & � � � ��� � � � & � �� � � � � & � � � � � � � � � & � � � � � � � ��& ��� � � 	 � � � & � � � � 	 � � & � � � � � � ��� � � & � � � � � � � � & � 	 � � � � � � & � �
� � � � � & � � � � 	 � ( � � � & � � � � � � � ��& � � � � � � 	 � & � � � � � � � & � � � � � � � � � �)& � � � � � � � � & � 	 � � � � � � & � 	



���� - ���	� ��	 ��� � ������	 �XW0¢E�

�?-0%&' 8 	 � � � ��dNZ0[]fN^1�XW

� � � �� � �� 
 �� � ����% 
	��� � � � �� � �� 
 �� � ��	�� 
	���
� �'�$� � ������� � ���	� � � � � ����� �!� �#"�" ���� �$� � �'�$� � �%�#��� � ����� � � � � �%�#� �!� �#"�" ��	� ���

� � � � � & � � � � � � � � � � & �� 	 ��� � � �'& � � � � � � � � & � � � � 	 � � & � � � � � � ( ��� � � �	& � � � � ��� � � & � � � � � � � � & � �
� � � � � & � � � � � � � � � � & 	 � 	 � ��� � � & � � � � � 	�� � & � � � � � � � & � � � � � � � ��� & � � � � 	 	 � �	& � � � � � � � � & � �� � � � � & � � � � � � � � �	& ��� � � � � � � & � 	 � � 	 ��� � & � � � � � � � & � � � � � 	 � � � � & � � 	 � � � � � & 	 � ���� � � � & � �
� � � � � & � � � � � � ( 	 � 		& 	�� �	� � � � � & � � � � � � � � & � � � � � � � & � � � � ��� � ��	 � � & � 	 � � � � 	 � & � � � � � � � � & � �
� � � � � & � � � � � � � & � � 	 	 � � � � & � � � � � � � � � � & � � � � � � � & � � � � � � � ��� ��& 	 � � � � � � � & � � � ��� � � � & � �
� � � � � & � � � � � � � & 	 � � ��� 	 	 � & � � � 	�� � � � � � & � � � � � � � & � � � � � � � � � 		& ��� � � � 	 � � & � � 	 � � � � � & � �
� � � � � & � � � � � 	 � � � �	& � � ��� � � 	 � & � � � ��� � � � & � � � � � � � & � � � � � � � � & � � � � � � � � & � � 	 	 � � � 		& � �
� � � � � & � � � � � � �� � � & � � � 	 � � � �)& � � 	 	 � � � � & � � � � � � � & � � � � � � � � & � ��� � � � � � & � � � � � � � 		& 	 �� � 	 � � & � � � � � � � � � �	& � � �
	 � � � � & 	 � 	 � 	 � � � & � � � � � � � & � � � � � � ( � � � & � � � � � 	 	 � & � � � � � � � � & 	 �� � � � � & � � � � 	 � � 	 � � & � � ��� � � � � & � � � 	 � ��� � & � � � � � � � & � � � � � � � � � � & � � � � � � � � & � � � 	 � � � � & � �
� � � � � & � � � � � �+( � 	��	& � � � � � � � � & 	 � � � 	 � � � & � � � � 	 � � & � � � � � � � � � � & � � � � � � � �	& � � � � � � � � & � �
� � � � � & � � � � � � ( � � & � � 	 	 � � 	 �)& � 	 ��� � ��� � & � � � � � � � & � � � � � � � � � & � 	 � � � � � � & 	 � � � 	 � � � & � 	
� � � � � & � � � � � � � � � � & � � ����� � � � & � � � � 	 	 � � & ��� � � � � � & � � � � � � � � ��& 	�� � � � � � �	& � 	�� � � � � � & � 	
� � � � � & � � � � � � ( � � � & � � � � � � 	 � & � � � � � � � � & � � � � � � � & � � � � � � � � � & � � � 	�� � � � & 	 � � � � � 	 � & � �� � � � � & � � � � � � � 	 � & � � � � 	 � 	 � & � � � � � � � � & � � � � � � � & � � � ��� � � � � � & � � � � � � � � & ��� � � � ��� � & � �
� � � � � & � � � � � � � � � & � � � � ��� � � & � ���	� � � � � & � � � � � � � & � � � ��� 	 � � � & 	 � � � � � � � & � � ��� � � � � & � �
� � � � � & � � � � � � � � ��� & � � � 	 � � � � & 	 � � ��� � � � & � � � � � � � & � � � ��� � � � � ��& � � � � � � � � & � � � � � ��� � & � �
� � � � � & � � � � � � � � ��& � � �
� � � � � & � 	 	 	 	 � � � & � � � � � � � & � � � ��� � � � � � & � � � � � � � � & � � � � � 	 � � & � �
� � 	 � � & � � � � � � ( � � � & � � � � � � � �)& � � � 	 � � � � & � � � ��� � � & � � � ����� � � � & � 	 � ��� � � � & 	 � � � � � � � & � �
� � � � � & � � � � � � � � � � & � � � � � � � � & ��� � � � ��� � & � � � � � � � & � � � ����� ����� � & � � � � � � � � & � � � � � � � � & � �
� � � � � & � � � � � � � � � �	& � � � � � � � � & � � � 	 � � � � & � � � � 	 � � & � � � ��� � ( � � & � � � � � � � � & 	 ��� � � � � � ��& � �
� ��� � � & � � � � � � � � 		& � 	 �
� � � � � & � � 	 � � � � � & � � � � � � � & � � � � � � � � � & � � � � � � � � & � � � � � � � � & � �
� � � � � & � � � � � � � � ���	& 	�� � � � � � � & 	 ��� � � � 	 � & � � � � � � � & � � � � � � � 	��	& ��� � � � 	 � � & 	 � � � � � � � & � �
� � � � � & � � � � � � � � ��& � � �
� 	�� � � & � � � � � 	 	 � & � � � � � � � & � � � � � � ( � � � � & � � � � � � � � & � � � ��� � � � & � 	
� � � � � & � � � � � � � � � 		& ��� ��� 	�� � � & � 	 � � � � � � & � � � � � � � & � � � � � � � 	��	& � � � � � � � � & � � � � � � � � & � �
� ��� � � & � � � � � � � � � � & 	 � � � � � � � & ��� � � � � � � & � � � � � � � & � � � � � � ( ��� & 	�� � � ��� � � & � � 	 � � � � � 		& � �� � � � � & � � � � � � � � � � & � � � � � � � � & � 	 �	� � � � � & � � � � � � � & � � � � � � 		& � � � � ��� � �	& � � � � 	 � � � � & � �
� � � � � & � � � � ��� 	 � & � � � � � � � �)& � � � � � 	 � � & � � � � � � � & � � � � � � ( � � 		& � � � � � � � � & � � � � � � 	 � & � �
� � 	 � � & � � � � ��� � � & � � � 	 � � 	 � & � � � � � � � � �	& � � � �� � � & � � � � � � � � � & � � � � � 	 � � & 	 � � � � � � � & � �
� ��� � � & � � � � � � � � � & � � � � � � � � & � � � � 	 � � � & � � � � � � � & � � � � � � ��� & 	 � 	
� � � � �	& � � � � � � 	 � 		& � �
� � � � � & � � � � � � � � � & � � � � � � � � & � 	 � � � � � � & � 	 � � 	 � � & � � � � � � � � � & � � � � � � � �	& � � � � � � � � & � 	
� � � � � & � � � � � �+( ��� � & � � 		� ��� � � & � � � � � � � � & � � � � � � � & � � � � � � � � � & � � � � � � � � & � � � � � � � � & � �
� � � � � & � � � � � � ��� & � � � � � � � � & � ��� � ��� � � 		& � � � � � � � & � � � � � � � � � & � �� � � � � � & � � � ��� ��� � & � �
� ��� � � & � � � � � � � � � � & � � � � �� � �'& � � � � � � � � & � � � 	 � � � & � � �� � � � � � � & � � � � � � � � & � � � 	 � � � � & � �� � � � � & � � � � � � � � � & � � ��� � ��� � & � � � � � � � � & � � � 	 � � � & � � �� � 	 ( 		& � � � � � � � � & � � � 	 � � � � � & � �
� � � � � & � � � � � � � � � � � & � ��� � � 	 � �)& � � � � � � 	 � & � � � 	 � � � & � � �� � 	 � � & � � � � � ��� � & � � � � � � � � � & 	 	
� � � � � & � � � � � 	 � � � 		& � � � ��� 	 � � & � � 	 � � � � � & � � � 	 � � � & � � �� � � � � ��& � � � � � � � � & � � � � � � � � & ���
� � � � � & � � � � � � ( � 		& 	 � 	 � � � � � & 	 � � 	 � � � � ��& ��� � 	 � � � & � � �� � � � � � ��& � � � � � � � �	& � � �	� � � � � & � �
� � 	 � � & � � � � � � 	 � & � � � � � � � � & 	 ��� � � � � � & � � � 	�� � � & � � �� � � � � & ����� � � � � � & � � � � ��� � � �	& � �� � � � � & � � � � � � � � � � & � 	 � � � � � � & � � � � � � � � & � � � 	 � � � & � � �� � � � ��� & � ��� � � � � �	& � � � � � � � � & � �
� � � � � & � � � � � � � 	 		& � ���
� � 	 � � & � � � � � � � � & � � � 	 	 � � & � � �� � � � � � � & � � � � � � � � & � 	�� ��� � � � & � �� � � � � & � � � � � � � � � & 	 � � � � � � � & � 	�� � � � � � & � � � 	 � � � & � � ���� � � � � & 	 � � ��� ��� �	& � � � � � � � � & � �
� � � � � & � � � � � � ( � � & � � ��� � � � � & � � 	 � � � � � � & 	 � � 	 � � � & � � ���� � � �	& � 	 	 � � ��� � & � � � � 	 � � � � & � �
� � � � � & � � � � � � � � � & � � � � � � 	 �)& ����� � � � � � & � � � � � � � & � � ���� � � � � � & � 	 � � ��� � � & � � � � � � � � & � �
� � � � � & � � � � � � � � � �	& � � �
� � � � � & 	 ��� � 	 � � � & � � � � � � � & � � ���� � ��� 		& � � � �� 	 � �	& � � � � ��� � � & � �� � � � � & � � � � � � � � � � & 	 � � � � � � �)& � � � � � � � � & ��� � � � � � & � � ���� 	 � 	 � ��& � � � � � ��� � & � � � � 	 � � � & � �
� � � � � & � � � � 	 � � & � � � � � ��� � & 	 	 � � � � � � � � & � � � � � � � & � � ���� 	 ��� � � & � ��� � � � 	 � & � � � � � � � � & � �
� � � � � & � � � � 	 � � � � � & � � � � � ��� � & � � � � � ��� � & � � � � � � � & � � ���� � ( � � & � � � � � � � � & � � � 	�� � � � � & � �



�XW��El ���������� 	9	 ������� ����	 ��������	

�?-0%&' 8 	 � � � ��dNZ0[]fN^1�XW

�!� � �� � �� 
 �� � ����% 
 ��� � � � �� � �� 
 �� � ����% 
 ���
������� � �%�#��� � ����� � � � � ����� � � �#"�" ���� �$� ������� � �%�#��� �  ���� � � � � ����� � � �#"�" ���� �$�

� � � � � & � � ���� � ( � � � & � � � � � � � � & � � 	 � 	 � � � & � 	 � � � � � & � � �� � � � � � & � � � � � � 	 � & � � � � 	 	 � � & � �
� � � � � & � � ���� � � � 	 		& � � � � � � � � & � � � � � � � � & � � � � � � � & � � �� � � ( � � � & � � � � � ��� � & � � 	 � � � � � & � 	
� � 	 � � & � � ���� � � � � & � � � � � � � � & � � � ��� ��� � & � � � � � � � & � � �� � � ��� � � & � � 	 � � 	 � � & � � � � � � � � & � �
� � � � � & � � ���� � ( � � & � � � � � � � � & � � � � � � � ��� & � � � � � � � & � � �� � � � � � & � � �	� � 	 � � & � � ��� � 	 � � & 	 �
� � � � � & � � �� 	�� � � � & 	 	 � � � � � � & 	 � � � � � � � & � � � � � � � & � � �� � � ( � & � � � 	 � � � � & � � � � � � � 	 � & � �
� � � � � & � � �� 	 � �� � & � � � � 	 	 � � & ��� � � � � � � & � � � � � � � & � � �� � � � � � & � � � � � 	 � � & ��� � � � � � � & � 	
� � � � � & � � �� � � � � � � & � � � � � � � � & � � � � � � � � & � � � � � � � & � � �� � � ( ��� � & � � � � � � � � & � � � � � � � � & � �
� � � � � & � � �� � � � � 	 � & � � � � ��� � � & � � 	 � � � � � & � � � � 	 � � & � � �� � � � ���	& 	 � � � ��� � �)& ��� � � � � � � & � �
� � � � � & � � �� � 	 ��� & ��� � � � � � � & 	�� � � � � � � � & � � � � � � � & � � �� � � � � � & ��� � � 	 � � �)& � 	 		� � � � � & � 	
� � � � � & � � �� � � � � ��� & � ��� � � � � � & � � �� � � 	 � & � 	 � � � � � & � � �� � � ��� � � & � � � � ��� � � & � � � � � � 	 � & � �
� � � � � & � � �� ��� ( 	 � �'& � � � 	 � � � � & � � � � � � � � & � � � � � � � & � � �� � � � � � � & � 	 � � � � � � & � � � � 	 � � � & � �
� � � � � & � � �� � � � 	 	 � & � 	 � � � 	 � � & � � � � � � � � & � � � � � � � & � � �� � � � ��� & 	 � � � � � � � & 	 � � � � 	 � � & � �
� � 	 � � & � � �� � � � � � & � � � � � � � �)& 	 � � � � � � � & ��� � � � � � & � � �� � � � � ��& ��� � � � � � � & � � 	 � � � � � & � �
� � � � � & � � �� � � � � �	& � � � � � � � � & � � � � � � � � & � � � � � � � & � � �� � � � � � � & � � � � � � � �'& � 	 � � � � � � & � 	
� � � � � & � � �� � � � � & 	 � 	 � 	 � 	 � & � � � � 	 � 	 � � & � � � � � � � & � � �� � � � � & 	 � � � � � � � & � � � ��� � � � �	& � �
� � � � � & � � �� � � � � 	 � & 	�� 	 	 � � 	 � & � � � � � � � � & � � � � � � � & � � �� � � ( � � & � � ��� � � � �'& ��� � � � � � � � & ���
� � � � � & � � �� � ��� � � � � & � ��� � � � � � & � � 	 � � � � � & � � � � � � � & � � �� � � �)& � � � � � � � � & � � � � � � � � � � & � �
� � � � � & � � �� � 	 � � � & 	 � � � ��� � � & � � � � 	�� � � & � � � � 	 � � & � � �� � � � � � � & 	 � � � � � � � & � � 	 � � � � � & � �
� � � � � & � � �� � � � & � � 	 � ��� 	 � & � � � � � � � ���)& � � � � � � � & � � �� � � � � � & � � � � � � � � & � � 	 � � � � � & � �
� � � � � & � � �� � � ( � 	 � & � � � � � � 	 � & 	 � �� � 	�� � & ��� � � � � � & � � �� � � � � � � & � 	 � ��� � � � & � � � � � � � � & � �
� � � � � & � � �� � � � � 		& � � � � � � � � & � � � � � � � � & � 	 � � � � � & � � �� ��� � � 	 � & � � � � � � � � & � � � � � � � � & � �
� � � � � & � � �� � � � � � � & 	 � 	 � � � � � & � � � 	 � � � � & � � � � � � � & � � �� � 	 � � 		& � � � � ��� � � & � � � � � � � � & � �
� � 	 � � & � � ���� � ��� 	 � & � � � � � ��� � & ��� � 	 � � � � & � � � � � � � & � � �� � 	 ( � � � & � � � � � 	 	 �)& � 	 � � � � � � & � �
� � � � � & � � ���� � ( � � � & � ��� � � � � � & � � ���� � � � & � � � � � � � & � � �� � � ( � � & � 	�� � � � � �)& � � � ������� � � & � �
� � � � � & � � ���� � � �)& ��� � 	 � 	 � � & 	 � � ��� � � � � & � � � � � � � & � � �� � � �'& � ��� � � 	 � � & � � � � ��� � � ��& � �
� ��� � � & � � ���� � ( � � 	)& � � �� � � � � & � � � � � � � � & � � � ��� � � & � � �� ��� 	 � & � 	 � � � � 	 � & � � � 	 � ��� � & � �
� � � � � & � � ���� � ����� � & � � 	 � � 	 � � & � � � � � � � � & � 	 � � � � � & � � �� � � � ��� � & � 	 � � � � � � & 	 � ��� � � � � & � �
� � � � � & � � ���� � ( 	)& 	 	�� � � � � � & � � � � 	 � � � � & � � � � 	 � � & � � �� � � ( 	 � 	)& � � 	 ��� � � � & 	 � � 	 	 � � � & � �
� � � � � & � � ���� � � 	 � & � 	 ��� 	 � � � & 	 � � � � � � � & � � � � � � � & � � �� � � 	 � � & � 	 � � � � 	 � & ��� � � 	 � � � & � �
� ��� � � & � � ���� � � � � & 	 � � 	 � � � � & � � � � � 	 � � & � � � � � � � & � � �� � � ( � � 	)& 	���� � � � � � & 	 � � � � � � � & � �
� � � � � & � � ���� � ( � �'& � 	�� � � � � �)& � � � � � � � � & � � � � � � � & � � �� � � � � � � & 	 � 	 � � � � � & � � � � � � � � & � �
� � � � � & � � ���� � � 	 � & � � 	 � � � � � & � � 	 � � � � � & � � � � � � � & � � ���� � � � 		& ��� � ��� � 	 � & � � � � � � � � & � �
� � 	 � � & � � ���� � � � 	 � & � � � � ����� � & � � � � ��� 	 � & � 	 � � � � � & � � ���� � � � ��& � � � � � � � � & � ��� 	 � � � � & � �
� ��� � � & � � ���� � � � � & � � � � � � � � & � 	 � � � � 	 � & � � � � � � � & � � ���� � ( � � � � & � � � � � � � � & 	 � � � � � � � & � �
� � � � � & � � ���� � � � � �	& ��� 	 � � � 	 � & � � � � � � � � & � � � � � � � & � � ���� 	 � � � ��& � ��� � � � � � & � � � � � � � � & � �
� � � � � & � � �� � � � � � � & � 	 � 	 � � � � & � � �� � � � � & � 	 � �� � � & � � ���� 	 � � � & ��� � � 	 � � � & � � � � � � � � & ���
� � � � � & � � �� � � � � & � � � 	 	 � � � & � � � � � � � � � & � � � � � � � & � � ���� � � � � & ��� � � � � � � & � � � � � � � � & � �
� ��� � � & � � �� � � � � � & � � � � � � � �'& � � � ��� � � � & � � � � 	 � � & � � ���� � ( � �'& � � � ��� 	 � � & � � � 	 � � � � � & � �
� � � � � & � � �� � � � � � & � � � � � 	 	 � & 	 � 	 � � � � � & � � � � � � � & � � ���� � � � � & � � � � ��� � � & � � � � � 	 � � & � �
� � � � � & � � �� � � � � 		& � � � � � � � � & � ��� � � � � � & ��� � � � � � & � � ���� � � � � & � ��� � � � � � & � � � � � � � � & � �
� � � � � & � � �� � � � � � & � � � � � � � � & � � � � � � � � & � � � 	 � � � & � � ���� � � � & � � ��� 	 � � � & � � � 	 � � � �'& � �
� � � � � & � � �� � � � � � � & ��� � � � � � � & � � � � 	 � � � & � � � 	 � � � & � � ���� � � � � & 	 � ��� 	 � � � & � � � � � 	 � � & � �
� � 	 � � & � � �� � � � � � 		& � � � � � � � �'& � � � � � � � � & ��� � 	 � � � & � � ���� � � 	 � & � � � � � � � � & � ��� 	 � � � � & � �
� � � � � & � � �� � � ( � � � & � � � 	 � � � �)& � � � 	 � � � � & ��� � 	 � � � & � � ���� � � � � & � 	 � � � � � �)& � � � � � � � � & � �
� � � � � & � � �� � � � � � � & � � � � � 	 	 � & � � � 	 � � � � & � � � 	 � � � & � � ���� � � � & ��� � � � � � �)& 	 � ��� � � 	 � ��& � �



���� - ���	� ��	 ��� � ������	 �XW��0m

�?-0%&' 8 	 � � � � º�`��XW

� � � �� � �� 
 �� � ����% 
	��� � � � �� � �� 
 �� � ����% 
	���
� �'�$� � ���#��� � ���	� � � � � �%�#� � � �#"�" ���� �$� ������� � �%�#��� � ����� � � � � �%�#� �*� ��"�" ���� ���

� � ��� & � � � � 	 � � � � & � � 	 � � � � � & � � � � � � � � & � � � � � � & � � � � � � � � � & � � 	 � � � � � & � � � � � � � � & � �
� � � & � 	 � � � � � � � ��& � � � � 	 � � � & � � � � � � � � & � � � 	 � � & � � � � � � � � & � � � � � � � �	& � � � � 	 � � ��� & � �
� � � & � � � � � 	 � � & � � � � � � � � & � � � � � � � � � & � � � � � � & � � � � � � � � � & � � 	 � � � � ��& � � � � 	 � � � & � �
� � � & � � � � � � � � & � � � � � ��� �	& � � � � � 	 � � � & � � � � � � & � � � � � 	 � � � & � 	 � � � � � � & � � � � � � 	 � & � �� � � & � � ��� � 	 ( � & � � � � � ��� ��& � � � 	 � � � � 	 � � & � � � � � � & � � � � � � � � � & ��� � � � 	 � � & � � � � � � � � & � �
� � � & � � 	 � � � � ��� & � � � � � � � � & � 	 � � � � � � & � � � � � � & � � � � � � � � ��& � � � � � � � � & � � � � � 	 � � & � 	
	 � � & � � � � � � � & � � � � � � � � & � � � � � � 	 � � � & � � � � � � & � � � � � � � � �	& � � � 	 � � � � & � � 	 � � 	 � � & � �
� � � & � � � � 	 � � � 		& 	 � � � � � � � & � � � � � � � � & � � � � � � & � � � � � � � � � �	& � � � � � � � � & � � � � � � � � & � �
� � � & � � � � � � ( � � & � ��� � � � � �	& � � � � 	 	 � � �	& 	 � � � � � & � � � � � 	 � � & ��� � � � � � � & � � � � � � � 		& � �
��� � � & � � � � � � ��� � & 	���� � � � � �	& � � �� � � � � & ��� ��� � � & � � � � � � � � � & � � � � � � � � & � � � 	 	 � � � & � �� � � � & � � � � � � � � � � & � ��� 	���� � � & � � � � � � � � & � � � � � � & � � � � � � � � � � & 	 � � 	 � � � � & � � 	 � � � � � & � �
� � � � & � � � � � � � � �	& � � 	 	 ��� � � & � � � � � � � � & � 	 � 	 � � & � � � � � � � � � & � � � 	 � � 	 � & � � � 	�� � � � & � �
� � � � & � � � 	 	 � � �	& � � � � � � � � & 	 � � � ��� � � � & � � � � � � & � � � � � � 	 � � & � � � � 	 � � � & � � � � � � � � & � ���� � � & � � � � � � � 	 � & � � 	 � � � � � & � � � � � � � � & � � � � � � & � � ����� � � � � & ��� � ��� � � � & � � � � � � 	 � & 	 �
� � � � & � � � � � � � 	 ��& � � � � � � � � & � � 	 � � � 	 � & � � � � � � & � � ����� � ( 	 ��� � & � � � � � ��� � & � � �	� � � � � & � �� � � � & � � � � � � ( 	 � & � � � � � � 	 � & � 	 � � � ��� 		& � � � � � � & � � ��� 	 � � & � � � � � � � �	& ��� � � � � 	 � � � 		& � �� 	 � � & � � � � 	 	 � � & � ��� ��� � � � & � � � 	 � 	�� � � & � 	 � � � � & � � ��� 	 � � � 		& � ��� � 	 � � � & � � 	 � � � � � & � �
��� � � & � � � 	 � � ( 	 		& ��� � � � � � � & � � � � � � � � & ��� � � � � & � � ��� 	 � � � � & � � � � � � � � & � � 		��� � � � & � 	
� � � � & � � � � 	 � � � & ��� � � � � � � & � � � � � � � ��� & 	 � � � � � & � � ��� 	 � ( � � � & � � � � � ��� � & � � 	 � � 	 	 � & � �
� � � � & � � � � � � � � ��& � � � � � � � �	& � � � � � � � � & � � ��� � � & � � ��� � � ( � 	 � & � 	 � � � � � � & � � � 	 	 � � � & � �
� � � � & � � � � � 	 � � 		& � � � � � � � �	& � � � � � � 	 � & � � � � � � & � � ��� � � � & � � � � � � � � & � � � � � � � � � � & 	 	
��� � � & � � � � � � ��� �	& � � ��� � � � ��& ����� � 	 � � �	& � � � 	 � � & � � ��� � � � � � & � � ��� � � � � & ��� � � � � � � & 	��
� � � � & � � � � 	 	 � � � � & � � � � 	 � � � & � � � � � � � � & � � � � � � & � � ��� � � 	 � � & � � � � � � � � & � � � � � � 	 � & � �� � � � & � � � ��� � ( � & 	 � � � � � 	 �	& � � � 	 � � � � � � & � 	 � � � � & � � ����� � � � � & � � � � � � � � & � � � � � � � � & � �
� � � � & � � ��� ��� � � � & � � � � � ��� � & � � � � � � � � & � � 	 � � � & � � ����� � ����� � & � ��
� ��� � � & � 	 � � � 	 � � & ���
� � � � & � � ��� � � � � & � � 	 	 � ��� � & 	 � � � � � � � � & � � 	 � � � & � � ����� � � & � � � � � � � � & � � � � � � � � � � & � �
� 	 � � & � � � � � � � � � & � 	 	 	 � � � � & � � � � � ��� � & � � 	 � � � & � � ��� � 	 � � ��� & � � � � � � � � & � � 		� 	 � � � & � �
� � � � & � � � � � � � � 		& � � � � � � � � & � � � � � � � � & � � 	 � � � & � � ��� � � ��� � � & � � � � � � 	 � & � � �	� 	 � � � & ���
� � � � & � � � � � � � � � 		& 	 � 	 � � � � � & 	 	 	 � � � � � & � 	 	 � � � & � � ��� � � 	 � � & � 	 � � � � � � & � � � � � � � � & � 	
� � � � & � � � � � � ( ��� & � � � � � � � �	& � � � � � � � � � & � � 	�� � � & � � ��� � � � � � & � � � � � � � � & � � � � � � � � & � �
� � � � & � � � 	 	�� � � � & � � � � � � � � & � � �� � 	 � � & � 	 	 � � � & � � ��� � 	 ��� & � � � � 	 	 � � & � � � � � � � � � & � �
� � � � & � � � 	 � 	 � ��� & � � � � � � � � & � � � � � � � � & � � 	 	 � � & � � ��� � � � � ��& � � � � � � � � & � � � � � 	 � � & � �
� � � � & � � � 	 ��� 		& � 	 ��� � � � � & � � � 	 � � � � � & � � 	 � � � & � � ����� � � � ��& � 	 	
� 	���� � & � � 	 � � � 	 � & � �
� � � � & � � � � ��� ( � � & � � � � � � � � & � � � � � � � � � & 	 � 	 � � � & � � ����� � ( � � �	& � 	 	 	�� � � � & � � ��� � ��� � & � �
� � � � & � � � � � � � 	 � & � � � � � � � � & � � � 	 �� � � & � � � � � � & � � ����� � � 	 	 � & � � � � � � � � & � � � � � � � � & � �
� � � � & � � � � � � ( � � � & � � � 	 � ��� � & � � � � 	 � � �	& � � � � � � & � � ����� � � � & � � � 	 � � � � & � ��� 	 � � � � & � �
� 	 � � & � � � � � � � � � & � � � � � � � � & � � 	 	 � � � � & � �� � � � & � � � � � � ���	& � � � � � � � � & � � � ��� 	 � � � & � � � � � & � � � � � � � � � & � � 	 � � � � � & � � � � � � 	 � & � �
� � � � & � � � � � � ( � � � & ��� � � � � � � & � � � � � � � � & � � � � � & � � � � ��� � & � � � � � � � � & 	 � � � � � �
� � � � & � � � � 	 	 � � � & � � � 	 � ��� �	& � � � � � � 	 � & �� � � � & � � � ��� � � � � ��& � � � � 	 � � � & � � ���� � � � & � �
� � � � & � � � � � � ( � � & � 	 � � � � � �	& � � � � � � � � �	& � � � � � & � � ��� � � � � & � � � � � � � � & � � � ��� 	 � � � & � �
� � � � & � � � � � � � �	& � 	 � � � � � � & � � � � 	 ��� ��& � � � � � & � � ��� � � � � & � � � � � ��� � & � ��� � � � � � � & � �

� � � & � � ��� � � ( � & � � � � � ��� � & � � �	� ��� � � 	 � � & � �
� � � � & � � � � � � ( � � �	& � � � � � � � � & ��� � ��� � � � & � 	
� � � � & � � � � � � ( � & 	 � � � � � 	 � & � � � 	 � ��� � � � & 	 �
� � � � & � � � � � � � � � & 	 	 � � � � � � & ��� � � � � � � & � 	 � � � & � � ����� � � � � & � � 	 � � � � � & � � ��� � � � � & � �





� �(�µ�7� �<Ç<� �

	�� 	c� ���� �
	����"� ����*���� ��� ���

����()�!����� ����� ���
	������� ����� ��� �	���� �	���	����� ���� ��(����#�'� ������� ����� ���)� �#� & �# �! ����� ����
*-,.�#��
������!& ���!��� ��� ��!�

��� � � �������"�%
���!� � �%� �	���B� �b��� ����'����
���� �������(������!�

� ÐNb^XfNZa\0^�\0^QdJhi_EZ0�K^Xh�^X`�fHdµ^QfJ\0^QdJ¬5_EdH[TfH[]_E`0d�\a^Xd�e.dHfNgN^QdM`cb^X¹X^XdHdN[]fN^�®3e�\|b^�º�`0[]fN[]_E`�^QfJ®3e�¹X_K`0dNfHgNZ0¹QfN[]_E`�\0^
dNÏ�dNfX¸^Xh�^Xd³\0^$¹X_�_EgH\0_E`0`|b^X^Xd$dN¬�e�fN[3e.®]^Xd|^Qf|fN^Xhi¬�_KgN^X®]®]^XdnW5È³g|®T^$hi_EZ0�K^Xh�^X`�f?^Qf|® e�¬5_EdH[]fN[]_E`i`0^$dN_E`�f³¬�e.d|\0^Qd
¹X_E`0¹Q^X¬0fNd|e.�adN_E®]Z0d&^Xf&[]®]d>`0^|¬5^XZ0�K^X`�f(�^XfHgN^|\|b^X¹QgN[]fNd?j�Z0^|¬5e.g&g�e�¬0¬�_KgNf|¸e³Z0`0^°g0b^O¯Eb^XgN^X`a¹X^EW0�e�fN|b^Xh�e.fH[Tj�Z0^Qh�^X`�fn�
_E`M¬5^XZ0f°\cb^Oº�`0[]g?Za`�dNÏ�dHfX¸^Xhi^|\>ÐÑe&��^Xd?^Xf°\0^|¹X_�_KgN\0_K`0`|b^X^Xd|\a^X�Ee.`�f?gH^XdN¬5^X¹XfH^Xg<fH^X®]®T^Qdo_KZMfN^X®]®]^Xd?¬0gH_E¬0gH[nb^Xf0b^Xd1W0�°^
dNÏ�dNfX¸^Xh�^M\>ÐÑe �w^Qd�\|b^Oº�`a[?¬�e.gÃZ0`�¹X_E`a¹X^X¬0f�h e�fN|b^Xh�e.fH[TjKZ0^�^XdHf�`0_Kh�h�b^�PXÄ1PXVE�G1p�G�IEG�F&~G*�&~G1FNG1A0�OGnW��&�Ï�dN[]j�Z0^OÆ
h�^X`�fn�5e.Z¹Q_EZ0gHdµ\¨Ð Za`0^�_E�adN^XgH�Ee.fN[]_K`>�0[]®&^XdNf$�5^ne.Za¹X_EZ0¬�¬0®]Z0d³\0[ �¹X[]®T^$\0^�¹X_K`0dNfHgNZ0[]gN^�Z0`dHÏ�dNfX¸^Qh�^�¬�^XgHh�^Xf�Æ
f�e.`�f|®,Ð ^XdNfH[]h e.fH[]_E`M\>Ð Z0`0^$¬5_EdH[TfH[]_E`�¹1e.g<®]^Xd|¹Q_w_KgN\0_K`0`|b^X^Qdµ\a^Xd<_K�#�O^XfNd|_K�0dN^QgN�ob^Xd$\0_E[]�K^X`�f �^XfNgH^�j�Z�e.`�fN[ º¿e��0®]^Xd
e.[]d0b^Xhi^X`�fnW0Å³^Xd³_E�#�O^XfHd<¬0�Ï�dN[]j�Z0^Xd³\0^�g0b^O¯Eb^XgH^X`0¹X^�*e.`0¹X[]^X`a`0^Xh�^Q`wf|\a^Xdb^XfH_E[]®]^Xd<�agN[]®]® e�`�fN^Xd1��\0^�`0_Kd��O_EZ0gHd<\0^Qd
_E�#�O^XfHd&^$��fNg�e�»we�® e�¹XfN[]j�Z0^XdO�X�1_E�adN^XgH�Ee.�0®]^Xd&\�e�`0d>®]^Xd¨h��^Xhi^Xd�¹X_E`a\0[]fN[]_E`0d¨j�Z0^?®,Ð _E�#�O^Xf�b^XfNZa\0[nb^E�1dN_E`�f¨¹�a_E[]dN[]d>¬5_EZag
h e.f0b^XgN[3e�®T[]dH^Xg?\0^Xd|\a[TgH^X¹XfH[T_K`0d|^Xf|\0^Qdµe&��^Xd°\0^$¹X_�_EgH\0_E`a`cb^X^Xd1W �³`0^$h�^XdHZ0gN^³\0^$¬�_KdN[]fN[]_K`�gN^Q�w[]^X`�f<e�®T_KgNd$¸e�Za`0^
h�^XdHZ0gN^³gN^X®3e.fH[]�E^<\a^<\0[]dNfOe.`0¹Q^µ^Q`wfHgN^$®,Ð _E�#�O^Xfib^XfHZ0\0[nb^<^Xf|®]^Xd°_E�#��^XfNd|\0^³g0b^O¯Eb^XgN^X`a¹X^EW � Ð ^X`0dH^XhM�0®]^|\0^$¹X^Xd|_K�#�O^XfHd
\0^$g0b^O¯Eb^QgN^X`0¹Q^E�5®T^Qd|\0[]gN^X¹XfH[]_E`0d<e �w[3e�®T^Qd?\|b^Oº�`a[T^Qd|¬�e.g|®]^XZ0g°[]`�fN^XgHh�b^X\0[3e�[TgH^<e.[]`0dH[�jwZa^µ®]^XZago_KgN[]»E[]`0^³¹X_E`0dHfN[]fNZa^X`�f
BwA�FHG,rµ�GnFHGµIKG�F&~G*�&~G1FNG1A0�OGnW � ^³¹XgN[]fX¸^QgN^$\0^<d0b^X®]^X¹XfH[T_K`�\0^Qd|_E�#�O^XfHdo\a^<g0b^�¯�b^XgN^Q`0¹X^�\0_E`0`a^<dN^Qdo¹ne�g�e�¹Xf0b^XgH[]dNfN[]j�Z0^Xd$e.Z
gN^X¬�¸^QgN^��3gN_Kf�e�fN[]_E`0`a^X®>e1�E^X¹$\0^Qdb^XfH_E[]®]^Xd|�0gN[]®]®3e.`�fN^Qdn��[]`0^XgHfN[]^X®>e1�E^Q¹µ\a^Xd<_K�#�O^XfNd³^$��fNgOe.»we�®3e.¹XfH[Tj�Z0^Qd��XW �³_EZ0d|�K^Xg,Æ
gN_E`adµ\5e.`0d³¹X^J¹O�e�¬0[]fNgH^E�5¹X_Ehih�^X`�f|[]®>^XdHf$¬�_KdNdN[]�0®]^�\a^Jhi^XfNfHgN^�^X`�¬0®3e.¹Q^�\0^Xd�_KZ0fN[]®]d|¬5^XgNhi^XfNfOe.`�f<\>ÐHb^XfOe.�0®][]g
\0^XdM®][]^X`0dM^X`�fNgH^Z0`�dNÏ�dNfX¸^Xh�^�\>ÐÑe&��^XdM\|b^Oº�`0[|¹X_K`0¹X^X¬afNZ0^X®]®]^Xhi^X`�f�^XfM\0^QdM_E�#�O^XfHdM¬0�Ï�dN[]j�Z0^XdM_E�adN^XgH�ob^Qd ¬5e.g
\0[.-µb^XgH^X`�fN^Xd$fH^X¹O0`0[]j�Z0^XdnW
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�7`h�b^X¹1e.`0[]j�Z0^<`a^ �|fN_K`0[]^X`0`0^E�a®]^µ¹Q_E`0¹X^Q¬0f$[T\|b^ne.®�¬5^XgNhi^XfNfOe.`�f|\0^$\|b^X¹QgN[]gN^Me.Z�h�[]^XZ'�J®]^$h�_KZ0�E^Xhi^X`�f?^XdHf
¹X^X®]Z0[5\0^$PXÄ1P�VK�G1pJG$IEG$F&~G*�&~G1FNG1A0�OG<D3AaGnFXV*D3GQR.¬�_KZ0g?®]^Xd?¹X_�_KgN\0_K`0`|b^X^Xd°dN¬5e.fN[3e�®T^Qd?^Xf?\>ÐK~G1���aGXR�RTG$IEG$V*Gnpsr�P<B�A0D �QSEFXp�G
¬�_KZ0g$® e ¹X_�_EgH\0_E`0`|b^X^JfH^Xh�¬5_EgH^X®]®]^EW�Åµe�`0d<Za`�dHÏwdHfX¸^Xhi^J[]`0^QgNfN[]^X®&^Xf$¬5_EZ0g$Z0`a^�b^X¹O0^Q®T®]^M\0^�fN^Qh�¬0d³Z0`0[ ¯:_EgHh�^E�
®£ÐÑe�¹X¹�b^X®1b^XgOe.fN[]_K`�\>Ð Z0`M¬5_E[]`�foh�e.f0b^XgN[]^X®5^XdNf|¬agN_E¬5_EgHfN[]_E`a`0^X®]®]^J¸e$®3eÃdN_Ehih�^°\0^Xd°¯:_KgN¹X^Qd|`0^ �|fN_K`0[]^X`0`0^Qd|^$��^XgN¹�b^Q^Xd
dNZ0gi®TZa[£W?Å³^XZ'� dHÏ�dNfX¸^Qh�^Xdi[T`a^XgNfH[T^Q®TdidN^\|b^X\0Z0[]dN^Q`wf�®,Ð Z0`�\0^®,ÐÑe.Z0fHgN^�¬�e�gMZ0`�h�_KZ0�E^Qh�^X`�f�\0^
fNg�e�`0dN®3e�fN[]_E`
\0^��w[]fH^XdNdH^ ¹Q_E`0dHf�e.`�fH^ ^QfM\0^XZ����Ee�gN[3e.�0®]^XdÃ\0^�fN^Xhi¬0dJZa`0[ ¯:_EgHh�^�dN^�\|b^X\0Za[TdH^X`�fM®,Ð Za`0^�\0^i®,Ð e�Z0fNgH^�¬�e�gJZa`0^
fNg�e�`0dN®3e�fN[]_E`�e'�`0^EW0�°^X¬5^X`0\�e�`�fn�K¯£e�¹X^µe�Z���e.h�b^X®][T_Kg�e�fN[]_E`0d¨¬�^QgNh e�`0^X`�fN^Qd|\0^Xd|fN^Q¹�a`0[]jwZa^Xd|\>Ð _E�0dH^XgN�Ee�fN[]_E`¨�E[]®
`>Ð ^XdNf�¬a®TZad�¬�_KdNdH[T�a®T^Me.¹QfNZ0^X®]®]^Xhi^X`�fµ\a^M\cb^X�E^Q®T_K¬0¬5^XgJ\a^Xd�fN|b^X_EgH[T^Qd�\0Ï�`�e.hi[]jwZa^Xd<¬0ZagN^Xhi^X`�f�`0^ �|fH_E`0[]^X`0`a^XdnW
�,®&¯£e.Zafµe.\a_E¬0fH^Xg�Z0`0^�fN|b^X_EgH[T^MgH^X®3e.fH[T��[]dNfH^J\a^M® e »EgOe1�w[]fOe.fN[]_K` ^Qf�h�^XfHfNgH^J^X`�¬0®3e.¹Q^M\0^J`a_EZ0�K^X®]®T^QdµdH_E®]Z0fH[T_K`0d
\0Ï�`�e.hi[Tj�Z0^Qd|\�e.`0d³Z0`fH^X®>¹ne�\0gN^K��_EZ��0[]^X`>�5^X`
dN^�¬0®3e �¹ne�`wf|\5e.`0d³® e�¹Q_E`�º�»KZ0g�e�fN[]_E`
\0^Xd$��[TfH^XdNdH^Xd³¯£e.[]�0®]^Xd|^Qf
\0^<¹O�e�h�¬0d&¯,e.[]�0®]^E�.[]`�fNgH_w\aZ0[]gN^<\a^Xd|¹X_EgHgN^X¹QfN[]_E`0d|gH^X®3e.fH[T��[]dNfH^XdnW0È³g1�E\�e�`0d°®T^³¹ne.\agN^$\0^<®3e$gH^X®3e.fH[T��[]f0b^|»?b^X`|b^XgOe.®]^E�
[T®¨`>Ð Ï e�¬0®]Z0d|\a^��ob^XgN[]f�e��0®]^�d0b^Q¬�e.gOe.fN[]_K`^X`�fNgH^�®]^Xd<¹X_�_KgN\0_K`0`|b^X^Xd$dH¬�e.fH[ e�®]^Xd<^Xf³fN^Xhi¬�_KgN^X®]®]^EW��,®¨\0^X��[]^X`�fµe.®]_KgNd
`cb^X¹X^XdHd�e�[TgH^M\0^�\|b^�º�`0[]g$\0^�`0_KZ0�E^ne�Z���¹X_E`a¹X^X¬0fHd�\0^�dHÏwdHfX¸^Xhi^Xd<\a^Jg0b^O¯Eb^XgH^X`0¹X^M^Xf$\>ÐHb^X¹O0^Q®T®]^Xd³\0^�fN^Xhi¬0dnW5Åµe�`0d
®T^M¬5e.g�e�»EgOe.¬00^ �0WÑka��\0^MfN^Q®TdÃdNÏ�dNfX¸^Xh�^XdÃ^Xf�b^X¹O0^X®]®]^Xd�\0^MfN^Qh�¬0d$dN_K`�f�¬0g0b^QdN^X`�f0b^QdM^XfJ\a^Xd�gN^Q® e�fN[]_E`ad�^X`�fNgH^M®T^Qd
\0[.-µb^XgH^X`�fNd³dNÏ�dNfX¸^Xh�^Xd³\0^$g0b^O¯Eb^XgN^X`a¹X^JdH_E`�f�b^XfOe.�0®][]^XdnW
Å$e�`0d>®3e|¬ag�e.fH[]jwZa^E�1®£Ð _K�0dN^XgH�Ee.fH^XZ0g>_KZ�®,Ð Z0fN[]®][]d�e.fH^XZ0g¨\>ÐNb^X¬0|b^Xh�b^XgN[]\0^Qd>^XdHf(^QdNdN^Q`wfH[]^X®]®T^Qh�^X`�f&¹X_E`a¹X^XgN`|b^|¬�e.g¨®T^Qd
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_EgN[]»K[T`a^<^XdHfµe.Z�»?b^X_�¹X^X`�fNgH^��3\|b^�º�`0[>\5e.`0d³®T^³¹ne.\agN^�\0^Ã® e�Y�Ç �<�QW
�,®|^QdNf¸e
`0_EfH^XgJj�Z0^�®3e�g0b^XdN_K®TZafN[]_E` �<��� �(�³�X�|mn�K�EkE�·`>ÐÑe*�Xe.h�e.[]d�b^Xf0b^�Z0fH[]®T[]d0b^X^�\�e�`0dM®3e�¬0gOe.fN[]j�Z0^idN_EZad

d�e
¯:_KgNh�^M¹Q_Eh�¬a®:¸^QfN^EW � Ð �N�|Ç<¶ ^XfM®,Ð � �<Ç<¶�dN_K`�fJ^X`�¯£e�[]fJZ0fH[]®T[]d0b^XdJ¹Q_Eh�hi^M\0^XdMdHÏwdHfX¸^Xhi^XdM\0^�¹X_�_EgH\0_E`a`cb^X^Xd
fNgN[3e �w[3e�Z��<`0^ �|fN_E`a[T^Q`0dnW � ^ �<� �^Xf&®]^��<�|Y�dH_E`�f>gH^Xh�¬0®3e�¹¿b^Xd>^Q`�¬0g�e�fN[]j�Z0^?¬�e�g�®]^ �<Å � � �(^Qh�¬0d5\0Ï�`�e.hi[]jwZa^
��e.gHÏw¹Q^X`�fNgN[]j�Z0^n�·_EZdH_E` b^Xj�Z0[]�Ee.®]^X`�f<®]^ % Î � � \|b^�º�`0[?¬�e�g�¶�f�e�`0\0[]dN��Hmn�K�E EeK�|^Xf$®]^ �	� � �&^Xh�¬ad<fN^QgNgN^QdNfNgH^n�X�
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gN^XdH¬�^X¹QfN[]�E^Xhi^X`�fnW?�°^X¬5^X`0\5e.`�fJ®]^XdÃfNg�e�`0d,¯*_EgNh�e.fH[T_K`0d$gN^X®3e�fN[]��[TdHfN^XdÃgN^X®][3e.`�f�®]^ �<Å(� e�Z��	� \>Ð Z0`0^M¬5e.gNf1�>^Qf
®T^Qd?¹X_�_EgH\0_E`0`|b^X^Xd|dN¬5e.fN[3e�®T^Qd?��e.gHÏ�¹X^X`�fNgH[Tj�Z0^Qdce�Z��J¹Q_w_KgN\0_K`0`|b^X^Qd|»?b^X_�¹X^X`�fHgN[]j�Z0^Xd°\>ÐÑe.Z0fHgN^|¬�e�gNfn�KdN_K`�f?Z0fN[]®][]d0b^X^Qd
\�e.`0d¨\0^Xd&_E�adN^XgH�Ee.fN[]_K`0d&\0^?�e�Z0fN^°¬0g0b^Q¹X[]dN[]_E`��3² � �°�X� � � Ç�� � Z0`�e�g � e.dH^Xg?Ç<e�`0»E[]`0»��X�O^XfH¹n�XWEÅ$e�`0d>®3e°\0^XgH`0[:¸^XgN^
\cb^X¹X^X`a`0[]^µ\aZ���[]`0»EfH[:¸^Qh�^?dH[:¸^Q¹X®]^E��®]^Xdog0b^XdN_K®]Z0fN[]_E`ado\0^³®,Ð � �<�&e.\0_K¬0f0b^X^Qd|^X`�m1�E�0m ¯:ZagN^X`�f°¹X_Ehi¬0®nb^Xf0b^X^Qdµ¸e$¹O�e�j�Z0^
e.dNdH^XhM�0®1b^X^$»?b^Q`cb^Xg�e�®]^µ\a^µ®,Ð �(�³�XW � e�g0b^XdH_E®]Z0fH[T_K` �|��� �(�<�X��m1�E���w�X�K\|b^Oº5`0[]dNd�e�`�f<®,ÐNb^X¬�_�j�Z0^³±wkElKlElÃ^Xf<®3e$\aZ0g0b^X^
\0Z�dN[*¸^X¹X®]^(�OZa®T[]^X`
^X`!�	����gN^Q¹X_Ehih e.`a\�e.[]f<e.ZadNdN[ ®T^M\|b^X�E^X®]_K¬0¬�^Qh�^X`�f$\0^M`0_KZ0�E^X®]®]^Xd�b^X¬0|b^Xh�b^XgH[]\0^Xd�^X`!�<� �
^Xf��<�|YMW � e�g0b^XdH_E®]Z0fH[T_K` �	� � �(�³�X��mn�K�E�E� gN^X¹Q_Eh�h�e.`0\5e.[]fJ^Q`0¹X_EgH^�Z0`0^
¯:_E[]di®£Ð Z0dOe.»K^�\0^�dNÏ�dHfX¸^Xhi^Xd�\0^
g0b^O¯Eb^QgN^X`0¹Q^���e�gNÏ�¹X^X`�fNgH[]jwZa^M^Xf$»?b^X_�¹X^X`�fHgN[]j�Z0^M^X`�e.¹Q¹X_EgH\ e1�K^X¹J®3e g0b^XdH_E®]Z0fN[]_K`�<��� � �<�X�?m1�E�KkE�X�a¹EÐ ^XdNf�Æ�¸e Æ£\a[TgH^
d�e.`adµ[]`�fNgH_�\0Z0[]gN^�®]^Xds¯£e.¹QfN^XZ0gHd�\>ÐHb^X¹O0^X®]®]^�\0^�®]_E`0»KZ0^XZ0g³^Xf$\0^�h�e.dNdH^�j�Z>Ð ^X`�fNgOe�� � `0^�®,Ð Z0fN[]®][]d�e�fN[]_E`i\0Z�<Å � ^Qf
\0Z �	� ¸e®3e
¬0®3e.¹X^�\0Z �<� � ^XfM\0Z �<�|YM�¨gN^QdN¬5^X¹XfN[]�K^Xh�^X`�f1W � e��[]`0»Kf,Æ,jwZ5e.fNgH[:¸^Xh�^�e�dNdN^QhM�0®nb^X^�»?b^X`|b^XgOe.®]^
e.\0_K¬0f�ei®3eMg0b^XdN_K®TZafN[]_E` �µm
� �(�³�X�>kElKl0m1�|j�Z0[?[]h�¬a®T[]j�Z�e�[ f|\0^XdÃZ0fN[]®][]d�e.fH[]_E`0d³¬0®]Z0d$[Thi¬�_KgNfOe.`�fN^Xd³\0^M¹X^XgHf�e�[T`ad
e.dN¬5^X¹XfHdJ\a^J®3e�YÃÇ ��\�e.`adµ®3e fN|b^X_KgN[]^�\0^Xd�dHÏwdHfX¸^Xhi^Xd�\0^�g0b^�¯�b^XgN^Q`0¹X^ e�dNfHgN_E`a_Eh�[]j�Z0^Xd��:�¨^XfH[Tf1�>kElKlElK�XW��&`�º�`¨�
® eÖ�w[]`0»Kf,Æ,dN[ ��[:¸^Xh�^Me.dHdN^XhM�0®1b^X^i»?b^X`|b^Xg�e�®T^K�>\�e�`0d�d�e
g0b^XdH_E®]Z0fN[]_K` ��� �(�<�X�?kKlEl �E�X�¨gN^Q\cb^Oº�`0[]f�®]^ �<Å � ¹X_Ehih�^
¯:_E`0¹QfN[]_E`�®][T`|b^ne.[]gN^M\a^��<� �µ��b^X��[]f�e.`�fJe�[]`0dN[?®3ei¬5_EdNdH[]�0[]®T[]f0b^J\0^Mg0b^ne.®][]d�e�fN[]_E`ad�hMZ0®]fN[]¬0®]^Xd³\0^��<Å �µW&È³`�¬�^XZaf
�E_E[]g$¸e�¹X^$dNZ���^Xf<®]^Xd|¹X_Kh�hi^X`�f�e.[]gH^Xd?\0^ �°gNZ0hM�5^XgN»M^QfµY$gH_EfN^Q` �*kElKl0mn�Q�E®,Ð ^$��¬0®][]¹ne.fH[]_E`M\|b^XfOe.[]®]®nb^X^$\0^�¶�_&-�^X®>^Qf
e.®,W?�:kKlEl �E�X� ® eÖ\0[]dN¹XZ0dHdN[]_E`�dNZ0gÃ®T^Qd e�¬0¬0®][]¹ne.fH[T_K`0d$¬0g�e�fN[]j�Z0^Xd�\0^�¹Q^XfNfH^ g0b^XdN_K®]Z0fN[]_E`�\5e.`0d����N�?Ç<¶ �(kKlElEkK�X��^Qf
^X`�º�`®]^³¹�5e.¬0[]fNgH^JkÃ\0^�¹X^Xf³_EZ0��gOe.»E^KW
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�>_KZ0g>gH^X®][]^Xg>®]^ �c�|Ç³¶³^Xf>®,Ð � �<Ç<¶��O[]®K^XdNf¨`cb^X¹X^XdHd�e�[TgH^|\>ÐÑe1�E_K[TgaZ0`�dNÏ�dHfX¸^Xhi^?»?b^X_�¹X^Q`wfHgN[]j�Z0^?®]_�¹ne.®KdNZ0¬a¬0®nb^Xh�^X`�fOe.[]gN^
e1�E^X¹$®3e�h��^Xh�^ib^X¹O0^X®]®]^�\0^$fH^Xh�¬0d1��®]^(�<�|YM��j�Z0^$¹X^X®]®]^$Z0fN[]®][]d0b^X^³\�e.`ad|®£Ð � �<Ç³¶�^Xf<®]^Xd|h��^Xh�^Xd \0[]gN^X¹XfH[]_E`0d|\0^Qd
e&��^Xd|dN¬5e.fN[3e�Z��Mj�Z0^$®T^ �|�|Ç<¶�W��³`�fH^X®>dHÏwdHfX¸^Xhi^E��`0_Kf0b^�Y��|Ç<¶
�:Y$^Q_w¹Q^X`�fNgN[]¹J�°^Q®T^QdNfN[3e�®>Ç|^O¯:^QgN^X`0¹Q^ ¶�Ï�dHfN^Xh��X�
^XdNf$[]`�fNgN_�\0Za[Tf³¬�e.g³®3e�g0b^XdH_E®]Z0fN[]_K`�µmKW ��� �(�³�X��kElElamn�QW � ^Qd�b^Q¹XgN[]fNZagN^Xd�h�e.fHcb^Xh e�fN[]j�Z0^Xd°\0^Xd$gN^Q® e�fN[]_E`ad|^X`�fNgN^
¹X^Xd<dHÏ�dNfX¸^Qh�^Xd³dN_E`�f|\0_K`0`|b^X^Qd<^X`��aWÑk0W �0W �|º�`�\0^ÃgN^XdH¬�^X¹QfN^Xg�®3eÃ0[nb^Xg�e�gN¹O0[]^�\0^Qd<dNÏ�dHfX¸^Xhi^Xd|\0^�g0b^O¯Eb^XgH^X`0¹X^�\�e.`ad
®T^$¹ne�\0gN^Ã\0^$® e�Y�Ç ���K\0^XZ'��¬5_E[]`�fNd|\0_K[T�K^X`�f �^XfNgH^�dN_KZ0®][]»E`|b^Xd*)

2 �7gN^Xhi[:¸^QgN^Xhi^X`�fn�5®]^ Y��|Ç³¶gH^X¬0g0b^XdN^X`�fH^ Za`�dHÏwdHfX¸^Xhi^M¹X[]`|b^Xh�e.fN[]j�Z0^Xhi^X`�f|`0_E`tÆ£fH_EZ0gH`�e.`�f$¬�e.g$gOe.¬0¬5_EgHfJe.Z
�c�|Ç³¶��3¹Q_E`0dH^XgN�Ee�fN[]_E`�\0^Xd�\0[]gN^X¹XfH[]_E`0d�\0^Xd�e �w^QdJdH¬�e.fH[ e�Z��0�XW&�e.[]d�¹Q^ dHÏ�dNfX¸^Qh�^�fH_EZ0gH`0^�\aÏw`5e.h�[]j�Z0^Xhi^X`�f
¬�e.g�gOe.¬0¬5_EgHf�e.Z �|�|Ç<¶ ��¬0g0b^XdH^X`0¹X^ \0^�fN^QgNh�^Qd�¹X^X`�fNgH[ ¯*Z0»E^Xd�^Xf�\0^��°_EgH[]_E®][]d\�e.`ad�®T^Qd b^Xj�Z�e.fH[T_K`0d�\0Z
h�_EZa�E^Xhi^X`�fM\�e.`0d�®]^�Y��|Ç<¶0�QW � ÐÑe.hi¬0®][TfHZ0\0^i\0^�®3e���[]fN^XdHdN^�e.`a»EZ0®3e.[]gH^\0^�¹X^XfHfN^�gH_Ef�e�fN[]_E`�^XdNf\¨Ð _KgN\0gH^
gN^X®3e.fH[]�w[]dHfN^�^Qf�^XdNf�[]`0\0Za[TfH^�¬�e.g�®]^�\|b^X¬a® e�¹X^Xhi^X`�f�\0Z »?b^X_�¹X^X`�fNgH^ e.Z0fH_EZ0g�\0Z���e.gHÏw¹Q^X`�fNgN^�\0Z dHÏwdHfX¸^Xhi^
dN_E®3e�[TgH^EW&�&`�¯£e.[]fn� ® e
fNgOe.`0d�¯:_EgHh e�fN[]_E`�¸ej�Z�e�fNgH^�\0[]h�^Q`0dN[]_E`ad�^X`�fNgH^®]^���e�gNÏ�¹X^X`�fNgH^�^XfM®]^�»?b^Q_w¹Q^X`�fNgN^
¬�^XZaf
dnÐÑe.¬0¬a®T[]j�Z0^Xg°¸e|fH_EZ0f¨dNÏ�dNfX¸^Xh�^°��e.gHÏ�¹X^X`�fNgH[Tj�Z0^ �|Ç<¶ÃdN_E[]f¨�E^XgHd(Za`JÅ$Y�Ç<¶M�*Å³Ïw`5e.h�[]¹ne�® Y·^X_�¹X^X`�fNgH[T¹<Çs^O¯:^XgH^X`0¹X^
¶�Ï�dNfN^Qh �X�KZ0`idNÏ�dNfX¸^Xh�^|»?b^X_�¹X^X`�fNgH[Tj�Z0^$\0Ï�`�e�h�[]j�Z0^Xhi^X`�f>`0_K`�Æ£fH_EZ0gH`�e.`�f°¬�e.g g�e.¬a¬�_KgNf|e.Z �|Ç<¶ �EdH_E[]f?�E^QgNd|Z0`

� Y�Ç³¶J� � [T`a^Xh e�fN[]¹ne.®EY·^X_�¹X^X`�fNgH[T¹|Ç|^�¯:^XgN^Q`0¹X^|¶�Ï�dNfN^Qh �X�QZ0`�dHÏwdHfX¸^Xhi^&»?b^X_�¹X^X`�fHgN[]j�Z0^o¹Q[T`|b^Xh e�fN[]j�Z0^Xh�^Q`wf5`0_K`�Æ
fN_EZagN`�e�`wfÃ¬�e.g�gOe.¬0¬5_EgHfJe.Z!�|Ç<¶ W � ^�Y��|Ç<¶
gN^X¬ag0b^XdH^X`�fN^�Z0`�fN^Q® � Y�Ç<¶�� ¬0®]Z0d�¬�e�gNfN[]¹XZa®T[*¸^XgH^Xh�^Q`wf�e�\�e.¬0f0b^
¸e�®£ÐÑe�dNfNgH_Eh�b^XfNgH[T^KW � ^Xd<dHÏwdHfX¸^Xhi^Xd<\aZ f,Ï�¬5^�ÅµYÃÇ<¶MdH_E`�f<¬ag0b^O¯Eb^Qg�e.�a®T^Qd<¬5_EZ0g|®3e�h�b^Q¹ne.`0[]j�Z0^³¹¿b^X®]^XdNfH^J¬aZ0[]dNj�Z>Ð []®Td
¬�^XgHh�^XfHfN^X`�f|\>ÐÑe1�K_E[]g?\0^Xd�b^QjwZ5e.fN[]_K`0do»?b^X_�¹X^X`�fNgH[]jwZa^Xd<\0Z�hi_EZ0�K^Xh�^X`�f&d�e�`0d|fN^QgNh�^Qdo[]`0\0Za[TfHdo¬5e.g|®3e$gN_Kf�e�fN[]_E`
\0Z�dNÏ�dNfX¸^Xh�^EW
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2 Å³^XZ'�w[*¸^Xhi^Xh�^Q`wf1�X®]^Xd?¹Q_E`0¹X^Q¬0fNd°¹X®3e.dHdN[]j�Z0^Xd?\0^|®,ÐÑe.dHfNgH_E`0_Kh�[]^¨¯:_E`0\5e.h�^Q`wfOe.®]^&^Xf?\0ZMdHÏ�dNfX¸^Qh�^°\0^|¹X_E`adNf�e�`�fN^Xd
e.dNfHgN_K`0_Ehi[Tj�Z0^Qd�dN_E`�f&��e�d0b^Xd&dNZag?®3e°h�b^X¹ne�`0[]j�Z0^?`0^ �|fH_E`0[]^X`a`0^ce1�K^X¹°dN_E`ÃfN^Xhi¬0d>^Xf&dH_E`�^XdN¬�e�¹X^<e.�adN_E®]Z0d1W.Åµe�`0d
®£ÐÑe�dNfNgH_E`0_Kh�[]^<`a^ �|fN_K`0[]^X`0`0^E�¨\0^�fN^X®]d$¹X_K`0¹X^X¬0fHd�dN_K`�fµ[]`��Ee.gH[3e.`�fNd|®]_EgHd$\0^JfHg�e�`0d,¯:_KgNh�e.fN[]_K`0d|\0Z���e.gHÏw¹Q^X`�fNgN^
e.Z�»?b^X_�¹X^Q`wfHgN^�^Xf<[]`��E^QgNdN^Qh�^X`�fnW0Å³^�fH^X®]®]^Xd|[]`w�Ee�gN[3e.`a¹X^Xd|`>Ð _E`�f|¬0®]Z0d|¹Q_EZ0gHd<^X`�e�dNfHgN_E`a_Eh�[]^³gN^X®3e.fH[]�w[]dHfN^EW��sº�`
\>ÐNb^X��[TfH^Xg|\0^Xd³¹X_E`t¯:Z0dN[]_K`0dn��_K` \a_E[]fce�®]®T^Qg|¬0®]Z0d|®]_E[]`Mj�Z0^�®]^<¹ne�\0gN^Ã\0^Xd<dHÏ�dNfX¸^Qh�^Xd|�N�|Ç³¶�^Qf|� �<Ç<¶�W
�³`0^\0^QdM¬�_KdNdN[]�0[]®][]f0b^Xd�^X`���[]d�e.»K^ne.�a®T^QdM^XdNfi\0^�¹X_E`0dH[]\cb^XgN^Qg�¬0®]Z0dH[T^QZ0gNdMdHÏwdHfX¸^Xhi^Xd�\a^ g0b^O¯Eb^XgH^X`0¹X^���e�gNÏ�¹X^X`�Æ

fNgN[]j�Z0^XdM^QfM»?b^X_�¹X^X`�fHgN[]j�Z0^Xdn�°¹X_Kh�hi^M[T®|e1�Ee.[]f�b^Qf0b^dHZ0»E»?b^Xg0b^¬5_EZagJ®3e
¬0gN^Xhi[:¸^XgN^i¯:_K[Td�¬�e�g �°gNZ0hM�5^XgH»�^Xf�e.®,W
�Nmn�K�#�K�XW��<Z�`0[]�E^ne�Z��e�gNÏ�¹X^X`�fNgH[]jwZa^E�>_K`�¬5^XZ0f$¹X_K`0dN[]\|b^QgN^Xg�Z0`�dNÏ�dNfX¸^Xh�^�b^X¹X®][]¬0fN[]j�Z0^ �cÇ³¶0��^QfµZa`�dHÏwdHfX¸^Xhi^
b^Xj�Z�e.fH_EgN[3e�®��|Ç<¶�� ¹X_EZa¬0®nb^Xd¸e®,Ð �N�|Ç<¶�� �c�|Ç³¶��&j�Z0^�®,Ð _E`�`a_Eh�hi^Xg�ei\�e�`0d�® e
dNZa[TfH^��cÇ³¶0�XW � ^XZ0gNdM¬a® e�`0d
¬0gN[]`0¹X[]¬�e�Z���¹Q_�� � `0¹X[]\0^X`�f�e1�K^X¹®]^XdM¬0®3e.`adM\0^�®£ÐHb^X¹Q®T[]¬0fH[]jwZa^ ^QfM\0^®,ÐNb^Xj�Z�e.fH^XZ0g�º ��^Xd�¸e�±wkElKlElaW � ÐNb^X¹O0^X®]®]^�\0^
fN^Xhi¬0d,Æ,¹X_�_EgH\0_E`0`|b^X^M\0^Xd$fNgH_E[]d$dNÏ�dNfX¸^Xh�^Qd�j�Z�e.\0gH[]\0[]h�^X`0dH[]_E`0`0^Q®Td|^QdNf�f � �<� �$W � ^QZ0gNd�¹Q_w_KgN\0_K`0`|b^X^Qd�\�e.`ad
®£Ð ^XdH¬�e.¹Q^J¬5^XZ0�K^X`�f �^QfNgN^�\|b^XdH[]»E`|b^X^Qdµ¬5e.g � � � �  �X� � � � � �  � �|^Xf � � � � �  � �Q��gH^XdN¬5^X¹XfH[]�E^Xhi^X`�f ��[ � mK��ka�
�E�XW��³Z�`0[]�K^ne.Z�»?b^X_�¹X^Q`wfHgN[]j�Z0^E�¨¹O�e.¹XZa`�\0^M¹Q^Xd�fNgH_E[]d$dNÏ�dNfX¸^Xh�^Qdµ[]`�fNgH_�\0Z0[]f$\0^XZ��dHÏ�dNfX¸^Qh�^Xd�»?b^X_�¹X^X`�fNgH[]jwZa^Xdn�
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�15��·¬�^XZa�E^X`�f �^XfNgH^�¹X_K`0dN[]\|b^Xg0b^Xd�¹X_Ehih�^�\0^Qd

�?È$��\0Ï�`�e�h�[]j�Z0^XdnW � ^XdJe.`a»E®]^Xd�\>ÐÑ�&Za®T^QgJe.`�e�®]_E»EZa^Xd�\0^M®3eih e�fNgN[]¹X^ �,
�
�15��³®][nb^XdJe.Z � Y�Ç<¶a��^Xf�¸eÖ®£Ð � �<Ç³¶

¬�^XZa�E^X`�f��^XfNgH^|¹X_E`adN[]\|b^Xg0b^Xd?¹X_Kh�h�^¨\0^Xdo� Èµ�
¹X[]`|b^Xh�e.fH[Tj�Z0^Qd?�3j�Z�e.`�fH[Tf0b^Xd&_E�0dH^XgN�Ee��0®]^Xd��QW � ^Qd(\a[ -$b^XgH^X`0¹X^Xd ^X`�fNgN^
¹X^Xd|e.`0»K®T^Qd(\¨Ð �7Z0®]^Xg?\0Ï�`�e�h�[]j�Z0^Xd>^Qf?¹X[]`|b^Xh�e.fN[]j�Z0^Xd1�1¯:_K`0¹XfN[]_K`0d&\0^ � � �.dH_E`�foe�Z0dNdH[�\0_K`0`|b^X^Qd?¬�e.g �ogHZ0hM��^QgN»
^Xf<¶�[]h�_K`�:kElKl��K�XW
Å�Ð Z0`¬5_E[]`�f<\a^J��Z0^�fN|b^Q_EgN[]j�Z0^E� _E`Z0fH[]®T[]dH^Xg�e ®T^Qdµ\a^XdN¹XgH[]¬0fN[]_E`ad�h e�fN|b^Xh�e.fH[Tj�Z0^Qdµ��fN^X`0dH^XZ0gHdJh�b^XfNgH[Tj�Z0^Qd��

\0Z��|Ç<¶Ö^XfJY�Ç³¶�\a_E`0`|b^Q^Xd�¬�e�gµ®3e g0b^XdH_E®]Z0fN[]_K`�µm�� �(�<�X�¨kElElamn�°^XfÃ®T^Qdµg0b^O¯Eb^XgH^X`0¹X^QdJ¹X_K`�fN^X`�Z0^XdÃ\�e.`0d$¹X^QfNfN^
g0b^XdH_E®]Z0fN[]_K`>W � e�¬0®]Z0¬�e.gHf|\0^Xd$e.¬0¬0®][]¹ne�fN[]_E`0d°¬0gOe.fN[]j�Z0^Xd|gH^Xj�Z0[:¸^XgN^Q`wf$Z0`a[Tj�Z0^Qh�^X`�f°®T^Qd<fNgOe.`0d�¯:_EgHh e�fN[]_E`0d ^X`�fNgN^
�cÇ³¶�^Qf<Y�Ç<¶ \cb^X¹XgH[TfH^Xd$\�e.`ad|® eÃdNZa[TfH^EW
� e�fNgOe.`0d�¯:_EgHh e.fH[]_E`�\a[TgH^X¹XfH^$¯£e.[]dOe.`�fo¬5e.dNdH^Xg$\0^Xd³¹X_�_EgN\a_E`0`|b^Q^Xd �cÇ³¶ �  ¸e�®,Ð []`0dNfOe.`�f �<e.Z'��¹X_�_EgH\0_E`a`cb^X^Xd

Y�Ç<¶ �  ¸eÃ®,Ð []`0dHf�e�`wf 5�d1ÐNb^Q¹XgN[]f*) 5 � ��
 � � � � �J� ���&� Â � = � �7� %)%'% � � � %Ñk %Ñ�E�
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� ��� %'%)% � � % k %]mnlE�
_¿¸Z � � gN^Q¬0g0b^XdH^X`�fN^�®]^Xd�¹X_�_EgH\0_E`a`cb^X^Xd�\0Z��K^X¹XfH^XZ0g = � W � e�¯*_E`0¹XfH[]_E` �J� ���^QdNf�\cb^Oº�`0[]^�¬�e.g�®,ÐNb^QjwZ5e.fN[]_K`
\0[.-µb^XgH^X`�fN[]^X®]®]^ ��J� ��� � �

� Â �� � �� � � ��� � � � � � � % k %]mEmn�
- � ^XdHfJ®]^ifN^XgHh�^M¬0gH[T`a¹X[]¬�e.®°\0^�®,ÐÑe.¹Q¹¿b^X®nb^Xg�e�fN[]_E`!�|Ç<¶�\a^�®3e��&^XgNgH^�^Xf �� � � ��� � � ��gH^X¬0g0b^QdN^X`�fN^
®T^i¬�_KfN^X`�fH[T^Q®
`0^ �|fN_K`0[]^X` \0^�fH_EZ0d�®]^Xd�_K�#�O^XfNd�\0Z dNÏ�dNfX¸^Xh�^�dH_E®3e.[]gN^���d�e.Zt¯Ö®3e �&^XgNgH^n�X��b^X�Ee.®]Z|b^�e.Z »?b^X_�¹X^X`�fNgH^EWMÅµe�`0d
®£ÐÑe�¬0¬0gN_&��[]h e�fN[ _E`�\a^Jh�e.dNdH^�¬5_E`0¹XfHZ0^X®]®]^E�5dNZ!�dOe.`�fN^M¬5_EZag<®]^J¹1e.®]¹XZ0®&¬0gOe.fN[]j�Z0^�\0^Xd$fN^QgNh�^QdµgH^X®3e.fH[T��[]dNfH^Xd$_E`
e�)

- � � 
 �
� 	� � ��
 �� �� � = � � � �� � � ��� � � � � �

� 	� � ��
 �� � � % � � % k %]mnkE�

È<`�`0_KfN^Mj�Z0^�®£ÐHb^Xj�Z�e�fN[]_E`�� �0WÑkaWTmKmn�s^XdNf�\a_E`0`|b^Q^M\�e.`0d$®3eMg0b^XdN_K®]Z0fN[]_E` �$m� � �<�X�>kKlEl0m1��¸ei®,ÐÑe.¬0¬0gH_&��[Th�e�fN[]_E`
\>Ð _EgN\agN^ � � � � � �<�X�5kElElam �0¶�_ -¿^X®¨^Xfµe�®,WT��kElKl��K�XW �|º�`�\>ÐHb^X��[]fN^Xg³\0^Xd|¹X_Kh�¬0®][]¹ne�fN[]_E`0d ¬0Z0gN^Qh�^X`�f|fN^Q¹�a`0[]jwZa^Xdn�
®£Ð ^$��¬5_Ed0b^<^XdHf|[T¹Q[�®][]h�[]f0b^|e.ZMhi_�\¿¸^X®]^|\0^Xd|h�e.dNdH^Xd°¬�_K`0¹XfNZa^X®]®T^Qd|`0_E`�Æ,fN_KZ0gN`5e.`�fN^Xd°^Xf°®,Ð e�¬0¬0gH_&�w[]h�e.fN[]_.`�\¨Ð _KgN\0gH^
� � � ^XdNf1��\�e�`0d<®3e�¬0gOe.fN[]j�Z0^E�adNZ!�dOe.`�fN^Ã¬�_KZ0g<®]^Xd�e.¬a¬0®][T¹1e.fN[]_K`0dce�¹XfNZa^X®]®T^QdnW � e gN^X®3e.fH[]_E`�� �aW kaW]mnlE� ^XdHfµ�Ee�®][T\a^
e.Z0dHdN[5�0[]^X`J¬5_EZag?®]^Xd&fNg�e�`0d,¯*_EgNh�e.fH[T_K`0d>\aZ��cÇ³¶��K^XgNd°Z0`�dNÏ�dNfX¸^Xh�^|¹X[]`|b^Qh e.fH[]jwZa^Xh�^X`�f�`0_K`�Æ,fN_EZagN`�e�`wf � Y�Ç<¶
¬�_KZ0g� � l��3¹X^
jwZa[<¹X_KgNgN^QdN¬5_E`0\ ¸e�®3e
fNg�e�`0d,¯*_EgNh�e.fH[T_K` �|�|Ç<¶ � Y��|Ç³¶�dH^X®]_E`�®3e
fN^XgHh�[]`0_E®]_K»E[]^M\0^®3e
g0b^XdH_E®]Z0fN[]_K`*�µm1�X�1j�Z0^?¬5_EZ0g¨®]^Xd>fHg�e.`ad,¯:_KgNh e�fN[]_E`ad�\0Z*�|Ç<¶$�K^XgNd¨Z0`�dNÏ�dHfX¸^Xhi^o\0Ï�`�e�h�[]j�Z0^Xhi^X`�f0`0_E`tÆ£fH_EZ0gH`�e.`�f
ÅµYÃÇ<¶Ã¬�_KZ0g  � mEW �(_KZ0fN^�¯:_E[]dn�1¬5_EZ0g dN[]h�¬0®][ º�^Xg¨®,ÐNb^Q¹XgN[]fNZagN^E�K`0_EZad?`>ÐNb^X¹XgH[T�K_E`0d ¬�e.d?®,Ð []`0\0[]¹X^°[]`�¯Eb^XgH[T^QZ0g |¬5_EZag
®T^Qd|¹X_�_EgN\a_E`0`|b^Q^Xd$»?b^X_�¹X^X`�fHgN[]j�Z0^Xd �  W
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� e�fHg�e�`0d,¯:_KgNh�e.fN[]_K`�[]`w�K^XgNdH^³¯£e.[]d�e�`�f?¬�e.dHdN^Xg°\0^Xd|¹Q_w_KgN\0_K`0`|b^X^Qd<Y�Ç<¶��  ¸eÃ®£Ð []`0dHf�e.`�f�5�e.Z���¹X_�_EgH\0_E`a`cb^X^Xd
�cÇ³¶ �  ¸e�®,Ð []`0dHf�e�`wf �|dnÐNb^X¹XgH[Tf

� � 5�� � � � � �J�(55�&� Â�� � �4� %)%'% � � � % k %]m �E��  � �  � �
� �(55�&� � � � � �� Â � � � � �  �  
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 �� � � ��� � � � �  
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� � � #
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e1�E^X¹$®,ÐNb^Xj�Z�e.fH[T_K`�\0Z�fH^Xh�¬0d°gN^Q® e�fN[]��[]dNfN^ 5 � ����
 � � � ��� ���1�&� %'%'% � � � % k %]mn¢E�

^Xf|®3e�gN^X¬0g0b^XdN^Q`wfOe.fH[T_K`\0Z�h�_KZ0�E^Qh�^X`�f?\0^$®3e �(^QgNgN^Ã^X`��<�|Y

�
� �(55� � � � � � � �.% � � % k %]m��E�

�>_KZ0g$^ -�^X¹XfNZa^XgJ®3e�fHg�e.`ad,¯:_KgNh e�fN[]_E`�\0[]gH^X¹XfN^M��[3e�®]^Xd�b^Xj�Z�e.fH[]_E`0dM� �aWÑk0WÑ�E�°^XfM� �0WÑk0W]mnlK�X��_K`�\0_K[]f|¹X_E`0`5e�� � fNgH^J®3e
¯:_E`0¹QfN[]_E` � � ��� ���&^X`M[]`�f0b^Q»Eg�e�`�f(`�Z0h�b^XgN[]j�Z0^Xhi^X`�f�_EZMe.`�e�®]ÏwfH[]jwZa^Xh�^X`�f°� �0WÑkaWTmKmn�QWn�¨_EZ0g&®3e³fNgOe.`0d�¯:_EgHh e.fH[]_E`
[T`��K^XgNdH^|�w[3e�� �aWÑk0W]m �K��^Xf<� �0WÑk0W]mQ�w�X�1_K`J_K�0fN[]^X`�f?®]^Xd?\a^XZ���[:¸^Xh�^Xd h�^XhM�0gH^Xd>\a^|¹X^Xd�b^Xj�Z�e.fH[T_K`0d?^X`�¯*_E`0¹XfH[]_E`�\0^/5
¬�e.g?[]`��E^QgNdN[]_K`�e.`�e�®TÏ�fH[Tj�Z0^|_KZM`�Z0h�b^XgH[]jwZa^|\0^|®,ÐNb^QjwZ5e.fN[]_K`� �0WÑkaWTm1¢E� ^Xfo_K�0fN^Q`wfH[]_E`M\0^³® e·gN^X®3e.fH[]_E` � � � � � �15��QW
� ÐNb^Xj�Z�e.fH[]_E`�� �0WÑk0W]m1¢E�&^XdHf<\|b^Q\0Z0[]fN^�\a^µ®3eÃfNgOe.`0d�¯:_EgHh e.fH[]_E`� �aWÑk0WÑ�E�°e.¬0¬a®T[]j�Z|b^X^$e.Z�»?b^Q_w¹Q^X`�fNgN^KW
� e�¯:_K`0¹XfH[T_K`�fN^Xhi¬�_KgN^X®]®]^ ��� ���|^Qfµ®]^$�E^Q¹XfN^XZagµ\a^�gN_Kf�e.fH[]_E`�»?b^X_�\|b^QdN[]j�Z0^ �  � ���sdN_E`�f|Z0`a[Tj�Z0^Qh�^X`�f|\|b^Oº5`0[]d

¸e�¬�e.gHfN[]g�\0^�®]^XZ0gHdJ\|b^XgN[]�ob^X^Xdi^X`�¯:_K`0¹XfH[T_K`�\0Z�fN^Qh�¬0d�� �aW kaW]mEmn�³^Xf�� �aWÑk0WÑ�E�Q��gN^XdH¬�^Q¹XfN[]�E^Qh�^X`�fnW&�,® ¯£e�Z0f�\0_K`0¹
\cb^XfN^QgNh�[]`0^Qgo\0^Qd|¹X_E`0dHf�e�`wfH^Xdµe�\0\0[]fN[]_K`0`0^X®]®]^Xdoe�gN�0[]fNgOe.[]gN^Qd|¬�e.g°\0^Xd|¹X_K`0dN[]\|b^Qg�e.fH[]_E`0d|¹X_Kh�¬0®1b^Xhi^X`�f�e�[TgH^XdnWK�>_KZ0g
�J� ���Q�>[]®?^QdNf�g�e.[]dH_E`0`�e��0®]^J\a^M\cb^Oº�`0[]g�®3e�¹Q_E`0dHf�e.`�fH^�\0^MfH^X®]®T^�¯,e �¹X_K`�jwZa^ � � 5�®]^mX^Xg �Xe.`���[]^XgMmn�E�K��¸el.
l.h l.d	� �<�|��±wÅ � k.�E���0mQ�E��WÑ¢ � �<�N�°e.Zi»?b^X_�¹X^X`�fHgN^���_EgN[]»K[T`a^�mn�E�K�E�&¹Q_Eh�hi^o¹Q^X®3eMe�b^Xf0b^$dHZ0»E»?b^Xg0b^$¬�e�g<Y$Z0[]`0_Ef
�:kElKlElK�X�5^X`�e.¹X¹X_KgN\�e1�K^X¹J®3e g0b^XdH_E®]Z0fN[]_K`��³� � �(�³�X�?mn�K�EkE�QW��¨_EZag�®]^Xd$¹X_E`0dHf�e�`wfH^Xd�\0^ �  � ���Q� �ogH^Xf�e�»E`0_K`�^Qf
�ogHZ0hM��^QgN»�:kKlEl �E� ^Xf(�°gNZ0hM�5^XgH»J^Xf$¶�[]h�_K`�:kElKl.���?_K`wf|[]hi¬�_Kd0b^<®3eÃ¹X_E`a\0[]fN[]_E` �  � l�¸eÃ±wkKlElKl��3®,ÐNb^X¬�_�j�Z0^
^XdNf�\|b^Oº�`0[]^�e.Z�»?b^Q_w¹Q^X`�fNgN^�e.Z�mEWÑ¢(�Qe.`���[T^QgµkElKlEl �	���5dN_K[Tf$±�Å � k��w¢amn¢.��¢0WÑl �	�<�XW>�°^X®3ei`>ÐÑe�-�^X¹XfH^M¬�e.d$®3e
gN^X®3e.fH[]_E`^X`�fHgN^��|�|Ç<¶
^Xf�Y��|Ç<¶�h�e.[]d|¹X^X®3ei^XdHfµ[]hi¬�_KgNf�e�`�f|¬�_KZ0g$® e \|b^Oº�`a[TfH[]_E`\0^QdJÅ$Y�Ç<¶��a¹EÐ ^XdNf�Æ�¸e Æ£\a[TgH^
®T^Qd|dNÏ�dNfX¸^Xh�^Xd³»?b^X_�¹X^Q`wfHgN[]j�Z0^Xd³\0Ï�`�e.hi[Tj�Z0^Qh�^X`�f&`0_E`tÆ£fH_EZ0gH`�e.`�fNd1W
� e ¯:_E`0¹QfN[]_E` �J� ���<dOe.fH[Td�¯£e.[]dOe.`�fJ� �0WÑk0W]mEm1�|^XdHf��e��0[]fNZ0^X®]®]^Xhi^X`�f<gN^Q¬0g0b^XdH^X`�f0b^X^�dH_EZ0d�®3e ¯:_EgHh�^�\0_K`0`|b^X^M¬5e.g

)�e�[TgH0^ne�\�^Xf �ogH^Xf�e�»E`0_K` �Hmn�K�ElE�Q��¹X_Ehih�^|[]®�^XdHf|[T`a\0[]jwZ|b^·e�Z�¬�e�g�e�»Eg�e�¬00^�k0WÑ�aWTmK�

�J� ��� � � � � � � � � �5� ��� � � � % k %]mn�E�

_¿¸Z$®3e°¹X_E`0dHf�e�`wfH^��
�
\|b^X¬5^X`0\�\0^Xd¨fN|b^Q_EgN[]^Xd&¬0®3e�`cb^Xf�e�[]gN^Xd?� �

� � m % �w El  Ek#�  E¢E¢ �&�E���|m1l � � ¬�_KZ0g�®]^Xd>dH_E®]Z0fH[T_K`0d
²µ¶0È$�?�s^Xf|_�¸Z � � � ���°^QdNf<\|b^XfN^XgHh�[]`|b^$`�Z0h�b^QgN[]j�Z0^Xh�^Q`wf _EZe.`�e�®]ÏwfH[]jwZa^Xh�^X`�f?dH_EZ0d|®3e·¯:_EgHh�^

� �5� ��� � � � � � � � � � �� ¹X_Kdn��� �� ��� �� ��� � % � � % k %]mn E�

¸� ®3e�\0[.-µb^QgN^X`0¹Q^ \a^�®3ei¬0®]Z0¬�e.gHf�\0^Xd�dN_K®]Z0fN[]_E`ad�¬0g0b^Q¹¿b^X\0^X`�fH^Xdn� �°gN^XfOe.»E`a_E`�^Qf �°gNZ0hM�5^XgH»��:kKlEl��K�³\0_E`0`a^X`�f
¹X^XfNfH^�¯:_E`a¹XfN[]_E` � �5� ���Q��^X`�[]`wfHgN_�\0Z0[]dOe.`�f<Z0`a^M¹X_E`0dHf�e�`wfH^�e.\0\a[TfH[]_E`0`0^Q®T®]^E�a¹X_Ehih�^³\0[]dN¹XZ0f0b^M¬0g0b^Q¹¿b^X\0^Xhih�^X`�f1W
¸��¬�e.gHfN[]g|\0^M� �aW kaW]mn�E�Q�E_K`�¬�^XZaf|fNg�e�`0d,¯*_EgNhi^Xg�� �aWÑk0W]mn¢K�&^X`5 � �Nm�
 � � � ����
 � � � � � � ���.�&� %'%)%.% � � % k %]mn�E�
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Åµe�`0d|¹X^�¹1e.dn��®,Ð []`��E^XgHdN[]_E`i\0^M� �0WÑkaWTm1¢E� ¬�^QZ0f|dnÐHb^X¹XgH[]gN^
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\>Ð _¿¸Z�®,Ð _E`i\|b^X\0Za[Tf
�
� �(55� � � � �]�Nm9� �

�
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�3\�e�`0d$®T^�¹ne�\0gN^�\0^�® e ¬0g0b^Q¹X[]dN[]_E`�¬5_EdHf,Æ,`0^ �|fN_K`0[]^X`0`0^K��_E`¬5^XZ0fÃ`cb^X»E®][]»E^Qg<®]^Xd$\0[.-µb^QgN^X`0¹Q^XdJgH^X®3e.fH[T��[]dNfH^Xd$\�e.`ad
®T^Qd<e.gN»KZ0h�^Q`wfHdo\a^Xd<fH^XgNhi^Xd|gN^X®3e�fN[]��[TdHfN^XdO�XW
Å³^Xd�d0b^XgH[]^Xd�¬5_EZ0g�fH_EZ0d�®]^Xd�¹X_�^��¹X[]^X`�fNd�`|b^X¹X^QdNd�e�[]gN^Xd�¬5_EZag�^$��¬0gN[]h�^Qg�®T^Qd�fNg�e�`0d,¯*_EgNh�e.fH[T_K`0d\0[]gH^X¹XfN^

^Xf�[T`��K^XgNdH^��|Ç<¶ � Y�Ç³¶�dN_E`�f�¹ne�®T¹QZ0®nb^X^Xde1�E^X¹�®]^Xd b^X¬0|b^Qh�b^XgH[T\a^Xd�²µ¶0È$� ¬�e.g��°gN^XfOe.»E`a_E` ^Xf��ogHZ0hM��^QgN»
�:kElKl��K�XW&¶�[|®,Ð _K`�¹X_K`0dN[]\�¸^QgN^�j�Z0^��<� � ^Xf��<�|Y dH_E`�fMdN_KZ0�E^Q`wf�gN^Qh�¬0®3e.¹�b^XdM¬�e.g �<Å � �3_KZ % Î � � ��^Qf��	���gN^XdH¬�^X¹QfN[]�E^Xhi^X`�fn�5fN_KZ0fN^Qd<®]^Xd°¯:_KgNhMZ0®]^Xd°\0^���e�dN^�� �0WÑk0WÑ�K�X�5� �0WÑkaWTm1lE�Q��� �0WÑk0W]m �K�X�5� �aW kaW]mX�w�Q��� �0WÑk0WÑkKlE� ^Xf�� �aW kaWÑk0mn�
dN_E`�f|\0_K`0`|b^X^Qd<\�e�`0d|®3e�dHZ0[]fN^�¬5_EZ0g|®]^Xd|j�Z�e�fNgH^µ¹Q_EhM�0[]`�e�[TdH_E`0d ¬�_KdNdN[]�0®]^Xd³\>ÐNb^X¹O0^X®]®]^Xd<\a^µfH^Xh�¬adnW
�7`�gN^Q® e�fN[]_E`�e1�K^X¹�®3eifNgOe.`0d�¯:_EgHh e�fN[]_E` �cÇ³¶ � Y�Ç<¶ ��`0_EfH_E`0dÃjwZa^�®3ei¯:_K`0¹XfN[]_K` �

� �15��Ã\|b^XfH^XgNhi[]`cb^X^�¬5e.g
� �0WÑkaW kamn�$e.[]`0dH[oj�Z0^�®3ei¯:_K`0¹XfH[T_K`�dN[]h�[]®3e.[]gH^

�
� �(55� � � � � � � �Ã\cb^XfN^QgNh�[]`|b^Q^�\0^�®3e�h��^Qh�^Ã¯£e �¹X_K`�¬�_KZ0gMfN_KZ0f

¹X_EgH¬0d � dN_K`�fM[Thi¬�_KgNfOe.`�fN^XdM¬5_EZag�®]^¹ne�®T¹QZ0®<\0^Qd �K^X¹XfH^XZ0gNd
¬�_KdN[]fN[]_E`�»?b^X_�¹X^X`�fNgH[Tj�Z0^Qd � � �15���\0^Qd _K�#�O^XfHd
¹¿b^X®]^XdNfH^Xd<^Q`�¯*_E`0¹XfH[]_E`�\a^<®]^XZ0gHd|¹X_�_EgN\a_E`0`|b^Q^Xd(�|Ç<¶ � � � ���QW0�&`�`0_Kf�e�`wf = � � � � � 
 � � ^Xf|^X`iZ0fN[]®][]d�e�`wf ®T^Qd
¯:_E`0¹QfN[]_E`0d

�
� �15��Q� � � �15��Q��_E`�_E�afN[]^X`�f

� � �(55� � �
� �(55� 
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�°^XfNfH^�fNgOe.`0d�¯:_EgHh e�fN[]_E`�e�b^Xf0b^�Z0fH[]®T[]d0b^X^M¬�e.g �ogHZ0hM��^QgN»^Xf�¶�[]h�_E`��:kElKl��K�<¬5_EZag�^$��¬0gN[]hi^Xg$®T^QdJe.gH»EZ0hi^X`�fNd
\0^XdMfN|b^X_EgH[T^QdM®TZa`�e.[]gN^QdM^XfJ¬a® e�`|b^XfOe.[]gN^XdM\aZ �|Ç<¶��E^XgHdM®]^ Y�Ç³¶�^XfM¬�_KZ0gM_E�afN^X`0[]g�®]^XdMfN^XgHh�^Xd�gN^Q® e�fN[]��[]dNfN^Qd
¬0gN[]`0¹X[]¬�e�Z���\aZ0dJ¸e�®3e � Za`0^$^Xfµe�ZÖ¶t_E®]^X[]®,��\�e.`0d³®3e�fHcb^X_EgH[]^J¶0���$Ç � \a^�®3e�gH_Ef�e�fN[]_E`�\0^Ã® e �&^XgHgN^EW5�°_Ehih�^
®T^Mhi_E`�fNgH^�®,ÐNb^Xj�Z�e.fH[T_K` � �0WÑk0W �K�X�0®3eifNgOe.`0d�¯:_EgHh e�fN[]_E`¹Q_EZ0gOe.`�fN^M� �<Ç³¶ � Y��|Ç<¶�^QdNf�Z0`0^MgN_Kf�e�fN[]_E`�fNgH[ e ��[ e�®]^
`0^ �|fN_K`0[]^X`0`0^³\0^Xd|e&��^Xd?dH¬�e.fH[3e.Z���\0^|¹X^Xd°dNÏ�dHfX¸^Xhi^Xdµ���  ^Xf �

�
 gN^XdH¬�^Q¹XfN[]�E^Qh�^X`�f��QW0¶�[ �,

�
�15��7^XdNf°®3e<h�e.fHgN[]¹X^°\0^

gN_EfOe.fH[T_K`�\0^�®3e��&^XgNgH^�®][3e.`�f�®,Ð � �<Ç<¶�^Xf�®]^ � YÃÇ<¶0� �3®]^idNÏ�dNfX¸^Xh�^i\0^�g0b^O¯Eb^XgH^X`0¹X^ b^X¹X®][]¬0fN[]j�Z0^M»?b^X_�¹X^X`�fNgH[Tj�Z0^
¹X[]`cb^Xh e�fN[]j�Z0^Xhi^X`�f�`0_K`�Æ£fH_EZ0gH`�e.`�fO�^Xf  �|®]^�fHgN[]¬0®]^Xf\a^Xd�¹Q_w_KgN\0_K`0`|b^X^Qd�dN¬�e�fN[3e.®]^Xd\a^�®,Ð � �<Ç<¶��|e.®]_KgNd®3e
fNg�e�`0d,¯*_EgNh�e.fH[T_K`M� �<Ç<¶ � Y��|Ç³¶Me�®3e$¯:_KgNhi^

 � % �
�
� % � �,

�
�(55�-,

�
% � � % k %Ñk��E�

Å<[.-µb^XgN^Q`wfH^XdM¯*_EgNhi^Xd�\0^�®3e�h�e.fNgH[]¹X^M\0^�gN_Kf�e.fH[]_E` % _E`�f�b^Qf0b^�¹X_E`adN[]\|b^Xg0b^X^Xd�¬5e.g �ogH^Xf�e�»E`0_K` ^Qf��ogHZ0hM��^QgN»
�:kElKl��K�XW � Ð ^��wfH^X`0dH[T_K`�gH^X®3e.fN[]��[]dNfH^�\0^i® eifHcb^X_EgH[]^Ö¶a���µÇ ��\|b^X�K^X®]_E¬0¬|b^Q^ ¬5e.g*�°gNZ0hM�5^XgH»�^XfM¶�[]h�_K`��:kKlEl �E�
¬�^XgHh�^Xf�\>ÐÑe1�K_E[]g�\0^Qd�Ee.®]^XZ0gHdgN^Q® e�fN[]��[]dNfN^Qd \a^XdfNgH_E[]d�e�`0»E®]^Xd�\>ÐÑ�&Z0®]^Xg�\|b^�º�`0[]dNdOe.`�f®3e�h e.fHgN[]¹X^ �,

�
�(55��^Qf

\>ÐNb^X�Ee.®]Z0^Xg|®]^Xd|¹Q_E`�fNgH[T�aZ0fN[]_E`ad|gN^X®3e.fH[]�w[]dHfN^Xd|\�e�`0d|®3e�fHg�e�`0d,¯:_KgNh�e.fN[]_K`M\0^³¯:_EgHh e.®][]dNhi^o`a^ �|fN_K`0[]^X`�� �0WÑkaW k �E�QW
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�<`�P�Ä1PXVE�Gnp�G�IKG�F&~G*�&~G1FNG1A0�OGMD3I|~G1C.R�^XdHf�\|b^Oº5`0[?¬�e�gµ®,ÐHb^X`0_K`0¹�b^�\>Ð Z0`�¬0gN[]`0¹X[]¬5^M»?b^X`|b^Xg�e�®?j�Z0^J\a^X��g�e��°b^XgH[ º5^Xg�Z0`
dNÏ�dNfX¸^Xh�^�\¨Ð e ��^Xd|\0^�¹X_�_KgN\0_K`0`|b^X^Xd1W��<`�PXÄ1P�VK�G1pJG�IEGMF&~G*�&~G1FNG1A0�OG��OSEA0Á1G1A0V:D�SEA0A0GQR�j�Z0[>e.dHdN_�¹X[]^Je.Z�¬0gH[]`0¹X[]¬�^Ã\0^
��e.dH^M\0Z�dHÏ�dNfX¸^Qh�^�\0^Jg0b^O¯Eb^XgH^X`0¹X^�[]\|b^ne�®&\0^Xd�¹X_K`0dNfOe.`�fN^Qd$¯:_E`a\�e.hi^X`�f�e.®]^Xd³^Xf$\0^Xd�hi_�\¿¸^X®]^Xd<`|b^X¹X^XdHd�e.[]gH^Xd¸eid�e
g0b^ne�®T[]dOe.fN[]_K`>�0¬5^XgNhi^Xf$®3eM\0^XdH¹XgN[]¬0fH[]_E`�j�Z�e.`�fH[TfOe.fH[T�K^$\0^Xd�¬5_EdH[TfH[]_E`0d³^Xf�h�_KZ0�E^Qh�^X`�fNd°\0^M®3e��&^XgHgN^��3dHÏwdHfX¸^Xhi^
fN^XgHgN^XdHfNgN^1�X�¨_EZ�\a^�¹X_EgH¬0d<¹�b^X®]^XdNfH^XdM�3[]`0¹X®]Z�e�`wf|®3e �&^XgNgH^n�|\�e�`0d<®,Ð ^XdH¬�e.¹X^KW � eÃ¹X_K`0dNfHgNZ0¹XfH[]_E`�\>Ð Z0`�fH^X®>dHÏwdHfX¸^Xhi^
¹X_E`��E^Q`wfH[]_E`0`0^Q®>[]h�¬0®][]j�Z0^°®T^$¹O0_K[ �i\0^$dNfHgNZ0¹XfHZ0gN^Qd�\�e.`ad|®T^QdNj�Z0^X®]®]^Xd<®]^Xd|hi_EZ0�K^Xh�^Q`wfHd?¬5^XZ0�E^Q`wf �^XfNgH^�\|b^X¹QgN[]fNd
¬�e.g�®]^��0[3e.[]d$\0^MfN|b^X_EgH[T^QdJ¬0�Ï�dN[]j�Z0^Xd1W � ei\cb^Oº�`0[]fH[T_K`�\>Ð Z0`�FNG�rµ�G1FNGM�3^Q`0dN^XhM�a®T^�\0^i¬�_K[T`�fHdn��\>Ð _K�#�O^XfNdÃ_EZ�\0^
¹X_�_EgN\a_E`0`|b^Q^XdJgH^X®][nb^XdJ^Q`wfHgN^i^XZ���^XfJ¬5^XgHh�^XfHf�e.`�f$\0^igN^X¬|b^QgN^XgMZ0`�¬5_E[]`�f$_EZ�Z0`�_K�#�O^Xf�\5e.`0d�®,Ð ^XdH¬�e.¹X^1�$h e�[Td
e.Z0dHdN[0®]^Xd?fH|b^X_KgN[]^Xd?Z0fH[]®T[]d0b^X^Xd&^Xf?®]^XdMb^Q¹�a^X®]®T^Qd?\0^°fN^Xhi¬0d?e.dNdH_�¹X[nb^X^Xd$�N�*�Xy��0WÑkE� ¬�_KZ0g?®3e|\|b^Oº�`0[]fN[]_K`J\0^°¹X^|dHÏwdHfX¸^Xhi^
\0^J¹Q_w_KgN\0_K`0`|b^X^Qd��3¬0g0b^X¹X^XdHdN[]_E`¨�>`�Z0fOe.fN[]_K`>�|b^X¬acb^Xh�b^QgN[]\0^Xd�¬a® e�`|b^XfOe.[]gN^Xd1�5^XfN¹EWÑ�³¹X_Kh�¬5_EdN^Q`wf$®3e�dNfHgNZ0¹QfNZ0gH^�\>Ð Z0`
dNÏ�dNfX¸^Xh�^�\a^µg0b^O¯Eb^XgH^X`0¹X^M¹Q_E`��E^X`�fH[T_K`0`0^X®,W � ^Xd³¹�a_E[ ��¬5_EZ0g|®]^Xd³\|b^Oº�`a[TfH[]_E`0d|\>Ð Z0`�dHÏwdHfX¸^Xhi^�\0^�g0b^O¯Eb^XgH^X`0¹X^�[]\|b^ne�®
^Xf$\0^Xd$dNÏ�dNfX¸^Xh�^Qdµ¹Q_E`��E^X`�fH[T_K`0`0^X®]d$e.dNdH_�¹X[nb^Xd�`0^�dN_K`wf³¬�e.d³Z0`0[]j�Z0^Xd1W>�°^X¬5^X`0\�e�`wf1�5_E`�¬�^XZafµ\a^Xh e�`0\0^Xg�¸eMZ0`
dNÏ�dNfX¸^Xh�^�\0^�g0b^�¯�b^XgN^Q`0¹X^�j�Z>Ð []®o¬5^XgNhi^XfNfH^®,ÐNb^X¹XgN[]fHZ0gN^�d�e�`0d�e.hM�a[T»KZ0[]f0b^M\0^Qd�b^Xj�Z�e�fN[]_E`0d�\0Z�h�_KZ0�E^Qh�^X`�f�\0^Qd
¹X_EgH¬0d<\0_K`�f<®]^Xd|¹X_�_EgH\0_E`a`cb^X^Xd$dN_K`�f<\|b^X¹QgN[]fN^Xd$\�e�`0d<®]^$gN^Q¬¿¸^XgN^�e�dNdH_w¹Q[nb^KW��°^�j�Z0[¨[Thi¬0®][]jwZa^E�E\5e.`0d|®]^�¹ne�\0gN^Ã\0^
® e h�b^X¹1e.`0[]j�Z0^�`0^ �|fN_E`a[T^Q`0`0^E�¨j�Z0^J®3e \0^XdN¹QgN[]¬0fN[]_K`�\0^Xd$¬�_KdN[]fN[]_K`0d$^Xf$\0Z�hi_EZ0�K^Xh�^Q`wf|\¨Ð Za`_E�#�O^Qf�\�e.`adµ®]^
dNÏ�dNfX¸^Xh�^M\0^ig0b^O¯Eb^XgN^X`a¹X^�`>Ð [T`�fHgN_�\0Z0[]dN^M¬5e.d�\0^ifN^XgHh�^Xd�e.\0\0[]fH[T_K`0`0^X®]d$\�e�`0d�®]^Xd�b^Xj�Z�e�fN[]_E`ad�\0Z�h�_KZ0�E^Qh�^X`�fnW
Ç�b^X¬5_E`0\5e.`�f�¸e�¹Q^Xd$¹XgN[]fX¸^QgN^Xd1��[]®�^$��[]dNfH^$\0^XZ���\|b^Oº5`0[]fN[]_E`0d|¬5_EdHdN[]�0®]^Xd|\0^$dHÏwdHfX¸^Xhi^Xd<\a^µg0b^O¯Eb^XgH^X`0¹X^)
2 � ^Xd�dHÏ�dNfX¸^Qh�^Xdi\0^�g0b^O¯Eb^QgN^X`0¹Q^�¹X[]`cb^Xh e�fN[]j�Z0^Xd�dN_K`wfM�5e.d0b^Qd�dNZag�®,ÐNb^XfNZ0\a^ dHf�e�fN[]dNfH[Tj�Z0^
\0^Xd�hi_EZ0�K^Xh�^Q`wfHd

\0^M¹X_EgH¬0d�®T_K[]`wfOe.[]`0d1�0»we�®3e&��[]^Xd$®T_K[]`wfOe.[]`0^Xd$^XfÃjwZ5e.d�e�gNd1��\0Z�dN^QZ0®o¬5_E[]`�f$\0^M��Z0^M¹X[]`|b^Xh�e.fH[Tj�Z0^KW¿È³`�dHZ0¬0¬5_EdN^
\�e.`0d�¹X^XfHfN^�\|b^Oº5`0[]fN[]_E`�j�Z0^�®£Ð �³`0[]�E^XgHd^XdNf�`a_E`�Æ,fN_KZ0gN`�e�`�f^Xf�jwZa^�®]^Xd�_E�#�O^XfHd�fHgX¸^Xd�®]_K[T`�fOe.[]`0d�fN^X®]d�j�Z0^
®T^Qd�j�Z�e.dOe.gHd�`>Ð _E`�fM¬�e�d�\0^���[]fN^XdHdN^�\0^»EgH_EZ0¬5^EW �<`�fN^X®³dNÏ�dNfX¸^Xh�^E�|e�Z0dNdH[·e�¬0¬5^X®nb^dNÏ�dNfX¸^Xh�^
\0^g0b^�¯�b^XgN^Q`0¹X^
[T\|b^ne.®]^Xhi^X`�foA0SKA�ÊNV:SKB�FXA0CEAaV�� � _.�Ee.®]^X��d 3�Ï�^Qf7�ÖZ0^X®]®]^Xgn��mn�K E�K�X�1^XdNf&^XdHdN^X`�fH[T^Q®T®]^Xhi^X`�f&��e.d0b^odHZ0g?®3e|¹X[]`|b^Qh e.fH[]jwZa^
dNZ0¬0¬5_Ed0b^X^µe�®nb^ne.fH_E[]gN^°\0^|¹X^Xd°_E�#��^XfNd?®]_K[T`�fOe.[]`0dnW � Ð �N�|Ç³¶$g0b^Q¬�_K`0\¸e³¹X^XfNfH^$\cb^Oº�`0[]fH[T_K`J\a^|dNÏ�dNfX¸^Xh�^°\0^|g0b^�¯�b^XgN^Q`0¹X^
¹X[]`cb^Xh e�fN[]j�Z0^EWa�,®?^XdNf$\>ÐÑe�[T®]®]^XZ0gHd<®]^�¬0gN^Xhi[]^Xg$dNÏ�dNfX¸^Xh�^�\0^�g0b^O¯Eb^QgN^X`0¹Q^�¬5_EZ0�Ee�`wf$gH^Xh�¬0®][]g|¹X^M¹XgH[]fX¸^XgH^EW � Ð �N�|Ç�)
dN^XgOe�e.¬0¬5^X®1b^|g0b^1e.®][]d�e.fH[]_E`�¬0gN[]h e�[]gN^&\0^|®,Ð �N�|Ç<¶��1¬0Z0[]dHjwZa^|¹EÐ ^XdNf?®]Z0[�j�Z0[�e³h�e.f0b^QgN[3e.®][]d0b^?[]`0[]fH[ e�®]^Xh�^X`�f�®,Ð �N�|Ç<¶$^Qf
¬0Z0[]dNj�Z0^|¹EÐ ^XdHfµ¸e³®]Z0[0j�Z0^|dH^XgN_K`�fo®][nb^Xd&fN_KZ0d?®]^Xdoe�Z0fNgH^XdogH^X¬�¸^XgH^Xd|¹X[]`|b^Xh�e.fH[Tj�Z0^Qd(_KZJ\aÏw`5e.h�[]j�Z0^Xd1W � ^|¹ne�f�e.®]_K»EZ0^
�<[]¬0¬�e�gN¹X_Kdo®][nb^�¸e�®,Ð �N�|Ç�)Ö¬�e.g?®,Ð _E�adN^XgH�Ee.fN[]_K`M¬�e.g°®]^|d�e.fH^X®]®][TfH^��³[T¬a¬�e.gH¹X_Ed°\0^<dH_EZ0gH¹X^Xd|^$��fHg�e.»�e.®3e.¹QfN[]j�Z0^Xd°dN^XgOe
Z0`0^�\a^XdMg0b^ne�®][TdOe.fH[T_K`0d�dH^X¹X_E`a\�e.[]gN^QdM\0^�®,Ð �N�|Ç<¶�\�e�`0d�®]^�\a_Eh e�[]`0^J��[]dN[]�0®]^� � _.�Ee�®]^X��d 3�Ï�^Qf e�®£W]�?m1�E�K�E�XW ¸�
®£Ð �N�|Ç³¶���dN^QgN_E`�f�e�dNdN_�¹X[1b^XdMZa`�^X`0dH^XhM�0®]^�\a^�¹X_K`0dNfOe.`�fN^Xd�¯*_E`0\�e�h�^X`�fOe.®]^Xd�^Xf�\0^�h�_�\�¸^Q®T^Qdn��¬5^XgNhi^XfNfOe.`�f�\0^
\cb^Oº�`0[]g°Z0`�dHÏ�dNfX¸^Qh�^<\a^<g0b^�¯�b^XgN^Q`0¹X^�¹X_E`��E^Q`wfH[]_E`0`0^Q®¿e�dNdN_�¹X[1b^$_EZM¹Q_E`�¯:_K`0\0Zi\�e.`0d°d�eÃ\|b^X`a_Eh�[]`�e�fN[]_E`i¸e�®,Ð �N�|Ç<¶�W
2 � ^Xd�dNÏ�dNfX¸^Xh�^QdJ\0^Mg0b^O¯Eb^XgH^X`0¹X^
\0Ï�`�e.hi[Tj�Z0^QdµdH_E`�f���e�d0b^Xd�dNZagJ®,ÐNb^XfNZa\0^M\0Ï�`�e.hi[]jwZa^J\0^QdJ¹X_KgN¬0d�¹�b^X®]^XdHfN^Xd1�

¹EÐ ^XdNf�Æ�¸e Æ£\0[]gH^ dHZ0g�® e
g0b^QdN_E®]Z0fH[]_E`�\0^Xd�b^QjwZ5e.fN[]_K`0dJ\a[ -$b^XgH^X`�fN[]^X®]®]^XdM\0^�®]^XZagMh�_EZa�E^Xhi^X`�fn�5dN_K[Tf�\�e�`0dJ®]^i¹ne.\0gH^
`0^ �|fN_K`0[]^X`>�&dH_E[]fM\�e.`adJ®]^�¹ne.\agN^�gN^X®3e�fN[]��[TdHfN^EW �³[]`0dN[,�&^X`�dNZa¬0¬�_Kd�e�`wfMZa`�¹X^XgHf�e�[T`�`0_KhM�0gN^i\0^�¹X_EgH¬0dn�&®]^XZag
h�_EZa�E^Xhi^X`�fµ¬5^XZ0f�^QfNgN^
\cb^X¹XgH[TfM\5e.`0dM®]^�¹1e.\0gH^ \a^ ®3e
h�b^X¹1e.`0[]j�Z0^M`0^ �|fH_E`0[]^X`a`0^¬�e�gJ®3e
g0b^XdH_E®]Z0fN[]_K`�\>Ð Z0`
dNÏ�dNfX¸^Xh�^M\>ÐHb^Xj�Z�e�fN[]_E`ad<\0[.-µb^XgN^X`�fH[T^Q®T®]^Xd�b^X¹XgN[]fH^XdJ\5e.`0d�Za`�gH^X¬�¸^XgH^�fNgH[3e&��[3e.®�º��w^KW ¸� ¬�e�gNfN[]g$\0^M¹X^Qd b^Xj�Z�e.fH[]_E`0d1�
¹X^XgNfOe.[]`0dM¬5_E[]`�fNd�^XfM\0[]gN^Q¹XfN[]_E`adM[T`��Ee�gN[3e.`�fNdÃdN_E`�f�\|b^Oº�`a[Td1W&�,®|^XdNf�e�®]_EgNd�¬5_EdNdH[]�0®]^�\>Ð Z0fH[T®][]dN^QgJ¹X^QdM[T`��Ee�gN[3e.`�fNd
�3¬�e�gµ^��w^Qh�¬0®]^�®T^Ã��e.gHÏw¹Q^X`�fNgN^i\0Z�dNÏ�dNfX¸^Xh�^�dN_K® e�[]gN^�\>ÐÑe.¹X¹�b^Q®nb^Qg�e.fH[]_E`�`wZa®T®]^�_KZ�®,ÐÑe&��^�[]`��Ee.gH[3e.`�f|\0Z�h�_Ehi^X`�f
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�°) � � � � ��� ��� Åb^Oº�`0[]fH[T_K`�\0^Qdµe&��^Xd³^Xf|g�e�¹X¹X_KgN\0^Xhi^X`�f|\0^Xd³dNÏ�dNfX¸^Xh�^Xd³\0^$g0b^O¯Eb^XgN^X`a¹X^J\aÏw`5e.h�[]j�Z0^Xd$¸eÃ®£Ð �N�|Ç³¶

\>Ð [T`a^XgNfH[T^1�¬5_EZ0g�¹X_K`0dNfHgNZ0[]gN^�Z0` dHÏwdHfX¸^Xhi^�\0^�¹X_�_EgH\0_E`0`|b^X^XdnW �<`0^ b^X¬acb^Xh�b^QgN[]\0^�¬a® e�`|b^XfOe.[]gN^�_EZ ®]Z0`5e.[]gN^
¹X_EZ0��gOe.`�f?Z0`0^|¬|b^XgN[]_�\0^<dHZ!�d�e�`�fN^|¬5^XZ0f|e.[]`0dN[ag0b^ne�®T[]dH^Xg?Z0`MgH^X¬�¸^XgH^µ\a^|g0b^O¯Eb^QgN^X`0¹Q^·e�¬0¬5^X®nb^|gN^X¬�¸^QgN^$\0^|g0b^�¯�b^XgN^Q`0¹X^
\0Ï�`�e.hi[Tj�Z0^KW �<`�dNÏ�dNfX¸^Xh�^?\a^og0b^O¯Eb^XgH^X`0¹X^$e1Ïwe.`�f¨Z0`0^°fN^X®]®]^?h e�f0b^XgH[3e.®][]d�e.fH[]_E`<\aÏw`5e.h�[]j�Z0^¨dN^XgOe�e.¬0¬5^X®1b^?dHÏwdHfX¸^Xhi^
\0^�g0b^O¯Eb^QgN^X`0¹Q^[]`0^XgNfH[]^X®|_EZ�jwZ5e.dN[ Æ,[]`0^XgNfH[]^X®|\�e.`adJ®]^�¹ne.\agN^�gN^X®3e�fN[]��[TdHfN^EW&È³`�\cb^Oº�`0[]gOe�e�Z0dNdH[|Z0`�dNÏ�dNfX¸^Xh�^i\0^
g0b^O¯Eb^QgN^X`0¹Q^ \aÏw`5e.h�[]j�Z0^$¹X_K`w�K^X`�fN[]_E`a`0^X®?¹X_Kh�hi^<®,ÐÑe.dNdH_�¹X[3e.fN[]_K`\0Z�gN^X¬�¸^QgN^�\a^Mg0b^O¯Eb^QgN^X`0¹Q^�\0Ï�`�e�h�[]j�Z0^M¸e�Za`0^
d0b^XgH[T^�\0^¹Q_E`0dHf�e.`�fH^Xd�¯:_K`0\�e.hi^X`�f�e�®T^Qd ��h e.dHdN^Xdi¬0®3e.`|b^Qf�e.[]gH^Xdn�°�Ee.®]^XZagM\0^®,Ð Z0`0[]f0b^�e�dNfHgN_E`a_Eh�[]j�Z0^EW]W]WÑ�$^Xfi\0^
h�_�\�¸^X®]^Xd��3¬0g0b^X¹X^XdHdN[]_E`�Æ,`�Z0f�e�fN[]_E`¨�<b^Q¹�a^X®]®T^�\0^�fN^Xhi¬0dnW]W]WÑ�oe1Ï�e.`�f|¬5^XgNhi[Td³®3e�h�[]dN^$^X`�¬0®3e.¹X^Ã\0^J¹Q^JgH^X¬�¸^XgH^EW(Å³^
¬0®]Z0dn�&¸eiZ0`�dNÏ�dNfX¸^Xh�^�\0^�g0b^O¯Eb^QgN^X`0¹Q^�¹X[]`|b^Xh�e.fH[Tj�Z0^i�3[]¹X[?®,Ð �N�|Ç<¶0�°_K`�¬5^XZ0f�e�dNdN_�¹X[]^XgÃZ0`�gH^X¬�¸^XgH^�\0^�g0b^�¯�b^XgN^Q`0¹X^
\0Ï�`�e.hi[Tj�Z0^���gN^X¬ag0b^XdH^X`�f0b^M¬�e�g|\0^Xdb^Q¬0|b^Xh�b^XgN[]\0^Xd|¬a® e�`|b^XfOe.[]gN^Xd|_KZ�®TZa`�e.[]gN^Qd��°®][nb^µe.Z�gH^X¬�¸^XgH^J¹X[]`|b^Qh e.fH[]jwZa^EW

��� � � 	 � 
 �8 	 4&):/1):254(6

�<`�gN^Q¬¿¸^XgN^
\0^�g0b^O¯Eb^XgH^X`0¹X^�\0Ï�`�e.hi[]jwZa^J^XdHfM\|b^Oº�`a[J¸e
¬�e.gHfN[]gJ\a^ ¬5_E[]`�fNd�^Xf�\0^�\0[]gN^X¹QfN[]_E`0dM[]`��Ee.gH[3e.`�fNd�¬5e.g
g0b^XdH_E®]Z0fN[]_K`M\0^Xd�b^Xj�Z�e.fH[T_K`0d?\0[.-µb^XgN^Q`wfH[]^X®]®T^Qdo\0ZMhi_EZ0�K^Xh�^Q`wf�\aZ�dNÏ�dHfX¸^Xhi^|\0Ï�`�e.hi[Tj�Z0^Mb^XfNZ0\a[nb^KW#�³[T`adN[&¸e$¬�e.gHfN[]g
\0^Xd�b^Xj�Z�e.fH[]_E`0d³\0Zh�_KZ0�E^Qh�^X`�f?\0^Qdµ¬a® e�`�¸^XfH^Xd$¬0gN[]`0¹X[]¬�e�®]^Xd|\0ZdHÏwdHfX¸^Xhi^JdH_E®3e.[]gH^·e�Z0fN_KZ0g<\aZ�¶�_E®]^X[]®,�°b^X¹XgH[]fN^Xd
^Xf<g0b^XdN_K®TZa^Xd$\�e.`0d³Z0`�dNÏ�dNfX¸^Xh�^Ã\0^�¹X_�_EgH\0_E`a`cb^X^Xd$`0_K`�Æ£fH_EZ0gH`�e.`�f|_KZ[]`0^XgNfH[]^X®,�0_E`�¬5^XZ0f³\cb^Oº�`0[]g³®T^Qd<¬0®3e.`ad|\0^
g0b^O¯Eb^QgN^X`0¹Q^J^Xf³®]^Xd|_EgH[T»K[]`0^Xd|dNZa[T�Ee�`�fNdnW
� ^|¬0®3e.`M\0^$R À ~G1�XR]D r¿V*D3q1BwG³pJSKÄ.GnAiD3A0G1FXV*D3GXR5IEG³RTC�IECKV:G ^XdNf°®]^o¬0®3e�`J¬5^XgN¬5^X`0\a[T¹QZ0®3e.[]gN^$e.ZMh�_Kh�^X`�f�¹X[]`|b^QfN[]j�Z0^

h�_.ÏE^Q` \aZ���e�gNÏ�¹X^X`�fHgN^ �&^XgHgN^OÆ � Za`0^M®]_EgNdHj�Z0^Md�ei��[]fN^XdHdN^M^XdHf�¹ne.®]¹XZa®nb^Q^J\�e�`0d$Z0`�dNÏ�dNfX¸^Xh�^M\0^�¹X_�_EgH\0_E`a`cb^X^Xd
`0_E`�Æ,fN_KZ0gN`5e.`�fnW>�$Ð ^XdHfJ®]^M¬0®3e�`�`�e.fHZ0gN^X®°\0^Xd�b^Xj�Z�e�fN[]_E`0dÃ\0Z�h�_KZ0�E^Xhi^X`�f<\0^QdJ¬0®3e�`¿¸^XfN^Qd �*¶�f�e�`0\0[]dN>�°mn�K 0m1�XW
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�|º�`i\0^<gH^X®][T^Qgo®]^<gH^X¬�¸^XgH^$\0Ï�`�e.hi[Tj�Z0^°gN^Q¬0g0b^XdH^X`�f0b^�¬5e.g°®T^³¬0®3e.`M\0^³®,ÐNb^Q¹X®][T¬afN[]j�Z0^ohi_.ÏE^X`�[]`0^XgHfN[]^X®�\0^³® e·\�e.fH^J¸e
Z0`gN^Q¬¿¸^XgN^�h e�f0b^XgH[3e.®][]d�e.`�f°Z0`�dNÏ�dNfX¸^Xh�^Ã\0^�g0b^�¯�b^XgN^Q`0¹X^E�¨_E`e.dHdN_�¹X[]^Me.Z�¬0®3e.`�\0^�®,ÐHb^X¹X®][]¬0fH[Tj�Z0^$hi_.ÏE^X`i[T`a^XgNfH[T^Q®
\0^$® eÃ\�e�fN^E�5R À ~Gnq1B�D3A0S1�EG�IEÄ.A0CKpJD�qnB�G�pJSKÄ.GnAD�A0GnFQV:D3GQR>IEG·RTCMIECKV:GsjwZa[�dN^XgOe�®T^³`��$Z0\e.dH¹X^X`0\�e�`�fn�0`a_Ef0b^ � dNZag
® esº�»KZ0gN^#�0W �0W]mK�n\aZM¬0®3e.`�\0^<®,ÐNb^X¹X®][]¬0fN[]j�Z0^°[]`0^XgNfH[]^X®�hi_.ÏE^X`�\0^|®3e$\�e�fN^|dHZ0go®]^|¬0®3e�`�º ��^³\0^$R À ~G1q1BwCKV:G1B�F<p�SEÄ.G1A
IEGÃRTCMIECKV:G1��¬0®3e.`M\|b^Oº�`0[°¸e�¬�e�gNfH[Tg°\0^³® eÃ\0[]gN^Q¹XfN[]_E`i\0Z�¬��_E®]^³¹¿b^X®]^XdNfH^�^Xf°®]^Xd|fN|b^Q_EgN[]^Xd|\a^µ¬ag0b^X¹X^QdNdN[]_K`�Æ£`�Z0fOe.fH[T_K`
e.dNdH_�¹X[nb^X^Xd<e.ZMdHÏ�dNfX¸^Qh�^<\a^<g0b^�¯�b^XgN^Q`0¹X^�j�Z0^|®,Ð _E`M¹O0^XgH¹O0^M¸e$g�e�¹X¹X_EgH\0^Xg1W�Å³^°¯£e �¹Q_E`M¬0®]Z0d°»?b^X`|b^Xg�e�®T^K�E®]_EgHdNj�Z0^³®£Ð _K`
¹�a_E[]dN[]f°®T^³¬0®3e.`i\0^<®,ÐNb^X¹X®][]¬0fN[]j�Z0^|[]`0^XgHfN[]^X®¨h�_.ÏE^Q`J\>Ð Z0`a^<\�e�fN^$\0^$g0b^O¯Eb^XgN^X`a¹X^�¹X_Kh�h�^°¬0®3e.`i\0^<g0b^O¯Eb^XgH^X`0¹X^�\>Ð Z0`
dNÏ�dNfX¸^Xh�^E��_E`�^XdNfoe�h�^X`|b^µ¸e³¹X_Kh�¬0®1b^XfH^Xg>¹X^³¹O0_E[ �$¬�e.g&¹X^Q®TZa[�\>Ð Z0`Me&��^ º ��^o\aZM¬0®3e.`>�1¬�e�dNd�e�`�f(¬5e.g?®]^°¹X^X`�fNgH^<\0Z
dNÏ�dNfX¸^Xh�^$\0^$g0b^�¯�b^XgN^Q`0¹X^�^Xf<¹X_KZ0¬�e�`wf°®3e�dH¬0�¸^XgH^J¹�b^X®]^XdNfH^�^X`�Z0`�¬�_K[]`wf°\0[]f|_EgH[]»E[]`0^<_KZ�_KgN[]»E[]`0^³\0^Xdµe�dN¹X^Q`0dN[]_E`ad
\0gN_K[TfH^XdnW�È³`M¬0gN^Q`0\MdN_KZ0�E^X`�f?¬5_EZag?_EgH[T»K[]`0^o®,ÐHb^Xj�Z0[]`0_&��^°\0Ï�`�e.hi[Tj�Z0^ [T`a^XgNfH[T^Q®£WK�>_KZ0g?®3e³\|b^Oº�`a[TfH[]_E`�\0^<®,Ð �N�|Ç<¶��
[T®5e�b^Xf0b^³¹O0_E[]dN[a¹X_Ehih�^?_KgN[]»E[]`0^°\0^Xd|e.dH¹X^X`0dH[T_K`0d°\0gN_K[TfH^Xd°®£ÐÑe�dN¹X^X`adN[]_E`M\0gH_E[]fN^|hi_.ÏE^X`a`0^o\a^|�w[]`0»Kf,Æ,fNgH_E[]d?g�e�\0[]_.Æ
dN_EZagN¹X^XdM�H�:�Xy �0W �w�QW��°^$¬�_K[]`wf|^QdNf$fNgX¸^Xd<¬0gH_�¹�a^J\0^Ã®£ÐHb^Xj�Z0[]`0_&��^³\0Ï�`�e.hi[Tj�Z0^³[]`0^XgNfH[]^X®&h�_.ÏE^Q`�¸e�±wkKlElKl�� �<gH[3e.d
^Xf e�®,WT�&m1�E E K�$^Xf�^XdNf�gN^Q¬0g0b^XdH^X`�f0b^¬5e.g

�
���N�|Ç<¶0�$dHZ0g�® e º�»EZ0gH^ �0W �0W]mKW¿¶tZ0gJ¹Q^XfNfH^�º5»EZ0gH^�^XdHf e�Z0dNdH[o[]`0\0[]j�Z|b^

®£ÐÑe�`0»E®]^ �Ã\>Ð [T`a¹X®][T`5e.[]dN_K`M^X`�fNgN^Ã®T^$¬0®3e�`�b^X¹X®][]¬0fH[Tj�Z0^$hi_.ÏE^X`M±�kElElKl�^Qf<®]^$¬0®3e.`�b^QjwZ5e.fN_KgN[3e.®�\a^µ®,Ð �N�|Ç<¶ W
�³_EfH_E`0d�j�Z>Ð]¸e�®£ÐHb^X¬5_�j�Z0^�_�¸Z ®]^Xd�h�_.ÏK^X`0d�\>Ð _E�0dH^XgN�Ee�fN[]_E`ad�`0^�¬5^XgNhi^XfNfOe.[]^X`�f�¬�e�d�®3e�h�[]dN^�^X` ¬0®3e�¹X^

\>Ð Z0`�gN^X¬�¸^XgN^�\0^�g0b^O¯Eb^QgN^X`0¹Q^�[]`0^XgNfH[]^X® e1�K^X¹�Z0`0^�¬0g0b^Q¹X[]dN[]_E`�dNZ!�dOe.`�fN^E�³[]®�b^XfOe.[]f�fHgX¸^Xd�\0[ �¹X[]®]^�\0^�\|b^Oº5`0[]g
_E�0dH^XgN�Ee�fN[]_E`0`a^X®]®T^Qh�^X`�f$Z0`�dHÏ�dNfX¸^Qh�^�\a^M¹X_�_EgN\a_E`0`|b^Q^XdM`0_E`tÆ£fH_EZ0gH`�e.`�fnW � ^ih�_Kh�^X`�f<¹Q[T`|b^XfN[]j�Z0^�hi_.ÏE^X`�\0Z
��e.gHÏw¹Q^X`�fNgN^��&^XgHgN^OÆ � Za`0^�b^Qf�e.[]f³^XdNfH[Th�b^�\�e�`0d<Z0`
dNÏ�dNfX¸^Xh�^�\a^J¹X_�_KgN\0_K`0`|b^X^Xd$fH_EZ0gH`�e.`�fn��e�¬0¬�^Q®nb^ P�Ä1PXVE�Gnp�GMIEG
��S1SEFHIESKA0A$~G1GXP�FNSEV*CEV*D3SKA0A0GQRT�¨\cb^Oº�`0[�¸eÖ¬�e.gHfN[]gJ\¨Ð _K�0dN^QgN�Ee.fH[]_E`0d�h�b^XgN[]\0[]^X`a`0^Xd�\0Z�¶�_E®]^X[]®°^Xf�\0^Xd�¬0®3e.`�¸^XfH^XdnW � ^
¬0®3e.`¬5^XgN¬5^X`0\a[T¹QZ0®3e.[]gN^�¸eMZ0`
fN^X®?hi_Ehi^X`�f?¹X[]`|b^XfH[Tj�Z0^�^XdHf·e�¬0¬5^X®nb^�r5RTCEA�IKG�R À ~G1�QRTD r�V:D3q1B�GJFHSEV*CEV*D3SEAaA0GXR?p�SEÄ.G1A
IEGMR]C�IECEV*G$^Xf�¬5^XZ0f��^XfHgN^M\|b^Q¹XgN[]f�fHcb^X_EgH[]jwZa^Xh�^X`�f�¸e�¬5e.gNfH[]g<\0Z�¬0®3e.`\a^M®£ÐHb^X¹Q®T[]¬0fH[]jwZa^µ[]`0^QgNfN[]^X® h�_.ÏE^Q` \a^J®3e
\�e.fH^�^Xf�\0^�®,ÐNb^QjwZa[T`a_&�w^�\0Ï�`�e�h�[]j�Z0^J[]`0^QgNfN[]^X®|hi_.ÏE^X`�\0^i® eÖ\�e.fH^��:¶tf�e.`a\0[]dN>�|m1�E 0m � � []`0_EdH0[]f�e
^Xf �<_ 3�[,�
mn�E  �E�QW �³Z�¬0®3e.`�\0^M®,ÐNb^X¹X®][]¬0fN[]j�Z0^�\0Ï�`�e.hi[Tj�Z0^ÃgN_EfOe.fH[T_K`0`0^X® h�_.ÏE^Q`\0^M®3ei\�e.fH^M^XdNfMe.dHdN_�¹X[nb^X^�Za`0^M_EgH[T»K[]`0^E�
R À ~G1qnB�D3AaSn�KGMFNSEV*CEV*D3SKA0A0GQR>pJSKÄ.GnA�IEGÃRTCiIECEV*G1�0\|b^Oº5`0[]^�¹X_Ehih�^|®]^$`��$Z0\e.dH¹X^X`0\�e�`�f<\0Z¬a® e�`�\0^Ã®£ÐHb^X¹Q®T[]¬0fH[]jwZa^
h�_.ÏE^Q`MgN_EfOe.fH[T_K`0`0^X®¨\0^$®3e�\�e�fN^$dNZag<®,ÐNb^Xj�Z�e.fH^XZ0g|h�_.ÏK^X`M\0^�®3eÃ\�e.fH^EW
�7`�º�`>�.[]®�^XdHfoe.Z0dHdN[�¬5_EdNdH[]�0®]^o\0^|\|b^Oº�`0[]g&Z0`�dNÏ�dNfX¸^Xh�^°\0^°g0b^O¯Eb^QgN^X`0¹Q^<[]`0^XgHfN[]^X®>¸e³¬�e�gNfN[]g¨\0^Xdoe �w^Qd([]`0dHf�e�`wfOe.`|b^Qd

\0^�gH_EfOe.fN[]_K`�\0Z�¬��_K®]^�¹�b^Q®T^QdNfN^�\a^Xd b^X¬0|b^Xh�b^XgN[]\0^Qd ^Qf \a^�®,ÐNb^Xj�Z0[]`0_&��^��g�e�[<\0^�®3e�\�e�fN^EW|�°^XfHfN^�\|b^Oº5`0[]fN[]_E`
\0[.-(¸^XgH^\0^¹Q^X®]®T^
\0^®,Ð �N�|Ç<¶�¬5e.g�®]^�¹O0_E[ ��\0^XdifN|b^Q_EgN[]^Xdi\0^¬0g0b^X¹X^XdHdN[]_E`�^Qf�\0^`�Z0fOe.fH[T_K`�Z0fH[]®T[]d0b^X^Xd�¬5_EZag
¹X_E`0dHfNgHZ0[]gN^�®]^<dHÏ�dNfX¸^Qh�^$\>ÐÑe&��^Xd�b^Xj�Z�e�fN_KgN[3e.®,W�È<`�e.¬0¬5^X®]®]^$Z0`�fN^X®�dHÏwdHfX¸^Xhi^E��dNÏ�dHfX¸^Xhi^µ\aZ ¬ �_E®]^<¹�b^Q®T^QdNfN^Ãh�_.ÏE^Q`
\0^Xdb^Q¬0|b^Xh�b^XgN[]\0^Xd��*�°�e.¬agN_E`�f|^Xf$e.®,W]��m1�E�K�E�XW
Ç³e.¬0¬5^X®]_E`ad(j�Z0^°®,Ð _E`$\|b^Oº�`a[Tf&Z0`�dNÏ�dHfX¸^Xhi^o\0^°g0b^�¯�b^XgN^Q`0¹X^$¹X_E`��K^X`�fN[]_E`0`a^X®�¬�e.g&®,ÐÑe.dNdH_�¹X[3e.fN[]_K`µ\¨Ð Za`JgH^X¬�¸^XgH^|\0^

g0b^O¯Eb^QgN^X`0¹Q^�^Xf°\>Ð Z0`�dHÏwdHfX¸^Xhi^<\0^³¹X_E`adNf�e�`�fN^Xd°¯:_K`0\�e�h�^X`�f�e�®]^Xd?e.Z0j�Z0^X®�e.¬a¬�e.gHfN[]^X`�fo®,Ð _E�a®T[]j�Z0[]f0b^ \0^$®£ÐHb^X¹Q®T[]¬0fH[]jwZa^
¸e�Z0`0^$\�e.fH^$\0^�g0b^�¯�b^XgN^Q`0¹X^E��^Qf|\>Ð Z0`0^$fN|b^Q_EgN[]^$\0^�¬ag0b^X¹X^QdNdN[]_K`^Xf<\a^µ`�Z0fOe.fH[T_K`>W

��� � � � ��>6Q/ �8�©�8 6 9¨8 = �8 �Y�8 = 8 4?+ 8�8 / �8 ;&« �8�© �8 =.) 9¨8 6

�,®?^XdNfÃ¬�_KdNdN[]�0®]^�\>ÐÑe.dHdN_�¹X[]^Xg�¸eiZ0`0^�j�Z0^X®]¹X_K`0j�Z0^MdN_K®TZafN[]_E`\aZ�h�_EZa�E^Xhi^X`�fo\0Z���e�gNÏ�¹X^X`�fNgH^ �&^XgHgN^OÆ � Z0`a^�Z0`
dNÏ�dNfX¸^Xh�^$\0^³g0b^O¯Eb^QgN^X`0¹Q^J\0Ï�`�e�h�[]j�Z0^EW.�,®�¬5^XZ0f|\a_E`0¹$^$��[]dNfH^Xg|Z0`0^$hMZ0®]fN[]fHZ0\0^|\0^$dNÏ�dHfX¸^Xhi^Xd|\0Ï�`�e.hi[]jwZa^Xd?¹X_K`�Æ
�E^X`�fN[]_K`0`0^X®]dn�1�°b^XgH[ º�e.`�f>®3e|h��^Xh�^¨¬0gN_K¬0gN[1b^Xf0b^o»?b^X`|b^XgOe.®]^°\0^o\|b^Oº�`0[]fN[]_K`�\>Ð Z0`$dNÏ�dNfX¸^Xh�^°\0^°g0b^O¯Eb^XgN^X`a¹X^|\0Ï�`�e.hi[]jwZa^
h e.[]d5¯£e�[]d�e.`�f&e.¬0¬5^X®�¸e³\0^Xd&�Ee.®]^XZ0gHd&\0^o¹Q_E`0dHf�e.`�fH^Xd&¯:_K`0\�e.hi^X`�f�e�®T^Qd�_EZ�\0^Xd&h�_�\�¸^X®]^Xd¨\0Ï�`�e.hi[]jwZa^Xd>\0[.-µb^XgN^Q`wfHdnW
�<_EZad|¹�a_E[]dN[]dNdH_E`0d³[]¹X[>\0^$¬0g0b^XdN^Q`wfH^Xg$fNgH_E[]d<\>Ð ^X`�fHgN^$^XZ���W � ^�¬0gH^Xh�[]^Xg|dHÏwdHfX¸^Xhi^$\0^$g0b^O¯Eb^QgN^X`0¹Q^M¹X_E`��E^Q`wfH[]_E`0`0^Q®
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� -0%&' 8 ��� � � � � È³�0dN^XgH�Ee.fH[T_K`0d?Z0fH[]®T[]d0b^X^Xd?\�e�`0doÅ$�&��lE¢³¬�_KZ0g&^ -�^X¹XfNZa^Xg<®]^°®T[]^X`Me1�E^Q¹|®£Ð �N�|Ç!)oW � e<\a^XZ���[:¸^Xh�^
¹X_E®]_E`a`0^$[T`a\0[]jwZa^µ®3eÃ¬|b^XgH[T_�\0^$hi_.ÏE^X`0`a^<\0^Xd³_E�0dH^XgN�Ee�fN[]_E`adn�0e.®]_KgNd|j�Z0^$®3e�j�Z�e�fNgN[*¸^Xhi^<\0_K`0`0^
®T^$f,Ï�¬5^�\>Ð _E�0dH^XgN�Ee��0®]^Xd*) � � � ¬�_KZ0g|\0^Xd³jwZ5e.`�fN[]f0b^Qd<e.`0»KZ0®3e.[]gN^Xd°^Xf��M¬�_KZ0g|\0^Xd³\0[]dNf�e�`0¹X^Xd1W

È³�0dN^QgN�Ee.fH[]_E`0d Å$e.fN^Qd �&®3e.`�¸^XfH^ È³�0dN^XgH�Ee.�0®]^Xd �&g0b^X¹X[]dN[]_E` �<_KhM�0gN^Qd
�&0_K��_Kd ² � �°� mn�K E� �e.gHd � � � mnl Æ�m1lElÃh e�d k
�<®]Ï�dNdH^Xd ² � �o� mn�K�Ek ±EZ0¬0[]fH^Xg � � � �1Æ �Ãh e.d k
�e�»E^X®]®3e.`i² � �°� mn�K�El1ÆXmn�K�.� ²b^X`�Z0d � � � �1ÆXmnlÃh e�d mn 
Y�e�®T[]®]^X_¾² � �o� mn�K�E¢ ±EZ0¬0[]fH^Xg � � � ¢El Æ�kKlElÃh e�d k
��� Ç mn� �E�1ÆXmn�K�#� � Z0`0^ � k1Æ �ElÃ¹Xh mEm1k0m1 

¬0g0b^XdH^X`�f0b^|^XdHf?��e�d0b^°dNZ0g¨®T^Qd(dH_E®]Z0fH[T_K`0d>`�Z0h�b^XgN[]j�Z0^Xd¨\0Z�hi_EZ0�K^Xh�^X`�f5\0^Xd&¬0®3e.`�¸^XfN^Xd&^Xf&\0^°®3e � Z0`0^?\|b^Q�E^X®]_E¬a¬cb^X^Xd
e.Z�±�� � ^Xf<e$��Z0dNf0b^X^Xd<e.Z'�M_E�0dH^XgN�Ee�fN[]_E`0d°®]^Xd|¬0®]Z0d°h�_�\0^XgH`0^Xd���dNZ0[]��[�\a^µdH_E`0\a^Xd|dN¬�e�fN[3e.®]^Xd1��² � �o�X� � � Ç<�QW � ^
dNÏ�dNfX¸^Xh�^M\0^ig0b^O¯Eb^XgN^X`a¹X^\|b^Oº5`0[µ¸eÖ¬�e.gHfN[]g�\0^M®3e�dH_E®]Z0fN[]_K` Å$�&��lE¢��:¶�fOe.`0\a[TdH>�°mn�E�K .���$e b^Qf0b^�¹O0_K[]dN[°¹X_Ehih�^
dNÏ�dNfX¸^Xh�^|\0Ï�`�e�h�[]j�Z0^°\0^|g0b^O¯Eb^XgN^X`a¹X^Je.dHdN_�¹X[1b^�¸e$®,Ð �N�|Ç<¶i�3�N�?Ç³¶��EkKlEl��K�X�.¹KÐ ^QdNf,ÆX¸e1Æ,\0[]gN^³¹X_Ehih�^?h�e.f0b^XgN[3e.®][]d�e�fN[]_E`
\0Ï�`�e.hi[Tj�Z0^|\a^�®,Ð �N�|Ç³¶�W
� eidN^X¹X_K`0\0^�¯£e�h�[]®]®]^<\0^MdHÏwdHfX¸^Xhi^Xd$\0^Mg0b^�¯�b^XgN^Q`0¹X^�¹Q_E`��E^X`�fH[T_K`0`0^X®]d$¬0g0b^XdN^X`�f0b^X^ e�b^Xf0b^M¹X_E`0dHfNgHZ0[]fN^¸ei¬�e.gHfN[]g

\0^Xd<dH_E®]Z0fH[T_K`0d|dN^Qh�[ Æ�e�`�e.®]Ï�fN[]j�Z0^Xd \0Zh�_KZ0�E^Qh�^X`�f&\0^�®3e � Za`0^$\cb^X�E^Q®T_K¬0¬|b^X^Qdµ¬5e.g<�°�e�¬0gN_K`wf|^Qfµ�°�e�¬0gN_K`wf�Æ
�(_KZ�+�b^��Hmn�K�E�E�Q�o�°�e�¬0gN_K`�f�^Xfe.®,W³�Nmn�K�E�K�X�o�°5e.¬0gH_E`�f�^Xf�e.®,W<�*kElKlEkE�Q�o�°�e�¬0gN_K`�f�^Xf )ag�e.`a¹X_EZ �*kElKl��E��^Qf
e$�OZ0dHf0b^X^Xd�e.Z���_E�adN^XgH�Ee.fN[]_K`0d�\0^�®3e \0[]dNf�e�`0¹X^ �&^XgNgH^OÆ � Z0`0^�¬�e�g�f0b^X®1b^Xh�b^XfNgH[T^
® e�dN^Xg�� ��� Ç³�XW|�°^XfHfN^�¯£e�h�[]®]® ^
¬0g0b^XdH^X`�fN^�®3e�¬�e�gNfH[T¹QZ0®3e.gN[]f0b^<\0^$\|b^Oº5`0[]g|Z0`�dNÏ�dNfX¸^Xh�^$\0Ï�`�e�h�[]j�Z0^<e.dHdN_�¹X[nb^�e.Z�gH^X¬�¸^XgH^J\aZ�¬��_K®T^$¹�b^Q®T^QdNfN^Ãh�_.ÏE^Q`
\0^Xdb^Q¬0|b^Xh�b^XgN[]\0^Xd|fH^X®>j�Z0^ÃgN^X¹X_Kh�h�e.`0\|b^|¬5e.g|®,Ð �N�?Ç<¶
�3�N�?Ç³¶��0kElKl��E�QW
�7`�º�`>�³®]^�fNgN_K[]dN[:¸^Xh�^
dNÏ�dNfX¸^Xh�^�j�Z0^�`0_EZ0de�®T®]_K`0d�¬0g0b^XdH^X`�fN^Xg�e b^Xf0b^�¹X_K`0dNfHgNZ0[]f�¸e�¬�e.gHfN[]g\0^Xd�fN|b^X_EgH[T^Qd

e.`�e�®TÏ�fH[Tj�Z0^Qd�\0Z hi_EZ0�K^Xh�^Q`wf
\0^Xd�¬0®3e.`�¸^QfN^Xd1�J²$¶0È$�&WM�°^XfNfH^�¯£e�h�[]®]®]^�\0^ dHÏ�dNfX¸^Qh�^�\0_K`0`0^�Za`0^ e�Z0fNgH^
g0b^ne�®T[]dOe.fN[]_K`�¬5_EdNdH[]�0®]^µ\¨Ð Za` dHÏ�dNfX¸^Qh�^$\0Ï�`�e.hi[]jwZa^|[T`a^XgNfH[T^Q®£W
Ç³e.¬0¬5^X®]_E`ad|jwZa^µ\5e.`0d|¹X^Qd<fNgH_E[]d|¹ne�d<\0^³º�»KZ0gN^$®]^Xd<dHÏ�dNfX¸^Qh�^Xd|dH_E`�f|\0Ï�`�e.hi[]jwZa^Xdo[]`0^QgNfN[]^X®]d1W

��������������� �� ��� ��� �� �  "2�&��%()  �� �  �� )��&�4"()	� � �
�(e�g>®]^?¬�e�dNd0b^E�.®]^Xd>dHÏ�dNfX¸^Qh�^Xd&\0^°g0b^O¯Eb^XgN^X`a¹X^|\0^Xd�b^X¬0|b^Xh�b^XgH[]\0^Xd&¬0®3e.`|b^Qf�e.[]gH^Xd>\0Z�±w� � b^XfOe.[]^X`�f&®T^ ) � ��¸e|®,ÐNb^X¬�_�j�Z0^
\0^Mg0b^O¯Eb^XgN^X`a¹X^��µm1�E¢ElaWÑl���¬�e.g$^$��^Xhi¬0®]^ e1�K^X¹M®3eidN_E®]Z0fH[]_E`�Åµ�smEmn i\0^ �³^ �|�e�®T® ^XfJe.®,W]�&mn�K ��E�³^XfÃ¬0®]Z0d$f�e.gH\
®£ÐHb^Xj�Z�e�fN^XZag<h�_.ÏK^X`�^Xf<®,ÐHb^Xj�Z0[]`0_&��^�\0Ï�`�e�h�[]j�Z0^<\aZ�) � ¢
¸eM±�kElElKl��¬�e.g³^$��^Xh�¬0®]^�e1�E^Q¹J®3e�dN_K®]Z0fN[]_E`Å$�?kKlEl
\0^¶�f�e�`0\0[]dN>�³mn�K EkE�QW(Å³^X¬aZ0[]dM® e
dN_K®]Z0fN[]_E`�Å$�&�wl ���*¶�f�e�`0\0[]dN�^Xf�e�®£W]�°mn�K�E¢E�Q�&®]^XdMdN_K®TZafN[]_E`0d�`�Z0h�b^QgN[]j�Z0^Xd
\0Zh�_KZ0�E^Qh�^X`�f?\0^Qdµ¬a® e�`�¸^XfH^Xd<\0Z
±w� � dN_E`�f³gN^X®][nb^X^XdM¸e�®,Ð �N�|Ç�)°W0�°^�®][]^X`�e�b^Xf0b^�b^XfOe.�0®][¨¬�e.g³®£Ð []`�fN^XgHh�b^X\a[ e�[]gN^
\0^$®£ÐÑe$��Z0dNfH^Xh�^X`�f°\0^Xd|dH_E®]Z0fN[]_K`0do¬a® e�`|b^XfOe.[]gN^Xd�¸eÃ\0^Xd³_E�0dH^XgN�Ee�fN[]_E`ad|\0_E`0`5e.`�fo®3eÃ¬�_KdN[]fN[]_K`�\0^Xd|¬a® e�`�¸^XfH^Xd|\�e.`ad
®£Ð �N�|Ç!)oW1�°_Ehih�^>[]®�^XdHf(\|b^X¹XgN[]f?¬5e.g?¶�f�e�`0\0[]dNi�Nmn�K�E �����^Xf )0_K® 3�`0^Qg>^Xf?e.®,W��Nm1�E���w��®]^?gOe.¹X¹Q_EgN\a^Xh�^X`�f?d1Ð ^ -¿^Q¹XfNZ0^
^X`�jwZ5e.fNgH^�b^XfOe.¬5^Xd )
2 � Ð �N�|Ç�)i^XdNf&gH^X®][nb^|e.Z'�µ¬5_EdH[]fN[]_E`0d¨\0^Xd&g�e�\0[]_.Æ,f0b^X®]^XdH¹X_E¬5^Xd?��[3e|®]^Xd¨_E�0dH^XgN�Ee�fN[]_E`ad(² � �°�XW1�,®w^QdNf?\0_K`0¹?¬5_EdHdN[]�0®]^
\¨Ð e1�K_E[]g°®T^Qd|¹X_�_EgN\a_E`0`|b^Q^Xd<\0^Qd<g�e�\0[]_.Æ,f0b^X®]^XdH¹X_E¬5^Xd³\0[]gN^X¹XfH^Xh�^Q`wf|\5e.`0d³®£Ð �N�|Ç!)oW
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2 � ^Xd�g�e.\a[T_�Æ£f0b^X®]^XdN¹Q_E¬5^XdMdN_K`wf�gN^Q®T[1b^XdMe.Z'��dHf�e.fH[]_E`0d � � Ç ��[3e�®,Ð � �<Ç�)°W�È³` e�\0_K`0¹�®]^Xd�¹X_�_EgH\0_E`a`cb^X^XdM\0^Qd
dHf�e�fN[]_E`0d|\a^�fN[]gNd|®3e�dN^Xg|®][nb^X^Xd�¸e�®,Ð �N�|Ç�)°W

2 � ^Xd�¹X^X`�fNgH^Xd ��� Ç dH_E`�f�gN^X®][nb^Xd�e�Z�h�_EZa�E^Xhi^X`�f�\0^�®3e � Z0`a^���[3e�®]^Xd
_E�0dH^XgN�Ee�fN[]_E`0d ��� ÇÃW	�<[]`0dH[J®]^
�5e.gNÏ�¹X^Q`wfHgN^ �&^XgNgH^OÆ � Z0`0^�^QdNf<\a[TgH^X¹XfH^Xh�^X`�f|¹X_K`0`0^X¹Qf0b^�¸e�®,Ð �N�|Ç�)°W

2 � ^Xd�¬a® e�`�¸^XfH^Xd�[]`�f0b^XgH[]^XZ0gN^Qd�dN_K`�fM\0[]gN^X¹XfH^Xh�^Q`wfM®][1b^X^Xd�e�Z���e.gHÏw¹Q^X`�fNgN^ �&^XgNgH^OÆ � Z0`0^
�w[3e
®]^XdMfN|b^Q_EgN[]^Xdi\0ÏKÆ
`5e.h�[]j�Z0^XdÃ^XfJ®]^XdM_K�0dN^QgN�Ee.fH[]_E`0d�g�e�\�e.g�^Xf�\0^�dHZ0[]�w[|\a^XdJdH_E`0\a^XdnW � ^Xd�¬0®3e.`�¸^QfN^XdM^$��f0b^XgN[]^XZ0gH^Xd�dH_E`�f�®T[1b^X^Qd
\a[TgH^X¹XfH^Xh�^X`�fM¸eM®,Ð �N�|Ç�) ��[ e \0^Xd$_E�adN^XgH�Ee.fN[]_K`0d$² � �°�<\a^JdHZ0[]�w[¨\0^�dN_E`a\0^EW � ^Xd$_E�0dH^XgN�Ee�fN[]_E`0d$² � �°�<\0Z
dHZ0[]��[(\a^Xd$dN_E`a\0^Xd�e.Z��E_K[TdH[]`�e.»K^µ\a^Xd$¬0®3e.`�¸^XfH^Xd$^$��f0b^XgH[]^XZ0gN^Qd�b^XfOe.`�f<gOe.gH^Xd�^Xf$g0b^Q¬�e.gHfN[]^Xd$dNZ0g$Z0`�[]`�fN^XgH�Ee.®]®]^
\a^µfH^Xh�¬ad?¹X_EZagNf��3�K_E[]g?fOe.�0®]^��aW �0W]mn�Q�.[]®0^XdNf<e�Z0dNdH[�`|b^X¹X^QdNd�e�[]gN^�\>Ð []`0¹X®]Z0gH^<\�e�`0d°®£ÐÑe$��Z0dNfH^Xh�^X`�f?\a^Xd|_E�0dH^XgN�Ee Æ
fH[]_E`0d°_E¬0fH[]jwZa^Xdo\a^µ¹Q^Xd|¬0®3e.`�¸^QfN^Xd|^ -�^X¹XfHZ|b^X^Xd�e�ZM¹X_EZ0gHd|\0^Xd|dH[:¸^Q¹X®]^Xd|¬0g0b^Q¹¿b^X\0^X`�fHdnW��¨_EZ0g°®]^Xd|¬0®]Z0d°h�_�\0^XgH`0^Xd
\¨Ð ^Q`wfHgN^�^Q®T®]^Xd1�0[]®�^XdHf<¬5_EdNdH[]�0®]^µ\a^µgOe.¹X¹Q_EgN\a^XgM¸e�®,Ð �N�|Ç�)�®]^Xd|¬5_EdH[TfH[]_E`0d|_K�0dN^XgH�ob^X^Xd$dN_K[Tf|\a[TgH^X¹XfH^Xh�^X`�f���gN^X`�Æ
¹Q_E`�fNgH^µ¬agN_�¹O0^µe1�K^X¹<Z0`a^b^XfH_E[]®]^��<[]¬0¬5e.gN¹Q_Ed°¬�e.g?^��w^Qh�¬0®]^n� dN_K[Tf [T`a\0[]gN^X¹XfH^Xh�^Q`wf$�3gOe.¹X¹Q_EgN\a^Xh�^X`�f°\0Z ) � ¢
¸eÃ®,Ð �N�|Ç�)°�w�Ö_EgNgH[]dN_E`¨��mn�E�KkE�Q�E¹X_KgNgH^X¹XfN[]_K`0d|\>Ð ^XgNgH^XZ0gHd<dNÏ�dHf0b^Xh�e.fN[]j�Z0^Xd|\5e.`0d°®]^�) � �M^Xf|®]^�) � ¢��*¶�¹O �|e.`¨�
m1�E  � ��)agN[]¹!3E^E��m1�E KkE�XW

�°^XfNfH^µdHZ0¹X¹X^QdNdN[]_K`\0^$®][T^Q`0do¬5^XgHh�^Xf°\0^$g�e�¹X¹X_EgH\0^Xg|®]^<gH^X¬�¸^XgH^�\0^$g0b^�¯�b^XgN^Q`0¹X^�\0Ï�`�e�h�[]j�Z0^|\|b^XfH^XgNhi[]`cb^J¸eÃ¬�e.gHfN[]g
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�°�e.¬0gH_E`�f°^Xf<e.®,W��:kKlElKkE� jwZa[�_K`wf|¹O0_K[]dN[,�E¬5_EZag|® eÃ¬0g0b^X¹X^XdHdN[]_E`®]^³\cb^X�E^Q®T_K¬0¬5^Xh�^X`�f<e�`�e.®]Ï�fN[]j�Z0^|\0^ � []®]®][ e�hMd
�Nmn�K�.���?^Xf1�0¬5_EZ0g|®3eÃ`�Z0f�e�fN[]_E`>��®3eÃfN|b^Q_EgN[]^$¬0g0b^XdN^X`�f0b^X^J\5e.`0d|®]^Xd|¹X_K`��E^X`�fN[]_K`0d|�N�?Ç<¶�m1�E�#� �3�N�?Ç³¶���mn�K�#�E�Q��_E`
e.Z0gOeM^ -�^X¹XfHZcb^J®]^�®][]^X`�^X`�fNgH^J®]^�dHÏ�dNfX¸^Qh�^�\0Ï�`�e�h�[]j�Z0^<\a^J¶0kElKl0m$^Xf³®]^�dNÏ�dNfX¸^Xh�^Ã®T[1b^�e.Z�¬��_K®]^�¹�b^X®]^XdHfN^�h�_.ÏE^Q`
\0^Xd�b^X¬acb^Xh�b^QgN[]\0^Xd1W>�&`�º�`¨��[]®(^QdNf�¬�_KdNdN[]�0®]^�\>ÐÑe$�OZ0dHfN^XgÃ\0[]gN^X¹XfH^Xh�^Q`wf$®]^�gN^X¬�¸^QgN^�\a^Mg0b^O¯Eb^QgN^X`0¹Q^�\0^�¶0kKlElamJe.Z'�
dN_E®]Z0fH[]_E`0d&`�Z0h�b^QgN[]j�Z0^Xd&\0Z�±w� � WEÈ³`M¬�^XZafoe.[]`0dH[w�°b^XgH[ º�^Xg?®]^°g�e.¹Q¹X_EgH\0^Xh�^Q`wf \0^Xd?dH_E®]Z0fN[]_K`0d&\0ZJ±�� � ¸e³®,Ð �N�|Ç�)
¬�e.g|®,Ð []`wfH^XgNh�b^X\0[3e.[]gH^|\0^�¶0kElKl0mEW

�7`�dNZ0[]�Ee�`wfi®3e�h�b^XfH0_�\0^�[T`a\0[]jwZ|b^X^^Xf�^X`�ZafN[]®][TdOe.`�fM®]^Xd�\|b^X`0_Ehi[]`�e.fH[T_K`0d�dNZ0[]�Ee.`�fH^Xd�[]®]®]Z0dNfHg0b^X^Xd�dHZ0g�®3e
º�»EZ0gH^��aW �aWÑk*) � ^XdNf°®,Ð [T`a¹X®][T`5e.[]dN_K`µ\a^<®,ÐNb^X¹X®][]¬0fN[]j�Z0^°h�_.ÏE^Q`�[]`0^XgNfH[]^X®�dHZ0g?®,ÐNb^Xj�Z�e.fH^XZ0g?\¨Ð Za`MgN^X¬�¸^QgN^$\0^|g0b^�¯�b^XgN^Q`0¹X^
b^Xj�Z�e.fH_EgN[3e�®��3�N�|Ç!)°�nÅ$�&�wlK¢?_KZ�\0Z�¬ �_E®]^&h�_.ÏE^Q`<\0^Xd�b^X¬0|b^Qh�b^XgH[T\a^Xd��Q� � ^QdNf>®,ÐÑe.gH¹&^X`�fNgN^°®]^?`��$Z0\Je�dN¹X^Q`0\�e.`�f¨\0^
®£ÐHb^X¹Q®T[]¬0fH[]jwZa^<h�_.ÏK^X`�[T`a^XgNfH[T^Q®o¸eÃ±wkElKlElÃdNZ0g|®,ÐHb^Xj�Z�e�fN^XZ0g°\0Z�gN^Q¬¿¸^XgN^Ã\0^$g0b^O¯Eb^QgN^X`0¹Q^J^Xf|®,Ð _EgH[]»E[]`0^°\0^Xdµe�dN¹X^Q`0dN[]_E`ad
\0gN_K[TfH^Xd�\0Z�gH^X¬�¸^XgH^ b^Xj�Z�e.fH_EgN[3e�®µ\a^g0b^O¯Eb^XgN^X`a¹X^E�$^Xfi^X`�º�` � ®,ÐÑe.gH¹^X`�fNgH^�®]^`'�µZa\ e�dN¹X^X`a\�e.`�f�\0^�®£Ð �N�|Ç³¶
^Xf�¹X^X®]Z0[$\0^�®£ÐHb^X¹Q®T[]¬0fH[]jwZa^ hi_.ÏE^X`�[]`0^XgHfN[]^X®M¸e�±�kElKlEl�\a^�¶0kElKl0m
dNZ0g�®,ÐNb^Xj�Z�e.fH^XZ0g�\aZ�gN^X¬�¸^XgN^�\0^�g0b^�¯�b^XgN^Q`0¹X^
e.Z0fHgN^�j�Z0^�®,Ð �N�|Ç<¶ W0�°�e.¬0gH_E`�f|^Xf$e.®,W��:kKlElEkK�°_E`�f|\|b^XfH^XgNhi[]`cb^�\0^Xd³®][T^Q`0d|^X`�fNgH^Xd$®T^Qd<\0[.-µb^XgN^X`�fHdµdHÏ�dNfX¸^Qh�^Xd³\0^
g0b^O¯Eb^QgN^X`0¹Q^XdJ\aÏw`5e.h�[]j�Z0^Xd°\|b^Oº5`0[]dJ¸eM¬5e.gNfH[]g|\0^nÅ$�&�wlK¢M^Xf³\0Z¬��_K®]^µhi_.ÏE^X`i\0^Xd�b^X¬0|b^Xh�b^XgH[]\0^Xd<^Qf<®,Ð �N�|Ç�)�¬5e.g
®£Ð []`�fN^XgHh�b^X\a[ e�[]gN^>\aZ�gN^X¬�¸^XgN^|hi_.ÏE^X`�b^X¹X®][]¬0fH[Tj�Z0^ \0^c¶akElElam?e$�OZ0dHf0b^|e.Z��³_E�0dH^XgN�Ee�fN[]_E`ad � � ÇÃWnÈ³`�fNgH_EZ0�K^Xg�es\�e.`ad
® e�fOe.�0®]^ �aW �0WÑk�®]^Xd³�Ee.®]^XZ0gHd|¬0Z0�0®][1b^X^Xd$\�e�`0d<�°�e�¬0gN_K`wf³^Xfµe�®,W>�:kKlElKkE�XW �³_EfH_E`0d³jwZa^�¬�e.g³¹X^XfHfN^�¹X_Ehi¬�e.gOe.[]dN_K`
®£ÐÑe�®T[]»K`0^Xh�^Q`wf \0^�Åµ�7�wlE¢�\5e.`0d³®£Ð �N�|Ç!)�^XdNf³¹X_E`�º5gNh�b^�e1�K^X¹�Z0`0^$¹X_ � � `0¹X[]\0^X`0¹Q^J\0^Qd<_EgH[]»E[]`0^Xd|\0^Qd·e�dN¹X^Q`0dN[]_E`ad
\0gN_K[TfH^Xd<\a^·Å$�&��lE¢Ã^Xf<\a^µ®,Ð �N�|Ç�)�¸e�hi[]^XZ���jwZa^ m$h�e.d$�:laW �Ãh e�dµ¸eÃ®,ÐNb^X¬�_�j�Z0^$h�_.ÏK^X`0`0^³\0Z�g�e�¹X¹X_EgH\0^Xhi^X`�f
\0^�Åµ�7�wlE¢i¸e�®,Ð �N�|Ç�)&�XW
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� ^XddH_E®]Z0fH[T_K`0d�²µ¶0È$� dH_E`�f\0^Xd
dN_E®]Z0fH[]_E`0d�\0Z�hi_EZ0�K^Xh�^X`�fM\0^Qd¬0®3e.`�¸^QfN^Xd¬agN[]`0¹X[]¬�e�®T^Qd\0^���^XgH¹XZ0gH^ ¸e
�<^X¬0fHZ0`0^EW0�7®T®]^Xd \0_E`0`a^X`�f?\0^Xd�b^X¬0|b^Qh�b^XgH[T\a^Xd?\0^³»Eg�e�`0\0^|¬0g0b^X¹X[]dN[]_K`MdNZ0g°\0^Xd?[]`�fN^QgN�Ee.®]®]^Xd?\a^|fN^Xhi¬0d?\0^|®,Ð _EgH\0gN^
\0^$¬0®]Z0dN[]^XZ0gHd<hi[T®]®][ ^QgNd?\>ÐÑe�`0`|b^X^Xd³¬�_KZ0g|®]^Xd|¬0®3e.`�¸^XfN^Xd|fH^X®]®]Z0gN[]j�Z0^Xd1�0\0^$®,Ð _EgN\agN^<\a^�mnlKlEl�e�`0d|¬�_KZ0g|®]^Xd|»EgH_EdHdN^Xd
¬0®3e.`�¸^XfH^XdnW � ^QdJ¬5^XgNfHZ0gN�5e.fN[]_K`0dJ_K`�f�®3eM¯*_EgNhi^J¹Q® e�dNdH[Tj�Z0^M\a^Md0b^XgH[T^QdM\0^��¨_E[]dNdH_E`�\0^Xd�®]_E`0»K[]fNZ0\0^Qdµhi_.ÏE^X`a`0^Xd
h�_.ÏE^Q`0`0^Xd �)�\cb^Oº�`0[]^Xd ¬�e.g �) � ) � ��� �(_�¸Z�� ^XdHf?®]^ohi_.ÏE^X`$hi_EZ0�K^Xh�^X`�f5h�_.ÏK^X`>W � ^Xd&¬0gN[]`0¹Q[T¬5e.®]^Xd&�E^XgHdN[]_E`ad
\0^Xd<dH_E®]Z0fH[T_K`0d°²µ¶0È$��dH_E`�f*)
2 ²µ¶0È$�? Kk�� �°gN^XfOe.»E`a_E`>�¨mn�E KkE�°e$�OZ0dHf0b^X^QdJ¸eÃ®£Ð []`�f0b^X»Kg�e�fN[]_E`M`�Z0h�b^XgN[]j�Z0^<\aZ ±�� � �5Å$�?kElKl��*¶�f�e�`0\0[]dN>�¨mn�K EkE�
^Xf|^$��¬0gN[]h�b^X^Xd|^X`�Ee�gN[3e.�a®T^Qdo^X®]®][]¬0fN[]j�Z0^Xd1W
2 ²µ¶0È$�? K�� �°gN^Qf�e.»K`0_E`
^Xf�)ag�e�`0¹X_EZ¨��mn�E K E�Q��¹X_E`0dHfNgHZ0[]fN^XdM¸e�¬�e�gNfN[]g³\0^$²µ¶0È$�? Kk0�5^X`��Ee.gH[ e��0®]^Xd|gN^Q¹Xf�e�`0»EZ�Æ
® e�[]gN^Xd|^Xf|dH¬0|b^XgH[]jwZa^Xd$^Xf|^$��¬0gN[]h�b^X^Xd|\�e�`0d|\0[]�E^XgHd|dNÏ�dNfX¸^Xh�^Qd<\0^$g0b^�¯�b^XgN^Q`0¹X^EW
2 �&®]Z0d�g0b^Q¹X^Xh�hi^X`�fM®]^Xd�dN_E®]Z0fH[]_E`0di²µ¶0È$�?kKlEl&���*��_E[]dNdH_E`>�$m1�E�E�a�?��_E[]dHdN_E` ^Xf �ogH^Xf�e�»E`0_K`>�<kElKl0m1�XWo�°^Qd
dN_E®]Z0fH[]_E`0d�_E`�f�b^Xf0b^�¹X_K`0dNfHgNZ0[]fN^Qd�\�e�`0dMZ0`�¹1e.\0gH^ gH^X®3e.fH[T��[]dNfH^�^XfM¬0gN^Q`0`0^X`�fM^X`�¹X_Kh�¬0fH^�®]^XdM¬5^XgNfHZ0gN��e�fN[]_E`ad
\"�Z0^XdM¸eM�ib^XgX¸^Xdn�>�&e�®T®3e�dn��²?^XdHf�ea���,gH[]d<^Xf �ce�hM��^XgH»weaW � ^Xd$dN_K®]Z0fN[]_E`ad|²µ¶0È$�?kKlEl&��_K`wf�b^Qf0b^Me$�OZ0dHf0b^X^XdM¸eMÅ$�&��l��
�:¶�fOe.`0\0[]dH ^Qf e.®,W]�°mn�E�K¢E�Q�&dNZ0gi®£Ð []`�fN^XgH�Ee.®]®]^M\0^�fN^Xhi¬0d �]mn K�El0�&kElKlEl ��W&�&`�º5`>�?¹X^Qd�dN_K®]Z0fN[]_E`adMdN_E`�fM\0^�fHgX¸^Xd
»Eg�e�`0\0^M¬0g0b^X¹X[]dN[]_K`>�(e�Z�hi_E[]`0d³\0[ ��¯:_E[]d$h�^Q[T®]®]^XZ0gH^Xd$j�Z0^M®]^Xd�dN_K®]Z0fN[]_E`adµ²$¶0È$�? Ek �E K��dHZ0g�Z0`�[]`�fN^QgN�Ee.®]®]^�\0^
fN^Xhi¬0d|\0^$®,Ð _KgN\0gH^$\0^$jwZa^X®]jwZa^Xd|\0[ +ne.[]`0^Qd<\>ÐÑe.`a`cb^X^Xd1W
È³g1�>h��^Xh�^�dH[o®]^XdÃdN_E®]Z0fH[]_E`0d$²µ¶aÈµ� kElEl ��dH_E`�fJe$��Z0dNf0b^X^Xd�¸eÅ$�&�wl �0��®]^�gN^X¬�¸^QgN^�\0^Mg0b^�¯�b^XgN^Q`0¹X^\0^M²$¶0È$�

`0^�¹X_KgNgH^XdN¬5_E`0\�¬�e.d�¸e�¹X^Q®TZa[o\0^�Å$�&��l��aW>Å�Ð Za`0^M¬�e.gHfn�¨®3e�hi_�\cb^X®][]d�e.fH[]_E`\0Z�¬agN_E�a®:¸^Qh�^M\0Ï�`�e�h�[]j�Z0^�`>Ð ^XdHf
¬�e.d$[]\0^X`�fN[]j�Z0^�^X`�fNgH^M®T^Qdµ\a^XZ���b^X¬acb^Xh�b^QgN[]\0^Xd�^Qfµ\¨Ð e�Z0fNgH^J¬5e.gNf$®3eMg0b^ne.®][]d�e�fN[]_E`
\0Z�®][]^X`^Q`wfHgN^M®,Ð �N�|Ç<¶i^Xf�®]^
gN^X¬�¸^QgN^�\aÏw`5e.h�[]j�Z0^$\0[.-(¸^XgN^M\0^�¹X^X®]®]^M\0^MÅ$�&�wl �0W��<®]_EgHd$jwZa^J®]^�®T[]^X`
^X`�fNgN^�Å$�&��l�� ^Xf�®,Ð �N�|Ç<¶i^XdNfÃZ0`�®][]^X`
b^Xf�e��0®][>��[3e�\0^Qd<\0_K`0`|b^X^Xd³_E�0dH^XgN�Ee�fN[]_E`a`0^X®]®]^Xd|^$��¬0gN[]h�b^X^Xd|\�e�`0d|®,Ð �N�|Ç!)��3¹X^ÃjwZa[�\0_E`0`a^�®]^µ¹1e.g�e�¹XfX¸^QgN^�[T`a^XgNfH[T^Q®
e.Z�gOe.¹X¹Q_EgN\a^Xh�^X`�fO�X�0®3e$\|b^Oº�`0[]fN[]_K`�\0^$®,ÐNb^X¹X®][]¬0fN[]j�Z0^<\a^<²µ¶aÈµ��^XdHf<¬0ZagN^Xhi^X`�fo[]`0^XgHfN[]^X®]®]^EW0�&`i^ -¿^Qfn�0®]^$gN^Q¬¿¸^XgN^
b^X¹X®][]¬0fN[]j�Z0^$\0^�²$¶0È$��^XdNf³fN^X®¨j�Z0^$®T^Qd<�Ee.gH[3e.�0®]^Xd°^X`[]`0¹X®][]`�e�[TdH_E`M\0Z
��e.gHÏw¹Q^X`�fNgN^ �(^QgNgN^�Æ � Z0`0^�dN_E[]^X`�f|`�Z0®]®]^Xd
¸eMZ0`0^Ã\�e.fH^�\0^�g0b^O¯Eb^QgN^X`0¹Q^EW(È³`¹O0_K[]dN[]g�e�®]^Xd$�Ee.®]^XZagNd<\¨Ð _K�0®][]jwZa[Tf0b^<^Xf³\>ÐNb^Xj�Z0[]`0_&��^�\0Ï�`�e�h�[]j�Z0^J¸e ® e�\5e.fN^Ã\0^
g0b^O¯Eb^QgN^X`0¹Q^¸eM¹X^Xf$^ -�^Xf1W �<[]`0dH[£�a®]^�gN^X¬�¸^XgN^M\0Ï�`�e�h�[]j�Z0^<\a^�²µ¶0È$�?kKlElKl�:�Ö_E[]dNdH_E`>�&mn�K�E� �'�ogH^Xf�e�»E`0_K`�^Qfµe.®,W]�
kElEl �E� ^XdNf³\|b^Oº�`a[(^Q` ZafN[]®][TdOe.`�f°®T^Qd<h��^Qh�^Xdoe�`0»E®]^Xd � ^Xf � j�Z0^$dNZ0g³®]^Xd|º�»KZ0gN^Qd��0W �aWTms^Xf��aW �aWÑk0W�È<`�fHgN_EZa�E^XgOe
®T^Qd|�Ee.®]^XZ0gHd<e.[]`0dN[�\|b^XfN^XgHh�[]`|b^X^Qd<\�e�`0d|®3e�fOe.�0®]^ �0W �0WÑkaW
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� ^Xd?fH|b^X_KgN[]^Xd°¬0®3e.`|b^XfOe.[]gN^Qd?^Xf?®]Z0`�e�[]gN^°¬�^XgHh�^XfHfN^X`�f?\a^|\cb^Oº�`0[]g?Za`MgN^X¬�¸^QgN^<\5e.`0d?®]^Xj�Z0^Q®<b^X�K_E®]Z0^X`�f&®]^Xd?¹X_KgN¬0d°\0Z
dNÏ�dNfX¸^Xh�^�dN_K® e�[]gN^�¸ei¬�e�gNfN[]g$\0^�®3eM\|b^XfH^XgNhi[]`�e.fH[T_K`�\0^J®,Ð _EgH�0[]fN^�|b^X®][T_�¹X^Q`wfHgN[]j�Z0^M\0Z���e.gHÏ�¹X^X`�fNgH^��(^QgNgN^�Æ � Z0`0^EW
¸��¹X^XfNfH^J_KgN�0[]fH^�dN_K`wf<e�dNdH_w¹Q[nb^Q^Xd$\0^Xd$fN|b^Q_EgN[]^Xd³\0^�¬0g0b^X¹X^XdHdN[]_E`tÆ£`�Z0fOe.fN[]_K`^Xf<\a^Xd<¹X_K`0dNfOe.`�fN^Qd<¯*_E`0\�e�h�^X`�fOe.®]^XdnW
�°^XfJ^Q`0dN^XhM�a®T^i^XdNf�e�¬0¬5^X®nb^�dNÏ�dHfX¸^Xhi^�\0^�g0b^�¯�b^XgN^Q`0¹X^\0Ï�`�e�h�[]j�Z0^EW � ^�gH^X¬�¸^XgH^\0^�g0b^O¯Eb^XgH^X`0¹X^�\0Ï�`�e�h�[]j�Z0^JdH^
¹ne.gOe.¹Xf0b^XgN[]dN^�¬�e�g|Z0` b^Xj�Z0[]`0_&��^<^Xf³Z0` b^X¹X®][]¬0fN[]j�Z0^$h�_.ÏK^X`0d<¸e�Z0`a^�b^Q¬�_�j�Z0^�\0^Ãg0b^O¯Eb^QgN^X`0¹Q^EW
�,®¨^XdNf$¬5_EdHdN[]�0®]^$\0^�\|b^Oº5`0[]g<Z0``a_EhM�0gH^<�Ee.gH[nb^µ\a^�dNÏ�dNfX¸^Xh�^Qdµ\a^�g0b^O¯Eb^XgN^X`a¹X^J\aÏw`5e.h�[]j�Z0^Xd1W � ^Xd³\0[.-µb^QgN^X`0¹Q^Xd

^X`�fNgN^M¹Q^Xd�dNÏ�dHfX¸^Xhi^Xd$¬�^XZa�E^X`�f$¬0gN_.�K^X`0[]g$\0^Xd$fN|b^X_EgH[T^Qd�¬0�Ï�dN[]j�Z0^Xd$Z0fN[]®][]d0b^X^Qd ��fN|b^Q_EgN[]^XdÃ\0^J¬ag0b^X¹X^QdNdN[]_K`�^Xf$\0^
`wZaf�e.fH[]_E`�¬5e.gM^$��^Xhi¬0®]^n�X�&h�e.[]dJe.ZadNdN[³\0^®3e
g0b^ne�®T[]dOe.fN[]_K`�h��^Qh�^M\0Z�dNÏ�dHfX¸^Xhi^EW �³[T`adN[|²µ¶aÈµ� \0_E`0`a^ Za`0^
g0b^ne�®T[]dOe.fN[]_K`�fN|b^X_EgH[Tj�Z0^$\0Z�dHÏwdHfX¸^Xhi^Je.®]_KgNd°jwZa^·Å$�&��lE¢Ã^X`\0_K`0`0^$Z0`0^$g0b^ne.®][]d�e�fN[]_E`i_E�0dH^XgN�Ee�fN[]_E`0`a^X®]®T^KW
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�<Z�¹X_EZagNd<\a^Xd<j�Z0[]`�+X^$\0^QgN`0[*¸^XgH^Xd�e.`0`|b^Q^Xd<d1Ð ^QdNf|¬0gH_w\aZ0[]f|Z0`0^�g0b^X��[TdH[]_E`�\5e.`0d|®3e�\|b^Oº5`0[]fN[]_E`i^Xf|®3e�g0b^ne�®T[]dOe.fN[]_K`
\0^Xd�dNÏ�dNfX¸^Xh�^Xd�\0^ig0b^O¯Eb^QgN^X`0¹Q^E�°¹X_E`0d0b^Xj�Z0^X`0¹Q^\0^�®,ÐÑe.¬a¬0®][T¹1e.fN[]_K`\0^Xd�fN^X¹O0`a[Tj�Z0^QdMdN¬�e�fN[3e.®]^Xd�\¨Ð _K�0dN^QgN�Ee.fH[]_E`�¸e
®£ÐÑe�dNfNgH_Eh�b^XfNgH[T^°\0^|�e�Z0fN^|¬ag0b^X¹X[]dH[T_K`M^Xf$¸e<®3e³»?b^Q_w\|b^XdN[]^EW0�°^Xd fN^X¹O0`0[]j�Z0^Xdib^XfOe.[]^X`�f?\|b^���¸e$Z0fN[]®][]d0b^X^Qd?�E^XgHdo®3esº�`M\0^Qd
e.`0`|b^Q^Xd�j�Z�e.fHgN^OÆ,��[]`0»Ef³¬�_KZ0g$g0b^ne�®T[]dH^Xg$®T^QdµdHÏ�dNfX¸^Qh�^Xd$\0^�g0b^O¯Eb^XgN^X`a¹X^�Z0fH[]®T[]d0b^Xd$\�e.`0d³®]^Xd�b^XfNZ0\a^Xd�\0^�®3eMgN_Kf�e�fN[]_E`
\0^�®3e �&^XgNgH^EW��(e�gNhi[�^X®]®T^Qdn�0®,Ð []`�fN^Xg�¯�b^XgN_Kh�b^XfHgN[]^$g�e�\0[]_¸e�fNgX¸^Qdµ®]_K`0»EZ0^$®][]»E`0^$\0^Ã��e.dH^��3² � �°�N�X�5¬�^QgNh�^QfNf�e�[]f|\0^
g0b^ne�®T[]dH^Xgce�ZMh�[]^XZ��$Z0`M^Q`0dN^XhM�a®T^|\a^<\0[]gN^Q¹XfN[]_E`ad?º ��^Xd \�e.`0d°®,Ð Z0`0[]�E^XgHdn�.^Qfo\0^|\a_E`0`0^Qgce�¹X¹.¸^Xd$¸e$Z0`0^³h�^X[]®]®]^XZ0gH^
g0b^ne�®T[]dOe.fN[]_K`�\>Ð Z0`�dNÏ�dHfX¸^Xhi^µ\a^µg0b^O¯Eb^XgH^X`0¹X^�[]`0^XgHfN[]^X®,W
�³`�dNÏ�dHfX¸^Xhi^o\0^ g0b^O¯Eb^QgN^X`0¹Q^|^XdNf&Z0`0^°fNgH[3e.\0^?\a^?\0[]gN^X¹QfN[]_E`0d¨\0^X�Ee�`wf¨�ob^XgN[ º�^Xg&Z0`a^?¬0gN_K¬0gN[1b^Xf0b^o»?b^X`|b^XgOe.®]^°\0_E`0`|b^X^

^XfMj�Z0[odH^XgNf¸e
\|b^X¹QgN[]gN^�¬5_EdN[]fH[T_K`�^Xf�h�_KZ0�E^Qh�^X`�fnW��³` dHÏ�dNfX¸^Qh�^�\¨Ð e ��^XdJ\a^�¹X_�_EgH\0_E`a`cb^X^Xdi^XdNfMZ0`a^�`0_KfN[]_E`
e.�0dHfNg�e�[]fN^�¹1e.g�®]^XdMe&��^Xd�`0^�dH_E`�f�¬�e�dJe.¹Q¹X^XdNdH[]�0®]^XdM\0[]gN^X¹QfN^Xhi^X`�f �>[]®?^XdHfJ\a_E`0¹i`cb^X¹X^XdHd�e�[TgH^�\0^�h�e.f0b^QgN[3e.®][]dN^Xg
®T^�dHÏwdHfX¸^Xhi^�¬�e�gMZ0`�^X`0dH^XhM�0®]^�\0^�¬5_E[]`�fNdM\0^�g0b^O¯Eb^XgH^X`0¹X^�\0_E`�fM®]^Xd�¹X_�_EgH\0_E`0`|b^X^Xd��3^Xf�b^Q�E^X`�fNZa^X®]®T^Qh�^X`�f�®T^Qd
h�_EZa�E^Xhi^X`�fNd�� dN_K`�f|¹X_E`0`�Z0^Qdµ\5e.`0d|®]^�dHÏwdHfX¸^Xhi^EW � ^Xd<¹Q_E`0¹X^Q¬0fNd$\0^�dHÏ�dNfX¸^Qh�^�\0^Ãg0b^O¯Eb^QgN^X`0¹Q^M^Xf<\0^ÃgN^X¬�¸^QgN^�\0^
g0b^O¯Eb^QgN^X`0¹Q^J_K`wf�b^Qf0b^$¯:_KgNh�e.®][]d0b^Xd?¬5e.g � _.�Ee.®]^X��d 3�Ïi^Xf<��Z0^X®]®]^Xg��Hmn�E amn�QW � ^$gN^X¬�¸^XgN^Ãr¿FXD�pJCKD3FNG°\0^$g0b^�¯�b^XgN^Q`0¹X^M^XdHf
¹X_E`0dHfN[]fNZ|b^|\>Ð _E�#�O^XfHd?\0_K`wf&®]^Xd?¹Q_w_KgN\0_K`0`|b^X^Qdo^Xf ®T^Qd?h�_KZ0�E^Xhi^X`�fNd�_K`wfMb^Xf0b^|\|b^QfN^XgHh�[]`|b^Xd?¬5e.g&g�e�¬0¬�_KgNfoe�Z��Je �w^Qd
\0Z�dNÏ�dNfX¸^Xh�^$\0^$g0b^�¯�b^XgN^Q`0¹X^ �0e.[]`0dN[,��[]®5h e.f0b^XgN[3e�®T[]dH^|®T^$dHÏwdHfX¸^Xhi^$\0^$g0b^O¯Eb^QgN^X`0¹Q^M^Xf|®]^µgH^X`0\e.¹Q¹X^XdNdH[]�0®]^EW��(e�g,¯:_K[]dn�
®T^°`0_KhM�0gN^°\>Ð _E�#�O^QfNd?\0Z�gN^Q¬¿¸^XgN^$¬0gH[]h e.[]gH^(`¨Ð ^QdNf?¬�e�d?dNZ7�d�e.`�f?¬5_EZag(¹Q^XgNfOe.[]`0^Xd|e.¬0¬a®T[]¹ne�fN[]_E`ad �.\�e�`0d?\>ÐÑe.ZafNgN^Qd
¹ne.d1�>®3eih e�»E`0[]fNZa\0^J\a^XdJ_K�#�O^XfHdJ\0Z�gH^X¬�¸^XgH^�^XdNf�fNgH_E¬�¯£e�[T�a®T^�¬5_EZ0g�j�Z>Ð []®]d$¬0Z0[]dNdH^X`�f �^XfHgN^i_E�0dH^XgN�°b^Xd1W?�,®&¯£e�Z0f
\0_E`0¹$\0[]dH¬�_KdN^Xg³\>Ð ^$��fN^X`0dH[]_E`0d³\0^$¹X^�gN^Q¬¿¸^XgN^KW
� e¬agN_E¬agN[nb^Xf0b^�j�Z0[°^XdNf¸eÖ® eÖ��e.dH^ \a^�®3e�\|b^Oº5`0[]fN[]_E`�\>Ð Z0`�dNÏ�dNfX¸^Xh�^i\0^�g0b^O¯Eb^XgH^X`0¹X^�\�e�`0dJ®,Ð ^XdH¬�e.¹X^i^XdNfM®]^

¹ne.gOe.¹XfX¸^XgN^[]`0^QgNfN[]^X®|\aZ�dNÏ�dHfX¸^Xhi^ \¨Ð e ��^Xd �H�:�Qy �0W �K�XW �<_EZadM¬�_KZ0�E_K`0dJ\a[TdHfN[]`0»KZ0^Xg�\0^XZ���f,Ï�¬5^XdM\0^�dNÏ�dNfX¸^Xh�^Qd
\0^Jg0b^O¯Eb^XgH^X`0¹X^idN^X®]_K`�j�Z>Ð []®]d<dN_K`�fµ¹Q_E`0dHfNgNZa[TfHdM¸e�¬5e.gNfH[]g<\>Ð Z0`0^�\|b^Oº5`0[]fN[]_E`\aÏw`5e.h�[]j�Z0^$_EZ�¹X[]`|b^Xh�e.fH[Tj�Z0^KW � ^Qd
dNÏ�dNfX¸^Xh�^XdM\a^�g0b^�¯�b^XgN^Q`0¹X^\|b^�º�`0[]d ¸e
¬�e�gNfN[]g�\0^Xd�h�_KZ0�E^Xhi^X`�fNd$¬0®3e.`|b^Xf�e�[TgH^Xd�¹X_EgHgN^XdH¬�_K`0\0^X`�f�¸e
®3e�\|b^Oº5`0[]fN[]_E`
\0Ï�`�e.hi[Tj�Z0^KWXÅµe�`0d>®]^&¹ne�\0gN^°\0^°® e°h�b^X¹ne�`0[]jwZa^(`a^ �|fN_K`0[]^X`0`0^°®]^Xd�b^Xj�Z�e�fN[]_E`ad>\0[.-µb^XgN^X`�fH[T^Q®T®]^Xd¨j�Z0[�gN^X¬0g0b^XdN^Q`wfH^X`�f
®T^Qdh�_KZ0�E^Xhi^X`�fNdi¬0®3e.`|b^XfOe.[]gN^Qd�dH_E`�f�b^X¹XgH[]fN^Xd�\�e�`0dZ0`�dHÏ�dNfX¸^Qh�^�¬5_EZ0g�®]^Xj�Z0^X®�[]®�`>Ð Ï e�¬�e�d\0^�fN^QgNh�^Qd
\>ÐÑe.¹X¹�b^Q®nb^Qg�e.fH[]_E`�\0^MgN_Kf�e.fH[]_E`>W�Å$e.`0d$®]^�¹ne.\0gH^M\0^�® e gN^X®3e�fN[]��[Tf0b^J»?b^X`|b^XgOe.®]^E��®]^�dNÏ�dNfX¸^Xh�^M\a^J¹X_�_KgN\0_K`0`|b^X^Xd�^XdHf
\cb^Oº�`0[°¬�e�g�®3e�h�b^XfHgN[]j�Z0^�jwZa[?\|b^X¹XgH[]fJ®]^Xd�¬0gN_K¬0gN[1b^Xf0b^Xd�\0^�®,Ð ^XdN¬5e.¹X^OÆ,fN^Qh�¬0d ��¬�e�g�g�e�¬0¬�_KgNf�¸e�¹X^idNÏ�dNfX¸^Xh�^E� ®T^Qd
b^Xj�Z�e.fH[T_K`0d?\|b^Q¹XgN[]�Ee.`�f?®]^Xd h�_EZa�E^Xhi^X`�fNd�¬0®3e.`|b^Xf�e�[TgH^Xd?\0[.-(¸^XgN^Q`wf°\0^XdMb^Xj�Z�e.fH[T_K`0d?¹X®3e�dNdN[]j�Z0^Xd°\>Ð Z0`�_EgH\0gN^|gH^X®3e.fN[ ¯
\0^µm1l � � �N�*�Xy��aWÑkE�XW1�°^Xd?^ -�^XfHd?dN_K`wf¨h�[]d�^X`�b^X��[]\0^X`0¹X^|¬5e.g&®]^Xd&fN^X¹O0`0[]j�Z0^Xd \>Ð _E�0dH^XgN�Ee�fN[]_E`$®]^Xd&¬0®]Z0d&¬0g0b^Q¹X[]dN^Xd?^Qf
\0_E[]�E^Q`wf��^XfNgH^|¹X_E`adN[]\|b^Xg0b^Xd?\�e�`0d&®T^QdJb^Q¬0|b^Xh�b^XgN[]\0^Xd&hi_w\a^XgN`0^QdnW � ec¯£e.[]�0®]^?¬0g0b^X¹X[]dN[]_K`J\0^Qd(fH^X¹O0`0[]j�Z0^Xd?¹Q® e�dNdH[Tj�Z0^Qd
\>Ð _E�0dH^XgN�Ee�fN[]_E`�¹X_K`0\0Z0[]fJ¸e�dHZ0¬0¬5_EdH^Xg$jwZ¨Ð e�Z�\0^X®,¸eM\0Z
dNÏ�dNfX¸^Xh�^�dH_E®3e.[]gH^µ®]^Xd³¹X_�_EgH\0_E`0`|b^X^Xd$dN_K`wf³gN^X¬ag0b^XdH^X`�f0b^X^Xd
\�e.`0dÃZ0`�dHÏ�dNfX¸^Qh�^M\0^Mg0b^O¯Eb^XgH^X`0¹X^�^XZ0¹Q®T[]\0[]^X`�dH^X®]_E`�®3e�¬awÏ�dH[Tj�Z0^M`a^ �|fN_K`0[]^X`0`0^EW&�&`�g0b^ne.®][]f0b^E� ®T^�dNÏ�dHfX¸^Xhi^M\0^
\0[]gN^X¹XfH[]_E`0d$j�Z0[&dnÐHb^XfH^X`0\�e.Z�\0^X®,¸e \0^J`a_EfNgH^JdHÏ�dNfX¸^Qh�^�¬0®3e.`|b^XfOe.[]gN^�^XdHf�\0_Ehi[]`cb^$¬�e.g³® e ¹X_EZagN�0Z0gH^M¬0gN_.�K_�jwZ|b^X^
¬�e.g�®]^¹O�e.hi¬�\0^�»EgOe1�w[]f0b^\0^�® e�Y�e.®3e �w[]^E� ^Xf�^X`0¹X_KgN^�¬0®]Z0d�®]_E[]`>� ¬�e.g�®3e�\a[TdHfNgH[T�aZ0fN[]_E`�\0^Xdh�e.dNdH^Xd�^Qf
\0^�®,ÐNb^Q`0^XgN»K[]^�\�e�`0d�®,Ð Za`0[]�E^XgHdnW � ^Xd
_E�0dH^XgN�Ee�fN[]_E`0de1�K^X¹�®3e�fN^Q¹�a`0[]jwZa^�² � �°��_E`�f�h�[]dM^X`¾b^X��[]\0^X`a¹X^�¹X^Xd
^ -¿^QfNdnW³�°^Xd�_E�0dH^XgN�Ee�fN[]_E`0di_E`�f�dH^XgN��[�¸e�g0b^ne.®][]dN^Qg \a^Xd�dNÏ�dNfX¸^Xh�^Xd�\0^
g0b^O¯Eb^QgN^X`0¹Q^���e�d0b^Xd�dNZag�Z0`0^�\|b^Oº5`0[]fN[]_E`
¹X[]`cb^Xh e�fN[]j�Z0^EW5�°^XfNfH^J\|b^�º�`0[]fN[]_E`
^XdNf1��fOe.`�f<\aZ¬�_K[]`wf³\0^��wZa^�¹X_E`a¹X^X¬0fHZ0^X®°jwZa^�\0Z¬5_E[]`�f<\0^���Z0^�¬0gOe.fH[Tj�Z0^K�
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¬0®]Z0dJdH[]h�¬0®]^Mj�Z0^�®3e\|b^�º�`0[]fN[]_E`�\0Ï�`�e.hi[]jwZa^)>Z0`�^X`adN^XhM�0®]^i\0^�¬�_K[T`�fHdJ\0^�g0b^O¯Eb^XgH^X`0¹X^�d�e�`0dMh�_KZ0�E^Xhi^X`�f
¬0gN_K¬0gN^$`>Ð ^XdHfce -¿^X¹Qf0b^�\>ÐÑe�Z0¹XZ0`0^³gN_Kf�e.fH[]_E`�»K®]_E��e�®T^KW � eÃ\0[]dNfOe.`0¹X^$e.Z��Mj�Z�e�d�e�gNd°^Xf<e.Z��M`a_.Ïwe.Z'�J\0^Qd|»we.®3e �w[]^Xd
®T_K[]`wfOe.[]`0^Xd�¬5^XgHh�^Xf¨\0^odHZ0¬0¬5_EdH^Xg&jwZa^o®]^XZ0gHd>hi_EZ0�K^Xh�^X`�fHd�¬0gH_E¬0gH^Xd?dH^Xg�e�[T^Q`wf&[]`�¯Eb^QgN[]^XZ0gH^Xd|¸e$mnl � � ��� �Ee.`¨�Xh��^Qh�^
dN[�®]^Xd°�w[]fH^XdNdH^Xd<fHg�e.`adN�E^QgNd�e�®]^Xdb^XfOe.[]^X`�f�b^X»we�®T^Qdµ¸eÃ®]^XZ0gNd|��[]fN^QdNdN^Qd|g�e.\a[ e�®]^Xdo\¨ÐNb^Q®T_K[]»E`0^Xhi^X`�f|�3g�e�¬0¬5^X®]_E`0d|j�Z0^³®T^Qd
h�_EZa�E^Xhi^X`�fNd$¬0gN_K¬0gN^Qd�\0^Xd�b^QfN_E[]®]^Xd�dN_K`wfM\a^ ®,Ð _EgH\0gN^i\0^�j�Z0^Q®Tj�Z0^Qdmnl � � ��� �Ke.`��QW � ^XdM_K�0dN^XgH�Ee.fH[T_K`0d�² � �°�
_E`�f$¹X_E`�º5gNh�b^�j�Z0^M®]^Xd�_K�#�O^XfNdÃ^$��fNg�e�»we�® e�¹XfN[]j�Z0^Xd$gH^X¬0g0b^QdN^X`�fN^Q`wfMZa`�^$��¹X^X®]®]^X`�f�h�_�\�¸^X®]^�\a^M\0[]gN^X¹XfH[]_E`0d$º��w^Qd
\�e.`0d|®,Ð Z0`0[]�K^XgNd1��^Xf|¬�e.g|¹Q_E`0d0b^Xj�Z0^X`�f<^X®]®]^Xd|¬5^XgNhi^XfNfH^X`�f|\0^$g0b^ne�®][TdH^Xgµe�Z�hi[T^QZ�� �H¸e�®3e�¬0g0b^X¹X[]dN[]_K`Öe�¹XfNZa^X®]®T^$\0^Qd
_E�0dH^XgN�Ee�fN[]_E`0dO�°Z0`�dHÏ�dNfX¸^Qh�^$\0^$g0b^O¯Eb^XgN^X`a¹X^J[]`0^QgNfN[]^X®,W0Å$e.`ado®3eÃ\cb^Oº�`0[]fH[T_K`�\0Ï�`�e�h�[]j�Z0^|®3e�h�e.f0b^XgN[3e.®][]d�e�fN[]_E`�\0Z
dNÏ�dNfX¸^Xh�^$^XdHfµe.dHdNZ0g0b^X^�¬�e.g|Z0`a^µfH|b^X_KgN[]^�`�Z0h�b^QgN[]j�Z0^<_KZÖe�`�e.®]Ï�fN[]j�Z0^³\0^Xdb^Q¬0|b^Xh�b^XgN[]\0^Xd|¬a® e�`|b^XfOe.[]gN^Xd1�0^Xf³¬0®]Z0d
¬�e.gHfN[]¹XZ0®][:¸^XgN^Qh�^X`�f>\a^?®3e	�&^XgNgH^EW � ^Xd�b^X¬acb^Xh�b^QgN[]\0^Xd&dN_K`�f>Z0`0^°\0^Xd¨h e�f0b^XgH[ e�®][TdOe.fH[T_K`0d5\0Z�dNÏ�dHfX¸^Xhi^o\0Ï�`�e�h�[]j�Z0^ �
®T^Qd?¹ne.fOe.®]_E»KZ0^Xd&¯*_E`0\�e�h�^X`�fOe.Z��$\>ÐHb^XfH_E[]®]^Xd?dN_K`�foe.Z0dHdN[5\0^Xd°h e�f0b^XgH[ e�®][TdOe.fH[T_K`0d�\0^³¹X^<f,Ï�¬5^|\0^<dHÏwdHfX¸^Xhi^��KfN^X®5^XdHf
®T^|¹1e.d?\0^Qd?¹ne.fOe.®]_E»KZ0^Xd?\a^|® esd0b^XgH[]^�) � WEÅ$e.`0d?®3e³¹X_K`0¹X^X¬0fH[]_E`M¹X[]`|b^Xh�e.fH[Tj�Z0^K�n®]^Xd ¹ne.fOe.®]_E»KZ0^Xd&\0^|¹X_�_EgH\0_E`a`cb^X^Xd
\0^XdMg�e�\0[]_EdH_EZ0gH¹X^XdM^$��fNgOe.»�e.®3e.¹XfH[]jwZa^XdJ_K�0dN^QgN�ob^X^Xd�e1�E^X¹i® eÖfN^X¹O0`0[]j�Z0^�² � �o�Ãh e.f0b^XgN[3e�®T[]dH^X`�fµ®]^idNÏ�dNfX¸^Xh�^i\0^
g0b^O¯Eb^QgN^X`0¹Q^J¹X[]`|b^Qh e.fH[]jwZa^EW
� ^Xd�gN^X¬�¸^QgN^XdM\0^Mg0b^O¯Eb^XgH^X`0¹X^�\|b^QfN^XgHh�[]`|b^Xd�¬5e.g�² � �°�µ_K`�f�\0^Xd�¹1e.g�e�¹Xf0b^QgN[]dNfH[Tj�Z0^QdMh�b^XfHgN_E®]_K»E[]j�Z0^Xd<\|b^XgN[]�ob^X^Xd

\0^J®3e fN^X¹O0`0[]j�Z0^�\>Ð _E�0dH^XgN�Ee�fN[]_E`¨�0\0^XdÃ_E�#�O^XfHd$_E�0dH^XgN�°b^Xd�^Qfµ\a^Xd$h�b^XfH0_�\0^Xd$\>ÐÑe.`�e�®]ÏwdH^�^Xf$\0^�g0b^X\aZ0¹XfN[]_K`�\0^Qd
_E�0dH^XgN�Ee�fN[]_E`0d1W � Ð []`�fN^Xg�¯Eb^XgH_Eh�b^QfNgN[]^�¸ei®T_K`0»EZa^J��e�dN^M¬0g0b^XdN^Q`wfH^�\0^XdJe1�Ee�`wfOe.»K^Xd$¬�e.g$g�e�¬0¬5_EgNf�e.Z��fH^X¹O0`0[]j�Z0^Xd
_E¬0fH[Tj�Z0^Qdµ\¨Ð _K�0dN^QgN�Ee.fH[]_E`¬0Za[TdHj�Z0^J®]^Xd³\0_E`a`cb^X^Xd�_K�0fN^Q`wZa^Xd�¬�e�g<² � �o�³dN_K`wf$¬5^XZ�dN^X`0dH[]�0®]^XdJe.Z'� ¹Q_E`0\0[]fH[T_K`0d
h�b^Xf0b^X_EgH_E®]_E»K[Tj�Z0^QdnWoÈ³`�¬5^XZ0f\a_E`0¹�_EgH»we.`a[TdH^Xg\0^QddN^XdHdN[]_E`ad² � �o��\0^�k.�K ^X`�e.dH¹X^X`0dH[]_E`�\0gH_E[]fN^E�sd�e.`ad
e1�E_E[]g|�5^XdN_K[]`�\0^Ã¹X_EhM�0[]`0^Qg<\0^Xd$_K�0dN^XgH�Ee.fH[T_K`0d<g0b^ne.®][]d0b^Q^Xd$\�e.`0d$\0^QdµdH[]fN^Xd$\0[.-µb^XgN^X`�fHd·e1�K^X¹�\0^Xd$[]`0dNfHgNZ0hi^X`�fNd
\0[.-µb^XgH^X`�fNd �._E`�h�[]`0[]hM[ dH^oe.[]`0dH[�®T^Qd?^XgNgH^XZ0gHd�+X_K`�e.®]^Xd1W � ÐÑe�`�e.®]Ï�dN^°\0^|®]_E`0»KZ0^Xd&d0b^QgN[]^Xd°\>Ð _E�0dH^XgN�Ee�fN[]_E`0d&g0b^ne.®][]d0b^X^Qd
e1�E^X¹�Z0`�g0b^XdH^ne.Z�\a^ dHf�e�fN[]_E`0d�² � �o��\0[]dNfHgN[]�0Z|b^Q^Xd¸e�®3e�dNZ0g�¯£e.¹Q^\0^�®3e �&^XgNgH^ ¬5^XgHh�^XfM\0^i¹X_E`adNfNgHZ0[]gN^Za`0^
dN¬0�¸^QgN^�gN[]»E[]\0^ ¸e�¬�e�gNfN[]g�\0^Xd�\0[]gH^X¹XfN[]_K`0d e�Z�� _E�#�O^XfHd�^$��fNgOe.»we�®3e.¹XfH[Tj�Z0^Qdº ��^Xd1W�Å³^�`0_KZ0�E^X®]®]^Xd�e�`�e.®]Ï�dN^Qd
dN_E`�f�hi^X`|b^X^Qd�®]_EgNd$\0^M®,ÐÑe.¹QjwZa[TdH[]fN[]_E`\¨Ð _K�0dN^QgN�Ee.fH[]_E`0d$_EZ�¸ei®,Ð _�¹X¹ne.dH[]_E`�\0^M¬0gN_K»EgX¸^XdJ\5e.`0d�®3e h�_�\|b^X®][]d�e�fN[]_E`>�
®£Ð []`0dHfNgNZah�^X`�f�e�fN[]_E`M_KZ�\�e�`0d|®]^Xd<h�b^XfNa_w\a^Xd|\0^$g0b^X\aZ0¹XfN[]_K`>W
�$Ð ^XdHfM»Eg&�e.¹X^�¸e®3e�fH^X¹O0`0[]j�Z0^�² � �°��jwZa^�\0^XdM[]`0¹Q_E|b^XgH^X`0¹X^Qd�\�e�`0dJ®]^XdMhi_�\¿¸^X®]^Xd�¹X_K`��E^X`�fN[]_K`0`0^X®]d�\0^�®3e

¬0g0b^X¹Q^XdNdH[T_K`�^Xf�\a^®3e�`wZaf�e.fH[]_E`�\0^�®£Ð � �<��_E`�f b^Xf0b^�h�[]dH^XdM^X` b^X��[T\a^X`0¹X^EW|Å³^Xd�¹X_KgNgN^Q¹XfN[]_E`adÖe�Z���hi_�\¿¸^X®]^Xd
_E`�f b^Xf0b^
_E�0fH^X`�Z0^Xd�¸e
¬�e�gNfN[]gM\0^Qd�_E�adN^XgH�Ee.fN[]_K`0dM² � �o��j�Z0[|_E`�fMdN^QgN��[J¸e�g0b^ne.®][]dN^XgM®]^�gN^Q¬¿¸^XgN^�\0^�g0b^�¯�b^XgN^Q`0¹X^
^$��fNg�e�»we�® e�¹XfN[]j�Z0^EW
Å$e�`0dJ®3e�¹Q_E`0¹X^Q¬0fN[]_E`�¹X[]`|b^Qh e.fH[]jwZa^J\0^QdMdNÏ�dNfX¸^Xh�^Xd�\0^�g0b^�¯�b^XgN^Q`0¹X^E� ®T^Qd�e&��^Xd�\0Z�dHÏwdHfX¸^Xhi^�gH^XdNfH^X`�f�º ��^Xdn�

_EgN[]^X`�f0b^Xd|dN^X®]_K`�®]^Xd°\0[]gN^X¹XfH[]_E`0d|[]`0[]fN[3e�®T^QdnW � ^<gN^Q¬¿¸^XgN^Ã^XdNf|dHZ0dN¹X^Q¬0fN[]�0®]^$\>Ð �^XfNgH^$h�_�\0[ º<b^E�.h�e.[]d|¸e�¹Q_E`0\0[]fH[T_K`Mj�Z0^
®T^Qdoe&��^Xd&[]h�¬0®][]¹X[]fN^Qh�^X`�f5\cb^Oº�`0[]d?¬5e.g&®]^Xd?_E�#��^XfNd?\a^|g0b^O¯Eb^QgN^X`0¹Q^<dN_K[]^X`�f?_EgH[T^Q`wf0b^Xd?dH^X®]_E`�®T^Qd(\a[TgH^X¹XfH[T_K`0d?[]`0[]fN[3e�®T^QdnW
�<_EZad|fNgN_KZ0�E_K`0d|[]¹X[>Za`0^$\0[.-µb^XgH^X`0¹X^Ã¯:_K`0\�e.hi^X`�f�e�®T^|¬5e.g|g�e�¬0¬5_EgNf<e�Z���dHÏ�dNfX¸^Qh�^Xd|\0^Ãg0b^O¯Eb^QgN^X`0¹Q^JdHfN^X®]®3e.[]gN^Qd|\0^
`�e.fHZ0gN^$\0Ï�`�e�h�[]j�Z0^ )�¹O�e�j�Z0^<¹ne�f�e�®T_K»EZ0^³\0^<®3e$d0b^XgN[]^$\0^ ) � h e�f0b^XgH[ e�®][TdOe.[]f&Z0`�dHÏ�dNfX¸^Qh�^<\a^<g0b^�¯�b^XgN^Q`0¹X^�\0_E`�f
®T^Qd e �w^QdJ`>ÐHb^XfOe.[]^X`�f�¬�e�d e�®][T»K`|b^Xd�¸eÖ¹X^XZ���\0Z�¬0g0b^Q¹¿b^X\0^X`�fM^Xf�[]®?¯,e.®]®3e.[]f<\0_K`0¹�¹Q_E`0`�e�� � fNgN^i®]^XdJ¬5e.g�e�h¸^XfHgN^XdÃ\0^
fNg�e�`0d,¯*_EgNh�e.fH[T_K`M^X`�fNgH^�®]^Xd|dNÏ�dNfX¸^Xh�^Qd�) � W
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�&`�m1�E�0mK�.®,Ð �(�<�?e$gH^X¹X_Kh�h e�`0\|b^$�3��[]`0»Ef ^XfoZa`0[:¸^Xh�^<e�dNdN^QhM�0®nb^X^|»?b^X`|b^Xg�e�®T^K���oZ0^Q`0_Ed	�³[TgH^Xd�� ®,ÐÑe.\0_K¬0fN[]_E`�\>Ð Z0`
dNÏ�dNfX¸^Xh�^|\0^³g0b^O¯Eb^XgN^X`a¹X^$¹¿b^X®]^XdNfH^$¹X_E`��E^Q`wfH[]_E`0`0^Q®�\0_K`�f?®,Ð _KgN[]»E[]`0^ ^XdNf°®]^|��e.gHÏw¹Q^X`�fNgN^$\0ZMdHÏ�dNfX¸^Qh�^|dN_K®3e.[]gN^|^Xf jwZa[
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dN_E[]f|h�e.f0b^QgN[3e.®][]d0b^³¬�e.g³®T^Qd|¹X_�_EgN\a_E`0`|b^Q^Xd$\0^Xd$g�e�\0[]_EdN_KZ0gN¹Q^Xd<^$��fHg�e.»�e.®3e.¹QfN[]j�Z0^Xd<®]_K[T`�fOe.[]`0^Xd°_E�0dH^XgN�°b^X^QdJe1�E^X¹$®3e
fN^X¹O0`0[]j�Z0^|² � �°�XWE�&e.g&dN_KZ0¹X[0\0^°¹X_Kcb^XgN^Q`0¹X^E��[]®0eb^Xf0b^<e�Z0dNdH[0gN^X¹Q_Eh�h�e.`0\|b^(j�Z0^°®]^Xd&¹X_�_EgH\0_E`0`|b^X^Xd°fN^Xhi¬�_KgN^X®]®]^Xd
dN_E[]^X`�f°_E�0fH^X`�Z0^Xd|^X`�Z0fH[]®T[]dOe.`�f&Z0`0^�b^X¹O0^X®]®]^<\0^$fH^Xh�¬0d°e.fN_Kh�[]j�Z0^°g0b^ne�®T[]d0b^X^$¬�e.g°\0^Xd|0_KgN®]_E»K^Xd|e.fN_Kh�[]j�Z0^Xd&dNZag
® e �&^XgNgH^E�5®]^Xd|Z0`0[]f0b^Qd<\0^��5e.dN^�b^XfOe.`�f<®3eÃdN^X¹Q_E`0\0^�\0Z���Ä1PXVE�Gnp�G � A0V*G1FXA0CEV*D3SKA0C.R&I À B�A0D3Va~GQPµ�:¶t�N�|¬5_EZ0g|®]^$fN^Xhi¬0d
¬0gN_K¬0gN^�^Qf|®T^$h¸^XfNgH^µ\aZÖ¶t�o¬5_EZ0g|®3eÃ®]_E`0»KZ0^XZ0g|¬0gH_E¬0gH^EW
� ^�¬0®3e�`�¬0gH[]`0¹X[]¬�e.®°\0Z�`0_KZ0�E^1e.Z�dNÏ�dHfX¸^Xhi^�¹X_K`w�K^X`�fN[]_E`a`0^X®°\0^X�Ee.[]f��^XfHgN^e.Z0dHdN[°¬0gN_�¹O0^ijwZa^�¬5_EdNdH[]�0®]^M\0^

®£ÐHb^Xj�Z�e�fN^XZag�h�_.ÏK^X`�±�kElKlEl0� ®£Ð _KgN[]»E[]`0^�dHZ0g�®T^M¬a® e�`�¯:_E`a\�e.hi^X`�f�e.®&\0^Q�Ee.`�f �^XfHgN^�¹Q_E|b^XgH^X`�fN^e1�E^Q¹�®,ÐNb^Xj�Z0[]`0_&��^
\0Ï�`�e.hi[Tj�Z0^M±�kElKlEl0W � Ð � �<�Me�e�Z0dNdH[<gN^Q¹X_Ehih e.`a\cb^M®3e¹X_Kh�¬�e�g�e�[TdH_E`�\0^QdMgN^X¬�¸^QgN^Xd�\0^�g0b^�¯�b^XgN^Q`0¹X^�\0^�fN_EZad
f,Ïw¬5^Xd1��^Xf�¬�e�gNfH[T¹QZ0®][:¸^QgN^Xhi^X`�fµ^Q`wfHgN^M®]^ ) � ¢a��®]^�gN^X¬�¸^XgN^i\0Ï�`�e.hi[Tj�Z0^$¬0®3e�`cb^Xf�e�[]gN^�^Xf�®]^JgH^X¬�¸^XgH^�\0^�g0b^�¯�b^XgN^Q`0¹X^
^$��fNg�e�»we�® e�¹XfN[]j�Z0^EW
� ^Xd���[T`a»Ef,Æ,\0^XZ'�w[*¸^Xhi^�^Xf���[T`a»Ef,Æ,fNgH_E[]dN[*¸^Xhi^ e�dNdN^QhM�0®nb^X^Xd�»?b^X`|b^XgOe.®]^Xd�\0^�®,Ð �(�³� � �(�³�X��mn�K�.��^Xf �(�³�X�

mn�E�K�E�³_E`�f�gH^X¹X_Kh�h e�`0\|b^�®,Ð e�\0_E¬afN[]_E`\aZ�dNÏ�dNfX¸^Xh�^i\0^Mg0b^O¯Eb^XgN^X`a¹X^¹�b^X®]^XdHfN^�\0^i®£Ð �N�?Ç³¶¹Q_Eh�hi^�dNÏ�dHfX¸^Xhi^M\0^
g0b^O¯Eb^QgN^X`0¹Q^�¹�b^X®]^XdHfN^M[]`�fN^XgH`�e.fH[]_E`�e�®£�adN_KZ0d$®£ÐÑe�¹XgN_K`wÏ�hi^µ�N�|Ç³¶��3�,`�fH^XgN`�e�fN[]_E`5e.®?�°^X®]^XdNfH[3e.®?Ç|^O¯*^XgN^X`a¹X^ ¶�Ï�dHfN^Xh��X�
^Xf$d�eMh�e.f0b^XgN[3e.®][]d�e�fN[]_E`M¬5e.g<®3e ¬0gN^Xhi[:¸^XgN^�g0b^ne.®][]d�e�fN[]_E`�\0Z
gN^X¬�¸^QgN^M\0^�g0b^O¯Eb^XgN^X`a¹X^�¹�b^Q®T^QdNfN^M[]`�fN^QgN`�e�fN[]_E`�e�®,��dN_EZad
®£ÐÑe�¹XgN_K`wÏ�hi^|�N�|Ç�)��3�,`�fH^XgN`�e�fN[]_E`5e.®(�°^Q®T^QdNfN[3e�®>Ç|^O¯:^QgN^X`0¹Q^ )ag�e�h�^E���e�^Xf<e�®£W]�5mn�K�E�Ã^XfJm1�E�E K�XW
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� ÐÑe.\0_K¬0fN[]_K`J\>Ð Z0`MdHÏ�dNfX¸^Qh�^|\0^³g0b^O¯Eb^QgN^X`0¹Q^���e.d0b^|dNZ0g°Z0`0^³\|b^Oº�`a[TfH[]_E`M¹X[]`|b^Xh�e.fH[Tj�Z0^°[]h�¬0®][]j�Z0^?Z0`M¹O�e�`0»E^Qh�^X`�f
¬00[]®]_EdN_K¬00[]j�Z0^M\�e�`0dJ®3e
¹X_E`a¹X^X¬0fH[T_K`�\0^Xd�dNÏ�dNfX¸^Xh�^XdM\a^ g0b^O¯Eb^XgH^X`0¹X^
¹¿b^X®]^XdNfH^XdnW|Å$e.`adJ®]^Xd�\|b^Oº�`a[TfH[]_E`0d�¬0g0b^Q¹¿b^OÆ
\0^X`�fN^Xd1��®]^Xdµe ��^Xdb^XfOe.[]^X`�f<\a_E`0`|b^Qd<¬�e�g<®3e�\0Ï�`�e.hi[]jwZa^<\0^Xd³h�_KZ0�E^Xhi^X`�fNd°\0^�®3e �&^XgNgH^J\5e.`0d³®£Ð ^XdH¬�e.¹Q^�^Xf<[]®]d
b^Xf�e�[T^Q`wf$e.dHdN_�¹X[nb^XdJ¸e�®,ÐHb^Xj�Z�e�fN^XZ0g³h�_.ÏK^X`M^XfJ¸e�®,ÐHb^Xj�Z0[]`0_&��^$\0Ï�`�e.hi[]jwZa^|\>Ð Z0`0^�b^X¬5_�j�Z0^�\0^�g0b^O¯Eb^XgH^X`0¹X^� �µm1�E¢Kl0�
±wkElKlElK�XW&Åµe�`0d�® e
\|b^Oº5`0[]fN[]_E`�e.¹XfHZ0^X®]®]^E�&®]^Xd e ��^XdM\0Z�dNÏ�dNfX¸^Xh�^igN^XdHfN^X`�f º ��^XdM¬�e.g�g�e�¬0¬5_EgNf¸e
\0^XdMdH_EZ0gH¹X^Xd
®T_K[]`wfOe.[]`0^XdÃ\�e.`0dÃ®£Ð Z0`a[T�K^XgNd1�>^QfJ\0^i¬0®]Z0dn�¨[]®]d�dN_K`wfÃ\0[]dNdN_�¹X[1b^XdM\a^XdJ¬a® e�`0d�\0^i®,ÐNb^QjwZ5e.fN^QZ0gJ^QfJ\0^i®,ÐNb^Q¹X®][T¬afN[]j�Z0^EW
�>_KZ0g|e.dNdHZ0gN^Qg<®3e$¹X_K`wfH[]`wZa[Tf0b^E��®]^Xd°\0[]gN^X¹XfH[]_E`0d|\0^Qd<e&��^Xd°\0Z�dNÏ�dNfX¸^Xh�^³\0Ï�`�e.hi[Tj�Z0^°^X`�±wkKlElKl$_E`�f�b^Xf0b^$¹O0_E[]dH[T^Qd
¬�_KZ0g<®3e�`0_KZ0�E^X®]®]^�\|b^�º�`0[]fN[]_E`¨W��&e.g³¹X_E`0d0b^Xj�Z0^X`�fn� ®T^Qdµe&��^Xd³\0^�®,Ð �N�|Ç<¶idN_K`�f<¹X_K`�¯:_E`a\0Z0dµe1�K^X¹�¹X^QZ��\0Z�) � ¢
� )agN[]¹!3E^$^Xf<e.®,W�m1�E E K�X�0e�Z�`0[]�E^1e.Z�\0^Xd|[]`0¹X^QgNfN[]fHZ0\0^Xd$\0^$¹X^�\a^XgN`0[]^Xg1W
� Ð _EgN[]»K[T`a^�\0^Xd�e&��^Xd$\0^�®,Ð �N�|Ç<¶i^XdNf�e�Z��e.gHÏ�¹X^X`�fNgH^M\0Z�dHÏ�dNfX¸^Qh�^�dN_E®3e�[TgH^EW��°^QfNfN^M¹Q_E`0\0[]fH[T_K`^XdHf·e�dNdHZ0g0b^X^

¬�e.g|®3eÃh�_�\|b^X®][]d�e�fN[]_E`M\0^Qd|_E�0dH^XgN�Ee�fN[]_E`0d|² � �°�|\�e.`ad|®T^$¹ne�\0gN^$\0^Ã® eÃgN^Q® e�fN[]��[]f0b^<»?b^X`|b^XgOe.®]^EW
� ^�¬0®3e�`�¬0gN[]`0¹X[]¬�e�®�\0^�®£Ð �N�|Ç³¶ e b^Qf0b^�\|b^Oº�`0[�¬�e.g�®]^�¬0®3e.`�\0^�®,ÐHb^Xj�Z�e�fN^XZ0g�\0_K`0`|b^�¬�e�g�®]^Xdhi_�\¿¸^X®]^Xd

¹X_E`��E^Q`wfH[]_E`0`0^Q®Td � �<�J�Hmn�K�#�E�s^Xf �(�³�J�Nm1�E KlE�|\a^J®3eM¬ag0b^X¹X^QdNdN[]_K`�^Xf$\0^J®3e `wZaf�e.fH[]_E`�� � []^Xd 3K^M^Xf�e.®,W]�>m1�E�E� �
¶�^X[]\0^X®]h e�`0`>�?m1�E KkE�XW¨Å<^QdJe.`�e�®]ÏwdH^Xd��:¶�_KZ0¹O�e1Ï�^Qf e�®£W]�?m1�E�K¢ �(�°5e.gN®]_Kf�^XfMe.®,W]�?mn�K�E¢E�³_K`wfÃh�_E`�fHg0b^Mj�Z0^�®]^
¬��_E®]^$\0^$®,Ð �N�|Ç³¶�^XdNf³\|b^X¬0®3e�¹¿b^$¬�e.g|gOe.¬0¬5_EgHf<e.Z�¬��_E®]^$h�_.ÏK^X`M^X`�±wkKlElKl�\0^$hi_E[]`0d?\0^�kElÃh e.d1Ww�°^Q¹X[>[]`0\0[]j�Z0^
jwZa^M®£ÐHb^Xj�Z�e�fN^XZag�h�_.ÏK^X`^X`�±�kElElKli^Xf�®]^J¬a® e�`�¬agN[]`0¹X[]¬�e�®?\0^M®,Ð �N�|Ç<¶�dH_E`�f�^X`�e�¹X¹X_EgH\>W �sº�`�\0^MdNZa[T��gH^M®T^Qd
gN^X¹X_Kh�h�e.`0\�e�fN[]_E`ad�\0^°®,Ð �(�<�X�Q®3e°\0[]gN^X¹XfH[]_E`�\0Z�¬��_K®T^ ¹¿b^X®]^XdNfH^|\0^?®,Ð �N�|Ç<¶³\0_K[Tf��^XfNgH^ce�Z0dNdH[0¬0gH_w¹O0^°j�Z0^?¬5_EdHdN[]�0®]^
\0^<¹X^Q®T®]^$\0ZidNÏ�dNfX¸^Xh�^#) � ¢aWwÈ³`�^QdNfN[]hi^<j�Z0^<®,Ð []`0¹X^XgHfN[]fNZa\0^<\0^³®3e$\0[]gN^X¹QfN[]_E`�\0Zi¬��_E®]^|h�_.ÏK^X`�±wkElKlElÃ\0Z ) � ¢
^XdNf|\0^��$¢El�h�e.d<� )0gH[]¹03K^E��mn�K Ek �0¶t¹���|e.`0`¨��mn�E K  ��)agN[]¹!3E^$^Xf<e.®,W]�5mn�E K E�QWw�°^X¹Q[>¬0gH_EZ0�K^<j�Z0^$®]^µ¬ �_E®]^<¹�b^Q®T^QdNfN^
\0^$®£Ð �N�|Ç³¶M^XdHf<¹X_K`�¯:_E`a\0Z e1�K^X¹�¹X^X®]Z0[�\aZ dHÏ�dNfX¸^Qh�^ ) � ¢Me�Z�`0[]�E^ne�Z \a^µ®,Ð []`0¹X^XgHfN[]fNZa\0^$\0^$¹X^�\0^XgH`0[]^XgnW
� Ð �(�<��eigN^Q¹X_Ehih e.`a\cb^�j�Z0^M®,Ð _EgN[]»K[T`a^�\0^XdJe�dN¹X^Q`0dN[]_E`adJ\0gH_E[]fN^Qd�\0^M®,Ð �N�|Ç<¶
dN_E[]f$¬0gH_w¹O0^i\0^M®,ÐNb^Xj�Z0[]`0_&��^

\0Ï�`�e.hi[Tj�Z0^�±wkKlElKl0W>Å$e.`ad�®,Ð e�`�e.®]Ï�dN^M² � �°�X�>[]®?`¨Ð ^QdNf�¬�e.d�¬�_KdNdH[T�a®T^i\0^Md0b^Q¬�e.gH^XgM®,Ð _KgN[]»E[]`0^�\0^Xd�e�dN¹X^Q`0dN[]_E`ad
\0gN_K[TfH^Xdn�5\0^�®3eM®]_E`a»E[]fNZ0\a^µ\a^J®3eM®][]»E`a^µ\a^J��e�dN^�\0^�®£Ð []`�fN^Xg�¯Eb^XgH_Eh¸^QfNgN^$¹ne�g$®£Ð _KgN[]»E[]`0^$\0^Xd�e�dN¹X^X`adN[]_E`0d$\0gH_E[]fN^Qd
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`>Ð ^XdNf�¬5e.d³º �ob^X^EW � ÐÑe&��^MÈ �\0Z�dNÏ�dNfX¸^Xh�^M�N�|Ç³¶�e�b^Xf0b^�º �ob^J[]h�¬a®T[]¹X[]fH^Xh�^X`�f|\�e�`0d$d�ei¬0gH^Xh�[*¸^XgH^Mg0b^ne�®T[]dOe.fN[]_K`
¬�e.g?®,ÐÑe.\a_E¬0fH[T_K`J\a^Xdce�dN¹X^Q`0dN[]_E`ado\0gH_E[]fN^Qdo\0^Qdo��[]`0»Ef�Æ£fHgN_K[Td&gOe.\0[]_EdH_EZ0gH¹X^Xd°^$��fNgOe.»we�®3e.¹XfH[Tj�Z0^Qdo¬0gH[]h e.[]gH^Xd|� �<gH[3e.d
^Xf�e.®,W]�om1�E K E�XW&�°^Xdi¹X_�_EgN\a_E`0`|b^Q^Xd�_K`wf�b^Xf0b^\|b^XgH[T�°b^X^Qd�\>Ð Z0`�^X`0dN^QhM�0®]^�\0^�¹ne�f�e.®]_K»EZ0^XdM² � �°�J¹Q_Eh�¬a[T®1b^XdÃ^X`
e.\0_K¬0f�e�`wfi¬�_KZ0g�®,ÐÑe.dH¹X^X`0dH[]_E`�\0gN_K[]fN^�\0Z�j�Z�e.dOe.g �E�|kE� �&� ®3e��Ee�®T^QZ0g�\0^ �µe&+1e.gN\�^Xfe.®,W|�Nm1�E�0m1�M\�e�`0d�®]^
dNÏ�dNfX¸^Xh�^ ) � ¢��Nmnk�kE�.h l#�0W �K�E�E��d?^X`�±wkKlElKlE�XW
� e¬5_EdH[]fN[]_E`�\0^�®£ÐHb^Xj�Z0[]`0_&��^M\0Ï�`�e�h�[]j�Z0^M\�e�`0dJ®]^idNÏ�dNfX¸^Xh�^��N�|Ç<¶�e�b^Qf0b^�\|b^XfH^XgNhi[T`|b^X^�¬�e.g )0_K® 3w`a^XgJ^Qf

e.®,W��Nm1�E�.���XW��,®]d|_E`�f�b^XfOe.�0®][¨®T^$gOe.fNfOe.¹O0^Xhi^X`�f|^X`�fNgH^J®,Ð �N�|Ç<¶ ^Xf|®]^�dNÏ�dNfX¸^Xh�^$\0Ï�`�e�h�[]j�Z0^<\aZ ±K^Xfµ�7gN_E¬aZ0®]dN[]_E`
� e.�5_EgOe.fH_EgNÏ�¬�e.gi¹X_Ehi¬�e.gOe.[]dN_K`�\0^XdigN^X¬�¸^QgN^XdfH^XgNgH^XdNfHgN^Xd�^XfM\0^Qd ¬5e.g�e�h¸^XfHgN^XdM\¨Ð _KgN[]^X`�f�e�fN[]_E`�\0^®3e �&^XgNgH^
_E�0fH^X`�Z0dJe1�E^Q¹J² � �°�µ^Qf ��� Ç�W5�,®]dµ_K`�fµ_K�0fN^Q`wZ�Za` b^X¹1e.gNfÃ\0^��E  ��mnlih e�d|^X`�fNgH^�®,ÐÑe&��^JÈ ��\a^J®,Ð �N�|Ç<¶�^Qf
®£ÐHb^Xj�Z0[]`0_&��^Mhi_.ÏE^X`�\0^i®,ÐNb^Q¬�_�j�Z0^�±�kElKlEl0W �&^X`�e�`wf�¹X_Kh�¬0fH^�\0^i®£Ð []`0¹X^QgNfN[]fHZ0\0^�\0^�®,Ð _EgH[]»E[]`0^M\0^Xd�e�dN¹X^Q`0dN[]_E`ad
\0gN_K[TfH^Xd�3�K_E[]gn�¨¬�e�gJ^$��^Xhi¬0®]^E�&��_EgHgN[]dN_K`�^XfMe.®,W]�om1�E�KlE�X� _E`�¬5^XZ0f�e'�gNhi^Xg�j�Z0^�®,Ð _EgH[]»E[]`0^M\0^Xd�e�dN¹X^Q`0dN[]_E`ad
\0gN_K[TfH^Xd|\0^�®,Ð �N�|Ç<¶�^QdNf<¹Q_E`�¯:_K`0\0Z0^�e1�K^X¹$¹X^X®]®]^�\0Z ) � ¢�\5e.`0d|®3eÃ®T[]hi[TfH^o\a^�®,Ð []`0¹Q^XgNfH[TfHZ0\0^$\0^$¹X^�\a^XgN`0[]^Xg1W
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� e�h e�[]`wfH^X`�e�`0¹X^<\¨Ð Za`�dNÏ�dHfX¸^Xhi^µ\a^�g0b^O¯Eb^XgN^X`a¹X^J¬5^XZ0f³dN^$¹X_K`0¹X^X�K_E[]g<\0^$\0^QZ���h�e.`0[*¸^XgH^Xd*)
� dN_E[]f°®]^Xd<¹X_�_KgN\0_K`0`|b^X^Xd³\0^Xd³_E�#�O^XfHd<\�e�`0d|®]^$gN^X¬�¸^QgN^�dN_E`�f|¹X_K`0dN[]\|b^Qg0b^X^Xd$¹X_Kh�hi^|¬cb^XgN^Q`0`0^Xd1��^Xf|®]^XZ0gHd<�Ee.®]^XZagNd
`wZah�b^XgH[Tj�Z0^Qd(gH^XdNfH^X`�f°º ��^Xd?¬5^X`0\�e�`�f?j�Z0^X®]j�Z0^Xd|e.`0`|b^Q^Xdµ��¹EÐ ^XdNf ® e³¬0a[T®]_KdN_E¬a0[]^o\0^|®3e³¹X_K`0¹X^X¬0fH[]_E`�\aZJdHÏwdHfX¸^Xhi^
) � ¢K�X�
� dN_K[]f�®T^Qd(e&��^Xd¨\0Z�dHÏwdHfX¸^Xhi^?gN^QdNfN^Q`wf7º ��^Xd>\�e�`0d>®]^XZagNd>\a[TgH^X¹XfH[T_K`0d&[]`0[]fN[3e.®]^Xd1�Oh e.[]d5®]^Xd>¹X_�_KgN\0_K`0`|b^X^Xd&\0^Qd(_K�#�O^XfHd
\0ZMgN^X¬�¸^XgN^$\0^|g0b^O¯Eb^XgH^X`0¹X^�dH_E`�f?gH^X¹ne.®]¹XZa®nb^Q^Xdo^Qfohi_w\a[ º<b^X^Xd&dN[5`|b^X¹X^QdNd�e�[]gN^E��¬�e�g?^$��^Xhi¬0®]^|®T_KgNd&\0^³®£Ð []`�fNgH_w\aZ0¹XfN[]_K`
\0^$`0_EZ0�K^ne.Z'��_E�#��^XfNd��3¹EÐ ^XdHf<®]^<¬0gH[]`0¹X[]¬�^ÃjwZa[�^XdNf�¸e�® eÃ��e�dN^$\0^$®,Ð �N�|Ç³¶0�XW
� ^�gH^X¬�¸^XgH^\0^�g0b^O¯Eb^XgH^X`0¹X^
jwZa[oh�e.f0b^QgN[3e.®][]dN^�®,Ð �N�|Ç³¶¬5^XZ0f��^XfHgN^�h�_�\0[ º<b^�dN[°®,Ð _K`�\0[]dN¬5_EdH^�\0^Xd�h�^Q[T®]®]^XZ0gH^Xd

¬�_KdN[]fN[]_E`ad(\a^Xd&dN_EZagN¹X^Xd°g�e�\0[]_<^$��fHg�e.»�e.®3e.¹QfN[]j�Z0^Xdn��¸e³¹X_K`0\0[]fN[]_E`Ã\>ÐÑe.¬0¬0®][]j�Z0^Xg¨Z0`0^°¹X_E`�fNgOe.[]`�fN^°\0^|`0_K`�Æ£gH_EfOe.fN[]_K`
»E®]_E��e�®]^<¬�e�g<g�e�¬0¬5_EgNf�¸e�®3e�g0b^ne�®T[]dOe.fN[]_K`�¬0g0b^X¹�b^X\0^Q`wfH^EW&�°^XfNfH^�¬0gN_�¹�b^Q\0Z0gN^�e�dNdHZ0gN^�j�Z0^Ã®T^Qdµe&��^Xd³dN_K`wf³fN_KZ��O_EZagNd
\�e.`0d|®]^XZagNd<\a[TgH^X¹XfH[T_K`0d|[]`0[]fN[3e.®]^Xd1�E^Qf<¬5^XgNhi^Xf|j�Z0^$®T^$gH^X¬�¸^XgH^JdH_E[]fo\a^X`0dN[ º<b^Ã_EZ�j�Z>Ð [T®5\0^X��[]^X`0`a^�¬0®]Z0d|¬0g0b^X¹X[]dnW
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� ÐÑe.¹X¹.¸^XdJ\a[TgH^X¹XfM®]^M¬0®]Z0d�¬0g0b^Q¹X[]d ¸e
®,Ð �N�|Ç³¶^QdNf�\0_E`0`|b^�¬�e�gJ®]^Xd�_E�0dH^XgN�Ee�fN[]_E`ad�² � �o�XW?�°^XfHfN^ifN^X¹O0`0[]j�Z0^�^XdHf
®T[]hi[Tf0b^X^�¸e�\a^Xd�Z0fN[]®][]d�e�fN^XZ0gHd\�e�`0d®]^�\0_Kh e�[T`a^\0^Xd
¯:g0b^QjwZa^X`0¹X^Xd�g�e�\0[]_�W � ^�² � �°�^XdHf�ZafN[]®][Td0b^�¬�_KZ0g®3e
h e.[]`�fN^Q`�e.`0¹Q^J\0Z�dNÏ�dHfX¸^Xhi^EW � ÐÑe.¹X¹.¸^Qd�\0^M®,Ð �N�|Ç<¶�¸e�fH_EZ0dÃf,Ïw¬5^Xd�\¨Ð ZafN[]®][TdOe.fH^XZ0gNdÃ\0_E[]f �^XfNgH^ e�dNdNZag0b^�»Kg �e�¹X^�e.Z
g�e.fHf�e�¹�a^Xh�^X`�f³\0^�®,Ð �N�|Ç�)�e�Z���gH^X¬�¸^XgH^Xd�\0^�g0b^�¯�b^XgN^Q`0¹X^Mh e��O^XZ0gHdn�0fH^X®]d$jwZa^�®]^ ) � ¢a�0®]^�gH^X¬�¸^XgH^M\0^�g0b^�¯�b^XgN^Q`0¹X^
\0Z�d�e.fH^X®]®][TfH^#�<[]¬0¬�e�gN¹X_Kdn�0®]^Xd�b^Q¬0|b^Xh�b^XgN[]\0^Xd|¬a® e�`|b^XfOe.[]gN^Xd1�0®]^$gN^X¬�¸^XgN^�\0^$g0b^O¯Eb^XgN^X`a¹X^JfH^XgNgH^XdNfHgN^M¹X_K`��E^X`�fN[]_K`0`0^X®,W
�&^X®�j�Z>Ð []®�e�b^Xf0b^$gH^X¹X_Ehih e�`0\|b^|¬�e�go®,Ð �(�³�X�.®]^<gN^Q¬¿¸^XgN^Ã\0^$g0b^O¯Eb^QgN^X`0¹Q^ �<[]¬0¬�e�gN¹X_Kd|^XdNf|®3e$h�e.f0b^XgN[3e.®][]d�e�fN[]_E`Ã\0^

®£Ð �N�|Ç³¶M\�e�`0d<®]^Xds¯:g0b^Xj�Z0^Q`0¹X^Xd$_E¬afN[]j�Z0^XdJ� � _.�Ee.®]^X��d 3�Ï�^Qfµe.®,W]��mn�K�E�K�XW � ^Ãg�e.fHf�e�¹�a^Xh�^X`�f³^X`�fNgN^Ã®T^ÃgN^X¬�¸^QgN^�\0^
g0b^O¯Eb^QgN^X`0¹Q^J² � �°�|^Xf|®]^µgH^X¬�¸^XgH^ �³[]¬0¬�e.gH¹X_Ed<eÃ¯,e.[]f?¬�e�gNfN[]^�\aZ�¬0gH_E»EgOe.hih�^ �<[]¬0¬5e.gN¹Q_EdnW
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� ^Xd�b^Q¬0|b^Xh�b^XgN[]\0^Xd&¬0®3e�`cb^Xf�e�[]gN^Xd�^Xf¨®]Z0`�e.[]gH^Xd>dH_E`�f�_EgH[T^Q`wf0b^X^Xd&dNZag>®,Ð �N�|Ç<¶�WOÅ³^Xd�b^XfHZ0\0^Xd&g0b^ne.®][]d0b^X^Qd(¬5e.g )a_E® 3�`0^Xg
^Xfce�®,W��Hmn�E���w�&hi_E`�fNgH^X`�f?j�Z0^<®]^|gOe.¹X¹X_KgN\0^Qh�^X`�f°^X`�fNgN^$®,Ð �N�|Ç�)
^Xf°®T^|gH^X¬�¸^XgH^�\0Ï�`�e�h�[]j�Z0^o\|b^Oº�`0[?¸e$¬5e.gNfH[]go\0^Qd
b^X¬0|b^Xh�b^XgN[]\0^Qd<¬0®3e.`|b^Xf�e�[TgH^Xd|\0Z�±w� � ^XdNf³¹X_E`0`�Z�¸e�h�[]^XZ'�Jj�Z0^��#��h e�dnW
� ^Xd&¬�e.gOe.h¸^XfNgH^Xd>\>Ð _KgN[]^X`�f�e�fN[]_E`$\0^?®3e �(^QgNgN^ ¹ne.®]¹XZ0®1b^Xd&¬�e�g>®,Ð �N�?Ç<¶³¬5^XgNhi^XfNfH^X`�f&\>ÐNb^Xf�e��0®][Tg�®]^?gOe.fHf�e.¹O0^Qh�^X`�f

^X`�fNgN^�®,Ð �N�|Ç�) ^Qf ®]^dHÏ�dNfX¸^Qh�^�\0^�g0b^O¯Eb^XgH^X`0¹X^�fH^XgNgH^XdNfHgN^�[]`�fN^XgH`�e.fH[T_K`�e.®³� �<Ç<¶ �3�,`�fH^XgN`�e�fN[]_E`5e.® �&^XgNgH^XdNfHgN[3e.®
Ç|^O¯:^QgN^X`0¹Q^ ¶�Ï�dHfN^Xh��XW0È³`�dN^�gH^X¬�_KgNfH^Xg�eie.Z�¬�e.gOe.»Kg�e.¬a0^$��W �J¬5_EZag|¬0®]Z0d|\0^$\|b^XfOe.[]®]dnW

��� � � � � � 8 = 8 ; �8 = 8 9¨8 = �8 �Y�8 = 8 4?+ 8 + �8 ' 8 6X/ 8 )*4>/ 8 =.4(-a/n)3254&-0' �$!� �

� e|¬agN^Xhi[:¸^QgN^?g0b^ne.®][]d�e�fN[]_E`�\aZ�gN^X¬�¸^XgN^|\0^°g0b^�¯�b^XgN^Q`0¹X^<¹�b^X®]^XdNfH^|[T`�fH^XgN`�e�fN[]_E`5e.®.¯*Z0f(e�\0_E¬0f0b^X^°¬�e.g¨®£Ð � �<�?¸e|dOe|��[]`0»Ef�Æ
fNgN_K[]dN[:¸^Xh�^�e.dNdH^XhM�0®1b^X^�»?b^X`|b^XgOe.®]^��Nmn�K�E�K�X�5dN_KZ0d$®£ÐÑe�¹XgN_K`wÏ�hi^<�N�|Ç�)°W5�,®&dnÐÑe.»K[]f<\>Ð Z0`¹1e.f�e�®]_E»EZa^$¯:_E`a\�e.hi^X`�f�e.®
jwZa[>e0�K¬�e.g|gOe.¬0¬5_EgHfµ¸eÃdN^Xd³¬0g0b^Q\cb^X¹X^XdHdN^XZagNd.�5® eÃ¹ne�g�e.¹Qf0b^XgH[TdHfN[]j�Z0^�\0^³`0^$¬�e.d*�^QfNgN^$®][nb^µe�Z��M¬0®3e.`0d°\0^$®,ÐNb^Xj�Z�e.fH^XZ0g
^Xf|\0^�®,ÐNb^X¹X®][]¬0fN[]j�Z0^EW
Å³^XdidN_KZ0gN¹X^Qd�g�e�\0[]_�^$��fNgOe.»we�®3e.¹XfH[Tj�Z0^QdM\0^�\0[.-µb^XgH^X`�fN^Xd�j�Z�e�®T[]f0b^Xd�e.dHfNgN_Kh�b^XfHgN[]j�Z0^XdM¹X_K`0dNfH[]fNZ0^X`�fM®,Ð �N�|Ç�)°W

� ^Xd�\0[]gN^Q¹XfN[]_E`ad�\0^Xde �w^Qd�dN_K`�f�\|b^Oº5`0[]^Xd�¬�e.giZ0`�»EgH_EZ0¬5^\0^
dN_EZagN¹X^Xd�e.¬0¬5^X®nb^X^Xd�PXSEB�FN�OGQPIEG�I|~G �?A0D�V:D3SKA �
\>ÐÑe.Z0fHgN^Xd$dN_KZ0gN¹Q^Xdn��\a^Jhi_E[]`0\0gH^µj�Z�e�®][Tf0b^E�0dH_E`�f$[]`0¹X®]Z0dN^Qdµ¬5_EZag<\0^X`adN[ º�^Xg�®]^�gH^X¬�¸^XgH^M^Xf$¬�_KZ0g<¬5^XgHh�^XfHfNgN^MdH_E`
g�e.fHf�e�¹�a^Xh�^X`�f�¸eÃ\>ÐÑe.Z0fHgN^Xd³gN^X¬�¸^XgN^Xd$\0^$g0b^O¯Eb^XgH^X`0¹X^E� `0_EfOe.h�hi^X`�f?¹X^X®]Z0[�\aZ ¹1e.f�e�®]_E»EZa^��³[]¬0¬�e.gH¹X_Ed1W
� Ð �N�|Ç�)��:�e�^QfJe.®,W?m1�E�E�i^Xf�mn�K�E K�<^QdNf�®T^Mg0b^XdNZa®TfOe.f�\0^�®,ÐÑe.`5e.®]Ï�dN^�\0^�fH_EZ0fH^XdJ®]^XdÃ_E�0dH^XgN�Ee�fN[]_E`0dÃ² � �°�

\0[]dN¬5_E`0[]�0®]^Xd|dHZ0g|®3e�¬|b^QgN[]_�\0^�mn�K�E� Æ�m1�E�E¢aW � ^Qdµe.`5e.®]Ï�dN^Xd|² � �°�oj�Z0[�_K`wf|dH^XgN��[°¸e�®£ÐHb^XfOe.�0®][]dNdH^Xh�^Q`wf°\0^$®,Ð �N�|Ç�)
_E`�f�b^Qf0b^�^ -�^X¹XfHZ|b^X^Xd�e º�`�\0^$fNgN_KZ0�E^Qg|Z0`��5_E`�¹X_Kh�¬0gH_Eh�[]d¨^X`�fNgN^Ã\0^Xd|_E�#��^X¹XfN[ ¯:d|¬5e.g,¯*_E[]do\a[T�K^XgN»K^X`�fNd*)�®]^$¬0®]Z0d
»Eg�e�`0\�`a_EhM�0gH^M\0^�\0_E`0`|b^X^XdM^XfM®,Ð ^XgNgH^XZ0gMdHÏwdHf0b^Xh�e.fH[Tj�Z0^M®3e
¬0®]Z0dÃ¯£e.[]�0®]^M¬5_EdNdH[]�0®]^E�&®]^XdJhi^X[]®]®T^QZ0gNd�hi_�\¿¸^X®]^Xd
^XfJ®,Ð Z0fH[T®][]d�e�fN[]_E`�¬0gOe.fH[Tj�Z0^i®3e�¬a®TZad�dN[]h�¬a®T^K��®]^M¬0®]Z0dÃ»Eg�e�`0\�`0_KhM�0gN^M\0^M¬5e.g�e�h¸^XfHgN^XdÃ^XdNfH[Th�b^Xd�^Xf�®]^MfN^Xhi¬0d
\0^�¹ne�®]¹XZ0®,W � ^Xd��w[]fH^XdNdH^XdM\0^MgN^Qf�e.gH\�dN_E`�f�[]`�fNgH_�\0Z0[]fN^Xd�\�e�`0d�®,ÐÑe.`�e�®TÏ�dH^EW � ^QdJ_K�0dN^XgH�Ee.fH[T_K`0d�^X`�\0^XdHdN_EZadM\0^
� �M\a^��e�Z0fN^XZagJdH_E`�f�gN^ �O^Xf0b^Q^XdnW � ^Mhi_�\¿¸^X®]^M®][T`|b^ne.[]gN^�\0^ifNgN_K¬�_KdN¬0�¸^XgN^�^XdHfJ¹X_Kh�¬0®1b^Xf0b^M¬�e.g�®,Ð ^XdNfH[Th�e.fH[T_K`�\0^
»Eg�e�\0[]^X`�fNd1Ww�&`i¹X^$j�Z0[�¹Q_E`0¹X^QgN`0^$®3e$¬5_EdN[]fH[T_K`M\0Z�¬ �_E®]^|¹�b^X®]^XdHfN^E�a\0^Xd|¹X_KgNgN^Q¹XfN[]_E`ad<e.Z���h�_�\�¸^X®]^Xd �(�<�³mn�E� �³\0^
® eÃ¬0g0b^X¹X^XdHdN[]_E`�^Xf	�(�³�µm1�E Kl�\0^Ã® eÃ`�Z0f�e�fN[]_E`i_E`�f�b^Xf0b^Je�¬0¬5_EgNf0b^X^Xd$\�e�`0d|®,Ð e�`�e.®]Ï�dN^KW
Å³^Xd�b^XfHZ0\0^Xd�¬0g0b^X®][]h�[]`�e.[]gH^Xd�_K`wf
¬�^XgHh�[]d\0^�\|b^XfH^X¹XfN^Qg�®T^Qd�dH_EZ0gH¹X^Xd�®]^Xd¬0®]Z0d�e.\5e.¬0f0b^X^Xd�¬�_KZ0g\|b^Oº5`0[]g

®£Ð _KgN[]^X`�f�e�fN[]_E`M\0^Qd<e&��^Xd|\0Z�gN^Q¬¿¸^XgN^KW¿Å$e�`0doZa` ¹1e.d|[]\|b^ne�®£��e1�E^Q¹µZa`�»EgOe.`0\�`0_KhM�0gN^|\a^µ\a_E`0`|b^Q^Xdn�a¹X^Xd<dH_EZ0gH¹X^Xd
`0^\0_K[T�K^X`�fJ¬5e.dM¬0g0b^XdN^X`�fH^Xg\0^�¹O�e.`a»E^Xhi^X`�fM\0^�¬�_KdN[]fN[]_E`¨W?�>_KZ0gM¹X®3e.dHdN^Xg�®]^XdMdH_EZ0gH¹X^Xd�g�e�\0[]_�\0^�®,Ð �N�|Ç�)°�
\0^Xd$¹XgN[]fX¸^XgN^XdÃ_E`�f�b^Xf0b^�\|b^Oº�`a[Td$^X`
¯:_K`0¹XfN[]_K` \a^J®3eMj�Z�e�®][Tf0b^�\0^Xd$\0_K`0`|b^X^Qdn��®,Ð 0[]dNfH_EgN[]j�Z0^$\0^Xd$_K�0dN^XgH�Ee.fH[T_K`0dn�5®3e
¹X_E|b^QgN^X`0¹Q^�^X`�fNgH^J®]^Xd$¹X_�_KgN\0_K`0`|b^X^XdÃ\cb^XgN[]�°b^X^XdÃ\0^Xd$\0[.-µb^QgN^X`�fNd$dH_EZ0d�Æ£^X`adN^XhM�0®]^Xd$\0^�\0_K`0`|b^X^XdÃ^Xf$®T^Qd<^ -�^XfNdÃ\0^
dNfNgHZ0¹XfHZ0gN^�g�e�\0[]_J\0^Qd<dN_KZ0gN¹Q^XdnW
�³`0^�dN_EZagN¹X^MgOe.\0[]_�\a_E[]f<dOe.fN[]d�¯£e.[]gN^Ã®T^Qdµj�Z�e�fNgH^J¹XgH[]fX¸^XgH^Xd�¬5_EZ0g$dN^QgN��[]g ¸e ®3eM\|b^Oº5`0[]fN[]_E`���^Xf$h e�[T`�fH^X`�e.`a¹X^n�

\0^Xdµe ��^Xd|\0Z�dNÏ�dNfX¸^Xh�^KW
mn�$�°_E`0¹Q^XgN`�e�`�f�®,Ð a[TdHfN_KgN[]j�Z0^J\a^Xd�_E�adN^XgH�Ee.fN[]_K`0dn�5_E`�\0^Xh�e.`0\a^JZ0`�h�[]`0[]hMZ0h \0^M��[]`0»Kfµ_K�0dN^QgN�Ee.fH[]_E`0d$dNZag
Z0`�[T`�fH^XgN�Ee�®T®]^³dNZ0¬|b^QgN[]^XZ0g�¸e�\0^XZ���e.`0d1W
kE� � ^Qd|[T`a¹X^XgNfH[]fNZ0\0^Qdµ^Q`Öe�dN¹X^Q`0dN[]_E`
\0gN_K[TfH^$^Xf|^X`\|b^Q¹X®][T`5e.[]dN_K`�\0_K[T�K^X`�f �^QfNgN^�[]`�¯Eb^XgH[]^XZ0gN^Qd�¸e�m$h e.d1W
�E�°ÅJÐÑe�Z0fNgH^Xd?dN_K®]Z0fN[]_E`ado² � �°�?_E`�fMb^Xf0b^$¹ne.®]¹XZ0®1b^X^Qd<e1�E^X¹|\0^Qd|\0_E`0`|b^X^Xd<e.¹QjwZa[TdH^Xd°¬�e.g°\0^Xd|g0b^XdN^ne�Z��M\0^$dNfOe.fH[T_K`0d
\0[.-µb^XgH^X`�fNd³^Xfµe�`�e.®]Ï�d0b^X^Qd<e1�E^X¹�\a^Xd|®]_E»E[]¹X[]^X®]d°\0[.-µb^QgN^X`�fNd1W��°^Xd<dH_E®]Z0fN[]_K`0do[]`0\|b^X¬�^Q`0\�e.`�fH^Xd$_E`�f b^Xf0b^Ã¹X_Ehi¬�e.g0b^X^Xd
¸e�®3e$dH_E®]Z0fN[]_K`MjwZa[>e$dN^XgH��[>\0^³��e.dH^ ¸e·®£Ð �N�|Ç!)�e�¬0gX¸^Xd<e1�K_E[]g?^X`a®T^Q�ob^³®]^XZ0gNd|_KgN[]^X`�f�e�fN[]_E`adogH^X®3e.fN[]�K^XdnW � ^Xd|_K�#�O^XfHd
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\0_E`�f�®]^Xd�\0[.-µb^QgN^X`0¹Q^XdM\0^�¹Q_w_KgN\0_K`0`|b^X^Qd b^Xf�e�[T^Q`wfÃdNZ0¬|b^QgN[]^XZ0gH^Xd�¸elaWÑ¢�h�e.d1��_EZ�¬5_EZ0gÃ®T^QdNj�Z0^X®]d�® eÖ\0[.-µb^XgH^X`0¹X^
e1�E^X¹$®3e�dH_E®]Z0fH[T_K`�\0^Ã��e.dH^µ\|b^X¬�e.dHd�e�[Tf#�

�
�

�
b^Qf�e.`�f|®,Ð []`0¹X^XgHfN[]fNZ0\a^µ\a^µ®3eÃdN_K®TZafN[]_E`i¬�_KZ0g<®,Ð �N�|Ç�)&�&`>Ð _K`wf|¬5e.d

b^Xf0b^�gH^XfN^Q`wZad<¹X_Kh�h�^|dH_EZ0gH¹X^Xd$\0^$\|b^Oº5`0[]fN[]_E`>W
�w���&` ¹X^�j�Z0[$¹X_E`0¹Q^XgN`0^�®3e�dNfHgNZ0¹QfNZ0gH^E�$¬0®]Z0dN[]^XZagNd�fN^XdHfNd�_E`�f�b^Qf0b^�Z0fH[T®][]d0b^QdnW<Å�Ð Z0`0^¬5e.gNf1�|Z0`0^��Ee.gH[3e.fN[]_K`
fN^Xhi¬�_KgN^X®]®]^�\5e.`0d�®3e�dNfNgHZ0¹XfHZ0gN^�\0^�®3e�dH_EZ0gH¹X^�dN^�h e�`0[ ¯:^XdNfH^¹X_Kh�h�^�Z0`�\|b^X¬0®3e.¹X^Qh�^X`�f�\0^�dN_K` ¹Q^X`�fNgN^
\>ÐNb^Xh�[]dNdH[]_E` �0_K`�¬�^XZafµ\a_E`0¹�®3e�\|b^QfN^X¹XfH^Xg�^X`
¹ne.®]¹XZ0®3e�`wf|®]^Xd³�Ee.gH[ e�fN[]_E`ado\0^�dN^Qd<¹X_�_EgH\0_E`a`cb^X^XdJe1�K^X¹$®]^�fN^Xhi¬0d
jwZa^<®,Ð _E`�¬5^XZ0f°[]`wfH^XgN¬ag0b^XfH^Xg|¹X_Ehih�^?Za`�h�_KZ0�E^Qh�^X`�f�¬0gH_E¬0gH^µe.¬a¬�e.gH^X`�fnW�ÅJÐÑe�Z0fNgH^|¬�e.gHfn�K[T®5e�b^Xf0b^³h�_K`wfHg0b^°j�Z0^
® e�¹Q_EgNgH^X¹XfH[T_K`�\a^�dNfHgNZ0¹XfHZ0gN^M¹1e.®]¹XZ0®1b^X^�¸e�¬5e.gNfH[]g<\0^�¹1e.gNfH^Xd$`0^�\0_K[]f|¬�e.d³\cb^X¬�e�dNdN^Qg m1lM¬0[]¹X_KdN^X¹Q_E`0\0^QdnW )a^XÏ�^Qf
�°�e.gH®T_Kf��Nm1�E�E�K�°_E`�f|\|b^X�K^X®]_E¬0¬|b^J\0^Qd<h�b^QfN0_�\0^Xd³\0^�\|b^QfN^XgHh�[]`�e.fH[]_E`�\a^Xd$^ -¿^QfNd$\0^�dHfNgNZa¹XfNZ0gH^M^Xf<_K`�f b^Xf�e��0®][
\0^Xd<[]`0\a[T¹Q^Xd|¬�_KZ0g|j�Z�e.`�fH[ º5^Xg|¹X^Xd³^ -¿^QfNdnW
� ^o`a_EhM�0gH^?fN_Kf�e.®�\0^|dH_EZ0gH¹X^Xd?gOe.\0[]_³^$��fNg�e�»we�® e�¹XfN[]j�Z0^Xd&\�e�`0d&®3e<¬agN^Xhi[:¸^QgN^?g0b^ne.®][]d�e�fN[]_E`�\a^|®£Ð �N�|Ç!)M^XdHf��ElK 0W

Å<^QZ��$¹X^X`�f&\0_EZ�+Q^?dN_KZ0gN¹X^Qd?_E`�f�d�e�fN[]d,¯,e.[]f�fN_KZ0d&®T^Qd>¹XgH[TfX¸^XgN^Qd(\a^od0b^X®]^X¹XfN[]_K`�¬�_KZ0g��^QfNgN^°\�e�`0d>®3e°¹ne�f0b^X»K_EgN[]^³PXSEB�FN�OGQP
IEG�I|~G�� A0D3V*D3SEA0W³Å<^QZ���¹X^X`�fj�Z�e.fHgN^OÆ,��[]`0»Ef�Æ£j�Z�e�fN_Eg +X^�dN_EZagN¹X^Xd�`>ÐÑe1Ïwe�`�fM¬�e.d�d�e�fN[]d,¯,e.[]f�¸e�Z0`�_KZ ¬a®TZadN[]^XZ0gHd
¹XgN[]fX¸^QgN^XddH_E`�f�\a^Xd�P�SKB�FN�OGXP�OCEAaIED3IKCEV*GXPXW|�&®]®]^Xd�¬5_EZ0gHg�e�[T^Q`wfi\0^X�K^X`0[]g�\0^Xd�dH_EZ0gH¹X^Xd\a^\|b^Oº�`a[TfH[]_E`�\�e�`0d�®]^
¯:Z0fNZagnW0�°^X`�f|\0^XZ'��dN_KZ0gN¹Q^Xd$_E`�fohi_E`�fNg0b^<\>Ð []h�¬5_EgHf�e�`wfHd&¹�5e.`0»K^Xh�^X`�fHd|\�e.`0d|®]^XZagNd|¬5_EdN[]fH[T_K`0dnW0�7®T®]^Xd°_E`�f�b^Xf0b^
`cb^ne.`ah�_E[]`0d|¹Q_E`0dH^XgN�°b^X^Xd�\�e�`0d<®]^�gH^X¬�¸^XgH^M¹X_Ehih�^JCKB�V:FHGXP�PXSKBwFH�OGXPX�5j�Z0^X®]j�Z0^Xd$Z0`0^Xd�b^XfOe.`�f$`|b^X¹X^QdNd�e�[]gN^Xd�¬5_EZag
g�e.fHf�e�¹�a^Xg&®£Ð �N�|Ç³¶µe1�K^X¹°\>ÐÑe.Z0fHgN^Xd¨dNÏ�dNfX¸^Xh�^Xd&\0^°g0b^�¯�b^XgN^Q`0¹X^EW � es¬0®]Z0¬�e.gHf>\0^Qd(dH_EZ0gH¹X^Xd?\a^o\|b^�º�`0[]fN[]_E`$\0^°®,Ð �N�|Ç�)
_E`�f$\0^Xd�[T`a¹X^XgNfH[]fNZ0\0^Qd�[]`�¯Eb^XgH[T^QZ0gN^Xd�¸e�l0WÑ¢ih e�dnW � Ð e�`�e.®]Ï�dN^Ã² � �°��e.¬0¬a®T[]j�Z|b^X^Me.Z�¹1e.®]¹XZ0®?\a^Xd�¹X_�_EgH\0_E`a`cb^X^Xd
\0^XdMdN_KZ0gN¹Q^XdM\0^�®,Ð �N�|Ç�)�e\0_K`0`|b^i\0^XdM¬5_EdN[]fH[T_K`0d�\�e�`0d�Z0`�dHÏwdHfX¸^Xhi^�fHgX¸^Xd�¬0gN_�¹O0^�\0^i®£Ð �N�|Ç³¶�W � e
¬�e�gNfN[]^
º�`�e.®]^�\0^�®£ÐHb^XfOe.�0®][]dNdH^Xh�^Q`wf³\0Z�gN^X¬�¸^QgN^�¹Q_E`��E^X`�fH[T_K`0`0^X®&^XdHf�dN_K` e�®][T»K`0^Xhi^X`�f�¸e�®,Ð �N�|Ç<¶ W��¨_EZ0g$^ -�^X¹XfHZ0^XgM¹X^Qf
e.®][]»E`0^Xhi^X`�f&_E` e·Z0fN[]®][]d0b^<Za`�h�_�\�¸^Q®T^|�5e.d0b^³dNZ0g|¹Q^X®]Z0[�j�Z0[>e�b^Xf0b^$\|b^X�K^X®]_E¬0¬|b^ ¸e·®£Ð �N�?Ç³¶�¬�_KZ0g°® e·¹X_Ehi¬�e.gOe.[]dN_K`
\0^$¹ne.fOe.®]_E»KZ0^Xd°² � �°�$� �<gH[3e.d°^Xf<e.®,W]��m1�E K E�XW � ÐÑe�`�e.®]Ï�dN^³\0^<®,Ð _EgH[T^Q`wfOe.fH[T_K`M\0Z�dHÏ�dNfX¸^Qh�^$j�Z�e.`0\i_E`i¹X_E`0dH[]\¿¸^XgN^
\0^Xd<^Q`0dN^XhM�a®T^Qd|\0[.-µb^XgH^X`�fNd³\0^$dN_EZagN¹X^Xd$gOe.\0[]_�[T`a\0[]jwZa^<j�Z0^�®]^Xd<e �w^Qd|\0^$®£Ð �N�|Ç³¶MdN_K`�f|dNf�e��0®]^Xd<e.Z�`0[]�K^ne.Zi\0^
l0WÑlEkKl$h e�dnW
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� ^°¬0gN_�¹X^XdHdNZ0d°\0^°h e�[T`�fH^X`�e.`a¹X^&\0^o®,Ð �N�|Ç<¶·¬0g0b^X�K_E[]f>\a^Xd?e.h�b^Q®T[]_Kg�e.fH[]_E`0d5\0Z�gN^X¬�¸^QgN^|¹O�e.j�Z0^ ¯:_K[Td¨j�Z>Ð ^X®]®T^Qd(dH_E`�f
�OZ0dNfH[ ºsb^X^Xd°¬�e.g°Z0`M¬0gH_E»KgX¸^Xd°\�e.`ad?®3e$¬0g0b^Q¹X[]dN[]_E`i\0^Xd°¹X_�_EgN\a_E`0`|b^Q^Xdn��\0^³h��^Xhi^?j�Z0^|¬�e�goZ0`a^<e.Z0»Kh�^X`�f�e�fN[]_E`�\0Z
`0_EhM�0gH^|\0^<dH_EZ0gH¹X^Xd|\�e�`0d°®T^³gN^X¬�¸^XgN^EW5Å³^XZ��M^$��fN^Q`0dN[]_E`ad|\0^<®,Ð �N�|Ç�)
^$��[]dNfN^Q`wf°\|b^���¸e0W��&®]®T^Qdo_K`wfib^Xf0b^b^X®3e.�5_Eg0b^X^Xd
¬�e.g$®]^�h��^Qh�^$»EgH_EZ0¬5^J\¨Ð ^��w¬5^XgHfNd�j�Z0[?eM¹1e.®]¹XZ0®1b^�® e�¬agN^Xhi[:¸^QgN^�g0b^ne�®T[]dOe.fN[]_K`\0ZgH^X¬�¸^XgH^�\0^�g0b^O¯Eb^XgN^X`a¹X^�¹�b^Q®T^QdNfN^
[T`�fH^XgN`�e�fN[]_E`5e.®,W
� ^Xd�\0^QZ���^$��fN^X`0dH[]_E`0d�\a^J®,Ð �N�|Ç�) _E`�f<^XZ�¬5_EZ0g$_E�#��^X¹XfN[ ¯o\a^J\0^Q`0dN[ º�^XgÃ®£Ð �N�|Ç!)�e1�E^Q¹J®,ÐÑe.¬0¬5_EgHf<\0^Ã¹X_�_Eg,Æ

\0_E`0`|b^X^Xd|\0^$`0_KZ0�E^X®]®]^Xd°dN_KZ0gN¹X^Qdµe.ZigN^X¬�¸^XgN^EW � ^XdodH_EZ0gH¹X^Xd³\0^$\cb^Oº�`0[]fH[T_K`>�K\0^$h��^Xhi^oj�Z0^$®]^XZ0gHd|¹X_�_EgN\a_E`0`|b^Q^Xdn�
gN^XdHfN^X`�f�¹X^Q®T®]^Xd$\0^Ã®£Ð �N�|Ç!)oW � eM¬0gH^Xh�[*¸^XgH^�^$��fN^Q`0dN[]_E`�\0^�®,Ð �N�|Ç�)°�a�N�|Ç�) Æ��"�wf1W]m�e�b^Xf0b^�b^X®3e���_Kg0b^X^�^X`�m1�E�E �^Qf
^X®]®T^Me$�O_KZ0fN^M®]^Xd$¹X_�_KgN\0_K`0`|b^X^Xd�\0^M¹X[]`0j�Z�e�`�fN^M`0^XZt¯c`0_KZ0�E^Q®T®]^Xd$dH_EZ0gH¹X^XdMe.Z�gN^X¬�¸^QgN^��3�N�?Ç³¶��&mn�K�E�E�QW � ei\0^XZ�Æ
�w[*¸^Xhi^$^$��fN^X`0dH[]_E`>���N�|Ç!) Æ�� ��f1W k�� )0^QÏ^Xfµe�®,WT�5kElKl.�w�s^XdNf$Z0`a^Jg0b^X��[TdH[]_E`\0Z
gN^X¬�¸^QgN^Mj�Z0[&®]^J\0^Q`0dN[ º�^Me1�E^X¹Ã®T^Qd
¬�_KdN[]fN[]_E`ad|\0^$¹X^X`�f<`0^QZ�¯?dN_EZagN¹X^Xd³g�e�\0[]_�W
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¶�Z0[]�Ee.`�f�®]^Xd>gH^X¹X_Kh�h e�`0\�e�fN[]_E`0da\0^?®,Ð �(�<�X�O®]^Xd¨¬0gN_K»EgOe.h�hi^Xd�e.dNfHgN_Kh�b^XfHgN[]j�Z0^Xd�^Xf¨»?b^X_�\|b^XdH[]jwZa^Xd&\>Ð _E�0dH^XgN�Ee�fN[]_E`
² � �°�?[]`0¹X®]Z0^Q`wf°\0^Xd°dN_KZ0gN¹Q^Xd|g�e�\0[]_�\�e.`ado®3e$h�e.[]`�fN^X`�e�`0¹X^|\0^³®,Ð �N�|Ç!)°W Å³^Xd°_E�adN^XgH�Ee.fN[]_K`0do\a^<² � ��� �3² ^XgNÏ
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È<gH�0[]fN_K»Eg�e�¬0�Ï Ç³e.\0[]_.Æ,¬5_EdN[]fH[T_K`0[]`0»$�,`�fN^X»Kg�e.fH^X\���Ï ¶0e�fN^X®]®][]fN^J�*Å$ÈµÇs�N¶0�XW
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�<`�¶0Ç ��^QdNf�Z0`�dHÏ�dNfX¸^Qh�^�\0^Mg0b^O¯Eb^XgN^X`a¹X^�dN¬�e�fN[3e.®&fN_KZ0gN`5e.`�fJe1�E^Q¹J®3e �&^XgNgH^M\�e.`0dÃdN_E`�h�_KZ0�E^Qh�^X`�f|\0[]Z0gH`0^
\�e.`0d³®,Ð ^QdN¬�e�¹X^EW�Å$e�`0d<¹X^ÃdNÏ�dNfX¸^Xh�^E�5®]^Xd³¬�_K[T`�fHd|®T_�¹ne�®][Td0b^Xd|dNZagµ®3eÃdNZ0g�¯£e.¹Q^J\0^Ã® e �&^XgHgN^�dH_E®][]\0^�¬5_EdHdX¸^X\0^Q`wf$\0^Qd
¹X_�_EgN\a_E`0`|b^Q^Xd�dHZ��O^XfHfN^Xd�¸e
\0^Xd��Ee�gN[3e.fH[]_E`0d�fH^Xh�¬5_EgH^X®]®]^Xdn�&\0Za^Xd¸e�\0^XdM^ -�^Xfi»?b^X_K¬0�ÏwdH[]jwZa^Xd�3^X`�¬�e.gHfN[]¹XZ0®][]^Xg
fN^X¹XfH_E`0[]j�Z0^Xd$_KZ \a^�h e�g0b^X^Xd|fH^XgNgH^XdNfHgN^Xd�^Xf³_w¹�b^ne.`0[]j�Z0^XdO�XW � ^�¶0Ç � `>ÐNb^Xf�e�`wf|fH|b^X_KgN[]j�Z0^Xh�^Q`wf|¬5e.dµe�¹X¹X^XdHdN[]�0®]^E�
_E`®]Z0[&e.dNdH_�¹X[]^�Z0`0^�g0b^ne�®][TdOe.fH[T_K`�¬0�ÏwdH[]jwZa^E��e�¬0¬�^Q®nb^Q^ Ç³Ç ����\|b^Oº�`a[(¬5e.g<Za` ^Q`0dN^XhM�a®T^Ã\0^�¬5_E[]`�fNd<¬awÏ�dH[Tj�Z0^Qd
e1Ïwe.`�f�\0^Qd(¹Q_w_KgN\0_K`0`|b^X^Qd(^QdNfN[]h�b^X^Xd|�3¹ne�gNf0b^XdN[]^X`0`a^Xdn�K»?b^X_K»EgOe.¬00[]j�Z0^Xd¨_EZ$¹ne�gNfN_K»EgOe.¬00[]j�Z0^XdO�¨^Xf>^$��¬0gH[]h�b^X^Xd¨\�e.`ad
®T^�¶0Ç"��W
�sº�`�\0^<dHZ0[]��gN^$®3e�fH^XgNhi[T`a_E®]_E»K[T^°e.\0_K¬0f0b^X^$\0^Q¬0Z0[]d|Z0`0^$��[]`0»EfOe.[]`0^|¬�e�go®]^Xd|¹X_Kh�hMZ0`5e.Z0f0b^Xd&»?b^X_�\|b^XdH[]jwZa^µ^Qf

e.dNfHgN_K`0_Ehi[Tj�Z0^�� � _.�Ee.®]^X��d 3wÏ�^Xf$��Z0^X®]®]^Xg1�(m1�E K� ���°_EZ0¹O0^Qgn�>kKlEl0m1�°_E`�\0[]dNfH[]`0»EZ0^ÃfNgN_K[]d<f,Ï�¬�^Qdµ\a^�dNÏ�dNfX¸^Xh�^Qd
\0^Jg0b^O¯Eb^XgH^X`0¹X^ifN^XgHgN^XdHfNgH^Xd)5®T^ÃdNÏ�dNfX¸^Xh�^�\0^�g0b^O¯Eb^QgN^X`0¹Q^�[]\|b^ne�®£�a®]^JdHÏwdHfX¸^Xhi^�\0^�g0b^O¯Eb^XgN^X`a¹X^�¹X_K`��E^X`�fN[]_K`0`0^X®?^Qfµ®]^
gN^X¬�¸^QgN^�\0^$g0b^O¯Eb^QgN^X`0¹Q^M¹X_E`��E^Q`wfH[]_E`0`0^Q®£W
�³`�PXÄ1PXVE�G1pJG�IKG�F&~G:�&~G1FNG1A0�OG���SKA0Á1GnA0V*D3SKA0A0GQRc^QdNf�\|b^Oº�`a[µ¬5e.g�®,Ð ^X`0dH^XhM�0®]^�\0^¹X_K`��E^X`�fN[]_K`0dn�°¬�e�g�e.h¸^XfNgH^Xd

¹X_E`0dHf�e�`wfHd<^Xf<e�®]»E_EgH[]fN0hi^Xd?j�Z0[>[]` �5Z0^X`0¹X^Ã® eÃ\|b^XfH^XgNhi[]`�e.fH[T_K`M\0^Xd³¹X_�_EgN\a_E`0`|b^Q^Xd$\0^Xd|¬5_E[]`�fNdnW
�³` FHG,rµ�GnFHGJIKG�F&~G*�&~G1FNG1A0�OGM�OSEA0Á1GnAaV:D3SKA0A0GQR�^XdNf�\|b^Oº�`0[&¬�e�gµZa`^X`0dH^XhM�0®]^�\0^�¬�_K[]`wfHd$¬0�ÏwdH[]jwZa^Xd�e1�E^X¹�®]^XZag

¹X_�_EgN\a_E`0`|b^Q^Xd<^Xf³j�Z0[�¹X_E`adNfN[]fHZ0^�Z0`0^$g0b^ne.®][]d�e�fN[]_E`i¬0�ÏwdH[]jwZa^µ\¨Ð Za` dHÏ�dNfX¸^Qh�^$\0^�g0b^O¯Eb^XgH^X`0¹X^�[]\cb^ne.®,W
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�³`�P�Ä1PXVE�Gnp�G�IKGJF&~G*�&~G1FNG1A0�OG$D3I|~G1C.R�^XdNf|hi_�\cb^X®][]d0b^|¬�e�g|Z0`�gH^X¬�¸^XgH^Je �`0^�� � � '�� \�e.`ad|Z0`�^XdH¬�e.¹Q^�^XZ0¹X®][]\0[]^X`
_EgNfH0_E»K_E`�e�®|_�¸Z>� � �>®,Ð _EgH[T»K[]`0^E�¨^XdNfiZ0`�¬5_E[]`�fMj�Z0^X®]¹X_E`ajwZa^ \a^ ®,Ð ^XdH¬�e.¹X^�^Xf���^XdHf�Z0`a^ �5e.dN^�_KgNfNa_E»E_K`�e.®]^
�ob^QgN[ º¿e.`�f*) ) � � �  �  � ��� � � � � � %Ñ¢ %]mn�

e1�K^X¹ �  % � 
 � ) � � �
 W) ^XdNfÃ®£Ð Z0`a[Tf0b^J\a^M®T_K`0»EZa^XZ0g�\0^Qd��E^X¹QfN^XZ0gHdJ_KgN[]»E[]`0^�\0^M®3ei��e.dH^M^$��¬0gN[]h�b^X^J^Q`�h¸^XfHgN^Xd��*¶��N�$^Xf � �
 ^XdHfJ®]^
dNÏ�hM��_K®]^<\0^ � gN_K`0^X¹!3E^Xg1W
Å$e�`0d<®]^�¹ne�\0gN^�\0^Xd�e�¹XfN[]��[]f0b^Xd³»?b^X_�\|b^XdH[]jwZa^Xd$[T`�fH^XgN`�e�fN[]_E`5e.®]^Xd<^Qf<^X`�¬�e.gHfN[]¹XZ0®][]^Xg�¸e�®£Ð �N�?Ç³¶��0_K`�¹X_E`0dH[]\¿¸^XgN^

Z0`�dNÏ�dNfX¸^Xh�^i»?b^X_�¹X^Q`wfHgN[]j�Z0^�_�¸Z�®,Ð _EgH[T»K[]`0^�^XdHfJ®]^�¹Q^X`�fNgN^�\0^QdJh�e.dNdH^Xd�\0^i®3e �&^XgHgN^i^XfJ_�¸Z�®,Ð _KgN[]^X`�f�e�fN[]_E`�^XdHf
b^Xj�Z�e.fH_EgN[3e�®T^��3®,ÐÑe&��^�È +µ^QdNf<_KgN[]^X`�f0b^$dH^X®]_E`�®3e�\0[]gH^X¹XfN[]_K`\0^Xd|¬��_K®]^Xd��QW
� e$fNgOe.`0d�¯:_EgHh e�fN[]_E`�»?b^X`|b^Xg�e�®T^³\0^Xd°¹X_�_EgH\0_E`0`|b^X^Xd|¹ne�gNf0b^QdN[]^X`0`0^Qd<¬5^XgNhi^XfNfOe.`�f?\0^³¬�e.dHdN^Xg|\>Ð Z0`�¶aÇ � m�¸eÃZ0`

¶0Ç � k�^XdHf|\0_E`a`cb^X^�¬�e�g|Z0`0^$dN[]hi[T®][]fNZa\0^|fNgH[T\a[Thi^X`0dH[T_K`0`0^X®]®]^|fN^Q®T®]^$j�Z0^�)

� � � % � )�� � � � � %Ñ¢ %ÑkE�

_¿¸Z % ^XdHfJ®]^M�K^X¹XfN^QZ0gMfNgOe.`0dH® e�fN[]_E`¨� )�®£ÐHb^X¹O0^Q®T®]^M^Xf�� Z0`0^igN_EfOe.fH[T_K`�dN^i\cb^X¹X_Kh�¬5_Ed�e�`�f�^X`�fHgN_K[TdÃgN_EfOe.fH[T_K`0d
dN^X®]_E`�®]^Xd<e �w^QdµÈ ���0È<Ï��0È + )
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� ÐNb^Xj�Z�e.fH[T_K`�� �0WÑ¢aW kK�?¬5^XgHh�^Xf|®3e�®][]`cb^ne.gH[]d�e.fH[]_E`�\a^µ®3e�gH^X®3e.fN[]_K` dHf�e�`0\�e.gH\\0^$fNgOe.`0d�¯:_EgHh e�fN[]_E`i^X`�fNgN^Ã\0^XZ��

dNÏ�dNfX¸^Xh�^Xd³\0^�g0b^O¯Eb^XgH^X`0¹X^�e�[T`adN[>j�Z0^Ãd�e�\|b^XgH[]�ob^Q^J¬�e�g|g�e�¬0¬�_KgNf$e.Z�fN^Xhi¬0dnW5�$Ð ^XdNf³Z0`0^�dH[Thi[]®T[]fHZ0\0^|^XZ0¹Q®T[]\0[]^X`a`0^
¸e�dN^X¬0f|¬5e.g�e�h¸^XfHgN^Xd*)afNgH_E[]d|fNgOe.`0dH® e�fN[]_E`adn��Z0`i¯£e�¹XfN^XZag|\>ÐNb^X¹O0^X®]®]^�^Xf|fNgH_E[]d|gN_Kf�e�fN[]_E`0d1��`0_Ef0b^Xd<gH^XdN¬5^X¹XfH[]�E^Xhi^X`�f
%�mE� %<k0��%��a� � � 
�mE�&
$k0�&
#��^Qfµ®]^XZagµ\|b^XgN[]�ob^X^Xd�) �%�m � �%<k � �%%� � �� � �
�m � �
<k � �
!�0W � eifNgOe.`0d�¯:_EgHh e�fN[]_E`�\>Ð Z0`
�E^X¹XfH^XZ0g�¹Q_w_KgN\0_K`0`|b^X^Qd � � ^$��¬0gH[Th�b^�\�e�`0d<Z0`
dNÏ�dNfX¸^Xh�^�\0^�g0b^O¯Eb^XgH^X`0¹X^�m�^X`Za`�E^X¹QfN^XZ0g � � ^$��¬0gH[]h�b^$\�e.`ad®T^idNÏ�dNfX¸^Xh�^i\0^�g0b^O¯Eb^XgN^X`a¹X^ kÖ^XdNfM\0_K`0`|b^X^�¬�e�gJ®3eÖ¯:_EgHhMZ0®]^ � �0WÑ¢0W �K�X��dHZ0¬0¬5_Ed0b^Q^®][T`|b^ne.[]gN^i¬�_KZ0g�\0^Xd(�O^XZ'��\0^
¹X_�_EgN\a_E`0`|b^Q^XdM[]dNdNZadM\0^Xd�fN^X¹O0`0[]j�Z0^XdM\a^�»?b^Q_w\|b^XdN[]^�dN¬�e�fN[3e.®]^��®T^QdJ\0[.-µb^XgN^Q`0¹X^Xdi\>Ð _EgN[]»K[T`a^MdN_E`�f�\0^�j�Z0^Q®Tj�Z0^Qd
¹X^X`�f�e�[T`a^Xd<\0^$h¸^XfNgH^Xdn�a^Xf|¹X^X®]®]^Xd<\¨ÐNb^Q¹�a^X®]®T^$^Xf³\>Ð _EgH[T^Q`wfOe.fH[T_K`MdN_K`wf|[]`�¯Eb^XgN[]^XZ0gH^XdJ¸e�m1l � � � � � � )

� � � � � � % � ��� � �+
 � � � � %Ñ¢ % �E�

� � � ®]^Xd|fH^XgNhi^Xd°\0Z k�¸^Xh�^|_KgN\0gH^E�0`|b^Q»E®][]»?b^Xd°\�e.`ado¹X^$hi_w\�¸^X®]^E�EdH_E`�fn��e.Zih e �w[]h�Z0h�1\0^<®,Ð _EgH\0gN^³\0^Mmnl � ��� ��dH_E[]f
l0W ��hih�W
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_¿¸Z ��^XdNf³®3e�h�e.fNgH[]¹X^<Z0`a[Tf0b^EW
�7`»?b^X`|b^Xg�e�®£� � � � � � � %�� � ^Xf 
 dN_E`�fs¯:_E`0¹QfN[]_E`�\0Z�fN^Qh�¬0d1W��&`\a[ -$b^XgH^X`0¹X[3e.`�f³® e�gH^X®3e.fH[T_K`�� �0WÑ¢aW �K�?¬5e.gg�e.¬a¬�_KgNf<e.Z�fH^Xh�¬0d1��`0_EZad<e1�E_E`ado\0_K`0¹ )�� � � �� � � �% � ���� � � � �� � � �
 � � � 
 �� � � � %Ñ¢ % �w�

� ^Qf 
¾b^Qf�e.`�f|\0^Ã®£Ð _KgN\0gH^µ\a^ m1l � ��^Xf �� \0^Ã®£Ð _KgN\0gH^µ\a^ m1l�¹Xh ¬�e.g<e�`>�0_K` `|b^X»E®][]»E^XgOe�®]^Xd³fN^XgHh�^Xd � �� �
^Xf/
 �� � j�Z0[>dH_E`�f|\0^$®,Ð _KgN\0gH^$\0^�l0W]m<hih dNZ0g�m1lElMe.`adnW � ÐHb^Xj�Z�e�fN[]_E`�� �aW ¢aW �w� ¬�^XZaf|\0_E`0¹$d1ÐNb^Q¹XgN[]gN^�)�� � � �� � � �% � �� � � � �
 � � � � %Ñ¢ %Ñ¢E�

��� � � � � � �8 -0':),6Q-0/n)*254 9 § #(4�6 >6X/ �8�©�89>8 = �8 � �8 = 8 47+ 8 / 8 =.= 8 6Q/1= 8

È<`�\0[]dHfN[]`0»EZa^µ^QdNdN^Q`wfH[]^X®]®T^Qh�^X`�f|\0^XZ'��»EgOe.`0\ad<f,Ï�¬�^Qd|\0^�g0b^1e.®][]d�e.fH[]_E`�\a^µdHÏ�dNfX¸^Qh�^Xd³\0^$g0b^O¯Eb^QgN^X`0¹Q^ )
2 g0b^ne�®T[]dOe.fN[]_K`�¸eÃ¬�e.gHfN[]g|\0^Xd³h�^XdHZ0gN^Xd|\¨Ð Za`0^$dN^XZ0®]^�_KZ�\0^$¬0®]Z0dN[]^XZ0gHd|fN^X¹O0`a[Tj�Z0^Qdµ\a^µ»?b^X_�\|b^XdH[T^ÃdN¬�e�fN[3e.®]^
2 g0b^ne.®][]d�e�fN[]_E`M¬�e�g?¹X_KhM�0[]`�e.[]dN_K`J\a^<gN^Q¬¿¸^XgN^Qd<\0^$g0b^�¯�b^XgN^Q`0¹X^�fH^XgNgH^XdNfHgN^Xd³¯:_KZ0gN`0[]d°¬�e.g ®T^Qd|fN^X¹O0`0[]j�Z0^Xd|dH¬�e.fH[3e.®]^Xd

����������������� ��/./3  � .0'  5 % �.#��. � '# � "$�&�  �&� ) � �&�-"$�&�,' �	�(�$%$ �� )9�&�-"$� 6 �� 5 " ��&�  #�-����. '# . 3#�

ÅJÐ Z0`a^�h�e.`0[*¸^XgH^ »?b^X`|b^XgOe.®]^E�|dH^X¬0f¬5e.g�e�h¸^XfHgN^Xd�dH_E`�f�`cb^X¹X^XdHd�e�[TgH^Xd�¬�_KZ0g�\cb^Oº�`0[]gZa` Ç<Ç � ¸e Z0`0^ b^X¬5_�j�Z0^
\0_E`0`|b^X^EW|È³` e$��_EZ0fH^®]^XZ0gNdi\|b^XgH[T�°b^X^Qd ¬5e.g�gOe.¬0¬5_EgHfe.Z�fN^Xhi¬0d�¬5_EZag�\|b^Oº5`0[]g�®,ÐNb^X�E_K®TZafN[]_E`�fN^Xhi¬�_KgN^X®]®]^\0Z
Ç<Ç ��W � e�d0b^X®]^X¹XfH[T_K` \a^�¹X^Qdj�Z�e.fH_Eg +Q^�¬�e�g�e�h¸^XfHgN^Xd�¬5^XgNhi^Xf�\0^�\|b^Oº5`0[]g ®]^�Ç³Ç � ^X` fN^XgHh�^Xdi\>Ð _EgH[T»K[]`0^E�
b^X¹O0^X®]®]^E�0_KgN[]^X`�f�e�fN[]_E`i^Xfb^X�K_E®]Z0fH[T_K`�fH^Xh�¬5_EgH^X®]®T^KW
� ^Xd�fN^Q¹�a`0[]jwZa^Xd�\0^�»?b^X_�\|b^XdH[T^�dN¬�e�fN[3e.®]^�`0^�dN_K`wf�¬�e�d�fH_EZ0fH^Xd�dN^X`adN[]�0®]^Xd�¸e�fH_EZ0d�®]^Xd�¬5e.g�e�h¸^XfHgN^Xd
\0^

\cb^Oº�`0[]fH[T_K`\0Z�Ç<Ç ��W � Ð _EgH[]»E[]`0^�b^Xf�e�`�fµ®]^�¹X^X`�fNgH^M\0^Xd�h�e.dHdN^Xd��3¬5_E[]`�fµe.ZafN_EZagµ\aZ0j�Z0^X®?®]^�dOe.fN^Q®T®][]fN^�»EgOe1��[TfH^n�
^XdNf$fN|b^X_EgH[Tj�Z0^Qh�^X`�f<e.¹Q¹X^XdNdH[]�0®]^M¬�e.g|®]^Xd$fN^Q¹�a`0[]jwZa^Xd$\0Ï�`�e.hi[Tj�Z0^Qdµ� ��� ÇÃ��¶ � Ç��5Y��?¶��5ÅµÈ$Çs�N¶0�XW � ÐNb^X¹O0^X®]®]^
\cb^X¬5^X`0\�\0^�¹X^XgHf�e�[T`adµ¬5e.g�e�h¸^XfHgN^Xd³¬0�Ï�dN[]j�Z0^XdJ��fN^X®]d$j�Z0^�®3e�¹X_K`0dNfOe.`�fN^�»EgOe1�w[]fOe.fN[]_K`0`0^X®]®]^ ��
 ^Xf³® e���[]fN^QdNdN^
\0^®3e®]Z0hi[:¸^XgN^ � ��^Xf�\a^Xd�^ -�^XfHd gH^X®3e.fH[T��[]dNfH^XdnW �<`0^
�Ee.gN[3e�fN[]_E`�fH^Xh�¬5_EgH^X®]®T^�\0^�®,ÐNb^X¹O0^X®]®]^�`>ÐÑe�^X`�¬0gN[]`0¹X[]¬5^
¬�e.d°\0^$dN^X`ad|¬0�ÏwdH[]jwZa^E��_E`i¹X_E`0dHf�e�fN^$¹X^X¬5^X`0\�e�`�f<`�Z0h�b^QgN[]j�Z0^Xh�^Q`wf&\0^Qd|�Ee.gN[3e�fN[]_E`0d ^X`�¹X_Ehi¬�e.gOe.`�f?¹X^XgHf�e�[T`ad
Ç<Ç � ^X`�fNgH^M^XZ���W � Ð _EgH[T^Q`wfOe.fH[T_K`�^Xf$d�ei�Ee.gH[ e�fN[]_E`�fH^Xh�¬5_EgH^X®]®T^K�0`0_K`_E�0dH^XgN�Ee��0®]^Xdn� dN_E`�f$e.gN�a[TfHg�e�[TgH^Xh�^Q`wf³_EZ
¹X_E`��E^Q`wfH[]_E`0`0^Q®T®]^Xhi^X`�fJ\|b^Oº�`0[]^Xd1W?�,®<^QdNf�¹Q^X¬�^Q`0\�e.`�figN^X¹X_Kh�h�e.`0\|b^i\0^�\|b^Oº�`a[Tgi®,ÐNb^Q�E_E®]Z0fH[]_E`�fN^Qh�¬5_EgN^Q®T®]^i\0^
®£Ð _KgN[]^X`�f�e�fN[]_E`¬5e.g$Z0`0^�¹X_E`a\0[]fN[]_E`�\0^M`0_K`�Æ£gH_EfOe.fN[]_K`»E®]_E�5e.®]^�¬�e�gµgOe.¬0¬5_EgHf�e.Z��hi_EZ0�K^Xh�^Q`wf|a_EgN[ +X_K`�f�e.Z'�
dNZ0g³® eÃdNZag,¯£e�¹X^�\0^$®3e*�&^XgHgN^EW
� ^Xd�_E�0dH^XgN�Ee�fN[]_E`0d
\0^XdfH^X¹O0`0[]j�Z0^Xd�\0^�»?b^X_�\cb^XdN[]^�dH¬�e.fH[ e�®]^�`0^�¹X_E`�fH^X`�e.`�f¬5e.dfH_EZ0d®]^Xd�¬�e�g�e.h¸^XfNgH^Xd

`cb^X¹X^XdHd�e�[TgH^Xd$¬�_KZ0g�b^XfOe.�0®][]g|Z0` Ç³Ç ���K\0^Xd<[]`�¯*_EgNh�e.fH[T_K`0d&^$��fN^XgH`0^Xd$dNZa¬0¬0®nb^Xh�^Q`wfOe.[]gN^QdodH_E`�f|\0_E`a¹µ`|b^X¹X^XdHd�e.[]gH^Xd
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¬�_KZ0g?¹X_Kh�¬0®1b^XfH^Xg&® e³\|b^�º�`0[]fN[]_E`�\0ZMÇ<Ç ��W.�°^XfHfN^|dH[TfHZ�e.fH[]_E`�^XdNf°gN^��<b^Xf0b^X^³¬�e.g ®T^ ¯£e�[Tf&j�Z0^°®3e<h�e.fHgN[]¹X^°`0_EgHh e.®]^E�
���1¹X_E`0dHfNgHZ0[]fN^$¸e|¬�e�gNfN[]g¨\0^Xd&_E�0dH^XgN�Ee�fN[]_E`adn�X^QdNf&dN[]`0»KZ0®][:¸^QgN^E�1¬0Z0[]dHjwZ¨Ð ^Q®T®]^oe°Za`J\|b^�¯£e.Z0f¨\0^?gOe.`0»³¹X_EgHgN^XdH¬�_K`0\�e.`�f
e.Z�`0_EhM�agN^<\a^µ¬5e.g�e�h¸^XfHgN^Xd|\aZ gH^X¬�¸^XgH^J`a_E`�g0b^X\0Z0[]fHd<¬�e�g|®T^Qd|_E�0dH^XgN�Ee�fN[]_E`0d1W
�sº�`\0^Ã¬�e.®]®][]^Xgo¹Q^J\|b^�¯£e.Z0f|\a^�g�e�`0»��a®T^Qd|¹X^X`�fNgH^Xd�\>ÐÑe.`5e.®]Ï�dN^$¹XZ0hMZ0®]^X`�f°\0^Xd³¹X_E`�fNgOe.[]`�fN^Xd$e.¬0¬a®T[]j�Z|b^X^Qd<dNZag

Z0`0^$¬�e.gHfN[]^�_KZ�dNZag<®,Ð ^X`0dN^QhM�0®]^|\0^Xd<dHf�e�fN[]_E`0d|\aZ g0b^XdN^1e.ZfHg�e.[]f0b^ )

mKWJ�?SKA0V*FNCED�A0V:GQP�I À ~GOUKC.RTD�V0~G1W0�°^$dN_E`�f³\0^Xd<dH_E®]Z0fH[T_K`0d°¬�_KZ0g<®]^XdHjwZa^X®]®T^Qd|®T^Qd<¬5_EdN[]fH[T_K`0d°^Xf<��[]fN^XdHdN^Xd$\0^Qd<dNfOe.fH[T_K`0d
dH_E`�f�¹Q_E`�fNgOe.[]`�fN^Xd�¸e�\0^Xd��Ee�®T^QZ0gNdi^$��fN^XgH`0^Xd�¸e�Z0`a^�[]`0¹X^QgNfN[]fHZ0\0^��

�
�M¬agX¸^Xd1W � ÐNb^Xj�Z�e.fH[T_K`�\>Ð _E�0dH^XgN�Ee�fN[]_E`

¹Q_EgNgH^XdN¬5_E`a\�e.`�fN^�¬5^XZ0f<d1ÐNb^X¹XgN[]gH^�dN_KZ0d|®3e$¯:_KgNhi^<dNZa[T�Ee�`�fN^�)

� 
 � � � l �
�
� � � %Ñ¢ % �E�

_�¸Z � ^XdNf�®]^��E^X¹QfN^XZ0g�\a^Xd�¬5e.g�e�h¸^XfHgN^Xd
^XdNfH[Th�b^Xd���¬�_KdN[]fN[]_E`ad^Xf ��_EZ���[]fN^XdHdN^XdO��^Xf � � ^XdHf�¹X^Q®TZa[J\0^Qd
¬5e.g�e�h¸^XfHgN^Xd<e�¬agN[]_EgH[£W��,®�Ï�e�¹Q^X¬�^Q`0\�e.`�f �Ãf,Ïw¬5^Xd³\0^$¹X_E`�fNgOe.[]`�fN^Xd³\>ÐNb^X»we�®][Tf0b^ )

2 ¹Q_E`�fNgOe.[]`�fN^Xdi\cb^Xf�e�¹O�e.�0®]^Xdi_�¸Z�®]^XdM[]`0¹X^XgHfN[]fNZa\0^Xd�� �
� dN_E`�fM\0^
®£Ð _KgN\0gH^ \a^ m1l � ��h ¬5_EZag�®]^XdM¬5_EdN[]fH[T_K`0d

��gN^XdH¬�^Q¹XfN[]�E^Qh�^X`�f|h �Ke.`�¬�_KZ0g°®T^Qd?��[TfH^XdNdH^Xd��QW��&®]®]^Xd°¬�_KgNfH^X`�fo¹X^$`0_Kh ¹ne.g°^X®]®]^Xd?¬5^XZ0�E^Q`wf*�^QfNgN^$`�Z0h�b^XgN[]j�Z0^OÆ
hi^X`�f<\0[]dHdN_�¹X[nb^X^Xd�\0^�® e dN_K®TZafN[]_E`���dN[?®3e h e.fHgN[]¹X^�\a^M¹X_E`�fNgOe.[]`�fN^Xd$^XdHf�¹X_K`0`�Z0^n�$^Xf��^XfHgN^MgH^Xh�¬0®3e�¹¿b^X^Xd�¬5e.g
\a^Xd<¹X_K`�fNg�e�[]`wfH^Xd<hi[]`0[]h�e.® ^Qd<�3�K_E[]go¹Q[ Æ,\0^XdHdN_KZ0d��

2 ¹Q_E`�fNgOe.[]`�fN^Xd�® �e�¹�a^Xd$_¿¸Z®]^Xd$[]`0¹X^XgHfN[]fNZa\0^Xd�dH_E`�f � � m�h ¬5_EZ0g$®]^Xd$¬5_EdN[]fH[T_K`0d<^Qf � mnlM¹Qh �Ee�`�¬�_KZ0g$®T^Qd
��[]fN^QdNdN^QdnW

2 ¹Q_E`�fNgOe.[]`�fN^Xd�¯:_KgNfH^Xd�� �
� mnl � ��� h��$j�Z0[|dN_K`wfM`�Z0h�b^XgN[]j�Z0^Xhi^X`�f$\0[ �¹X[]®T^Qd ¸e�^X`a®T^Q�E^XgM^XfMj�Z0[<e�®]fX¸^XgH^X`�f

¬agN_E�5e.�0®]^Xhi^X`�fo®3eÃjwZ5e.®][]f0b^$\0^Xd|¬�e�g�e�h¸^XfHgN^Xd|^XdHfN[]h�b^QdnW

kaWJ�?SKA0V*FNCED�A0V:GQP?pJD�A0D3p�C.RTGQPXWn�&®]®]^Xd�dH^XgN�K^X`�f(Za`0[]jwZa^Xh�^X`�f&¸e°\|b^Oº�`a[Tg¨®]^7Ç³Ç ��e1�K^X¹&Z0`�h�[]`0[]h�Z0h�\¨Ð []`�¯*_EgNh�e.fH[T_.`¨W
�°^�dN_K`�f<\0^Xd³¹X_E`�fHg�e.[]`�fN^Qd·e�¬0¬0®][]j�Zcb^X^Xd³`0_E`�¬�e�d<dNZagµ®]^Xd³¬�e.gOe.h¸^XfNgH^Xd<^XdHfN[]h�b^Qd<h e�[]dodHZ0g<®]^Xd$¬�e�g�e.h¸^XfNgH^Xd
\|b^Oº�`0[]dNdOe.`�f�®]^ Ç³Ç � �3_EgH[]»E[]`0^E�b^X¹O0^X®]®]^E�$_EgH[]^X`�f�e.fH[]_E`��QWµ�¨_EZag�¬0®]Z0d�\0^�\|b^XfOe.[]®]ddNZag�®T^Qd�¹X_K`0¹X^X¬afNd�^Qf
®,Ð Z0fH[T®][]d�e�fN[]_E`$\0^Qd?¹X_E`�fHg�e.[]`�fN^Qd(hi[]`0[]h�e.®]^Xdn�O�K_E[]g>¬5e.g&^$��^Xh�¬a®T^K�w�*¶�[]®]® e�gN\�^Qf��°_EZa¹�a^Xgn��kElKl0mn� ^Xf<� �<®]f�e�h�[]hM[
^Qfµe.®,W]��kElElamE��kElKl��.�5�XW

� ÐNb^Xj�Z�e.fH[T_K`�\0^Ã¹X_E`�fNgOe.[]`�fN^Xd|hi[]`0[]h�e.®]^Xd&\0^���e�dN^�e�®3e$¯*_EgNhi^ )

�M� � 
 � � � � l � � %Ñ¢ %Ñ�E�

_¿¸Z � � � � � �$� � � � � ^Qf � ^XdHf|®3e$h e�fNgN[]¹X^³h�_�\�¸^X®]^|\0^Qd|\cb^XgN[]�°b^X^Xd|¬5e.gNfH[]^X®]®T^Qdn��¹X_K`0dNfHgNZ0[]fN^$dHZ0g|®]^Xdo�Ee�®]^XZ0gNd|e
¬0gN[]_EgH[?� � � �QW0�&®]®T^$^XdHf|\0_E`a`cb^X^�¬�e�g*)
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\�e.`0d|®]^$¹ne�d|_¿¸Z�dN^XZa®T^Qh�^X`�f|®]^Xd|¬5_EdN[]fH[T_K`0d|\0^Xd|dHf�e�fN[]_E`0d|dH_E`�f|^XdHfN[]h�b^X^Qdn�0_KZ!)
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\�e.`0d|®]^$¹ne�d|_¿¸Z�®]^Xd|¬�_KdN[]fN[]_K`0d|^Xf|®]^Xd|��[]fN^XdHdN^Xd$dN_K`�f|^XdNfH[Th�b^X^Xd|dH[ThMZa®TfOe.`|b^Qh�^X`�fnW
� e�\a[TdHfN[]`0¹XfH[]_E`�¯:_K`0\�e.hi^X`�f�e�®T^ ^X`�fNgN^$®]^Xd°\0^XZ���e�¬0¬0gH_w¹O0^Qd|^XdNf|j�Z0^³\�e.`0d ®£ÐHb^Xj�Z�e�fN[]_E`� �0WÑ¢0W �K�X�1®,Ð []`0¹Q_E`0`�Z0^

� ^XdNf|¹X_K`�fNg�e�[]`wfH^�¸e��^XfHgN^�b^X»we�®]^�¸e � � �we�®]_EgNd jwZa^<\�e�`0d?®,ÐNb^Xj�Z�e.fH[T_K` � �0WÑ¢0WÑ�K�X� � ^XdHfo^��w¬agN[]h�b^X^³\�e.`ad?®]^<h��^Qh�^
Ç<Ç � � � �0^Q`Z0fN[]®][]d�e�`wf°®]^�¬0gH_��O^X¹XfH^XZ0g�� j�Z0[¨¹X_E`�fN[]^X`�f³fN_EZafN^�®,Ð []`�¯:_EgHh e1fH[T_K`J`|b^X¹X^XdHd�e.[]gH^¸e�\cb^Oº�`0[]g³®T^�Ç³Ç �
dN_EZad,Æ �Xe.¹X^Q`wf1W �³_EfN_K`0dM¹X^X¬5^X`0\5e.`�f�jwZa^ ®]^XdM\a^XZ�� e�¬0¬0gH_w¹O0^Qd�dN_K`�fMdN^X`0dH[]�0®]^Xd�¸e�®3e
¹X_E`�º5»EZ0gOe.fN[]_K`�^Xf�¸e®3e
jwZ5e.®][]f0b^�\0^Qd�dNfOe.fN[]_K`0dM� � � �³Z0fN[]®][]d0b^X^Qdµ\5e.`0d$¹X^Xd�¹X_K`wfHg�e�[T`�fH^XdnW>�7`�fH^XgNhi^J\>ÐHb^Xj�Z�e�fN[]_E`
`0_EgHh e.®]^E�a®,ÐNb^QjwZ5e.fN[]_K`
� �0WÑ¢aW �K�?¬5^XZ0f|d1ÐNb^X¹XgN[]gH^�dN_KZ0d<®3e·¯:_EgHh�^*)

� � � � � �� ��� � � � � � � � �� �Ã� � � � � % ¢ %]mnlE�

_¿¸Z � � ^XdHfJZ0`a^�h e�fNgH[T¹Q^J\0[3e�»E_E`5e.®]^�¹X_K`wfH^X`�e�`wf�\0^XdÃ�Ee.gN[3e�`0¹X^XdMe.dHdN^$+i¬�^XfH[]fN^Xd��3\0^i®,Ð _KgN\0gH^J\aZ�h�h �°¬5_EZag
¹�5e.¹XZ0`�\0^XdM¬�e�g�e�h¸^XfHgN^Xd�\a^�fNgOe.`0d�¯:_EgHh e�fN[]_E`>W � ^�¹XZ0hMZa®?\0^�®,ÐHb^Xj�Z�e�fN[]_E`�� �aW ¢aWÑ E��¸e�®3e�h e�fNgH[T¹Q^M`0_EgHh e.®]^E�
���0¬5^XgNhi^Xf|\0_K`0¹�dN_K`�[T`��K^XgNdH[T_K`�^Xfn�5\�e�`0d|®]^�h��^Xhi^|fN^Xhi¬0dn�a^$��¬0gN[]hi^<®3e�dN_K®TZafN[]_E`i^XdNfH[Th�b^X^�\�e�`0d|®]^�h��^Qh�^
Ç<Ç�)
j�Z0^$®3e$dN_K®TZafN[]_E`�e$¬0gN[]_KgN[ � � W��,®0¯£e�Z0f°¹X^X¬5^X`0\�e�`wf³dN_KZ0®][T»K`0^Xg°j�Z0^<®]^Xd|dH^X¬0f|¹X_K®T_K`0`0^Xd°\0^$®3e$h e�fNgH[T¹Q^ �
¹X_EgHgN^XdH¬�_K`0\0^X`�f�e.Z��idN^X¬af<¬�e�g�e.h¸^XfNgH^Xd|\0^$º��te�fN[]_E`i\0ZÇ<Ç!)��3fNgH_E[]d|fNgOe.`0dH®3e.fN[]_K`0dn�aZ0`i¯£e.¹XfH^XZ0g³\>ÐNb^X¹O0^X®]®]^µ^Qf
fNgN_K[]d�gN_EfOe.fH[T_K`0d��QW ��\0_E[]f��^XfNgH^og0b^X\0Z0[]fN^°e.Z��³dN^XZ0®]d¨¬�e.gOe.h¸^QfNgN^Qd�h e.`ajwZ5e.`�fNd5`0_E`$g0b^X\0Z0[]fNd&¬�e�g�®]^Xd>_K�0dN^XgH�Ee.fH[T_K`0d
�3[,W ^EWXfHgN_E[]d¨gN_EfOe.fH[T_K`0d�\�e�`0d>fH_EZ0fH^Xd&®T^Qd>fN^Q¹�a`0[]jwZa^Xd&^Xf&fNgN_K[]d>fNgOe.`0dH®3e.fN[]_K`0d�\�e.`ad>®]^?¹ne�d>\0^°®3e°fN^X¹O0`0[]j�Z0^°² � �o�N�QW

������������� ��� ��/./3  � .0'  5 % ��. � � 5  �� %(./ �&5�%1"$� � �(� �� � �&��"$� ������ �� � ��%�� �  % "  �  #"()��&3 �

� e�¹X_KhM�0[]`�e.[]dN_K`�\0^�gN^X¬�¸^XgN^Xd�\a^�g0b^�¯�b^XgN^Q`0¹X^�fN^XgHgN^XdHfNgH^Xd�[]dNdHZ0d\0^�fHg�e�[TfH^Xh�^Q`wf�\0^Qd�_K�0dN^XgH�Ee.fH[T_K`0d\0^Qd
fN^X¹O0`0[]j�Z0^Xd�\0^
»?b^X_�\|b^XdH[]^�dH¬�e.fH[ e�®]^ ^QdNf��5e.d0b^Q^�dHZ0g�®3e�gN^Q® e�fN[]_E`�¯:_K`0\�e�h�^X`�f�e�®]^�\0^fHg�e�`0d,¯:_KgNh�e.fN[]_K`�^X`�fNgN^
\0^XZ���Ç<Ç ��\a^Xdb^Xj�Z�e�fN[]_E`adµ� �0WÑ¢0W �E� ^Xf�� �0WÑ¢0WÑ¢E�QW
È³`�dNZ0¬a¬�_KdN^Mj�Z0^�¬�_KZ0g<¹O�e�jwZa^JdH_E®]Z0fN[]_K`[]`0\0[]��[T\aZ0^X®]®]^ �K��^Xf$¹O�e�jwZa^J¬5_E[]`�f � �5`0_EZ0d�e1�K_E`0d³® e�¬5_EdH[]fN[]_E`

� � ¸e�Z0`0^�b^X¬5_�j�Z0^��  � ^Qf<®3e���[]fN^QdNdN^ �� � �a^$��¬0gN[]h�b^X^Xd°\�e.`0d³Z0`Ç<Ç � ��W
� e�¹X_EhM�a[T`5e.[]dN_K`J¹X_K`0dN[]dHfN^�^X`
®£Ð ^XdHfN[]h e�fN[]_E`�)

2 \a^Xd<¬5_EdH[TfH[]_E`0d � 	 ¸eÃZ0`0^�b^Q¬�_�j�Z0^�\0_K`0`|b^X^�� � ^Xf|\0^Xd³��[TfH^XdNdH^Xd �� 	 ^$��¬0gN[]h�b^X^Xd|\�e�`0d|®]^·Ç³Ç ��¹X_EhM�a[T`|b^ � W
2 \a^XdJ¬5e.g�e�h¸^XfHgN^Xd$\0^MfHg�e�`0d,¯:_KgNh�e.fN[]_K` % � ¸eiZ0`0^�b^Q¬�_�j�Z0^ � � ^Xf�®]^XZ0gHd�\|b^XgH[]�ob^Q^XdJ¬5e.g�gOe.¬0¬5_EgHfJe.Z�fN^Xhi¬0d�%�����\aZÖÇ³Ç ��¹X_KhM�0[]`|b^|�E^QgNd<¹O�e�j�Z0^�Ç<Ç ��[]`0\a[T��[]\0Z0^Q®£W
�³`Jhi_�\¿¸^X®]^&»?b^X`|b^Qg�e.®�\0^°¹X_KhM�0[]`�e.[]dN_K`|\0^°¬�_KdN[]fN[]_E`ad>^Xf&��[]fN^XdHdN^Xd&\0^°dNfOe.fN[]_K`0d>¬5^XZ0f&dnÐHb^X¹QgN[]gN^°dN_KZ0d&® e ¯*_EgNhi^	)
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� Ð 0[]dNfH_EgN[]j�Z0^�\0^®,Ð � �<Ç<¶ gN^Xhi_E`�fN^�¸e�m1�E .�5�?j�Z�e�`0\�¬�_KZ0g�®3e
¬0gN^Xhi[:¸^XgN^�¯*_E[]dMZ0`�Ç<Ç � ¹X_EhM�0[]`|b^K�?e.¬0¬5^X®nb^
���<¶0 �� e�b^Xf0b^�_E�0fH^X`�Z^X`ZafN[]®][TdOe.`�f|\0^Xd$¹X_�_KgN\0_K`0`|b^X^Xd$\0^�dNfOe.fH[T_K`0d<[]dHdNZ0^Xd$\0^Qdµ_K�0dN^QgN�Ee.fH[]_E`0d³² � �°�X� ��� Ç��
¶ � Ç�^XfµÅ³_K¬0¬0®]^Xg � �<Ç	���µ¶�� � �3®]^$¬0g0b^X\|b^X¹X^QdNdN^QZ0g�\0^�Y��?¶a�X�>� �o_KZ0¹O0^Xg³^Xf	�<®]f�e�h�[]h�[*�0mn�K E¢K�XW � ^ ���<¶a .��e
b^Xf0b^³g0b^ne�®T[]d0b^|\�e.`0d&®]^|¹ne�\0gN^|\0^Qdce�¹XfN[]��[]f0b^Xd?\aZ �°Z0gN^1e.Z��,`�fH^XgN`�e�fN[]_E`5e.®0\0^|®,Ð �<^QZ0gN^��O_KZ�e.`�f&®]^og&�_E®]^|\0^|¹X^Q`wfHgN^³\0^
¹X_�_EgN\a[T`5e.fN[]_K`¬�_KZ0g$®3eM¹ne�h�¬�e�»E`0^$[]`�fN^XgH`�e.fH[T_K`�e.®]^J�
�?Ç|� � �:��_K`0[]fN_EgH[]`0»M_.¯c� e.gNfH Çs_EfOe.fN[]_K`�e.`0\
�,`wfH^Xg,Æ
¹X_Ehi¬�e.gH[TdH_E`�_.¯(�&^X¹O0`0[]j�Z0^XdO�XW �&gN_K[]dJe.Z0fHgN^Xd�g0b^1e.®][]d�e.fH[]_E`0d�\aZ � �<¶�_E`�f�b^Qf0b^�dHZ0¹X¹X^QdNdN[]�K^Xh�^X`�f�b^XfOe.�0®][]^Xd1�>®3e
\0^XgN`a[:¸^QgN^�b^XfOe.`�f<®]^ ���<¶0 K�0�5e1�Ee.`�fo®3eÃ¹Xg0b^1e.fN[]_K`>�0^X`�m1�E E a�E\a^�®,Ð �N� Ç<¶�W
Å³^X¬aZ0[]dn�°\0[ ���K^XgNdH[T_K`0d�\0^®,Ð � �<Ç�) _E`�f�b^Xf0b^¬0Z0�a®T[1b^X^Qdn�°®3e�¬0gH^Xh�[*¸^XgH^ b^Xf�e�`�f�®,Ð � �<Ç�)& E 
^Xf�®3e \0^XgN`a[:¸^QgN^E�

®£Ð � �<Ç!)(kKlElKl0�.¹O�e�jwZa^�`0_EZa�E^X®]®]^<�K^XgNdH[T_K`e.h�b^Q®T[]_Kg�e.`�f&®3e�¬0g0b^Q¹¿b^X\0^X`�fH^EW
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Å<^$®,Ð � �<Ç�)& E  ¸e�®£Ð � �<Ç!)(� �0�.®3eÃ\|b^Oº�`a[TfH[]_E`�\0ZÇ<Ç ��^XdHf<g0b^XdNZ0h�b^X^�¹X_Kh�hi^odHZ0[]f*)
2 � Ð _EgN[]»K[T`a^<^Xf|®,ÐNb^X¹O0^X®]®]^$dN_E`�f|\|b^�º�`0[]^Xd<¬5e.g|Z0`0^$hi_.ÏE^X`0`a^<\0^$¹X^XgHf�e�[T`a^Xd$dN_E®]Z0fH[]_E`0d|¶ � ÇÃW
2 � Ð _EgN[]^X`�fOe.fN[]_K`�^XdNfM\|b^�º�`0[]^�¬�e.g�\0^Xd�e�®T[]»K`0^Xh�^Q`wfHd�dNZa¹X¹X^XdHdN[ ¯:dn�°\0^Q¬0Z0[]dJ®]^ ���<¶0 K�\a_E`�fJ®,Ð _EgH[]^X`�f�e.fH[]_E`�e
b^Qf0b^e.®][]»E`|b^Q^ e�Z���d0b^XgN[]^XdM\a^XdJ¬5e.g�e�h¸^XfHgN^XdÃ\>Ð _EgN[]^X`�fOe.fN[]_K`�\0^M®3e��&^XgNgH^��:� Èµ� ��\0Z �o����W>�,®°^XdHf ¸e�`a_EfN^Qg
¹Q^X¬�^Q`0\�e.`�fijwZa^ ®,Ð _EgH[]^X`�f�e.fH[]_E`�\0Z � �<¶0 E��e.[]`0dH[|jwZa^ dH_E` b^X�E_K®TZafN[]_E`�fN^Xhi¬�_KgN^X®]®]^�_K`wf�¸e
`0_EZ0�K^ne.Z b^Xf0b^
e�®][T»K`|b^X^Xd|dHZ0g<®]^Xd<� Èµ��\0^Ã®£Ð �N�?Ç³¶�W

2 � ÐNb^X�E_K®TZafN[]_E`fH^Xh�¬5_EgH^X®]®]^J^X`�_EgH[]^X`�f�e.fH[]_E` )�¬�_KZ0g$®,Ð � �<Ç!)& E M^Qf�®,Ð � �<Ç!)& E�0�a[]®(`¨Ð Ï�e1�Ee.[]f<¬�e�d$\0^M¹O�e.hi¬
\a^<��[]fN^XdHdN^Xd|^XdHfN[]h�b^K�E®]^<hi_�\¿¸^X®]^o\a^<h�_KZ0�E^Qh�^X`�f>\a^Xd|¬0®3e.j�Z0^Xd fN^X¹XfH_E`0[]j�Z0^Xd	�$�l1ÆNkM�*��[]`0dNfH^Xg|^Xf°±E_EgH\�e.`¨�
m1�E�K E��e�b^Xf0b^�Z0fN[]®][]d0b^�¹Q_Eh�hi^Mg0b^O¯Eb^XgN^X`a¹X^EW ¸� ¬�e.gHfN[]g�\0^�®£Ð � �<Ç!)(�am(�OZ0dHj�Z>Ð]¸e�®,Ð � �<Ç!)&���0� \0^Xd�¹O�e�h�¬0dÃ\0^
��[]fN^QdNdN^Qd?¹X_EhM�a[T`|b^Xd�_E`�f�b^Qf0b^?^XdHfN[]h�b^QdnW � ÐHb^X�K_E®]Z0fN[]_K`<fN^Qh�¬5_EgN^Q®T®]^&^X`�_EgH[T^Q`wfOe.fH[T_K`$\0^?®,Ð � �<Ç�)&�0m?eib^Xf0b^ce�®][T»K`|b^X^
e�Z�hi_w\�¸^X®]^����µÇ°Æ��(�³²µ� � Æ�mÃ� �<gH»EZ0d°^Xf|e.®,W]�0mn�K�0m1�X�.¹X^Q®T®]^³\0^<®,Ð � �<Ç�)&�Ek$e�ZMh�_�\�¸^X®]^ � �µÇcÆ � �<²$� � ÆXm$���
e�®]_EgNd|j�Z0^$¹X^Q®T®]^$\0^�®,Ð � �<Ç�)&� ��e�b^Qf0b^Je�®T[]»K`cb^X^�e.Z��Md0b^XgN[]^Xd$�?È$��\0^$®,Ð �N�?Ç<¶�W

Å<^Q¬0Z0[]d�®,Ð � �<Ç�)&�.�5�0®]^Xd$h e�fNgN[]¹X^Qdµ\a^M�Ee.gN[3e�`0¹X^�¹X_Ehi¬0®:¸^XfN^Xd$\0^Qd�dN_K®TZafN[]_E`0d$[]`0\0[]��[]\0Z0^X®]®]^Xd$[]`�fNgN_�\0Za[TfH^Xd$\�e.`ad
®T^Qd<¹X_KhM�0[]`�e.[]dN_K`0d°� �<Ç�)�_K`�f b^Xf0b^�Z0fN[]®][]d0b^X^QdnW � eÃº �0e.fH[T_K`�\0Z�Ç<Ç"��� �<Ç�)&�.��e�b^Qf0b^�g0b^ne.®][]d0b^X^�\0^�®3e�h�e.`0[*¸^XgH^
dNZ0[]�Ee.`�fH^ )
2 � Ð _EgN[]»K[T`a^<^XdHf<Z0`0^$hi_.ÏE^X`0`a^<¬5_E`0\|b^Qg0b^X^�\0^$¹X^XgHf�e.[]`0^Qd<dN_K®]Z0fN[]_E`ad<¶ � Ç�^Xf<Y��?¶ W
2 ®,ÐHb^X¹O0^X®]®]^<^QdNf|Z0`0^³h�_.ÏK^X`0`0^|¬5_E`0\|b^Xg0b^X^Ã\0^<¹X^QgNf�e�[]`0^Xd|dN_K®]Z0fN[]_E`ado² � �°�X�w¶ � Ç�^QfcY�� ¶�W0�&®]®]^<e�b^Xf0b^$^X`0dNZa[TfH^
¹Q_EgNgH[]»?b^X^M¬�e�g$Z0`¯,e.¹XfH^XZ0g�\>ÐHb^X¹O0^Q®T®]^�Hm ��l % ����mnl ��� �$e1º�`�\>Ð �^XfNgH^M^X`�e.¹Q¹X_EgH\ e1�K^X¹M®]^Xd$g0b^XdH_E®]Z0fN[]_K`0d$\0^
®,Ð �µYÃY$�&^Xf|\0^$®,Ð � �<�X��e.\0_K¬0f�e�`�fo®,ÐNb^X¹O0^X®]®]^<\0^$fH^Xh�¬0d �<�|YM�0e�Z�®][]^XZ�\0^$®,ÐNb^X¹O0^X®]®]^<\0^$fH^Xh�¬0d �	� Z0fN[]®][]d0b^X^
¬5e.g|®]^Xd|¹X^X`�fHgN^Xd$\>ÐÑe.`5e.®]Ï�dN^M�N�*�Xy5¹O�e.¬0[]fHgN^�kE�QW

2 � Ð _EgN[]^X`�fOe.fN[]_K`�^XdHfµe.®][]»E`|b^X^J¸e�®,Ð � �<Ç�)&�EkaW
2 � ÐNb^X�E_K®TZafN[]_E`�fH^Xh�¬5_EgH^X®]®]^o^XdHfo\|b^Oº�`0[]^|^X`�e�®T[]»K`�e.`�f>®]^°¹O�e.hi¬�\0^|��[]fN^XdHdN^Xd|\0^|®,Ð � �<Ç�)&���<e.ZMh�_�\�¸^Q®T^ � �µÇcÆ
� �<²$� � ÆXm$���0dNZag<®]^Xd|dN^Q¬0f<\|b^QgN[]�ob^X^Xd<\a^Xd<¬�e�g�e�h¸^XfHgN^Xd|\0^$fHg�e.`ad,¯:_KgNh e�fN[]_E`¨W

� Ð � �<Ç�)&�#�ieM^X`adNZ0[]fN^�b^Qf0b^�e.®][]»E`|b^�¸ei®£Ð � �<Ç!)(�����a^Xf$®£Ð � �<Ç!)(�K�¸e ®£Ð � �<Ç!)(� �0�adNZ0g�®]^Xd$j�Z�e�fN_Eg +X^M¬�e�g�e.h¸^XfNgH^Xd
\0^$fNg�e�`0d,¯*_EgNh�e.fH[T_K`>W
� ^�g0b^XdH^ne.Z�� �<Ç!) e�¬0gN_K»EgH^XdNdH[T�K^Xh�^Q`wfe�Z0»Ehi^X`�f0b^^X`�`a_EhM�0gH^\0^�dN[]fH^Xd^Xf�^X`�¬�e�gNfH[T¹QZ0®][T^Qg ¹Q^XZ�� ^X`

¹X_E®]_�¹ne.®][]d�e�fN[]_E`adnW � e º�»EZagN^��aW ¢aW]m�hi_E`�fNgH^ ®]^g0b^XdN^1e.Z � �<Ç�)& E �e1Ï�e.`�fJZa`0^�¹Q^X`�f�e.[]`0^
\0^�dH[]fN^Xdi^Xf���[]`0»Ef�Æ
\0^XZ���¹X_E®]_�¹ne�®T[]dOe.fN[]_K`0dJ��² � �°� �E¶ � Ç � ��� Ç<�X�5^XfÃ®£Ð � �<Ç!)(kKlElKl�¹X_E`�fN^Q`�e.`�f�¬0gX¸^Xd�\0^M¹Q[T`aj¹X^X`�fNd�dN[]fH^Xd�^Xf�Za`0^
¹X^X`�f�e�[T`a^�\0^$¹X_E®]_�¹ne�®T[]dOe.fN[]_K`0dnW
� e¬ag0b^X¹X[]dH[T_K`�\0^QdM¬�_KdN[]fN[]_E`adJ\0^�dHf�e.fH[]_E`0d�� �<Ç�)�^XfM\0^i®T^QZ0gNdM��[]fN^XdHdN^Xdi^XdNfM\a^X�E^X`�Z0^�hi^X[]®T®]^XZagN^E��»Kg �e�¹X^

e.Z��Me.h�b^X®][T_Kg�e�fN[]_E`0d>e�¬0¬5_EgNf0b^X^Xd|¬�e�g?®]^Xd°¹X^X`�fNgH^Xd|\>ÐÑe.`�e�®]ÏwdH^Xd?^Xf ® e·g0b^ne�®T[]dOe.fN[]_K`J¬�e�g?¹X_KhM�0[]`�e.[]dN_K`�\0^|®,Ð � �<Ç�)°W
� e�º5»EZ0gH^ �0WÑ¢0WÑk0W�gH^X¬0g0b^XdN^X`�fH^ ®]^Xd$^XgHgN^XZagNd�dN¬0|b^QgN[]j�Z0^Xd$¯:_KgNhi^X®]®T^Qd|^X`�¬5_EdH[]fN[]_E`0d$^Xf$^X`���[]fN^XdHdN^Xd1�>¹X_Kh�¬�e�g�e�`wf
� �<Ç�)&�.�5�0�#�0���E�a��^Xf<� �<Ç!)&kElElKl0W
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	 � 	 � �������	 ��� � ���� �� �������� �XW0�E¢

1mm/y

)¨[]»�W��0WÑ¢aW �aWwÅ³[.-µb^XgN^X`a¹X^Xd$\0^Xd|��[]fN^XdHdN^Xd$^X`�fHgN^�®,Ð � �<Ç�)&kElKlEl³^Xf³®T^$hi_w\�¸^X®]^ � �µÇcÆ � �<²$� � ÆXm$�

��� � � � � �s§ ��� � � 	����

�<¹XfHZ0^X®]®]^Xh�^X`�f1��®£Ð � �<Ç!)(kKlElKl$gN^X¬ag0b^XdH^X`�fN^�® e��K^XgNdH[]_E`�¹X_EZag�e.`�fH^µ\a^�®,Ð � �<Ç!)°W
� Ð � �<Ç�)&kElKlEl°^XdHf(Za`0^odH_E®]Z0fH[T_K`�b^XfH^X`0\0Z0^|^Qf7e�h�b^X®][]_Eg0b^X^?\�e�`0d>®]^°�0Z0f¨\0^odH^XgN��[]g?\0^°g0b^�¯�b^XgN^Q`0¹X^J¸es®3e°¯:_K[Td�¬5_EZag

®T^Ã¬�_KdN[]fN[]_E`a`0^Xh�^Q`wf|^Qf<®]^Xdµe�¬0¬0®][]¹ne.fH[]_E`0d<e�Z���dN¹X[]^X`0¹Q^Xd�\0^�®3e �(^QgNgN^KW¿�7`¬0®]Z0d<\a^Xd$dN[]fN^Xd³¬0gN[]h�e.[]gN^Xd1�0² � �°�X�
¶ � ÇÃ�0Y��?¶�^Xf<Å$È$Ç|�N¶ �0®,Ð � �<Ç�)&kElKlEl$¹X_Kh�¬0gH^X`0\�Z0`0^Ã\0^X`0dH[ º5¹ne.fH[T_K`�¬�e.g³\0^Xd<g0b^XdN^1e.Z��Y��?¶ig0b^X»E[]_E`5e.Z��i^X`
�<®3e.d 3Ee0���<`�fOe.gN¹QfN[]j�Z0^E���³dN[]^E�5�&Z0gN_K¬�^K���<h�b^XgN[]j�Z0^³^Xf<\�e�`0d|®]^µ�&e.¹Q[ º5jwZa^EW
� ^Xd&dN_K®TZafN[]_E`0d¨[]`0\0[]��[T\aZ0^X®]®]^Xd�Z0fN[]®][]d0b^X^Qd>\�e�`0d&® e°¹Q_EhM�0[]`�e�[TdH_E`³� �<Ç�)&kElKlEl°dN_K`�f>®][]�0gN^Xd¨\0^°fN_EZafN^?¹X_K`�fNg�e�[]`wfH^

^$��fN^XgH`0^EW � ^Xd°¹X_E`�fNgOe.[]`�fN^Xd°\0^³\cb^Oº�`0[]fH[T_K`M\0^|gN^Q¬¿¸^XgN^Ã\0^<g0b^O¯Eb^XgH^X`0¹X^$dN_K`�fo\|b^Qf�e.¹O�e��0®]^Xdn��® �e�¹�a^Xdo_KZMh�[]`0[]h�e.® ^XdnW
�7` fH^XgNhi^$\0^�\|b^Oº5`0[]fN[]_E`i\0Z�gN^X¬�¸^QgN^E�5®,Ð � �<Ç�)&kElKlEl$dH^µ¹1e.g�e�¹Xf0b^QgN[]dN^�¬�e.g|®]^Xd|¬agN_E¬agN[nb^Xf0b^Qd<dNZa[T�Ee�`�fN^Xd )

2 � Ð _EgN[]»K[T`a^<^XdHf<_E�afN^X`�Z0^�^Q`�º��te�`�f�¸e +¿b^XgN_M®]^Xd³fNgOe.`0dH® e�fN[]_E`ado^Xf³®]^XZ0gNd|\|b^XgN[]�ob^X^Xd$^X`�fNgH^�®,Ð � �<Ç�)&kElKlEl$^Xf|Za`0^
hi_.ÏE^X`a`0^<¬5_E`0\|b^Xg0b^X^�\0^$¹X[]`0jidN_E®]Z0fH[]_E`0d|¶ � ÇÃW

2 � ÐNb^X¹O0^X®]®]^�^XdHfJ_K�0fN^X`�Z0^i¬�e.gÃZ0`0^�hi_.ÏE^X`a`0^J¬5_E`a\cb^Xg0b^Q^ \a^XdJ¹Q[T`aj�dN_E®]Z0fH[]_E`0d�¶ � Ç ^Xf�\0^�fHgN_E[]d�dH_E®]Z0fH[T_K`0d
² � �°�XW��°_E`�fNgOe.[]gN^Xhi^X`�f�¸e�®,ÐNb^Q¹�a^X®]®T^Ã\0^�®,Ð � �<Ç�)&�E�Ã¹X_Ehi¬�e.fH[]�0®]^µe1�E^Q¹�®]^ �<�|Y �0®,Ð � �<Ç�)&kElKlElÃ^XdNf³¹X_Ehi¬�e1Æ
fH[]�0®]^·e1�K^X¹$®]^ �	��W

2 � Ð _EgN[]^X`�fOe.fN[]_K`�^XdNf _E�0fH^X`�Z0^|^X`�e.®][]»E`5e.`�f�®]^Xdoe.`a»E®]^Xd&\0^°gN_EfOe.fH[T_K` ¸e³¹X^QZ��J\a^o®,Ð � �<Ç�)&�E�$¸e³®,ÐNb^X¬5_wj�Z0^$mn�K�E�aW l
^Qf<®]^XZ0gHdµ\|b^XgN[]�ob^X^XdM¸e�¹X^X®]®]^Xd³\0Zh�_�\�¸^Q®T^�� �$Ç°Æ��(�<²$� � ÆXm$� � �³gN»EZad<^Xf$e.®,W]��mn�E�amE�0Å³^n��^QfNd$^Xfµe�®,WT��m1�E�Kl0�
m1�E���w�XW
� ^XdMg0b^QdNZ0®]f�e�fNdM\0^i®,Ð � �<Ç!)&kElElKli_E`�fJhi_E`�fNg0b^MZ0`�\|b^Xd�e�¹X¹X_EgH\�dN[]»K`0[ º�¹ne.fH[ ¯se1�K^X¹�®T^Mhi_�\¿¸^X®]^ �(�³²µ� � Æ�m��

^X`�fN^XgHh�^�\a^ hi_EZ0�K^Xh�^Q`wfHd�gN^Q® e�fN[ ¯:d�^X`�fNgH^ ¬a® e�j�Z0^XdMfN^Q¹XfN_K`0[]jwZa^Xd�� �<®]f�e�h�[]hM[&^Xf�e.®,W]�(kKlElKkE�XW&�°^X¬5^X`0\�e�`�f
®£ÐÑe�®T[]»K`0^Xh�^Q`wf \0^�®,Ð _EgN[]^X`�fOe.fN[]_K`�\0[.-µb^XgN^X`�fH[T^Q®T®]^�\a^�®,Ð � �<Ç!)&kElElKl�e.Z�hi_w\�¸^X®]^	���µÇcÆ � �<²µ� � ÆXm$��^XdHf·e�dNdHZ0g0b^X^



�XW0�#� ����������� 	9	�������� ����	 ��������	

¸e�m$h�h �Ke1` � �<®]f�e�h�[]h�[�^Xf$e.®,W]�wkKlEl �E�XW0�&e�g|¹X_E`0d0b^Xj�Z0^X`�fn�5�0[]^X`
jwZa^µ®,Ð � �<Ç�)&kKlElEl·dN_E[]f|»K®T_K��e.®]^Xhi^X`�foe.®][]»E`|b^
dNZ0g�®]^�h�_�\�¸^X®]^ ���µÇcÆ � �<²µ� � ÆXm$�J�5\0^Qd�\0[.-µb^QgN^X`0¹Q^XdJ\a^M�w[]fH^XdNdH^XdJe.Z�`0[]�E^1e.Z�g0b^X»K[T_K`�e.®&¬5^XZ0�K^X`�fJe.fHfN^X[]`0\0gH^
�.h�h �Ee�`�¹X_Ehih�^|®]^$h�_K`wfHgN^³® e·º�»KZ0gN^ �0WÑ¢aW �aW

��� � � - � � ���"���7
�� � ��� � ��(�'��
�� � �� � ������(��!��&!'��(�)������� � ����"!����� ��� #	���
�	�B� �b��� ��(�'��
���� �������(������!�����(�"���� � ���

��� � � � � ��4>/1=.2 9 #?+�/n)*2�4

� e|g0b^X\0Z0¹QfN[]_E`�\0^?fH_EZ0fH^o_K�0dN^XgH�Ee.fH[T_K`�\>Ð Z0`�_K�#�O^Xf¨¹¿b^X®]^XdNfH^|^ -�^X¹XfNZ|b^X^<\0^Q¬0Z0[]d>®3e	�&^XgHgN^E�1^$��[]»E^°Z0`0^ fNg�e�`0d,¯*_EgNh�e1Æ
fN[]_E`�j�Z0[�¯£e�[Tf&¬�e�dNdH^Xgo\a^Xd?¹X_�_EgH\0_E`a`cb^X^Xd°\0^|®,Ð _E�#�O^Xf&\�e�`0d?®]^|dNÏ�dHfX¸^Xhi^o\0^|g0b^O¯Eb^XgH^X`0¹X^$¹�b^Q®T^QdNfN^�e�Z���¹X_�_EgH\0_E`a`cb^X^Xd
\0^�¹X^h��^Qh�^�_E�#�O^Xfi\�e.`adJ®]^�dNÏ�dNfX¸^Xh�^�\0^�g0b^O¯Eb^XgH^X`0¹X^�fN^XgHgN^XdHfNgH^�_¿¸Z�®,Ð _E`�¹X_E`a`�e�� � f�®T^QdM¹X_�_EgN\a_E`0`|b^Q^Xd�\0^�®3e
dNf�e�fN[]_E`�\>Ð _K�0dN^XgH�Ee.fH[T_K`>W
�°^QfNfN^MfHg�e�`0d,¯:_KgNh�e.fN[]_K`�\0^�¹X_�_EgH\0_E`0`|b^X^Xd�d1Ð ^,-¿^X¹QfNZ0^i^X`�\a^XZ���b^XfOe.¬5^XdnW � eM¬agN^Xhi[:¸^QgN^�b^XfOe.¬5^E��j�Z0[&¹X_KgNgN^Qd,Æ

¬�_K`0\�e.Z�¬�e�dNdOe.»E^Ã\>Ð Z0`�dNÏ�dNfX¸^Xh�^�\a^�g0b^O¯Eb^XgN^X`a¹X^M¹X^X`�fNg0b^ e�Z���e.gHÏw¹Q^X`�fNgN^�\0ZdHÏ�dNfX¸^Qh�^�dH_E®3e.[]gN^M¸e�Z0`�dHÏwdHfX¸^Xhi^
\0^�g0b^�¯�b^XgN^Q`0¹X^M¹X^X`�fHg0b^Me.Z�¹X^X`�fNgH^J\a^�h e�dNdN^$\0^Ã® e �&^XgHgN^E��e�b^Xf0b^�\|b^X¹QgN[]fN^�^X`��aW kaW�\�e.`ad<®]^$¹ne.\0gH^�\0^�®3eÃ¯:_KgNhi^
»?b^X`|b^Qg�e.®]^M\0^i®3e�fHg�e�`0d,¯:_KgNh�e.fN[]_K`^X`�fNgH^M®T^QdJdHÏwdHfX¸^Xhi^Xd�\0^Mg0b^O¯Eb^XgH^X`0¹X^�gH^X®3e.fN[]��[]dNfH^Xd�`0_Kf0b^Xd �c�|Ç³¶�^XfJY��|Ç³¶�W
�°^XfNfH^µfHg�e�`0d,¯:_KgNh�e.fN[]_K`�¬0gN^Q`0\�^X`i¹X_Ehi¬0fN^|®]^Xd ^ -¿^QfNd|\0^³¬�e.gOe.®]®3e&��^ce�`0`�Z0^X®]®]^|^Xf°\>ÐÑe.�5^XgNgOe.fN[]_K`�e.`0`�Z0^X®]®]^�¸e$®3e
\�e.fH^?\>Ð _E�0dH^XgN�Ee�fN[]_E`¨�ne.[]`0dH[Ej�Z0^?®,Ð ^ -�^Xf&\0^?\|b^ ��^$��[]_E`�\0^ ® es®]Z0h�[*¸^XgH^>\�e�`0d>®]^?¹O�e�h�¬$»EgOe1�w[]fOe.fN[]_K`0`0^X®.\0^Qd(¹Q_EgN¬ad
\0Z�dNÏ�dNfX¸^Xh�^�dN_K®3e.[]gN^��3^$��¹X^Q¬0f0b^i® e �&^XgHgN^n�QW(�°^X®3ei¬5^XgNhi^Xf�\0^�¬�e.dHdN^Xg�\0^XdÃ¹X_�_EgN\a_E`0`|b^Q^XdJ\¨Ð Za`�_K�#�O^Xf�¹�b^Q®T^QdNfN^
\0_E`0`|b^X^Xd$¬�e.g$Z0`
¹ne.fOe.®]_E»KZ0^�_EZ
¬�e.g³Z0`0^�b^X¬0|b^Xh�b^XgN[]\0^i¸eMdN^Qd�¹X_�_EgH\0_E`0`|b^X^Xd$\�e.`adµ®]^�dHÏ�dNfX¸^Qh�^�\0^�g0b^�¯�b^XgN^Q`0¹X^
¹¿b^X®]^XdNfH^�»?b^X_�¹X^X`�fHgN[]j�Z0^Y��|Ç<¶���e�¬0¬�^Q®nb^QdJ¹X_KZ0g�e�h�hi^X`�fµ¹Q_w_KgN\0_K`0`|b^X^Qd C�rEr0CEFNG1A0V*GXP��H�:�Qy �0W �E�QW � e�\a^XZ���[:¸^Xh�^
b^Xf�e�¬�^E�Kj�Z0[0¹X_KgNgH^XdN¬5_E`0\�e.Z�¬�e.dHd�e�»E^°\0^Xd°¹X_�_EgN\a_E`0`|b^Q^Xd?\�e�`0d?®]^odHÏ�dNfX¸^Qh�^|\0^|g0b^O¯Eb^XgH^X`0¹X^³¹¿b^X®]^XdNfH^<»?b^X_�¹X^X`�fNgH[Tj�Z0^
Y��|Ç<¶�e.Z���¹X_�_EgH\0_E`a`cb^X^Xd|\�e�`0d?®]^|dNÏ�dHfX¸^Xhi^<\0^|g0b^O¯Eb^XgH^X`0¹X^�\a^<g0b^�¯�b^XgN^Q`0¹X^$fN^XgHgN^XdHfNgH^�� �<Ç<¶��K¬0gH^X`0\�^Q`M¹X_Ehi¬0fN^
®£Ð _KgN[]^X`�f�e�fN[]_E`M\0^Ã® e �&^XgNgH^$\�e.`0d³®]^<dNÏ�dHfX¸^Xhi^�\0^$g0b^O¯Eb^XgN^X`a¹X^J¹�b^X®]^XdNfH^ ¸eÃ®3e�\�e.fH^µ\¨Ð _K�0dN^QgN�Ee.fH[]_E`>W
� ^�0Z0fi\0^�¹X^�¹�5e.¬0[]fNgH^�^XdNf�\0^�\0_K`0`0^Xgi®£Ð ^$��¬0gH^XdNdH[]_E`�\0^
® e
fNgOe.`0d�¯:_EgHh e�fN[]_E`�\0^¹X_�_EgH\0_E`a`cb^X^Xdi^X`�fNgN^

®T^�Y��|Ç³¶�^Xf�®,Ð � �<Ç<¶�¸e�Z0fH[]®T[]dH^Xg�\�e.`0d
®T^Qd g0b^X\0Z0¹QfN[]_E`0d�\>Ð _E�adN^XgH�Ee.fN[]_K`0d�^X`�¯*_E`0¹XfH[]_E` \0^�j�Z�e.`�fN[]f0b^Xd�jwZa[
¬�^XgHh�^XfHfN^X`�fi\0^�\cb^X¹XgH[TgH^�®,Ð _EgH[]^X`�f�e.fH[]_E`�\0^®3e �&^XgNgH^\�e.`adM®T^�dHÏwdHfX¸^Xhi^�\0^g0b^�¯�b^XgN^Q`0¹X^�¹¿b^X®]^XdNfH^�dHZ0[]�Ee.`�f�®T^Qd
¹X_E`��E^Q`wfH[]_E`0d|j�Z0[�_K`wf�b^Qf0b^Je�\0_E¬0f0b^X^Xd³¬�e.g|®,Ð �(�³�?^X`kElKlEl0W

��� � � 	 � � ��;&= 8 616Q):254 � �8 4 �8 =.-0' 8 9¨8 '*-/1=.-04?6 � 25= © -0/1):254

� ^Xd�\a[TgH^X¹XfH[T_K`0d$\>ÐNb^XfN_K[]®T^Qd<_EZ�\0^�j�Z�e.dOe.gNd$_K�0dN^XgH�ob^XdJ\a^X¬0Z0[]d$®3e��&^XgNgH^¸eMZ0`a^J¹X^QgNf�e�[]`0^M\�e.fH^JdH^Mg�e�¬0¬�_KgNfH^X`�f
\0[]gN^X¹XfH^Xh�^Q`wf|¸esZ0` e ��^?[]`wfH^XgNh�b^X\0[3e.[]gH^(fHgX¸^Xd ¬0gN_�¹O0^°\0^o®,ÐÑe&��^?[]`0dHf�e�`wfOe.`|b^ \0^ogH_EfOe.fN[]_K`>W.È<`Ã^XdNfoe�[]`0dN[�e.h�^Q`cb^<¸e
[T`�fHgN_�\0Z0[]gN^K�E\�e�`0d?®]^|¬�e�dNd�e�»E^³^X`�fNgN^³®]^Xd?dNÏ�dHfX¸^Xhi^Xdo\a^<g0b^�¯�b^XgN^Q`0¹X^$� �<Ç<¶�^Xf°Y��|Ç<¶���Z0`MdNÏ�dNfX¸^Xh�^³\0^|g0b^�¯�b^XgN^Q`0¹X^
¹¿b^X®]^XdNfH^�[]`0dNfOe.`�f�e�`|b^$\0[]f�D3A0V*GnFQp�~G1IED3CKD3FNG1�K\cb^Oº�`0[�\a^<¯,e �¹X_K` ¹Q_E`��E^X`�fH[T_K`0`0^X®]®]^<\a^<¯,e �¹X_K`�¸e�^$��¬0gH[Thi^Xg|e.Z�hi[]^XZ��
®T^QdMjwZ5e.`�fN[]f0b^QdM_E�0dH^XgN�°b^X^Xde�Z ¹Q_EZ0gHd�\0^Xdig0b^X\aZ0¹XfN[]_K`0d�\>Ð _K�0dN^XgH�Ee.fH[T_K`0dnW �³[]`0dN[,�&¬5_EZ0gM^ -�^X¹XfHZ0^Xg�®]^�¬�e.dHd�e.»K^



	 � 	 � �������	 ��� � ���� �� �������� �XW0�E�

\0Z�Y��|Ç³¶�¸e ®,Ð � �<Ç³¶���_E`�¬�e�dNdH^J\>ÐÑe���_KgN\\0^Qdµe&��^Xd$\0Z
dNÏ�dNfX¸^Xh�^�\a^�g0b^O¯Eb^XgN^X`a¹X^�¹�b^Q®T^QdNfN^�»?b^Q_w¹Q^X`�fNgN[]j�Z0^�\�e.`ad
®T^QjwZa^X®|®]^XdM¹X_�_EgH\0_E`0`|b^X^Xd�\a^Xd�\0[]gH^X¹XfN[]_K`0dM\0^XdM_K�#�O^XfNdi¹�b^X®]^XdHfN^XdidN_E`�fM¹ne�®]¹XZ0®nb^X^Xd�e.Z���e �w^QdM\0Z�dHÏwdHfX¸^Xhi^�\0^
g0b^O¯Eb^QgN^X`0¹Q^ []`�fN^QgNh�b^Q\0[3e.[]gN^[]`0dHf�e�`wfOe.`|b^KW<�°^�¬5e.dNdOe.»K^�[T`a¹X®]Z0f��3[3�iZ0`0^�gN_Kf�e�fN[]_E`�[]`0\|b^X¬�^Q`0\�e.`�fH^�\0Z fN^Xhi¬0d
^X`�fNgN^�®]^�Y��|Ç<¶�^Xf
®T^
dNÏ�dNfX¸^Xh�^�\0^�g0b^O¯Eb^QgN^X`0¹Q^�b^QjwZ5e.fN_KgN[3e.®³h�_.ÏK^X` ¸e�®,ÐHb^X¬5_�jwZa^�\0^�g0b^�¯�b^XgN^Q`0¹X^ �

�

^Xf��3[][3�
Z0`0^gH_Ef�e�fN[]_E`�¬�_KZ0gM¬�e�dNdN^Qg \aZ dHÏ�dNfX¸^Qh�^�\0^�g0b^O¯Eb^XgN^X`a¹X^ b^Xj�Z�e.fH_EgH[ e�®|h�_.ÏK^X`�\0^�®,ÐNb^X¬5_wj�Z0^ �

�

e�Z�dHÏwdHfX¸^Xhi^
\0^g0b^�¯�b^XgN^Q`0¹X^�[]`�fN^XgHh�b^X\0[3e�[TgH^ e�`0[]h�b^�\aZ hi_EZ0�K^Xh�^Q`wfÃ\0^¬0g0b^X¹X^XdHdN[]_E` ^Xf�\a^`�Z0f�e�fN[]_E`>W � ÐÑe&��^È(��\0^
¹X^
dNÏ�dNfX¸^Xh�^\a^g0b^O¯Eb^XgN^X`a¹X^�[]`�fN^QgNh�b^Q\0[3e.[]gN^�^XdHf e.gH�0[]fNgOe.[]gN^E� ®]^Xd e�dN¹X^X`adN[]_E`0di\0gN_K[]fN^Xdi\>ÐNb^XfN_K[T®]^XdM_KZ�\0^j�Z�e.dOe.gHd
b^Xf�e�`wf$\|b^QfN^XgHh�[]`|b^X^Xd$\0^Ã¯£e �¹X_E`�gN^X®3e�fN[]�E^EW5�¨_EZ0g$^$��¬0gH[Thi^Xg<®]^Xd$¹X_�_KgN\0_K`0`|b^X^Xd�e.`0»KZ0®3e.[]gN^Xd³\>Ð Z0`�e�dNfNgH^M\�e.`adµ®]^
dNÏ�dNfX¸^Xh�^�\a^�g0b^O¯Eb^XgN^X`a¹X^�fH^XgNgH^XdNfHgN^M[]®�¯£e�Z0f|^X`0dHZ0[]fN^�fN^X`a[Tg³¹X_Ehi¬0fN^$\0^�®,ÐÑe.`0»K®T^³\0^�gH_Ef�e�fN[]_E`�\0^�®3e �&^XgNgH^�\�e.`ad
®T^�dNÏ�dHfX¸^Xhi^M\0^Mg0b^O¯Eb^XgN^X`a¹X^�¹�b^Q®T^QdNfN^e�Z0fN_KZ0g$\0^M®,Ð e ��^�\0Z�¬��_K®T^�[]`�fN^XgHh�b^X\0[3e�[TgH^�¸ei¬�e.gHfN[]g$\0^M®,Ð _EgN[]»K[T`a^�¹O0_E[]dN[]^
e.[]`0dN[�j�Z0^$\0Z�\|b^Q¬0®3e.¹X^Xhi^X`�f|\0^$¹X^�¬��_K®]^µ¬5e.g|g�e�¬0¬5_EgNf�¸e�®3e �&^XgNgH^EW
¶t[?®,Ð _K`\|b^XdH[]»E`0^M¬�e�g�� � 
 � �?^Xf � %/
 � �?®T^Qd�h e�fNgN[]¹X^Qd,Æ,¹X_E®]_E`a`0^Xd$\0^Xd�¹Q_w_KgN\0_K`0`|b^X^Qd�gN^X¹Qf�e.`a»EZ0®3e.[]gH^Xd�\>Ð Z0`

�E^X¹XfH^XZ0g³\�e.`0d°®]^Xd|dNÏ�dHfX¸^Xhi^Xd|\0^$g0b^O¯Eb^XgN^X`a¹X^�¹�b^X®]^XdHfN^�^Qf|fN^XgHgN^XdHfNgN^K��gN^XdH¬�^Q¹XfN[]�E^Qh�^X`�fn�a_E`i¬�^XZaf<e.[]`0dN[³b^X¹XgH[]gN^E�a®T^Qd
\0^XZ��idNÏ�dNfX¸^Xh�^Xd³\0^$g0b^O¯Eb^XgN^X`a¹X^ b^Xf�e�`�f|dNZ0¬0¬5_Ed0b^Xd<\a[TgH^X¹XfHd )

� %/
 � � � � � ��� 
�� ��� �M� ����� ��
 ��� � � � % � %]mn�
^$��¬0gN^XdHdN[]_E` \�e�`0d®3e.j�Z0^Q®T®]^�®]^Xd�h e�fNgN[]¹X^Qd\0^�fHg�e�`0d,¯:_KgNh�e.fN[]_K` � � 
�� � fN[]^X`0`a^X`�f�¹X_Kh�¬0fH^�\0^Xd�^ -�^XfNd
dNZ0[]�Ee.`�fHd*)
� ®]^°h�_KZ0�E^Xhi^X`�f�\0Z�¬��_E®]^E�._KZJ\|b^X¬0®3e.¹X^Qh�^X`�f&\0Z�¬��_E®]^°[T`�fH^XgNh�b^X\0[3e.[]gN^ ¬�e.g&g�e�¬0¬5_EgNf°e.Z�dNÏ�dNfX¸^Xh�^|\0^°g0b^�¯�b^XgN^Q`0¹X^
fN^XgHgN^XdHfNgN^K��\�e.`ad�� � ��� �
� ®£ÐÑe�`0»E®]^�\a^ gH_EfOe.fN[]_K` \a^ ®3e �&^XgHgN^\�e�`0dM®]^�dNÏ�dNfX¸^Xh�^�\0^g0b^O¯Eb^XgH^X`0¹X^�¹�b^X®]^XdHfN^�e.Z0fH_EZ0gM\a^®,Ð e ��^�\0Z�¬��_K®T^K�
¹EÐ ^XdNf�Æ�¸e Æ£\0[]gH^�®]^<®]_E`0»�\0^�®,ÐHb^Xj�Z�e�fN^XZ0g|\a^µ®3eÃ\�e.fH^E�0\5e.`0d/
�� ��� �
� ®]^<\|b^X¬0®3e.¹X^Qh�^X`�f°¹¿b^X®]^XdNfH^$\0Z�¬��_K®]^<[]`�fN^XgHh�b^X\0[3e�[TgH^E�K¹EÐ ^XdNf�Æ�¸e Æ£\0[]gH^<®3e�¬ag0b^X¹X^QdNdN[]_K`�Æ£`�Z0fOe.fH[T_K`>�0e.[]`0dH[�j�Z0^$®,ÐNb^X¹ne�gNf
^X`�fNgN^Ã®T^$dHÏwdHfX¸^Xhi^$\0^$g0b^O¯Eb^QgN^X`0¹Q^�b^Xj�Z�e�fN_KgN[3e.®�hi_.ÏE^X`M\0^$®,ÐNb^X¬5_wj�Z0^$\0^$g0b^O¯Eb^XgH^X`0¹X^�^Xf|®]^$dNÏ�dNfX¸^Xh�^$\0^$g0b^�¯�b^XgN^Q`0¹X^
¹¿b^X®]^XdNfH^E�5\�e.`ad/�M� ���QW
� ^Xd°\�e.fH^Xd?\>Ð _E�adN^XgH�Ee.fN[]_K`�b^XfOe.`�f?^$��¬0gH[]h�b^X^Xd ^X`(�O_EZagn�.dH_E[]f&\�e.`0d ®£ÐHb^X¹O0^Q®T®]^	� �<�X�1dH_E[]f?\�e�`0d?®,ÐNb^X¹O0^X®]®]^��<Å �$�

_E`e )
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�,®|^$��[TdHfN^�\0^XZ'��_E¬0fH[T_K`0d�b^Xj�Z0[]�Ee.®]^X`�fN^Xd�¬5_EZ0g�®3efHg�e.`ad,¯:_KgNh e�fN[]_E`�� �aW �0W]mn�³dNZa[T�Ee�`�fJ®,Ð _EgH[T»K[]`0^JZafN[]®][Td0b^X^�¬5_EZag
¹X_Ehi¬0fN^Xg&®,ÐÑe.`0»K®]^?\0^°gN_EfOe.fH[T_K`J\a^|® e �&^XgNgH^E�EdH_E[]f&®,ÐNb^QjwZa[T`a_&�w^ ¬�_KZ0g&®£Ð ^$��¬0gH^XdNdH[]_E`M¹X®3e.dHdN[]j�Z0^°\0ZJfH^Xh�¬ad(dH[]\cb^Xg�e�®,�
dN_E[]f°®,ÐTSKFXD UKD3A0G³A0SEA�ÊNV*SEB�FXAaCEA0V*G�� �$Ç|È�� �³_E` Çs_EfOe.fN[]`0»�È³gN[]»K[T`5�X�K\cb^Oº�`0[]^³¬�e.g|Y$Z0[]`0_Kf?^X`�m1�E�K�M�N�*�Xy��0W �aW �5W �w�XW
� ^M¹O0_E[ ��\0^M®,ÐNb^Xj�Z0[]`0_&��^���g�e�[?\0^M®3eM\�e�fN^M¹X_Kh�hi^µ_KgN[]»E[]`0^ÃdNZ0g�®,ÐHb^Xj�Z�e�fN^XZ0g$[]`0dHf�e.`�fOe.`|b^�e1�Ee�[Tf³\0^Xd�gOe.[]dN_K`0d
0[]dNfN_KgN[]j�Z0^Xd1W��<`a^µ_KgN[]»E[]`0^³\0^Xd³¹X_�_EgN\a_E`0`|b^Q^Xd$¹¿b^X®]^XdNfH^Xd$\|b^Oº�`a[T^M¸e�¬�e�gNfH[Tg°\0^�hi^XdNZagN^Xd|\0^$¬5_EdH[TfH[]_E`0d|\>ÐHb^XfH_E[]®]^Xd
\cb^XgN[]�K^µ\5e.`0d°®]^<fN^Qh�¬0d?\aZM¯£e�[Tf \0^$® e·h e.Za�Ee.[]dN^°¹X_E`a`�e.[]dNdOe.`0¹Q^µ\a^Xd|h�_KZ0�E^Xhi^X`�fNd&¬0gH_E¬0gH^XdnW5�$Ð ^QdNf°¬�_KZ0gNj�Z0_K[
_E`�e$¬0g0b^O¯Eb^Xg0b^E�0\5e.`0d?®]^³¬�e.dHd0b^E�K\|b^XfH^XgNhi[T`a^Xgo¹Q^XfNfH^µ_KgN[]»E[]`0^�¸e·¬�e.gHfN[]g?\0^Xd°h�_KZ0�E^Qh�^X`�fNd&\0^Qdo¹X_KgN¬0d°\0ZMdHÏwdHfX¸^Xhi^
dN_E®3e�[TgH^�\a_E`�f�® e fN|b^Q_EgN[]^�¯£e�[]f�fN_KZ0f�`�e.fHZ0gN^Q®T®]^Xhi^X`�f�[]`�fN^XgH�E^X`a[Tg
®£ÐHb^X¹Q®T[]¬0fH[]jwZa^^Xf®,ÐNb^Xj�Z0[]`0_&��^EW � Ð Z0d�e�»E^�\0^
®£ÐHb^Xj�Z0[]`0_&��^i\�e.`0dM®3e�g0b^X\0Z0¹QfN[]_E`�\¨Ð _K�0dN^QgN�Ee.fH[]_E`0d�`>ÐÑe¬5e.gM¹X_K`wfHgN^e.Za¹XZ0`�[]`wf0b^Xg��^Qf�¬�e�gNfN[]¹XZa®T[]^Xg�®]_EgHdNj�Z0^�¹X^Xd
_E�0dH^XgN�Ee�fN[]_E`0d|`a^�dN_K`wf|¬5e.d|\0[]gN^Q¹XfN^Xhi^X`�f<dH^X`0dN[]�0®]^Xd�¸e�®3e�¬5_EdH[TfH[]_E`�\a^�®,ÐNb^Q¹X®][T¬afN[]j�Z0^J��_E�0dH^XgN�Ee�fN[]_E`0d|\¨ÐNb^QfN_E[]®]^Xd1�
\0^Mj�Z�e.dOe.gNd1�>\a^Md�e.fH^X®]®][TfH^XdMe.gNfH[ º�¹X[]^X®]dn��^QfN¹EWÑ�$^Xf�®,ÐÑe&��^ È ��\0Z�dNÏ�dHfX¸^Xhi^M\0^Mg0b^O¯Eb^XgN^X`a¹X^�[T`�fH^XgNh�b^X\0[3e.[]gN^�\0^M®3e
\�e.fH^J¬5^XZ0f$e.®]_EgHd �^XfHgN^M¹O0_E[]dH[>[]`0\|b^X¬5^X`0\5e.h�hi^X`�f|\0^�®,ÐNb^Xj�Z0[]`0_&��^EW � ^�¹O0_E[ ��\>Ð Z0`�e ��^�\0[]gN[]»?b^$�K^XgNd$®,Ð _EgN[]»K[T`a^
`0_E`�Æ,fN_KZ0gN`5e.`�fN^�¬5^XgHh�^Xf$e.®]_EgHd<\0^�¹Q® e�gN[ º�^Xg$®]^Xd³¹X_E`0¹Q^X¬0fNdÃ[T`�fH^XgN�K^X`�e.`�f³\�e.`0d³®3e�fNg�e�`0d,¯*_EgNh�e.fH[T_K`�� �0W �aWTm1�?^Qf
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\>ÐÑe.h�b^Q®T[]_KgN^Xg�®,Ð ^$�0e.¹XfH[]fNZ0\0^°\0^|dH^Xd?\0[.-µb^XgN^X`�fH^Xdo¹Q_Eh�¬5_EdOe.`�fN^QdnW � Ð Z0fH[T®][]d�e�fN[]_E`$\0^|®3e �µÇ|È�e
b^Xf0b^|gN^X¹X_Kh�h�e.`0\|b^Q^
¬�e.g|®3eÃg0b^XdH_E®]Z0fN[]_K` �$mEWÑ Ã\0^$®,Ð � �<�|e.\0_K¬0f0b^Q^µ^Q`ÖkKlElKl0W

��� � � � � � 8 6�= �8 6X25'*#(/1)*2�4?6 	���� 8 / 	��� � 9¨8 'H§ �����Ö= 8 '*-0/1):Â 8 6 �-�':-�/n=.-04?6 � 2�= © -a/n)*2�4 8 4¨/n= 8 ' 8 6
6 >6Q/ �8w©�8 6 9¨8 = �8 � �8 = 8 4?+ 8 / 8 =.= 8 6X/1= 8�8 /M+ �8 ' 8 6Q/ 8

�&®]Z0dN[]^XZ0gHd�g0b^XdN_K®TZafN[]_E`0d�¹Q_E`0¹X^QgN`�e�`wf�®3e�fHg�e.`ad,¯:_KgNh e�fN[]_E`�^X`�fNgH^�®]^Xd�dNÏ�dNfX¸^Xh�^Qd�\0^�g0b^�¯�b^XgN^Q`0¹X^ ¹¿b^X®]^XdNfH^ ^Qf
fN^XgHgN^XdHfNgN^i_E`�f�b^Xf0b^Me.\a_E¬0f0b^X^Xd�¬�e�g$® e ��[T`a»Ef,Æ,j�Z�e.fHgN[*¸^Xhi^·e�dNdH^XhM�0®nb^X^�»?b^X`|b^XgOe.®]^J\a^J®,Ð �(�³��� �(�³�X�>kElKl0m1� �5^X®]®T^Qd
_E`�fJb^Xf0b^°h�[]dN^Qd>^X`�¬0g�e�fN[]j�Z0^°¬�e.g&®]^Xd&¹X_E`��K^X`�fN[]_E`0d&^Xf&®]^Xd&¬0gH_w¹�b^X\0Z0gH^Xdo\a^o®,Ð �N�?Ç<¶·jwZa[wdH_E`�f&^X`�fNg0b^X^Xd°^X`J��[]»EZa^XZ0g
®T^Mm �Xe.`���[]^Xg<kElKl��i�N�*�Xy5�N�?Ç<¶ �0kElElKk�^Qf<�N�?Ç³¶��0kElKl��E�QW
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�°^XfNfH^<g0b^QdN_E®]Z0fH[]_E`�gH^X¹X_Kh�h e�`0\0^?®,Ð Z0fH[T®][]d�e�fN[]_E`¨�w¸e·¬�e.gHfN[]g?\0Zm��Qe.`���[T^QgokElKl��0��\0Z�r �S�RTG��?~GXR]GXPXV*G$D3A0V*GnFXp�~G1IED3CKD3FNG
�:�°�N�&�&�°^X®]^XdNfH[ e�®?�,`�fN^XgHh�^X\a[ e�fN^��¨_E®]^n�·¹X_Ehih�^�¬��_K®]^M¹¿b^X®]^XdNfH^�\0^M®3e�\5e.fN^K�o¸e�®3e�¬a® e�¹X^M\0Z�r �S.RTG��?~GXR]GXPXV*G�IKGXP
~G,r0�$~G1p�~G1FXD3IKGXP��*�|�?�&�<�°^X®]^XdHfN[3e.®��&¬a0^Xh�^QgN[]d�>_K®]^n�ijwZa[·e1�Ee�[]f�b^Xf0b^�\cb^Oº�`0[Ã¬�e.gi®T^�¬0g0b^X¹�b^X\0^Q`wf�h�_�\�¸^Q®T^
\0^
`wZaf�e.fH[]_E`�� � �<��mn�E KlE�QW?�°^ ¬ �_E®]^�^XdNfi\cb^Oº�`0[$¬�e�gMZ0`0^¹Q_E`��E^X`�fH[T_K`�gH^X®3e.fN[]�K^ ¸e�dH_E`�hi_EZ0�K^Xh�^Q`wf$\�e�`0d�®]^
Y��|Ç<¶�^Qfµ®,Ð � �<Ç<¶ij�Z0[�b^XfH^X`0\�® e ¬0g0b^Q¹¿b^X\0^X`�fH^�\|b^Oº5`0[]fN[]_E`\aZ��|�?��\�e.`0d$®]^�\0_Kh e�[T`a^µ\a^Xd³¯:g0b^Xj�Z0^Q`0¹X^Xd�¬0®]Z0d
b^X®]^X�ob^X^Xd��:�|e�¬0[]f�e.[]`0^K�okElKlElKe�^Xf kKlElEl����XW � e�`0_KZ0�E^Q®T®]^�¹X_K`w�K^X`�fN[]_E`�^XdNf�fN^Q®T®]^�j�Z0^�®T^Qd�`�Z0f�e�fN[]_E`ad�¯:_EgH¹¿b^X^Xd
e1Ïwe.`�f$\0^Xd�¬|b^XgH[]_w\a^XdJ[]`�¯Eb^XgN[]^XZ0gH^Xd�¸e�\0^XZ����O_KZ0gNd�dH_E`�f�[]`0¹X®]Z0dH^Xd�\�e.`0dÃ®T^Mhi_�\¿¸^X®]^J\aZ�h�_EZa�E^Xhi^X`�f|\0Z��°�N�
\�e.`0d|®,Ð � �<Ç<¶ W
� e$g0b^QdN_E®]Z0fH[]_E` �$mEWÑ�³¬0g0b^X¹X[]dN^$j�Z0^<®]^|hi_EZ0�K^Xh�^X`�f&\0Z��°�N� \�e.`0d ®T^$Y��|Ç<¶Ã^XdHfo_K�0fN^X`�Zi¬�e.g°®]^|h�_�\�¸^X®]^°\0^

¬0g0b^X¹Q^XdNdH[T_K`�Æ,`wZaf�e.fH[]_E` � �<�okKlElKl$¬�_KZ0g?\0^Qd|¬cb^XgN[]_�\0^Xd°dNZa¬cb^XgN[]^XZagN^Xd�¸e$\0^XZ��(��_EZ0gHdn�K¹X_EgHgN[]»?b^X^Qd|\0^Xd°¹X_EgHgN^X¹XfH[]_E`0d
e.\0\0[]fH[T_K`0`0^X®]®]^Xd¨\cb^X¬5^X`0\�e�`wf&\0ZÃfN^Xhi¬0d>^Xf¨¯:_KZ0gN`a[T^Qd(¬5e.g>®,Ð �N�?Ç³¶J¸es¬�e.gHfN[]g&\>Ð _E�0dH^XgN�Ee�fN[]_E`ad(e.dHfNgH_.Æ,»?b^X_�\|b^XdH[]jwZa^XdnW
Å<^Ãh��^Xhi^E�E®]^$h�_KZ0�E^Qh�^X`�f?\0Z��°�N��\5e.`0d³®£Ð � �<Ç³¶M^XdHf|¯:_KZ0gN`0[¨¬�e.g³®,Ð �N� Ç<¶¸e�¬5e.gNfH[]g|\>Ð _E�0dH^XgN�Ee�fN[]_E`0d$e.dHfNgN_�Æ
»?b^X_�\|b^XdH[]jwZa^Xd<^Xf³\0^Xd|hi_w\�¸^X®]^Xd|[]`0¹X®]Z�e.`�f°\0^Xd³�Ee.gN[3e�fN[]_E`0d³¸e��e.Z0fH^Xd°¯:g0b^Xj�Z0^X`0¹X^QdnW
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�°^XfNfH^ g0b^XdN_K®]Z0fN[]_E`�gH^X¹X_Kh�h e�`0\0^�\>Ð Z0fN[]®][]dN^XgÃ¹X_Ehih�^�_EgN[]»K[T`a^Xd�dNZagJ®,ÐNb^Xj�Z�e.fH^XZ0g�\0Z �°�N�&�¨®]^Xd�_EgN[]»K[T`a^Xd�`0_K`�Æ
fN_EZagN`�e�`wfH^Xd�¸e�®3e ¯:_E[]d$¬�e.gÃg�e.¬a¬�_KgNfJe�Z Y��|Ç³¶^Qf�¸ei®£Ð � �<Ç³¶�W��°^Xd�_EgH[]»E[]`0^Xd�b^XfOe.[]^X`�fJe.¬a¬�^X®1b^X^QdJgH^XdN¬5^X¹XfH[T�K^OÆ
h�^X`�fJSKFXD UKD3A0Gi�?~GQRTGQPXV:GMIKGXP ~G,r0�$~G1p�~G1FXD3IKGXPM�:�|� ÈJ�¨�°^X®]^XdNfH[ e�®o�&¬0a^Xh�^XgH[]d·È³gH[T»K[]`��|^XfiSEFXD UKD3A0GMV*G1FXFNGQPXV:FHGJIKGXP
~G,r0�$~G1p�~G1FXD3IKGXP$� �<�?È����&^XgNgH^XdNfHgN[3e.®&�&¬00^Qh�^XgH[Td<È³gH[T»K[]`��XW�)¨[]`�e.®]^Xhi^X`�fn�.®]_KgNd|\0^$d�eÃ��[]`0»Ef�Æ£dH[ ��[*¸^Xhi^<e.dNdH^XhM�0®1b^X^
»?b^X`|b^Qg�e.®]^�^X`�kElEl �0�¨®,Ð � �<��e�e.\0_K¬0f0b^i\�e.`0d�d�e
g0b^QdN_E®]Z0fH[]_E` �|k
jwZa^ ®3e�\|b^XdN[]»E`5e.fN[]_K` � �Ñ[T`�fH^XgNh�b^X\0[3e.[]gN^�� �°dH_E[]f
Z0fN[]®][]d0b^X^³¬�_KZ0g?\|b^X¹QgN[]gN^$®]^Xd°dNÏ�dNfX¸^Xh�^Xd°\0^³g0b^O¯Eb^QgN^X`0¹Q^�¹�b^X®]^XdHfN^$^Xf°fN^XgHgN^XdHfNgN^KW �³[]`0dN[5®]^Xdo_KgN[]»E[]`0^Qd?`0_E`tÆ£fH_EZ0gH`�e.`�fN^Qd
¬�_KZ0g&®T^|Y��|Ç³¶<^Qf?®,Ð � �<Ç³¶³dN_E`�f&`0_Kh�h�b^X^Xd¨gN^XdH¬�^Q¹XfN[]�E^Qh�^X`�f<SKFXD UKD3A0G|�?~GXR]GXPXV*G<D3A0V*G1FXp�~GOIKD3CED3FHG?�:�°�NÈ��E�°^Q®T^QdNfN[3e�®
�,`wfH^XgNhi^X\0[3e.fH^µÈ³gN[]»K[T`5�&^Xf�SEFQD UED�A0G�V*GnFXFHGXPXV*FNG³D3A0V*GnFXp�~GOIED3CKD3FNG|� �|�NÈ����(^QgNgN^QdNfNgH[3e.®>�,`�fH^XgNhi^X\0[3e.fH^µÈ³gN[]»E[]`��Q�E¬5e.g
dN_EZa¹X[>\>Ð 0_Kh�_K»?b^X`|b^Q[TdOe.fH[T_K`�e1�E^X¹$®]^<fH^XgNhi^ � � [T`�fH^XgNh�b^X\0[3e.[]gN^�� �5ZafN[]®][Td0b^$¬�_KZ0g|®]^µ¬ �_E®]^J� �(�<�X�5kElKl#�E�QW
� Ð]CEAEU�RTG�IEG�FNSKV:CKV:D3SKAIEGÃRTC��5GnFXFHG$�:�?Ç �J�0�?e�gNfN�È<gH[]^X`�f�e.fH[]_E`��<`0»K®]^n�°^XdNf³\|b^Oº�`a[>¹X_Kh�h�^�b^Qf�e.`�f|®,ÐÑe.`0»K®]^

^X`�fNgN^
®T^��|�NÈ ^XfM®]^Ö�°�NÈ�� h�^XdHZ0g0b^�¬5_EdN[]fH[T�K^Xh�^Q`wfÃ\�e.`0dM®]^�dN^Q`0d�g0b^XfNgH_E»EgOe.\0^K�o®]^i®T_K`0»�\0^®,ÐNb^Xj�Z�e.fH^XZ0gM\0Z
�°�N�&W � e�g0b^XdH_E®]Z0fH[T_K`�$mEWÑ MgH^X¹X_Ehih e�`0\0^$j�Z0^*�(��mÃdN_K[Tf³®][T`|b^ne.[]gN^Qh�^X`�f|¬0gH_E¬5_EgNfH[]_E`0`0^Q®c¸e ®,Ð � Ç	��^Xf$j�Z0^�®3e
fNg�e�`0d,¯*_EgNh�e.fH[T_K`^X`�fNgH^�®]^MY��|Ç<¶
^Xf�®£Ð � �<Ç³¶�dN_K[Tf$dH¬cb^X¹X[ º<b^X^�¬�e�g�®3ei¬�_KdN[]fN[]_E`�\0Z��°�N��\�e.`ad�®]^�Y��|Ç<¶��5®3e
¬�_KdN[]fN[]_E`�\0Z��°�N��\�e�`0d<®,Ð � �<Ç<¶i^Xf³®,Ð � Ç	�JW � e�gH^X®3e.fN[]_K`®][T`|b^ne.[]gN^Ã^X`�fNgN^�®,ÐÑ�?Ç	����`0_Ef0b^ ���5^Xf �(��m�^QdNf$¹X^X®]®]^
\0_E`0`|b^X^�¬�e�g<�|e.¬0[]f�e�[]`0^<^Xf<e�®,W��:kElKlElK�()
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� Ð �N�?Ç<¶Ã^XdHf?¹O�e.gH»?b^|\>Ð []h�¬0®3e�`wfH^Xg�¹X^XfHfN^|g0b^XdN_K®TZafN[]_E`M\0^Q¬0Z0[]d&®T^$m �Xe.`���[]^Xg?kElKl��|fH_EZ0f ^X`J¹Q_E`�fN[]`�Z�e.`�f|¸es¯:_EZagN`0[]g
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� Ð _EgH[T^Q`wfOe.fH[T_K`$\0^o®3e �&^XgHgN^°\�e.`0d¨Z0`�dNÏ�dNfX¸^Xh�^?\a^og0b^O¯Eb^XgH^X`0¹X^|¹�b^Q®T^QdNfN^K�E¹X^Q`wfHg0b^|e.Z�¹Q^X`�fNgN^|\a^oh�e.dNdH^&\0^o®3e �&^XgHgN^E�
^XdNf|\0_K`0`|b^X^Ã¬�e.g°fNgH_E[]d|¬�e.gOe.h¸^XfNgH^XdnW0�&` ¯£e.[]f1��®T^³h�_KZ0�E^Xhi^X`�f&\0^$® e �&^XgNgH^�e.Z0fH_EZ0g|\0^$dH_E`�¹Q^X`�fNgN^Ã\0^$h e.dHdN^
¹X_Ehi¬�_KgNfN^�Z0`0^�¹X_Kh�¬5_Ed�e�`�fN^�`0_K`�¬ag0b^X��[]dN[]�0®]^E��¹Q_E`0dHfN[]fNZ|b^Q^M\0Z�hi_EZ0�K^Xh�^Q`wf|\aZ�¬��_K®]^�^Xf�\0^Qd��Ee.gH[ e�fN[]_E`ad|\0^
® e·�w[]fH^XdNdH^Je.`0»KZ0®3e.[]gN^|\a^µgH_EfOe.fN[]_K`>�E^Qf|Z0`0^<¹Q_Eh�¬5_EdOe.`�fN^³¬0g0b^Q�w[]dH[T�a®T^³j�Z0[�¹X_E`adNfN[]fHZ0^$® e·¬0g0b^X¹Q^XdNdH[T_K`�Æ,`wZaf�e.fH[]_E`>W
�°^Xd$\0[]�E^XgHdN^Xd�¹Q_Eh�¬5_EdOe.`�fN^QdµdH_E`�f<\|b^X¹XgN[]fH^XdJ\5e.`0d³®T^�¹O�e.¬a[TfHgN^���W � e gN^X¬ag0b^XdH^X`�f�e.fH[]_E`�\0^M®3e�gN_Kf�e�fN[]_E`\a^J®3e
�(^QgNgN^³^$��[]»E^<®3e³¹X_K`0`�e.[]dHd�e.`a¹X^<\0Zih�_KZ0�E^Xhi^X`�f>\0^|®,ÐÑe&��^|[]`0dHf�e.`�fOe.`|b^|\0^³gN_Kf�e.fH[]_E`¸e$®3es¯:_E[]d?\5e.`0d?®]^|dHÏwdHfX¸^Xhi^
\0^$g0b^O¯Eb^QgN^X`0¹Q^M¹¿b^X®]^XdNfH^�^Xf³\�e.`0d|®]^$dNÏ�dHfX¸^Xhi^µ\a^µg0b^O¯Eb^XgH^X`0¹X^�fN^QgNgN^QdNfNgH^E�>e�[T`adN[�j�Z0^�\0Zih�_KZ0�E^Xhi^X`�f?\0^$gN_Kf�e�fN[]_E`
\0^J®3e �(^QgNgN^Me.ZafN_EZagµ\a^JdH_E`�e&��^�\0^MgH_Ef�e�fN[]_E`¨W�È³`�ZafN[]®][TdH^Je.[]`0dH[,�0^X`�¬0g�e�fN[]j�Z0^E��¹Q[T`aj ¬5e.g�e�h¸^XfHgN^Xd�e�¬0¬�^Q®nb^Qd
rtCKFNCEp��G1V:FHGXP<I À SEFXD�GnA0V*CEV*D3SKAIEG$R]C�5GnFXFHG<�*�?È$�&�0�?e.gHfNÈ³gN[]^X`�f�e�fN[]_E`��(e�g�e�h�^XfH^XgNdO�<�H�:�Xy5�5W ���XW�Å³^XZ��M\>Ð ^X`�fNgH^
^XZ���gH^X¬0g0b^QdN^X`�fN^Q`wf°®3e|fHg�e$�O^Q¹XfN_K[TgH^|\0Z�¬��_E®]^?[]`�fN^XgHh�b^X\a[ e�[]gN^?dHZ0g&® esdN¬0�¸^XgN^|¹�b^Q®T^QdNfN^K�E\0^QZ��Je.ZafNgN^Qd(^��w¬agN[]h�^X`�f¨®T^Qd
¹X_�_EgN\a_E`0`|b^Q^Xdn� ���5� ���5�.\0^|¹X^|¬ �_E®]^odHZ0g?®3e|dH¬0�¸^XgH^<fH^XgNgH^XdNfHgN^$^Xf?®]^°¹X[]`0j�Z0[:¸^Xh�^E�Q®3e<gH_EfOe.fN[]_K`�\0^|®3e �(^QgNgN^<e�Z0fN_KZ0g
\0^�®,ÐÑe&��^$\0Z¬��_K®T^KW � e�¹Q_E`0`�e�[]dNd�e�`0¹X^�\a^J¹X^Qd<¹X[]`0j�¬�e�g�e.h¸^XfNgH^Xd<^Q`�¯:_E`a¹XfN[]_E`�\0^Ã® e�\5e.fN^Ã^XdNf³[T`a\0[]dN¬5^X`0d�e��0®]^
¬�_KZ0g|^ -�^X¹XfNZa^Xg$® e�fHg�e�`0d,¯:_KgNh�e.fN[]_K`� �0W �aWTm1�XW
� ^��&^Xhi¬0dMZ0`0[]�K^XgNdH^X®*�(��mK�?®]^fH^Xh�¬0didN[]\|b^XgOe.®M¸e�Y·gN^X^X`��|[]¹O YÃ¶�� �*Y$gN^Q^X`��|[T¹O�¶�[]\0^XgH^ne.® �|[]h�^n��^Qf

®£ÐÑ�?Ç � ����dN_E`�f?fHgN_K[Td|e.`a»E®]^Xd?j�Z0[5\0_E`a`0^X`�fo®3e³\0[]gN^Q¹XfN[]_E`i\0ZMh�b^QgN[]\0[]^X`M_EgH[]»E[]`0^°¬�e.g°g�e�¬0¬�_KgNf<¸eÃZ0`0^|\a[TgH^X¹XfH[T_K`
¹¿b^X®]^XdNfH^_EgH[]»E[]`0^�^QfM¬�^XZa�E^X`�f�e.[]`0dH[ �^XfNgH^Z0fH[T®][]d0b^QdJ¬5_EZ0gMhi^XdNZagN^Xg�®,Ð e�`0»E®]^M\0^�gH_Ef�e�fN[]_E`�\0^�®3e�&^XgHgN^EW°�>_KZ0g
\0^Xd�gOe.[]dN_K`0d�0[]dNfH_EgH[Tj�Z0^Qdn��¹EÐ ^XdHfJ®]^ �&^Xh�¬0d$Z0`a[T�K^XgNdH^X® � ��mE��¹X_K`0dN[]\|b^Qg0b^�\5e.`0d�®]^�¬�e.dHd0b^i¹X_Ehih�^$Z0`0^�¯:_KgNhi^
fN|b^X_KgN[]j�Z0^<\a^µfH^Xh�¬ad?dN_K® e�[]gN^E�Kj�Z0[�^QdNf|Z0fH[T®][]d0b^|¹Q_Eh�hi^o®,Ð Z0`M\0^Qdo¬�e�g�e�h¸^XfHgN^Xd°\0^<gH_EfOe.fN[]_K`M\0^$® e �(^QgNgN^KW��(��m
dN^<gOe.¬0¬5_EgHfN^�¸e$®3e$\0[]gN^X¹QfN[]_E`M\>Ð Z0`�¶t_E®]^X[]®0h�_.ÏK^X`Ãº�¹XfN[ ¯(e1Ï�e.`�f&Z0`Mh�_KZ0�E^Xhi^X`�f>Z0`a[ ¯*_EgNhi^o^Q` �(��ms®T^|®]_K`0»$\0^
®£ÐHb^Xj�Z�e�fN^XZagnW � e�\|b^Oº�`0[]fN[]_K`�\0^ �(��m$^QdNfµe�[]`0dN[���e�d0b^X^ÃdNZ0g|Z0`a^µgH^X®3e.fH[T_K` e1�K^X¹$Z0`e.`0»K®T^$0_Kg�e�[TgH^<j�Z0[¨h�^XdHZ0gN^
¬0®]Z0do\a[TgH^X¹XfH^Xh�^X`�f°®,Ð e�`0»E®]^°\0^<gH_EfOe.fN[]_K`M\0^<®3e �&^XgNgH^µ\5e.`0d°®]^|dNÏ�dNfX¸^Xh�^³\0^<g0b^O¯Eb^XgH^X`0¹X^�¹�b^X®]^XdNfH^E�0fH^X®]doj�Z0^$Y�¶����
e.`0»K®T^ 0_EgOe.[]gN^?\aZ�¬�_K[]`wf � ��^$��¬0gN^QdNdN[]_K`M¹X®3e.dNdH[]jwZa^n��_KZ�®,Ð � Ç	�J� ���.e.`0»K®T^ 0_EgOe.[]gN^?\a^o®,Ð _EgH[T»K[]`0^>`0_K`�Æ,fN_EZagN`�e�`wfH^
�3^$��¬0gH^XdNdH[T_K`�`0_KZ0�E^Q®T®]^n�QW.Y�¶���dH^|g�e�¬0¬�_KgNfH^�¸e<Za`0^|\0[]gN^X¹QfN[]_E`Mj�Z0[�dNZa�0[]f?®3e|¬0g0b^X¹X^XdHdN[]_E`i^Xf?®3e³`wZaf�e.fH[]_E`>�1f�e�`0\0[]d
jwZa^ �ÃdN^$gOe.¬0¬5_EgHfN^M¸e�Z0`0^³\0[]gN^X¹XfH[]_E`�j�Z0[,��¬�e.g°\|b^Oº�`a[TfH[]_E`>��`>ÐÑe�e�Z0¹XZ0`a^µgH_EfOe.fN[]_K`�[]`0dNfOe.`�f�e�`|b^X^M�N�*�Xy+�0W �aW �5W �w�XW
�°^X¹X[<¬5^XgHh�^XfM\0^�\|b^�º�`0[]g � ��m�¹X_Kh�hi^ b^Xf�e�`wfM¬agN_E¬5_EgHfN[]_E`a`0^X®J¸e
®,ÐÑe.`0»K®T^i\0^�gN_Kf�e.fH[]_E`�\a^®3e�&^XgHgN^�\�e.`ad
®T^MdHÏ�dNfX¸^Qh�^�\a^�g0b^�¯�b^XgN^Q`0¹X^¹�b^Q®T^QdNfN^KW � ^XdM�Ee�gN[3e.fH[T_K`0d$gN^X®3e�fN[]�E^XdÃ\0^�®3e���[]fN^XdHdN^�e.`0»KZ0®3e.[]gN^M\0^igN_Kf�e.fH[]_E`�\0^M®3e
�(^QgNgN^K� � � � � � � 
 �|� � �$�5dH^JfHg�e.\aZ0[]dN^X`�f�¬�e�g<\0^Qd��Ee.gH[ e�fN[]_E`ad 
 �(��m�\aZ�¬�e�g�e�h¸^XfHgN^*� ��mE�5fN^X®]®]^Xd$j�Z0^�)
 �(��m � �Nm�� �0��� �

�
� � \ �n��3�b^Xf�e�`wfÃ®T^Ã¯£e�¹XfN^XZag�\0^M¬0gH_E¬5_EgNfH[]_E`�e�®T[]f0b^J^X`�fHgN^ �i^Xf*� ��mEW>�&®]®]^Xd$dnÐ _K�0fN[]^X`0`a^X`�f

¬�e.g|®3eÃ\cb^XfN^QgNh�[]`�e�fN[]_E`i\0^ �(��m�
!� �<�<¸e�¬5e.gNfH[]g|\>Ð _E�0dH^XgN�Ee�fN[]_E`0d1W
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�°) � � � � ��� ��� Åb^Oº�`0[]fH[T_K`�\0^Qd<¬�e�g�e.h¸^XfNgH^Xd|\>Ð _EgH[]^X`�f�e.fH[]_E`�\a^µ®3e �&^XgNgH^EW

� e
º�»EZagN^��aW �aW]m�[]®]®]Z0dNfHgN^�®3e�\cb^Oº�`0[]fH[T_K`�\0^Xd�¬5e.g�e�h¸^XfHgN^Xdij�Z0[<\|b^Q¹XgN[]�E^Q`wfi®,Ð _KgN[]^X`�f�e�fN[]_E`�\0^®3e �&^XgNgH^�¸e
Z0fN[]®][]dN^Xg$\�e�`0d$® e�fHg�e�`0d,¯:_KgNh�e.fN[]_K` � �0W �0W]m1�XW�¶tZ0g$¹X^XfNfH^�º�»EZagN^E�>Y ^XdNf�®]^�¹X^X`�fNgH^M\0^�h e.dHdN^�\a^M® e �&^XgNgH^E�>Y +
^XdNf�®,Ð e ��^J\0^Qd*+�\0Z�dNÏ�dHfX¸^Xhi^M\0^�g0b^O¯Eb^XgH^X`0¹X^�fN^QgNgN^QdNfNgH^�\0^�g0b^O¯Eb^XgH^X`0¹X^�\|b^Oº5`0[ce�Z�¬5e.g�e�»EgOe.¬00^ �aWÑ¢ ��[]®?¹Q_EZ0¬5^
® e�dH¬0�¸^XgH^JfH^XgNgH^XdNfHgN^i^X`�Ç � W � � ^XdHf<®,Ð _EgN[]»K[T`a^<\0^Xd$®]_E`a»E[]fNZ0\a^Xdn� � ^XdNf³®£Ð []`�fN^XgHdN^X¹QfN[]_E`\aZh�b^XgH[]\0[]^X`�_KgN[]»E[]`0^
e1�E^X¹$®,ÐNb^Xj�Z�e.fH^XZ0g|��g�e�[>\0^$®3e�\5e.fN^K�

�
^XdNf³®T^��°�NÈ dNZ0g|®,ÐNb^Xj�Z�e.fH^XZ0g|\0^Ã® eÃ\�e�fN^E� � � ^XdNf³®£ÐHb^Xj�Z0[]`0_&��^³�wgOe.[�\0^$®3e

\�e.fH^�^Xf<±5�5®T^$`��$Z0\
\0^J®,ÐHb^Xj�Z�e�fN^XZ0g|\a^�®3e�\�e.fH^�dNZ0g$®,ÐNb^Xj�Z�e.fH^XZ0g|fH^XgNgH^XdNfHgN^EW � ÐÑ�?Ç ��^XdNf$®,ÐÑe.`0»K®T^ � � � �
^Qf

Y�¶�� ^XdNf|®,ÐÑe.`0»K®]^ � � � W
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¶�^X®]_E`�®3e°g0b^XdN_K®TZafN[]_E`*�$mEWÑ�s\0^?®,Ð �(�<�?�*kElKlElE�Q�X®]^o�°�N��^QdNf&Z0`�¬��_K®]^?[]`wfH^XgNh�b^X\0[3e.[]gH^E�O¬0gN_�¹O0^|\0ZÃ¬��_E®]^?[]`0dHf�e.`�fOe.`|b^
\0^�gH_Ef�e�fN[]_E`¨�>d0b^X¬�e.gOe.`�fn�¨¬�e�gJ¹X_K`��E^X`�fN[]_K`>�>®]^Mhi_EZ0�K^Xh�^X`�f$\0Z�¬��_K®]^�\0^i®£Ð � �<Ç³¶\�e�`0d�®T^�YÃ�|Ç<¶�^X`�\0^XZ��
¹X_Ehi¬�_Kd�e.`�fH^Xd*)
2 ®]^�h�_EZa�E^Xhi^X`�f�¹�b^X®]^XdHfN^�\aZ �°�N� �3¬ag0b^X¹X^QdNdN[]_K`�Æ£`�Z0fOe.fH[T_K`��X�$¹Q_Eh�¬agN^X`�e�`�f fH_EZ0d�®]^Xd�fN^XgHh�^Xd�e1Ï�e.`�f\0^Qd
¬cb^XgN[]_�\0^Xd�¬0®]Z0d$»EgOe.`0\a^Xd�j�Z0^M\0^XZ'� �O_KZ0gNdÃ\�e.`0dÃ®T^MY��|Ç³¶���¹EÐ ^XdNf�Æ�¸e Æ£\0[]gH^M\0^XdÃ¯:g0b^Xj�Z0^Q`0¹X^Xd�¹X_Ehi¬0gN[]dH^Xd$^X`�fNgN^

sl %Ñ¢�¹XÏ�¹X®]^�¬5e.g��O_KZ0godH[]\cb^Xg�e�®o��¹X¬0dN\5�|^Xf �µl %Ñ¢�¹X¬adN\��Q�
2 ®T^$hi_EZ0�K^Xh�^X`�f&fN^QgNgN^QdNfNgH^M\0Z�°�N� �3_EZ�hi_EZ0�K^Xh�^X`�f&\0Z�¬��_K®T^1�X�0¹Q_Eh�¬agN^X`�e�`�fofH_EZ0d|®]^Xd|fH^XgNhi^Xd|^X`\0^Q0_EgHd
\0^<®3e$��e�`0\0^|g0b^XfNgH_E»EgOe.\0^$\0[]Z0gH`0^<\5e.`0d?®,Ð � �<Ç<¶i�]¯*g0b^Xj�Z0^X`a¹X^Xd<¬a®TZad?¬�^QfN[]fN^Xd|j�Z0^ 
�m %Ñ¢$¹X¬0dH\>�K_EZ�¬a®TZad?»EgOe.`0\0^Qd
jwZa^�
<l % ¢Ã¹X¬0dH\��XW
�°^XfNfH^�\|b^Oº�`a[TfH[]_E`�^XdNf|g0b^XdNZah�b^X^�¬5e.g|®]^$dN¹O|b^Xh�e�dHZ0[]�Ee.`�f )
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� eig0b^XdH_E®]Z0fH[T_K`�$mEWÑ M\0^M®,Ð �(�³���:kKlElElK�|gH^X¹X_Ehih e�`0\0^$j�Z0^J®3e fNg�e�`0d,¯*_EgNh�e.fH[T_K`�^X`�fNgN^M®]^MY��|Ç<¶Ö^Xf$®£Ð � �<Ç³¶
dN_E[]f?dH¬|b^X¹X[ º<b^Q^µ¬5e.g°® e³¬5_EdH[TfH[]_E`M\0Z��°�N� \�e.`0d ®T^$Y��|Ç<¶ �.®3e<¬5_EdH[]fN[]_E`M\0Z��°�N� \�e.`ad?®,Ð � �<Ç³¶�^Qfo®,ÐÑ�?Ç	��WE�°^X®3e
e.h¸^Q`0^M¸e�Z0fN[]®][]dN^Xg1�>¸e�®3e�¬0®3e.¹X^$\0^Qdµj�Z�e�`�fN[]f0b^Xd|¹Q® e�dNdH[Tj�Z0^Qdµ\a^�¬0g0b^Q¹X^XdNdH[]_E`�Æ,`�Z0f�e�fN[]_E`>�a®]^Xd<¹X_KdN[]`�Z0d<\a[TgH^X¹XfH^XZ0gNd1�
`0_Ef0b^Xd � ^Xf&%�� \0Z��°�N��\�e.`0dM®]^Y��|Ç³¶�j�Z0[|^$��¬0gH[Thi^X`�fM\0[]gN^X¹QfN^Xhi^X`�fM® e
\0[]gN^Q¹XfN[]_E`�\0^
®£ÐÑe �w^i\0Z�¬��_E®]^
[T`�fH^XgNh�b^X\0[3e.[]gN^ÃdNZ0g$®3eMdH¬0�¸^XgH^M¹¿b^X®]^XdNfH^MdN_KZ0d$Z0`0^�¯:_KgNh�^$fHgX¸^Xd�dH[]h�[]®3e.[]gN^�¸eM¹X^X®]®]^�^$��¬0gN[]h e�`�f|Z0dNZ0^Q®T®]^Xhi^X`�f<®3e
\0[]gN^X¹XfH[]_E`�\0^$¹X^Xf$e&��^$\�e.`0d|®]^$dNÏ�dHfX¸^Xhi^µ\a^�g0b^O¯Eb^XgN^X`a¹X^JfH^XgNgH^XdNfHgN^EW

����� ��� ��� � +4./� �&�-"$�-3 .-% 5$) �/�&3 3#�4" �� �2%$ 8'# #5�% "() � �� � �4)�%$ � � � � ��3 	 � �

±EZ0dHjwZ¨Ð e�Z�m*�Xe.`���[]^Xg�kElKl��0� �(��m b^Qf�e.[]fi\cb^Oº�`0[,�|¸e�¬�e�gNfH[TgM\aZ�fN^Xhi¬0d�dN[]\|b^XgOe.®<hi_.ÏE^X` ¸e�l& �(��mK�&¬�e.gM®3e
gN^X®3e.fH[]_E`M\0^ �<_ 3�[5^Xf|e.®,W0�Nm1�E KkE�XWK�°^XfNfH^µ\|b^Oº�`0[]fN[]_K` b^Xf�e�[Tf°e.\�e�¬0f0b^X^�¸e$®3e$\|b^XfH^XgNhi[]`�e.fH[T_K`J\a^(�(��m�¸e$¬�e�gNfH[Tg \0^
®£Ð []`0dHf�e.`�f°\0^�¬�e�dNdOe.»E^$\>Ð Z0`a^�b^QfN_E[]®]^�e.Z�h�b^QgN[]\0[]^X`�\¨Ð Za` ®][]^XZi_EZ��0[]^X`�¸e�Z0`0^�\a[TdHf�e�`0¹X^ +�b^X`0[]fH�e.®]^�\0_K`0`|b^X^Ã¹X^
jwZa[0`>Ð ^XdNf ¬0®]Z0d&®T^°¹ne�d?\0^Xd?_K�0dN^QgN�Ee.fH[]_E`0d?e.¹QfNZ0^X®]®]^Xd?fH^X®]®]^Xd?j�Z0^|®3e|f0b^X®nb^Xh�b^XfHgN[]^°® e�dN^Xg _EZ�®T^°² � �o�XWK�(e�goe.[]®]®]^XZ0gHdn�
®T^$fH^Xh�¬0d|dH[]\cb^Xg�e�®&dN^�g0b^O¯N¸^XgH^ ¸e�®,ÐNb^Xj�Z0[]`0_&��^<^Xf³®]^Xd<_K�0dN^XgH�Ee.fH[T_K`0d|¬�e�g|®T^Qd<fN^Q¹�a`0[]jwZa^Xd$h�_�\0^XgH`0^Xd|`0^�dH_E`�f<¬5e.d
dN^X`0dH[]�0®]^XdJ¸e�®3e�¬5_EdN[]fH[T_K`�\0^Ã®£ÐHb^X¹Q®T[]¬0fH[]jwZa^E��\0_E`a¹µ\a^�®,ÐNb^QjwZa[T`a_&�w^K�E¹X^ÃjwZa[>gN^Q`0\[]`�Z0fN[]®]^Xh�^Q`wf ¹X_Ehi¬0®]^$��^µ®]^³¯£e�[Tf
\0^�dN^Ãg�e.¬a¬�_KgNfN^Qg ¸e�®,ÐHb^Xj�Z0[]`0_&��^<¬5_EZag<\|b^Oº5`0[]g(�(��mKW��&`tº�`>�0®3e�gH^X®3e.fN[]_K` `�Z0h�b^XgN[]j�Z0^$\>Ð �<_ 3�[�^Xfµe�®£W�gH^X¬5_Ed�e�[]f
dNZ0g|®]^$dNÏ�dNfX¸^Xh�^³\0^$g0b^O¯Eb^XgN^X`a¹X^ ) � ¢�j�Z0[�e�b^Xf0b^$gN^Qh�¬0®3e.¹�b^E�0e.Z�m��Xe�`��w[]^Xg$mn�K�E a�E¬�e�go®]^$dNÏ�dHfX¸^Xhi^<\0^$g0b^�¯�b^XgN^Q`0¹X^
�N�|Ç<¶���\|b^Q¹XgN[]fµe�Z�¬�e�g�e�»Eg�e�¬00^ �0W �5W
� e�`0_KZ0�E^X®]®]^�\cb^Oº�`0[]fH[T_K`�\a^��(��mMe.\0_K¬0f0b^Q^�¬�e�gµ®3eig0b^QdN_E®]Z0fH[]_E` �µmKW  i\0^M®,Ð �(�³�J�*kElElKlE�³Z0fH[T®][]dN^�®,Ð _EgN[]»K[T`a^

`0_E`�Æ,fN_KZ0gN`5e.`�fN^�dNZ0gÃ®£ÐHb^Xj�Z�e�fN^XZag�h�_K�0[]®T^KW0�°^XfNfH^M_EgN[]»K[T`a^ e�b^Xf0b^M¹�a_E[]dN[]^�¬�_KZ0g�gN^ �sb^XfN^QgJ®]^�¬0®]Z0d$dN[]h�¬0®]^Xhi^X`�f
¬�_KdNdN[]�0®]^i® eÖgN_EfOe.fH[T_K`�\0^�®3e��&^XgNgH^ ¬5e.g�g�e.¬a¬�_KgNf�¸e�Z0`�dHÏ�dNfX¸^Qh�^�\a^ g0b^O¯Eb^XgH^X`0¹X^
¹¿b^X®]^XdNfH^fN_KZ0f�^X` b^XfOe.`�f�^X`
¹X_E`�fN[]`�Z0[]f0b^$e1�E^X¹³®3e$\|b^Oº�`a[TfH[]_E`M0[]dNfH_EgH[Tj�Z0^³\0^(� ��Ww�7®T®]^$e$®,Ð e1�Ee�`�f�e.»K^E�1\>Ð Z0`0^³¬�e.gHfn��\0^³gN^X`0\agN^$®]^Xdo¹Q_E`0¹X^Q¬0fNd
¬0®]Z0d|¹X®3e.[]gNd1��^Xfn�a\>ÐÑe.Z0fHgN^$¬�e�gNfn�a\0^$dN[]h�¬a®T[ º�^Qg?®]^Xd<¹ne�®]¹XZ0®]dnW
� ^Xd�¹X_E`a\0[]fN[]_E`0dij�Z0[<_K`wf�b^Xf0b^�¬0gH[TdH^Xd�^X`�¹X_Kh�¬0fH^¬5_EZ0gi® e�`a_EZ0�K^X®]®T^
\cb^Oº�`0[]fH[T_K`�\0^�� ��m_K`wf�b^Qf0b^�®T^Qd

dNZ0[]�Ee.`�fH^Xd*)
� �(��m³\0_E[]f*�^XfHgN^�¬0gH_E¬5_EgHfN[]_E`0`a^X®?¸e�®3e�gH_Ef�e�fN[]_E`idN[]\|b^XgOe.®]^�\0^$®3e �(^QgNgN^KW
� � ^ ¹Q_w^ �¹X[]^X`�f�\0^�¬0gH_E¬5_EgNfH[]_E`0`�e�®][Tf0b^�\0_K[]f �^XfHgN^�fN^Q®�j�Z0^ �(��m�gN^XdHfN^ ^X` h�_.ÏK^X`0`0^�^X` ¬05e.dN^�e1�K^X¹
®£ÐÑe�®TfH^XgN`5e.`0¹X^$\0^Qd��O_KZ0gNd|^Xf|\a^Xd<`�Z0[]fNd1W
� � e$¬a�e.dH^|\0^(� ��m|\0_E[]f	�^XfHgN^|º��ob^Q^<\0^³fN^X®]®]^|dN_KgNfN^³j�Z>Ð [T®adN_E[]f?e.¬a¬0gN_&��[]h e�fN[]�E^XhM^Q`wf°mnk& �(��ms^X`�hi_.ÏE^X`0`a^
®T_KgNdHjwZa^µ®]^�¶�_K®T^Q[T®�¬5e.dNdH^�¬�e�g|®T^³h�b^XgH[]\0[]^X`�_KgN[]»E[]`0^EW
� � eMgH^X®3e.fH[T_K`�®T[]`|b^1e.[]gN^$^X`�fNgH^J®,ÐÑ�?Ç � ��^Xf(� ��m�\0_K[Tf|¬5^XgHh�^XfHfNgN^Ã\>ÐÑe.dNdHZ0gN^Qgµ®3e�¹X_K`�fN[]`�Z0[]f0b^$^X`�¬0�e.dH^�^Xf³^X`
fN^XgHh�^$®][T`|b^ne.[]gN^Ã\0^*�(��m�e1�K^X¹�®3eÃ�Ee.®]^XZ0g³_E�0fH^X`�Z0^�^X`dH^���e�d�e.`�f³dNZ0g³® e�gH^X®3e.fH[T_K`�¹X_E`��E^Q`wfH[]_E`0`0^Q®T®]^$^X`�fNgH^J®]^
fN^Xhi¬0d$dN[]\|b^XgOe.®°\0Z�h�b^XgN[]\0[]^X`
\0^�Y$gN^Q^X`��|[T¹O�^Xf �(��mMj�Z0[Mb^Qf�e.[]f$Z0fH[T®][]d0b^Q^M^X`�¬0g�e�fN[]j�Z0^Me1�Ee.`�f$®T^�m	�Xe.`���[]^Xg
kElEl �0W
� e ¬0gN^Qh�[:¸^XgN^�¹X_E`a\0[]fN[]_E`�^$��[T»K^�®£Ð Z0fH[]®T[]dOe.fN[]_K` \>Ð Z0`a^ _KgN[]»E[]`0^�¹X[]`|b^Xh�e.fN[]j�Z0^Xhi^X`�f�`0_E`�Æ,fN_KZ0gN`5e.`�fN^�dNZag
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®£ÐHb^Xj�Z�e�fN^XZagJhi_E�0[]®]^M^Xf�®T^QdMdNZ0[]�Ee.`�fH^XdJdH_E`�fMgN^Qh�¬0®][]^Xd�¬�e�gJZa` ¹O0_K[ � e�¬0¬0gN_K¬0gN[1b^�\0^XdM�Ee�®]^XZ0gNd�`�Z0h�b^QgN[]j�Z0^Xd
\0^Xd<¹Q_w^ �¹X[]^X`�fNdnW
����� ��� ��� ��� 52'# #5�% " 
 5 �  6  % ��% 5 %  ' 5$) � %(. %(' �
� e�gH_EfOe.fN[]_K` \a^�®3e �&^XgNgH^�¬5e.g�gOe.¬0¬5_EgHf�¸e�Z0` dHÏ�dNfX¸^Qh�^\0^
g0b^O¯Eb^QgN^X`0¹Q^�[]`0^XgHfN[]^X®$\0_E[]f�^XfHgN^�hi^XdNZ0g0b^X^E�°dNZag
®£ÐHb^Xj�Z�e�fN^XZag?[]`0dNfOe.`�f�e�`cb^E�K¬�e.g°g�e�¬0¬�_KgNf<¸e·Z0`0^<_KgN[]»E[]`0^|[]`0dHf�e�`wfOe.`|b^Q^EWwÈ³g1�E®,ÐNb^Xj�Z�e.fH^XZ0g°[]`0dNfOe.`�f�e�`cb^|`>ÐNb^Xf�e�`�f&º ��^
`0[�\5e.`0d°®]^|dNÏ�dNfX¸^Xh�^³\0^|g0b^O¯Eb^XgN^X`a¹X^�¹�b^X®]^XdHfN^$\0Z ¯£e.[]f&\0^<®3e$¬ag0b^X¹X^QdNdN[]_K` ^Qfo\0^³®3e<`�Z0fOe.fH[T_K`>�K`0[�\5e.`0d?®]^|dHÏwdHfX¸^Xhi^
\0^|g0b^O¯Eb^XgN^X`a¹X^<fH^XgNgH^XdNfHgN^$\0ZÃ¯£e.[]f&\0Z�h�_EZa�E^Xhi^X`�f�\0ZJ¬ �_E®]^E�1®3e<\|b^Oº�`0[]fN[]_K`�\>Ð Z0`0^|_KgN[]»E[]`0^?[]`0dHf�e�`wfOe.`|b^Q^|¬�_KdN^|Z0`
¬0gN_K�0®:¸^Xh�^EW � Ð ZafN[]®][TdOe.fH[T_K`$\>Ð Z0`0^|_EgH[]»E[]`0^?¹X[]`|b^Qh e.fH[]jwZa^Xh�^X`�f¨`0_E`�Æ,fN_KZ0gN`5e.`�fN^°dNZ0g ®£ÐHb^Xj�Z�e�fN^XZag(hi_E�0[]®]^?¬5^XgNhi^Xf
\0^$\cb^Oº�`0[]g �(��m³\0^�fN^Q®T®]^³¯£e �¹X_E`ijwZ¨Ð []®�g0b^ne.®][]dN^$®]^Xd|¹X_K`0\0[]fN[]_E`ad b^X`0_E`a¹¿b^X^Xd³¬0g0b^X¹�b^X\0^Xhih�^X`�fnW
¶t_E[]f��(, � �|®]^$dNÏ�dNfX¸^Xh�^$¹�b^X®]^XdHfN^�j�Z�e.dH[ Æ,[]`0^XgHfN[]^X®>\|b^Oº�`0[¨¬�e.g³®T^$¬��_K®]^µ¹�b^X®]^XdNfH^Jhi_.ÏE^X`�� � ^Qf|®£ÐHb^Xj�Z0[]`0_&��^ � � ¸e

®£ÐHb^X¬5_�j�Z0^�� � WwÈ³`M\|b^�º�`0[]fn�K\�e.`ad?®,ÐNb^QjwZ5e.fN^QZ0gohi_E�0[]®]^<¸e³®3e$\�e�fN^��n�K¹EÐ ^XdNf�Æ�¸e Æ£\0[]gH^<\�e�`0d?®]^|dNÏ�dNfX¸^Xh�^³\0^|g0b^�¯�b^XgN^Q`0¹X^
b^Xj�Z�e.fH_EgN[3e�®�[]`0dHf�e.`�fOe.`|b^|��g�e�[�\a^<¬��_K®T^<���3\�e�`0d°® e³¬0gOe.fH[Tj�Z0^K�E®]^µ�°�N� �?^Xf°\>ÐHb^Xj�Z0[]`0_&��^ � � �EZa`M¬�_K[T`�f �

fN^X®5j�Z0^
®T^$fHgN[:¸^X\0gH^��:Y��&�0Y��t�°`¨Ð e�[]fn��¸e�e.Z0¹XZa`h�_Kh�^X`�fn�1\0^Ã¹X_Ehi¬�_Kd�e.`�fH^<\0^�gH_EfOe.fN[]_K` e.ZafN_EZag|\0^�Y���¬�e.g|gOe.¬0¬5_EgHf
¸e��(, � �QW��°^$¬5_E[]`�f �

^XdNf³®]^·�°�NÈ��a_EgN[]»K[T`a^<`0_K`�Æ£fH_EZ0gH`�e.`�fH^µ\5e.`0d|®]^�Y��|Ç<¶
�:Y$Za[T`a_Efn�5mn�K�E�K�XW
�³`0^$fN^X®]®]^<\|b^Oº�`0[]fN[]_K`�[]h�¬0®][]j�Z0^°jwZa^<®3e�gH_EfOe.fN[]_K`M[T`adNf�e�`�f�e.`|b^X^$\0^

�
e.Z0fH_EZ0g°\0^$Y�� � e�`0`�Z0®]^<®3e$gN_Kf�e�fN[]_E`

[T`adNf�e�`�f�e.`|b^X^<j�Z0[5g0b^XdHZ0®]fN^$\0ZMhi_EZ0�K^Xh�^X`�f¨\0^<®,ÐNb^Xj�Z�e.fH^XZ0g°\�e.`ado®]^|dNÏ�dHfX¸^Xhi^<\0^³g0b^O¯Eb^QgN^X`0¹Q^�¹�b^X®]^XdHfN^$\0ZM¯,e.[]f&\0^
® e�¬ag0b^X¹X^QdNdN[]_K`�^Xf$\0^J®3e�`�Z0fOe.fN[]_K`>W�Å³^$¯£e �¹X_E`�b^Xj�Z0[]�Ee.®]^X`�fN^E�5_K` ¬5^XZ0f$\0[]gH^Jj�Z>Ð]¸e�fN_KZ0f<[]`0dHf�e�`wf³®3eM��[]fN^XdHdN^�\0^
\cb^X¬0®3e.¹Q^Xh�^X`�f³\0^M¹X^�¬�_K[T`�f$e.Z¹X_KZ0gNdÃ\0Z�fH^Xh�¬ad<^XdHfµ\a[TgH[]»?b^X^�¬�^QgN¬5^X`0\0[]¹XZ0®3e�[TgH^Xh�^Q`wfM¸e ®£ÐHb^Xj�Z�e�fN^XZagµ\aZ��°�N�
�]º�»KZ0gN^ �aW �0WÑkE�QW
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�°) � � � � ��� 	 � �Ö_EZ0�K^Xh�^X`�f°\0^$®,Ð _KgN[]»E[]`0^|`a_E`�Æ,fN_KZ0gN`�e�`�fN^ �
¹Q_Eh�¬5e.g0b^M¸eÃ¹X^X®]Z0[¨\0^$®£ÐHb^Xj�Z0[]`0_&��^³�wgOe.[

\0^$®3e�\�e�fN^ � � W

¶t_E[]^X`�f  ^Xf�'�®]^Xd|¹X_�_KgN\0_K`0`|b^X^Xd$dH¬0|b^XgH[Tj�Z0^Qd<\0Z�°�N��\�e.`ad|®T^$dHÏwdHfX¸^Xhi^$\0^�g0b^�¯�b^XgN^Q`0¹X^�¹¿b^X®]^XdNfH^ YÃ�|Ç<¶M^Qf



	 � 	 � �������	 ��� � ���� �� �������� �XW�m1l��

J
Équateur de la date
   de référence t0

Équateur  vrai

G

γv

ϖ

θ = ϖσ
σ

γ0

d

P

P0

x

z

90°+ E

90°+ E + s

�°) � � � � � � � � Åb^Oº�`0[]fN[]_K`�\0^$®,Ð _EgN[]»K[T`a^ �N`0_K`�Æ£fH_EZ0gH`�e.`�fH^���W

� � dN[]`  ¹X_Ed ' ��% � dN[]`  dH[]` 'M� � � ¹X_Ed  ®]^Xd$¹X_�_EgH\0_E`a`cb^X^Xd�¹1e.gNf0b^XdN[]^X`a`0^Xd�\0Z��E^Q¹XfN^XZagµZa`0[]f�e.[]gH^�\�e.`ad
® e�\a[TgH^X¹XfH[T_K`\0Z��°�N�&W'�<�K^X¹�®]^Xd<`a_Ef�e�fN[]_E`ad<\0^�®3eÃº�»KZ0gN^ �0W �0W �0��®3e�j�Z�e�`wfH[]f0b^ � � �

± 
 � � ±�j�Z0[>¬5^XgHh�^Xf³\0^¬�_KdN[]fN[]_E`a`0^Xg°®T^$�°�NÈ ¸e$fN_KZ0f°[T`adNf�e�`�fµ¸e$¬5e.gNfH[]go\0^³®,Ð _KgN[]»E[]`0^ º ��^<dHZ0g|®,ÐNb^Xj�Z�e.fH^XZ0g º ��^<\0^³®£ÐHb^X¬5_�j�Z0^ � � �KdnÐHb^X¹XgH[]f
dN_EZad|® eÃ¯*_EgNhi^*)

�E� ����
 �K� � � � ��� �

�

��¹X_Ed  
�mn� �'�\ � ��� �

�

�3¹Q_Ed  
 m1��\ ' % � � % � % �w�

È<Z��0[]^X`¨�>¸eÃ\0^Xd<fH^XgNhi^Xd|^X`  � ¬agX¸^Xd )
�K� ��� 
 �E� � � � � 


m
k � �

�

� � �% 
 % �� �t\ �)% � � % � %Ñ¢E�

� Ð ^$��¬0gN^XdHdN[]_E`�\0^ ��¹Q_E`�fN^X`5e.`�fM®,Ð ^Q`0dN^XhM�a®T^M\a^XdMfN^XgHh�^XdM\aZ0d ¸e
®3e¬ag0b^X¹X^QdNdN[]_K`>�°® eÖ`wZaf�e.fH[]_E` e�[]`0dN[°j�Z0^
®T^Qdµ¹Q_EZ0¬0®3e�»E^Xd$^X`�fNgH^M¬0g0b^Q¹X^XdNdH[]_E`>�¨`�Z0f�e�fN[]_E`�^Xf�\|b^X¹ne.®3e�»E^�\0Z�¬��_K®T^�¸eM®,Ð _EgH[]»E[]`0^$^XdNfÃ\0_E`0`|b^X^J¬5e.g$®3e�¯:_KgNhMZ0®]^
� �0W �aW kKlE�$e1�E^Q¹MZ0`0^�^��te�¹XfN[]fHZ0\0^�\a^ ¢ ��m1l � � � � ¬5_EZagJ®3e�¬|b^QgN[]_�\0^ �]mn�K�E¢a�¿kKlEkK¢�� �>^X®]®]^M^XdHfJ®3e�dH_Eh�hi^�\>Ð Z0`
¬�_K®TÏ�`��_Kh�^�\aZ�fN^Xhi¬0d$^Xf�\0^MfH^XgNhi^Xd�¬|b^XgH[]_w\a[Tj�Z0^QdnW �<_EfH_E`0d$j�Z>ÐÑe.¬agX¸^Xd�Za`�dN[:¸^X¹X®]^E�¨®3e�\a[TdHf�e�`0¹X^M\0Z��°�NÈ e.Z
h�b^XgH[T\a[T^Q`_EgH[T»K[]`0^J\a^J®,Ð �N�|Ç<¶�^QdNf�dH^XZ0®]^Xh�^Q`wf$\0^�l %ÑlE�El ��� e�®T_KgNd$j�Z0^�®£ÐHb^Xj�Z0[]`0_&��^�d1Ð ^XdNf�\|b^X¬0®3e.¹�b^M\a^M¬0gX¸^XdÃ\0^
mEW �J\a^X»Eg0b^EW
¸� ¹ne�Z0dN^�\0Z�h�_EZa�E^Xhi^X`�f<\0Z�¬��_E®]^�\5e.`0d�®]^idNÏ�dNfX¸^Xh�^i\0^�g0b^O¯Eb^XgH^X`0¹X^�fN^XgHgN^XdHfNgH^E�°_E`�\|b^Oº5`0[]f�b^X»�e.®]^Xhi^X`�fn�

\�e.`0dÃ®£ÐHb^Xj�Z�e�fN^XZag�h�_K�0[]®T^K��Za`0^M_EgH[T»K[]`0^M`0_E`tÆ£fH_EZ0gH`�e.`�fN^K�>gH^X®3e.fN[]�K^ e�Z�dNÏ�dNfX¸^Xh�^M\0^ig0b^O¯Eb^XgN^X`a¹X^�fN^XgHgN^XdHfNgN^K�o®]^
�|�NÈ `0_Ef0b^���W � ^J\|b^Q¬0®3e.¹X^Xhi^X`�fµe�`0»EZ0®3e�[TgH^$\0Z��|�NÈ�dHZ0g�®,ÐNb^Xj�Z�e.fH^XZ0g<\aZ��°�N��\aZ¯£e�[]f|\0Z�hi_EZ0�K^Xh�^Q`wf°\0Z
¬��_E®]^�\�e�`0d<®]^�dHÏ�dNfX¸^Qh�^�\0^�g0b^�¯�b^XgN^Q`0¹X^MfN^QgNgN^QdNfNgH^�^XdHf$`0_Ef0b^ � � �5dH_E`^$��¬0gH^XdNdH[]_E`�dnÐ _E�0fH[]^X`�f<^X`gH^Xh�¬a® e �¹ne.`�f �
^Xf�%�\�e.`adµ� �0W �0WÑ¢E�¨¬�e�g?®]^Xd°¹X_�_EgN\a_E`0`|b^Q^Xd|\0Z �°�N� \�e.`ad?®]^<dNÏ�dHfX¸^Xhi^|\0^<g0b^O¯Eb^XgH^X`0¹X^�fH^XgNgH^XdNfHgN^E� � � ^Xf 
 � � �N�*�Xy



�XW�mnl.� � �������� 	9	 ������� ����	 ��������	

�0W �0WÑ¢0W]m1�XWEÈ³`�_E�0fH[]^X`�f*)
� � �

m
k � �

�

� � � �� � 
 �� � � � ��\ �)% � � % � % �E�

�°^XfNfH^�j�Z�e�`wfH[]f0b^�jwZa[b^XfOe.[]f�`cb^X»E®][]»?b^Q^\�e.`ad�®3e�¯:_KgNhi^ ¹Q® e�dNdH[Tj�Z0^
\0^�®3e fNg�e�`0d,¯*_EgNh�e.fH[T_K`�^X`�fHgN^�®T^�Y��|Ç³¶
^XfM®,Ð � �<Ç³¶�e1�Ee.`�f�®T^�m �Qe.`���[T^Qg kKlEl��a�>^QdNfM`|b^X¹Q^XdNdOe.[]gN^�¬�_KZ0gM®3e�g0b^1e.®][]d�e.fH[]_E`�^��te�¹XfN^�\0Z�h�b^XgN[]\0[]^X`�_KgN[]»E[]`0^
[T`adNf�e�`�f�e.`|b^EW b�&fOe.`�f>\a_E`0`|b^ ®£Ð _KgN\0gH^?\0^?»Kg�e.`a\0^XZ0g¨\0^o®,ÐHb^X¹ne�gNf�\0Z��°�N��¬�e.g¨g�e�¬0¬�_KgNf°¸e|Ç � �X_K`$¬�^XZafJb^Q¹XgN[]gN^K�n¬5_EZag
®T^Qdce�¬0¬0®][]¹ne.fH[T_K`0d?j�Z0[�`>Ð ^$��[]»E^Q`wf°¬�e�doZ0`a^µ¬ag0b^X¹X[]dH[T_K`�hi^X[]®T®]^XZagN^|j�Z0^<®3eÃh�[]®]®][ dN^Q¹X_E`0\a^|\0^$\0^X»Eg0b^�) ��± � � � ±5�¹EÐ ^XdNf�Æ�¸e Æ£\0[]gH^ � � � ��± 
 � � ± � li�N�*�Xy )¨[]»�W��0W �aWTm1�XW

����� ��� ��� � � % 6 3#� "2� � 5$' .0'# #5 % "$�-3 . � � �!� ����'�" �� �2%$ 8'# #5�% "$� 	 � �

� ÐÑ�?Ç	� �
� � ���Ã¹X_Ehi¬0f0b^�¬�_KdN[]fN[]�E^Qh�^X`�f\�e�`0d�®]^�dH^X`0d�g0b^XfNgH_E»Kg�e.\a^E���*e.¬0¬5^X®nb^�_EgN[]»K[T`a^X®]®T^Qh�^X`�f�CEAEU�RTG

P�V*GQR3RTCKD3FNGO�X��\|b^�º�`0[]f$®£ÐÑe�`0»E®]^<\a^JgH_Ef�e�fN[]_E`�dH[T\|b^Xg�e�®T^Ã\0^J®3e �&^XgHgN^��:Y$Z0[]`0_Kfn��m1�E�E�K�XWa�,®(gH^X¬0g0b^XdN^X`�fH^M[T\|b^ne.®]^Xhi^X`�fn�
¬�e.g|dHZ0[]fN^$\0^�®3eÃ\cb^Oº�`0[]fH[T_K`�\0^Qd<_EgH[]»E[]`0^Xd<�°�NÈ ^Xf	�|�NÈ��0®3e�gH_EfOe.fN[]_K`�[]`�fNgN[]`0dX¸^Xj�Z0^�\0^$®3e �(^QgNgN^K�0¬0Z0[]dHjwZa^ )

� � � � � ��
�� � ��� � � % � %Ñ�E�

� � b^Xf�e�`wf³®3e��w[]fH^XdNdH^ e�`0»EZ0®3e�[TgH^$\0^JgH_EfOe.fN[]_K` \a^�®3e �(^QgNgN^Me.ZafN_EZag|\0^J®,ÐÑe&��^$\0^�gH_EfOe.fN[]_K` ^Qf �
�

®,ÐNb^X¬5_wj�Z0^Ã\0^
g0b^O¯Eb^QgN^X`0¹Q^EW
� e³¹X_E`0`5e.[]dNdOe.`0¹X^|\a^|¹X^Xfoe�`0»E®]^°^XdNf?dHZ!�d�e�`�fN^|¬5_EZ0g&¬5_EdN[]fH[T_K`0`0^Xg&®3e �&^XgNgH^|\�e.`0d&®]^°dNÏ�dNfX¸^Xh�^|\0^°g0b^�¯�b^XgN^Q`0¹X^

¹¿b^X®]^XdNfH^�e.Z0fH_EZ0g\a^�®,ÐÑe&��^�\aZ �°�N� ^Xf[]®�dN^�\|b^Q\0Z0[]f e�[]d0b^Xhi^X`�f \a^�fN_KZ0fN^�_K�0dN^QgN�Ee.fH[]_E`�j�Z0[�¬�^XgHh�^Xf
\0^
¬�_KdN[]fN[]_E`a`0^XgM®]^�dNÏ�dNfX¸^Xh�^�\0^�g0b^�¯�b^XgN^Q`0¹X^�fN^XgHgN^XdHfNgN^�¬5e.gMg�e�¬0¬5_EgNf�e�Z�dNÏ�dNfX¸^Xh�^�\0^�g0b^�¯�b^XgN^Q`0¹X^�¹¿b^X®]^XdNfH^E�|e.[]`0dH[
jwZa^J\>Ð Z0`a^�h�_�\|b^X®][]d�e�fN[]_E`i\0^�® e�¬5_EdH[]fN[]_E`\aZ��°�N��\�e�`0d$®T^ÃdNÏ�dNfX¸^Xh�^�\a^Jg0b^O¯Eb^XgH^X`0¹X^i¹¿b^X®]^XdNfH^EW>È³`�^X`\|b^X\aZ0[]f
® eÃ\|b^Oº5`0[]fN[]_E`�¹X_K`0¹X^X¬0fHZ0^X®]®]^�\0^ �(��m�) ��%�m � �Nm�� �0��� � � # � �(% � � % � %Ñ E�

� e°\|b^Oº5`0[]fN[]_E`�¹Q_E`��E^X`�fH[T_K`0`0^X®]®]^&\0^ �(��m&gN^Q¹X_Ehih e.`a\cb^X^&¬�e.g�®3e°g0b^XdN_K®TZafN[]_E`*�$mEWÑ °\0^°®,Ð �(�<�&�:kKlElKlE�5^Xf¨\0_E`0`|b^X^
¬�e.g³®£ÐHb^Xj�Z�e�fN[]_E`�� �0W �0W �E�°e�b^Qf0b^�\cb^X\0Z0[]fH^J\0^Ã® e \|b^Oº�`a[TfH[]_E`�¹X_E`a¹X^X¬0fHZ0^X®]®]^M¹X[ Æ£\0^QdNdNZadµ^Q`�Z0fH[]®T[]dOe.`�f|\0^Xd$�Ee.®]^XZagNd
\0^ ��^Xf # � ¹X_E|b^QgN^X`�fN^QdJe1�E^X¹Ã® e ¬0g0b^Q¹¿b^X\0^X`�fH^M\cb^Oº�`0[]fH[T_K`¹X_K`w�K^X`�fN[]_E`a`0^X®]®]^ � �<_ 3w[¨^Xf�e.®,W]��mn�K EkE�°\a^*�(��mÃ^X`¯:_E`0¹QfN[]_E`i\0Z�fN^Xhi¬0d|dN[]\|b^XgOe.®,W

����� ��� ������� �&3 . '# #5�% �&%(' � � 3 � ' �� � ���! #" �� � . 3���' 	 � �
� ^<fH^Xh�¬ad?dN[]\|b^XgOe.®?¸e�Y·gN^X^X`��|[]¹O Y�¶�� ^QdNf|gN^Q®T[1b^�¸e$®,Ð � Ç	� ����e.Zi`0[]�E^ne�ZM\0^<®3e$hi[T¹QgN_EdH^X¹X_K`0\0^|\0^$\0^X»Kg0b^E��¬5e.g
® eÃgN^Q® e�fN[]_E`�dHZ0[]�Ee.`�fN^�� �<_ 3�[ � � []`0_KdN0[]f�ea��m1�E  � �0�|e�¬0[]f�e.[]`0^ � Y$_K`�fN[]^Xgn��m1�E� �E� )

Y�¶�� �  % � � � � � �

� �
� �� � � 
 �� � ��¹X_Ed1� � � � 
 � � �  ��
 � � � 
 ��¹X_Kd � � 
 
 � � ¹Q_Ed�� � � � � % � %Ñ�E�

� �|� � � ^Qf � � b^Qf�e.`�fi®T^QdMjwZ5e.`�fN[]f0b^QdM\0^¬0g0b^X¹X^XdHdN[]_E` \0^ � []^Xd 3E^^Xf�e�®,W|�Nmn�K�E�K��\|b^�º�`0[]^Xd�^Q`���WÑk0W]mK� 
 � � �
 � � �0®]^Xd<e�`0»E®]^Xd|\a^µ`�Z0fOe.fH[T_K`�^X`
®T_K`0»E[]fHZ0\0^<^Qf|_E�0®][]j�Z0[]f0b^<gOe.¬0¬5_EgHf0b^Xd�¸e�®,Ð ^Q¹X®][T¬afN[]j�Z0^<\0^$®,ÐNb^X¬5_wj�Z0^$^Xf 
 ��®3e`wZaf�e.fH[]_E`�^Q`®]_E`0»K[TfHZ0\0^³g�e.¬a¬�_KgNf0b^Q^�¸e�®,ÐNb^Q¹X®][T¬afN[]j�Z0^<\0^$®3eÃ\�e.fH^EW
� 
<Y�¶�� ^QdNf&®,Ð e�dN¹X^Q`0dN[]_E`�\0gH_E[]fN^°\0^°®£ÐHb^Xj�Z0[]`0_&��^?¹Q_Eh�¬af0b^X^<¸e³¬�e�gNfH[Tg¨\0ZM�°�NÈJ�1j�Z�e�`wfH[]f0b^�b^X»we�®T^Qh�^X`�f(e�¬0¬5^X®nb^X^
~Gnq1B�CEV*D3SEA�IEGQP�SEFXD UKD3A0GQP<^Xf  % � ^XdNfÃZ0`0^M¹X_K`0dNfOe.`�fN^�¸e e��OZ0dNfH^Xg�¬�_KZ0gJe.dHdNZ0gH^Xg�® ei¹X_K`�fN[]`�Z0[]f0b^�\0^ � ��m ¸ei®3e



	 � 	 � �������	 ��� � ���� �� �������� �XW�m1lE¢

\�e.fH^ \aZ�¹O�e.`a»E^Xhi^X`�f �Hm�±we.`���[]^XgMkElEl �E� �&®]^Xd�e.Z0fHgN^XdMfH^XgNhi^XdMgN^Q¬0g0b^XdH^X`�fN^X`�f�®3e¬ag0b^X¹X^QdNdN[]_K`�Æ£`�Z0fOe.fH[T_K`�^X`
e.dN¹Q^X`0dN[]_K`\0gN_K[]fN^�e.¹X¹QZ0hMZ0®nb^X^<\a^�±wkKlElEli¸eÃ® eÃ\�e�fN^�f1W
�°^QfNfN^�^$��¬0gH^XdNdH[T_K`�^XdNf�¸e�®3e��5e.dN^
\0^�®3e�gH^X®3e.fN[]_K` `�Z0h�b^XgN[]j�Z0^\a_E`0`|b^Q^�¬�e�g�� �0W �0WÑk��K��^Q`wfHgN^�®]^fN^Xhi¬0d

dN[]\|b^XgOe.®5^Xf �(��msjwZa[�e�b^Xf0b^|_E�0fH^X`�Z0^<¬�e�go�|e.¬a[TfOe.[]`0^°^Xfoe�®£Wa�:kElKl������¨^X`M[]h�¬5_Ed�e�`�f�)5�3[3�¨®£ÐHb^Xj�Z0[]�Ee�®T^Q`0¹X^|e1�E^X¹|®3e
\cb^Oº�`0[]fH[T_K`J¹Q_E`��E^X`�fH[T_K`0`0^X®]®]^|\0^	� ��m|\0_E`a`cb^X^|¬�e�g<� �aW �aW �E�X����[T[3�¨®3e³¹X_Ehi¬�e.fH[T�a[T®][]f0b^?e1�K^X¹|®]^|h�_�\�¸^X®]^ �(�<�?kKlElEl
\0^|®3e$`�Z0f�e�fN[]_E`�^Xf?®,Ð ^$��¬0gN^QdNdN[]_K`M¹X_EgHgN^XdH¬�_K`0\�e.`�fH^µ\a^	�K�0�3[][][3�>®3e³¹X_K`wfH[]`wZa[Tf0b^|\0^	�(��m³e1�E^X¹|®3e³�Ee.®]^XZ0g _E�0fH^X`�Z0^
e.Z�m��Qe.`���[T^Qg<kElEl �M¸eMl.��	� ¬�e.g°®]^Xd<¬agN_�¹�b^X\0ZagN^Xd$Z0fH[T®][]d0b^Q^Xd<e1�Ee.`�f°®T^Mm �Xe.`���[]^Xg<kElKl��aW

��� � � � � ����;&= 8 6n6Q)*2�4 9¨8 '*- /n=.-04?6 � 2�= © -a/n)*2�4 8 4>/1= 8 ' 8 �b!���� 8 /�'N§ ��������#(/1)*':),6X-a4�/'N§ 2�=.) ��)*4 8
4&2�4 � /125#(=.4&-04¨/ 8

����� ��������� � � � � ���!�! #5 % "$�&�! .0' �  �� �&��"$� � 52'8. '# #5�% � ��3
. '# � ���-.0) �15 �  60 % �&��% 5�%  '
52) � %(./%('
�&�

�(_KZ0fN^³fNgOe.`0d�¯:_EgHh e.fH[]_E`�^X`�fNgN^Ã®T^QdodHÏwdHfX¸^Xhi^$\0^<g0b^O¯Eb^XgH^X`0¹X^MY��|Ç<¶�^Qf|� �<Ç<¶M¹Q^X`�fNg0b^Qdµe.Zi¹X^X`�fNgH^�\0^$h e�dNdH^|\0^
® e �&^XgHgN^<Y dnÐ ^$��¬0gH[]h�^?dH_EZ0d?®3es¯:_KgNh�^$� �aW �0W]mn� ^X`�¯:_E`a¹XfN[]_E`�\0^|h�e.fNgH[]¹X^Xd&\0^|fNgOe.`0d�¯:_EgHh e�fN[]_E`�j�Z0[a\cb^X¬5^X`0\0^X`�f
\0^o®,Ð _EgH[]»E[]`0^&Z0fN[]®][]d0b^X^°dNZag(®,ÐHb^Xj�Z�e�fN^XZ0g&\0ZM�°�N�&W �<_KfN_E`ad � � ��
 � �<� � ®]^Xd&h e�fNgN[]¹X^Qd>\0^|fHg�e.`ad,¯:_KgNh e�fN[]_E`³®]_EgNdHj�Z0^
®£Ð _K`�Z0fN[]®][]dN^°®]^Xd&_EgN[]»K[T`a^Xd&`0_E`�Æ,fN_KZ0gN`5e.`�fN^Xd?�°�NÈ�^Xf �|�NÈ��.¹X_Ehih�^&®]^ogH^X¹X_Kh�h e�`0\0^&®3e|g0b^XdN_K®TZafN[]_E` �µmKWÑ J� �(�³�X�
kElElKlE�QW
Å
b^XdH[]»E`0_K`0d&¬�e.g ���$^Xf ���$®]^Xd¨¹X_�_EgN\a_E`0`|b^Q^Xd?fN^QgNgN^QdNfNgH^Xd|\0ZM�°�N��\|b^Oº5`0[0^X` �0W �0W �5W kaW�Å³Z$¯,e.[]f>\0^°®3e|¬0gH_&��[Thi[]f0b^

\0^�®£ÐÑe �w^i\0^Xd
�
\0Z�dHÏwdHfX¸^Xhi^�\0^g0b^�¯�b^XgN^Q`0¹X^�fN^XgHgN^XdHfNgN^�^Xfi\0^�®£ÐÑe �w^i\0Z��°�N�&�&¹X^Xdi¹X_�_EgN\a_E`0`|b^Q^Xdn�°e.¬0¬5^X®nb^X^Xd

��S1SEFHIESKA0A$~G1GXPMIEB r �S�RTG1��dH_E`�f<\a^Xd�¹X_�_EgH\0_E`a`cb^X^Xd�e.`a»EZ0®3e.[]gH^Xd<\0[.-µb^XgN^Q`wfH[]^X®]®T^Qd�¬�e.g³g�e�¬0¬�_KgNf�e.Z
¬��_E®]^�fH^XgNgH^XdNfHgN^
_EgN[]»K[T`a^EW0�&e.g<¹Q_E`��E^X`�fH[T_K`>�0^Q®T®]^Xd|dH_E`�f<¹Q_Eh�¬af0b^X^Xd³gN^XdH¬�^Q¹XfN[]�E^Qh�^X`�fn�5®]^$®]_E`0»M\0Z�h�b^XgN[]\0[]^X`�fN^QgNgN^QdNfNgH^M_EgH[T»K[]`0^E�
¬�_KdN[]fN[]�E^Qh�^X`�f5�E^XgHd7Y·gN^X^X`��|[]¹O�¬5_EZ0g ���|^Qf>®]^?®]_E`0»°\>Ð Z0`Je ��^(¬5^XgH¬�^X`a\0[]¹XZ0®3e.[]gN^$¸e°¹X^°h�b^XgH[]\0[]^X`>�O¬5_EdN[]fH[T�K^Xh�^Q`wf
�E^XgHdo®3e$®]_E`a»E[]fNZ0\a^c�Kl �|_KZ0^XdHfo¬5_EZ0g � � W � e$h e�fNgN[]¹X^°j�Z0[5¬�^XgHh�^Xf \0^<fH^X`0[]go¹Q_Eh�¬afN^°\0Z�hi_EZ0�K^Xh�^X`�f¨\0ZM¬��_E®]^
\�e.`0di®]^ dHÏ�dNfX¸^Qh�^�\0^g0b^O¯Eb^XgH^X`0¹X^�fH^XgNgH^XdNfHgN^E�|^QdNf�®]^ ¬agN_�\0Z0[]fM\0^\a^XZ���h e�fNgN[]¹X^QdJ\0^
gN_EfOe.fH[T_K`��:e.ZafN_EZagM\0^
®£ÐÑe �w^�Y �¬5_EZ0g�®3e ¹X_�_EgN\a_E`0`|b^Q^ ����^Xf�\a^M®£ÐÑe �w^�Y$Ï¬5_EZ0g�®3e ¹X_�_EgN\a_E`0`|b^Q^ ���w�QW � Ð Z0fN[]®][]d�e.fH[]_E`\0^�®,Ð _EgN[]»K[T`a^
`0_E`�Æ,fN_KZ0gN`5e.`�fN^$\�e�`0d<®]^$dNÏ�dNfX¸^Xh�^$\0^Ãg0b^O¯Eb^QgN^X`0¹Q^JfH^XgNgH^XdNfHgN^�e.h¸^X`0^�¸e�[T`�fHgN_�\0Z0[]gN^$®3e�j�Z�e.`�fH[Tf0b^ � � \cb^Oº�`0[]^�¬5e.g
®£ÐHb^Xj�Z�e�fN[]_E`�� �0W �aW �K�XW5�°^XfNfH^�gN_Kf�e�fN[]_E`�e�Z0fN_KZ0g�\0^M®,ÐÑe&��^JY +Jd1Ð e��O_EZ0fH^�e.Z��
\0^XZ��gH_EfOe.fN[]_K`0d$¬0g0b^X¹�b^X\0^X`�fN^Qdn�?^Qf
®£Ð ^ -�^Xf|fH_Ef�e�®�\0Z�\|b^X¬0®3e�¹X^Xh�^Q`wf|fH^XgNgH^XdNfHgN^M\0^$®,ÐÑe&��^<\aZÖ�°�N��dH^�fNgOe.\0Z0[]f°¬�e.g|®3e�h�e.fNgH[]¹X^<\0^$gH_Ef�e�fN[]_E` )

� � � ��� � 
 � � 
 ���0�-
 � � 
 �����-
 � � � � �(% � � % � %]mnlE�

� eMh�e.fHgN[]¹X^ 
 � � ���s^XdNf$Z0`a^�h e�fNgN[]¹X^$\0^ÃgN_EfOe.fH[T_K`�e.ZafN_EZag|\0^J®,ÐÑe&��^$\0Z��°�N� jwZa[>¬5^XgNhi^Xf<\0^ÃfN^X`0[]g³¹X_Ehi¬0fN^
\0^�®,ÐÑe.`0»K®T^$\0^ÃgN_EfOe.fH[T_K`\0^�®3e �&^XgHgN^�\�e.`0d³®]^�dNÏ�dNfX¸^Xh�^Ã\0^Jg0b^O¯Eb^XgH^X`0¹X^M¹�b^X®]^XdNfH^EW � e�\|b^Oº�`a[TfH[]_E`\0^Ã®£ÐÑ�?Ç �J� ���
¬�^XgHh�^Xf|\¨ÐNb^Q¹XgN[]gN^ ) 
 � � ��� � 
 � ���.��� e1�E^X¹ � � � � � �$� � ��m�
!�(��m � ��� � � % � %]mEmn�
_¿¸Z ��^QdNf$®]^�¹X_�^��¹X[]^X`�f$\0^�¬0gN_K¬�_KgNfN[]_K`0`�e.®][]f0b^Ã^X`�fNgN^�®,ÐÑ�?Ç	��^Xf$®]^*�&^Xhi¬0d|Z0`0[]�E^QgNdN^Q®£�5®,Ð []`0\0[]¹X^Jl \cb^XdN[]»K`�e.`�f
®£ÐHb^X¬5_�j�Z0^�\a^�g0b^O¯Eb^XgH^X`0¹X^ �

�

W � Ð ^ -�^Xf�fN_Kf�e�®µ\aZ \|b^Q¬0®3e.¹X^Xhi^X`�f�¹¿b^X®]^XdNfH^�\0^�®£ÐÑe �w^
\0Z �°�N� \�e�`0d�®T^�Y��|Ç³¶
�3[]`0¹X®]Z�e�`wf°®]^Xdb^Q¹ne.gHfNd<¹Q_E`0dHf�e.`�fHd��|dH^�fNgOe.\0Za[Tf°¬�e�g|® eÃh e�fNgH[T¹Q^<\0^�gH_EfOe.fN[]_K`�)� � � ��� � 
 � � 
 �1�-
 � � 
�'�� 
 � �  �-
 � ��'�� � 
 � � 
 �n� 
 � ����� � � % � %]mnkE�
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e1�E^X¹ 
 � ��� � 
 � � 
�'�� 
 � �  �-
 � ��'��X�¨¯*_E`0¹XfH[]_E`�\0^XdM¹Q_w_KgN\0_K`0`|b^X^QdMdN¬0|b^QgN[]j�Z0^Xd�' ^Xf  \0Z �°�N� \�e.`0dM®]^Y��|Ç<¶�W?È³` ¬�^QZ0f�b^X»�e.®]^Xhi^X`�f b^X¹XgN[]gH^ 
 � ���MdN_KZ0d�®3e
¯:_KgNhi^ \¨Ð Za`0^h e�fNgH[T¹Q^�\0^�fNgOe.`0d�¯:_EgHh e.fH[]_E`�¯,e.[]d�e�`wf
[T`�fH^XgN�K^X`0[]g|\0[]gN^X¹QfN^Xhi^X`�f<®]^Xd|\0^XZ'��¬�e�g�e.h¸^XfNgH^Xd � ^Qf�% �N�*�Xy+�0W �0W �5W ���N� )


 � ��� �
�
	
� m�
 # � � 
 # � % 
 �

 # � % m�
 # % � 
 %

� % m�
 # � � � � % � �
� 
 � � � % � %]m �E�

_¿¸Z # ^XdNf³\|b^Oº�`a[>¬�e�g # � m
�0�Hm���¹Q_Ed  �XW
����� ������� � � . 3#��) � ��� ' . % " . � " �.1)$'  3  �&� � �*52) � 3#�&� ��. � .  ���' � �&�

� ^Xd�¹Q_w_KgN\0_K`0`|b^X^QdJ\0Z�¬��_K®T^ ����^Xf ����¸ei®3eM\�e�fN^ �n�?¸eiZ0fN[]®][]dN^Xg$\�e�`0d$® e h e�fNgN[]¹X^ � � � ���X��dH_E`�f³¯:_EZagN`0[]^Xd�¬5e.g
®£Ð �N�?Ç³¶�W��¨_EZ0g�dH^�¹X_K`�¯:_KgNh�^Qg ¸eÖ® ei\|b^�º�`0[]fN[]_E`�\0Z��°�N�&��[]®&¯,e.Z0f�e$�O_KZ0fN^QgJ®]^Xd�¹Q_Eh�¬5_EdOe.`�fN^Qd·e�\0\0[]fN[]_K`0`0^X®]®]^Xd
¬�^XgHh�^XfHf�e�`wf|\a^µ¬agN^X`0\agN^�^X`�¹X_Ehi¬0fN^³®T^Qd|fN^XgHh�^Xd|¬0gH_.�E^X`5e.`�f��3[3�°\0^Xd|^,-¿^XfHd$\0^Xd<h�e.g0b^X^Xd°_w¹�b^ne.`0[]j�Z0^Xd³^Xf��3[][3�
\0^Xd|`�Z0f�e�fN[]_E`ado\0^³¬|b^XgH[T_�\0^Qd|[T`t¯�b^XgN[]^XZagN^Xd�¸eÃ\0^XZ��(��_EZ0gHdnW � ^Qd|¹X_�_EgN\a_E`0`|b^Q^Xd|\0Z�¬ �_E®]^J¸eÃZ0fN[]®][]dN^Xg dN_E`�f°\0_E`a`cb^X^Xd
¬�e.g*)

� � � � � � � � � � � �E� � � � � � � 
 � � 
 �E�
� ���� �4��� 
 ��� 
 �K� ���

� � �  �

� � � � % � %]mX�w�
� ��� �K� � � � � b^XfOe.`�f?®]^Xd&¹X_�_EgH\0_E`a`cb^X^Xd°\0Z�¬��_E®]^&¯:_KZ0gN`a[T^Qd(¬5e.g&®,Ð �N� Ç<¶���� 
 ��� 
 �E�

� ���� ��®]^Xd?�Ee�gN[3e.fH[]_E`0d�\0[]Z0gH`0^Xd?^Qf
dNZ0�5\0[]Z0gN`a^Xd?\0Z�h�_KZ0�E^Xhi^X`�f�\aZJ¬��_K®]^?\0Z0^Xd°e.Z��$h e�g0b^X^Qd>_�¹�b^ne�`0[]jwZa^Xd?^Xf|� 
 ��� 
 �E� ���

� � �  �

�<®]^Xd&¹X_Ehi¬�_Kd�e�`wfH^Xd
\0ZJhi_EZ0�K^Xh�^Q`wf�\aZJ¬��_K®]^<� �°g +X^�+X[Eb`0d 3�[ � �|e�¬0[]f�e.[]`0^K� kKlElKk0�n�
e.fNa^ �|d � �°gN^XfOe.»K`0_E`>�KkElElKkE� ¹X_EgHgN^XdH¬�_K`0\�e.`�f
e.Z��i`wZaf�e.fH[]_E`0d°\0^�¬|b^QgN[]_�\0^Xd|\0[]Z0gH`0^Xd<^Qf<dNZa��\0[]Z0gH`0^Xd1W
� ej�Z�e�`�fN[]f0b^ � � �&j�Z0[|gH^XdNfH^Xg�e []`�¯Eb^XgH[T^QZ0gN^�¸e�m ��mnl � � � � ¬5^X`0\�e�`�fMZ0`�dN[:¸^X¹X®]^E� ¬�^XZafM»?b^X`|b^Qg�e.®]^Xhi^X`�f �^QfNgN^

`cb^X»E®][]»?b^Q^EW>�¨_EZ0g$\0^Qd�¹ne.®]¹XZa®TdÃ^$��[T»K^ne.`�f$Z0`0^M¬ag0b^X¹X[]dH[T_K`�\a^M®£Ð _KgN\0gH^J\0^m1l � � � � dNZagµ®]^Xd��?È$�&��^X®]®]^J¬5^XZ0f �^QfNgN^
¹ne.®]¹XZ0®1b^X^
^X`�Z0fH[T®][]d�e�`�fJ®]^Xdi�Ee.®]^XZ0gHd�¯:_EZ0gH`0[]^Xd�¬5e.gM®,Ð �N�?Ç<¶�¬5_EZ0gM®]^Xd�e.h�¬a®T[]fHZ0\0^Xd # 	 ^Xf # � \0Z�fH^XgNhi^�\0^�°�e.`0\a®T^QgJ^XfÃ\0Z�fH^XgNhi^�e.`0`�Z0^X®°\0Z�h�_EZa�E^Xhi^X`�f<\0Z�¬��_K®]^¸e�®,ÐNb^Q¬�_�j�Z0^�\aZ�¹ne.®]¹XZ0®,W&�&®]®]^MdnÐNb^X¹XgH[TfMe.®]_KgNdn� ^X`
^$��¬0gN[]h e�`�fo®]^Xd<e�h�¬0®][]fNZ0\a^Xd?^X`�dN^Q¹X_E`0\a^Xd$\0^�\0^X»Kg0b^$^Xf �c^X`�dH[:¸^Q¹X®]^Xd )

� � � 
<l %ÑlKl0mn¢ ��� � # �	 �0m % k�� # �� � �)% � � % � %]mn¢E�
�&`JZafN[]®][TdOe.`�f�®]^Xd&�Ee.®]^XZ0gHd>hi_.ÏE^X`0`a^Xd(e�¹XfNZ0^Q®T®]^Xd&\0^Qd7e�h�¬0®][]fNZa\0^Xd�\0^°¹X^Xd?fH^XgNhi^Xdn�1_K`Je�� � e.hM�5^XgHf � �o[ +X_KZ�e.gH\
kElElKkE� )

� � � 
<l %ÑlKlEl?l��w� ��� �)% � � % � %]m��E�
� eM�Ee�®]^XZ0g<\a^�®,Ð � Ç	��^X`�g�e�\0[3e.`0d1�>¸eM®3e \�e.fH^��n�&¸eMZ0fH[T®][]dN^Qg<\�e�`0d<®3e�h e�fNgH[T¹Q^�
 � � ���Q�5dnÐ _E�0fH[]^X`�f<^X`�Z0fN[]®][]d�e�`wf
®£Ð ^$��¬0gH^XdNdH[]_E`�� �aW �aW �E� )

���  � � � k ���:l %Ñ�E�E� lE¢E� kE��� k#�.�?l9� m %ÑlElKk?���K�? 0mKm>��mEm �E¢1�?�� �% � � � � � % � %]mn�E�
_¿¸Z % � � \5e.fN^���Z0®][T^Q`0`0^ �(��m�
�k&�w¢am>¢.��¢ %Ñl0�O^Qf �(��m � �(�<� ��� � ��m 
��(�<�|�Q�E®3e³�Ee.®]^XZ0g&\0^	� ��m 
��(�<�
¸e�® eÃ\�e�fN^�� b^Qf�e.`�f°¯:_KZ0gN`a[T^$¬�e�g|®,Ð �N� Ç<¶�W
� e|�Ee�®]^XZ0g>\a^Xd&jwZ5e.`�fN[]f0b^Qd � ^Xf % ¸esZ0fN[]®][]dN^Xg¨\�e.`ad>®3e|h�e.fNgH[]¹X^�� � � ���>d1Ð _E�0fH[T^Q`wf°¸e°¬�e.gHfN[]g&\0^Xd&\|b^X�K^X®]_E¬0¬5^Xhi^X`�fNd
�(�<�°kElElKl �KkElEl �|\0^Qdo¹X_�_KgN\0_K`0`|b^X^Xd � ^Qf�%�\0Z��°�N��¸e$®3e³\�e�fN^ �°\�e.`0d ®T^$Y��|Ç<¶ �.j�Z0[0_E`�f�b^Xf0b^³\0_E`a`cb^Xd°dN_EZad
® e ¯:_KgNhi^JdHZ0[]�Ee.`�fN^M¬�e�gJ�|e.¬a[TfOe.[]`0^M^Xf�e.®,W?�:kKlEl �EeE�³^XfM�|e.¬a[TfOe.[]`0^�^XfMe.®,W?�:kKlElK¢0��fOe.�0®]^�¢E�·¬�_KZ0g�®3e�¬�e�gNfN[]^
¬�_K®TÏ�`0_Kh�[3e.®]^ )



	 � 	 � �������	 ��� � ���� �� �������� �XW�m1lE�

� � 
�l ��� %Ñl0m�� �0m1����k?lEl�� ��� %]m1�0m> K�E  � 
�l ��� % �wkK�?�E Kk?� � �

�l ��� %]mn�K  �0m1  �.� � � 
�l ��� %ÑlElKl?lElK�?¢E�K  � � ��l ��� %ÑlElEl lElE¢ �EkE  ¢ � �� �  �]� # � � � �  dH[T`¨� �����������
	

� �&��� # � � � �  ¹Q_Edn� �����������
	
� � �

� �  �]� # � � � �  �0dH[T`¨� �����������
	
� �&��� # � � � �  �t¹Q_Edn� �����������
	

� � �

� �  �]� # � � � �  � � dN[]`>� �����������	
� � ��� # � � � �  � � ¹X_Kd � �����������
	

� � �4� � �
� �
� � % � %]mn E�

% � 
�l ��� %ÑlEl �?�E¢am�
�l ��� % lKkE¢? K�#� � 
�kEk ��� % �wlK�?kE���o� � ���l ��� %ÑlElam>�ElKl?¢E� � � ��l ��� %ÑlEl0m mEmnk ¢Ek#� � � ��l ��� % lKlEl?lKlEl|m �E¢?  � �� �  �]� � � � � �  ¹X_Ed.� �����������	 � �&� � � � � � �  dN[]`>� ������������	 � ���� �  �]� � � � � �  �0¹X_Ed.� �����������	 � �&� � � � � � �  �0dH[T`¨� �����������
	 � ���� �  �]� � � � � �  � � ¹X_Ed.� �����������	 � � ��� � � � � �  � � dH[T`¨� �����������
	 � ���7� �
� � �
� � % � %]mn�E�

_¿¸Z��J^XdHfJ¹Q_Eh�¬af0b^M^X`�dN[:¸^X¹X®]^Xd(�OZa®T[]^X`ad�¸e�¬�e�gNfN[]g�\0^�±�kElKlEl�^Xf�_�¸Z ������������	 � gN^X¬ag0b^XdH^X`�fN^�®T^QdJe.gH»EZ0hi^X`�fNd
\0^Xd°`wZaf�e.fH[]_E`0d?®]Z0`a[ Æ,dN_K®3e.[]gN^Xd¨^Xf°¬0®3e.`|b^XfOe.[]gN^Qd?\0ZMh�_�\�¸^Q®T^ �(�³�?kElElKl&� �.¹EÐ ^XdHfoZ0`a^<¹X_KhM�0[]`�e.[]dN_K`$®T[]`|b^1e.[]gN^|\0^Qd
e.gN»KZ0h�^Q`wfHd¨¯:_E`0\5e.h�^Q`wfOe.Z��$\0^|®3e³`�Z0f�e�fN[]_E`i�ND3y3G1y�e.gN»KZ0h�^Q`wfHd&\0^<Å³^X®3e.Z0`�e1Ï��N��� � � � � � � �|�X�K\0^Xd?®]_K`0»E[]fNZa\0^Xd
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h�^X[]®]®]^XZ0gN^ÃjwZa^ m1l � � � � _EZ� �	� kElElKl&� \0^M��¹n�|e.gHfN�Ï � � Z�+QZ0h �*kElEl �E�s¬�_KZ0g$Z0`0^M¬0g0b^X¹X[]dN[]_E`�\0^M®,Ð _EgH\0gN^
\0^ m1l � � � � �QW¿�¨_KZ0g$®T^Qd<_E�adN^XgH�Ee.fN[]_K`0d$^$��[T»K^ne.`�f³Z0`0^�¬0g0b^X¹Q[TdH[]_E`\0^�®,Ð _EgN\agN^�\0^�mnl � � � � �5[]®�¯£e�Z0fµe��O_EZ0fH^XgJ¸e ¹X^Xd
�Ee.®]^XZ0gHdM¹X_E`��E^Q`wfH[]_E`0`0^Q®T®]^Xd1�&®]^XdM�Ee.®]^XZ0gHdJ�N� Ç<¶ �3_K�0dN^XgH�ob^X^Xd�_EZ�¬0g0b^X\a[TfH^Xd�� \0^Xdi¹X_EgHgN^X¹XfH[]_E`0d  � � � � � � � � ^Qf � � � � � � � � W � ^Xd��Ee.®]^XZagNdM¸eiZ0fN[]®][]dN^Xg�¬5_EZagµ®]^XdÃ\cb^X¹ne�® e�»E^Xdi¸e�±�kElKlElMdH_E`�f�®]^Xd$�Ee.®]^XZagNdJe�dNdN_�¹X[1b^X^Qd e�Z�hi_w\�¸^X®]^�(�<�<kKlElKl�¬�_KZ0g � � ^Xf � � ^Xf³® e��Ee�®]^XZ0g  � � � 
<l %Ñl0mQ�%� ��� _E�afN^X`�Z0^�¬�e.g$�°�e.¬agN_E`�f|^Xf�e�®£W��*kElKlEkE�$¸e ¬�e.gHfN[]g
\>Ð _E�0dH^XgN�Ee�fN[]_E`0d � � ÇÃW
� ^Xd³�Ee.®]^XZ0gHd|\0^Xd|j�Z�e.`�fH[Tf0b^Xd � � � � � � � � ^Xf � � dN_E`�f|\0_K`0`|b^X^Qd<\�e�`0d|®3e�fOe.�0®]^$��WÑk0W]mKW
����� ��� ��� � ��5  ��. � .  � 5 % . � �	� 3	
 � � � � �&� �! #5�% ��� 	 � "$��� $ � �
� Ð ^$��¬0gN^QdNdN[]_K`J\0^|Y��¶����:Y$gH^X^X`��|[]¹�M��^ne�` ¶t[T\a^XgN^ne�®��|[]h�^n�5¹Q_Eh�¬5e.fN[]�0®]^?e1�E^Q¹?®]^ohi_w\�¸^X®]^�� �<�&kElElKl �KkElEl �
\0^�¬0g0b^Q¹X^XdNdH[]_E`�Æ,`�Z0f�e�fN[]_E`�^XdHf\0_K`0`|b^X^�^X`�¯:_K`0¹XfN[]_K` \0^�®,ÐÑ�?Ç � ¬�e�g ®3e ¬0gN^Xhi[:¸^XgN^�®][T»K`0^�\0^�®,Ð ^$��¬0gH^XdNdH[T_K`
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� �0W �aW k �E� �°^X®]®]^�^XdNf^��w¬agN[]h�b^X^�^X` dN^X¹Q_E`0\0^Qd�\0^�\a^X»Eg0b^�¬0Z0[]dNj�Z0^�Y�¶�� ^Xf�?Ç	�¾dN_K`�f \a^Xd�e.`a»E®]^XdnW³�>_KZ0g
¹X_Ehi¬�e.gH^Xg?¹X^XfHfN^³^$��¬0gN^XdHdN[]_E`�¸e$¹X^X®]®]^<\¨Ð �³_ 3�[0^Xf°e.®,W0�Nm1�E KkE�X��_E`M®,Ð ^$��¬0gN[]h�^ ^X`�¯:_E`a¹XfN[]_E`M\a^	�(��m|^X`iZ0fN[]®][]d�e�`wf
® e³gH^X®3e.fN[]_K`� �0W �aW �K��^Xf°_E`M¹Q_E`��E^XgHfN[]f?®,Ð ^$��¬0gN^QdNdN[]_K`M_E�0fH^X`�Z0^<^X`idN^X¹Q_E`0\0^Qd|\0^|fN^Xhi¬0dnWKÈ<`i_E�0fH[]^X`�foe.[]`0dH[£�.e1�K^X¹
Z0`0^$g0b^XdH_E®]Z0fH[T_K`�\0^Jl0W]m � d )

Y��¶��<lKl�� � � � ��� � �(��m���k.�<mKmnl % ¢��w� �K�E�am �   ���K�? E�K� % �0m1���E� �.�E¢ � � �*�ElK� % �w�K�|mnlKk�� �� l %ÑlE�Kk?�E�Kk|mEm1l � � 
�l %ÑlElKl?lElKl?kE� � � � 
 l %ÑlElKl?lElam>�E�K� � �

 l %ÑlElKl?lElKl?l��K� � � � � � % � %Ñk.�w�

_¿¸Z � � ^Xf��odH_E`�fn��gH^XdN¬5^X¹XfH[]�E^Xhi^X`�fn��®]^Xd|\�e�fN^Xd°^X`��(��m³^Xf°^X`��	���E^$��¬0gH[]h�b^X^Xd°^X`�dN[*¸^X¹Q®T^Qd��OZ0®][]^X`0d$¸e$¬�e.gHfN[]g°\0^±wkElKlElaW
È³Z��0[]^X`>�a\0^³¯£e �¹Q_E` b^Xj�Z0[]�Ee.®]^X`�fN^ )

Y��¶��<lEl�� � � � ��� � � ��m���k.�³mEmnl %Ñ¢.�w� �E�E�am&�   �.��l|mn �� %Ñ�E���?�w�K�&kE¢ � � � �ElK� % �w�K�|m��KlEl|� � 
 � � �� l %ÑlK�Ek?�K�Ek|mKmnl � � 
 l %ÑlKlEl?lKlEl?kK��� � � 
 l % lKlEl?lKl0m>�K�E� � �

 l %ÑlKlEl?lKlEl?l �E� � � � � � % � %ÑkE¢E�

¸e�¹X_Ehi¬�e.gH^Xgce1�K^X¹$®3e�\|b^�º�`0[]fN[]_E`�m1�E EkÃ\0^ �(��m�)

Y��¶��< Kk�� � � � � �(��m���k��<mEm1l %Ñ¢.�� &��m&��  ���wl|m1 .� %Ñ amnk?  �&� � �� l %ÑlE���smnl.� � �� 
�l %ÑlElKl?lEl �Ek � �� % � � % � %Ñk#�E�
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Axe de figure ou d’inertie

Axe de rotation

(3)

Axe de l’écliptique

17’’

23°26’

(2)

200 mas

(1) Précession
26000 ans

(2) Nutation

(3) Mouvement du pôle
433 jours + annuel + ...

18.6 ans + annuel + ...

(1)
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ÉPHÉMÉRIDES POUR L’ANNÉE 2010





TEMPS SIDÉRAL, NUTATION

Temps sidéral GST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II. 4
Nutation en longitude ∆ψ, nutation en obliquité ∆ǫ . . . . . . . . . . . . . . . . . . . . II. 4



II. 4 CONNAISSANCE DES TEMPS

TEMPS SIDÉRAL 2010 à 0h TU, NUTATION 2010 à 0h TT

TEMPS SIDÉRAL, NUTATION EN LONGITUDE ET EN OBLIQUITÉ

Date temps sidéral nut. long. nut. obl. Date temps sidéral nut. long. nut. obl.

h m s s s h m s s s

Janv. 0 6 38 13.467 75 16.242 78 2.804 92 Févr. 15 9 39 35.09670 17.58404 3.402 08
1 6 42 10.035 71 16.448 66 2.824 03 16 9 43 31.64526 17.47283 3.432 54
2 6 46 6.601 31 16.615 99 2.869 55 17 9 47 28.19304 17.34869 3.445 80
3 6 50 3.162 78 16.715 88 2.928 23 18 9 51 24.74105 17.22839 3.440 80
4 6 53 59.719 71 16.741 31 2.982 96 19 9 55 21.29036 17.12933 3.419 32

5 6 57 56.273 02 16.707 87 3.019 28 20 9 59 17.84192 17.06705 3.386 05
6 7 1 52.824 55 16.645 03 3.029 83 21 10 3 14.39640 17.05261 3.348 25
7 7 5 49.376 22 16.584 57 3.015 14 22 10 7 10.95405 17.08977 3.315 03
8 7 9 45.929 57 16.551 62 2.981 72 23 10 11 7.514 48 17.17246 3.296 00
9 7 13 42.485 49 16.560 53 2.939 17 24 10 15 4.076 61 17.28316 3.299 22

10 7 17 39.044 16 16.614 53 2.897 54 25 10 19 0.638 76 17.39392 3.328 46
11 7 21 35.605 22 16.707 56 2.865 45 26 10 22 57.19888 17.47171 3.380 58
12 7 25 32.167 89 16.826 98 2.849 01 27 10 26 53.75528 17.48855 3.444 58
13 7 29 28.731 18 16.956 50 2.851 24 28 10 30 50.30726 17.43325 3.504 02
14 7 33 25.294 04 17.079 01 2.872 07 Mars 1 10 34 46.85557 17.31789 3.542 76

15 7 37 21.855 54 17.179 15 2.908 57 2 10 38 43.40212 17.17376 3.551 34
16 7 41 18.414 96 17.245 49 2.955 63 3 10 42 39.94920 17.03821 3.530 25
17 7 45 14.971 94 17.271 91 3.006 78 4 10 46 36.49859 16.94042 3.488 47
18 7 49 11.526 47 17.258 27 3.055 18 5 10 50 33.05110 16.89367 3.438 91
19 7 53 8.078 90 17.210 27 3.094 51 6 10 54 29.60658 16.89558 3.393 85

20 7 57 4.629 89 17.138 68 3.119 79 7 10 58 26.16425 16.93315 3.362 13
21 8 1 1.180 34 17.058 20 3.127 94 8 11 2 22.72300 16.98848 3.348 37
22 8 4 57.731 29 16.985 99 3.118 34 9 11 6 19.28172 17.04326 3.353 33
23 8 8 54.283 84 16.939 92 3.093 16 10 11 10 15.83942 17.08142 3.374 78
24 8 12 50.838 98 16.936 21 3.057 62 11 11 14 12.39535 17.09059 3.408 32

25 8 16 47.397 41 16.986 21 3.019 96 12 11 18 8.949 02 17.06296 3.448 14
26 8 20 43.959 27 17.092 31 2.990 75 13 11 22 5.500 28 16.99575 3.487 70
27 8 24 40.523 91 17.243 87 2.980 93 14 11 26 2.049 28 16.89161 3.520 39
28 8 28 37.089 77 17.415 41 2.998 57 15 11 29 58.59651 16.75865 3.540 37
29 8 32 33.654 62 17.570 36 3.044 89 16 11 33 55.14278 16.60984 3.543 42

30 8 36 30.216 21 17.672 16 3.111 78 17 11 37 51.68908 16.46169 3.527 70
31 8 40 26.773 21 17.698 89 3.183 35 18 11 41 48.23652 16.33203 3.494 35

Févr. 1 8 44 23.325 78 17.653 18 3.241 70 19 11 45 44.78609 16.23714 3.447 67
2 8 48 19.875 47 17.560 35 3.274 09 20 11 49 41.33849 16.18868 3.394 69
3 8 52 16.424 47 17.456 27 3.277 06 21 11 53 37.89400 16.19091 3.344 28

4 8 56 12.974 76 17.373 27 3.255 91 22 11 57 34.45230 16.23875 3.305 59
5 9 0 9.527 57 17.331 36 3.221 10 23 12 1 31.01246 16.31722 3.286 28
6 9 4 6.083 25 17.336 40 3.184 21 24 12 5 27.57307 16.40288 3.290 42
7 9 8 2.641 46 17.382 87 3.155 09 25 12 9 24.13240 16.46773 3.316 74
8 9 11 59.201 42 17.457 94 3.140 54 26 12 13 20.68887 16.48581 3.357 70

9 9 15 55.762 13 17.545 34 3.143 98 27 12 17 17.24153 16.44148 3.400 40
10 9 19 52.322 57 17.628 25 3.165 66 28 12 21 13.79047 16.33651 3.429 82
11 9 23 48.881 81 17.691 49 3.203 15 29 12 25 10.33698 16.19169 3.433 76
12 9 27 45.439 11 17.723 17 3.251 86 30 12 29 6.883 10 16.04051 3.407 45
13 9 31 41.994 04 17.716 03 3.305 73 31 12 33 3.430 91 15.91690 3.355 24

14 9 35 38.546 49 17.668 30 3.357 99 Avril 1 12 36 59.98179 15.84346 3.288 41



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 5

TEMPS SIDÉRAL 2010 à 0h TU, NUTATION 2010 à 0h TT

TEMPS SIDÉRAL, NUTATION EN LONGITUDE ET EN OBLIQUITÉ

Date temps sidéral nut. long. nut. obl. Date temps sidéral nut. long. nut. obl.

h m s s s h m s s s

Avril 2 12 40 56.536 08 15.82579 3.220 57 Mai 18 15 42 18.071 14 15.63174 2.064 41
3 12 44 53.093 20 15.85440 3.163 29 19 15 46 14.632 47 15.72931 2.084 23
4 12 48 49.652 02 15.91080 3.123 68 20 15 50 11.190 39 15.77103 2.111 77
5 12 52 46.211 26 15.97407 3.104 04 21 15 54 7.744 71 15.75386 2.133 94
6 12 56 42.769 76 16.02544 3.102 74 22 15 58 4.296 18 15.69019 2.139 03

7 13 0 39.326 67 16.05061 3.115 47 23 16 2 0.846 29 15.60427 2.119 90
8 13 4 35.881 43 16.04063 3.136 36 24 16 5 57.396 83 15.52541 2.075 68
9 13 8 32.433 81 15.99190 3.158 88 25 16 9 53.949 43 15.48005 2.011 86

10 13 12 28.983 93 15.90612 3.176 45 26 16 13 50.505 10 15.48499 1.938 51
11 13 16 25.532 20 15.79008 3.183 07 27 16 17 47.064 06 15.54366 1.867 41

12 13 20 22.079 33 15.65537 3.174 01 28 16 21 43.625 73 15.64658 1.808 92
13 13 24 18.626 27 15.51763 3.146 56 29 16 25 40.188 97 15.77527 1.769 70
14 13 28 15.174 13 15.39483 3.100 83 30 16 29 36.752 44 15.90785 1.751 77
15 13 32 11.723 98 15.30463 3.040 18 31 16 33 33.314 93 16.02422 1.752 91
16 13 36 8.276 67 15.26084 2.971 26 Juin 1 16 37 29.875 52 16.10958 1.767 90

17 13 40 4.832 59 15.26979 2.903 06 2 16 41 26.433 71 16.15588 1.789 94
18 13 44 1.391 50 15.32771 2.845 28 3 16 45 22.989 44 16.16177 1.811 95
19 13 47 57.952 53 15.42014 2.806 15 4 16 49 19.542 97 16.13179 1.827 41
20 13 51 54.514 25 15.52400 2.790 21 5 16 53 16.094 88 16.07526 1.831 03
21 13 55 51.075 01 15.61224 2.796 73 6 16 57 12.645 97 16.00536 1.819 09

22 13 59 47.633 31 15.66014 2.819 28 7 17 1 9.197 23 15.93806 1.789 98
23 14 3 44.188 17 15.65198 2.846 77 8 17 5 5.749 71 15.89089 1.744 59
24 14 7 40.739 52 15.58625 2.865 94 9 17 9 2.304 47 15.88084 1.686 83
25 14 11 37.288 22 15.47731 2.864 93 10 17 12 58.862 30 15.92116 1.623 76
26 14 15 33.835 94 15.35227 2.836 94 11 17 16 55.423 55 16.01723 1.565 07

27 14 19 30.384 62 15.24297 2.782 55 12 17 20 51.987 81 16.16262 1.521 32
28 14 23 26.935 90 15.17604 2.709 49 13 17 24 48.553 88 16.33752 1.501 07
29 14 27 23.490 59 15.16493 2.629 95 14 17 28 45.119 91 16.51181 1.507 61
30 14 31 20.048 56 15.20737 2.556 55 15 17 32 41.683 92 16.65318 1.536 96

Mai 1 14 35 16.608 88 15.28837 2.498 88 16 17 36 38.244 45 16.73758 1.578 38

2 14 39 13.170 25 15.38651 2.461 68 17 17 40 34.801 01 16.75725 1.617 67
3 14 43 9.731 35 15.48014 2.444 93 18 17 44 31.354 26 16.72268 1.641 68
4 14 47 6.291 09 15.55169 2.444 97 19 17 48 27.905 68 16.65806 1.642 14
5 14 51 2.848 77 15.58958 2.455 95 20 17 52 24.457 08 16.59319 1.617 49
6 14 54 59.404 08 15.58856 2.471 13 21 17 56 21.010 12 16.55504 1.572 49

7 14 58 55.957 04 15.54922 2.483 72 22 18 0 17.565 89 16.56158 1.516 35
8 15 2 52.508 01 15.47734 2.487 55 23 18 4 14.124 76 16.61877 1.459 99
9 15 6 49.057 62 15.38328 2.477 63 24 18 8 10.686 36 16.72074 1.413 59

10 15 10 45.606 76 15.28138 2.450 62 25 18 12 7.249 79 16.85251 1.384 44
11 15 14 42.156 46 15.18882 2.405 59 26 18 16 3.813 82 16.99419 1.375 90

12 15 18 38.707 86 15.12383 2.344 59 27 18 20 0.377 22 17.12552 1.387 26
13 15 22 35.261 93 15.10256 2.273 04 28 18 23 56.938 97 17.22977 1.414 39
14 15 26 31.819 29 15.13510 2.199 46 29 18 27 53.498 39 17.29613 1.451 00
15 15 30 28.379 94 15.22150 2.134 12 30 18 31 50.055 26 17.32070 1.489 92
16 15 34 24.943 15 15.34957 2.086 65 Juill. 1 18 35 46.609 74 17.30611 1.524 29

17 15 38 21.507 47 15.49605 2.063 25 2 18 39 43.162 31 17.26045 1.548 34



II. 6 CONNAISSANCE DES TEMPS

TEMPS SIDÉRAL 2010 à 0h TU, NUTATION 2010 à 0h TT

TEMPS SIDÉRAL, NUTATION EN LONGITUDE ET EN OBLIQUITÉ

Date temps sidéral nut. long. nut. obl. Date temps sidéral nut. long. nut. obl.

h m s s s h m s s s

Juill. 3 18 43 39.713 73 17.19593 1.557 99 Août 18 21 45 1.308 05 17.97073 1.692 78
4 18 47 36.264 92 17.12757 1.551 18 19 21 48 57.86833 18.05103 1.690 02
5 18 51 32.816 88 17.07186 1.528 12 20 21 52 54.42841 18.12804 1.706 68
6 18 55 29.370 62 17.04522 1.491 58 21 21 56 50.98725 18.18477 1.740 05
7 18 59 25.927 00 17.06183 1.447 09 22 22 0 47.54407 18.20856 1.785 10

8 19 3 22.486 58 17.13063 1.402 79 23 22 4 44.09844 18.19230 1.835 37
9 19 7 19.049 35 17.25152 1.368 59 24 22 8 40.65030 18.13492 1.883 98

10 19 11 15.614 54 17.41204 1.354 21 25 22 12 37.19993 18.04123 1.924 55
11 19 15 12.180 59 17.58680 1.366 10 26 22 16 33.74795 17.92112 1.952 01
12 19 19 8.745 46 17.74213 1.404 14 27 22 20 30.29519 17.78821 1.963 25

13 19 23 5.307 20 17.84635 1.460 13 28 22 24 26.84260 17.65810 1.957 52
14 19 27 1.864 73 17.88183 1.519 60 29 22 28 23.39114 17.54643 1.936 58
15 19 30 58.418 28 17.85212 1.566 82 30 22 32 19.94164 17.46690 1.904 53
16 19 34 54.969 24 17.77998 1.590 41 31 22 36 16.49472 17.42938 1.867 54
17 19 38 51.519 58 17.69782 1.586 78 Sept. 1 22 40 13.05062 17.43799 1.833 22

18 19 42 48.071 19 17.63631 1.560 07 2 22 44 9.609 12 17.48931 1.809 72
19 19 46 44.625 33 17.61618 1.519 66 3 22 48 6.169 49 17.57097 1.804 38
20 19 50 41.182 46 17.64510 1.476 85 4 22 52 2.730 40 17.66159 1.821 77
21 19 54 37.742 33 17.71867 1.442 04 5 22 55 59.29015 17.73325 1.861 48
22 19 58 34.304 12 17.82354 1.422 79 6 22 59 55.84703 17.75805 1.916 44

23 20 2 30.866 70 17.94144 1.423 03 7 23 3 52.39995 17.71801 1.973 23
24 20 6 27.428 89 18.05308 1.442 90 8 23 7 48.94898 17.61448 2.015 72
25 20 10 23.989 67 18.14146 1.479 24 9 23 11 45.49554 17.47058 2.031 03
26 20 14 20.548 27 18.19435 1.526 50 10 23 15 42.04189 17.32298 2.015 03
27 20 18 17.104 33 18.20571 1.577 83 11 23 19 38.59016 17.20696 1.973 65

28 20 22 13.657 88 18.17604 1.626 22 12 23 23 35.14165 17.14353 1.919 64
29 20 26 10.209 32 18.11180 1.665 50 13 23 27 31.69651 17.13517 1.867 11
30 20 30 6.759 32 18.02415 1.691 08 14 23 31 28.25398 17.16948 1.827 22
31 20 34 3.308 77 17.92742 1.700 42 15 23 35 24.81282 17.22636 1.806 15

Août 1 20 37 59.858 64 17.83747 1.693 31 16 23 39 21.37174 17.28440 1.805 23

2 20 41 56.409 88 17.77003 1.671 90 17 23 43 17.92960 17.32511 1.821 99
3 20 45 52.963 35 17.73895 1.640 78 18 23 47 14.48557 17.33503 1.851 44
4 20 49 49.519 65 17.75408 1.606 72 19 23 51 11.03919 17.30644 1.887 27
5 20 53 46.078 97 17.81869 1.578 27 20 23 55 7.590 34 17.23745 1.922 70
6 20 57 42.640 94 17.92663 1.564 54 21 23 59 4.139 24 17.13175 1.951 28

7 21 1 39.204 49 18.06036 1.573 24 22 0 3 0.686 42 16.99801 1.967 65
8 21 5 35.767 89 18.19168 1.607 73 23 0 6 57.23267 16.84896 1.968 16
9 21 9 32.329 13 18.28765 1.664 33 24 0 10 53.77892 16.69987 1.951 38

10 21 13 28.886 56 18.32142 1.731 56 25 0 14 50.32615 16.56669 1.918 49
11 21 17 25.439 64 18.28410 1.793 00 26 0 18 46.87522 16.46378 1.873 19

12 21 21 21.989 25 18.19001 1.833 36 27 0 22 43.42679 16.40160 1.821 41
13 21 25 18.537 34 18.07111 1.844 42 28 0 26 39.98113 16.38477 1.770 57
14 21 29 15.086 14 17.96357 1.827 61 29 0 30 36.53808 16.41059 1.728 50
15 21 33 11.637 30 17.89475 1.792 07 30 0 34 33.09698 16.46844 1.702 14
16 21 37 8.191 56 17.87666 1.750 38 Oct. 1 0 38 29.65674 16.54021 1.696 08

17 21 41 4.748 75 17.90643 1.714 40 2 0 42 26.21592 16.60247 1.710 97



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 7

TEMPS SIDÉRAL 2010 à 0h TU, NUTATION 2010 à 0h TT

TEMPS SIDÉRAL, NUTATION EN LONGITUDE ET EN OBLIQUITÉ

Date temps sidéral nut. long. nut. obl. Date temps sidéral nut. long. nut. obl.

h m s s s h m s s s

Oct. 3 0 46 22.773 01 16.63068 1.742 32 Nov. 18 3 47 44.25802 15.618 53 0.707 03
4 0 50 19.326 84 16.60564 1.780 22 19 3 51 40.80991 15.561 56 0.649 78
5 0 54 15.877 04 16.52112 1.810 96 20 3 55 37.36411 15.542 50 0.583 01
6 0 58 12.424 33 16.38905 1.820 83 21 3 59 33.92118 15.570 35 0.513 68
7 1 2 8.970 48 16.23840 1.801 21 22 4 3 30.48122 15.646 57 0.450 22

8 1 6 5.517 73 16.10559 1.752 45 23 4 7 27.04372 15.763 18 0.400 94
9 1 10 2.067 90 16.02058 1.683 93 24 4 11 23.60763 15.902 91 0.372 00

10 1 13 58.621 77 15.99615 1.610 13 25 4 15 20.17151 16.041 96 0.365 47
11 1 17 55.178 97 16.02596 1.545 03 26 4 19 16.73381 16.155 37 0.378 25
12 1 21 51.738 27 16.09030 1.498 02 27 4 23 13.29333 16.223 37 0.402 31

13 1 25 48.298 19 16.16477 1.472 57 28 4 27 9.849 53 16.237 01 0.426 35
14 1 29 44.857 38 16.22714 1.467 07 29 4 31 6.402 71 16.201 17 0.438 55
15 1 33 41.414 82 16.26112 1.476 58 30 4 35 2.953 97 16.134 04 0.429 67
16 1 37 37.969 96 16.25741 1.494 49 Déc. 1 4 38 59.50498 16.062 85 0.395 65
17 1 41 34.522 63 16.21328 1.513 79 2 4 42 56.05753 16.016 75 0.338 93

18 1 45 31.073 01 16.13176 1.527 90 3 4 46 52.61302 16.018 66 0.268 03
19 1 49 27.621 58 16.02075 1.531 22 4 4 50 49.17206 16.078 56 0.195 17
20 1 53 24.169 08 15.89206 1.519 71 5 4 54 45.73430 16.190 93 0.132 69
21 1 57 20.716 39 15.76040 1.491 32 6 4 58 42.29862 16.337 31 0.089 63
22 2 1 17.264 51 15.64181 1.446 40 7 5 2 38.86349 16.492 66 0.069 67

23 2 5 13.814 36 15.55162 1.387 96 8 5 6 35.42742 16.632 70 0.071 05
24 2 9 10.366 69 15.50189 1.321 55 9 5 10 31.98932 16.739 41 0.088 00
25 2 13 6.921 87 15.49885 1.254 59 10 5 14 28.54860 16.803 48 0.112 80
26 2 17 3.479 82 15.54094 1.195 25 11 5 18 25.10523 16.824 07 0.137 61
27 2 21 0.039 91 15.61807 1.150 88 12 5 22 21.65956 16.807 12 0.155 68

28 2 24 56.601 05 15.71253 1.126 36 13 5 26 18.21225 16.763 35 0.162 01
29 2 28 53.161 88 15.80181 1.122 70 14 5 30 14.76413 16.706 41 0.153 59
30 2 32 49.720 98 15.86290 1.136 19 15 5 34 11.31614 16.651 51 0.129 50
31 2 36 46.277 25 15.87766 1.158 52 16 5 38 7.869 23 16.614 16 0.091 00

Nov. 1 2 40 42.830 21 15.83827 1.178 07 17 5 42 4.424 26 16.608 67 0.041 66

2 2 44 39.380 25 15.75120 1.182 52 18 5 46 0.981 92 16.646 18 −0.012 68
3 2 48 35.928 67 15.63760 1.162 36 19 5 49 57.54255 16.732 03 −0.064 23
4 2 52 32.477 37 15.52861 1.114 41 20 5 53 54.10592 16.862 97 −0.104 31
5 2 56 29.028 28 15.45578 1.043 45 21 5 57 50.67123 17.025 40 −0.125 19
6 3 0 25.582 70 15.44016 0.960 99 22 6 1 47.23705 17.196 26 −0.122 49

7 3 4 22.140 84 15.48535 0.881 27 23 6 5 43.80167 17.347 58 −0.097 28
8 3 8 18.701 86 15.57788 0.816 47 24 6 9 40.36356 17.454 32 −0.056 78
9 3 12 15.264 32 15.69377 0.773 42 25 6 13 36.92187 17.502 46 −0.012 82

10 3 16 11.826 63 15.80718 0.752 91 26 6 17 33.47672 17.493 99 0.021 56
11 3 20 8.387 49 15.89701 0.750 91 27 6 21 30.02917 17.446 30 0.036 00

12 3 24 4.946 10 15.95007 0.760 71 28 6 25 26.58089 17.386 69 0.025 72
13 3 28 1.502 15 15.96135 0.774 73 29 6 29 23.13367 17.344 23 −0.007 44
14 3 31 58.055 77 15.93280 0.785 84 30 6 33 19.68890 17.342 06 −0.055 97
15 3 35 54.607 40 15.87169 0.788 08 31 6 37 16.24733 17.391 98 −0.108 94
16 3 39 51.157 73 15.78931 0.777 02 32 6 41 12.80885 17.492 51 −0.154 89

17 3 43 47.707 62 15.69970 0.750 13 33 6 45 9.372 64 17.630 26 −0.184 57
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Angle de rotation de la Terre (ERA), équation des origines E0 . . . . . . II. 10



II. 10 CONNAISSANCE DES TEMPS

ANGLE DE ROTATION DE LA TERRE 2010 à 0h TU

ANGLE DE ROTATION DE LA TERRE (ERA), ÉQUATION DES ORIGINES E0

Date angle de rotation équation des Date angle de rotation équation des
de la Terre origines de la Terre origines

◦ ′ ′′ ′ ′′ ◦ ′ ′′ ′ ′′

Janv. 0 99 25 25.99798 −7 56.01828 Févr. 15 144 45 43.392 88 −8 3.057 58
1 100 24 34.20221 −7 56.33344 16 145 44 51.597 12 −8 3.081 81
2 101 23 42.40645 −7 56.61321 17 146 43 59.801 36 −8 3.094 19
3 102 22 50.61069 −7 56.83108 18 147 43 8.005 60 −8 3.110 11
4 103 21 58.81493 −7 56.98065 19 148 42 16.209 83 −8 3.145 53

5 104 21 7.019 16 −7 57.07621 20 149 41 24.414 07 −8 3.214 70
6 105 20 15.22340 −7 57.14483 21 150 40 32.618 31 −8 3.327 76
7 106 19 23.42764 −7 57.21565 22 151 39 40.822 54 −8 3.488 18
8 107 18 31.63187 −7 57.31173 23 152 38 49.026 78 −8 3.690 35
9 108 17 39.83611 −7 57.44622 24 153 37 57.231 02 −8 3.918 20

10 109 16 48.04035 −7 57.62207 25 154 37 5.435 26 −8 4.146 09
11 110 15 56.24459 −7 57.83373 26 155 36 13.639 49 −8 4.343 71
12 111 15 4.448 82 −7 58.06959 27 156 35 21.843 73 −8 4.485 40
13 112 14 12.65306 −7 58.31471 28 157 34 30.047 97 −8 4.560 89
14 113 13 20.85730 −7 58.55337 Mars 1 158 33 38.252 20 −8 4.581 30

15 114 12 29.06153 −7 58.77152 2 159 32 46.456 44 −8 4.575 34
16 115 11 37.26577 −7 58.95864 3 160 31 54.660 68 −8 4.577 27
17 116 10 45.47001 −7 59.10913 4 161 31 2.864 92 −8 4.613 86
18 117 9 53.67425 −7 59.22287 5 162 30 11.069 15 −8 4.697 29
19 118 9 1.878 48 −7 59.30509 6 163 29 19.273 39 −8 4.825 35

20 119 8 10.08272 −7 59.36568 7 164 28 27.477 63 −8 4.986 12
21 120 7 18.28696 −7 59.41812 8 165 27 35.681 86 −8 5.163 18
22 121 6 26.49119 −7 59.47816 9 166 26 43.886 10 −8 5.339 71
23 122 5 34.69543 −7 59.56220 10 167 25 52.090 34 −8 5.500 98
24 123 4 42.89967 −7 59.68510 11 168 25 0.294 58 −8 5.635 66

25 124 3 51.10390 −7 59.85730 12 169 24 8.498 81 −8 5.736 55
26 125 2 59.30814 −8 0.080 96 13 170 23 16.703 05 −8 5.801 14
27 126 2 7.512 38 −8 0.346 32 14 171 22 24.907 29 −8 5.831 86
28 127 1 15.71662 −8 0.629 99 15 172 21 33.111 52 −8 5.836 14
29 128 0 23.92085 −8 0.898 41 16 173 20 41.315 76 −8 5.825 88

30 128 59 32.12509 −8 1.118 04 17 174 19 49.520 00 −8 5.816 24
31 129 58 40.32933 −8 1.268 79 18 175 18 57.724 23 −8 5.823 58

Févr. 1 130 57 48.53356 −8 1.353 10 19 176 18 5.928 47 −8 5.862 83
2 131 56 56.73780 −8 1.394 18 20 177 17 14.132 71 −8 5.944 69
3 132 56 4.942 04 −8 1.424 98 21 178 16 22.336 95 −8 6.073 05

4 133 55 13.14628 −8 1.475 14 22 179 15 30.541 18 −8 6.243 24
5 134 54 21.35051 −8 1.562 99 23 180 14 38.745 42 −8 6.441 53
6 135 53 29.55475 −8 1.693 93 24 181 13 46.949 66 −8 6.646 41
7 136 52 37.75899 −8 1.862 87 25 182 12 55.153 89 −8 6.832 16
8 137 51 45.96322 −8 2.058 05 26 183 12 3.358 13 −8 6.974 99

9 138 50 54.16746 −8 2.264 52 27 184 11 11.562 37 −8 7.060 56
10 139 50 2.371 70 −8 2.466 86 28 185 10 19.766 61 −8 7.090 49
11 140 49 10.57594 −8 2.651 14 29 186 9 27.970 84 −8 7.083 89
12 141 48 18.78017 −8 2.806 47 30 187 8 36.175 08 −8 7.071 46
13 142 47 26.98441 −8 2.926 17 31 188 7 44.379 32 −8 7.084 37

14 143 46 35.18865 −8 3.008 63 Avril 1 189 6 52.583 55 −8 7.143 30



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 11

ANGLE DE ROTATION DE LA TERRE 2010 à 0h TU

ANGLE DE ROTATION DE LA TERRE (ERA), ÉQUATION DES ORIGINES E0

Date angle de rotation équation des Date angle de rotation équation des
de la Terre origines de la Terre origines

◦ ′ ′′ ′ ′′ ◦ ′ ′′ ′ ′′

Avril 2 190 6 0.787 79 −8 7.253 42 Mai 18 235 26 18.18270 −8 12.884 39
3 191 5 8.992 03 −8 7.405 97 19 236 25 26.38694 −8 13.100 16
4 192 4 17.19627 −8 7.584 01 20 237 24 34.59117 −8 13.264 67
5 193 3 25.40050 −8 7.768 34 21 238 23 42.79541 −8 13.375 17
6 194 2 33.60474 −8 7.941 73 22 239 22 50.99965 −8 13.443 01

7 195 1 41.80898 −8 8.091 09 23 240 21 59.20388 −8 13.490 46
8 196 0 50.01321 −8 8.208 19 24 241 21 7.408 12 −8 13.544 39
9 196 59 58.21745 −8 8.289 74 25 242 20 15.61236 −8 13.629 10

10 197 59 6.421 69 −8 8.337 29 26 243 19 23.81660 −8 13.759 95
11 198 58 14.62593 −8 8.357 08 27 244 18 32.02083 −8 13.940 09

12 199 57 22.83016 −8 8.359 77 28 245 17 40.22507 −8 14.160 82
13 200 56 31.03440 −8 8.359 67 29 246 16 48.42931 −8 14.405 19
14 201 55 39.23864 −8 8.373 30 30 247 15 56.63354 −8 14.653 10
15 202 54 47.44287 −8 8.416 86 31 248 15 4.837 78 −8 14.886 14
16 203 53 55.64711 −8 8.503 00 Juin 1 249 14 13.04202 −8 15.090 71

17 204 53 3.851 35 −8 8.637 53 2 250 13 21.24626 −8 15.259 44
18 205 52 12.05559 −8 8.816 98 3 251 12 29.45049 −8 15.391 10
19 206 51 20.25982 −8 9.028 08 4 252 11 37.65473 −8 15.489 85
20 207 50 28.46406 −8 9.249 65 5 253 10 45.85897 −8 15.564 26
21 208 49 36.66830 −8 9.456 87 6 254 9 54.06320 −8 15.626 40

22 209 48 44.87253 −8 9.627 07 7 255 9 2.267 44 −8 15.690 94
23 210 47 53.07677 −8 9.745 82 8 256 8 10.47168 −8 15.773 97
24 211 47 1.281 01 −8 9.811 75 9 257 7 18.67592 −8 15.891 06
25 212 46 9.485 25 −8 9.838 07 10 258 6 26.88015 −8 16.054 38
26 213 45 17.68948 −8 9.849 62 11 259 5 35.08439 −8 16.268 84

27 214 44 25.89372 −8 9.875 65 12 260 4 43.28863 −8 16.528 54
28 215 43 34.09796 −8 9.940 56 13 261 3 51.49286 −8 16.815 30
29 216 42 42.30219 −8 10.056 69 14 262 2 59.69710 −8 17.101 48
30 217 41 50.50643 −8 10.221 93 15 263 2 7.901 34 −8 17.357 43

Mai 1 218 40 58.71067 −8 10.422 55 16 264 1 16.10558 −8 17.561 11

2 219 40 6.914 91 −8 10.638 88 17 265 0 24.30981 −8 17.705 40
3 220 39 15.11914 −8 10.851 06 18 265 59 32.51405 −8 17.799 92
4 221 38 23.32338 −8 11.042 97 19 266 58 40.71829 −8 17.866 91
5 222 37 31.52762 −8 11.203 99 20 267 57 48.92252 −8 17.933 68
6 223 36 39.73185 −8 11.329 30 21 268 56 57.12676 −8 18.024 99

7 224 35 47.93609 −8 11.419 46 22 269 56 5.331 00 −8 18.157 31
8 225 34 56.14033 −8 11.479 77 23 270 55 13.53524 −8 18.336 09
9 226 34 4.344 56 −8 11.519 75 24 271 54 21.73947 −8 18.555 96

10 227 33 12.54880 −8 11.552 54 25 272 53 29.94371 −8 18.803 16
11 228 32 20.75304 −8 11.593 91 26 273 52 38.14795 −8 19.059 42

12 229 31 28.95728 −8 11.660 59 27 274 51 46.35218 −8 19.306 19
13 230 30 37.16151 −8 11.767 39 28 275 50 54.55642 −8 19.528 09
14 231 29 45.36575 −8 11.923 56 29 276 50 2.760 66 −8 19.715 23
15 232 28 53.56999 −8 12.129 15 30 277 49 10.96489 −8 19.864 03
16 233 28 1.774 22 −8 12.372 96 Juill. 1 278 48 19.16913 −8 19.976 90

17 234 27 9.978 46 −8 12.633 63 2 279 47 27.37337 −8 20.061 27



II. 12 CONNAISSANCE DES TEMPS

ANGLE DE ROTATION DE LA TERRE 2010 à 0h TU

ANGLE DE ROTATION DE LA TERRE (ERA), ÉQUATION DES ORIGINES E0

Date angle de rotation équation des Date angle de rotation équation des
de la Terre origines de la Terre origines

◦ ′ ′′ ′ ′′ ◦ ′ ′′ ′ ′′

Juill. 3 280 46 35.57761 −8 20.128 34 Août 18 326 6 52.97251 −8 26.648 28
4 281 45 43.78184 −8 20.191 91 19 327 6 1.176 75 −8 26.848 24
5 282 44 51.98608 −8 20.267 10 20 328 5 9.380 99 −8 27.045 17
6 283 44 0.190 32 −8 20.368 96 21 329 4 17.58522 −8 27.223 48
7 284 43 8.394 55 −8 20.510 52 22 330 3 25.78946 −8 27.371 56

8 285 42 16.59879 −8 20.699 96 23 331 2 33.99370 −8 27.482 89
9 286 41 24.80303 −8 20.937 19 24 332 1 42.19794 −8 27.556 50

10 287 40 33.00727 −8 21.210 76 25 333 0 50.40217 −8 27.596 80
11 288 39 41.21150 −8 21.497 38 26 333 59 58.60641 −8 27.612 87
12 289 38 49.41574 −8 21.766 15 27 334 59 6.810 65 −8 27.617 21

13 290 37 57.61998 −8 21.988 02 28 335 58 15.01488 −8 27.624 13
14 291 37 5.824 21 −8 22.146 80 29 336 57 23.21912 −8 27.647 97
15 292 36 14.02845 −8 22.245 78 30 337 56 31.42336 −8 27.701 31
16 293 35 22.23269 −8 22.305 86 31 338 55 39.62760 −8 27.793 20
17 294 34 30.43693 −8 22.356 77 Sept. 1 339 54 47.83183 −8 27.927 41

18 295 33 38.64116 −8 22.426 64 2 340 53 56.03607 −8 28.100 80
19 296 32 46.84540 −8 22.534 48 3 341 53 4.240 31 −8 28.302 03
20 297 31 55.04964 −8 22.687 33 4 342 52 12.44454 −8 28.511 44
21 298 31 3.253 87 −8 22.881 14 5 343 51 20.64878 −8 28.703 45
22 299 30 11.45811 −8 23.103 65 6 344 50 28.85302 −8 28.852 44

23 300 29 19.66235 −8 23.338 11 7 345 49 37.05726 −8 28.941 94
24 301 28 27.86659 −8 23.566 81 8 346 48 45.26149 −8 28.973 20
25 302 27 36.07082 −8 23.774 15 9 347 47 53.46573 −8 28.967 44
26 303 26 44.27506 −8 23.948 93 10 348 47 1.669 97 −8 28.958 31
27 304 25 52.47930 −8 24.085 61 11 349 46 9.874 20 −8 28.978 18

28 305 25 0.683 53 −8 24.184 65 12 350 45 18.07844 −8 29.046 30
29 306 24 8.887 77 −8 24.251 97 13 351 44 26.28268 −8 29.164 95
30 307 23 17.09201 −8 24.297 82 14 352 43 34.48692 −8 29.322 74
31 308 22 25.29625 −8 24.335 35 15 353 42 42.69115 −8 29.501 21

Août 1 309 21 33.50048 −8 24.379 11 16 354 41 50.89539 −8 29.680 73

2 310 20 41.70472 −8 24.443 54 17 355 40 59.09963 −8 29.844 35
3 311 19 49.90896 −8 24.541 34 18 356 40 7.303 86 −8 29.979 71
4 312 18 58.11319 −8 24.681 53 19 357 39 15.50810 −8 30.079 73
5 313 18 6.317 43 −8 24.867 13 20 358 38 23.71234 −8 30.142 69
6 314 17 14.52167 −8 25.092 47 21 359 37 31.91658 −8 30.171 97

7 315 16 22.72591 −8 25.341 45 22 0 36 40.12081 −8 30.175 54
8 316 15 30.93014 −8 25.588 21 23 1 35 48.32505 −8 30.165 05
9 317 14 39.13438 −8 25.802 51 24 2 34 56.52929 −8 30.154 55

10 318 13 47.33862 −8 25.959 73 25 3 34 4.733 52 −8 30.158 66
11 319 12 55.54285 −8 26.051 72 26 4 33 12.93776 −8 30.190 55

12 320 12 3.747 09 −8 26.091 65 27 5 32 21.14200 −8 30.259 81
13 321 11 11.95133 −8 26.108 83 28 6 31 29.34624 −8 30.370 68
14 322 10 20.15557 −8 26.136 47 29 7 30 37.55047 −8 30.520 69
15 323 9 28.35980 −8 26.199 64 30 8 29 45.75471 −8 30.700 06
16 324 8 36.56404 −8 26.309 36 Oct. 1 9 28 53.95895 −8 30.892 19

17 325 7 44.76828 −8 26.462 98 2 10 28 2.163 18 −8 31.075 58



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 13

ANGLE DE ROTATION DE LA TERRE 2010 à 0h TU

ANGLE DE ROTATION DE LA TERRE (ERA), ÉQUATION DES ORIGINES E0

Date angle de rotation équation des Date angle de rotation équation des
de la Terre origines de la Terre origines

◦ ′ ′′ ′ ′′ ◦ ′ ′′ ′ ′′

Oct. 3 11 27 10.367 42 −8 31.227 71 Nov. 18 56 47 27.76233 −8 36.10800
4 12 26 18.571 66 −8 31.330 99 19 57 46 35.96657 −8 36.18203
5 13 25 26.775 90 −8 31.379 68 20 58 45 44.17080 −8 36.29086
6 14 24 34.980 13 −8 31.384 76 21 59 44 52.37504 −8 36.44273
7 15 23 43.184 37 −8 31.372 82 22 60 44 0.579 28 −8 36.63897

8 16 22 51.388 61 −8 31.377 28 23 61 43 8.783 51 −8 36.87227
9 17 21 59.592 84 −8 31.425 60 24 62 42 16.98775 −8 37.12676

10 18 21 7.797 08 −8 31.529 52 25 63 41 25.19199 −8 37.38061
11 19 20 16.001 32 −8 31.683 18 26 64 40 33.39623 −8 37.61092
12 20 19 24.205 55 −8 31.868 51 27 65 39 41.60046 −8 37.79955

13 21 18 32.409 79 −8 32.063 11 28 66 38 49.80470 −8 37.93831
14 22 17 40.614 03 −8 32.246 60 29 67 37 58.00894 −8 38.03169
15 23 16 48.818 27 −8 32.404 04 30 68 37 6.213 17 −8 38.09636
16 24 15 57.022 50 −8 32.526 88 Déc. 1 69 36 14.41741 −8 38.15733
17 25 15 5.226 74 −8 32.612 65 2 70 35 22.62165 −8 38.24135

18 26 14 13.430 98 −8 32.664 12 3 71 34 30.82588 −8 38.36943
19 27 13 21.635 21 −8 32.688 53 4 72 33 39.03012 −8 38.55071
20 28 12 29.839 45 −8 32.696 74 5 73 32 47.23436 −8 38.78012
21 29 11 38.043 69 −8 32.702 23 6 74 31 55.43860 −8 39.04072
22 30 10 46.247 93 −8 32.719 72 7 75 31 3.642 83 −8 39.30952

23 31 9 54.452 16 −8 32.763 28 8 76 30 11.84707 −8 39.56427
24 32 9 2.656 40 −8 32.843 96 9 77 29 20.05131 −8 39.78844
25 33 8 10.860 64 −8 32.967 48 10 78 28 28.25554 −8 39.97347
26 34 7 19.064 87 −8 33.132 42 11 79 27 36.45978 −8 40.11862
27 35 6 27.269 11 −8 33.329 48 12 80 26 44.66402 −8 40.22933

28 36 5 35.473 35 −8 33.542 43 13 81 25 52.86826 −8 40.31544
29 37 4 43.677 59 −8 33.750 62 14 82 25 1.072 49 −8 40.38947
30 38 3 51.881 82 −8 33.932 92 15 83 24 9.276 73 −8 40.46540
31 39 3 0.086 06 −8 34.072 71 16 84 23 17.48097 −8 40.55742

Nov. 1 40 2 8.290 30 −8 34.162 82 17 85 22 25.68520 −8 40.67870

2 41 1 16.494 53 −8 34.209 18 18 86 21 33.88944 −8 40.83943
3 42 0 24.698 77 −8 34.231 23 19 87 20 42.09368 −8 41.04451
4 42 59 32.903 01 −8 34.257 53 20 88 19 50.29792 −8 41.29095
5 43 58 41.107 25 −8 34.317 03 21 89 18 58.50215 −8 41.56628
6 44 57 49.311 48 −8 34.429 02 22 90 18 6.706 39 −8 41.84932

7 45 56 57.515 72 −8 34.596 81 23 91 17 14.91063 −8 42.11442
8 46 56 5.719 96 −8 34.808 01 24 92 16 23.11486 −8 42.33859
9 47 55 13.924 19 −8 35.040 62 25 93 15 31.31910 −8 42.50901

10 48 54 22.128 43 −8 35.270 95 26 94 14 39.52334 −8 42.62748
11 49 53 30.332 67 −8 35.479 62 27 95 13 47.72758 −8 42.70999

12 50 52 38.536 91 −8 35.654 56 28 96 12 55.93181 −8 42.78158
13 51 51 46.741 14 −8 35.791 17 29 97 12 4.136 05 −8 42.86893
14 52 50 54.945 38 −8 35.891 23 30 98 11 12.34029 −8 42.99325
15 53 50 3.149 62 −8 35.961 43 31 99 10 20.54452 −8 43.16538
16 54 49 11.353 85 −8 36.012 11 32 100 9 28.74876 −8 43.38393

17 55 48 19.558 09 −8 36.056 18 33 101 8 36.95300 −8 43.63661





SYSTÈME CÉLESTE INTERMÉDIAIRE

Coordonnées du CIP X et Y, angle s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II. 16



II. 16 CONNAISSANCE DES TEMPS

SYSTÈME CÉLESTE INTERMÉDIAIRE 2010 à 0h TT

COORDONNÉES DU CIP X et Y, ANGLE s

Date X Y s Date X Y s

′′ ′′ ′′ ′′ ′′ ′′

Janv. 0 206.81034 2.556 93 0.001 61 Févr. 15 209.86931 3.146 95 0.001 33
1 206.94715 2.575 73 0.001 60 16 209.88001 3.177 39 0.001 32
2 207.06868 2.620 97 0.001 58 17 209.88554 3.190 63 0.001 31
3 207.16342 2.679 42 0.001 55 18 209.89255 3.185 61 0.001 31
4 207.22854 2.734 00 0.001 52 19 209.90796 3.164 10 0.001 32

5 207.27019 2.770 23 0.001 51 20 209.93798 3.130 76 0.001 34
6 207.30009 2.780 71 0.001 50 21 209.98702 3.092 84 0.001 36
7 207.33087 2.765 94 0.001 51 22 210.05660 3.059 45 0.001 38
8 207.37256 2.732 43 0.001 53 23 210.14432 3.040 22 0.001 39
9 207.43088 2.689 75 0.001 55 24 210.24323 3.043 21 0.001 39

10 207.50713 2.647 94 0.001 57 25 210.34222 3.072 22 0.001 37
11 207.59893 2.615 63 0.001 59 26 210.42816 3.124 13 0.001 35
12 207.70127 2.598 95 0.001 60 27 210.48988 3.187 98 0.001 32
13 207.80766 2.600 94 0.001 60 28 210.52289 3.247 35 0.001 29
14 207.91131 2.621 53 0.001 59 Mars 1 210.53197 3.286 07 0.001 27

15 208.00610 2.657 81 0.001 57 2 210.52953 3.294 65 0.001 26
16 208.08747 2.704 68 0.001 54 3 210.53043 3.273 56 0.001 27
17 208.15297 2.755 67 0.001 52 4 210.54631 3.231 74 0.001 29
18 208.20253 2.803 96 0.001 50 5 210.58247 3.182 10 0.001 32
19 208.23840 2.843 21 0.001 48 6 210.63799 3.136 90 0.001 34

20 208.26485 2.868 42 0.001 46 7 210.70773 3.105 02 0.001 36
21 208.28773 2.876 52 0.001 46 8 210.78458 3.091 07 0.001 37
22 208.31385 2.866 86 0.001 46 9 210.86125 3.095 86 0.001 37
23 208.35034 2.841 59 0.001 48 10 210.93135 3.117 14 0.001 36
24 208.40365 2.805 92 0.001 50 11 210.98995 3.150 54 0.001 34

25 208.47832 2.768 09 0.001 52 12 211.03392 3.190 26 0.001 32
26 208.57533 2.738 65 0.001 53 13 211.06215 3.229 75 0.001 30
27 208.69046 2.728 57 0.001 54 14 211.07568 3.262 40 0.001 28
28 208.81361 2.745 92 0.001 53 15 211.07771 3.282 39 0.001 27
29 208.93022 2.791 97 0.001 51 16 211.07340 3.285 44 0.001 27

30 209.02574 2.858 64 0.001 47 17 211.06930 3.269 73 0.001 28
31 209.09141 2.930 04 0.001 44 18 211.07252 3.236 38 0.001 30

Févr. 1 209.12824 2.988 31 0.001 41 19 211.08954 3.189 65 0.001 32
2 209.14626 3.020 66 0.001 39 20 211.12501 3.136 59 0.001 35
3 209.15974 3.023 60 0.001 39 21 211.18065 3.086 04 0.001 37

4 209.18155 3.002 39 0.001 40 22 211.25446 3.047 18 0.001 39
5 209.21966 2.967 50 0.001 42 23 211.34049 3.027 66 0.001 40
6 209.27645 2.930 47 0.001 44 24 211.42945 3.031 60 0.001 40
7 209.34974 2.901 18 0.001 45 25 211.51018 3.057 73 0.001 39
8 209.43444 2.886 43 0.001 46 26 211.57234 3.098 54 0.001 37

9 209.52408 2.889 66 0.001 46 27 211.60968 3.141 15 0.001 35
10 209.61198 2.911 14 0.001 45 28 211.62286 3.170 54 0.001 33
11 209.69210 2.948 44 0.001 43 29 211.62014 3.174 48 0.001 33
12 209.75969 2.996 99 0.001 41 30 211.61481 3.148 18 0.001 34
13 209.81184 3.050 73 0.001 38 31 211.62039 3.095 97 0.001 37

14 209.84785 3.102 91 0.001 35 Avril 1 211.64589 3.029 08 0.001 41



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 17

SYSTÈME CÉLESTE INTERMÉDIAIRE 2010 à 0h TT

COORDONNÉES DU CIP X et Y, ANGLE s

Date X Y s Date X Y s

′′ ′′ ′′ ′′ ′′ ′′

Avril 2 211.69358 2.961 12 0.001 44 Mai 18 214.13769 1.799 11 0.002 06
3 211.75969 2.903 68 0.001 47 19 214.23142 1.818 72 0.002 05
4 211.83690 2.863 89 0.001 49 20 214.30295 1.846 08 0.002 03
5 211.91690 2.844 06 0.001 50 21 214.35105 1.868 13 0.002 02
6 211.99219 2.842 58 0.001 50 22 214.38061 1.873 15 0.002 02

7 212.05711 2.855 15 0.001 50 23 214.40125 1.853 97 0.002 03
8 212.10806 2.875 92 0.001 49 24 214.42465 1.809 69 0.002 05
9 212.14360 2.898 36 0.001 48 25 214.46133 1.745 78 0.002 08

10 212.16439 2.915 88 0.001 47 26 214.51798 1.672 30 0.002 12
11 212.17312 2.922 48 0.001 46 27 214.59602 1.601 01 0.002 16

12 212.17439 2.913 41 0.001 47 28 214.69169 1.542 29 0.002 19
13 212.17440 2.885 96 0.001 48 29 214.79765 1.502 82 0.002 21
14 212.18032 2.840 21 0.001 51 30 214.90522 1.484 63 0.002 22
15 212.19917 2.779 53 0.001 54 31 215.00638 1.485 53 0.002 22
16 212.23646 2.710 52 0.001 57 Juin 1 215.09523 1.500 30 0.002 21

17 212.29473 2.642 17 0.001 61 2 215.16857 1.522 17 0.002 20
18 212.37250 2.584 21 0.001 64 3 215.22584 1.544 03 0.002 19
19 212.46404 2.544 87 0.001 66 4 215.26882 1.559 40 0.002 18
20 212.56019 2.528 69 0.001 67 5 215.30122 1.562 93 0.002 18
21 212.65018 2.534 99 0.001 67 6 215.32825 1.550 93 0.002 19

22 212.72415 2.557 37 0.001 66 7 215.35628 1.521 75 0.002 20
23 212.77585 2.584 74 0.001 64 8 215.39228 1.476 28 0.002 23
24 212.80461 2.603 84 0.001 63 9 215.44302 1.418 39 0.002 26
25 212.81615 2.602 80 0.001 63 10 215.51377 1.355 15 0.002 29
26 212.82122 2.574 80 0.001 65 11 215.60672 1.296 23 0.002 32

27 212.83248 2.520 38 0.001 68 12 215.71931 1.252 21 0.002 35
28 212.86056 2.447 25 0.001 71 13 215.84370 1.231 66 0.002 36
29 212.91082 2.367 59 0.001 75 14 215.96791 1.237 90 0.002 35
30 212.98240 2.294 03 0.001 79 15 216.07908 1.266 98 0.002 34

Mai 1 213.06935 2.236 14 0.001 82 16 216.16762 1.308 19 0.002 32

2 213.16317 2.198 72 0.001 84 17 216.23041 1.347 33 0.002 30
3 213.25525 2.181 75 0.001 85 18 216.27159 1.371 24 0.002 29
4 213.33858 2.181 59 0.001 85 19 216.30076 1.371 62 0.002 29
5 213.40854 2.192 41 0.001 85 20 216.32976 1.346 90 0.002 30
6 213.46304 2.207 45 0.001 84 21 216.36935 1.301 81 0.002 32

7 213.50230 2.219 95 0.001 83 22 216.42669 1.245 53 0.002 35
8 213.52858 2.223 72 0.001 83 23 216.50417 1.188 99 0.002 38
9 213.54602 2.213 75 0.001 84 24 216.59949 1.142 35 0.002 41

10 213.56029 2.186 71 0.001 85 25 216.70670 1.112 94 0.002 42
11 213.57824 2.141 64 0.001 88 26 216.81790 1.104 14 0.002 43

12 213.60711 2.080 56 0.001 91 27 216.92504 1.115 23 0.002 42
13 213.65335 2.008 90 0.001 94 28 217.02144 1.142 13 0.002 41
14 213.72099 1.935 17 0.001 98 29 217.10280 1.178 54 0.002 39
15 213.81007 1.869 61 0.002 02 30 217.16753 1.217 31 0.002 37
16 213.91577 1.821 89 0.002 04 Juill. 1 217.21668 1.251 55 0.002 35

17 214.02885 1.798 22 0.002 06 2 217.25345 1.275 51 0.002 34



II. 18 CONNAISSANCE DES TEMPS

SYSTÈME CÉLESTE INTERMÉDIAIRE 2010 à 0h TT

COORDONNÉES DU CIP X et Y, ANGLE s

Date X Y s Date X Y s

′′ ′′ ′′ ′′ ′′ ′′

Juill. 3 217.28268 1.285 09 0.002 33 Août 18 220.11521 1.412 94 0.002 27
4 217.31034 1.278 21 0.002 34 19 220.20202 1.409 96 0.002 28
5 217.34300 1.255 07 0.002 35 20 220.28756 1.426 41 0.002 27
6 217.38718 1.218 43 0.002 37 21 220.36508 1.459 60 0.002 25
7 217.44855 1.173 79 0.002 39 22 220.42952 1.504 49 0.002 23

8 217.53068 1.129 29 0.002 42 23 220.47804 1.554 64 0.002 20
9 217.63355 1.094 83 0.002 43 24 220.51021 1.603 17 0.002 17

10 217.75223 1.080 17 0.002 44 25 220.52791 1.643 69 0.002 15
11 217.87664 1.091 75 0.002 44 26 220.53508 1.671 13 0.002 14
12 217.99339 1.129 51 0.002 42 27 220.53711 1.682 36 0.002 13

13 218.08985 1.185 26 0.002 39 28 220.54021 1.676 63 0.002 13
14 218.15898 1.244 57 0.002 36 29 220.55061 1.655 66 0.002 15
15 218.20215 1.291 68 0.002 33 30 220.57377 1.623 55 0.002 16
16 218.22838 1.315 21 0.002 32 31 220.61363 1.586 46 0.002 18
17 218.25056 1.311 52 0.002 32 Sept. 1 220.67184 1.552 00 0.002 20

18 218.28090 1.284 73 0.002 34 2 220.74706 1.528 31 0.002 21
19 218.32766 1.244 21 0.002 36 3 220.83440 1.522 76 0.002 22
20 218.39393 1.201 24 0.002 38 4 220.92536 1.539 92 0.002 21
21 218.47798 1.166 22 0.002 40 5 221.00883 1.579 43 0.002 19
22 218.57452 1.146 74 0.002 41 6 221.07370 1.634 22 0.002 16

23 218.67628 1.146 73 0.002 41 7 221.11278 1.690 92 0.002 13
24 218.77561 1.166 35 0.002 40 8 221.12658 1.733 37 0.002 11
25 218.86572 1.202 47 0.002 38 9 221.12425 1.748 69 0.002 10
26 218.94174 1.249 55 0.002 36 10 221.12037 1.732 70 0.002 11
27 219.00126 1.300 73 0.002 33 11 221.12899 1.691 30 0.002 13

28 219.04445 1.349 02 0.002 30 12 221.15850 1.637 21 0.002 16
29 219.07386 1.388 22 0.002 28 13 221.20991 1.584 56 0.002 19
30 219.09393 1.413 75 0.002 27 14 221.27833 1.544 50 0.002 21
31 219.11034 1.423 06 0.002 27 15 221.35577 1.523 23 0.002 22

Août 1 219.12942 1.415 89 0.002 27 16 221.43372 1.522 12 0.002 22

2 219.15741 1.394 42 0.002 28 17 221.50483 1.538 70 0.002 21
3 219.19984 1.363 19 0.002 30 18 221.56372 1.568 01 0.002 20
4 219.26065 1.328 99 0.002 32 19 221.60731 1.603 73 0.002 18
5 219.34115 1.300 33 0.002 33 20 221.63482 1.639 09 0.002 16
6 219.43892 1.286 37 0.002 34 21 221.64772 1.667 64 0.002 14

7 219.54700 1.294 80 0.002 33 22 221.64944 1.684 00 0.002 13
8 219.65419 1.329 03 0.002 32 23 221.64502 1.684 52 0.002 13
9 219.74737 1.385 40 0.002 29 24 221.64054 1.667 76 0.002 14

10 219.81584 1.452 46 0.002 25 25 221.64236 1.634 86 0.002 16
11 219.85602 1.513 80 0.002 22 26 221.65618 1.589 52 0.002 18

12 219.87356 1.554 11 0.002 20 27 221.68619 1.537 67 0.002 21
13 219.88116 1.565 16 0.002 19 28 221.73424 1.486 71 0.002 24
14 219.89322 1.548 32 0.002 20 29 221.79928 1.444 47 0.002 26
15 219.92063 1.512 71 0.002 22 30 221.87709 1.417 93 0.002 28
16 219.96820 1.470 90 0.002 24 Oct. 1 221.96050 1.411 66 0.002 28

17 220.03482 1.434 76 0.002 26 2 222.04017 1.426 35 0.002 27
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SYSTÈME CÉLESTE INTERMÉDIAIRE 2010 à 0h TT

COORDONNÉES DU CIP X et Y, ANGLE s

Date X Y s Date X Y s

′′ ′′ ′′ ′′ ′′ ′′

Oct. 3 222.10634 1.457 53 0.002 26 Nov. 18 224.22518 0.41694 0.002 82
4 222.15134 1.495 32 0.002 24 19 224.25724 0.35960 0.002 86
5 222.17267 1.526 01 0.002 22 20 224.30436 0.29271 0.002 89
6 222.17503 1.535 87 0.002 22 21 224.37013 0.22322 0.002 93
7 222.16993 1.516 26 0.002 23 22 224.45516 0.15955 0.002 96

8 222.17185 1.467 49 0.002 25 23 224.55629 0.11001 0.002 99
9 222.19274 1.398 93 0.002 29 24 224.66666 0.08079 0.003 01

10 222.23771 1.325 02 0.002 33 25 224.77683 0.07398 0.003 01
11 222.30427 1.259 75 0.002 36 26 224.87683 0.08652 0.003 00
12 222.38462 1.212 54 0.002 39 27 224.95881 0.11037 0.002 99

13 222.46905 1.186 87 0.002 40 28 225.01917 0.13426 0.002 98
14 222.54871 1.181 18 0.002 41 29 225.05981 0.14636 0.002 97
15 222.61712 1.190 52 0.002 40 30 225.08796 0.13741 0.002 98
16 222.67056 1.208 30 0.002 39 Déc. 1 225.11442 0.10331 0.003 00
17 222.70792 1.227 51 0.002 38 2 225.15082 0.04650 0.003 03

18 222.73041 1.241 55 0.002 38 3 225.20627 −0.02454 0.003 07
19 222.74113 1.244 85 0.002 37 4 225.28478 −0.09760 0.003 10
20 222.74478 1.233 33 0.002 38 5 225.38419 −0.16033 0.003 14
21 222.74721 1.204 93 0.002 40 6 225.49717 −0.20367 0.003 16
22 222.75480 1.159 99 0.002 42 7 225.61378 −0.22393 0.003 17

23 222.77365 1.101 50 0.002 45 8 225.72435 −0.22283 0.003 17
24 222.80857 1.035 00 0.002 49 9 225.82171 −0.20613 0.003 16
25 222.86207 0.967 91 0.002 52 10 225.90212 −0.18153 0.003 15
26 222.93353 0.908 39 0.002 56 11 225.96524 −0.15688 0.003 14
27 223.01897 0.863 81 0.002 58 12 226.01342 −0.13893 0.003 13

28 223.11135 0.839 06 0.002 59 13 226.05089 −0.13269 0.003 12
29 223.20172 0.835 17 0.002 60 14 226.08309 −0.14119 0.003 13
30 223.28092 0.848 47 0.002 59 15 226.11607 −0.16537 0.003 14
31 223.34172 0.870 64 0.002 58 16 226.15598 −0.20397 0.003 16

Nov. 1 223.38097 0.890 10 0.002 57 17 226.20854 −0.25344 0.003 19

2 223.40122 0.894 49 0.002 56 18 226.27819 −0.30796 0.003 22
3 223.41085 0.874 31 0.002 58 19 226.36708 −0.35973 0.003 25
4 223.42225 0.826 33 0.002 60 20 226.47393 −0.40009 0.003 27
5 223.44798 0.755 30 0.002 64 21 226.59335 −0.42127 0.003 28
6 223.49643 0.672 72 0.002 68 22 226.71619 −0.41888 0.003 28

7 223.56907 0.592 82 0.002 73 23 226.83131 −0.39396 0.003 27
8 223.66058 0.527 79 0.002 76 24 226.92873 −0.35371 0.003 24
9 223.76144 0.484 49 0.002 79 25 227.00286 −0.30994 0.003 22

10 223.86137 0.463 73 0.002 80 26 227.05445 −0.27569 0.003 20
11 223.95196 0.461 50 0.002 80 27 227.09039 −0.26134 0.003 19

12 224.02796 0.471 11 0.002 79 28 227.12152 −0.27170 0.003 20
13 224.08736 0.484 98 0.002 79 29 227.15942 −0.30496 0.003 22
14 224.13089 0.495 99 0.002 78 30 227.21330 −0.35363 0.003 24
15 224.16147 0.498 14 0.002 78 31 227.28789 −0.40678 0.003 27
16 224.18354 0.487 03 0.002 79 32 227.38263 −0.45298 0.003 30

17 224.20270 0.460 09 0.002 80 33 227.49221 −0.48294 0.003 31





SOLEIL

Longitude, latitude, rayon vecteur. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II. 22
Ascension droite et déclinaison apparentes, temps de passage II. 26
Coordonnées rectangulaires (X, Y, Z) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II. 30

(1) Temps de passage au méridien des éphémérides (cf. $ 8.1.3) dans l’échelle TT
ou temps de passage au méridien de Greenwich dans l’échelle TU.



II. 22 CONNAISSANCE DES TEMPS

SOLEIL 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ′′ ua ◦ ′ ′′ ′′ ua

Janv. 0 279 17 35.45 +4.76 0.983 319 61 Févr. 15 326 2 49.40 +2.54 0.987 697 67
1 280 18 42.86 +4.59 0.983 302 95 16 327 3 26.79 +2.54 0.987 893 54
2 281 19 50.40 +4.42 0.983 292 99 17 328 4 2.62 +2.52 0.988 091 90
3 282 20 58.11 +4.24 0.983 289 67 18 329 4 36.81 +2.47 0.988 292 76
4 283 22 6.01 +4.08 0.983 292 82 19 330 5 9.31 +2.39 0.988 496 19

5 284 23 14.14 +3.95 0.983 302 19 20 331 5 40.04 +2.28 0.988 702 30
6 285 24 22.51 +3.83 0.983 317 46 21 332 6 8.94 +2.14 0.988 911 24
7 286 25 31.09 +3.75 0.983 338 29 22 333 6 35.97 +1.98 0.989 123 18
8 287 26 39.85 +3.70 0.983 364 35 23 334 7 1.08 +1.79 0.989 338 34
9 288 27 48.74 +3.68 0.983 395 31 24 335 7 24.25 +1.58 0.989 556 98

10 289 28 57.71 +3.69 0.983 430 90 25 336 7 45.47 +1.36 0.989 77935
11 290 30 6.68 +3.72 0.983 470 88 26 337 8 4.76 +1.14 0.990 005 71
12 291 31 15.58 +3.78 0.983 515 03 27 338 8 22.13 +0.92 0.990 23627
13 292 32 24.33 +3.85 0.983 563 19 28 339 8 37.64 +0.72 0.990 47120
14 293 33 32.84 +3.93 0.983 615 24 Mars 1 340 8 51.36 +0.54 0.990 710 54

15 294 34 41.03 +4.02 0.983 671 11 2 341 9 3.35 +0.39 0.990 954 21
16 295 35 48.80 +4.11 0.983 730 74 3 342 9 13.66 +0.27 0.991 202 04
17 296 36 56.07 +4.19 0.983 794 13 4 343 9 22.35 +0.18 0.991 453 75
18 297 38 2.77 +4.25 0.983 861 32 5 344 9 29.46 +0.12 0.991 709 00
19 298 39 8.79 +4.30 0.983 932 38 6 345 9 35.00 +0.10 0.991 967 43

20 299 40 14.07 +4.32 0.984 007 40 7 346 9 38.97 +0.10 0.992 228 65
21 300 41 18.54 +4.32 0.984 086 51 8 347 9 41.37 +0.11 0.992 492 31
22 301 42 22.12 +4.29 0.984 169 88 9 348 9 42.17 +0.15 0.992 758 07
23 302 43 24.75 +4.23 0.984 257 70 10 349 9 41.33 +0.19 0.993 02559
24 303 44 26.38 +4.13 0.984 350 18 11 350 9 38.84 +0.23 0.993 29459

25 304 45 26.96 +4.01 0.984 447 57 12 351 9 34.64 +0.26 0.993 56480
26 305 46 26.47 +3.86 0.984 550 14 13 352 9 28.69 +0.29 0.993 83596
27 306 47 24.88 +3.68 0.984 658 17 14 353 9 20.93 +0.31 0.994 10786
28 307 48 22.20 +3.48 0.984 771 94 15 354 9 11.32 +0.30 0.994 38030
29 308 49 18.45 +3.27 0.984 891 66 16 355 8 59.79 +0.27 0.994 65315

30 309 50 13.67 +3.06 0.985 017 51 17 356 8 46.28 +0.22 0.994 92626
31 310 51 7.90 +2.86 0.985 149 53 18 357 8 30.74 +0.14 0.995 199 59

Févr. 1 311 52 1.21 +2.68 0.985 287 64 19 358 8 13.09 +0.03 0.995 473 10
2 312 52 53.63 +2.53 0.985 431 68 20 359 7 53.28 +0.11 0.995 746 81
3 313 53 45.21 +2.40 0.985 581 34 21 0 7 31.26 +0.27 0.996 020 80

4 314 54 35.95 +2.30 0.985 736 29 22 1 7 6.98 +0.46 0.996 295 20
5 315 55 25.85 +2.24 0.985 896 16 23 2 6 40.40 +0.66 0.996 570 18
6 316 56 14.90 +2.21 0.986 060 58 24 3 6 11.49 +0.87 0.996 845 95
7 317 57 3.06 +2.21 0.986 229 21 25 4 5 40.24 +1.09 0.997 122 75
8 318 57 50.28 +2.23 0.986 401 72 26 5 5 6.65 +1.31 0.997 400 84

9 319 58 36.51 +2.26 0.986 577 82 27 6 4 30.76 +1.51 0.997 680 48
10 320 59 21.68 +2.31 0.986 757 25 28 7 3 52.61 +1.69 0.997 961 86
11 322 0 5.74 +2.37 0.986 939 79 29 8 3 12.25 +1.84 0.998 245 16
12 323 0 48.62 +2.42 0.987 125 24 30 9 2 29.77 +1.97 0.998 530 40
13 324 1 30.24 +2.47 0.987 313 45 31 10 1 45.23 +2.06 0.998 817 55

14 325 2 10.52 +2.51 0.987 504 29 Avril 1 11 0 58.73 +2.11 0.999 106 46
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SOLEIL 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ′′ ua ◦ ′ ′′ ′′ ua

Avril 2 12 0 10.32 −2.14 0.999 396 87 Mai 18 56 49 25.81 +4.48 0.011 429 22
3 12 59 20.05 −2.14 0.999 688 51 19 57 47 13.94 +4.65 0.011 629 10
4 13 58 27.98 −2.12 0.999 981 01 20 58 45 0.38 +4.81 0.011 824 89
5 14 57 34.13 −2.08 1.000 274 05 21 59 42 45.14 +4.94 0.012 016 89
6 15 56 38.50 −2.04 1.000 567 28 22 60 40 28.24 +5.05 0.012 205 37

7 16 55 41.12 −1.99 1.000 860 34 23 61 38 9.70 +5.13 0.012 390 63
8 17 54 41.97 −1.95 1.001 152 92 24 62 35 49.59 +5.18 0.012 572 94
9 18 53 41.05 −1.91 1.001 444 71 25 63 33 27.97 +5.19 0.012 752 54

10 19 52 38.33 −1.89 1.001 735 41 26 64 31 4.92 +5.18 0.012 929 58
11 20 51 33.81 −1.88 1.002 024 74 27 65 28 40.53 +5.13 0.013 104 16

12 21 50 27.45 −1.90 1.002 312 44 28 66 26 14.88 +5.06 0.013 276 32
13 22 49 19.22 −1.94 1.002 598 29 29 67 23 48.07 +4.97 0.013 446 00
14 23 48 9.08 −2.01 1.002 882 07 30 68 21 20.18 +4.86 0.013 613 10
15 24 46 56.98 −2.10 1.003 163 64 31 69 18 51.29 +4.75 0.013 777 45
16 25 45 42.88 −2.22 1.003 442 88 Juin 1 70 16 21.48 +4.64 0.013 938 85

17 26 44 26.72 −2.37 1.003 719 73 2 71 13 50.81 +4.54 0.014 097 08
18 27 43 8.46 −2.54 1.003 994 21 3 72 11 19.33 +4.45 0.014 251 89
19 28 41 48.05 −2.72 1.004 266 39 4 73 8 47.10 +4.37 0.014 403 01
20 29 40 25.46 −2.92 1.004 536 39 5 74 6 14.15 +4.32 0.014 550 20
21 30 39 0.65 −3.12 1.004 804 43 6 75 3 40.52 +4.29 0.014 693 16

22 31 37 33.62 −3.31 1.005 070 71 7 76 1 6.23 +4.28 0.014 831 62
23 32 36 4.37 −3.49 1.005 335 51 8 76 58 31.31 +4.30 0.014 965 30
24 33 34 32.93 −3.66 1.005 599 10 9 77 55 55.75 +4.35 0.015 093 92
25 34 32 59.33 −3.79 1.005 861 73 10 78 53 19.57 +4.43 0.015 217 21
26 35 31 23.63 −3.90 1.006 123 62 11 79 50 42.75 +4.53 0.015 334 92

27 36 29 45.90 −3.97 1.006 384 92 12 80 48 5.26 +4.65 0.015 446 86
28 37 28 6.24 −4.01 1.006 645 71 13 81 45 27.07 +4.78 0.015 552 87
29 38 26 24.72 −4.02 1.006 905 95 14 82 42 48.13 +4.92 0.015 652 90
30 39 24 41.43 −4.01 1.007 165 56 15 83 40 8.41 +5.06 0.015 746 98

Mai 1 40 22 56.45 −3.96 1.007 424 34 16 84 37 27.87 +5.18 0.015 835 25

2 41 21 9.86 −3.91 1.007 682 06 17 85 34 46.48 +5.29 0.015 917 90
3 42 19 21.70 −3.84 1.007 938 46 18 86 32 4.23 +5.37 0.015 995 24
4 43 17 32.04 −3.76 1.008 193 22 19 87 29 21.12 +5.42 0.016 067 56
5 44 15 40.90 −3.69 1.008 446 05 20 88 26 37.18 +5.44 0.016 135 21
6 45 13 48.33 −3.63 1.008 696 63 21 89 23 52.46 +5.43 0.016 198 50

7 46 11 54.34 −3.58 1.008 944 67 22 90 21 7.00 +5.38 0.016 257 73
8 47 9 58.94 −3.54 1.009 189 85 23 91 18 20.88 +5.30 0.016 313 13
9 48 8 2.15 −3.53 1.009 431 89 24 92 15 34.17 +5.20 0.016 364 91

10 49 6 3.96 −3.54 1.009 670 49 25 93 12 46.97 +5.07 0.016 413 19
11 50 4 4.37 −3.58 1.009 905 38 26 94 9 59.35 +4.93 0.016 458 05

12 51 2 3.37 −3.64 1.010 136 30 27 95 7 11.42 +4.79 0.016 499 51
13 52 0 0.93 −3.73 1.010 363 02 28 96 4 23.24 +4.64 0.016 537 52
14 52 57 57.01 −3.85 1.010 585 35 29 97 1 34.92 +4.49 0.016 572 02
15 53 55 51.58 −3.99 1.010 803 16 30 97 58 46.51 +4.36 0.016 602 87
16 54 53 44.60 −4.14 1.011 016 38 Juill. 1 98 55 58.11 +4.24 0.016 629 93

17 55 51 36.03 −4.31 1.011 225 04 2 99 53 9.77 +4.14 0.016 653 01



II. 24 CONNAISSANCE DES TEMPS

SOLEIL 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ′′ ua ◦ ′ ′′ ′′ ua

Juill. 3 100 50 21.55 −4.06 1.016 671 92 Août 18 144 49 14.25 +2.51 0.012 302 90
4 101 47 33.51 −4.01 1.016 686 44 19 145 46 56.48 +2.32 0.012 103 38
5 102 44 45.69 −3.99 1.016 696 34 20 146 44 39.80 +2.12 0.011 900 93
6 103 41 58.13 −3.99 1.016 701 36 21 147 42 24.27 +1.92 0.011 695 82
7 104 39 10.86 −4.02 1.016 701 24 22 148 40 9.95 +1.72 0.011 488 27

8 105 36 23.90 −4.07 1.016 695 71 23 149 37 56.91 +1.52 0.011 278 45
9 106 33 37.26 −4.15 1.016 684 51 24 150 35 45.22 +1.34 0.011 066 51

10 107 30 50.93 −4.24 1.016 667 37 25 151 33 34.95 +1.18 0.010 852 55
11 108 28 4.88 −4.35 1.016 644 08 26 152 31 26.18 +1.04 0.010 636 64
12 109 25 19.09 −4.45 1.016 614 51 27 153 29 18.96 +0.93 0.010 418 79

13 110 22 33.50 −4.55 1.016 578 59 28 154 27 13.39 +0.83 0.010 199 00
14 111 19 48.07 −4.63 1.016 536 40 29 155 25 9.51 +0.77 0.009 977 22
15 112 17 2.75 −4.68 1.016 488 09 30 156 23 7.39 +0.73 0.009 753 36
16 113 14 17.52 −4.71 1.016 433 93 31 157 21 7.08 +0.72 0.009 527 32
17 114 11 32.37 −4.70 1.016 374 23 Sept. 1 158 19 8.65 +0.73 0.009 298 93

18 115 8 47.29 −4.66 1.016 309 37 2 159 17 12.12 +0.76 0.009 068 01
19 116 6 2.33 −4.59 1.016 239 70 3 160 15 17.54 +0.80 0.008 834 33
20 117 3 17.50 −4.48 1.016 165 56 4 161 13 24.92 +0.85 0.008 597 66
21 118 0 32.88 −4.35 1.016 087 27 5 162 11 34.27 +0.90 0.008 357 74
22 118 57 48.52 −4.20 1.016 005 09 6 163 9 45.57 +0.94 0.008 114 30

23 119 55 4.49 −4.03 1.015 919 26 7 164 7 58.78 +0.97 0.007 867 16
24 120 52 20.88 −3.85 1.015 829 94 8 165 6 13.86 +0.97 0.007 616 16
25 121 49 37.76 −3.67 1.015 737 27 9 166 4 30.73 +0.94 0.007 361 27
26 122 46 55.21 −3.49 1.015 641 32 10 167 2 49.33 +0.87 0.007 102 58
27 123 44 13.33 −3.32 1.015 542 13 11 168 1 9.60 +0.78 0.006 840 30

28 124 41 32.18 −3.17 1.015 439 70 12 168 59 31.48 +0.65 0.006 574 71
29 125 38 51.84 −3.03 1.015 333 98 13 169 57 54.95 +0.49 0.006 306 18
30 126 36 12.40 −2.91 1.015 224 88 14 170 56 19.98 +0.31 0.006 035 09
31 127 33 33.91 −2.82 1.015 112 31 15 171 54 46.58 +0.11 0.005 761 83

Août 1 128 30 56.44 −2.76 1.014 996 13 16 172 53 14.77 +0.09 0.005 486 77

2 129 28 20.05 −2.72 1.014 876 16 17 173 51 44.55 +0.30 0.005 210 25
3 130 25 44.80 −2.71 1.014 752 22 18 174 50 15.98 +0.51 0.004 932 60
4 131 23 10.71 −2.72 1.014 624 08 19 175 48 49.08 +0.71 0.004 654 10
5 132 20 37.84 −2.76 1.014 491 53 20 176 47 23.91 +0.90 0.004 375 01
6 133 18 6.20 −2.81 1.014 354 28 21 177 46 0.50 +1.07 0.004 095 55

7 134 15 35.81 −2.88 1.014 212 08 22 178 44 38.92 +1.22 0.003 815 92
8 135 13 6.64 −2.95 1.014 064 68 23 179 43 19.23 +1.34 0.003 536 29
9 136 10 38.69 −3.02 1.013 911 86 24 180 42 1.47 +1.44 0.003 256 78

10 137 8 11.90 −3.08 1.013 753 48 25 181 40 45.71 +1.51 0.002 977 46
11 138 5 46.21 −3.11 1.013 589 50 26 182 39 32.01 +1.56 0.002 698 40

12 139 3 21.59 −3.12 1.013 420 00 27 183 38 20.42 +1.58 0.002 419 58
13 140 0 57.97 −3.10 1.013 245 18 28 184 37 11.00 +1.57 0.002 140 97
14 140 58 35.32 −3.04 1.013 065 32 29 185 36 3.80 +1.55 0.001 862 47
15 141 56 13.61 −2.95 1.012 880 78 30 186 34 58.86 +1.51 0.001 583 97
16 142 53 52.85 −2.83 1.012 691 95 Oct. 1 187 33 56.22 +1.47 0.001 305 28

17 143 51 33.05 −2.68 1.012 499 20 2 188 32 55.90 +1.42 0.001 026 18
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SOLEIL 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ′′ ua ◦ ′ ′′ ′′ ua

Oct. 3 189 31 57.90 +1.38 1.000 746 46 Nov. 18 235 22 56.49 +5.49 0.988 589 23
4 190 31 2.23 +1.36 1.000 465 83 19 236 23 26.08 +5.50 0.988 375 14
5 191 30 8.85 +1.36 1.000 184 06 20 237 23 57.06 +5.48 0.988 165 61
6 192 29 17.71 +1.38 0.999 900 95 21 238 24 29.44 +5.43 0.987 96082
7 193 28 28.76 +1.44 0.999 616 34 22 239 25 3.27 +5.37 0.987 760 94

8 194 27 41.90 +1.52 0.999 330 21 23 240 25 38.56 +5.28 0.987 56608
9 195 26 57.06 +1.65 0.999 042 62 24 241 26 15.37 +5.18 0.987 37628

10 196 26 14.17 +1.80 0.998 753 75 25 242 26 53.71 +5.08 0.987 191 52
11 197 25 33.15 +1.97 0.998 463 89 26 243 27 33.64 +4.99 0.987 011 70
12 198 24 53.95 +2.17 0.998 173 35 27 244 28 15.16 +4.90 0.986 836 67

13 199 24 16.54 +2.37 0.997 882 49 28 245 28 58.28 +4.84 0.986 666 21
14 200 23 40.89 +2.58 0.997 591 69 29 246 29 43.02 +4.80 0.986 500 05
15 201 23 7.00 +2.79 0.997 301 31 30 247 30 29.33 +4.79 0.986 33792
16 202 22 34.86 +2.98 0.997 011 68 Déc. 1 248 31 17.19 +4.81 0.986 179 52
17 203 22 4.48 +3.17 0.996 723 13 2 249 32 6.53 +4.86 0.986 024 58

18 204 21 35.88 +3.33 0.996 435 98 3 250 32 57.29 +4.94 0.985 87287
19 205 21 9.08 +3.47 0.996 150 49 4 251 33 49.37 +5.06 0.985 724 21
20 206 20 44.10 +3.59 0.995 866 94 5 252 34 42.68 +5.19 0.985 57852
21 207 20 20.97 +3.68 0.995 585 55 6 253 35 37.12 +5.33 0.985 43576
22 208 19 59.74 +3.74 0.995 306 53 7 254 36 32.59 +5.49 0.985 29601

23 209 19 40.44 +3.78 0.995 030 06 8 255 37 28.99 +5.64 0.985 15938
24 210 19 23.11 +3.79 0.994 756 27 9 256 38 26.23 +5.79 0.985 02608
25 211 19 7.81 +3.77 0.994 485 23 10 257 39 24.25 +5.92 0.984 89631
26 212 18 54.57 +3.73 0.994 216 99 11 258 40 22.96 +6.03 0.984 770 32
27 213 18 43.45 +3.68 0.993 951 51 12 259 41 22.32 +6.12 0.984 648 37

28 214 18 34.48 +3.62 0.993 688 73 13 260 42 22.27 +6.18 0.984 530 72
29 215 18 27.69 +3.56 0.993 428 51 14 261 43 22.77 +6.22 0.984 417 64
30 216 18 23.11 +3.51 0.993 170 67 15 262 44 23.78 +6.22 0.984 309 40
31 217 18 20.74 +3.47 0.992 914 98 16 263 45 25.27 +6.19 0.984 206 26

Nov. 1 218 18 20.59 +3.44 0.992 661 19 17 264 46 27.22 +6.13 0.984 10847

2 219 18 22.62 +3.45 0.992 409 03 18 265 47 29.63 +6.05 0.984 01631
3 220 18 26.79 +3.48 0.992 158 26 19 266 48 32.49 +5.94 0.983 93001
4 221 18 33.04 +3.55 0.991 908 66 20 267 49 35.80 +5.81 0.983 84978
5 222 18 41.29 +3.64 0.991 660 08 21 268 50 39.58 +5.66 0.983 77581
6 223 18 51.46 +3.77 0.991 412 46 22 269 51 43.87 +5.51 0.983 70821

7 224 19 3.44 +3.93 0.991 165 83 23 270 52 48.69 +5.36 0.983 647 02
8 225 19 17.15 +4.10 0.990 920 35 24 271 53 54.07 +5.22 0.983 59221
9 226 19 32.50 +4.29 0.990 676 21 25 272 55 0.06 +5.10 0.983 543 65

10 227 19 49.43 +4.48 0.990 433 68 26 273 56 6.66 +5.00 0.983 50112
11 228 20 7.86 +4.67 0.990 193 08 27 274 57 13.88 +4.94 0.983 46436

12 229 20 27.77 +4.85 0.989 954 72 28 275 58 21.72 +4.90 0.983 433 05
13 230 20 49.10 +5.02 0.989 718 92 29 276 59 30.14 +4.90 0.983 406 86
14 231 21 11.83 +5.16 0.989 486 01 30 278 0 39.10 +4.92 0.983 38546
15 232 21 35.94 +5.29 0.989 256 29 31 279 1 48.54 +4.98 0.983 36856
16 233 22 1.43 +5.38 0.989 030 07 32 280 2 58.38 +5.06 0.983 355 87

17 234 22 28.28 +5.45 0.988 807 62 33 281 4 8.53 +5.15 0.983 347 20



II. 26 CONNAISSANCE DES TEMPS

SOLEIL 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, TEMPS DE PASSAGE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison t. passage Date asc. droite déclinaison t. passage

h m s ◦ ′ ′′ h m s h m s ◦ ′ ′′ h m s

Janv. 0 18 41 2.995 −23 6 12.05 12 3 3.85 Févr. 15 21 53 43.117 −12 47 17.78 12 14 6.62
1 18 45 28.018 −23 1 38.48 12 3 32.17 16 21 57 36.748 −12 26 38.62 12 14 3.34
2 18 49 52.734 −22 56 37.38 12 4 0.16 17 22 1 29.657 −12 5 47.53 12 13 59.33
3 18 54 17.115 −22 51 8.87 12 4 27.82 18 22 5 21.855 −11 44 44.92 12 13 54.63
4 18 58 41.136 −22 45 13.09 12 4 55.10 19 22 9 13.353 −11 23 31.23 12 13 49.22

5 19 3 4.772 −22 38 50.17 12 5 21.99 20 22 13 4.164 −11 2 6.89 12 13 43.14
6 19 7 27.999 −22 32 0.27 12 5 48.46 21 22 16 54.301 −10 40 32.32 12 13 36.38
7 19 11 50.794 −22 24 43.58 12 6 14.48 22 22 20 43.778 −10 18 47.95 12 13 28.97
8 19 16 13.131 −22 17 0.31 12 6 40.03 23 22 24 32.607 − 9 56 54.19 12 13 20.91
9 19 20 34.985 −22 8 50.69 12 7 5.08 24 22 28 20.805 − 9 34 51.46 12 13 12.23

10 19 24 56.327 −22 0 14.95 12 7 29.60 25 22 32 8.385 − 9 12 40.16 12 13 2.94
11 19 29 17.132 −21 51 13.37 12 7 53.57 26 22 35 55.365 − 8 50 20.70 12 12 53.07
12 19 33 37.371 −21 41 46.20 12 8 16.95 27 22 39 41.762 − 8 27 53.46 12 12 42.62
13 19 37 57.020 −21 31 53.74 12 8 39.74 28 22 43 27.597 − 8 5 18.81 12 12 31.63
14 19 42 16.050 −21 21 36.28 12 9 1.89 Mars 1 22 47 12.894 − 7 42 37.09 12 12 20.12

15 19 46 34.439 −21 10 54.12 12 9 23.39 2 22 50 57.676 − 7 19 48.65 12 12 8.10
16 19 50 52.162 −20 59 47.57 12 9 44.21 3 22 54 41.969 − 6 56 53.85 12 11 55.61
17 19 55 9.197 −20 48 16.96 12 10 4.34 4 22 58 25.799 − 6 33 53.04 12 11 42.67
18 19 59 25.525 −20 36 22.62 12 10 23.75 5 23 2 9.187 − 6 10 46.60 12 11 29.29
19 20 3 41.126 −20 24 4.87 12 10 42.43 6 23 5 52.156 − 5 47 34.90 12 11 15.49

20 20 7 55.984 −20 11 24.08 12 11 0.36 7 23 9 34.723 − 5 24 18.34 12 11 1.31
21 20 12 10.085 −19 58 20.59 12 11 17.52 8 23 13 16.909 − 5 0 57.31 12 10 46.75
22 20 16 23.415 −19 44 54.76 12 11 33.91 9 23 16 58.730 − 4 37 32.21 12 10 31.84
23 20 20 35.962 −19 31 6.95 12 11 49.50 10 23 20 40.206 − 4 14 3.45 12 10 16.59
24 20 24 47.717 −19 16 57.55 12 12 4.30 11 23 24 21.353 − 3 50 31.41 12 10 1.03

25 20 28 58.671 −19 2 26.92 12 12 18.28 12 23 28 2.191 − 3 26 56.50 12 9 45.16
26 20 33 8.817 −18 47 35.46 12 12 31.45 13 23 31 42.735 − 3 3 19.11 12 9 29.02
27 20 37 18.149 −18 32 23.55 12 12 43.81 14 23 35 23.006 − 2 39 39.64 12 9 12.61
28 20 41 26.662 −18 16 51.57 12 12 55.34 15 23 39 3.020 − 2 15 58.48 12 8 55.96
29 20 45 34.354 −18 0 59.90 12 13 6.05 16 23 42 42.796 − 1 52 16.02 12 8 39.08

30 20 49 41.223 −17 44 48.91 12 13 15.94 17 23 46 22.354 − 1 28 32.64 12 8 21.99
31 20 53 47.271 −17 28 18.96 12 13 25.02 18 23 50 1.710 − 1 4 48.75 12 8 4.71

Févr. 1 20 57 52.501 −17 11 30.41 12 13 33.29 19 23 53 40.883 − 0 41 4.71 12 7 47.25
2 21 1 56.921 −16 54 23.61 12 13 40.75 20 23 57 19.892 − 0 17 20.91 12 7 29.63
3 21 6 0.538 −16 36 58.94 12 13 47.41 21 0 0 58.754 0 6 22.27 12 7 11.87

4 21 10 3.358 −16 19 16.76 12 13 53.27 22 0 4 37.487 0 30 4.45 12 6 53.99
5 21 14 5.388 −16 1 17.49 12 13 58.35 23 0 8 16.108 0 53 45.25 12 6 36.01
6 21 18 6.632 −15 43 1.54 12 14 2.64 24 0 11 54.634 1 17 24.30 12 6 17.93
7 21 22 7.093 −15 24 29.32 12 14 6.14 25 0 15 33.083 1 41 1.25 12 5 59.80
8 21 26 6.776 −15 5 41.26 12 14 8.87 26 0 19 11.474 2 4 35.72 12 5 41.62

9 21 30 5.684 −14 46 37.80 12 14 10.82 27 0 22 49.829 2 28 7.39 12 5 23.41
10 21 34 3.820 −14 27 19.36 12 14 12.01 28 0 26 28.169 2 51 35.91 12 5 5.21
11 21 38 1.190 −14 7 46.39 12 14 12.43 29 0 30 6.520 3 15 0.98 12 4 47.04
12 21 41 57.798 −13 47 59.30 12 14 12.09 30 0 33 44.908 3 38 22.28 12 4 28.91
13 21 45 53.650 −13 27 58.55 12 14 11.01 31 0 37 23.360 4 1 39.52 12 4 10.86

14 21 49 48.754 −13 7 44.57 12 14 9.18 Avril 1 0 41 1.900 4 24 52.39 12 3 52.90



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 27

SOLEIL 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, TEMPS DE PASSAGE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison t. passage Date asc. droite déclinaison t. passage

h m s ◦ ′ ′′ h m s h m s ◦ ′ ′′ h m s

Avril 2 0 44 40.554 4 48 0.55 12 3 35.07 Mai 18 3 38 42.040 19 28 46.24 11 56 25.12
3 0 48 19.343 5 11 3.68 12 3 17.38 19 3 42 41.056 19 41 54.01 11 56 27.84
4 0 51 58.287 5 34 1.43 12 2 59.85 20 3 46 40.597 19 54 41.59 11 56 31.09
5 0 55 37.405 5 56 53.46 12 2 42.51 21 3 50 40.655 20 7 8.71 11 56 34.85
6 0 59 16.716 6 19 39.42 12 2 25.37 22 3 54 41.223 20 19 15.14 11 56 39.12

7 1 2 56.238 6 42 18.94 12 2 8.45 23 3 58 42.296 20 31 0.62 11 56 43.89
8 1 6 35.988 7 4 51.66 12 1 51.77 24 4 2 43.867 20 42 24.95 11 56 49.15
9 1 10 15.982 7 27 17.24 12 1 35.35 25 4 6 45.932 20 53 27.91 11 56 54.91

10 1 13 56.238 7 49 35.32 12 1 19.20 26 4 10 48.484 21 4 9.29 11 57 1.14
11 1 17 36.772 8 11 45.53 12 1 3.33 27 4 14 51.518 21 14 28.89 11 57 7.85

12 1 21 17.600 8 33 47.52 12 0 47.77 28 4 18 55.024 21 24 26.51 11 57 15.03
13 1 24 58.736 8 55 40.94 12 0 32.52 29 4 22 58.992 21 34 1.96 11 57 22.66
14 1 28 40.195 9 17 25.44 12 0 17.60 30 4 27 3.412 21 43 15.02 11 57 30.74
15 1 32 21.992 9 39 0.65 12 0 3.02 31 4 31 8.272 21 52 5.50 11 57 39.25
16 1 36 4.138 10 0 26.24 11 59 48.79 Juin 1 4 35 13.560 22 0 33.19 11 57 48.19

17 1 39 46.646 10 21 41.85 11 59 34.93 2 4 39 19.260 22 8 37.92 11 57 57.54
18 1 43 29.526 10 42 47.13 11 59 21.44 3 4 43 25.359 22 16 19.49 11 58 7.27
19 1 47 12.788 11 3 41.73 11 59 8.34 4 4 47 31.842 22 23 37.73 11 58 17.39
20 1 50 56.441 11 24 25.30 11 58 55.63 5 4 51 38.692 22 30 32.46 11 58 27.87
21 1 54 40.494 11 44 57.49 11 58 43.33 6 4 55 45.893 22 37 3.54 11 58 38.69

22 1 58 24.957 12 5 17.97 11 58 31.45 7 4 59 53.426 22 43 10.80 11 58 49.83
23 2 2 9.841 12 25 26.40 11 58 19.99 8 5 4 1.273 22 48 54.11 11 59 1.27
24 2 5 55.158 12 45 22.46 11 58 8.98 9 5 8 9.412 22 54 13.34 11 59 13.00
25 2 9 40.922 13 5 5.84 11 57 58.43 10 5 12 17.822 22 59 8.39 11 59 24.97
26 2 13 27.149 13 24 36.23 11 57 48.35 11 5 16 26.479 23 3 39.14 11 59 37.18

27 2 17 13.854 13 43 53.35 11 57 38.75 12 5 20 35.357 23 7 45.51 11 59 49.60
28 2 21 1.055 14 2 56.91 11 57 29.65 13 5 24 44.428 23 11 27.42 12 0 2.19
29 2 24 48.766 14 21 46.62 11 57 21.06 14 5 28 53.662 23 14 44.79 12 0 14.93
30 2 28 37.000 14 40 22.17 11 57 13.00 15 5 33 3.028 23 17 37.56 12 0 27.79

Mai 1 2 32 25.768 14 58 43.28 11 57 5.48 16 5 37 12.498 23 20 5.65 12 0 40.75

2 2 36 15.080 15 16 49.63 11 56 58.51 17 5 41 22.044 23 22 9.03 12 0 53.77
3 2 40 4.945 15 34 40.90 11 56 52.09 18 5 45 31.639 23 23 47.65 12 1 6.83
4 2 43 55.371 15 52 16.77 11 56 46.24 19 5 49 41.260 23 25 1.48 12 1 19.90
5 2 47 46.363 16 9 36.92 11 56 40.96 20 5 53 50.884 23 25 50.51 12 1 32.97
6 2 51 37.929 16 26 41.02 11 56 36.26 21 5 58 0.492 23 26 14.75 12 1 46.01

7 2 55 30.072 16 43 28.77 11 56 32.14 22 6 2 10.063 23 26 14.21 12 1 59.00
8 2 59 22.796 16 59 59.84 11 56 28.60 23 6 6 19.575 23 25 48.91 12 2 11.92
9 3 3 16.105 17 16 13.93 11 56 25.65 24 6 10 29.009 23 24 58.89 12 2 24.74

10 3 7 10.000 17 32 10.71 11 56 23.29 25 6 14 38.343 23 23 44.17 12 2 37.46
11 3 11 4.483 17 47 49.88 11 56 21.52 26 6 18 47.557 23 22 4.79 12 2 50.04

12 3 14 59.552 18 3 11.14 11 56 20.32 27 6 22 56.631 23 20 0.79 12 3 2.48
13 3 18 55.207 18 18 14.20 11 56 19.71 28 6 27 5.543 23 17 32.22 12 3 14.74
14 3 22 51.442 18 32 58.76 11 56 19.68 29 6 31 14.275 23 14 39.14 12 3 26.82
15 3 26 48.251 18 47 24.53 11 56 20.21 30 6 35 22.806 23 11 21.61 12 3 38.69
16 3 30 45.628 19 1 31.22 11 56 21.30 Juill. 1 6 39 31.118 23 7 39.69 12 3 50.33

17 3 34 43.561 19 15 18.55 11 56 22.94 2 6 43 39.191 23 3 33.46 12 4 1.73



II. 28 CONNAISSANCE DES TEMPS

SOLEIL 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, TEMPS DE PASSAGE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison t. passage Date asc. droite déclinaison t. passage

h m s ◦ ′ ′′ h m s h m s ◦ ′ ′′ h m s

Juill. 3 6 47 47.008 22 59 3.02 12 4 12.86 Août 18 9 49 0.350 13 11 54.86 12 3 52.36
4 6 51 54.548 22 54 8.47 12 4 23.70 19 9 52 43.492 12 52 30.65 12 3 38.69
5 6 56 1.795 22 48 49.92 12 4 34.24 20 9 56 26.126 12 32 54.31 12 3 24.51
6 7 0 8.729 22 43 7.50 12 4 44.46 21 10 0 8.266 12 13 6.16 12 3 9.86
7 7 4 15.332 22 37 1.34 12 4 54.33 22 10 3 49.924 11 53 6.50 12 2 54.73

8 7 8 21.584 22 30 31.61 12 5 3.84 23 10 7 31.117 11 32 55.62 12 2 39.14
9 7 12 27.466 22 23 38.46 12 5 12.96 24 10 11 11.861 11 12 33.83 12 2 23.12

10 7 16 32.957 22 16 22.07 12 5 21.68 25 10 14 52.172 10 52 1.40 12 2 6.67
11 7 20 38.032 22 8 42.65 12 5 29.97 26 10 18 32.069 10 31 18.64 12 1 49.82
12 7 24 42.669 22 0 40.37 12 5 37.82 27 10 22 11.569 10 10 25.84 12 1 32.59

13 7 28 46.845 21 52 15.46 12 5 45.19 28 10 25 50.691 9 49 23.30 12 1 14.98
14 7 32 50.537 21 43 28.11 12 5 52.08 29 10 29 29.455 9 28 11.30 12 0 57.03
15 7 36 53.726 21 34 18.54 12 5 58.46 30 10 33 7.880 9 6 50.17 12 0 38.74
16 7 40 56.397 21 24 46.95 12 6 4.31 31 10 36 45.984 8 45 20.19 12 0 20.15
17 7 44 58.535 21 14 53.57 12 6 9.63 Sept. 1 10 40 23.786 8 23 41.69 12 0 1.25

18 7 49 0.130 21 4 38.63 12 6 14.39 2 10 44 1.305 8 1 54.98 11 59 42.08
19 7 53 1.171 20 54 2.37 12 6 18.60 3 10 47 38.556 7 40 0.39 11 59 22.65
20 7 57 1.650 20 43 5.03 12 6 22.23 4 10 51 15.557 7 17 58.26 11 59 2.97
21 8 1 1.558 20 31 46.85 12 6 25.28 5 10 54 52.321 6 55 48.92 11 58 43.07
22 8 5 0.888 20 20 8.07 12 6 27.76 6 10 58 28.864 6 33 32.74 11 58 22.96

23 8 8 59.634 20 8 8.95 12 6 29.64 7 11 2 5.199 6 11 10.06 11 58 2.65
24 8 12 57.790 19 55 49.71 12 6 30.94 8 11 5 41.339 5 48 41.24 11 57 42.15
25 8 16 55.352 19 43 10.61 12 6 31.64 9 11 9 17.301 5 26 6.63 11 57 21.49
26 8 20 52.318 19 30 11.89 12 6 31.75 10 11 12 53.100 5 3 26.58 11 57 0.67
27 8 24 48.685 19 16 53.79 12 6 31.26 11 11 16 28.751 4 40 41.44 11 56 39.71

28 8 28 44.453 19 3 16.57 12 6 30.17 12 11 20 4.273 4 17 51.56 11 56 18.63
29 8 32 39.622 18 49 20.47 12 6 28.49 13 11 23 39.680 3 54 57.28 11 55 57.43
30 8 36 34.193 18 35 5.75 12 6 26.21 14 11 27 14.991 3 31 58.94 11 55 36.15
31 8 40 28.168 18 20 32.66 12 6 23.33 15 11 30 50.222 3 8 56.89 11 55 14.79

Août 1 8 44 21.549 18 5 41.48 12 6 19.87 16 11 34 25.391 2 45 51.45 11 54 53.38

2 8 48 14.340 17 50 32.48 12 6 15.81 17 11 38 0.518 2 22 42.96 11 54 31.95
3 8 52 6.543 17 35 5.94 12 6 11.16 18 11 41 35.623 1 59 31.74 11 54 10.50
4 8 55 58.161 17 19 22.14 12 6 5.93 19 11 45 10.727 1 36 18.11 11 53 49.06
5 8 59 49.198 17 3 21.39 12 6 0.11 20 11 48 45.853 1 13 2.38 11 53 27.66
6 9 3 39.654 16 47 3.98 12 5 53.72 21 11 52 21.022 0 49 44.88 11 53 6.32

7 9 7 29.531 16 30 30.24 12 5 46.74 22 11 55 56.258 0 26 25.90 11 52 45.06
8 9 11 18.830 16 13 40.48 12 5 39.18 23 11 59 31.585 0 3 5.78 11 52 23.90
9 9 15 7.550 15 56 35.05 12 5 31.05 24 12 3 7.027 − 0 20 15.18 11 52 2.86

10 9 18 55.689 15 39 14.27 12 5 22.34 25 12 6 42.610 − 0 43 36.67 11 51 41.98
11 9 22 43.247 15 21 38.48 12 5 13.06 26 12 10 18.356 − 1 6 58.37 11 51 21.27

12 9 26 30.229 15 3 47.99 12 5 3.21 27 12 13 54.291 − 1 30 19.95 11 51 0.76
13 9 30 16.637 14 45 43.15 12 4 52.78 28 12 17 30.438 − 1 53 41.10 11 50 40.47
14 9 34 2.479 14 27 24.26 12 4 41.79 29 12 21 6.820 − 2 17 1.47 11 50 20.42
15 9 37 47.762 14 8 51.67 12 4 30.25 30 12 24 43.459 − 2 40 20.73 11 50 0.64
16 9 41 32.496 13 50 5.69 12 4 18.15 Oct. 1 12 28 20.377 − 3 3 38.53 11 49 41.15

17 9 45 16.688 13 31 6.64 12 4 5.52 2 12 31 57.594 − 3 26 54.49 11 49 21.97



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 29

SOLEIL 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, TEMPS DE PASSAGE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison t. passage Date asc. droite déclinaison t. passage

h m s ◦ ′ ′′ h m s h m s ◦ ′ ′′ h m s

Oct. 3 12 35 35.129 − 3 50 8.27 11 49 3.11 Nov. 18 15 32 47.393 −19 8 34.85 11 45 9.19
4 12 39 13.001 − 4 13 19.47 11 48 44.61 19 15 36 56.518 −19 22 49.20 11 45 22.16
5 12 42 51.227 − 4 36 27.72 11 48 26.47 20 15 41 6.459 −19 36 42.64 11 45 35.95
6 12 46 29.827 − 4 59 32.63 11 48 8.72 21 15 45 17.212 −19 50 14.81 11 45 50.54
7 12 50 8.816 − 5 22 33.83 11 47 51.36 22 15 49 28.771 −20 3 25.37 11 46 5.94

8 12 53 48.214 − 5 45 30.91 11 47 34.42 23 15 53 41.130 −20 16 13.98 11 46 22.12
9 12 57 28.035 − 6 8 23.51 11 47 17.91 24 15 57 54.280 −20 28 40.27 11 46 39.10

10 13 1 8.296 − 6 31 11.23 11 47 1.84 25 16 2 8.213 −20 40 43.92 11 46 56.85
11 13 4 49.010 − 6 53 53.69 11 46 46.23 26 16 6 22.916 −20 52 24.58 11 47 15.37
12 13 8 30.193 − 7 16 30.49 11 46 31.09 27 16 10 38.378 −21 3 41.89 11 47 34.65

13 13 12 11.858 − 7 39 1.26 11 46 16.44 28 16 14 54.584 −21 14 35.53 11 47 54.67
14 13 15 54.022 − 8 1 25.60 11 46 2.29 29 16 19 11.522 −21 25 5.16 11 48 15.41
15 13 19 36.701 − 8 23 43.13 11 45 48.68 30 16 23 29.173 −21 35 10.44 11 48 36.86
16 13 23 19.913 − 8 45 53.49 11 45 35.61 Déc. 1 16 27 47.521 −21 44 51.09 11 48 59.00
17 13 27 3.675 − 9 7 56.30 11 45 23.09 2 16 32 6.545 −21 54 6.79 11 49 21.80

18 13 30 48.007 − 9 29 51.18 11 45 11.16 3 16 36 26.223 −22 2 57.27 11 49 45.24
19 13 34 32.927 − 9 51 37.77 11 44 59.83 4 16 40 46.528 −22 11 22.26 11 50 9.29
20 13 38 18.454 −10 13 15.70 11 44 49.12 5 16 45 7.432 −22 19 21.50 11 50 33.92
21 13 42 4.609 −10 34 44.60 11 44 39.04 6 16 49 28.904 −22 26 54.75 11 50 59.10
22 13 45 51.411 −10 56 4.10 11 44 29.62 7 16 53 50.911 −22 34 1.76 11 51 24.80

23 13 49 38.878 −11 17 13.84 11 44 20.87 8 16 58 13.421 −22 40 42.30 11 51 51.00
24 13 53 27.031 −11 38 13.44 11 44 12.81 9 17 2 36.402 −22 46 56.16 11 52 17.65
25 13 57 15.888 −11 59 2.53 11 44 5.46 10 17 6 59.821 −22 52 43.14 11 52 44.72
26 14 1 5.466 −12 19 40.73 11 43 58.84 11 17 11 23.647 −22 58 3.04 11 53 12.19
27 14 4 55.782 −12 40 7.66 11 43 52.96 12 17 15 47.849 −23 2 55.68 11 53 40.02

28 14 8 46.851 −13 0 22.92 11 43 47.84 13 17 20 12.396 −23 7 20.92 11 54 8.19
29 14 12 38.686 −13 20 26.11 11 43 43.50 14 17 24 37.257 −23 11 18.60 11 54 36.65
30 14 16 31.301 −13 40 16.83 11 43 39.94 15 17 29 2.402 −23 14 48.60 11 55 5.38
31 14 20 24.708 −13 59 54.64 11 43 37.18 16 17 33 27.799 −23 17 50.80 11 55 34.35

Nov. 1 14 24 18.918 −14 19 19.15 11 43 35.24 17 17 37 53.419 −23 20 25.11 11 56 3.52

2 14 28 13.939 −14 38 29.91 11 43 34.11 18 17 42 19.231 −23 22 31.44 11 56 32.87
3 14 32 9.782 −14 57 26.52 11 43 33.81 19 17 46 45.203 −23 24 9.73 11 57 2.36
4 14 36 6.454 −15 16 8.54 11 43 34.34 20 17 51 11.306 −23 25 19.91 11 57 31.96
5 14 40 3.961 −15 34 35.57 11 43 35.70 21 17 55 37.509 −23 26 1.95 11 58 1.64
6 14 44 2.305 −15 52 47.19 11 43 37.90 22 18 0 3.779 −23 26 15.81 11 58 31.38

7 14 48 1.487 −16 10 42.98 11 43 40.93 23 18 4 30.087 −23 26 1.46 11 59 1.14
8 14 52 1.507 −16 28 22.53 11 43 44.80 24 18 8 56.401 −23 25 18.88 11 59 30.90
9 14 56 2.363 −16 45 45.41 11 43 49.50 25 18 13 22.690 −23 24 8.06 12 0 0.62

10 15 0 4.052 −17 2 51.22 11 43 55.03 26 18 17 48.926 −23 22 29.00 12 0 30.27
11 15 4 6.572 −17 19 39.54 11 44 1.40 27 18 22 15.077 −23 20 21.72 12 0 59.83

12 15 8 9.923 −17 36 9.96 11 44 8.60 28 18 26 41.114 −23 17 46.27 12 1 29.25
13 15 12 14.102 −17 52 22.09 11 44 16.63 29 18 31 7.007 −23 14 42.70 12 1 58.52
14 15 16 19.110 −18 8 15.54 11 44 25.49 30 18 35 32.723 −23 11 11.11 12 2 27.59
15 15 20 24.944 −18 23 49.92 11 44 35.18 31 18 39 58.228 −23 7 11.60 12 2 56.42
16 15 24 31.604 −18 39 4.84 11 44 45.69 32 18 44 23.487 −23 2 44.29 12 3 24.99

17 15 28 39.088 −18 53 59.94 11 44 57.03 33 18 48 48.464 −22 57 49.34 12 3 53.26



II. 30 CONNAISSANCE DES TEMPS

SOLEIL 2010 à 0h TT

COORDONNÉES RECTANGULAIRES

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date X Y Z Date X Y Z

ua ua ua ua ua ua

Janv. 0 0.158 792 68 −0.890345 99 −0.385 987 50 Févr. 15 0.819 291 79 −0.506125 43 −0.219 418 99
1 0.176 017 79 −0.887599 66 −0.384 797 70 16 0.829 056 23 −0.492889 51 −0.213 680 49
2 0.193 188 55 −0.884578 75 −0.383 488 88 17 0.838 564 76 −0.479501 97 −0.207 876 40
3 0.210 300 07 −0.881284 05 −0.382 061 35 18 0.847 814 58 −0.465967 30 −0.202 008 65
4 0.227 347 42 −0.877716 34 −0.380 515 38 19 0.856 803 01 −0.452290 01 −0.196 079 23

5 0.244 325 57 −0.873876 38 −0.378 851 28 20 0.865 527 54 −0.438474 70 −0.190 090 12
6 0.261 229 41 −0.869764 98 −0.377 069 35 21 0.873 985 81 −0.424525 95 −0.184 043 32
7 0.278 053 71 −0.865383 04 −0.375 169 98 22 0.882 175 62 −0.410448 40 −0.177 940 82
8 0.294 793 16 −0.860731 57 −0.373 153 58 23 0.890 094 93 −0.396246 67 −0.171 784 60
9 0.311 442 39 −0.855811 69 −0.371 020 66 24 0.897 741 84 −0.381925 37 −0.165 576 63

10 0.327 996 01 −0.850624 68 −0.368 771 77 25 0.905 114 61 −0.367489 04 −0.159 318 86
11 0.344 448 61 −0.845171 96 −0.366 407 54 26 0.912 211 64 −0.352942 17 −0.153 013 19
12 0.360 794 77 −0.839455 09 −0.363 928 69 27 0.919 031 40 −0.338289 19 −0.146 661 48
13 0.377 029 10 −0.833475 81 −0.361 335 97 28 0.925 572 41 −0.323534 38 −0.140 265 55
14 0.393 146 26 −0.827235 96 −0.358 630 23 Mars 1 0.931 833 19 −0.308681 97 −0.133 827 19

15 0.409 140 93 −0.820737 54 −0.355 812 37 2 0.937 812 22 −0.293736 15 −0.127 348 19
16 0.425 007 86 −0.813982 70 −0.352 883 34 3 0.943 507 94 −0.278701 09 −0.120 830 32
17 0.440 741 89 −0.806973 70 −0.349 844 15 4 0.948 918 71 −0.263581 01 −0.114 275 42
18 0.456 337 91 −0.799712 93 −0.346 695 88 5 0.954 042 92 −0.248380 19 −0.107 685 34
19 0.471 790 91 −0.792202 92 −0.343 439 65 6 0.958 878 94 −0.233103 03 −0.101 062 02

20 0.487 095 97 −0.784446 28 −0.340 076 60 7 0.963 425 21 −0.217754 00 −0.094 407 41
21 0.502 248 29 −0.776445 75 −0.336 607 95 8 0.967 680 24 −0.202337 69 −0.087 723 52
22 0.517 243 15 −0.768204 14 −0.333 034 94 9 0.971 642 62 −0.186858 75 −0.081 012 42
23 0.532 075 95 −0.759724 39 −0.329 358 84 10 0.975 311 07 −0.171321 92 −0.074 276 17
24 0.546 742 24 −0.751009 48 −0.325 580 95 11 0.978 684 40 −0.155732 00 −0.067 516 90

25 0.561 237 65 −0.742062 49 −0.321 702 61 12 0.981 761 57 −0.140093 83 −0.060 736 72
26 0.575 558 00 −0.732886 55 −0.317 725 15 13 0.984 541 62 −0.124412 32 −0.053 937 81
27 0.589 699 23 −0.723484 80 −0.313 649 92 14 0.987 023 75 −0.108692 42 −0.047 122 33
28 0.603 657 41 −0.713860 42 −0.309 478 26 15 0.989 207 27 −0.092939 12 −0.040 292 46
29 0.617 428 76 −0.704016 52 −0.305 211 49 16 0.991 091 66 −0.077157 44 −0.033 450 41

30 0.631 009 54 −0.693956 19 −0.300 850 88 17 0.992 676 52 −0.061352 42 −0.026 598 38
31 0.644 396 09 −0.683682 43 −0.296 397 70 18 0.993 961 62 −0.045529 13 −0.019 738 58

Févr. 1 0.657 584 69 −0.673198 21 −0.291 853 18 19 0.994 946 89 −0.029692 63 −0.012 873 19
2 0.670 571 60 −0.662506 47 −0.287 218 56 20 0.995 632 41 −0.013847 98 −0.006 004 42
3 0.683 352 96 −0.651610 18 −0.282 495 09 21 0.996 018 42 0.001999 80 0.000 865 58

4 0.695 924 90 −0.640512 38 −0.277 684 10 22 0.996 105 33 0.017845 72 0.007 734 65
5 0.708 283 47 −0.629216 22 −0.272 786 93 23 0.995 893 71 0.033684 87 0.014 600 70
6 0.720 424 73 −0.617724 98 −0.267 805 03 24 0.995 384 23 0.049512 39 0.021 461 64
7 0.732 344 76 −0.606042 05 −0.262 739 88 25 0.994 577 72 0.065323 56 0.028 315 47
8 0.744 039 69 −0.594170 96 −0.257 593 03 26 0.993 475 09 0.081113 71 0.035 160 22

9 0.755 505 69 −0.582115 36 −0.252 366 09 27 0.992 077 33 0.096878 35 0.041 993 96
10 0.766 739 04 −0.569879 03 −0.247 060 74 28 0.990 385 43 0.112613 07 0.048 814 84
11 0.777 736 09 −0.557465 83 −0.241 678 66 29 0.988 400 38 0.128313 57 0.055 621 03
12 0.788 493 28 −0.544879 74 −0.236 221 63 30 0.986 123 16 0.143975 63 0.062 410 71
13 0.799 007 17 −0.532124 85 −0.230 691 45 31 0.983 554 66 0.159595 06 0.069 182 08

14 0.809 274 41 −0.519205 33 −0.225 089 94 Avril 1 0.980 695 74 0.175167 66 0.075 933 32



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 31

SOLEIL 2010 à 0h TT

COORDONNÉES RECTANGULAIRES

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date X Y Z Date X Y Z

ua ua ua ua ua ua

Avril 2 0.977 547 26 0.190 689 18 0.082 662 58 Mai 18 0.553 469 29 0.776 710 72 0.336 721 35
3 0.974 110 09 0.206 155 32 0.089 367 96 19 0.539 264 30 0.785 29410 0.340 441 80
4 0.970 385 13 0.221 561 71 0.096 047 56 20 0.524 906 11 0.793 65162 0.344 064 39
5 0.966 373 39 0.236 903 95 0.102 699 42 21 0.510 399 24 0.801 78125 0.347 588 29
6 0.962 075 96 0.252 177 56 0.109 321 57 22 0.495 748 20 0.809 68112 0.351 012 70

7 0.957 494 02 0.267 378 05 0.115 912 04 23 0.480 957 41 0.817 34945 0.354 336 90
8 0.952 628 89 0.282 500 90 0.122 468 83 24 0.466 031 21 0.824 78458 0.357 560 16
9 0.947 481 98 0.297 541 58 0.128 989 95 25 0.450 973 89 0.831 98491 0.360 681 80

10 0.942 054 83 0.312 495 55 0.135 473 41 26 0.435 789 64 0.838 948 86 0.363 701 14
11 0.936 349 10 0.327 358 27 0.141 917 21 27 0.420 482 62 0.845 674 90 0.366 617 48

12 0.930 366 56 0.342 125 20 0.148 319 37 28 0.405 056 93 0.852 161 46 0.369 430 13
13 0.924 109 12 0.356 791 81 0.154 677 91 29 0.389 516 68 0.858 407 00 0.372 138 39
14 0.917 578 83 0.371 353 59 0.160 990 85 30 0.373 865 99 0.864 409 93 0.374 741 52
15 0.910 777 87 0.385 806 04 0.167 256 25 31 0.358 108 99 0.870 168 68 0.377 238 83
16 0.903 708 59 0.400 144 72 0.173 472 18 Juin 1 0.342 249 88 0.875 681 67 0.379 629 59

17 0.896 373 46 0.414 365 24 0.179 636 75 2 0.326 292 92 0.880 94734 0.381 913 08
18 0.888 775 12 0.428 463 29 0.185 748 10 3 0.310 242 43 0.885 96414 0.384 088 62
19 0.880 916 34 0.442 434 65 0.191 804 45 4 0.294 102 79 0.890 73057 0.386 155 52
20 0.872 800 00 0.456 275 23 0.197 804 03 5 0.277 878 45 0.895 24515 0.388 113 12
21 0.864 429 09 0.469 981 04 0.203 745 17 6 0.261 573 93 0.899 50646 0.389 960 79

22 0.855 806 67 0.483 548 26 0.209 626 25 7 0.245 193 80 0.903 51312 0.391 697 92
23 0.846 935 83 0.496 973 19 0.215 445 70 8 0.228 742 75 0.907 26380 0.393 323 92
24 0.837 819 69 0.510 252 28 0.221 202 02 9 0.212 225 49 0.910 75725 0.394 838 24
25 0.828 461 36 0.523 382 10 0.226 893 75 10 0.195 646 87 0.913 992 26 0.396 240 38
26 0.818 863 91 0.536 359 33 0.232 519 50 11 0.179 011 80 0.916 967 71 0.397 529 86

27 0.809 030 34 0.549 180 72 0.238 077 85 12 0.162 325 29 0.919 682 62 0.398 706 28
28 0.798 963 60 0.561 843 08 0.243 567 43 13 0.145 592 46 0.922 136 10 0.399 769 28
29 0.788 666 60 0.574 343 22 0.248 986 85 14 0.128 818 45 0.924 327 45 0.400 718 60
30 0.778 142 23 0.586 677 93 0.254 334 70 15 0.112 008 46 0.926 256 11 0.401 554 04

Mai 1 0.767 393 36 0.598 843 99 0.259 609 54 16 0.095 167 69 0.927 92175 0.402 275 50

2 0.756 422 91 0.610 838 13 0.264 809 94 17 0.078 301 26 0.929 32418 0.402 882 95
3 0.745 233 87 0.622 657 06 0.269 934 44 18 0.061 414 24 0.930 46337 0.403 376 41
4 0.733 829 29 0.634 297 48 0.274 981 56 19 0.044 511 57 0.931 33944 0.403 755 95
5 0.722 212 30 0.645 756 07 0.279 949 85 20 0.027 598 10 0.931 95258 0.404 021 67
6 0.710 386 16 0.657 029 54 0.284 837 83 21 0.010 678 56 0.932 30306 0.404 173 70

7 0.698 354 17 0.668 114 60 0.289 644 06 22 −0.006242 41 0.932 391 19 0.404 212 17
8 0.686 119 75 0.679 007 99 0.294 367 10 23 −0.023160 28 0.932 217 31 0.404 137 20
9 0.673 686 43 0.689 706 48 0.299 005 53 24 −0.040070 56 0.931 781 76 0.403 948 92

10 0.661 057 83 0.700 206 85 0.303 557 94 25 −0.056968 80 0.931 084 88 0.403 647 45
11 0.648 237 64 0.710 505 95 0.308 022 94 26 −0.073850 60 0.930 127 02 0.403 232 91

12 0.635 229 72 0.720 600 65 0.312 399 18 27 −0.090711 55 0.928 908 50 0.402 705 41
13 0.622 038 01 0.730 487 88 0.316 685 33 28 −0.107547 25 0.927 429 68 0.402 065 06
14 0.608 666 58 0.740 164 65 0.320 880 09 29 −0.124353 25 0.925 690 90 0.401 311 98
15 0.595 119 63 0.749 628 04 0.324 982 23 30 −0.141125 11 0.923 692 52 0.400 446 30
16 0.581 401 47 0.758 875 27 0.328 990 55 Juill. 1 −0.157858 31 0.921 434 95 0.399 468 16

17 0.567 516 53 0.767 903 66 0.332 903 94 2 −0.174548 34 0.918 918 61 0.398 377 73



II. 32 CONNAISSANCE DES TEMPS

SOLEIL 2010 à 0h TT

COORDONNÉES RECTANGULAIRES

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date X Y Z Date X Y Z

ua ua ua ua ua ua

Juill. 3 −0.191 190 62 0.916 143 99 0.397 175 20 Août 18 −0.827408 14 0.535 104 57 0.231 982 82
4 −0.207 780 55 0.913 111 61 0.395 860 78 19 −0.836915 81 0.522 184 16 0.226 382 15
5 −0.224 313 47 0.909 822 05 0.394 434 71 20 −0.846184 40 0.509 116 12 0.220 717 52
6 −0.240 784 71 0.906 275 95 0.392 897 28 21 −0.855211 47 0.495 904 09 0.214 990 49
7 −0.257 189 52 0.902 474 02 0.391 248 78 22 −0.863994 60 0.482 551 69 0.209 202 59

8 −0.273 523 11 0.898 417 03 0.389 489 56 23 −0.872531 40 0.469 062 53 0.203 355 36
9 −0.289 780 63 0.894 105 86 0.387 620 03 24 −0.880819 55 0.455 440 22 0.197 450 32

10 −0.305 957 18 0.889 541 48 0.385 640 63 25 −0.888856 69 0.441 688 37 0.191 489 03
11 −0.322 047 78 0.884 725 02 0.383 551 89 26 −0.896640 53 0.427 810 61 0.185 473 03
12 −0.338 047 47 0.879 657 76 0.381 354 41 27 −0.904168 78 0.413 810 56 0.179 403 90

13 −0.353 951 26 0.874 341 17 0.379 048 87 28 −0.911439 15 0.399 691 91 0.173 283 20
14 −0.369 754 25 0.868 776 92 0.376 636 04 29 −0.918449 38 0.385 458 33 0.167 112 53
15 −0.385 451 62 0.862 966 82 0.374 116 76 30 −0.925197 20 0.371 113 56 0.160 893 51
16 −0.401 038 72 0.856 912 86 0.371 491 90 31 −0.931680 37 0.356 661 38 0.154 627 78
17 −0.416 511 01 0.850 617 11 0.368 762 39 Sept. 1 −0.937896 66 0.342 105 60 0.148 317 03

18 −0.431 864 16 0.844 081 71 0.365 929 16 2 −0.943843 83 0.327 450 13 0.141 962 95
19 −0.447 093 94 0.837 308 84 0.362 993 17 3 −0.949519 67 0.312 698 93 0.135 567 30
20 −0.462 196 24 0.830 300 69 0.359 955 33 4 −0.954921 97 0.297 856 05 0.129 131 86
21 −0.477 167 07 0.823 059 45 0.356 816 57 5 −0.960048 58 0.282 925 68 0.122 658 49
22 −0.492 002 49 0.815 587 29 0.353 577 82 6 −0.964897 37 0.267 912 12 0.116 149 10

23 −0.506 698 63 0.807 886 38 0.350 239 97 7 −0.969466 32 0.252 819 81 0.109 605 65
24 −0.521 251 64 0.799 958 89 0.346 803 94 8 −0.973753 55 0.237 653 36 0.103 030 19
25 −0.535 657 72 0.791 806 97 0.343 270 63 9 −0.977757 36 0.222 417 48 0.096 424 79
26 −0.549 913 07 0.783 432 79 0.339 640 94 10 −0.981476 26 0.207 116 98 0.089 791 54
27 −0.564 013 90 0.774 838 52 0.335 915 78 11 −0.984909 00 0.191 756 68 0.083 132 56

28 −0.577 956 42 0.766 026 34 0.332 096 07 12 −0.988054 54 0.176 341 41 0.076 449 91
29 −0.591 736 83 0.756 998 48 0.328 182 75 13 −0.990912 01 0.160 875 94 0.069 745 64
30 −0.605 351 32 0.747 757 16 0.324 176 78 14 −0.993480 70 0.145 364 96 0.063 021 77
31 −0.618 796 08 0.738 304 67 0.320 079 11 15 −0.995759 99 0.129 813 10 0.056 280 26

Août 1 −0.632 067 28 0.728 643 34 0.315 890 76 16 −0.997749 36 0.114 224 92 0.049 523 06

2 −0.645 161 08 0.718 775 54 0.311 612 76 17 −0.999448 34 0.098 604 93 0.042 752 09
3 −0.658 073 64 0.708 703 71 0.307 246 14 18 −1.000856 52 0.082 957 60 0.035 969 24
4 −0.670 801 07 0.698 430 35 0.302 792 02 19 −1.001973 56 0.067 287 34 0.029 176 42
5 −0.683 339 49 0.687 958 02 0.298 251 52 20 −1.002799 12 0.051 598 55 0.022 375 49
6 −0.695 684 99 0.677 289 37 0.293 625 80 21 −1.003332 95 0.035 895 61 0.015 568 33

7 −0.707 833 62 0.666 427 19 0.288 916 11 22 −1.003574 80 0.020 182 86 0.008 756 81
8 −0.719 781 45 0.655 374 35 0.284 123 74 23 −1.003524 48 0.004 464 64 0.001 942 78
9 −0.731 524 55 0.644 133 92 0.279 250 05 24 −1.003181 81 −0.011 254 73 −0.004 871 88

10 −0.743 059 03 0.632 709 12 0.274 296 49 25 −1.002546 66 −0.026 970 92 −0.011 685 31
11 −0.754 381 13 0.621 103 36 0.269 264 58 26 −1.001618 91 −0.042 679 62 −0.018 495 63

12 −0.765 487 21 0.609 320 18 0.264 155 91 27 −1.000398 45 −0.058 376 47 −0.025 300 95
13 −0.776 373 85 0.597 363 29 0.258 972 08 28 −0.998885 23 −0.074 057 11 −0.032 099 36
14 −0.787 037 81 0.585 236 41 0.253 714 75 29 −0.997079 19 −0.089 717 15 −0.038 888 94
15 −0.797 476 03 0.572 943 35 0.248 385 54 30 −0.994980 32 −0.105 352 15 −0.045 667 74
16 −0.807 685 65 0.560 487 86 0.242 986 09 Oct. 1 −0.992588 64 −0.120 957 60 −0.052 433 77

17 −0.817 663 90 0.547 873 70 0.237 517 99 2 −0.989904 24 −0.136 528 95 −0.059 185 02



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 33

SOLEIL 2010 à 0h TT

COORDONNÉES RECTANGULAIRES

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date X Y Z Date X Y Z

ua ua ua ua ua ua

Oct. 3 −0.986927 24 −0.152 061 54 −0.065 919 43 Nov. 18 −0.561 614 72 −0.746 447 15 −0.323595 76
4 −0.983657 89 −0.167 550 63 −0.072 634 90 19 −0.547 093 82 −0.755 234 65 −0.327405 57
5 −0.980096 52 −0.182 991 37 −0.079 329 31 20 −0.532 406 64 −0.763 791 22 −0.331115 41
6 −0.976243 65 −0.198 378 84 −0.086 000 46 21 −0.517 557 43 −0.772 114 38 −0.334724 18
7 −0.972099 99 −0.213 708 02 −0.092 646 18 22 −0.502 550 42 −0.780 201 68 −0.338230 82

8 −0.967666 49 −0.228 973 87 −0.099 264 27 23 −0.487 389 86 −0.788 050 71 −0.341634 24
9 −0.962944 30 −0.244 171 38 −0.105 852 56 24 −0.472 079 96 −0.795 659 09 −0.344933 38

10 −0.957934 81 −0.259 295 59 −0.112 408 91 25 −0.456 624 96 −0.803 024 41 −0.348127 17
11 −0.952639 57 −0.274 341 63 −0.118 931 24 26 −0.441 029 14 −0.810 144 28 −0.351214 51
12 −0.947060 30 −0.289 304 77 −0.125 417 54 27 −0.425 296 83 −0.817 016 28 −0.354194 33

13 −0.941198 80 −0.304 180 36 −0.131 865 82 28 −0.409 432 43 −0.823 637 97 −0.357065 53
14 −0.935056 94 −0.318 963 88 −0.138 274 17 29 −0.393 440 47 −0.830 006 91 −0.359827 02
15 −0.928636 66 −0.333 650 89 −0.144 640 69 30 −0.377 325 60 −0.836 120 68 −0.362477 73
16 −0.921939 95 −0.348 237 04 −0.150 963 53 Déc. 1 −0.361 092 61 −0.841 976 87 −0.365016 60
17 −0.914968 82 −0.362 718 04 −0.157 240 85 2 −0.344 746 45 −0.847 573 17 −0.367442 62

18 −0.907725 36 −0.377 089 67 −0.163 470 85 3 −0.328 292 23 −0.852 907 32 −0.369754 82
19 −0.900211 66 −0.391 347 75 −0.169 651 73 4 −0.311 735 19 −0.857 977 20 −0.371952 31
20 −0.892429 88 −0.405 488 17 −0.175 781 74 5 −0.295 080 70 −0.862 780 84 −0.374034 26
21 −0.884382 18 −0.419 506 85 −0.181 859 12 6 −0.278 334 22 −0.867 316 42 −0.375999 91
22 −0.876070 79 −0.433 399 79 −0.187 882 12 7 −0.261 501 30 −0.871 582 31 −0.377848 61

23 −0.867497 92 −0.447 162 99 −0.193 849 02 8 −0.244 587 49 −0.875 577 06 −0.379579 75
24 −0.858665 83 −0.460 792 49 −0.199 758 09 9 −0.227 598 34 −0.879 299 38 −0.381192 82
25 −0.849576 79 −0.474 284 36 −0.205 607 62 10 −0.210 539 41 −0.882 748 14 −0.382687 35
26 −0.840233 08 −0.487 634 66 −0.211 395 88 11 −0.193 416 23 −0.885 922 34 −0.384062 95
27 −0.830637 03 −0.500 839 45 −0.217 121 13 12 −0.176 234 28 −0.888 821 11 −0.385319 26

28 −0.820790 96 −0.513 894 78 −0.222 781 62 13 −0.158 999 03 −0.891 443 68 −0.386455 96
29 −0.810697 29 −0.526 796 65 −0.228 375 59 14 −0.141 715 91 −0.893 789 42 −0.387472 80
30 −0.800358 46 −0.539 541 03 −0.233 901 25 15 −0.124 390 31 −0.895 857 78 −0.388369 53
31 −0.789777 02 −0.552 123 84 −0.239 356 79 16 −0.107 027 60 −0.897 648 30 −0.389145 97

Nov. 1 −0.778955 64 −0.564 540 95 −0.244 740 40 17 −0.089 633 10 −0.899 160 63 −0.389801 95

2 −0.767897 09 −0.576 788 21 −0.250 050 22 18 −0.072 212 07 −0.900 394 51 −0.390337 35
3 −0.756604 33 −0.588 861 41 −0.255 284 43 19 −0.054 769 73 −0.901 349 74 −0.390752 07
4 −0.745080 52 −0.600 756 35 −0.260 441 17 20 −0.037 311 23 −0.902 026 20 −0.391046 03
5 −0.733329 00 −0.612 468 87 −0.265 518 66 21 −0.019 841 68 −0.902 423 80 −0.391219 17
6 −0.721353 33 −0.623 994 87 −0.270 515 12 22 −0.002 366 13 −0.902 542 48 −0.391271 41

7 −0.709157 24 −0.635 330 36 −0.275 428 85 23 0.015 110 41 −0.902 382 18 −0.391202 69
8 −0.696744 63 −0.646 471 49 −0.280 258 22 24 0.032 582 93 −0.901 942 84 −0.391012 93
9 −0.684119 50 −0.657 414 57 −0.285 001 65 25 0.050 046 37 −0.901 224 37 −0.390702 07

10 −0.671285 93 −0.668 156 06 −0.289 657 65 26 0.067 495 63 −0.900 226 69 −0.390270 03
11 −0.658248 07 −0.678 692 56 −0.294 224 80 27 0.084 925 51 −0.898 949 75 −0.389716 77

12 −0.645010 06 −0.689 020 80 −0.298 701 70 28 0.102 330 72 −0.897 393 52 −0.389042 25
13 −0.631576 11 −0.699 137 63 −0.303 087 02 29 0.119 705 86 −0.895 558 05 −0.388246 49
14 −0.617950 41 −0.709 040 00 −0.307 379 46 30 0.137 045 42 −0.893 443 52 −0.387329 59
15 −0.604137 19 −0.718 724 96 −0.311 577 77 31 0.154 343 81 −0.891 050 20 −0.386291 67
16 −0.590140 66 −0.728 189 65 −0.315 680 71 32 0.171 595 37 −0.888 378 53 −0.385132 95

17 −0.575965 09 −0.737 431 28 −0.319 687 10 33 0.188 794 41 −0.885 429 11 −0.383853 73
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II. 36 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Janv. 0 0 5 52 23.930 25 28 53.38 361 862.057 Janv. 11 0 16 0 33.736 −24 38 3.99 395 251.176
6 6 8 50.497 25 9 23.64 361 075.222 6 16 14 8.213 −25 1 25.19 396 134.573

12 6 25 15.015 24 43 0.25 360 394.826 12 16 27 44.216 −25 20 3.69 396 980.543
18 6 41 35.180 24 9 50.51 359 824.658 18 16 41 20.914 −25 33 57.49 397 789.206

1 0 6 57 48.857 23 30 5.49 359 367.694 12 0 16 54 57.418 −25 43 5.74 398 560.779
6 7 13 54.128 22 43 59.74 359 026.062 6 17 8 32.809 −25 47 28.74 399 295.547

12 7 29 49.331 21 51 50.97 358 801.017 12 17 22 6.150 −25 47 7.97 399 993.837
18 7 45 33.091 20 53 59.60 358 692.929 18 17 35 36.510 −25 42 6.06 400 655.997

2 0 8 1 4.326 19 50 48.28 358 701.291 13 0 17 49 2.977 −25 32 26.79 401 282.369
6 8 16 22.254 18 42 41.47 358 824.735 6 18 2 24.685 −25 18 15.05 401 873.268

12 8 31 26.379 17 30 4.90 359 061.053 12 18 15 40.820 −24 59 36.71 402 428.963
18 8 46 16.473 16 13 25.16 359 407.244 18 18 28 50.642 −24 36 38.63 402 949.657

3 0 9 0 52.557 14 53 9.28 359 859.568 14 0 18 41 53.495 −24 9 28.51 403 435.471
6 9 15 14.868 13 29 44.35 360 413.598 6 18 54 48.812 −23 38 14.80 403 886.431

12 9 29 23.836 12 3 37.22 361 064.296 12 19 7 36.129 −23 3 6.62 404 302.452
18 9 43 20.048 10 35 14.21 361 806.087 18 19 20 15.080 −22 24 13.63 404 683.336

4 0 9 57 4.225 9 5 0.96 362 632.933 15 0 19 32 45.408 −21 41 45.92 405 028.754
6 10 10 37.194 7 33 22.20 363 538.424 6 19 45 6.955 −20 55 53.91 405 338.251

12 10 23 59.864 6 0 41.70 364 515.855 12 19 57 19.666 −20 6 48.29 405 611.236
18 10 37 13.205 4 27 22.16 365 558.311 18 20 9 23.582 −19 14 39.86 405 846.986

5 0 10 50 18.228 2 53 45.23 366 658.746 16 0 20 21 18.835 −18 19 39.50 406 044.644
6 11 3 15.972 1 20 11.42 367 810.061 6 20 33 5.641 −17 21 58.10 406 203.229

12 11 16 7.485 − 0 12 59.81 369 005.180 12 20 44 44.295 −16 21 46.47 406 321.636
18 11 28 53.816 − 1 45 30.03 370 237.108 18 20 56 15.164 −15 19 15.32 406 398.652

6 0 11 41 35.999 − 3 17 1.80 371 499.005 17 0 21 7 38.679 −14 14 35.18 406 432.960
6 11 54 15.053 − 4 47 18.58 372 784.231 6 21 18 55.332 −13 7 56.42 406 423.158

12 12 6 51.962 − 6 16 4.71 374 086.395 12 21 30 5.665 −11 59 29.19 406 367.768
18 12 19 27.677 − 7 43 5.28 375 399.403 18 21 41 10.267 −10 49 23.45 406 265.259

7 0 12 32 3.102 − 9 8 6.09 376 717.482 18 0 21 52 9.770 − 9 37 48.92 406 114.059
6 12 44 39.094 −10 30 53.61 378 035.217 6 22 3 4.842 − 8 24 55.10 405 912.581

12 12 57 16.447 −11 51 14.84 379 347.564 12 22 13 56.187 − 7 10 51.33 405 659.239
18 13 9 55.894 −13 8 57.36 380 649.869 18 22 24 44.537 − 5 55 46.74 405 352.472

8 0 13 22 38.096 −14 23 49.18 381 937.875 19 0 22 35 30.652 − 4 39 50.30 404 990.770
6 13 35 23.633 −15 35 38.81 383 207.726 6 22 46 15.318 − 3 23 10.89 404 572.695

12 13 48 13.002 −16 44 15.15 384 455.965 12 22 56 59.343 − 2 5 57.28 404 096.907
18 14 1 6.607 −17 49 27.54 385 679.527 18 23 7 43.556 − 0 48 18.20 403 562.191

9 0 14 14 4.752 −18 51 5.76 386 875.729 20 0 23 18 28.808 0 29 37.61 402 967.481
6 14 27 7.639 −19 49 0.03 388 042.258 6 23 29 15.968 1 47 41.34 402 311.888

12 14 40 15.357 −20 43 1.05 389 177.152 12 23 40 5.923 3 5 44.11 401 594.727
18 14 53 27.883 −21 33 0.08 390 278.780 18 23 50 59.576 4 23 36.83 400 815.540

10 0 15 6 45.079 −22 18 48.94 391 345.822 21 0 0 1 57.844 5 41 10.20 399 974.129
6 15 20 6.688 −23 0 20.13 392 377.242 6 0 13 1.658 6 58 14.61 399 070.573

12 15 33 32.339 −23 37 26.86 393 372.267 12 0 24 11.958 8 14 40.09 398 105.260
18 15 47 1.551 −24 10 3.17 394 330.356 18 0 35 29.693 9 30 16.25 397 078.909



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 37

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Janv. 22 0 0 46 55.813 10 44 52.16 395 992.592 Févr. 2 0 11 22 0.274 − 0 53 28.85 363 106.646
6 0 58 31.267 11 58 16.35 394 847.757 6 11 35 14.651 − 2 29 2.60 364 301.599

12 1 10 16.993 13 10 16.69 393 646.249 12 11 48 25.220 − 4 3 25.38 365 568.125
18 1 22 13.915 14 20 40.35 392 390.328 18 12 1 32.875 − 5 36 17.55 366 898.094

23 0 1 34 22.926 15 29 13.76 391 082.683 3 0 12 14 38.483 − 7 7 20.57 368 283.239
6 1 46 44.881 16 35 42.53 389 726.451 6 12 27 42.871 − 8 36 16.97 369 715.248

12 1 59 20.584 17 39 51.45 388 325.222 12 12 40 46.818 −10 2 50.35 371 185.840
18 2 12 10.764 18 41 24.46 386 883.048 18 12 53 51.049 −11 26 45.30 372 686.835

24 0 2 25 16.067 19 40 4.67 385 404.450 4 0 13 6 56.225 −12 47 47.38 374 210.226
6 2 38 37.025 20 35 34.42 383 894.415 6 13 20 2.937 −14 5 43.05 375 748.236

12 2 52 14.041 21 27 35.29 382 358.390 12 13 33 11.698 −15 20 19.69 377 293.371
18 3 6 7.363 22 15 48.32 380 802.273 18 13 46 22.938 −16 31 25.50 378 838.464

25 0 3 20 17.061 22 59 54.04 379 232.398 5 0 13 59 36.998 −17 38 49.52 380 376.716
6 3 34 43.002 23 39 32.77 377 655.513 6 14 12 54.122 −18 42 21.60 381 901.721

12 3 49 24.833 24 14 24.85 376 078.751 12 14 26 14.456 −19 41 52.38 383 407.497
18 4 4 21.965 24 44 10.91 374 509.595 18 14 39 38.045 −20 37 13.32 384 888.498

26 0 4 19 33.560 25 8 32.22 372 955.838 6 0 14 53 4.827 −21 28 16.69 386 339.630
6 4 34 58.530 25 27 11.12 371 425.531 6 15 6 34.637 −22 14 55.56 387 756.252

12 4 50 35.542 25 39 51.35 369 926.930 12 15 20 7.206 −22 57 3.88 389 134.185
18 5 6 23.035 25 46 18.53 368 468.430 18 15 33 42.168 −23 34 36.48 390 469.703

27 0 5 22 19.248 25 46 20.54 367 058.495 7 0 15 47 19.059 −24 7 29.07 391 759.527
6 5 38 22.255 25 39 47.87 365 705.585 6 16 0 57.332 −24 35 38.34 393 000.818

12 5 54 30.010 25 26 34.02 364 418.070 12 16 14 36.363 −24 59 1.91 394 191.160
18 6 10 40.403 25 6 35.72 363 204.140 18 16 28 15.465 −25 17 38.42 395 328.542

28 0 6 26 51.313 24 39 53.12 362 071.727 8 0 16 41 53.899 −25 31 27.49 396 411.345
6 6 43 0.667 24 6 29.89 361 028.403 6 16 55 30.891 −25 40 29.75 397 438.316

12 6 59 6.493 23 26 33.25 360 081.288 12 17 9 5.647 −25 44 46.87 398 408.549
18 7 15 6.970 22 40 13.84 359 236.966 18 17 22 37.371 −25 44 21.46 399 321.457

29 0 7 31 0.470 21 47 45.55 358 501.396 9 0 17 36 5.279 −25 39 17.13 400 176.755
6 7 46 45.587 20 49 25.27 357 879.823 6 17 49 28.613 −25 29 38.39 400 974.424

12 8 2 21.157 19 45 32.57 357 376.717 12 18 2 46.661 −25 15 30.63 401 714.693
18 8 17 46.270 18 36 29.36 356 995.703 18 18 15 58.765 −24 57 0.04 402 398.010

30 0 8 33 0.272 17 22 39.49 356 739.504 10 0 18 29 4.330 −24 34 13.57 403 025.013
6 8 48 2.752 16 4 28.34 356 609.906 6 18 42 2.841 −24 7 18.80 403 596.507

12 9 2 53.532 14 42 22.48 356 607.736 12 18 54 53.861 −23 36 23.94 404 113.433
18 9 17 32.648 13 16 49.24 356 732.838 18 19 7 37.040 −23 1 37.69 404 576.847

31 0 9 32 0.322 11 48 16.42 356 984.088 11 0 19 20 12.117 −22 23 9.16 404 987.889
6 9 46 16.944 10 17 11.91 357 359.409 6 19 32 38.917 −21 41 7.84 405 347.763

12 10 0 23.045 8 44 3.47 357 855.802 12 19 44 57.358 −20 55 43.50 405 657.711
18 10 14 19.270 7 9 18.44 358 469.390 18 19 57 7.437 −20 7 6.10 405 918.990

Févr. 1 0 10 28 6.360 5 33 23.58 359 195.486 12 0 20 9 9.237 −19 15 25.77 406 132.851
6 10 41 45.126 3 56 44.85 360 028.652 6 20 21 2.916 −18 20 52.73 406 300.519

12 10 55 16.431 2 19 47.33 360 962.779 12 20 32 48.702 −17 23 37.24 406 423.174
18 11 8 41.175 0 42 55.09 361 991.173 18 20 44 26.891 −16 23 49.57 406 501.932



II. 38 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Févr.13 0 20 55 57.840 −15 21 39.98 406 537.835 Févr. 24 0 6 1 18.476 25 11 58.83 370 024.682
6 21 7 21.960 −14 17 18.65 406 531.832 6 6 16 54.123 24 50 23.78 368 721.036

12 21 18 39.710 −13 10 55.72 406 484.771 12 6 32 30.429 24 22 33.89 367 457.089
18 21 29 51.596 −12 2 41.22 406 397.388 18 6 48 5.817 23 48 31.98 366 240.267

14 0 21 40 58.162 −10 52 45.09 406 270.301 25 0 7 3 38.793 23 8 23.52 365 078.043
6 21 51 59.990 − 9 41 17.20 406 104.004 6 7 19 7.979 22 22 16.67 363 977.870

12 22 2 57.690 − 8 28 27.29 405 898.867 12 7 34 32.144 21 30 22.14 362 947.105
18 22 13 51.904 − 7 14 25.04 405 655.130 18 7 49 50.224 20 32 53.11 361 992.921

15 0 22 24 43.296 − 5 59 20.05 405 372.913 26 0 8 5 1.341 19 30 5.03 361 122.226
6 22 35 32.555 − 4 43 21.86 405 052.213 6 8 20 4.804 18 22 15.45 360 341.580

12 22 46 20.389 − 3 26 39.98 404 692.913 12 8 35 0.117 17 9 43.80 359 657.106
18 22 57 7.526 − 2 9 23.88 404 294.795 18 8 49 46.973 15 52 51.13 359 074.405

16 0 23 7 54.710 − 0 51 43.06 403 857.544 27 0 9 4 25.246 14 31 59.93 358 598.482
6 23 18 42.700 0 26 12.96 403 380.765 6 9 18 54.975 13 7 33.85 358 233.667

12 23 29 32.269 1 44 14.58 402 864.001 12 9 33 16.355 11 39 57.46 357 983.548
18 23 40 24.203 3 2 12.12 402 306.742 18 9 47 29.714 10 9 36.06 357850.918

17 0 23 51 19.297 4 19 55.74 401 708.454 28 0 10 1 35.499 8 36 55.42 357 837.724
6 0 2 18.357 5 37 15.44 401 068.590 6 10 15 34.253 7 2 21.60 357 945.031

12 0 13 22.195 6 54 1.02 400 386.621 12 10 29 26.604 5 26 20.73 358173.006
18 0 24 31.626 8 10 2.01 399 662.051 18 10 43 13.240 3 49 18.86 358520.903

18 0 0 35 47.467 9 25 7.65 398 894.450 Mars 1 0 10 56 54.896 2 11 41.79 358 987.070
6 0 47 10.534 10 39 6.83 398 083.471 6 11 10 32.341 0 33 54.91 359 568.967

12 0 58 41.633 11 51 48.10 397 228.884 12 11 24 6.356 − 1 3 36.94 360 263.201
18 1 10 21.559 13 2 59.56 396 330.599 18 11 37 37.727 − 2 40 29.56 361 065.565

19 0 1 22 11.086 14 12 28.88 395 388.692 2 0 11 51 7.229 − 4 16 19.49 361 971.092
6 1 34 10.962 15 20 3.24 394 403.439 6 12 4 35.615 − 5 50 44.15 362 974.124

12 1 46 21.897 16 25 29.32 393 375.333 12 12 18 3.603 − 7 23 21.85 364 068.377
18 1 58 44.553 17 28 33.29 392 305.119 18 12 31 31.866 − 8 53 51.89 365 247.024

20 0 2 11 19.533 18 29 0.82 391 193.817 3 0 12 45 1.025 −10 21 54.61 366 502.773
6 2 24 7.367 19 26 37.05 390 042.747 6 12 58 31.634 −11 47 11.39 367 827.950

12 2 37 8.497 20 21 6.68 388 853.552 12 13 12 4.174 −13 9 24.77 369 214.589
18 2 50 23.259 21 12 13.98 387 628.221 18 13 25 39.047 −14 28 18.37 370 654.510

21 0 3 3 51.874 21 59 42.90 386 369.105 4 0 13 39 16.563 −15 43 37.00 372 139.405
6 3 17 34.422 22 43 17.15 385 078.940 6 13 52 56.937 −16 55 6.66 373 660.916

12 3 31 30.837 23 22 40.36 383 760.857 12 14 6 40.285 −18 2 34.52 375 210.705
18 3 45 40.884 23 57 36.22 382 418.392 18 14 20 26.617 −19 5 48.99 376 780.527

22 0 4 0 4.154 24 27 48.67 381 055.496 5 0 14 34 15.833 −20 4 39.69 378 362.295
6 4 14 40.056 24 53 2.17 379 676.537 6 14 48 7.732 −20 58 57.51 379 948.130

12 4 29 27.811 25 13 1.86 378 286.294 12 15 2 2.000 −21 48 34.60 381 530.419
18 4 44 26.460 25 27 33.91 376 889.956 18 15 15 58.228 −22 33 24.37 383 101.855

23 0 4 59 34.869 25 36 25.75 375 493.103 6 0 15 29 55.907 −23 13 21.53 384 655.477
6 5 14 51.748 25 39 26.34 374 101.690 6 15 43 54.445 −23 48 22.04 386 184.703

12 5 30 15.674 25 36 26.44 372 722.022 12 15 57 53.173 −24 18 23.19 387 683.353
18 5 45 45.116 25 27 18.91 371 360.720 18 16 11 51.361 −24 43 23.48 389 145.673
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LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Mars 7 0 16 25 48.234 −25 3 22.68 390 566.349 Mars 18 0 1 11 12.927 12 58 55.49 395 740.726
6 16 39 42.983 −25 18 21.76 391 940.517 6 1 23 8.765 14 8 16.79 394 950.851

12 16 53 34.787 −25 28 22.85 393 263.770 12 1 35 14.463 15 15 37.99 394 140.615
18 17 7 22.831 −25 33 29.18 394 532.160 18 1 47 30.584 16 20 45.25 393 310.346

8 0 17 21 6.315 −25 33 45.00 395 742.198 19 0 1 59 57.629 17 23 24.35 392 460.338
6 17 34 44.480 −25 29 15.53 396 890.845 6 2 12 36.033 18 23 20.80 391 590.865

12 17 48 16.616 −25 20 6.87 397 975.508 12 2 25 26.147 19 20 19.84 390 702.210
18 18 1 42.073 −25 6 25.87 398 994.030 18 2 38 28.229 20 14 6.53 389 794.684

9 0 18 15 0.279 −24 48 20.09 399 944.674 20 0 2 51 42.432 21 4 25.80 388 868.656
6 18 28 10.740 −24 25 57.65 400 826.111 6 3 5 8.791 21 51 2.60 387 924.577

12 18 41 13.050 −23 59 27.19 401 637.402 12 3 18 47.211 22 33 41.97 386 963.006
18 18 54 6.894 −23 28 57.73 402 377.981 18 3 32 37.462 23 12 9.21 385 984.634

10 0 19 6 52.048 −22 54 38.61 403 047.636 21 0 3 46 39.165 23 46 10.00 384 990.315
6 19 19 28.379 −22 16 39.42 403 646.487 6 4 0 51.795 24 15 30.62 383 981.089

12 19 31 55.842 −21 35 9.89 404 174.965 12 4 15 14.674 24 39 58.06 382 958.204
18 19 44 14.480 −20 50 19.86 404 633.788 18 4 29 46.982 24 59 20.30 381 923.139

11 0 19 56 24.413 −20 2 19.23 405 023.943 22 0 4 44 27.758 25 13 26.41 380 877.630
6 20 8 25.839 −19 11 17.89 405 346.657 6 4 59 15.919 25 22 6.79 379 823.679

12 20 20 19.023 −18 17 25.71 405 603.373 12 5 14 10.277 25 25 13.36 378 763.579
18 20 32 4.294 −17 20 52.49 405 795.731 18 5 29 9.561 25 22 39.65 377 699.921

12 0 20 43 42.039 −16 21 47.97 405 925.538 23 0 5 44 12.443 25 14 21.03 376 635.602
6 20 55 12.695 −15 20 21.81 405 994.746 6 5 59 17.569 25 0 14.75 375 573.831

12 21 6 36.744 −14 16 43.58 406 005.428 12 6 14 23.590 24 40 20.04 374 518.133
18 21 17 54.710 −13 11 2.75 405 959.750 18 6 29 29.187 24 14 38.15 373 472.337

13 0 21 29 7.152 −12 3 28.75 405 859.954 24 0 6 44 33.111 23 43 12.37 372 440.571
6 21 40 14.659 −10 54 10.92 405 708.329 6 6 59 34.198 23 6 7.99 371 427.246

12 21 51 17.848 − 9 43 18.58 405 507.190 12 7 14 31.401 22 23 32.25 370 437.036
18 22 2 17.359 − 8 31 1.00 405 258.857 18 7 29 23.805 21 35 34.26 369 474.846

14 0 22 13 13.853 − 7 17 27.46 404 965.633 25 0 7 44 10.641 20 42 24.89 368 545.787
6 22 24 8.009 − 6 2 47.26 404 629.788 6 7 58 51.296 19 44 16.66 367 655.132

12 22 35 0.522 − 4 47 9.75 404 253.532 12 8 13 25.317 18 41 23.62 366 808.273
18 22 45 52.098 − 3 30 44.34 403 839.009 18 8 27 52.410 17 34 1.21 366 010.675

15 0 22 56 43.458 − 2 13 40.56 403 388.273 26 0 8 42 12.436 16 22 26.11 365 267.815
6 23 7 35.332 − 0 56 8.05 402 903.278 6 8 56 25.402 15 6 56.15 364 585.130

12 23 18 28.457 0 21 43.38 402 385.866 12 9 10 31.453 13 47 50.15 363 967.952
18 23 29 23.579 1 39 43.75 401 837.756 18 9 24 30.862 12 25 27.81 363 421.441

16 0 23 40 21.446 2 57 42.85 401 260.538 27 0 9 38 24.008 11 0 9.61 362 950.525
6 23 51 22.812 4 15 30.25 400 655.667 6 9 52 11.373 9 32 16.69 362 559.825

12 0 2 28.430 5 32 55.23 400 024.459 12 10 5 53.520 8 2 10.75 362 253.595
18 0 13 39.051 6 49 46.79 399 368.090 18 10 19 31.082 6 30 13.95 362 035.657

17 0 0 24 55.422 8 5 53.64 398 687.600 28 0 10 33 4.747 4 56 48.83 361 909.337
6 0 36 18.280 9 21 4.11 397 983.897 6 10 46 35.243 3 22 18.21 361 877.415

12 0 47 48.351 10 35 6.22 397 257.759 12 11 0 3.328 1 47 5.10 361 942.072
18 0 59 26.339 11 47 47.59 396 509.850 18 11 13 29.776 0 11 32.58 362 104.848



II. 40 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Mars 29 0 11 26 55.361 − 1 23 56.23 362 366.605 Avril 9 0 21 15 41.520 −13 11 32.74 404 994.300
6 11 40 20.851 − 2 58 58.33 362 727.510 6 21 26 54.958 −12 4 49.94 404 991.343

12 11 53 46.991 − 4 33 10.88 363 187.011 12 21 38 3.210 −10 56 24.48 404 916.942
18 12 7 14.495 − 6 6 11.35 363 743.834 18 21 49 6.980 − 9 46 25.11 404 773.256

30 0 12 20 44.031 − 7 37 37.58 364 395.991 10 0 22 0 6.994 − 8 35 0.48 404 562.689
6 12 34 16.213 − 9 7 7.90 365 140.790 6 22 11 3.992 − 7 22 19.20 404 287.866

12 12 47 51.588 −10 34 21.24 365 974.861 12 22 21 58.731 − 6 8 29.88 403 951.613
18 13 1 30.624 −11 58 57.21 366 894.187 18 22 32 51.976 − 4 53 41.15 403 556.932

31 0 13 15 13.703 −13 20 36.25 367 894.150 11 0 22 43 44.505 − 3 38 1.75 403 106.979
6 13 29 1.106 −14 38 59.67 368 969.570 6 22 54 37.104 − 2 21 40.53 402 605.040

12 13 42 53.010 −15 53 49.82 370 114.766 12 23 5 30.562 − 1 4 46.56 402 054.501
18 13 56 49.474 −17 4 50.17 371 323.614 18 23 16 25.676 0 12 30.91 401 458.833

Avril 1 0 14 10 50.439 −18 11 45.41 372 589.605 12 0 23 27 23.244 1 30 2.32 400 821.556
6 14 24 55.717 −19 14 21.54 373 905.912 6 23 38 24.065 2 47 37.80 400 146.225

12 14 39 4.998 −20 12 25.96 375 265.455 12 23 49 28.935 4 5 7.15 399 436.396
18 14 53 17.842 −21 5 47.60 376 660.967 18 0 0 38.650 5 22 19.75 398 695.608

2 0 15 7 33.691 −21 54 16.92 378 085.056 13 0 0 11 53.994 6 39 4.54 397 927.357
6 15 21 51.873 −22 37 46.01 379 530.272 6 0 23 15.744 7 55 10.03 397 135.073

12 15 36 11.612 −23 16 8.64 380 989.163 12 0 34 44.659 9 10 24.23 396 322.101
18 15 50 32.046 −23 49 20.25 382 454.333 18 0 46 21.477 10 24 34.63 395 491.678

3 0 16 4 52.240 −24 17 17.97 383 918.498 14 0 0 58 6.911 11 37 28.23 394 646.913
6 16 19 11.208 −24 40 0.62 385 374.529 6 1 10 1.637 12 48 51.51 393 790.775

12 16 33 27.935 −24 57 28.62 386 815.503 12 1 22 6.290 13 58 30.42 392 926.074
18 16 47 41.395 −25 9 43.97 388 234.742 18 1 34 21.449 15 6 10.46 392 055.448

4 0 17 1 50.577 −25 16 50.11 389 625.846 15 0 1 46 47.633 16 11 36.66 391 181.356
6 17 15 54.507 −25 18 51.88 390 982.726 6 1 59 25.285 17 14 33.65 390 306.066

12 17 29 52.262 −25 15 55.32 392 299.636 12 2 12 14.760 18 14 45.73 389 431.653
18 17 43 42.993 −25 8 7.60 393 571.187 18 2 25 16.314 19 11 56.96 388 559.995

5 0 17 57 25.941 −24 55 36.83 394 792.375 16 0 2 38 30.088 20 5 51.27 387 692.773
6 18 11 0.441 −24 38 31.92 395 958.591 6 2 51 56.099 20 56 12.56 386 831.478

12 18 24 25.940 −24 17 2.47 397 065.634 12 3 5 34.225 21 42 44.88 385 977.413
18 18 37 41.993 −23 51 18.55 398 109.721 18 3 19 24.199 22 25 12.58 385 131.705

6 0 18 50 48.273 −23 21 30.65 399 087.491 17 0 3 33 25.598 23 3 20.49 384 295.316
6 19 3 44.565 −22 47 49.47 399 996.007 6 3 47 37.840 23 36 54.14 383 469.059

12 19 16 30.766 −22 10 25.87 400 832.760 12 4 2 0.187 24 5 39.93 382 653.615
18 19 29 6.878 −21 29 30.75 401 595.661 18 4 16 31.744 24 29 25.37 381 849.551

7 0 19 41 33.005 −20 45 14.97 402 283.040 18 0 4 31 11.476 24 47 59.26 381 057.344
6 19 53 49.340 −19 57 49.27 402 893.640 6 4 45 58.217 25 1 11.90 380 277.402

12 20 5 56.162 −19 7 24.23 403 426.608 12 5 0 50.696 25 8 55.26 379 510.089
18 20 17 53.827 −18 14 10.22 403 881.482 18 5 15 47.555 25 11 3.14 378 755.751

8 0 20 29 42.756 −17 18 17.40 404 258.184 19 0 5 30 47.387 25 7 31.27 378 014.741
6 20 41 23.434 −16 19 55.69 404 557.004 6 5 45 48.759 24 58 17.38 377 287.444

12 20 52 56.394 −15 19 14.75 404 778.588 12 6 0 50.250 24 43 21.29 376 574.304
18 21 4 22.216 −14 16 24.02 404 923.918 18 6 15 50.481 24 22 44.84 375 875.850
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LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Avril 20 0 6 30 48.148 23 56 31.89 375 192.712 Mai 1 0 16 39 37.633 −24 52 20.44 385 417.497
6 6 45 42.046 23 24 48.25 374 525.653 6 16 54 1.496 −25 1 55.97 386 666.585

12 7 0 31.099 22 47 41.51 373 875.580 12 17 8 21.051 −25 6 17.35 387 912.505
18 7 15 14.371 22 5 20.98 373 243.562 18 17 22 35.143 −25 5 29.62 389 149.223

21 0 7 29 51.085 21 17 57.48 372 630.846 2 0 17 36 42.686 −24 59 39.31 390 370.763
6 7 44 20.629 20 25 43.20 372 038.866 6 17 50 42.685 −24 48 54.28 391 571.239

12 7 58 42.559 19 28 51.56 371 469.248 12 18 4 34.255 −24 33 23.54 392 744.897
18 8 12 56.598 18 27 36.98 370 923.813 18 18 18 16.630 −24 13 17.05 393 886.151

22 0 8 27 2.632 17 22 14.82 370 404.575 3 0 18 31 49.176 −23 48 45.59 394 989.609
6 8 41 0.697 16 13 1.16 369 913.734 6 18 45 11.394 −23 20 0.48 396 050.106

12 8 54 50.973 15 0 12.73 369 453.664 12 18 58 22.924 −22 47 13.49 397 062.733
18 9 8 33.767 13 44 6.77 369 026.899 18 19 11 23.539 −22 10 36.66 398 022.856

23 0 9 22 9.504 12 25 0.98 368 636.112 4 0 19 24 13.142 −21 30 22.12 398 926.144
6 9 35 38.708 11 3 13.41 368 284.089 6 19 36 51.760 −20 46 41.98 399 768.582

12 9 49 1.993 9 39 2.41 367 973.701 12 19 49 19.533 −19 59 48.25 400 546.494
18 10 2 20.044 8 12 46.60 367 707.871 18 20 1 36.707 −19 9 52.72 401 256.553

24 0 10 15 33.608 6 44 44.85 367 489.538 5 0 20 13 43.621 −18 17 6.90 401 895.794
6 10 28 43.478 5 15 16.21 367 321.616 6 20 25 40.697 −17 21 41.98 402 461.628

12 10 41 50.482 3 44 39.93 367 206.954 12 20 37 28.433 −16 23 48.79 402 951.844
18 10 54 55.473 2 13 15.43 367 148.291 18 20 49 7.390 −15 23 37.79 403 364.621

25 0 11 7 59.318 0 41 22.27 367 148.214 6 0 21 0 38.183 −14 21 19.06 403 698.526
6 11 21 2.881 − 0 50 39.82 367 209.110 6 21 12 1.477 −13 17 2.31 403 952.525

12 11 34 7.023 − 2 22 31.02 367 333.124 12 21 23 17.973 −12 10 56.92 404 125.973
18 11 47 12.582 − 3 53 51.42 367 522.115 18 21 34 28.410 −11 3 11.92 404 218.621

26 0 12 0 20.368 − 5 24 21.03 367 777.619 7 0 21 45 33.553 − 9 53 56.10 404 230.613
6 12 13 31.149 − 6 53 39.87 368 100.805 6 21 56 34.189 − 8 43 17.99 404 162.477

12 12 26 45.645 − 8 21 28.02 368 492.448 12 22 7 31.128 − 7 31 25.93 404 015.121
18 12 40 4.509 − 9 47 25.63 368 952.898 18 22 18 25.194 − 6 18 28.14 403 789.830

27 0 12 53 28.322 −11 11 13.09 369 482.053 8 0 22 29 17.225 − 5 4 32.75 403 488.248
6 13 6 57.579 −12 32 31.03 370 079.346 6 22 40 8.071 − 3 49 47.87 403 112.379

12 13 20 32.677 −13 51 0.50 370 743.728 12 22 50 58.592 − 2 34 21.66 402 664.564
18 13 34 13.904 −15 6 23.03 371 473.666 18 23 1 49.655 − 1 18 22.36 402 147.472

28 0 13 48 1.428 −16 18 20.80 372 267.139 9 0 23 12 42.132 − 0 1 58.39 401 564.088
6 14 1 55.287 −17 26 36.75 373 121.646 6 23 23 36.901 1 14 41.58 400 917.688

12 14 15 55.382 −18 30 54.76 374 034.222 12 23 34 34.844 2 31 28.63 400 211.828
18 14 30 1.470 −19 30 59.75 375 001.450 18 23 45 36.841 3 48 13.45 399 450.318

29 0 14 44 13.165 −20 26 37.87 376 019.488 10 0 23 56 43.773 5 4 46.34 398 637.205
6 14 58 29.931 −21 17 36.65 377 084.098 6 0 7 56.514 6 20 57.10 397 776.743

12 15 12 51.093 −22 3 45.09 378 190.677 12 0 19 15.931 7 36 35.03 396 873.374
18 15 27 15.841 −22 44 53.85 379 334.294 18 0 30 42.877 8 51 28.84 395 931.701

30 0 15 41 43.246 −23 20 55.32 380 509.729 11 0 0 42 18.188 10 5 26.61 394 956.453
6 15 56 12.273 −23 51 43.70 381 711.515 6 0 54 2.674 11 18 15.77 393 952.465

12 16 10 41.805 −24 17 15.05 382 933.978 12 1 5 57.111 12 29 43.09 392 924.640
18 16 25 10.662 −24 37 27.36 384 171.288 18 1 18 2.232 13 39 34.63 391 877.921



II. 42 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Mai 12 0 1 30 18.718 14 47 35.75 390 817.260 Mai 23 0 11 45 53.352 − 3 55 26.94 371 492.846
6 1 42 47.182 15 53 31.17 389 747.581 6 11 58 42.555 − 5 23 22.77 371 844.264

12 1 55 28.159 16 57 4.95 388 673.751 12 12 11 34.221 − 6 50 9.36 372 229.290
18 2 8 22.089 17 58 0.61 387 600.545 18 12 24 29.172 − 8 15 29.47 372 648.488

13 0 2 21 29.299 18 56 1.17 386 532.617 24 0 12 37 28.176 − 9 39 5.89 373 102.397
6 2 34 49.992 19 50 49.32 385 474.462 6 12 50 31.932 −11 0 41.48 373 591.506

12 2 48 24.227 20 42 7.51 384 430.394 12 13 3 41.067 −12 19 59.23 374 116.225
18 3 2 11.904 21 29 38.17 383 404.512 18 13 16 56.118 −13 36 42.26 374 676.853

14 0 3 16 12.750 22 13 3.90 382 400.674 25 0 13 30 17.523 −14 50 33.92 375 273.554
6 3 30 26.311 22 52 7.68 381 422.478 6 13 43 45.611 −16 1 17.87 375 906.328

12 3 44 51.941 23 26 33.18 380 473.234 12 13 57 20.588 −17 8 38.16 376 574.984
18 3 59 28.805 23 56 4.98 379 555.954 18 14 11 2.530 −18 12 19.38 377 279.121

15 0 4 14 15.880 24 20 28.87 378 673.332 26 0 14 24 51.373 −19 12 6.76 378 018.105
6 4 29 11.966 24 39 32.12 377 827.735 6 14 38 46.907 −20 7 46.34 378 791.051

12 4 44 15.704 24 53 3.74 377 021.202 12 14 52 48.771 −20 59 5.09 379 596.812
18 4 59 25.603 25 0 54.76 376 255.436 18 15 6 56.453 −21 45 51.08 380 433.966

16 0 5 14 40.065 25 2 58.36 375 531.808 27 0 15 21 9.292 −22 27 53.65 381 300.807
6 5 29 57.429 24 59 10.10 374 851.369 6 15 35 26.489 −23 5 3.54 382 195.348

12 5 45 16.003 24 49 27.97 374 214.853 12 15 49 47.111 −23 37 13.05 383 115.314
18 6 0 34.110 24 33 52.48 373 622.699 18 16 4 10.115 −24 4 16.09 384 058.152

17 0 6 15 50.125 24 12 26.60 373 075.066 28 0 16 18 34.362 −24 26 8.37 385 021.037
6 6 31 2.516 23 45 15.71 372 571.856 6 16 32 58.646 −24 42 47.38 386 000.880

12 6 46 9.876 23 12 27.47 372 112.740 12 16 47 21.713 −24 54 12.44 386 994.348
18 7 1 10.951 22 34 11.64 371 697.187 18 17 1 42.295 −25 0 24.71 387 997.876

18 0 7 16 4.665 21 50 39.88 371 324.489 29 0 17 15 59.134 −25 1 27.10 389 007.690
6 7 30 50.130 21 2 5.51 370 993.800 6 17 30 11.015 −24 57 24.24 390 019.829

12 7 45 26.655 20 8 43.28 370 704.158 12 17 44 16.785 −24 48 22.30 391 030.169
18 7 59 53.752 19 10 49.10 370 454.529 18 17 58 15.379 −24 34 28.93 392 034.448

19 0 8 14 11.124 18 8 39.85 370 243.828 30 0 18 12 5.842 −24 15 53.00 393 028.293
6 8 28 18.662 17 2 33.11 370 070.958 6 18 25 47.338 −23 52 44.49 394 007.252

12 8 42 16.432 15 52 46.96 369 934.835 12 18 39 19.167 −23 25 14.28 394 966.817
18 8 56 4.656 14 39 39.87 369 834.417 18 18 52 40.767 −22 53 33.95 395 902.459

20 0 9 9 43.700 13 23 30.48 369 768.731 31 0 19 5 51.718 −22 17 55.63 396 809.654
6 9 23 14.058 12 4 37.50 369 736.889 6 19 18 51.742 −21 38 31.76 397 683.911

12 9 36 36.327 10 43 19.64 369 738.114 12 19 31 40.696 −20 55 35.02 398 520.804
18 9 49 51.201 9 19 55.52 369 771.749 18 19 44 18.565 −20 9 18.10 399 316.000

21 0 10 2 59.448 7 54 43.62 369 837.274 Juin 1 0 19 56 45.458 −19 19 53.62 400 065.283
6 10 16 1.896 6 28 2.26 369 934.307 6 20 9 1.593 −18 27 34.04 400 764.583

12 10 28 59.422 5 0 9.59 370 062.610 12 20 21 7.286 −17 32 31.53 401 410.002
18 10 41 52.938 3 31 23.60 370 222.090 18 20 33 2.948 −16 34 57.95 401 997.837

22 0 10 54 43.381 2 2 2.10 370 412.790 2 0 20 44 49.063 −15 35 4.75 402 524.601
6 11 7 31.697 0 32 22.78 370 634.880 6 20 56 26.189 −14 33 3.01 402 987.050

12 11 20 18.838 − 0 57 16.80 370 888.649 12 21 7 54.941 −13 29 3.37 403 382.200
18 11 33 5.747 − 2 26 39.17 371 174.482 18 21 19 15.986 −12 23 16.05 403 707.343
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LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Juin 3 0 21 30 30.034 −11 15 50.86 403 960.074 Juin 14 0 6 57 18.859 22 40 12.17 367 470.817
6 21 41 37.833 −10 6 57.22 404 138.296 6 7 12 37.269 21 56 27.30 367 028.008

12 21 52 40.163 − 8 56 44.19 404 240.243 12 7 27 47.468 21 7 20.83 366 661.157
18 22 3 37.829 − 7 45 20.52 404 264.491 18 7 42 48.473 20 13 8.90 366 370.011

4 0 22 14 31.658 − 6 32 54.69 404 209.970 15 0 7 57 39.527 19 14 9.25 366 153.829
6 22 25 22.498 − 5 19 34.93 404 075.973 6 8 12 20.094 18 10 40.97 366 011.408

12 22 36 11.213 − 4 5 29.34 403 862.168 12 8 26 49.861 17 3 4.16 365 941.121
18 22 46 58.681 − 2 50 45.88 403 568.606 18 8 41 8.716 15 51 39.67 365 940.947

5 0 22 57 45.790 − 1 35 32.48 403 195.721 16 0 8 55 16.739 14 36 48.77 366 008.523
6 23 8 33.443 − 0 19 57.08 402 744.343 6 9 9 14.184 13 18 53.02 366 141.179

12 23 19 22.550 0 55 52.28 402 215.696 12 9 23 1.453 11 58 13.97 366 335.994
18 23 30 14.028 2 11 47.41 401 611.399 18 9 36 39.084 10 35 13.05 366 589.838

6 0 23 41 8.803 3 27 39.90 400 933.466 17 0 9 50 7.724 9 10 11.42 366899.423
6 23 52 7.803 4 43 21.04 400 184.307 6 10 3 28.113 7 43 29.88 367 261.352

12 0 3 11.961 5 58 41.75 399 366.716 12 10 16 41.069 6 15 28.79 367672.165
18 0 14 22.207 7 13 32.50 398 483.871 18 10 29 47.465 4 46 28.01 368 128.382

7 0 0 25 39.467 8 27 43.27 397 539.321 18 0 10 42 48.220 3 16 46.89 368 626.548
6 0 37 4.662 9 41 3.45 396 536.978 6 10 55 44.283 1 46 44.28 369 163.266

12 0 48 38.694 10 53 21.81 395 481.100 12 11 8 36.619 0 16 38.52 369 735.238
18 1 0 22.447 12 4 26.42 394 376.275 18 11 21 26.204 − 1 13 12.55 370 339.290

8 0 1 12 16.775 13 14 4.62 393 227.403 19 0 11 34 14.005 − 2 42 31.53 370 972.398
6 1 24 22.492 14 22 2.98 392 039.674 6 11 47 0.981 − 4 11 1.43 371 631.712

12 1 36 40.362 15 28 7.26 390 818.541 12 11 59 48.064 − 5 38 25.67 372 314.570
18 1 49 11.082 16 32 2.47 389 569.694 18 12 12 36.159 − 7 4 28.01 373 018.508

9 0 2 1 55.271 17 33 32.80 388 299.027 20 0 12 25 26.127 − 8 28 52.51 373 741.270
6 2 14 53.449 18 32 21.75 387 012.606 6 12 38 18.781 − 9 51 23.54 374 480.808

12 2 28 6.022 19 28 12.15 385 716.632 12 12 51 14.876 −11 11 45.74 375 235.279
18 2 41 33.261 20 20 46.27 384 417.399 18 13 4 15.098 −12 29 44.01 376 003.044

10 0 2 55 15.283 21 9 46.01 383 121.255 21 0 13 17 20.055 −13 45 3.52 376 782.653
6 3 9 12.032 21 54 53.01 381 834.556 6 13 30 30.266 −14 57 29.72 377 572.833

12 3 23 23.259 22 35 48.93 380 563.622 12 13 43 46.153 −16 6 48.41 378 372.476
18 3 37 48.515 23 12 15.68 379 314.684 18 13 57 8.031 −17 12 45.74 379 180.616

11 0 3 52 27.132 23 43 55.72 378 093.842 22 0 14 10 36.096 −18 15 8.28 379 996.413
6 4 7 18.228 24 10 32.36 376 907.013 6 14 24 10.419 −19 13 43.16 380 819.126

12 4 22 20.699 24 31 50.13 375 759.883 12 14 37 50.940 −20 8 18.07 381 648.095
18 4 37 33.242 24 47 35.08 374 657.857 18 14 51 37.459 −20 58 41.46 382 482.716

12 0 4 52 54.361 24 57 35.16 373 606.021 23 0 15 5 29.638 −21 44 42.59 383 322.413
6 5 8 22.405 25 1 40.50 372 609.090 6 15 19 26.999 −22 26 11.70 384 166.618

12 5 23 55.596 24 59 43.66 371 671.373 12 15 33 28.927 −23 3 0.10 385 014.748
18 5 39 32.077 24 51 39.91 370 796.737 18 15 47 34.680 −23 35 0.31 385 866.177

13 0 5 55 9.951 24 37 27.35 369 988.578 24 0 16 1 43.396 −24 2 6.20 386 720.221
6 6 10 47.335 24 17 6.98 369 249.791 6 16 15 54.112 −24 24 13.03 387 576.112

12 6 26 22.404 23 50 42.71 368 582.758 12 16 30 5.781 −24 41 17.60 388 432.985
18 6 41 53.437 23 18 21.29 367 989.328 18 16 44 17.292 −24 53 18.26 389 289.856



II. 44 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Juin 25 0 16 58 27.493 −25 0 14.96 390 145.613 Juill. 6 0 1 43 15.603 16 5 9.19 392 947.457
6 17 12 35.221 −25 2 9.24 390 999.001 6 1 55 40.095 17 6 37.27 391 657.285

12 17 26 39.321 −24 59 4.24 391 848.612 12 2 8 17.943 18 5 37.59 390 322.767
18 17 40 38.672 −24 51 4.59 392 692.883 18 2 21 9.727 19 1 54.69 388 949.156

26 0 17 54 32.215 −24 38 16.35 393 530.086 7 0 2 34 15.924 19 55 12.46 387 542.081
6 18 8 18.966 −24 20 46.87 394 358.331 6 2 47 36.888 20 45 14.13 386 107.526

12 18 21 58.040 −23 58 44.72 395 175.563 12 3 1 12.832 21 31 42.46 384 651.803
18 18 35 28.660 −23 32 19.47 395 979.569 18 3 15 3.809 22 14 19.82 383 181.521

27 0 18 48 50.171 −23 1 41.58 396 767.982 8 0 3 29 9.691 22 52 48.39 381 703.558
6 19 2 2.041 −22 27 2.22 397 538.291 6 3 43 30.157 23 26 50.41 380 225.017

12 19 15 3.869 −21 48 33.11 398 287.851 12 3 58 4.675 23 56 8.42 378 753.180
18 19 27 55.385 −21 6 26.36 399 013.893 18 4 12 52.501 24 20 25.57 377 295.469

28 0 19 40 36.439 −20 20 54.37 399 713.544 9 0 4 27 52.669 24 39 25.93 375 859.384
6 19 53 7.004 −19 32 9.63 400 383.836 6 4 43 4.006 24 52 54.84 374 452.449

12 20 5 27.164 −18 40 24.65 401 021.731 12 4 58 25.137 25 0 39.28 373 082.154
18 20 17 37.107 −17 45 51.84 401 624.135 18 5 13 54.515 25 2 28.17 371 755.888

29 0 20 29 37.117 −16 48 43.41 402 187.920 10 0 5 29 30.447 24 58 12.73 370 480.876
6 20 41 27.561 −15 49 11.36 402 709.943 6 5 45 11.133 24 47 46.74 369 264.109

12 20 53 8.884 −14 47 27.35 403 187.074 12 6 0 54.709 24 31 6.77 368 112.277
18 21 4 41.596 −13 43 42.69 403 616.208 18 6 16 39.295 24 8 12.32 367 031.702

30 0 21 16 6.269 −12 38 8.37 403 994.298 11 0 6 32 23.044 23 39 5.94 366 028.273
6 21 27 23.521 −11 30 54.94 404 318.373 6 6 48 4.185 23 3 53.19 365 107.384

12 21 38 34.020 −10 22 12.60 404 585.561 12 7 3 41.070 22 22 42.63 364 273.874
18 21 49 38.465 − 9 12 11.19 404 793.113 18 7 19 12.205 21 35 45.60 363 531.976

Juill. 1 0 22 0 37.594 − 8 1 0.17 404 938.427 12 0 7 34 36.286 20 43 16.09 362 885.275
6 22 11 32.168 − 6 48 48.69 405 019.069 6 7 49 52.213 19 45 30.43 362 336.668

12 22 22 22.976 − 5 35 45.60 405 032.798 12 8 4 59.108 18 42 47.04 361 888.332
18 22 33 10.824 − 4 21 59.50 404 977.583 18 8 19 56.313 17 35 26.06 361 541.715

2 0 22 43 56.539 − 3 7 38.78 404 851.632 13 0 8 34 43.394 16 23 49.09 361 297.518
6 22 54 40.964 − 1 52 51.67 404 653.404 6 8 49 20.125 15 8 18.81 361 155.706

12 23 5 24.955 − 0 37 46.29 404 381.635 12 9 3 46.478 13 49 18.71 361 115.512
18 23 16 9.382 0 37 29.30 404 035.358 18 9 18 2.607 12 27 12.80 361175.467

3 0 23 26 55.128 1 52 47.00 403 613.914 14 0 9 32 8.822 11 2 25.31 361 333.429
6 23 37 43.083 3 7 58.68 403 116.979 6 9 46 5.578 9 35 20.51 361 586.624

12 23 48 34.148 4 22 56.05 402 544.573 12 9 59 53.446 8 6 22.48 361931.697
18 23 59 29.231 5 37 30.61 401 897.077 18 10 13 33.098 6 35 54.96 362 364.766

4 0 0 10 29.246 6 51 33.63 401 175.248 15 0 10 27 5.286 5 4 21.21 362881.482
6 0 21 35.109 8 4 55.99 400 380.231 6 10 40 30.824 3 32 3.90 363 477.096

12 0 32 47.736 9 17 28.20 399 513.569 12 10 53 50.574 1 59 25.04 364 146.526
18 0 44 8.040 10 29 0.30 398 577.212 18 11 7 5.428 0 26 45.95 364 884.423

5 0 0 55 36.923 11 39 21.76 397 573.524 16 0 11 20 16.294 − 1 5 32.83 365 685.243
6 1 7 15.272 12 48 21.49 396 505.289 6 11 33 24.089 − 2 37 11.47 366 543.309

12 1 19 3.954 13 55 47.73 395 375.711 12 11 46 29.721 − 4 7 50.92 367 452.882
18 1 31 3.801 15 1 28.03 394 188.419 18 11 59 34.080 − 5 37 12.87 368 408.214
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LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Juill. 17 0 12 12 38.032 − 7 4 59.71 369 403.613 Juill. 28 0 21 48 8.536 − 9 23 54.96 405 553.412
6 12 25 42.403 − 8 30 54.55 370 433.489 6 21 59 8.897 − 8 12 58.70 405 727.461

12 12 38 47.975 − 9 54 41.14 371 492.400 12 22 10 4.580 − 7 1 0.77 405 853.737
18 12 51 55.473 −11 16 3.89 372 575.099 18 22 20 56.288 − 5 48 10.61 405 930.300

18 0 13 5 5.561 −12 34 47.82 373 676.564 29 0 22 31 44.746 − 4 34 37.42 405 955.207
6 13 18 18.825 −13 50 38.56 374 792.025 6 22 42 30.695 − 3 20 30.21 405 926.535

12 13 31 35.771 −15 3 22.32 375 916.994 12 22 53 14.893 − 2 5 57.80 405 842.401
18 13 44 56.816 −16 12 45.95 377 047.277 18 23 3 58.115 − 0 51 8.87 405 700.982

19 0 13 58 22.275 −17 18 36.86 378 178.987 30 0 23 14 41.145 0 23 48.00 405 500.538
6 14 11 52.359 −18 20 43.15 379 308.552 6 23 25 24.783 1 38 44.29 405 239.433

12 14 25 27.163 −19 18 53.56 380 432.716 12 23 36 9.834 2 53 31.50 404 916.163
18 14 39 6.668 −20 12 57.58 381 548.537 18 23 46 57.117 4 8 1.08 404 529.370

20 0 14 52 50.730 −21 2 45.47 382 653.380 31 0 23 57 47.454 5 22 4.41 404 077.875
6 15 6 39.083 −21 48 8.35 383 744.906 6 0 8 41.677 6 35 32.76 403 560.696

12 15 20 31.341 −22 28 58.28 384 821.061 12 0 19 40.618 7 48 17.18 402 977.071
18 15 34 26.997 −23 5 8.30 385 880.056 18 0 30 45.113 9 0 8.49 402 326.487

21 0 15 48 25.432 −23 36 32.55 386 920.351 Août 1 0 0 41 55.996 10 10 57.23 401 608.694
6 16 2 25.929 −24 3 6.33 387 940.633 6 0 53 14.096 11 20 33.59 400 823.734

12 16 16 27.676 −24 24 46.16 388 939.797 12 1 4 40.230 12 28 47.36 399 971.960
18 16 30 29.792 −24 41 29.83 389 916.917 18 1 16 15.204 13 35 27.87 399 054.058

22 0 16 44 31.336 −24 53 16.45 390 871.226 2 0 1 27 59.800 14 40 23.99 398 071.062
6 16 58 31.333 −25 0 6.47 391 802.093 6 1 39 54.769 15 43 24.03 397 024.380

12 17 12 28.787 −25 2 1.66 392 708.991 12 1 52 0.826 16 44 15.77 395 915.803
18 17 26 22.712 −24 59 5.13 393 591.481 18 2 4 18.634 17 42 46.38 394 747.527

23 0 17 40 12.141 −24 51 21.24 394 449.182 3 0 2 16 48.797 18 38 42.49 393 522.161
6 17 53 56.155 −24 38 55.57 395 281.752 6 2 29 31.843 19 31 50.12 392 242.739

12 18 7 33.896 −24 21 54.82 396 088.862 12 2 42 28.211 20 21 54.78 390 912.732
18 18 21 4.581 −24 0 26.74 396 870.177 18 2 55 38.234 21 8 41.46 389 536.048

24 0 18 34 27.517 −23 34 39.99 397 625.335 4 0 3 9 2.128 21 51 54.78 388 117.038
6 18 47 42.109 −23 4 44.04 398 353.934 6 3 22 39.969 22 31 19.03 386 660.491

12 19 0 47.869 −22 30 49.06 399 055.507 12 3 36 31.686 23 6 38.35 385 171.633
18 19 13 44.415 −21 53 5.75 399 729.515 18 3 50 37.041 23 37 36.91 383 656.112

25 0 19 26 31.475 −21 11 45.30 400 375.333 5 0 4 4 55.623 24 3 59.07 382 119.988
6 19 39 8.886 −20 26 59.17 400 992.237 6 4 19 26.838 24 25 29.63 380 569.706

12 19 51 36.588 −19 38 59.08 401 579.401 12 4 34 9.910 24 41 54.11 379 012.080
18 20 3 54.620 −18 47 56.84 402 135.886 18 4 49 3.883 24 52 59.00 377 454.253

26 0 20 16 3.115 −17 54 4.32 402 660.641 6 0 5 4 7.631 24 58 32.05 375 903.662
6 20 28 2.291 −16 57 33.31 403 152.497 6 5 19 19.875 24 58 22.57 374 367.998

12 20 39 52.446 −15 58 35.51 403 610.172 12 5 34 39.203 24 52 21.69 372 855.148
18 20 51 33.946 −14 57 22.43 404 032.274 18 5 50 4.104 24 40 22.65 371 373.147

27 0 21 3 7.223 −13 54 5.39 404 417.301 7 0 6 5 32.999 24 22 21.01 369 930.110
6 21 14 32.763 −12 48 55.46 404 763.656 6 6 21 4.278 23 58 14.82 368 534.166

12 21 25 51.103 −11 42 3.44 405 069.649 12 6 36 36.339 23 28 4.79 367 193.386
18 21 37 2.822 −10 33 39.86 405 333.512 18 6 52 7.631 22 51 54.34 365 915.703



II. 46 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Août 8 0 7 7 36.684 22 9 49.61 364 708.834 Août 19 0 17 27 19.790 −24 52 45.10 393 056.845
6 7 23 2.146 21 21 59.47 363 580.198 6 17 41 6.501 −24 44 57.43 394 124.940

12 7 38 22.810 20 28 35.36 362 536.830 12 17 54 46.953 −24 32 31.77 395 148.963
18 7 53 37.636 19 29 51.22 361 585.306 18 18 8 20.444 −24 15 35.46 396 128.046

9 0 8 8 45.762 18 26 3.22 360 731.652 20 0 18 21 46.345 −23 54 16.68 397 061.568
6 8 23 46.518 17 17 29.61 359 981.280 6 18 35 4.116 −23 28 44.30 397 949.132

12 8 38 39.420 16 4 30.46 359 338.912 12 18 48 13.308 −22 59 7.78 398 790.537
18 8 53 24.174 14 47 27.37 358 808.527 18 19 1 13.566 −22 25 37.10 399 585.756

10 0 9 8 0.661 13 26 43.26 358 393.294 21 0 19 14 4.635 −21 48 22.64 400 334.907
6 9 22 28.929 12 2 42.06 358 095.546 6 19 26 46.354 −21 7 35.08 401 038.232

12 9 36 49.175 10 35 48.48 357 916.746 12 19 39 18.656 −20 23 25.34 401 696.067
18 9 51 1.730 9 6 27.75 357 857.464 18 19 51 41.564 −19 36 4.45 402 308.825

11 0 10 5 7.042 7 35 5.41 357 917.381 22 0 20 3 55.184 −18 45 43.54 402 876.969
6 10 19 5.655 6 2 7.07 358 095.300 6 20 15 59.702 −17 52 33.75 403 400.991

12 10 32 58.195 4 27 58.24 358 389.161 12 20 27 55.375 −16 56 46.15 403 881.390
18 10 46 45.351 2 53 4.16 358 796.080 18 20 39 42.527 −15 58 31.75 404 318.656

12 0 11 0 27.857 1 17 49.63 359 312.402 23 0 20 51 21.540 −14 58 1.45 404 713.252
6 11 14 6.481 − 0 17 21.09 359 933.750 6 21 2 52.846 −13 55 25.98 405 065.592

12 11 27 42.007 − 1 52 4.40 360 655.091 12 21 14 16.927 −12 50 55.92 405 376.037
18 11 41 15.222 − 3 25 57.45 361 470.816 18 21 25 34.302 −11 44 41.68 405 644.873

13 0 11 54 46.904 − 4 58 38.21 362 374.812 24 0 21 36 45.527 −10 36 53.48 405 872.304
6 12 8 17.809 − 6 29 45.52 363 360.542 6 21 47 51.187 − 9 27 41.37 406 058.445

12 12 21 48.661 − 7 58 59.13 364 421.135 12 21 58 51.896 − 8 17 15.22 406 203.314
18 12 35 20.141 − 9 25 59.73 365 549.464 18 22 9 48.286 − 7 5 44.74 406 306.826

14 0 12 48 52.873 −10 50 28.97 366 738.230 25 0 22 20 41.012 − 5 53 19.47 406 368.793
6 13 2 27.422 −12 12 9.49 367 980.039 6 22 31 30.744 − 4 40 8.84 406 388.924

12 13 16 4.275 −13 30 44.92 369 267.481 12 22 42 18.166 − 3 26 22.12 406 366.821
18 13 29 43.839 −14 45 59.87 370 593.194 18 22 53 3.973 − 2 12 8.53 406 301.994

15 0 13 43 26.431 −15 57 39.98 371 949.933 26 0 23 3 48.873 − 0 57 37.17 406 193.854
6 13 57 12.270 −17 5 31.91 373 330.627 6 23 14 33.579 0 17 2.88 406 041.732

12 14 11 1.473 −18 9 23.37 374 728.429 12 23 25 18.815 1 31 42.57 405 844.881
18 14 24 54.046 −19 9 3.11 376 136.761 18 23 36 5.307 2 46 12.85 405 602.494

16 0 14 38 49.886 −20 4 20.99 377 549.352 27 0 23 46 53.787 4 0 24.62 405 313.712
6 14 52 48.777 −20 55 7.98 378 960.269 6 23 57 44.991 5 14 8.74 404 977.643

12 15 6 50.392 −21 41 16.21 380 363.942 12 0 8 39.654 6 27 15.93 404 593.379
18 15 20 54.298 −22 22 38.96 381 755.182 18 0 19 38.511 7 39 36.81 404 160.010

17 0 15 34 59.957 −22 59 10.75 383 129.193 28 0 0 30 42.295 8 51 1.82 403 676.651
6 15 49 6.742 −23 30 47.33 384 481.581 6 0 41 51.731 10 1 21.21 403 142.455

12 16 3 13.945 −23 57 25.69 385 808.352 12 0 53 7.536 11 10 24.99 402 556.641
18 16 17 20.788 −24 19 4.13 387 105.915 18 1 4 30.413 12 18 2.92 401 918.515

18 0 16 31 26.444 −24 35 42.19 388 371.072 29 0 1 16 1.048 13 24 4.45 401 227.493
6 16 45 30.049 −24 47 20.68 389 601.010 6 1 27 40.103 14 28 18.75 400 483.125

12 16 59 30.724 −24 54 1.64 390 793.287 12 1 39 28.210 15 30 34.64 399 685.122
18 17 13 27.591 −24 55 48.32 391 945.816 18 1 51 25.966 16 30 40.59 398 833.380
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LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Août 30 0 2 3 33.921 17 28 24.71 397 928.003 Sept. 10 0 12 26 40.219 − 8 22 22.43 360 417.380
6 2 15 52.571 18 23 34.80 396 969.334 6 12 40 35.692 − 9 50 19.15 361 320.671

12 2 28 22.350 19 15 58.28 395 957.973 12 12 54 33.814 −11 15 37.51 362 319.661
18 2 41 3.616 20 5 22.28 394 894.803 18 13 8 34.965 −12 37 57.14 363 407.702

31 0 2 53 56.642 20 51 33.67 393 781.017 11 0 13 22 39.433 −13 56 58.84 364 577.675
6 3 7 1.605 21 34 19.12 392 618.137 6 13 36 47.408 −15 12 24.59 365 822.077

12 3 20 18.576 22 13 25.15 391 408.032 12 13 50 58.973 −16 23 57.70 367 133.104
18 3 33 47.507 22 48 38.26 390 152.945 18 14 5 14.099 −17 31 22.86 368 502.743

Sept. 1 0 3 47 28.227 23 19 45.03 388 855.502 12 0 14 19 32.638 −18 34 26.21 369 922.849
6 4 1 20.430 23 46 32.26 387 518.731 6 14 33 54.323 −19 32 55.39 371 385.231

12 4 15 23.675 24 8 47.13 386 146.073 12 14 48 18.770 −20 26 39.61 372 881.722
18 4 29 37.383 24 26 17.35 384 741.389 18 15 2 45.478 −21 15 29.71 374 404.252

2 0 4 44 0.840 24 38 51.36 383 308.969 13 0 15 17 13.841 −21 59 18.15 375 944.913
6 4 58 33.202 24 46 18.53 381 853.528 6 15 31 43.152 −22 37 59.04 377 496.009

12 5 13 13.511 24 48 29.33 380 380.205 12 15 46 12.619 −23 11 28.18 379 050.116
18 5 28 0.705 24 45 15.54 378 894.552 18 16 0 41.381 −23 39 43.01 380 600.118

3 0 5 42 53.642 24 36 30.44 377 402.524 14 0 16 15 8.526 −24 2 42.59 382 139.248
6 5 57 51.119 24 22 8.97 375 910.455 6 16 29 33.108 −24 20 27.56 383 661.117

12 6 12 51.902 24 2 7.88 374 425.033 12 16 43 54.167 −24 33 0.05 385 159.739
18 6 27 54.749 23 36 25.86 372 953.268 18 16 58 10.754 −24 40 23.64 386 629.550

4 0 6 42 58.443 23 5 3.63 371 502.448 15 0 17 12 21.947 −24 42 43.21 388 065.417
6 6 58 1.814 22 28 4.02 370 080.098 6 17 26 26.870 −24 40 4.87 389 462.654

12 7 13 3.769 21 45 31.96 368 693.922 12 17 40 24.709 −24 32 35.79 390 817.015
18 7 28 3.311 20 57 34.52 367 351.747 18 17 54 14.731 −24 20 24.11 392 124.703

5 0 7 42 59.560 20 4 20.87 366 061.447 16 0 18 7 56.290 −24 3 38.79 393 382.358
6 7 57 51.766 19 6 2.18 364 830.881 6 18 21 28.835 −23 42 29.47 394 587.054

12 8 12 39.320 18 2 51.60 363 667.809 12 18 34 51.922 −23 17 6.33 395 736.283
18 8 27 21.760 16 55 4.07 362 579.808 18 18 48 5.210 −22 47 40.01 396 827.947

6 0 8 41 58.771 15 42 56.30 361 574.190 17 0 19 1 8.464 −22 14 21.42 397 860.339
6 8 56 30.182 14 26 46.54 360 657.918 6 19 14 1.553 −21 37 21.68 398 832.126

12 9 10 55.963 13 6 54.49 359 837.509 12 19 26 44.447 −20 56 52.05 399 742.329
18 9 25 16.214 11 43 41.12 359 118.960 18 19 39 17.206 −20 13 3.77 400 590.304

7 0 9 39 31.153 10 17 28.52 358 507.661 18 0 19 51 39.981 −19 26 8.07 401 375.716
6 9 53 41.108 8 48 39.73 358 008.321 6 20 3 53.001 −18 36 16.08 402 098.522

12 10 7 46.499 7 17 38.62 357 624.893 12 20 15 56.571 −17 43 38.77 402 758.944
18 10 21 47.824 5 44 49.63 357 360.530 18 20 27 51.055 −16 48 26.96 403 357.444

8 0 10 35 45.650 4 10 37.72 357 217.520 19 0 20 39 36.881 −15 50 51.27 403 894.703
6 10 49 40.591 2 35 28.11 357 197.258 6 20 51 14.521 −14 51 2.12 404 371.594

12 11 3 33.299 0 59 46.21 357 300.222 12 21 2 44.494 −13 49 9.70 404 789.156
18 11 17 24.449 − 0 36 2.64 357 525.964 18 21 14 7.354 −12 45 24.02 405 148.575

9 0 11 31 14.722 − 2 11 33.21 357 873.109 20 0 21 25 23.689 −11 39 54.90 405 451.154
6 11 45 4.794 − 3 46 20.62 358 339.380 6 21 36 34.110 −10 32 51.94 405 698.292

12 11 58 55.324 − 5 20 0.42 358 921.630 12 21 47 39.252 − 9 24 24.63 405 891.462
18 12 12 46.939 − 6 52 8.74 359 615.881 18 21 58 39.767 − 8 14 42.29 406 032.188



II. 48 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Sept. 21 0 22 9 36.322 − 7 3 54.12 406 122.020 Oct. 2 0 7 22 59.288 20 59 57.53 373 743.089
6 22 20 29.595 − 5 52 9.26 406 162.519 6 7 37 25.526 20 10 40.50 372 505.952

12 22 31 20.275 − 4 39 36.75 406 155.236 12 7 51 48.110 19 16 38.78 371 287.680
18 22 42 9.057 − 3 26 25.62 406 101.690 18 8 6 6.654 18 18 2.84 370 094.246

22 0 22 52 56.639 − 2 12 44.89 406 003.357 3 0 8 20 20.898 17 15 4.51 368 931.858
6 23 3 43.727 − 0 58 43.59 405 861.652 6 8 34 30.707 16 7 56.87 367 806.905

12 23 14 31.025 0 15 29.19 405 677.915 12 8 48 36.065 14 56 54.21 366 725.915
18 23 25 19.240 1 29 44.30 405 453.402 18 9 2 37.075 13 42 11.96 365 695.492

23 0 23 36 9.076 2 43 52.47 405 189.272 4 0 9 16 33.948 12 24 6.64 364 722.257
6 23 47 1.237 3 57 44.30 404 886.580 6 9 30 26.994 11 2 55.76 363 812.779

12 23 57 56.419 5 11 10.26 404 546.273 12 9 44 16.615 9 38 57.82 362 973.502
18 0 8 55.316 6 24 0.63 404 169.183 18 9 58 3.291 8 12 32.19 362 210.675

24 0 0 19 58.609 7 36 5.49 403 756.028 5 0 10 11 47.570 6 43 59.08 361 530.268
6 0 31 6.970 8 47 14.71 403 307.413 6 10 25 30.058 5 13 39.48 360 937.898

12 0 42 21.056 9 57 17.94 402 823.828 12 10 39 11.404 3 41 55.09 360 438.756
18 0 53 41.506 11 6 4.56 402 305.660 18 10 52 52.292 2 9 8.21 360 037.525

25 0 1 5 8.935 12 13 23.73 401 753.193 6 0 11 6 33.423 0 35 41.69 359738.315
6 1 16 43.932 13 19 4.32 401 166.624 6 11 20 15.507 − 0 58 1.16 359 544.596

12 1 28 27.052 14 22 54.96 400 546.070 12 11 33 59.251 − 2 31 36.68 359 459.145
18 1 40 18.810 15 24 44.02 399 891.581 18 11 47 45.342 − 4 4 40.99 359 483.992

26 0 1 52 19.677 16 24 19.62 399 203.160 7 0 12 1 34.434 − 5 36 50.09 359 620.382
6 2 4 30.069 17 21 29.68 398 480.776 6 12 15 27.142 − 7 7 40.00 359 868.753

12 2 16 50.339 18 16 1.92 397 724.384 12 12 29 24.017 − 8 36 46.92 360 228.713
18 2 29 20.772 19 7 43.91 396 933.946 18 12 43 25.542 −10 3 47.35 360 699.039

27 0 2 42 1.574 19 56 23.12 396 109.455 8 0 12 57 32.113 −11 28 18.28 361 277.685
6 2 54 52.864 20 41 47.00 395 250.954 6 13 11 44.028 −12 49 57.37 361 961.804

12 3 7 54.669 21 23 43.01 394 358.563 12 13 26 1.474 −14 8 23.07 362 747.774
18 3 21 6.911 22 1 58.77 393 432.502 18 13 40 24.514 −15 23 14.86 363 631.245

28 0 3 34 29.408 22 36 22.10 392 473.122 9 0 13 54 53.082 −16 34 13.38 364 607.189
6 3 48 1.865 23 6 41.16 391 480.921 6 14 9 26.968 −17 41 0.64 365 669.956

12 4 1 43.875 23 32 44.58 390 456.580 12 14 24 5.823 −18 43 20.14 366 813.342
18 4 15 34.918 23 54 21.55 389 400.981 18 14 38 49.150 −19 40 57.08 368 030.663

29 0 4 29 34.368 24 11 22.01 388 315.239 10 0 14 53 36.310 −20 33 38.45 369 314.823
6 4 43 41.495 24 23 36.70 387 200.717 6 15 8 26.528 −21 21 13.18 370 658.392

12 4 57 55.476 24 30 57.40 386 059.059 12 15 23 18.906 −22 3 32.23 372 053.687
18 5 12 15.412 24 33 16.95 384 892.203 18 15 38 12.436 −22 40 28.64 373 492.845

30 0 5 26 40.341 24 30 29.44 383 702.403 11 0 15 53 6.021 −23 11 57.58 374 967.893
6 5 41 9.257 24 22 30.31 382 492.248 6 16 7 58.500 −23 37 56.37 376 470.827

12 5 55 41.130 24 9 16.38 381 264.671 12 16 22 48.669 −23 58 24.38 377 993.673
18 6 10 14.928 23 50 45.99 380 022.964 18 16 37 35.312 −24 13 23.04 379 528.554

Oct. 1 0 6 24 49.641 23 26 59.00 378 770.780 12 0 16 52 17.224 −24 22 55.67 381 067.743
6 6 39 24.300 22 57 56.86 377 512.140 6 17 6 53.243 −24 27 7.36 382 603.720

12 6 53 57.996 22 23 42.59 376 251.429 12 17 21 22.270 −24 26 4.84 384 129.218
18 7 8 29.903 21 44 20.77 374 993.384 18 17 35 43.295 −24 19 56.25 385 637.260
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LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Oct. 13 0 17 49 55.408 −24 8 50.98 387 121.203 Oct. 24 0 2 29 30.821 19 1 51.93 395 422.038
6 18 3 57.824 −23 52 59.45 388 574.759 6 2 42 20.691 19 50 19.84 394 643.772

12 18 17 49.881 −23 32 32.92 389 992.030 12 2 55 21.093 20 35 28.21 393 853.029
18 18 31 31.054 −23 7 43.27 391 367.521 18 3 8 31.917 21 17 3.91 393 050.924

14 0 18 45 0.955 −22 38 42.86 392 696.157 25 0 3 21 52.937 21 54 54.10 392 238.430
6 18 58 19.329 −22 5 44.31 393 973.298 6 3 35 23.804 22 28 46.34 391 416.386

12 19 11 26.049 −21 29 0.38 395 194.744 12 3 49 4.051 22 58 28.76 390 585.515
18 19 24 21.113 −20 48 43.83 396 356.737 18 4 2 53.088 23 23 50.21 389 746.436

15 0 19 37 4.632 −20 5 7.28 397 455.966 26 0 4 16 50.211 23 44 40.37 388 899.680
6 19 49 36.821 −19 18 23.19 398 489.561 6 4 30 54.609 24 0 49.92 388 045.711

12 20 1 57.986 −18 28 43.71 399 455.085 12 4 45 5.374 24 12 10.71 387 184.950
18 20 14 8.519 −17 36 20.68 400 350.536 18 4 59 21.518 24 18 35.82 386 317.791

16 0 20 26 8.882 −16 41 25.58 401 174.325 27 0 5 13 41.990 24 19 59.72 385 444.632
6 20 37 59.599 −15 44 9.52 401 925.273 6 5 28 5.700 24 16 18.34 384 565.896

12 20 49 41.247 −14 44 43.21 402 602.594 12 5 42 31.538 24 7 29.15 383 682.056
18 21 1 14.448 −13 43 17.01 403 205.877 18 5 56 58.396 23 53 31.18 382 793.666

17 0 21 12 39.860 −12 40 0.90 403 735.075 28 0 6 11 25.198 23 34 25.01 381 901.382
6 21 23 58.169 −11 35 4.53 404 190.484 6 6 25 50.919 23 10 12.82 381 005.990

12 21 35 10.087 −10 28 37.27 404 572.723 12 6 40 14.605 22 40 58.28 380 108.430
18 21 46 16.344 − 9 20 48.19 404 882.714 18 6 54 35.392 22 6 46.56 379 209.819

18 0 21 57 17.683 − 8 11 46.15 405 121.666 29 0 7 8 52.524 21 27 44.19 378 311.472
6 22 8 14.860 − 7 1 39.84 405 291.047 6 7 23 5.362 20 43 58.99 377 414.924

12 22 19 8.637 − 5 50 37.78 405 392.564 12 7 37 13.396 19 55 39.98 376 521.945
18 22 29 59.780 − 4 38 48.44 405 428.142 18 7 51 16.244 19 2 57.29 375 634.552

19 0 22 40 49.060 − 3 26 20.21 405 399.899 30 0 8 5 13.661 18 6 2.03 374 755.023
6 22 51 37.248 − 2 13 21.48 405 310.123 6 8 19 5.531 17 5 6.20 373 885.899

12 23 2 25.115 − 1 0 0.72 405 161.248 12 8 32 51.868 16 0 22.62 373 029.991
18 23 13 13.427 0 13 33.57 404 955.831 18 8 46 32.806 14 52 4.84 372 190.374

20 0 23 24 2.950 1 27 12.69 404 696.526 31 0 9 0 8.592 13 40 27.07 371 370.380
6 23 34 54.442 2 40 47.82 404 386.062 6 9 13 39.582 12 25 44.13 370573.585

12 23 45 48.654 3 54 9.89 404 027.221 12 9 27 6.222 11 8 11.39 369 803.794
18 23 56 46.328 5 7 9.62 403 622.811 18 9 40 29.046 9 48 4.80 369 065.016

21 0 0 7 48.196 6 19 37.41 403 175.648 Nov. 1 0 9 53 48.660 8 25 40.78 368 361.432
6 0 18 54.972 7 31 23.39 402 688.530 6 10 7 5.735 7 1 16.28 367 697.366

12 0 30 7.356 8 42 17.32 402 164.220 12 10 20 20.993 5 35 8.73 367 077.244
18 0 41 26.024 9 52 8.65 401 605.424 18 10 33 35.200 4 7 36.05 366 505.550

22 0 0 52 51.627 11 0 46.42 401 014.773 2 0 10 46 49.150 2 38 56.66 365 986.776
6 1 4 24.785 12 7 59.35 400 394.807 6 11 0 3.661 1 9 29.45 365 525.372

12 1 16 6.080 13 13 35.74 399 747.959 12 11 13 19.560 − 0 20 26.18 365 125.692
18 1 27 56.050 14 17 23.58 399 076.540 18 11 26 37.672 − 1 50 30.40 364 791.933

23 0 1 39 55.183 15 19 10.50 398 382.730 3 0 11 39 58.811 − 3 20 22.93 364 528.080
6 1 52 3.906 16 18 43.82 397 668.564 6 11 53 23.766 − 4 49 43.08 364 337.848

12 2 4 22.578 17 15 50.62 396 935.932 12 12 6 53.291 − 6 18 9.82 364 224.617
18 2 16 51.484 18 10 17.74 396 186.564 18 12 20 28.089 − 7 45 21.82 364 191.384



II. 50 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Nov. 4 0 12 34 8.800 − 9 10 57.54 364 240.709 Nov. 15 0 22 26 57.476 − 4 45 37.80 404 479.221
6 12 47 55.987 −10 34 35.38 364 374.664 6 22 37 47.511 − 3 33 38.76 404 594.823

12 13 1 50.120 −11 55 53.72 364 594.789 12 22 48 35.813 − 2 21 11.70 404 631.148
18 13 15 51.562 −13 14 31.13 364 902.060 18 22 59 23.231 − 1 8 24.49 404 589.470

5 0 13 30 0.554 −14 30 6.53 365 296.856 16 0 23 10 10.619 0 4 35.00 404 471.412
6 13 44 17.204 −15 42 19.34 365 778.938 6 23 20 58.823 1 17 38.84 404 278.925

12 13 58 41.467 −16 50 49.70 366 347.435 12 23 31 48.689 2 30 38.96 404 014.278
18 14 13 13.143 −17 55 18.68 367 000.842 18 23 42 41.055 3 43 27.12 403 680.035

6 0 14 27 51.862 −18 55 28.52 367 737.018 17 0 23 53 36.750 4 55 54.83 403 279.037
6 14 42 37.087 −19 51 2.81 368 553.206 6 0 4 36.596 6 7 53.32 402 814.379

12 14 57 28.109 −20 41 46.76 369 446.047 12 0 15 41.401 7 19 13.48 402 289.392
18 15 12 24.054 −21 27 27.34 370 411.611 18 0 26 51.955 8 29 45.79 401 707.617

7 0 15 27 23.895 −22 7 53.54 371 445.433 18 0 0 38 9.030 9 39 20.33 401 072.782
6 15 42 26.470 −22 42 56.46 372 542.554 6 0 49 33.373 10 47 46.71 400 388.776

12 15 57 30.497 −23 12 29.47 373 697.565 12 1 1 5.701 11 54 54.06 399 659.621
18 16 12 34.611 −23 36 28.26 374 904.659 18 1 12 46.693 13 0 31.00 398 889.451

8 0 16 27 37.385 −23 54 50.89 376 157.691 19 0 1 24 36.982 14 4 25.65 398 082.477
6 16 42 37.370 −24 7 37.73 377 450.223 6 1 36 37.151 15 6 25.61 397 242.965

12 16 57 33.123 −24 14 51.42 378 775.593 12 1 48 47.718 16 6 18.01 396 375.202
18 17 12 23.243 −24 16 36.74 380 126.965 18 2 1 9.128 17 3 49.52 395 483.473

9 0 17 27 6.405 −24 13 0.44 381 497.391 20 0 2 13 41.742 17 58 46.43 394 572.028
6 17 41 41.381 −24 4 11.04 382 879.863 6 2 26 25.827 18 50 54.68 393 645.056

12 17 56 7.071 −23 50 18.61 384 267.374 12 2 39 21.539 19 40 0.00 392 706.656
18 18 10 22.514 −23 31 34.51 385 652.963 18 2 52 28.919 20 25 48.00 391 760.812

10 0 18 24 26.905 −23 8 11.18 387 029.766 21 0 3 5 47.877 21 8 4.28 390 811.367
6 18 38 19.601 −22 40 21.85 388 391.065 6 3 19 18.185 21 46 34.63 389 861.999

12 18 52 0.122 −22 8 20.34 389 730.326 12 3 32 59.472 22 21 5.18 388 916.197
18 19 5 28.150 −21 32 20.80 391 041.239 18 3 46 51.220 22 51 22.59 387 977.244

11 0 19 18 43.521 −20 52 37.56 392 317.754 22 0 4 0 52.760 23 17 14.25 387 048.198
6 19 31 46.218 −20 9 24.89 393 554.109 6 4 15 3.281 23 38 28.46 386 131.877

12 19 44 36.356 −19 22 56.93 394 744.862 12 4 29 21.838 23 54 54.68 385 230.848
18 19 57 14.173 −18 33 27.51 395 884.910 18 4 43 47.361 24 6 23.68 384 347.418

12 0 20 9 40.017 −17 41 10.08 396 969.512 23 0 4 58 18.680 24 12 47.76 383 483.628
6 20 21 54.328 −16 46 17.63 397 994.308 6 5 12 54.539 24 14 0.86 382 641.253

12 20 33 57.629 −15 49 2.65 398 955.327 12 5 27 33.630 24 9 58.71 381 821.802
18 20 45 50.514 −14 49 37.13 399 849.004 18 5 42 14.616 24 0 38.92 381 026.526

13 0 20 57 33.633 −13 48 12.49 400 672.184 24 0 5 56 56.164 23 46 1.05 380 256.423
6 21 9 7.687 −12 44 59.63 401 422.128 6 6 11 36.971 23 26 6.58 379 512.258

12 21 20 33.414 −11 40 8.96 402 096.521 12 6 26 15.797 23 0 58.89 378 794.571
18 21 31 51.584 −10 33 50.38 402 693.464 18 6 40 51.488 22 30 43.23 378 103.699

14 0 21 43 2.992 − 9 26 13.38 403 211.482 25 0 6 55 23.003 21 55 26.56 377 439.802
6 21 54 8.453 − 8 17 27.02 403 649.514 6 7 9 49.426 21 15 17.48 376 802.879

12 22 5 8.794 − 7 7 40.06 404 006.912 12 7 24 9.989 20 30 26.03 376 192.803
18 22 16 4.853 − 5 57 0.91 404 283.430 18 7 38 24.071 19 41 3.56 375 609.344
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LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Nov. 26 0 7 52 31.214 18 47 22.55 375 052.200 Déc. 7 0 18 1 43.476 −23 39 5.79 384 345.548
6 8 6 31.112 17 49 36.43 374 521.026 6 18 16 0.575 −23 17 57.22 385 475.162

12 8 20 23.618 16 47 59.44 374 015.464 12 18 30 7.381 −22 52 9.45 386 617.050
18 8 34 8.730 15 42 46.46 373 535.174 18 18 44 3.121 −22 21 55.50 387 765.946

27 0 8 47 46.587 14 34 12.90 373 079.863 8 0 18 57 47.190 −21 47 29.15 388 916.446
6 9 1 17.456 13 22 34.55 372 649.309 6 19 11 19.147 −21 9 4.77 390 063.056

12 9 14 41.721 12 8 7.51 372 243.389 12 19 24 38.712 −20 26 57.05 391 200.224
18 9 27 59.871 10 51 8.09 371 862.103 18 19 37 45.761 −19 41 20.85 392 322.380

28 0 9 41 12.486 9 31 52.75 371 505.591 9 0 19 50 40.312 −18 52 30.95 393 423.977
6 9 54 20.228 8 10 38.09 371 174.152 6 20 3 22.516 −18 0 41.98 394 499.528

12 10 7 23.825 6 47 40.77 370 868.255 12 20 15 52.644 −17 6 8.25 395 543.636
18 10 20 24.061 5 23 17.56 370 588.549 18 20 28 11.071 −16 9 3.66 396 551.038

29 0 10 33 21.767 3 57 45.28 370 335.870 10 0 20 40 18.267 −15 9 41.65 397 516.628
6 10 46 17.807 2 31 20.85 370 111.238 6 20 52 14.779 −14 8 15.11 398 435.492

12 10 59 13.070 1 4 21.28 369 915.853 12 21 4 1.223 −13 4 56.37 399 302.937
18 11 12 8.458 − 0 22 56.29 369 751.089 18 21 15 38.271 −11 59 57.20 400 114.516

30 0 11 25 4.880 − 1 50 14.56 369 618.479 11 0 21 27 6.644 −10 53 28.78 400 866.053
6 11 38 3.237 − 3 17 16.09 369 519.697 6 21 38 27.100 − 9 45 41.76 401 553.665

12 11 51 4.416 − 4 43 43.24 369 456.535 12 21 49 40.426 − 8 36 46.25 402 173.782
18 12 4 9.277 − 6 9 18.19 369 430.880 18 22 0 47.437 − 7 26 51.86 402 723.166

Déc. 1 0 12 17 18.646 − 7 33 42.91 369 444.684 12 0 22 11 48.966 − 6 16 7.78 403 198.927
6 12 30 33.296 − 8 56 39.21 369 499.926 6 22 22 45.859 − 5 4 42.79 403 598.535

12 12 43 53.942 −10 17 48.72 369 598.586 12 22 33 38.975 − 3 52 45.32 403 919.837
18 12 57 21.223 −11 36 52.98 369 742.597 18 22 44 29.183 − 2 40 23.54 404 161.063

2 0 13 10 55.690 −12 53 33.47 369 933.814 13 0 22 55 17.354 − 1 27 45.38 404 320.835
6 13 24 37.795 −14 7 31.69 370 173.970 6 23 6 4.367 − 0 14 58.61 404 398.179

12 13 38 27.868 −15 18 29.29 370 464.641 12 23 16 51.100 0 57 49.09 404 392.523
18 13 52 26.113 −16 26 8.19 370 807.198 18 23 27 38.435 2 10 30.06 404 303.704

3 0 14 6 32.589 −17 30 10.72 371 202.779 14 0 23 38 27.250 3 22 56.61 404 131.972
6 14 20 47.197 −18 30 19.80 371 652.248 6 23 49 18.424 4 35 0.97 403 877.986

12 14 35 9.676 −19 26 19.14 372 156.162 12 0 0 12.830 5 46 35.17 403 542.813
18 14 49 39.594 −20 17 53.39 372 714.743 18 0 11 11.335 6 57 31.04 403 127.927

4 0 15 4 16.343 −21 4 48.45 373 327.855 15 0 0 22 14.800 8 7 40.10 402 635.204
6 15 18 59.145 −21 46 51.57 373 994.976 6 0 33 24.072 9 16 53.55 402 066.910

12 15 33 47.058 −22 23 51.63 374 715.191 12 0 44 39.983 10 25 2.17 401 425.698
18 15 48 38.990 −22 55 39.31 375 487.174 18 0 56 3.345 11 31 56.27 400 714.595

5 0 16 3 33.715 −23 22 7.25 376 309.185 16 0 1 7 34.944 12 37 25.70 399 936.988
6 16 18 29.900 −23 43 10.17 377 179.070 6 1 19 15.535 13 41 19.75 399 096.611

12 16 33 26.131 −23 58 44.98 378 094.266 12 1 31 5.829 14 43 27.17 398 197.527
18 16 48 20.947 −24 8 50.82 379 051.813 18 1 43 6.492 15 43 36.11 397 244.108

6 0 17 3 12.870 −24 13 29.04 380 048.364 17 0 1 55 18.127 16 41 34.18 396 241.014
6 17 18 0.445 −24 12 43.14 381 080.213 6 2 7 41.268 17 37 8.38 395 193.170

12 17 32 42.266 −24 6 38.70 382 143.312 12 2 20 16.363 18 30 5.23 394 105.739
18 17 47 17.013 −23 55 23.18 383 233.304 18 2 33 3.766 19 20 10.74 392 984.091



II. 52 CONNAISSANCE DES TEMPS

LUNE 2010 à 0h, 6h, 12h, 18h, TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ km h m s ◦ ′ ′′ km

Déc. 18 0 2 46 3.718 20 7 10.56 391 833.776 Déc. 26 0 10 21 18.061 5 13 34.87 368 557.456
6 2 59 16.339 20 50 50.01 390 660.488 6 10 34 24.515 3 46 58.75 368672.788

12 3 12 41.609 21 30 54.28 389 470.029 12 10 47 27.479 2 19 44.19 368 830.762
18 3 26 19.360 22 7 8.55 388 268.275 18 11 0 27.815 0 52 9.37 369 028.824

19 0 3 40 9.267 22 39 18.18 387 061.132 27 0 11 13 26.408 − 0 35 27.81 369 264.467
6 3 54 10.837 23 7 8.90 385 854.500 6 11 26 24.152 − 2 2 49.70 369 535.270

12 4 8 23.412 23 30 27.08 384 654.228 12 11 39 21.942 − 3 29 38.88 369 838.929
18 4 22 46.167 23 48 59.94 383 466.074 18 11 52 20.663 − 4 55 38.19 370 173.280

20 0 4 37 18.116 24 2 35.80 382 295.658 28 0 12 5 21.181 − 6 20 30.64 370 536.323
6 4 51 58.129 24 11 4.32 381 148.425 6 12 18 24.332 − 7 43 59.44 370 926.238

12 5 6 44.947 24 14 16.79 380 029.600 12 12 31 30.911 − 9 5 47.98 371 341.401
18 5 21 37.208 24 12 6.24 378 944.147 18 12 44 41.665 −10 25 39.81 371 780.387

21 0 5 36 33.471 24 4 27.75 377 896.732 29 0 12 57 57.279 −11 43 18.66 372 241.975
6 5 51 32.254 23 51 18.48 376 891.687 6 13 11 18.363 −12 58 28.41 372 725.149

12 6 6 32.063 23 32 37.86 375 932.977 12 13 24 45.445 −14 10 53.18 373 229.088
18 6 21 31.432 23 8 27.58 375 024.173 18 13 38 18.955 −15 20 17.33 373 753.159

22 0 6 36 28.950 22 38 51.61 374 168.427 30 0 13 51 59.216 −16 26 25.53 374 296.902
6 6 51 23.299 22 3 56.15 373 368.448 6 14 5 46.430 −17 29 2.84 374 860.009

12 7 6 13.278 21 23 49.51 372 626.498 12 14 19 40.671 −18 27 54.80 375 442.312
18 7 20 57.825 20 38 41.99 371 944.375 18 14 33 41.870 −19 22 47.55 376 043.748

23 0 7 35 36.038 19 48 45.70 371 323.415 31 0 14 47 49.817 −20 13 27.97 376 664.345
6 7 50 7.181 18 54 14.34 370 764.493 6 15 2 4.148 −20 59 43.77 377 304.185

12 8 4 30.693 17 55 23.01 370 268.037 12 15 16 24.348 −21 41 23.72 377 963.381
18 8 18 46.191 16 52 28.00 369 834.038 18 15 30 49.753 −22 18 17.73 378 642.047

24 0 8 32 53.458 15 45 46.52 369 462.075 32 0 15 45 19.557 −22 50 17.04 379 340.266
6 8 46 52.446 14 35 36.55 369 151.342 6 15 59 52.823 −23 17 14.36 380 058.064

12 9 0 43.257 13 22 16.62 368 900.675 12 16 14 28.498 −23 39 4.00 380 795.380
18 9 14 26.133 12 6 5.62 368 708.589 18 16 29 5.434 −23 55 41.98 381 552.036

25 0 9 28 1.445 10 47 22.69 368 573.316 33 0 16 43 42.410 −24 7 6.08 382 327.719
6 9 41 29.674 9 26 27.02 368 492.848 6 16 58 18.161 −24 13 15.94 383 121.949

12 9 54 51.400 8 3 37.80 368 464.977 12 17 12 51.401 −24 14 13.04 383 934.065
18 10 8 7.286 6 39 14.12 368 487.338 18 17 27 20.856 −24 10 0.65 384 763.201
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Coordonnées héliocentriques :

Longitude, latitude, rayon vecteur.

MERCURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II. 54
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II. 54 CONNAISSANCE DES TEMPS

MERCURE 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Janv. 0 74 7 57.09 3 3 44.92 0.307 580 50 Févr. 15 261 27 12.98 − 3 50 31.82 0.466 374 88
1 80 27 10.95 3 44 20.71 0.307 580 64 16 264 12 30.26 − 4 7 10.88 0.465 812 12
2 86 46 11.17 4 22 8.53 0.308 222 08 17 266 58 24.31 − 4 23 18.62 0.464 971 02
3 93 3 26.78 4 56 33.58 0.309 494 40 18 269 45 7.50 − 4 38 53.54 0.463 852 52
4 99 17 29.25 5 27 7.61 0.311 377 20 19 272 32 52.32 − 4 53 54.02 0.462 457 95

5 105 26 55.37 5 53 29.97 0.313 841 13 20 275 21 51.49 − 5 8 18.25 0.460 788 97
6 111 30 29.71 6 15 27.99 0.316 849 13 21 278 12 17.98 − 5 22 4.27 0.458 847 63
7 117 27 6.55 6 32 56.75 0.320 357 99 22 281 4 25.05 − 5 35 9.91 0.456 636 42
8 123 15 51.14 6 45 58.48 0.324 319 98 23 283 58 26.32 − 5 47 32.75 0.454 158 27
9 128 56 0.33 6 54 41.46 0.328 684 45 24 286 54 35.82 − 5 59 10.15 0.451 416 62

10 134 27 2.44 6 59 18.80 0.333 399 30 25 289 53 8.02 − 6 9 59.19 0.448 415 46
11 139 48 36.76 7 0 7.18 0.338 412 32 26 292 54 17.90 − 6 19 56.65 0.445 159 41
12 145 0 32.56 6 57 25.59 0.343 672 26 27 295 58 20.98 − 6 28 58.97 0.441 653 75
13 150 2 47.86 6 51 34.25 0.349 129 66 28 299 5 33.39 − 6 37 2.27 0.437 904 54
14 154 55 28.12 6 42 53.71 0.354 737 50 Mars 1 302 16 11.85 − 6 44 2.25 0.433 918 70

15 159 38 44.90 6 31 44.19 0.360 451 63 2 305 30 33.79 − 6 49 54.23 0.429 704 08
16 164 12 54.54 6 18 25.00 0.366 230 97 3 308 48 57.30 − 6 54 33.08 0.425 269 62
17 168 38 17.04 6 3 14.22 0.372 037 69 4 312 11 41.21 − 6 57 53.23 0.420 625 43
18 172 55 15.01 5 46 28.53 0.377 837 17 5 315 39 5.03 − 6 59 48.64 0.415 782 97
19 177 4 12.81 5 28 23.06 0.383 597 90 6 319 11 28.99 − 7 0 12.77 0.410 755 17

20 181 5 35.87 5 9 11.41 0.389 291 42 7 322 49 13.98 − 6 58 58.61 0.405 556 63
21 184 59 50.07 4 49 5.67 0.394 892 06 8 326 32 41.51 − 6 55 58.70 0.400 203 76
22 188 47 21.33 4 28 16.53 0.400 376 80 9 330 22 13.57 − 6 51 5.16 0.394 715 02
23 192 28 35.24 4 6 53.35 0.405 725 03 10 334 18 12.53 − 6 44 9.73 0.389 111 07
24 196 3 56.85 3 45 4.33 0.410 918 38 11 338 21 0.92 − 6 35 3.90 0.383 415 02

25 199 33 50.48 3 22 56.57 0.415 940 49 12 342 31 1.20 − 6 23 39.08 0.377 652 62
26 202 58 39.58 3 0 36.22 0.420 776 83 13 346 48 35.39 − 6 9 46.72 0.371 852 44
27 206 18 46.73 2 38 8.60 0.425 414 51 14 351 14 4.67 − 5 53 18.67 0.366 046 07
28 209 34 33.53 2 15 38.31 0.429 842 11 15 355 47 48.89 − 5 34 7.43 0.360 268 24
29 212 46 20.65 1 53 9.29 0.434 049 56 16 0 30 5.89 − 5 12 6.66 0.354 556 89

30 215 54 27.84 1 30 44.95 0.438 027 98 17 5 21 10.78 − 4 47 11.62 0.348 953 19
31 218 59 13.95 1 8 28.21 0.441 769 51 18 10 21 15.09 − 4 19 19.83 0.343 501 38

Févr. 1 222 0 57.00 0 46 21.62 0.445 267 30 19 15 30 25.78 − 3 48 31.69 0.338 248 59
2 224 59 54.19 0 24 27.37 0.448 515 29 20 20 48 44.16 − 3 14 51.26 0.333 244 32
3 227 56 21.99 0 2 47.38 0.451 508 23 21 26 16 4.83 − 2 38 26.94 0.328 539 88

4 230 50 36.20 − 0 18 36.67 0.454 241 53 22 31 52 14.47 − 1 59 32.17 0.324 187 49
5 233 42 51.99 − 0 39 43.28 0.456 711 21 23 37 36 50.85 − 1 18 25.92 0.320 239 22
6 236 33 23.98 − 1 0 31.12 0.458 913 84 24 43 29 21.88 − 0 35 32.97 0.316 745 65
7 239 22 26.29 − 1 20 58.95 0.460 846 51 25 49 29 5.06 0 8 36.14 0.313 754 40
8 242 10 12.60 − 1 41 5.64 0.462 506 76 26 55 35 7.18 0 53 25.61 0.311 308 51

9 244 56 56.22 − 2 0 50.12 0.463 892 54 27 61 46 24.65 1 38 15.37 0.309 444 80
10 247 42 50.13 − 2 20 11.34 0.465 002 19 28 68 1 44.36 2 22 22.49 0.308 192 36
11 250 28 7.05 − 2 39 8.27 0.465 834 41 29 74 19 45.13 3 5 3.05 0.307 571 28
12 253 12 59.49 − 2 57 39.87 0.466 388 26 30 80 38 59.87 3 45 34.18 0.307 591 66
13 255 57 39.80 − 3 15 45.09 0.466 663 11 31 86 57 58.08 4 23 16.17 0.308 253 17

14 258 42 20.23 − 3 33 22.80 0.466 658 64 Avril 1 93 15 8.85 4 57 34.39 0.309 545 05



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 55

MERCURE 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Avril 2 99 29 3.77 5 28 0.84 0.311 446 61 Mai 18 272 38 3.44 − 4 54 21.27 0.462 410 65
3 105 38 19.83 5 54 15.10 0.313 928 23 19 275 27 5.12 − 5 8 44.36 0.460 733 21
4 111 41 41.90 6 16 4.74 0.316 952 63 20 278 17 34.52 − 5 22 29.17 0.458 783 49
5 117 38 4.58 6 33 25.11 0.320 476 45 21 281 9 44.92 − 5 35 33.52 0.456 563 98
6 123 26 33.49 6 46 18.63 0.324 451 84 22 284 3 49.95 − 5 47 55.00 0.454 077 64

7 129 6 25.84 6 54 53.73 0.328 828 06 23 287 0 3.64 − 5 59 30.95 0.451 327 91
8 134 37 10.30 6 59 23.69 0.333 553 02 24 289 58 40.49 − 6 10 18.45 0.448 318 81
9 139 58 26.51 7 0 5.24 0.338 574 50 25 292 59 55.49 − 6 20 14.26 0.445 054 97

10 145 10 4.02 6 57 17.44 0.343 841 32 26 296 4 4.18 − 6 29 14.82 0.441 541 71
11 150 12 1.11 6 51 20.54 0.349 304 07 27 299 11 22.70 − 6 37 16.23 0.437 785 10

12 155 4 23.45 6 42 35.08 0.354 915 83 28 302 22 7.81 − 6 44 14.18 0.433 792 09
13 159 47 22.77 6 31 21.26 0.360 632 54 29 305 36 36.93 − 6 50 3.98 0.429 570 56
14 164 21 15.53 6 17 58.35 0.366 413 22 30 308 55 8.21 − 6 54 40.49 0.425 129 48
15 168 46 21.83 6 2 44.39 0.372 220 14 31 312 18 0.46 − 6 57 58.12 0.420 479 02
16 173 3 4.36 5 45 56.02 0.378 018 79 Juin 1 315 45 33.24 − 6 59 50.80 0.415 630 66

17 177 11 47.52 5 27 48.32 0.383 777 76 2 319 18 6.79 − 7 0 12.00 0.410 597 40
18 181 12 56.74 5 8 34.82 0.389 468 67 3 322 56 2.03 − 6 58 54.70 0.405 393 87
19 185 6 57.93 4 48 27.60 0.395 065 94 4 326 39 40.47 − 6 55 51.40 0.400 036 55
20 188 54 16.98 4 27 37.28 0.400 546 63 5 330 29 24.13 − 6 50 54.21 0.394 543 97
21 192 35 19.49 4 6 13.20 0.405 890 21 6 334 25 35.38 − 6 43 54.88 0.388 936 86

22 196 10 30.48 3 44 23.51 0.411 078 38 7 338 28 36.75 − 6 34 44.90 0.383 238 40
23 199 40 14.24 3 22 15.27 0.416 094 83 8 342 38 50.69 − 6 23 15.65 0.377 474 43
24 203 4 54.20 2 59 54.63 0.420 925 08 9 346 56 39.20 − 6 9 18.61 0.371 673 62
25 206 24 52.90 2 37 26.88 0.425 556 30 10 351 22 23.44 − 5 52 45.62 0.365 867 64
26 209 40 31.91 2 14 56.58 0.429 977 11 11 355 56 23.20 − 5 33 29.24 0.360 091 32

27 212 52 11.88 1 52 27.66 0.434 177 50 12 0 38 56.23 − 5 11 23.15 0.354 382 70
28 216 0 12.52 1 30 3.51 0.438 148 58 13 5 30 17.57 − 4 46 22.69 0.348 783 04
29 219 4 52.66 1 7 47.06 0.441 882 57 14 10 30 38.60 − 4 18 25.43 0.343 336 70
30 222 6 30.29 0 45 40.82 0.445 372 61 15 15 40 6.14 − 3 47 31.90 0.338 090 85

Mai 1 225 5 22.58 0 23 46.99 0.448 612 69 16 20 58 41.31 − 3 13 46.27 0.333 095 08

2 228 1 45.99 0 2 7.47 0.451 597 58 17 26 26 18.46 − 2 37 17.09 0.328 400 74
3 230 55 56.29 − 0 19 16.06 0.454 322 69 18 32 2 44.04 − 1 58 17.96 0.324 060 06
4 233 48 8.64 − 0 40 22.11 0.456 784 08 19 37 47 35.51 − 1 17 8.02 0.320 125 08
5 236 38 37.64 − 1 1 9.34 0.458 978 33 20 43 40 20.48 − 0 34 12.24 0.316 646 31
6 239 27 37.39 − 1 21 36.54 0.460 902 54 21 49 40 16.10 0 9 58.66 0.313 671 25

7 242 15 21.56 − 1 41 42.56 0.462 554 27 22 55 46 28.87 0 54 48.75 0.311 242 77
8 245 2 3.44 − 2 1 26.33 0.463 931 47 23 61 57 54.87 1 39 37.84 0.309 397 49
9 247 47 56.02 − 2 20 46.82 0.465 032 51 24 68 13 20.72 2 23 42.94 0.308 164 23

10 250 33 11.99 − 2 39 42.98 0.465 856 09 25 74 31 25.03 3 6 20.14 0.307 562 79
11 253 18 3.87 − 2 58 13.79 0.466 401 28 26 80 50 40.55 3 46 46.62 0.307 602 94

12 256 2 44.00 − 3 16 18.18 0.466 667 46 27 87 9 36.76 4 24 22.81 0.308 284 05
13 258 47 24.63 − 3 33 55.02 0.466 654 33 28 93 26 42.74 4 58 34.27 0.309 595 02
14 261 32 17.97 − 3 51 3.13 0.466 361 90 29 99 40 30.23 5 28 53.21 0.311 514 88
15 264 17 36.20 − 4 7 41.25 0.465 790 51 30 105 49 36.44 5 54 59.47 0.314 013 77
16 267 3 31.59 − 4 23 48.00 0.464 940 80 Juill. 1 111 52 46.48 6 16 40.85 0.317 054 18

17 269 50 16.50 − 4 39 21.89 0.463 813 74 2 117 48 55.30 6 33 52.92 0.320 592 60



II. 56 CONNAISSANCE DES TEMPS

MERCURE 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Juill. 3 123 37 8.88 6 46 38.32 0.324 581 05 Août 18 284 9 13.78 − 5 48 17.09 0.453 998 72
4 129 16 44.75 6 55 5.66 0.328 968 75 19 287 5 31.62 − 5 59 51.57 0.451 241 19
5 134 47 11.97 6 59 28.31 0.333 703 57 20 290 4 13.05 − 6 10 37.51 0.448 224 43
6 140 8 10.47 7 0 3.12 0.338 733 33 21 293 5 33.09 − 6 20 31.65 0.444 953 10
7 145 19 30.09 6 57 9.19 0.344 006 87 22 296 9 47.29 − 6 29 30.43 0.441 432 53

8 150 21 9.37 6 51 6.79 0.349 474 86 23 299 17 11.80 − 6 37 29.93 0.437 668 82
9 155 13 14.19 6 42 16.46 0.355 090 47 24 302 28 3.41 − 6 44 25.83 0.433 668 95

10 159 55 56.41 6 30 58.38 0.360 809 71 25 305 42 39.56 − 6 50 13.44 0.429 440 82
11 164 29 32.67 6 17 31.78 0.366 591 72 26 309 1 18.41 − 6 54 47.58 0.424 993 46
12 168 54 23.12 6 2 14.67 0.372 398 87 27 312 24 18.80 − 6 58 2.67 0.420 337 03

13 173 10 50.53 5 45 23.63 0.378 196 72 28 315 52 0.30 − 6 59 52.62 0.415 483 10
14 177 19 19.35 5 27 13.70 0.383 953 99 29 319 24 43.18 − 7 0 10.89 0.410 444 68
15 181 20 15.02 5 7 58.38 0.389 642 36 30 323 2 48.37 − 6 58 50.42 0.405 236 47
16 185 14 3.46 4 47 49.67 0.395 236 36 31 326 46 37.40 − 6 55 43.74 0.399 875 02
17 189 1 10.56 4 26 58.17 0.400 713 11 Sept. 1 330 36 32.29 − 6 50 42.92 0.394 378 89

18 192 42 1.90 4 5 33.18 0.406 052 16 2 334 32 55.43 − 6 43 39.71 0.388 768 89
19 196 17 2.47 3 43 42.81 0.411 235 26 3 338 36 9.34 − 6 34 25.59 0.383 068 29
20 199 46 36.55 3 21 34.11 0.416 246 17 4 342 46 36.46 − 6 22 51.94 0.377 303 01
21 203 11 7.54 2 59 13.17 0.421 070 47 5 347 4 38.78 − 6 8 50.27 0.371 501 78
22 206 30 57.94 2 36 45.27 0.425 695 36 6 351 30 37.42 − 5 52 12.41 0.365 696 38

23 209 46 29.31 2 14 14.95 0.430 109 53 7 356 4 52.11 − 5 32 50.97 0.359 921 73
24 212 58 2.26 1 51 46.12 0.434 302 97 8 0 47 40.54 − 5 10 39.65 0.354 215 97
25 216 5 56.47 1 29 22.17 0.438 266 87 9 5 39 17.64 − 4 45 33.87 0.348 620 45
26 219 10 30.75 1 7 5.99 0.441 993 44 10 10 39 54.68 − 4 17 31.27 0.343 179 60
27 222 12 3.06 0 45 0.10 0.445 475 87 11 15 49 38.30 − 3 46 32.49 0.337 940 68

28 225 10 50.55 0 23 6.68 0.448 708 18 12 21 8 29.47 − 3 12 41.80 0.332 953 35
29 228 7 9.66 0 1 27.62 0.451 685 14 13 26 36 22.30 − 2 36 7.92 0.328 268 96
30 231 1 16.13 − 0 19 55.39 0.454 402 20 14 32 13 2.99 − 1 57 4.60 0.323 939 78
31 233 53 25.11 − 0 41 0.89 0.456 855 43 15 37 58 8.72 − 1 15 51.14 0.320 017 80

Août 1 236 43 51.18 − 1 1 47.52 0.459 041 43 16 43 51 6.80 − 0 32 52.71 0.316 553 48

2 239 32 48.42 − 1 22 14.08 0.460 957 32 17 49 51 14.08 0 11 19.84 0.313 594 19
3 242 20 30.51 − 1 42 19.44 0.462 600 66 18 55 57 36.72 0 56 10.41 0.311 182 63
4 245 7 10.71 − 2 2 2.51 0.463 969 43 19 62 9 10.54 1 40 58.71 0.309 355 21
5 247 53 2.00 − 2 21 22.26 0.465 062 00 20 68 24 41.88 2 25 1.72 0.308 140 51
6 250 38 17.07 − 2 40 17.66 0.465 877 09 21 74 42 49.17 3 7 35.50 0.307 558 01

7 253 23 8.43 − 2 58 47.67 0.466 413 77 22 81 2 5.02 3 47 57.33 0.307 617 21
8 256 7 48.42 − 3 16 51.21 0.466 671 44 23 87 20 58.85 4 25 27.76 0.308 317 14
9 258 52 29.29 − 3 34 27.18 0.466 649 80 24 93 37 59.81 4 59 32.52 0.309 646 41

10 261 37 23.22 − 3 51 34.39 0.466 348 89 25 99 51 39.75 5 29 44.06 0.311 583 79
11 264 22 42.44 − 4 8 11.56 0.465 769 05 26 106 0 36.09 5 55 42.44 0.314 099 15

12 267 8 39.18 − 4 24 17.31 0.464 910 92 27 112 3 34.22 6 17 15.71 0.317 154 80
13 269 55 25.82 − 4 39 50.15 0.463 775 49 28 117 59 29.39 6 34 19.66 0.320 707 07
14 272 43 14.87 − 4 54 48.43 0.462 364 09 29 123 47 27.92 6 46 57.12 0.324 707 88
15 275 32 19.05 − 5 9 10.36 0.460 678 42 30 129 26 47.71 6 55 16.86 0.329 106 40
16 278 22 51.35 − 5 22 53.94 0.458 720 56 Oct. 1 134 56 58.13 6 59 32.38 0.333 850 48

17 281 15 5.04 − 5 35 56.99 0.456 493 00 2 140 17 39.42 7 0 0.61 0.338 887 96



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 57

MERCURE 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Oct. 3 145 28 41.71 6 57 0.69 0.344 167 73 Nov. 18 296 15 27.19 − 6 29 46.06 0.441 321 66
4 150 30 3.76 6 50 52.92 0.349 640 53 19 299 22 57.72 − 6 37 43.68 0.437 550 69
5 155 21 51.64 6 41 57.84 0.355 259 60 20 302 33 55.87 − 6 44 37.56 0.433 543 76
6 160 4 17.39 6 30 35.59 0.360 981 05 21 305 48 39.10 − 6 50 23.00 0.429 308 83
7 164 37 37.74 6 17 5.38 0.366 764 13 22 309 7 25.58 − 6 54 54.81 0.424 854 93

8 169 2 12.95 6 1 45.19 0.372 571 28 23 312 30 34.20 − 6 58 7.39 0.420 192 29
9 173 18 25.84 5 44 51.54 0.378 368 18 24 315 58 24.53 − 6 59 54.64 0.415 332 50

10 177 26 40.88 5 26 39.42 0.384 123 62 25 319 31 16.88 − 7 0 9.99 0.410 288 65
11 181 27 23.56 5 7 22.30 0.389 809 39 26 323 9 32.18 − 6 58 46.40 0.405 075 46
12 185 20 59.78 4 47 12.12 0.395 400 09 27 326 53 31.99 − 6 55 36.35 0.399 709 55

13 189 7 55.44 4 26 19.46 0.400 872 90 28 330 43 38.34 − 6 50 31.93 0.394 209 55
14 192 48 36.08 4 4 53.56 0.406 207 46 29 334 40 13.63 − 6 43 24.85 0.388 596 35
15 196 23 26.71 3 43 2.51 0.411 385 57 30 338 43 40.39 − 6 34 6.60 0.382 893 28
16 199 52 51.54 3 20 53.32 0.416 391 05 Déc. 1 342 54 21.05 − 6 22 28.57 0.377 126 35
17 203 17 13.97 2 58 32.08 0.421 209 53 2 347 12 37.57 − 6 8 22.24 0.371 324 39

18 206 36 56.47 2 36 4.01 0.425 828 26 3 351 38 51.05 − 5 51 39.51 0.365 519 27
19 209 52 20.56 2 13 33.66 0.430 235 96 4 356 13 21.16 − 5 32 12.96 0.359 746 00
20 213 3 46.82 1 51 4.92 0.434 422 66 5 0 56 25.53 − 5 9 56.39 0.354 042 83
21 216 11 34.93 1 28 41.14 0.438 379 58 6 5 48 18.99 − 4 44 45.22 0.348 451 20
22 219 16 3.64 1 6 25.22 0.442 098 97 7 10 49 12.69 − 4 16 37.22 0.343 015 64

23 222 17 30.90 0 44 19.66 0.445 574 04 8 15 59 13.11 − 3 45 33.09 0.337 783 50
24 225 16 13.83 0 22 26.63 0.448 798 83 9 21 18 21.03 − 3 11 37.27 0.332 804 48
25 228 12 28.86 0 0 48.03 0.451 768 12 10 26 46 30.33 − 2 34 58.58 0.328 130 01
26 231 6 31.71 − 0 20 34.49 0.454 477 40 11 32 23 26.96 − 1 55 50.95 0.323 812 33
27 233 58 37.50 − 0 41 39.43 0.456 922 74 12 38 8 47.81 − 1 14 33.87 0.319 903 45

28 236 49 0.81 − 1 2 25.48 0.459 100 76 13 44 1 59.88 − 0 31 32.65 0.316 453 73
29 239 37 55.70 − 1 22 51.42 0.461 008 59 14 50 2 19.68 0 12 41.64 0.313 510 43
30 242 25 35.83 − 1 42 56.11 0.462 643 81 15 56 8 53.06 0 57 32.79 0.311 116 11
31 245 12 14.46 − 2 2 38.49 0.464 004 40 16 62 20 35.52 1 42 20.39 0.309 306 93

Nov. 1 247 58 4.56 − 2 21 57.51 0.465 088 75 17 68 36 13.14 2 26 21.35 0.308 111 23

2 250 43 18.81 − 2 40 52.15 0.465 895 58 18 74 54 24.11 3 8 51.76 0.307 548 21
3 253 28 9.72 − 2 59 21.37 0.466 423 97 19 81 13 40.93 3 49 8.94 0.307 627 04
4 256 12 49.62 − 3 17 24.08 0.466 673 34 20 87 32 32.94 4 26 33.58 0.308 346 43
5 258 57 30.75 − 3 34 59.19 0.466 643 39 21 93 49 29.32 5 0 31.60 0.309 694 68
6 261 42 25.32 − 3 52 5.49 0.466 334 17 22 100 3 2.05 5 30 35.67 0.311 650 28

7 264 27 45.53 − 4 8 41.71 0.465 746 01 23 106 11 48.76 5 56 26.08 0.314 182 82
8 267 13 43.63 − 4 24 46.47 0.464 879 59 24 112 14 35.10 6 17 51.14 0.317 254 44
9 270 0 32.00 − 4 40 18.27 0.463 735 90 25 118 10 16.66 6 34 46.86 0.320 821 27

10 272 48 23.15 − 4 55 15.46 0.462 316 27 26 123 58 0.09 6 47 16.26 0.324 835 15
11 275 37 29.82 − 5 9 36.24 0.460 622 41 27 129 37 3.64 6 55 28.29 0.329 245 17

12 278 28 5.00 − 5 23 18.60 0.458 656 42 28 135 6 57.04 6 59 36.56 0.333 999 16
13 281 20 21.99 − 5 36 20.37 0.456 420 80 29 140 27 20.84 6 59 58.11 0.339 044 98
14 284 14 34.43 − 5 48 39.11 0.453 918 55 30 145 38 5.45 6 56 52.11 0.344 331 55
15 287 10 56.40 − 6 0 12.15 0.451 153 15 31 150 39 9.88 6 50 38.88 0.349 809 69
16 290 9 42.40 − 6 10 56.54 0.448 128 64 32 155 30 40.40 6 41 38.97 0.355 432 71

17 293 11 7.48 − 6 20 49.04 0.444 849 69 33 160 12 49.21 6 30 12.50 0.361 156 82



II. 58 CONNAISSANCE DES TEMPS

VÉNUS 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Janv. 0 272 37 28.27 − 0 56 6.45 0.727 158 60 Avril 2 58 50 28.41 − 1 2 21.54 0.721 838 90
2 275 47 23.22 − 1 6 50.56 0.727 325 05 4 62 3 18.27 − 0 51 22.80 0.721 578 44
4 278 57 14.53 − 1 17 22.17 0.727 479 11 6 65 16 15.27 − 0 40 13.89 0.721 323 38
6 282 7 2.77 − 1 27 39.38 0.727 620 32 8 68 29 19.49 − 0 28 56.91 0.721 074 52
8 285 16 48.52 − 1 37 40.35 0.727 748 24 10 71 42 30.95 − 0 17 33.98 0.720 832 66

10 288 26 32.33 − 1 47 23.27 0.727 862 51 12 74 55 49.67 − 0 6 7.27 0.720 598 56
12 291 36 14.77 − 1 56 46.43 0.727 962 77 14 78 9 15.65 0 5 21.04 0.720 372 98
14 294 45 56.37 − 2 5 48.13 0.728 048 73 16 81 22 48.89 0 16 48.76 0.720 156 64
16 297 55 37.65 − 2 14 26.76 0.728 120 12 18 84 36 29.32 0 28 13.68 0.719 950 23
18 301 5 19.12 − 2 22 40.77 0.728 176 75 20 87 50 16.88 0 39 33.60 0.719 754 41

20 304 15 1.26 − 2 30 28.69 0.728 218 44 22 91 4 11.46 0 50 46.34 0.719 569 83
22 307 24 44.53 − 2 37 49.11 0.728 245 06 24 94 18 12.94 1 1 49.71 0.719 397 06
24 310 34 29.36 − 2 44 40.71 0.728 256 55 26 97 32 21.15 1 12 41.57 0.719 236 67
26 313 44 16.18 − 2 51 2.25 0.728 252 87 28 100 46 35.89 1 23 19.79 0.719 089 18
28 316 54 5.36 − 2 56 52.59 0.728 234 02 30 104 0 56.93 1 33 42.30 0.718 955 08

30 320 3 57.27 − 3 2 10.64 0.728 200 08 Mai 2 107 15 23.98 1 43 47.07 0.718 834 78
Févr. 1 323 13 52.24 − 3 6 55.46 0.728 151 15 4 110 29 56.75 1 53 32.10 0.718 728 70

3 326 23 50.59 − 3 11 6.15 0.728 087 37 6 113 44 34.87 2 2 55.49 0.718 637 16
5 329 33 52.61 − 3 14 41.94 0.728 008 93 8 116 59 17.97 2 11 55.38 0.718 560 48
7 332 43 58.55 − 3 17 42.15 0.727 916 08 10 120 14 5.61 2 20 30.00 0.718 498 90

9 335 54 8.65 − 3 20 6.21 0.727 809 09 12 123 28 57.33 2 28 37.66 0.718 452 62
11 339 4 23.14 − 3 21 53.65 0.727 688 29 14 126 43 52.62 2 36 16.75 0.718 421 79
13 342 14 42.21 − 3 23 4.10 0.727 554 03 16 129 58 50.96 2 43 25.76 0.718 406 53
15 345 25 6.04 − 3 23 37.31 0.727 406 74 18 133 13 51.77 2 50 3.29 0.718 406 87
17 348 35 34.79 − 3 23 33.13 0.727 246 84 20 136 28 54.46 2 56 8.04 0.718 422 83

19 351 46 8.61 − 3 22 51.52 0.727 074 82 22 139 43 58.39 3 1 38.81 0.718 454 34
21 354 56 47.62 − 3 21 32.57 0.726 891 20 24 142 59 2.93 3 6 34.52 0.718 501 31
23 358 7 31.96 − 3 19 36.44 0.726 696 54 26 146 14 7.41 3 10 54.23 0.718 563 58
25 1 18 21.72 − 3 17 3.45 0.726 491 43 28 149 29 11.12 3 14 37.09 0.718 640 96
27 4 29 17.02 − 3 13 54.00 0.726 276 48 30 152 44 13.39 3 17 42.41 0.718 733 19

Mars 1 7 40 17.93 − 3 10 8.61 0.726 052 36 Juin 1 155 59 13.51 3 20 9.60 0.718 839 97
3 10 51 24.57 − 3 5 47.90 0.725 819 74 3 159 14 10.76 3 21 58.22 0.718 960 96
5 14 2 37.01 − 3 0 52.63 0.725 579 33 5 162 29 4.44 3 23 7.94 0.719 095 77
7 17 13 55.33 − 2 55 23.62 0.725 331 86 7 165 43 53.86 3 23 38.58 0.719 243 96
9 20 25 19.62 − 2 49 21.83 0.725 078 10 9 168 58 38.33 3 23 30.10 0.719 405 05

11 23 36 49.97 − 2 42 48.31 0.724 818 82 11 172 13 17.17 3 22 42.57 0.719 578 52
13 26 48 26.45 − 2 35 44.22 0.724 554 82 13 175 27 49.74 3 21 16.20 0.719 763 81
15 30 0 9.16 − 2 28 10.82 0.724 286 91 15 178 42 15.42 3 19 11.33 0.719 960 32
17 33 11 58.18 − 2 20 9.44 0.724 015 92 17 181 56 33.62 3 16 28.43 0.720 167 41
19 36 23 53.60 − 2 11 41.53 0.723 742 68 19 185 10 43.78 3 13 8.11 0.720 384 44

21 39 35 55.52 − 2 2 48.62 0.723 468 05 21 188 24 45.38 3 9 11.06 0.720 610 69
23 42 48 4.01 − 1 53 32.31 0.723 192 88 23 191 38 37.95 3 4 38.12 0.720 845 44
25 46 0 19.18 − 1 43 54.30 0.722 918 02 25 194 52 21.05 2 59 30.25 0.721 087 94
27 49 12 41.12 − 1 33 56.35 0.722 644 34 27 198 5 54.32 2 53 48.50 0.721 337 42
29 52 25 9.92 − 1 23 40.30 0.722 372 69 29 201 19 17.41 2 47 34.04 0.721 593 07

31 55 37 45.66 − 1 13 8.04 0.722 103 93 Juill. 1 204 32 30.06 2 40 48.13 0.721 854 10



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 59

VÉNUS 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Juill. 3 207 45 32.03 2 33 32.13 0.722 119 66 Oct. 3 353 50 9.24 − 3 22 4.33 0.726 952 51
5 210 58 23.17 2 25 47.49 0.722 388 92 5 357 0 51.88 − 3 20 21.15 0.726 762 14
7 214 11 3.37 2 17 35.74 0.722 661 02 7 0 11 39.91 − 3 18 0.97 0.726 561 15
9 217 23 32.56 2 8 58.50 0.722 935 11 9 3 22 33.42 − 3 15 4.19 0.726 350 17

11 220 35 50.76 1 59 57.46 0.723 210 32 11 6 33 32.51 − 3 11 31.26 0.726 129 84

13 223 47 58.01 1 50 34.36 0.723 485 80 13 9 44 37.28 − 3 7 22.79 0.725 900 85
15 226 59 54.44 1 40 51.01 0.723 760 67 15 12 55 47.79 − 3 2 39.47 0.725 663 89
17 230 11 40.20 1 30 49.29 0.724 034 08 17 16 7 4.15 − 2 57 22.11 0.725 419 69
19 233 23 15.52 1 20 31.09 0.724 305 17 19 19 18 26.42 − 2 51 31.63 0.725 169 01
21 236 34 40.64 1 9 58.37 0.724 573 10 21 22 29 54.69 − 2 45 9.04 0.724 912 63

23 239 45 55.89 0 59 13.13 0.724 837 05 23 25 41 29.04 − 2 38 15.46 0.724 651 33
25 242 57 1.61 0 48 17.37 0.725 096 18 25 28 53 9.55 − 2 30 52.12 0.724 385 92
27 246 7 58.19 0 37 13.13 0.725 349 71 27 32 4 56.30 − 2 23 0.33 0.724 117 22
29 249 18 46.06 0 26 2.48 0.725 596 84 29 35 16 49.38 − 2 14 41.49 0.723 846 08
31 252 29 25.68 0 14 47.47 0.725 836 83 31 38 28 48.87 − 2 5 57.11 0.723 573 32

Août 2 255 39 57.54 0 3 30.17 0.726 068 92 Nov. 2 41 40 54.86 − 1 56 48.76 0.723 299 80
4 258 50 22.15 − 0 7 47.35 0.726 292 42 4 44 53 7.45 − 1 47 18.11 0.723 026 37
6 262 0 40.04 − 0 19 3.04 0.726 506 63 6 48 5 26.71 − 1 37 26.91 0.722 753 87
8 265 10 51.77 − 0 30 14.83 0.726 710 91 8 51 17 52.74 − 1 27 16.95 0.722 483 17

10 268 20 57.90 − 0 41 20.71 0.726 904 62 10 54 30 25.62 − 1 16 50.13 0.722 215 09

12 271 30 59.00 − 0 52 18.66 0.727 087 20 12 57 43 5.43 − 1 6 8.37 0.721 950 48
14 274 40 55.66 − 1 3 6.72 0.727 258 07 14 60 55 52.24 − 0 55 13.68 0.721 690 17
16 277 50 48.46 − 1 13 42.93 0.727 416 72 16 64 8 46.12 − 0 44 8.10 0.721 434 98
18 281 0 37.99 − 1 24 5.40 0.727 562 68 18 67 21 47.13 − 0 32 53.70 0.721 185 70
20 284 10 24.80 − 1 34 12.26 0.727 695 51 20 70 34 55.30 − 0 21 32.62 0.720 943 13

22 287 20 9.49 − 1 44 1.71 0.727 814 80 22 73 48 10.67 − 0 10 7.01 0.720 708 02
24 290 29 52.60 − 1 53 31.98 0.727 920 20 24 77 1 33.23 0 1 20.96 0.720 481 13
26 293 39 34.68 − 2 2 41.38 0.728 011 40 26 80 15 2.99 0 12 49.10 0.720 263 17
28 296 49 16.26 − 2 11 28.26 0.728 088 12 28 83 28 39.91 0 24 15.21 0.720 054 83
30 299 58 57.84 − 2 19 51.06 0.728 150 13 30 86 42 23.92 0 35 37.09 0.719 856 79

Sept. 1 303 8 39.93 − 2 27 48.27 0.728 197 25 Déc. 2 89 56 14.95 0 46 52.54 0.719 669 67
3 306 18 22.98 − 2 35 18.46 0.728 229 35 4 93 10 12.86 0 57 59.39 0.719 494 06
5 309 28 7.44 − 2 42 20.28 0.728 246 33 6 96 24 17.52 1 8 55.47 0.719 330 54
7 312 37 53.74 − 2 48 52.47 0.728 248 15 8 99 38 28.74 1 19 38.65 0.719 179 63
9 315 47 42.27 − 2 54 53.83 0.728 234 79 10 102 52 46.30 1 30 6.84 0.719 041 82

11 318 57 33.40 − 3 0 23.29 0.728 206 32 12 106 7 9.94 1 40 17.98 0.718 917 54
13 322 7 27.48 − 3 5 19.82 0.728 162 81 14 109 21 39.38 1 50 10.09 0.718 807 20
15 325 17 24.83 − 3 9 42.52 0.728 104 41 16 112 36 14.27 1 59 41.22 0.718 711 16
17 328 27 25.74 − 3 13 30.59 0.728 031 29 18 115 50 54.26 2 8 49.49 0.718 629 73
19 331 37 30.48 − 3 16 43.30 0.727 943 68 20 119 5 38.92 2 17 33.11 0.718 563 17

21 334 47 39.31 − 3 19 20.04 0.727 841 85 22 122 20 27.82 2 25 50.35 0.718 511 69
23 337 57 52.45 − 3 21 20.31 0.727 726 10 24 125 35 20.47 2 33 39.58 0.718 475 47
25 341 8 10.10 − 3 22 43.71 0.727 596 80 26 128 50 16.35 2 40 59.26 0.718 454 62
27 344 18 32.44 − 3 23 29.94 0.727 454 33 28 132 5 14.91 2 47 47.95 0.718 449 22
29 347 28 59.65 − 3 23 38.82 0.727 299 14 30 135 20 15.57 2 54 4.30 0.718 459 27

Oct. 1 350 39 31.87 − 3 23 10.27 0.727 131 70 32 138 35 17.72 2 59 47.09 0.718 484 75



II. 60 CONNAISSANCE DES TEMPS

MARS 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Janv. 0 116 11 13.71 1 41 51.75 1.626 958 95 Juill. 3 197 52 39.46 0 58 13.16 1.623 490 90
4 118 0 52.42 1 43 12.68 1.630 245 38 7 199 43 10.13 0 55 9.23 1.619 950 10
8 119 50 5.33 1 44 27.04 1.633 400 91 11 201 34 10.15 0 52 1.03 1.616 287 40

12 121 38 53.65 1 45 34.83 1.636 422 86 15 203 25 40.72 0 48 48.68 1.612 506 07
16 123 27 18.57 1 46 36.07 1.639 308 71 19 205 17 43.05 0 45 32.32 1.608 609 54

20 125 15 21.30 1 47 30.78 1.642 056 09 23 207 10 18.30 0 42 12.07 1.604 601 40
24 127 3 3.02 1 48 18.97 1.644 662 75 27 209 3 27.68 0 38 48.06 1.600 485 39
28 128 50 24.95 1 49 0.67 1.647 126 61 31 210 57 12.35 0 35 20.45 1.596 265 44

Févr. 1 130 37 28.28 1 49 35.90 1.649 445 68 Août 4 212 51 33.48 0 31 49.39 1.591 945 61
5 132 24 14.21 1 50 4.68 1.651 618 14 8 214 46 32.23 0 28 15.03 1.587 530 17

9 134 10 43.93 1 50 27.06 1.653 642 30 12 216 42 9.72 0 24 37.56 1.583 023 52
13 135 56 58.66 1 50 43.04 1.655 516 58 16 218 38 27.10 0 20 57.14 1.578 430 26
17 137 42 59.58 1 50 52.68 1.657 239 54 20 220 35 25.47 0 17 13.98 1.573 755 15
21 139 28 47.89 1 50 55.99 1.658 809 86 24 222 33 5.92 0 13 28.27 1.569 003 13
25 141 14 24.78 1 50 53.01 1.660 226 37 28 224 31 29.52 0 9 40.23 1.564 179 33

Mars 1 142 59 51.46 1 50 43.77 1.661 487 99 Sept. 1 226 30 37.32 0 5 50.07 1.559 289 03
5 144 45 9.11 1 50 28.32 1.662 593 77 5 228 30 30.35 0 1 58.03 1.554 337 70
9 146 30 18.92 1 50 6.69 1.663 542 91 9 230 31 9.58 − 0 1 55.65 1.549 331 00

13 148 15 22.09 1 49 38.91 1.664 334 68 13 232 32 35.99 − 0 5 50.71 1.544 274 75
17 150 0 19.81 1 49 5.02 1.664 968 52 17 234 34 50.50 − 0 9 46.87 1.539 174 96

21 151 45 13.27 1 48 25.06 1.665 443 95 21 236 37 53.99 − 0 13 43.86 1.534 037 81
25 153 30 3.66 1 47 39.08 1.665 760 63 25 238 41 47.31 − 0 17 41.37 1.528 869 64
29 155 14 52.17 1 46 47.11 1.665 918 32 29 240 46 31.26 − 0 21 39.11 1.523 676 99

Avril 2 156 59 39.99 1 45 49.19 1.665 916 91 Oct. 3 242 52 6.58 − 0 25 36.75 1.518 466 53
6 158 44 28.32 1 44 45.37 1.665 756 39 7 244 58 33.97 − 0 29 33.96 1.513 245 12

10 160 29 18.33 1 43 35.69 1.665 436 90 11 247 5 54.07 − 0 33 30.38 1.508 019 77
14 162 14 11.23 1 42 20.20 1.664 958 65 15 249 14 7.45 − 0 37 25.66 1.502 797 64
18 163 59 8.21 1 40 58.94 1.664 322 02 19 251 23 14.62 − 0 41 19.42 1.497 586 04
22 165 44 10.46 1 39 31.96 1.663 527 46 23 253 33 16.01 − 0 45 11.28 1.492 392 42
26 167 29 19.17 1 37 59.31 1.662 575 58 27 255 44 11.97 − 0 49 0.83 1.487 224 34

30 169 14 35.54 1 36 21.03 1.661 467 09 31 257 56 2.80 − 0 52 47.67 1.482 089 53
Mai 4 171 0 0.76 1 34 37.19 1.660 202 81 Nov. 4 260 8 48.67 − 0 56 31.37 1.476 995 76

8 172 45 36.04 1 32 47.83 1.658 783 70 8 262 22 29.70 − 1 0 11.50 1.471 950 96
12 174 31 22.56 1 30 53.01 1.657 210 82 12 264 37 5.87 − 1 3 47.62 1.466 963 10
16 176 17 21.54 1 28 52.78 1.655 485 39 16 266 52 37.11 − 1 7 19.28 1.462 040 24

20 178 3 34.18 1 26 47.22 1.653 608 71 20 269 9 3.20 − 1 10 46.02 1.457 190 50
24 179 50 1.67 1 24 36.36 1.651 582 23 24 271 26 23.84 − 1 14 7.37 1.452 422 01
28 181 36 45.23 1 22 20.30 1.649 407 54 28 273 44 38.61 − 1 17 22.88 1.447 742 94

Juin 1 183 23 46.05 1 19 59.08 1.647 086 33 Déc. 2 276 3 46.95 − 1 20 32.06 1.443 161 46
5 185 11 5.36 1 17 32.78 1.644 620 44 6 278 23 48.20 − 1 23 34.44 1.438 685 71

9 186 58 44.35 1 15 1.48 1.642 011 83 10 280 44 41.59 − 1 26 29.55 1.434 323 80
13 188 46 44.23 1 12 25.25 1.639 262 62 14 283 6 26.18 − 1 29 16.93 1.430 083 76
17 190 35 6.22 1 9 44.17 1.636 375 05 18 285 29 0.93 − 1 31 56.10 1.425 973 54
21 192 23 51.53 1 6 58.33 1.633 351 50 22 287 52 24.65 − 1 34 26.62 1.422 000 98
25 194 13 1.37 1 4 7.82 1.630 194 49 26 290 16 36.05 − 1 36 48.02 1.418 173 78

29 196 2 36.94 1 1 12.73 1.626 906 68 30 292 41 33.66 − 1 38 59.89 1.414 499 46



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 61

JUPITER, SATURNE, URANUS, NEPTUNE 2010 à 0h TT

LONGITUDE, LATITUDE, RAYON VECTEUR

Équinoxe et écliptique moyens J2000 (jour julien 2 451 545.0).

JUPITER SATURNE

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Janv. 0 334 14 50.09 − 1 3 4.86 5.003 612 7 Janv. 0 178 24 1.78 2 15 2.51 9.474 804 4
16 335 41 2.95 − 1 4 13.28 4.999 848 8 16 178 56 30.67 2 15 38.19 9.479 620 8

Févr. 1 337 7 23.54 − 1 5 19.37 4.996 200 5 Févr. 1 179 28 57.59 2 16 13.12 9.484 440 7
17 338 33 51.66 − 1 6 23.08 4.992 670 4 17 180 1 22.53 2 16 47.28 9.489 263 7

Mars 5 340 0 27.05 − 1 7 24.35 4.989 260 7 Mars 5 180 33 45.50 2 17 20.68 9.494 089 4

21 341 27 9.47 − 1 8 23.14 4.985 973 7 21 181 6 6.49 2 17 53.32 9.498 917 4
Avril 6 342 53 58.68 − 1 9 19.39 4.982 811 9 Avril 6 181 38 25.53 2 18 25.19 9.503 747 4

22 344 20 54.41 − 1 10 13.05 4.979 777 7 22 182 10 42.61 2 18 56.30 9.508 578 5
Mai 8 345 47 56.42 − 1 11 4.07 4.976 873 1 Mai 8 182 42 57.73 2 19 26.64 9.513 410 4

24 347 15 4.45 − 1 11 52.42 4.974 100 3 24 183 15 10.89 2 19 56.21 9.518 242 4

Juin 9 348 42 18.22 − 1 12 38.05 4.971 461 3 Juin 9 183 47 22.09 2 20 25.02 9.523 074 1
25 350 9 37.46 − 1 13 20.91 4.968 957 7 25 184 19 31.34 2 20 53.06 9.527 905 1

Juill. 11 351 37 1.91 − 1 14 0.98 4.966 591 3 Juill. 11 184 51 38.64 2 21 20.33 9.532 735 1
27 353 4 31.26 − 1 14 38.21 4.964 363 8 27 185 23 43.98 2 21 46.83 9.537 563 6

Août 12 354 32 5.25 − 1 15 12.56 4.962 276 5 Août 12 185 55 47.37 2 22 12.57 9.542 390 4

28 355 59 43.57 − 1 15 44.02 4.960 330 7 28 186 27 48.81 2 22 37.54 9.547 215 3
Sept. 13 357 27 25.92 − 1 16 12.55 4.958 527 7 Sept. 13 186 59 48.31 2 23 1.75 9.552 038 1

29 358 55 11.98 − 1 16 38.11 4.956 868 4 29 187 31 45.87 2 23 25.19 9.556 858 6
Oct. 15 0 23 1.44 − 1 17 0.70 4.955 354 3 Oct. 15 188 3 41.51 2 23 47.86 9.561 676 4

31 1 50 53.99 − 1 17 20.27 4.953 986 4 31 188 35 35.23 2 24 9.76 9.566 491 0

Nov. 16 3 18 49.30 − 1 17 36.83 4.952 765 7 Nov. 16 189 7 27.04 2 24 30.90 9.571 301 9
Déc. 2 4 46 47.06 − 1 17 50.35 4.951 693 2 Déc. 2 189 39 16.95 2 24 51.27 9.576 108 8

18 6 14 46.93 − 1 18 0.81 4.950 769 7 18 190 11 4.96 2 25 10.88 9.580 911 1

URANUS NEPTUNE

Date longitude latitude rayon v. Date longitude latitude rayon v.

◦ ′ ′′ ◦ ′ ′′ ua ◦ ′ ′′ ◦ ′ ′′ ua

Janv. 0 355 36 53.70 − 0 45 22.34 20.096 924 5 Janv. 0 325 44 37.28 − 0 25 37.79 30.024534 1
Févr. 1 355 57 26.72 − 0 45 18.96 20.096 497 8 Févr. 1 325 56 9.58 − 0 25 58.52 30.023647 9
Mars 5 356 17 59.84 − 0 45 15.48 20.096 027 4 Mars 5 326 7 41.90 − 0 26 19.23 30.022752 6
Avril 6 356 38 33.04 − 0 45 11.91 20.095 512 7 Avril 6 326 19 14.25 − 0 26 39.92 30.021848 4
Mai 8 356 59 6.32 − 0 45 8.23 20.094 954 7 Mai 8 326 30 46.62 − 0 27 0.60 30.020936 6

Juin 9 357 19 39.70 − 0 45 4.46 20.094 354 1 Juin 9 326 42 19.01 − 0 27 21.26 30.020017 6
Juill. 11 357 40 13.17 − 0 45 0.59 20.093 710 8 Juill. 11 326 53 51.43 − 0 27 41.90 30.019091 0
Août 12 358 0 46.75 − 0 44 56.63 20.093 024 3 Août 12 327 5 23.88 − 0 28 2.52 30.018156 2
Sept. 13 358 21 20.45 − 0 44 52.57 20.092 293 0 Sept. 13 327 16 56.34 − 0 28 23.13 30.017211 8
Oct. 15 358 41 54.26 − 0 44 48.41 20.091 515 5 Oct. 15 327 28 28.82 − 0 28 43.71 30.016257 4

Nov. 16 359 2 28.15 − 0 44 44.15 20.090 692 0 Nov. 16 327 40 1.29 − 0 29 4.28 30.015294 3
Déc. 18 359 23 2.12 − 0 44 39.79 20.089 823 3 Déc. 18 327 51 33.74 − 0 29 24.82 30.014323 8



II. 62 CONNAISSANCE DES TEMPS

MERCURE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 19 25 26.089 −20 39 41.70 0.717 495 20 Févr. 15 20 37 49.954 −19 58 33.62 1.259 930 69
1 19 21 17.626 −20 28 24.62 0.702 697 64 16 20 44 3.958 −19 40 42.07 1.269 573 13
2 19 16 30.603 −20 18 35.20 0.690 576 10 17 20 50 20.099 −19 21 32.53 1.278 818 98
3 19 11 13.067 −20 10 14.40 0.681 337 86 18 20 56 38.234 −19 1 4.74 1.287 668 18
4 19 5 34.770 −20 3 21.97 0.675 118 18 19 21 2 58.239 −18 39 18.49 1.296 119 88

5 18 59 46.572 −19 57 57.09 0.671 970 89 20 21 9 20.008 −18 16 13.57 1.304 172 40
6 18 53 59.670 −19 53 58.91 0.671 865 78 21 21 15 43.452 −17 51 49.86 1.311 823 08
7 18 48 24.798 −19 51 26.63 0.674 693 22 22 21 22 8.497 −17 26 7.22 1.319 068 22
8 18 43 11.510 −19 50 19.35 0.680 275 25 23 21 28 35.083 −16 59 5.58 1.325 902 99
9 18 38 27.677 −19 50 35.61 0.688 380 93 24 21 35 3.164 −16 30 44.88 1.332 321 29

10 18 34 19.221 −19 52 12.84 0.698 743 89 25 21 41 32.710 −16 1 5.11 1.338 315 65
11 18 30 50.092 −19 55 7.10 0.711 079 40 26 21 48 3.700 −15 30 6.26 1.343 877 09
12 18 28 2.429 −19 59 12.83 0.725 099 35 27 21 54 36.130 −14 57 48.36 1.348 994 98
13 18 25 56.841 −20 4 22.98 0.740 524 24 28 22 1 10.005 −14 24 11.50 1.353 656 87
14 18 24 32.730 −20 10 29.23 0.757 091 59 Mars 1 22 7 45.346 −13 49 15.77 1.357 848 35

15 18 23 48.615 −20 17 22.36 0.774 561 38 2 22 14 22.183 −13 13 1.33 1.361 552 90
16 18 23 42.422 −20 24 52.62 0.792 718 69 3 22 21 0.555 −12 35 28.43 1.364 751 73
17 18 24 11.723 −20 32 50.07 0.811 374 41 4 22 27 40.509 −11 56 37.38 1.367 423 71
18 18 25 13.917 −20 41 4.93 0.830 364 58 5 22 34 22.094 −11 16 28.63 1.369 545 20
19 18 26 46.368 −20 49 27.73 0.849 548 74 6 22 41 5.364 −10 35 2.72 1.371 089 92

20 18 28 46.497 −20 57 49.54 0.868 807 82 7 22 47 50.374 − 9 52 20.36 1.372 028 89
21 18 31 11.843 −21 6 2.04 0.888 041 89 8 22 54 37.178 − 9 8 22.41 1.372 330 27
22 18 34 0.101 −21 13 57.57 0.907 167 78 9 23 1 25.828 − 8 23 9.94 1.371 959 24
23 18 37 9.137 −21 21 29.15 0.926 116 84 10 23 8 16.370 − 7 36 44.25 1.370 878 03
24 18 40 36.995 −21 28 30.46 0.944 832 97 11 23 15 8.840 − 6 49 6.91 1.369 045 80

25 18 44 21.894 −21 34 55.84 0.963 270 66 12 23 22 3.261 − 6 0 19.86 1.366 418 81
26 18 48 22.221 −21 40 40.20 0.981 393 44 13 23 28 59.636 − 5 10 25.37 1.362 950 47
27 18 52 36.518 −21 45 39.00 0.999 172 38 14 23 35 57.941 − 4 19 26.23 1.358 591 72
28 18 57 3.470 −21 49 48.20 1.016 584 86 15 23 42 58.121 − 3 27 25.72 1.353 291 42
29 19 1 41.895 −21 53 4.19 1.033 613 47 16 23 50 0.077 − 2 34 27.74 1.346 996 99

30 19 6 30.729 −21 55 23.78 1.050 245 10 17 23 57 3.662 − 1 40 36.91 1.339 655 24
31 19 11 29.015 −21 56 44.10 1.066 470 12 18 0 4 8.665 − 0 45 58.61 1.331 213 54

Févr. 1 19 16 35.894 −21 57 2.63 1.082 281 79 19 0 11 14.805 0 9 20.90 1.321 621 15
2 19 21 50.591 −21 56 17.12 1.097 675 64 20 0 18 21.714 1 5 14.39 1.310 830 96
3 19 27 12.410 −21 54 25.60 1.112 649 12 21 0 25 28.934 2 1 33.65 1.298 801 44

4 19 32 40.721 −21 51 26.33 1.127 201 20 22 0 32 35.899 2 58 9.37 1.285 498 89
5 19 38 14.953 −21 47 17.79 1.141 332 06 23 0 39 41.929 3 54 51.18 1.270 899 83
6 19 43 54.589 −21 41 58.64 1.155 042 84 24 0 46 46.227 4 51 27.69 1.254 993 50
7 19 49 39.161 −21 35 27.69 1.168 335 39 25 0 53 47.876 5 47 46.51 1.237 784 18
8 19 55 28.242 −21 27 43.90 1.181 212 05 26 1 0 45.837 6 43 34.45 1.219 293 33

9 20 1 21.448 −21 18 46.37 1.193 675 49 27 1 7 38.965 7 38 37.64 1.199 561 06
10 20 7 18.429 −21 8 34.29 1.205 728 53 28 1 14 26.017 8 32 41.82 1.178 647 04
11 20 13 18.871 −20 57 6.94 1.217 374 01 29 1 21 5.670 9 25 32.59 1.156 630 49
12 20 19 22.488 −20 44 23.71 1.228 614 64 30 1 27 36.544 10 16 55.70 1.133 609 16
13 20 25 29.024 −20 30 24.05 1.239 452 93 31 1 33 57.223 11 6 37.32 1.109 697 50

14 20 31 38.248 −20 15 7.49 1.249 891 03 Avril 1 1 40 6.281 11 54 24.34 1.085 023 93
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MERCURE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Avril 2 1 46 2.307 12 40 4.54 1.059 727 58 Mai 18 2 11 43.283 9 47 34.56 0.693 564 14
3 1 51 43.922 13 23 26.80 1.033 954 66 19 2 13 41.715 9 52 51.25 0.707 618 47
4 1 57 9.804 14 4 21.18 1.007 854 81 20 2 15 54.601 10 0 16.87 0.722 131 42
5 2 2 18.703 14 42 38.93 0.981 577 64 21 2 18 21.580 10 9 46.22 0.737 077 09
6 2 7 9.447 15 18 12.54 0.955 269 77 22 2 21 2.302 10 21 13.91 0.752 431 48

7 2 11 40.959 15 50 55.56 0.929 072 30 23 2 23 56.443 10 34 34.44 0.768 172 20
8 2 15 52.254 16 20 42.59 0.903 119 07 24 2 27 3.701 10 49 42.22 0.784 278 24
9 2 19 42.450 16 47 29.09 0.877 535 38 25 2 30 23.806 11 6 31.65 0.800 729 66

10 2 23 10.771 17 11 11.29 0.852 437 41 26 2 33 56.518 11 24 57.10 0.817 507 28
11 2 26 16.549 17 31 46.03 0.827 932 02 27 2 37 41.632 11 44 52.96 0.834 592 44

12 2 28 59.238 17 49 10.71 0.804 116 95 28 2 41 38.976 12 6 13.62 0.851 966 64
13 2 31 18.419 18 3 23.23 0.781 081 25 29 2 45 48.415 12 28 53.48 0.869 611 25
14 2 33 13.815 18 14 21.94 0.758 905 88 30 2 50 9.850 12 52 46.93 0.887 507 20
15 2 34 45.306 18 22 5.72 0.737 664 39 31 2 54 43.218 13 17 48.36 0.905 634 62
16 2 35 52.947 18 26 34.03 0.717 423 51 Juin 1 2 59 28.493 13 43 52.13 0.923 972 44

17 2 36 36.987 18 27 47.07 0.698 243 75 2 3 4 25.686 14 10 52.53 0.942 498 06
18 2 36 57.892 18 25 45.95 0.680 179 86 3 3 9 34.841 14 38 43.79 0.961 186 89
19 2 36 56.359 18 20 32.90 0.663 281 12 4 3 14 56.034 15 7 19.98 0.980 011 88
20 2 36 33.341 18 12 11.59 0.647 591 50 5 3 20 29.372 15 36 35.06 0.998 943 07
21 2 35 50.051 18 0 47.33 0.633 149 67 6 3 26 14.987 16 6 22.73 1.017 947 07

22 2 34 47.975 17 46 27.39 0.619 988 83 7 3 32 13.033 16 36 36.49 1.036 986 52
23 2 33 28.861 17 29 21.25 0.608 136 46 8 3 38 23.681 17 7 9.49 1.056 019 57
24 2 31 54.715 17 9 40.72 0.597 613 97 9 3 44 47.109 17 37 54.57 1.074 999 32
25 2 30 7.766 16 47 40.10 0.588 436 27 10 3 51 23.498 18 8 44.12 1.093 873 36
26 2 28 10.437 16 23 36.10 0.580 611 39 11 3 58 13.018 18 39 30.12 1.112 583 26

27 2 26 5.294 15 57 47.73 0.574 140 20 12 4 5 15.817 19 10 4.01 1.131 064 19
28 2 23 54.991 15 30 35.97 0.569 016 18 13 4 12 32.008 19 40 16.70 1.149 244 72
29 2 21 42.210 15 2 23.33 0.565 225 40 14 4 20 1.652 20 9 58.55 1.167 046 72
30 2 19 29.597 14 33 33.36 0.562 746 69 15 4 27 44.743 20 38 59.32 1.184 385 49

Mai 1 2 17 19.706 14 4 30.03 0.561 552 05 16 4 35 41.188 21 7 8.25 1.201 170 27

2 2 15 14.942 13 35 37.10 0.561 607 19 17 4 43 50.787 21 34 14.06 1.217 305 05
3 2 13 17.519 13 7 17.52 0.562 872 35 18 4 52 13.213 22 0 5.07 1.232 689 81
4 2 11 29.425 12 39 52.91 0.565 303 10 19 5 0 47.995 22 24 29.36 1.247 222 26
5 2 9 52.399 12 13 43.03 0.568 851 39 20 5 9 34.497 22 47 14.86 1.260 800 04
6 2 8 27.918 11 49 5.51 0.573 466 48 21 5 18 31.908 23 8 9.68 1.273 323 34

7 2 7 17.201 11 26 15.58 0.579 095 93 22 5 27 39.236 23 27 2.29 1.284 697 90
8 2 6 21.209 11 5 25.96 0.585 686 58 23 5 36 55.312 23 43 41.83 1.294 838 09
9 2 5 40.670 10 46 46.89 0.593 185 32 24 5 46 18.802 23 57 58.42 1.303 670 04

10 2 5 16.093 10 30 26.16 0.601 539 87 25 5 55 48.226 24 9 43.44 1.311 134 41
11 2 5 7.793 10 16 29.33 0.610 699 40 26 6 5 21.996 24 18 49.79 1.317 188 65

12 2 5 15.920 10 4 59.89 0.620 615 00 27 6 14 58.448 24 25 12.07 1.321 808 46
13 2 5 40.481 9 55 59.51 0.631 240 09 28 6 24 35.887 24 28 46.77 1.324 988 46
14 2 6 21.369 9 49 28.28 0.642 530 65 29 6 34 12.634 24 29 32.27 1.326 741 78
15 2 7 18.385 9 45 24.95 0.654 445 41 30 6 43 47.064 24 27 28.81 1.327 098 89
16 2 8 31.260 9 43 47.18 0.666 945 92 Juill. 1 6 53 17.644 24 22 38.42 1.326 105 65

17 2 9 59.676 9 44 31.70 0.679 996 49 2 7 2 42.964 24 15 4.71 1.323 820 79



II. 64 CONNAISSANCE DES TEMPS

MERCURE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Juill. 3 7 12 1.758 24 4 52.69 1.320 313 18 Août 18 11 12 49.196 1 9 51.62 0.732 971 85
4 7 21 12.916 23 52 8.51 1.315 658 95 19 11 13 19.907 0 56 6.30 0.720 367 13
5 7 30 15.492 23 36 59.21 1.309 938 75 20 11 13 32.292 0 44 52.10 0.708 183 63
6 7 39 8.697 23 19 32.50 1.303 235 31 21 11 13 25.764 0 36 19.46 0.696 485 92
7 7 47 51.898 22 59 56.54 1.295 631 27 22 11 12 59.830 0 30 38.72 0.685 345 60

8 7 56 24.599 22 38 19.73 1.287 207 48 23 11 12 14.141 0 27 59.86 0.674 841 64
9 8 4 46.434 22 14 50.57 1.278 041 70 24 11 11 8.534 0 28 32.04 0.665 060 45

10 8 12 57.145 21 49 37.54 1.268 207 56 25 11 9 43.084 0 32 23.25 0.656 095 74
11 8 20 56.573 21 22 48.97 1.257 774 03 26 11 7 58.164 0 39 39.67 0.648 048 19
12 8 28 44.636 20 54 32.95 1.246 804 99 27 11 5 54.502 0 50 25.13 0.641 024 67

13 8 36 21.320 20 24 57.33 1.235 359 16 28 11 3 33.235 1 4 40.36 0.635 137 09
14 8 43 46.665 19 54 9.63 1.223 490 10 29 11 0 55.960 1 22 22.39 0.630 500 83
15 8 51 0.756 19 22 17.07 1.211 246 39 30 10 58 4.765 1 43 23.87 0.627 232 59
16 8 58 3.710 18 49 26.49 1.198 671 83 31 10 55 2.251 2 7 32.60 0.625 447 87
17 9 4 55.669 18 15 44.47 1.185 805 76 Sept. 1 10 51 51.516 2 34 31.17 0.625 257 96

18 9 11 36.787 17 41 17.21 1.172 683 31 2 10 48 36.121 3 3 56.97 0.626 766 69
19 9 18 7.228 17 6 10.65 1.159 335 77 3 10 45 20.015 3 35 22.44 0.630 066 95
20 9 24 27.159 16 30 30.46 1.145 790 91 4 10 42 7.441 4 8 15.70 0.635 237 31
21 9 30 36.740 15 54 22.02 1.132 073 29 5 10 39 2.804 4 42 1.45 0.642 338 88
22 9 36 36.126 15 17 50.48 1.118 204 61 6 10 36 10.531 5 16 2.19 0.651 412 58

23 9 42 25.458 14 41 0.81 1.104 204 03 7 10 33 34.926 5 49 39.51 0.662 477 02
24 9 48 4.866 14 3 57.76 1.090 088 46 8 10 31 20.026 6 22 15.41 0.675 526 99
25 9 53 34.460 13 26 45.94 1.075 872 83 9 10 29 29.475 6 53 13.55 0.690 532 70
26 9 58 54.332 12 49 29.81 1.061 570 40 10 10 28 6.422 7 22 0.27 0.707 439 56
27 10 4 4.553 12 12 13.74 1.047 193 00 11 10 27 13.445 7 48 5.41 0.726 168 49

28 10 9 5.169 11 35 2.01 1.032 751 25 12 10 26 52.502 8 11 2.82 0.746 616 76
29 10 13 56.201 10 57 58.86 1.018 254 85 13 10 27 4.917 8 30 30.66 0.768 659 17
30 10 18 37.643 10 21 8.51 1.003 712 76 14 10 27 51.388 8 46 11.42 0.792 149 59
31 10 23 9.457 9 44 35.17 0.989 133 44 15 10 29 12.009 8 57 51.94 0.816 922 98

Août 1 10 27 31.576 9 8 23.10 0.974 525 06 16 10 31 6.316 9 5 23.15 0.842 797 75

2 10 31 43.898 8 32 36.63 0.959 895 70 17 10 33 33.345 9 8 39.94 0.869 578 66
3 10 35 46.287 7 57 20.16 0.945 253 58 18 10 36 31.688 9 7 40.82 0.897 060 25
4 10 39 38.567 7 22 38.25 0.930 607 27 19 10 39 59.568 9 2 27.75 0.925 030 75
5 10 43 20.524 6 48 35.60 0.915 965 90 20 10 43 54.911 8 53 5.78 0.953 276 43
6 10 46 51.904 6 15 17.13 0.901 339 39 21 10 48 15.419 8 39 42.77 0.981 586 33

7 10 50 12.407 5 42 47.96 0.886 738 71 22 10 52 58.649 8 22 29.07 1.009 756 90
8 10 53 21.688 5 11 13.51 0.872 176 14 23 10 58 2.086 8 1 37.16 1.037 596 52
9 10 56 19.357 4 40 39.51 0.857 665 58 24 11 3 23.209 7 37 21.19 1.064 929 45

10 10 59 4.974 4 11 12.02 0.843 222 88 25 11 8 59.557 7 9 56.61 1.091 599 01
11 11 1 38.057 3 42 57.47 0.828 866 19 26 11 14 48.779 6 39 39.71 1.117 469 79

12 11 3 58.074 3 16 2.71 0.814 616 36 27 11 20 48.674 6 6 47.23 1.142 428 82
13 11 6 4.454 2 50 35.04 0.800 497 35 28 11 26 57.226 5 31 35.94 1.166 385 64
14 11 7 56.581 2 26 42.21 0.786 536 61 29 11 33 12.619 4 54 22.34 1.189 271 60
15 11 9 33.806 2 4 32.48 0.772 765 50 30 11 39 33.247 4 15 22.35 1.211 038 27
16 11 10 55.449 1 44 14.57 0.759 219 75 Oct. 1 11 45 57.713 3 34 51.10 1.231 655 42

17 11 12 0.814 1 25 57.73 0.745 939 93 2 11 52 24.822 2 53 2.80 1.251 108 68
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MERCURE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Oct. 3 11 58 53.568 2 10 10.63 1.269 397 07 Nov. 18 16 45 55.104 −24 37 51.29 1.262 551 63
4 12 5 23.122 1 26 26.67 1.286 530 55 19 16 52 5.141 −24 51 17.56 1.248 392 11
5 12 11 52.809 0 42 1.94 1.302 527 79 20 16 58 13.232 −25 3 25.78 1.233 609 93
6 12 18 22.093 − 0 2 53.60 1.317 414 06 21 17 4 18.861 −25 14 14.67 1.218 196 96
7 12 24 50.561 − 0 48 11.01 1.331 219 49 22 17 10 21.439 −25 23 43.01 1.202 145 82

8 12 31 17.902 − 1 33 42.28 1.343 977 54 23 17 16 20.288 −25 31 49.67 1.185 450 13
9 12 37 43.894 − 2 19 20.28 1.355 723 68 24 17 22 14.637 −25 38 33.63 1.168 105 06

10 12 44 8.386 − 3 4 58.65 1.366 494 39 25 17 28 3.606 −25 43 53.99 1.150 107 74
11 12 50 31.290 − 3 50 31.75 1.376 326 27 26 17 33 46.191 −25 47 50.04 1.131 458 01
12 12 56 52.566 − 4 35 54.55 1.385 255 42 27 17 39 21.253 −25 50 21.26 1.112 159 13

13 13 3 12.218 − 5 21 2.62 1.393 316 89 28 17 44 47.500 −25 51 27.36 1.092 218 79
14 13 9 30.281 − 6 5 51.99 1.400 544 34 29 17 50 3.468 −25 51 8.32 1.071 650 23
15 13 15 46.818 − 6 50 19.14 1.406 969 78 30 17 55 7.500 −25 49 24.47 1.050 473 62
16 13 22 1.916 − 7 34 20.92 1.412 623 36 Déc. 1 17 59 57.729 −25 46 16.48 1.028 717 67
17 13 28 15.675 − 8 17 54.54 1.417 533 35 2 18 4 32.053 −25 41 45.43 1.006 421 54

18 13 34 28.209 − 9 0 57.44 1.421 726 04 3 18 8 48.120 −25 35 52.86 0.983 637 02
19 13 40 39.640 − 9 43 27.35 1.425 225 72 4 18 12 43.312 −25 28 40.75 0.960 431 01
20 13 46 50.098 −10 25 22.19 1.428 054 76 5 18 16 14.740 −25 20 11.58 0.936 888 33
21 13 52 59.716 −11 6 40.05 1.430 233 60 6 18 19 19.251 −25 10 28.24 0.913 114 62
22 13 59 8.626 −11 47 19.18 1.431 780 82 7 18 21 53.452 −24 59 34.09 0.889 239 53

23 14 5 16.962 −12 27 17.95 1.432 713 20 8 18 23 53.769 −24 47 32.80 0.865 419 69
24 14 11 24.857 −13 6 34.84 1.433 045 78 9 18 25 16.537 −24 34 28.30 0.841 841 40
25 14 17 32.439 −13 45 8.40 1.432 791 94 10 18 25 58.145 −24 20 24.64 0.818 722 62
26 14 23 39.830 −14 22 57.25 1.431 963 44 11 18 25 55.236 −24 5 25.90 0.796 313 60
27 14 29 47.150 −15 0 0.06 1.430 570 53 12 18 25 4.984 −23 49 36.10 0.774 895 63

28 14 35 54.509 −15 36 15.55 1.428 621 95 13 18 23 25.438 −23 32 59.25 0.754 777 12
29 14 42 2.011 −16 11 42.44 1.426 125 06 14 18 20 55.912 −23 15 39.65 0.736 286 33
30 14 48 9.752 −16 46 19.48 1.423 085 88 15 18 17 37.403 −22 57 42.31 0.719 760 08
31 14 54 17.819 −17 20 5.43 1.419 509 15 16 18 13 32.959 −22 39 13.85 0.705 528 60

Nov. 1 15 0 26.289 −17 52 59.04 1.415 398 37 17 18 8 47.918 −22 20 23.42 0.693 897 02

2 15 6 35.229 −18 24 59.08 1.410 755 91 18 18 3 29.933 −22 1 23.78 0.685 125 06
3 15 12 44.695 −18 56 4.29 1.405 583 05 19 17 57 48.703 −21 42 31.95 0.679 407 43
4 15 18 54.731 −19 26 13.42 1.399 880 05 20 17 51 55.417 −21 24 9.23 0.676 857 86
5 15 25 5.365 −19 55 25.22 1.393 646 22 21 17 46 1.945 −21 6 40.20 0.677 499 50
6 15 31 16.609 −20 23 38.41 1.386 879 97 22 17 40 19.931 −20 50 30.98 0.681 263 63

7 15 37 28.458 −20 50 51.68 1.379 578 91 23 17 34 59.929 −20 36 6.74 0.687 996 80
8 15 43 40.888 −21 17 3.72 1.371 739 83 24 17 30 10.740 −20 23 49.25 0.697 475 05
9 15 49 53.852 −21 42 13.19 1.363 358 77 25 17 25 59.037 −20 13 54.97 0.709 422 69

10 15 56 7.287 −22 6 18.70 1.354 431 02 26 17 22 29.269 −20 6 33.85 0.723 532 41
11 16 2 21.103 −22 29 18.88 1.344 951 20 27 17 19 43.820 −20 1 49.17 0.739 484 31

12 16 8 35.188 −22 51 12.31 1.334 913 21 28 17 17 43.310 −19 59 38.06 0.756 961 86
13 16 14 49.400 −23 11 57.58 1.324 310 33 29 17 16 26.975 −19 59 52.60 0.775 663 90
14 16 21 3.569 −23 31 33.25 1.313 135 27 30 17 15 53.050 −20 2 21.05 0.795 312 75
15 16 27 17.489 −23 49 57.89 1.301 380 23 31 17 15 59.111 −20 6 49.14 0.815 658 82
16 16 33 30.917 −24 7 10.06 1.289 036 99 32 17 16 42.354 −20 13 1.23 0.836 482 38

17 16 39 43.567 −24 23 8.33 1.276 097 02 33 17 17 59.813 −20 20 41.15 0.857 593 36



II. 66 CONNAISSANCE DES TEMPS

VÉNUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 18 28 47.796 −23 40 21.19 1.707 592 07 Févr. 15 22 27 9.184 −11 15 53.41 1.690 520 51
1 18 34 17.542 −23 38 31.33 1.708 107 25 16 22 31 53.946 −10 48 22.81 1.689 199 72
2 18 39 47.089 −23 35 57.47 1.708 584 55 17 22 36 37.733 −10 20 35.07 1.687 835 64
3 18 45 16.375 −23 32 39.68 1.709 023 94 18 22 41 20.575 − 9 52 30.98 1.686 428 15
4 18 50 45.339 −23 28 38.07 1.709 425 29 19 22 46 2.505 − 9 24 11.32 1.684 977 16

5 18 56 13.924 −23 23 52.78 1.709 788 38 20 22 50 43.555 − 8 55 36.86 1.683 482 64
6 19 1 42.073 −23 18 23.98 1.710 112 94 21 22 55 23.759 − 8 26 48.37 1.681 944 58
7 19 7 9.731 −23 12 11.91 1.710 398 68 22 23 0 3.151 − 7 57 46.64 1.680 362 99
8 19 12 36.842 −23 5 16.81 1.710 645 30 23 23 4 41.766 − 7 28 32.42 1.678 737 96
9 19 18 3.351 −22 57 38.98 1.710 852 55 24 23 9 19.640 − 6 59 6.51 1.677 069 59

10 19 23 29.202 −22 49 18.77 1.711 020 17 25 23 13 56.807 − 6 29 29.65 1.675 357 99
11 19 28 54.342 −22 40 16.52 1.711 147 96 26 23 18 33.306 − 5 59 42.61 1.673 603 32
12 19 34 18.718 −22 30 32.63 1.711 235 76 27 23 23 9.173 − 5 29 46.15 1.671 805 69
13 19 39 42.279 −22 20 7.53 1.711 283 42 28 23 27 44.450 − 4 59 40.99 1.669 965 18
14 19 45 4.976 −22 9 1.65 1.711 290 84 Mars 1 23 32 19.181 − 4 29 27.87 1.668 081 76

15 19 50 26.763 −21 57 15.48 1.711 257 95 2 23 36 53.409 − 3 59 7.49 1.666 155 33
16 19 55 47.594 −21 44 49.49 1.711 184 72 3 23 41 27.182 − 3 28 40.57 1.664 185 65
17 20 1 7.430 −21 31 44.23 1.711 071 15 4 23 46 0.544 − 2 58 7.83 1.662 172 39
18 20 6 26.233 −21 18 0.21 1.710 917 25 5 23 50 33.542 − 2 27 29.99 1.660 115 17
19 20 11 43.966 −21 3 38.02 1.710 723 10 6 23 55 6.218 − 1 56 47.80 1.658 013 52

20 20 17 0.599 −20 48 38.22 1.710 488 75 7 23 59 38.614 − 1 26 1.99 1.655 867 00
21 20 22 16.103 −20 33 1.42 1.710 214 33 8 0 4 10.773 − 0 55 13.30 1.653 675 15
22 20 27 30.451 −20 16 48.24 1.709 899 95 9 0 8 42.737 − 0 24 22.49 1.651 437 50
23 20 32 43.623 −19 59 59.32 1.709 545 77 10 0 13 14.547 0 6 29.70 1.649 153 62
24 20 37 55.597 −19 42 35.32 1.709 151 98 11 0 17 46.245 0 37 22.53 1.646 823 08

25 20 43 6.357 −19 24 36.91 1.708 718 76 12 0 22 17.872 1 8 15.24 1.644 445 48
26 20 48 15.889 −19 6 4.77 1.708 246 36 13 0 26 49.470 1 39 7.10 1.642 020 41
27 20 53 24.179 −18 46 59.61 1.707 734 99 14 0 31 21.081 2 9 57.35 1.639 547 52
28 20 58 31.219 −18 27 22.12 1.707 184 90 15 0 35 52.748 2 40 45.25 1.637 026 44
29 21 3 37.001 −18 7 13.03 1.706 596 28 16 0 40 24.511 3 11 30.07 1.634 456 85

30 21 8 41.520 −17 46 33.04 1.705 969 25 17 0 44 56.412 3 42 11.05 1.631 838 47
31 21 13 44.775 −17 25 22.86 1.705 303 84 18 0 49 28.492 4 12 47.46 1.629 171 04

Févr. 1 21 18 46.771 −17 3 43.21 1.704 599 97 19 0 54 0.793 4 43 18.56 1.626 454 34
2 21 23 47.514 −16 41 34.80 1.703 857 43 20 0 58 33.354 5 13 43.60 1.623 688 22
3 21 28 47.014 −16 18 58.36 1.703 075 91 21 1 3 6.214 5 44 1.85 1.620 872 57

4 21 33 45.283 −15 55 54.62 1.702 255 06 22 1 7 39.411 6 14 12.55 1.618 007 32
5 21 38 42.333 −15 32 24.34 1.701 394 45 23 1 12 12.983 6 44 14.96 1.615 092 47
6 21 43 38.177 −15 8 28.29 1.700 493 70 24 1 16 46.965 7 14 8.32 1.612 128 09
7 21 48 32.829 −14 44 7.24 1.699 552 38 25 1 21 21.394 7 43 51.90 1.609 114 27
8 21 53 26.303 −14 19 21.99 1.698 570 12 26 1 25 56.305 8 13 24.95 1.606 051 17

9 21 58 18.615 −13 54 13.30 1.697 546 55 27 1 30 31.735 8 42 46.71 1.602 938 94
10 22 3 9.783 −13 28 41.99 1.696 481 35 28 1 35 7.721 9 11 56.46 1.599 777 76
11 22 7 59.826 −13 2 48.82 1.695 374 18 29 1 39 44.303 9 40 53.46 1.596 567 76
12 22 12 48.763 −12 36 34.59 1.694 224 77 30 1 44 21.520 10 9 37.01 1.593 309 02
13 22 17 36.619 −12 10 0.08 1.693 032 84 31 1 48 59.411 10 38 6.38 1.590 001 54

14 22 22 23.418 −11 43 6.10 1.691 798 16 Avril 1 1 53 38.013 11 6 20.87 1.586 645 21
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VÉNUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Avril 2 1 58 17.363 11 34 19.73 1.583 239 85 Mai 18 5 49 11.170 24 54 0.54 1.371 210 14
3 2 2 57.492 12 2 2.25 1.579 785 22 19 5 54 28.342 24 57 2.45 1.365 415 94
4 2 7 38.432 12 29 27.66 1.576 281 03 20 5 59 45.483 24 59 21.61 1.359 573 27
5 2 12 20.211 12 56 35.23 1.572 726 94 21 6 5 2.527 25 0 57.96 1.353 682 67
6 2 17 2.859 13 23 24.20 1.569 122 63 22 6 10 19.407 25 1 51.47 1.347 744 73

7 2 21 46.400 13 49 53.82 1.565 467 78 23 6 15 36.058 25 2 2.15 1.341 760 08
8 2 26 30.861 14 16 3.31 1.561 762 04 24 6 20 52.416 25 1 30.03 1.335 729 41
9 2 31 16.263 14 41 51.94 1.558 005 12 25 6 26 8.417 25 0 15.20 1.329 653 40

10 2 36 2.629 15 7 18.93 1.554 196 69 26 6 31 24.000 24 58 17.76 1.323 532 72
11 2 40 49.980 15 32 23.55 1.550 336 46 27 6 36 39.101 24 55 37.85 1.317 368 01

12 2 45 38.333 15 57 5.02 1.546 424 16 28 6 41 53.659 24 52 15.65 1.311 159 88
13 2 50 27.705 16 21 22.62 1.542 459 51 29 6 47 7.612 24 48 11.35 1.304 908 89
14 2 55 18.111 16 45 15.58 1.538 442 28 30 6 52 20.900 24 43 25.16 1.298 615 52
15 3 0 9.563 17 8 43.18 1.534 372 24 31 6 57 33.462 24 37 57.34 1.292 280 25
16 3 5 2.071 17 31 44.68 1.530 249 24 Juin 1 7 2 45.242 24 31 48.15 1.285 903 46

17 3 9 55.639 17 54 19.35 1.526 073 16 2 7 7 56.184 24 24 57.89 1.279 485 56
18 3 14 50.273 18 16 26.46 1.521 843 94 3 7 13 6.232 24 17 26.88 1.273 026 87
19 3 19 45.971 18 38 5.29 1.517 561 61 4 7 18 15.335 24 9 15.47 1.266 527 73
20 3 24 42.731 18 59 15.12 1.513 226 24 5 7 23 23.442 24 0 24.03 1.259 988 46
21 3 29 40.549 19 19 55.25 1.508 838 01 6 7 28 30.505 23 50 52.96 1.253 409 34

22 3 34 39.416 19 40 4.96 1.504 397 16 7 7 33 36.477 23 40 42.70 1.246 790 66
23 3 39 39.324 19 59 43.56 1.499 903 97 8 7 38 41.314 23 29 53.69 1.240 132 68
24 3 44 40.265 20 18 50.37 1.495 358 81 9 7 43 44.972 23 18 26.42 1.233 435 63
25 3 49 42.228 20 37 24.72 1.490 762 05 10 7 48 47.410 23 6 21.38 1.226 699 74
26 3 54 45.201 20 55 25.98 1.486 114 09 11 7 53 48.588 22 53 39.11 1.219 925 24

27 3 59 49.174 21 12 53.51 1.481 415 29 12 7 58 48.466 22 40 20.17 1.213 112 34
28 4 4 54.130 21 29 46.71 1.476 666 00 13 8 3 47.004 22 26 25.13 1.206 261 28
29 4 10 0.052 21 46 4.98 1.471 866 49 14 8 8 44.166 22 11 54.60 1.199 372 38
30 4 15 6.919 22 1 47.74 1.467 016 96 15 8 13 39.914 21 56 49.18 1.192 445 99

Mai 1 4 20 14.706 22 16 54.43 1.462 117 56 16 8 18 34.213 21 41 9.51 1.185 482 56

2 4 25 23.386 22 31 24.48 1.457 168 37 17 8 23 27.033 21 24 56.22 1.178 482 66
3 4 30 32.928 22 45 17.34 1.452 169 43 18 8 28 18.346 21 8 9.94 1.171 446 93
4 4 35 43.298 22 58 32.48 1.447 120 76 19 8 33 8.129 20 50 51.35 1.164 376 11
5 4 40 54.461 23 11 9.39 1.442 022 34 20 8 37 56.362 20 33 1.09 1.157 270 99
6 4 46 6.379 23 23 7.57 1.436 874 16 21 8 42 43.027 20 14 39.85 1.150 132 42

7 4 51 19.012 23 34 26.56 1.431 676 21 22 8 47 28.111 19 55 48.32 1.142 961 25
8 4 56 32.316 23 45 5.90 1.426 428 44 23 8 52 11.601 19 36 27.17 1.135 758 36
9 5 1 46.247 23 55 5.18 1.421 130 85 24 8 56 53.487 19 16 37.12 1.128 524 62

10 5 7 0.757 24 4 24.00 1.415 783 41 25 9 1 33.760 18 56 18.85 1.121 260 85
11 5 12 15.796 24 13 1.99 1.410 386 10 26 9 6 12.415 18 35 33.07 1.113 967 87

12 5 17 31.312 24 20 58.83 1.404 938 89 27 9 10 49.448 18 14 20.46 1.106 646 44
13 5 22 47.251 24 28 14.19 1.399 441 78 28 9 15 24.858 17 52 41.74 1.099 297 28
14 5 28 3.555 24 34 47.81 1.393 894 80 29 9 19 58.646 17 30 37.57 1.091 921 10
15 5 33 20.163 24 40 39.46 1.388 298 00 30 9 24 30.814 17 8 8.67 1.084 518 51
16 5 38 37.013 24 45 48.91 1.382 651 48 Juill. 1 9 29 1.369 16 45 15.73 1.077 090 14

17 5 43 54.038 24 50 15.99 1.376 955 44 2 9 33 30.318 16 21 59.42 1.069 636 56



II. 68 CONNAISSANCE DES TEMPS

VÉNUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Juill. 3 9 37 57.669 15 58 20.46 1.062 158 30 Août 18 12 37 47.382 − 5 39 10.25 0.701 020 36
4 9 42 23.433 15 34 19.52 1.054 655 88 19 12 41 12.734 − 6 7 50.39 0.693 043 75
5 9 46 47.621 15 9 57.31 1.047 129 78 20 12 44 36.759 − 6 36 21.54 0.685 073 62
6 9 51 10.247 14 45 14.52 1.039 580 45 21 12 47 59.426 − 7 4 43.06 0.677 111 12
7 9 55 31.323 14 20 11.85 1.032 008 31 22 12 51 20.701 − 7 32 54.33 0.669 157 43

8 9 59 50.864 13 54 50.00 1.024 413 72 23 12 54 40.548 − 8 0 54.72 0.661 213 77
9 10 4 8.883 13 29 9.67 1.016 797 03 24 12 57 58.929 − 8 28 43.63 0.653 281 33

10 10 8 25.394 13 3 11.58 1.009 158 54 25 13 1 15.802 − 8 56 20.44 0.645 361 33
11 10 12 40.407 12 36 56.45 1.001 498 54 26 13 4 31.123 − 9 23 44.54 0.637 454 98
12 10 16 53.935 12 10 25.01 0.993 817 33 27 13 7 44.847 − 9 50 55.31 0.629 563 51

13 10 21 5.988 11 43 37.98 0.986 115 23 28 13 10 56.921 −10 17 52.14 0.621 688 15
14 10 25 16.575 11 16 36.09 0.978 392 65 29 13 14 7.292 −10 44 34.42 0.613 830 12
15 10 29 25.710 10 49 20.06 0.970 650 09 30 13 17 15.902 −11 11 1.52 0.605 990 65
16 10 33 33.403 10 21 50.59 0.962 888 16 31 13 20 22.686 −11 37 12.81 0.598 170 96
17 10 37 39.669 9 54 8.39 0.955 107 55 Sept. 1 13 23 27.577 −12 3 7.68 0.590 372 29

18 10 41 44.523 9 26 14.17 0.947 309 06 2 13 26 30.501 −12 28 45.46 0.582 595 86
19 10 45 47.979 8 58 8.61 0.939 493 54 3 13 29 31.378 −12 54 5.50 0.574 842 88
20 10 49 50.050 8 29 52.42 0.931 661 89 4 13 32 30.123 −13 19 7.13 0.567 114 54
21 10 53 50.752 8 1 26.26 0.923 815 00 5 13 35 26.642 −13 43 49.65 0.559 412 05
22 10 57 50.099 7 32 50.82 0.915 953 82 6 13 38 20.834 −14 8 12.34 0.551 736 60

23 11 1 48.106 7 4 6.77 0.908 079 24 7 13 41 12.592 −14 32 14.46 0.544 089 42
24 11 5 44.786 6 35 14.76 0.900 192 18 8 13 44 1.797 −14 55 55.24 0.536 471 79
25 11 9 40.156 6 6 15.45 0.892 293 50 9 13 46 48.326 −15 19 13.90 0.528 885 11
26 11 13 34.231 5 37 9.47 0.884 384 08 10 13 49 32.042 −15 42 9.62 0.521 330 94
27 11 17 27.026 5 7 57.45 0.876 464 73 11 13 52 12.801 −16 4 41.57 0.513 811 02

28 11 21 18.559 4 38 40.03 0.868 536 26 12 13 54 50.448 −16 26 48.88 0.506 327 32
29 11 25 8.844 4 9 17.81 0.860 599 42 13 13 57 24.820 −16 48 30.68 0.498 882 01
30 11 28 57.898 3 39 51.41 0.852 654 96 14 13 59 55.744 −17 9 46.03 0.491 477 45
31 11 32 45.736 3 10 21.43 0.844 703 57 15 14 2 23.039 −17 30 33.99 0.484 116 17

Août 1 11 36 32.374 2 40 48.49 0.836 745 92 16 14 4 46.520 −17 50 53.58 0.476 800 87

2 11 40 17.824 2 11 13.18 0.828 782 65 17 14 7 5.993 −18 10 43.79 0.469 534 40
3 11 44 2.100 1 41 36.11 0.820 814 37 18 14 9 21.257 −18 30 3.58 0.462 319 75
4 11 47 45.214 1 11 57.87 0.812 841 64 19 14 11 32.105 −18 48 51.87 0.455 160 04
5 11 51 27.174 0 42 19.08 0.804 864 99 20 14 13 38.324 −19 7 7.54 0.448 058 58
6 11 55 7.990 0 12 40.32 0.796 884 90 21 14 15 39.695 −19 24 49.40 0.441 018 80

7 11 58 47.665 − 0 16 57.77 0.788 901 79 22 14 17 35.991 −19 41 56.24 0.434 044 29
8 12 2 26.203 − 0 46 34.57 0.780 916 05 23 14 19 26.982 −19 58 26.79 0.427 138 82
9 12 6 3.600 − 1 16 9.45 0.772 928 05 24 14 21 12.432 −20 14 19.70 0.420 306 29

10 12 9 39.855 − 1 45 41.76 0.764 938 15 25 14 22 52.100 −20 29 33.58 0.413 550 80
11 12 13 14.958 − 2 15 10.86 0.756 946 75 26 14 24 25.742 −20 44 6.95 0.406 876 60

12 12 16 48.902 − 2 44 36.10 0.748 954 34 27 14 25 53.110 −20 57 58.26 0.400 288 11
13 12 20 21.675 − 3 13 56.83 0.740 961 52 28 14 27 13.957 −21 11 5.89 0.393 789 92
14 12 23 53.263 − 3 43 12.41 0.732 969 01 29 14 28 28.031 −21 23 28.11 0.387 386 82
15 12 27 23.649 − 4 12 22.18 0.724 977 66 30 14 29 35.083 −21 35 3.14 0.381 083 73
16 12 30 52.813 − 4 41 25.50 0.716 988 41 Oct. 1 14 30 34.867 −21 45 49.05 0.374 885 79

17 12 34 20.732 − 5 10 21.74 0.709 002 29 2 14 31 27.139 −21 55 43.86 0.368 798 28
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VÉNUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Oct. 3 14 32 11.662 −22 4 45.48 0.362 826 70 Nov. 18 13 40 58.513 −11 47 38.70 0.320 356 26
4 14 32 48.207 −22 12 51.70 0.356 976 73 19 13 41 14.985 −11 34 33.25 0.325 157 07
5 14 33 16.555 −22 20 0.24 0.351 254 26 20 13 41 40.194 −11 22 38.54 0.330 125 55
6 14 33 36.502 −22 26 8.74 0.345 665 43 21 13 42 13.984 −11 11 54.59 0.335 253 76
7 14 33 47.858 −22 31 14.75 0.340 216 67 22 13 42 56.178 −11 2 21.10 0.340 533 94

8 14 33 50.454 −22 35 15.76 0.334 914 76 23 13 43 46.584 −10 53 57.40 0.345 958 48
9 14 33 44.146 −22 38 9.21 0.329 766 79 24 13 44 45.000 −10 46 42.55 0.351 519 96

10 14 33 28.821 −22 39 52.55 0.324 780 27 25 13 45 51.209 −10 40 35.36 0.357 211 14
11 14 33 4.404 −22 40 23.22 0.319 963 02 26 13 47 4.988 −10 35 34.39 0.363 025 03
12 14 32 30.863 −22 39 38.73 0.315 323 21 27 13 48 26.111 −10 31 38.03 0.368 954 84

13 14 31 48.222 −22 37 36.68 0.310 869 23 28 13 49 54.345 −10 28 44.51 0.374 994 07
14 14 30 56.563 −22 34 14.87 0.306 609 68 29 13 51 29.457 −10 26 51.95 0.381 136 48
15 14 29 56.033 −22 29 31.31 0.302 553 28 30 13 53 11.216 −10 25 58.36 0.387 376 15
16 14 28 46.848 −22 23 24.29 0.298 708 79 Déc. 1 13 54 59.390 −10 26 1.67 0.393 707 47
17 14 27 29.297 −22 15 52.48 0.295 084 98 2 13 56 53.752 −10 26 59.80 0.400 125 16

18 14 26 3.746 −22 6 54.99 0.291 690 52 3 13 58 54.081 −10 28 50.60 0.406 624 27
19 14 24 30.637 −21 56 31.43 0.288 533 91 4 14 1 0.158 −10 31 31.93 0.413 200 20
20 14 22 50.491 −21 44 41.99 0.285 623 40 5 14 3 11.773 −10 35 1.64 0.419 848 65
21 14 21 3.905 −21 31 27.52 0.282 966 91 6 14 5 28.723 −10 39 17.61 0.426 565 63
22 14 19 11.549 −21 16 49.55 0.280 571 92 7 14 7 50.816 −10 44 17.71 0.433 347 43

23 14 17 14.164 −21 0 50.42 0.278 445 35 8 14 10 17.868 −10 49 59.85 0.440 190 53
24 14 15 12.551 −20 43 33.21 0.276 593 53 9 14 12 49.706 −10 56 21.99 0.447 091 67
25 14 13 7.565 −20 25 1.85 0.275 022 01 10 14 15 26.166 −11 3 22.09 0.454 047 71
26 14 11 0.104 −20 5 21.05 0.273 735 55 11 14 18 7.096 −11 10 58.19 0.461 055 71
27 14 8 51.097 −19 44 36.31 0.272 738 02 12 14 20 52.351 −11 19 8.33 0.468 112 81

28 14 6 41.491 −19 22 53.85 0.272 032 31 13 14 23 41.793 −11 27 50.59 0.475 216 33
29 14 4 32.238 −19 0 20.55 0.271 620 32 14 14 26 35.294 −11 37 3.11 0.482 363 67
30 14 2 24.282 −18 37 3.83 0.271 502 93 15 14 29 32.733 −11 46 44.05 0.489 552 34
31 14 0 18.545 −18 13 11.60 0.271 679 96 16 14 32 33.994 −11 56 51.60 0.496 779 96

Nov. 1 13 58 15.914 −17 48 52.07 0.272 150 26 17 14 35 38.969 −12 7 23.98 0.504 044 23

2 13 56 17.235 −17 24 13.68 0.272 911 69 18 14 38 47.557 −12 18 19.46 0.511 342 94
3 13 54 23.295 −16 59 24.93 0.273 961 21 19 14 41 59.659 −12 29 36.33 0.518 673 92
4 13 52 34.825 −16 34 34.29 0.275 294 97 20 14 45 15.185 −12 41 12.92 0.526 035 08
5 13 50 52.484 −16 9 50.06 0.276 908 38 21 14 48 34.047 −12 53 7.56 0.533 424 31
6 13 49 16.864 −15 45 20.23 0.278 796 22 22 14 51 56.161 −13 5 18.62 0.540 839 57

7 13 47 48.485 −15 21 12.48 0.280 952 71 23 14 55 21.447 −13 17 44.49 0.548 278 81
8 13 46 27.800 −14 57 33.98 0.283 371 57 24 14 58 49.826 −13 30 23.58 0.555 739 99
9 13 45 15.190 −14 34 31.45 0.286 046 05 25 15 2 21.224 −13 43 14.30 0.563 221 10

10 13 44 10.974 −14 12 11.01 0.288 969 04 26 15 5 55.568 −13 56 15.12 0.570 720 22
11 13 43 15.408 −13 50 38.21 0.292 133 06 27 15 9 32.789 −14 9 24.50 0.578 235 44

12 13 42 28.687 −13 29 57.97 0.295 530 35 28 15 13 12.817 −14 22 40.97 0.585 765 01
13 13 41 50.953 −13 10 14.62 0.299 152 91 29 15 16 55.585 −14 36 3.08 0.593 307 26
14 13 41 22.291 −12 51 31.81 0.302 992 56 30 15 20 41.030 −14 49 29.39 0.600 860 64
15 13 41 2.741 −12 33 52.63 0.307 041 04 31 15 24 29.086 −15 2 58.53 0.608 423 75
16 13 40 52.297 −12 17 19.52 0.311 290 02 32 15 28 19.690 −15 16 29.14 0.615 995 31

17 13 40 50.914 −12 1 54.42 0.315 731 19 33 15 32 12.782 −15 29 59.88 0.623 574 16
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MARS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 9 30 26.355 18 40 0.00 0.744 110 68 Févr. 15 8 29 21.217 23 31 24.01 0.700 751 01
1 9 29 54.261 18 45 8.04 0.738 859 74 16 8 28 5.084 23 34 20.39 0.704 798 09
2 9 29 18.840 18 50 29.90 0.733 749 00 17 8 26 51.686 23 37 0.98 0.709 036 66
3 9 28 40.089 18 56 5.25 0.728 782 63 18 8 25 41.129 23 39 25.88 0.713 462 68
4 9 27 58.011 19 1 53.73 0.723 965 00 19 8 24 33.509 23 41 35.25 0.718 071 99

5 9 27 12.615 19 7 54.93 0.719 300 57 20 8 23 28.909 23 43 29.27 0.722 860 27
6 9 26 23.922 19 14 8.34 0.714 793 95 21 8 22 27.405 23 45 8.16 0.727 823 14
7 9 25 31.957 19 20 33.46 0.710 449 82 22 8 21 29.059 23 46 32.17 0.732 956 13
8 9 24 36.757 19 27 9.68 0.706 272 85 23 8 20 33.925 23 47 41.60 0.738 254 73
9 9 23 38.366 19 33 56.35 0.702 267 74 24 8 19 42.042 23 48 36.75 0.743 714 42

10 9 22 36.839 19 40 52.80 0.698 439 09 25 8 18 53.442 23 49 17.94 0.749 330 70
11 9 21 32.236 19 47 58.25 0.694 791 45 26 8 18 8.146 23 49 45.50 0.755 099 12
12 9 20 24.632 19 55 11.92 0.691 329 23 27 8 17 26.167 23 49 59.78 0.761 015 38
13 9 19 14.109 20 2 32.94 0.688 056 71 28 8 16 47.510 23 50 1.09 0.767 075 29
14 9 18 0.758 20 10 0.42 0.684 977 98 Mars 1 8 16 12.179 23 49 49.76 0.773 274 83

15 9 16 44.681 20 17 33.43 0.682 096 98 2 8 15 40.171 23 49 26.09 0.779 610 16
16 9 15 25.991 20 25 10.98 0.679 417 42 3 8 15 11.484 23 48 50.38 0.786 077 52
17 9 14 4.810 20 32 52.06 0.676 942 79 4 8 14 46.108 23 48 2.94 0.792 673 26
18 9 12 41.268 20 40 35.65 0.674 676 35 5 8 14 24.034 23 47 4.04 0.799 393 74
19 9 11 15.507 20 48 20.68 0.672 621 08 6 8 14 5.246 23 45 53.97 0.806 235 34

20 9 9 47.677 20 56 6.10 0.670 779 74 7 8 13 49.725 23 44 32.99 0.813 194 43
21 9 8 17.933 21 3 50.83 0.669 154 77 8 8 13 37.449 23 43 1.35 0.820 267 36
22 9 6 46.442 21 11 33.82 0.667 748 36 9 8 13 28.392 23 41 19.30 0.827 450 44
23 9 5 13.375 21 19 14.01 0.666 562 37 10 8 13 22.525 23 39 27.07 0.834 740 02
24 9 3 38.908 21 26 50.37 0.665 598 40 11 8 13 19.818 23 37 24.86 0.842 132 42

25 9 2 3.222 21 34 21.89 0.664 857 71 12 8 13 20.235 23 35 12.90 0.849 623 97
26 9 0 26.502 21 41 47.59 0.664 341 29 13 8 13 23.739 23 32 51.38 0.857 211 02
27 8 58 48.935 21 49 6.56 0.664 049 82 14 8 13 30.294 23 30 20.49 0.864 889 93
28 8 57 10.704 21 56 17.91 0.663 983 74 15 8 13 39.857 23 27 40.41 0.872 657 07
29 8 55 31.997 22 3 20.80 0.664 143 26 16 8 13 52.386 23 24 51.31 0.880 508 84

30 8 53 52.999 22 10 14.43 0.664 528 40 17 8 14 7.836 23 21 53.36 0.888 441 66
31 8 52 13.894 22 16 58.04 0.665 139 06 18 8 14 26.162 23 18 46.72 0.896 451 98

Févr. 1 8 50 34.870 22 23 30.91 0.665 975 03 19 8 14 47.315 23 15 31.55 0.904 536 27
2 8 48 56.116 22 29 52.34 0.667 035 98 20 8 15 11.244 23 12 8.01 0.912 691 09
3 8 47 17.825 22 36 1.69 0.668 321 42 21 8 15 37.897 23 8 36.26 0.920 913 01

4 8 45 40.187 22 41 58.36 0.669 830 69 22 8 16 7.218 23 4 56.45 0.929 198 70
5 8 44 3.393 22 47 41.79 0.671 562 87 23 8 16 39.149 23 1 8.74 0.937 544 94
6 8 42 27.633 22 53 11.48 0.673 516 81 24 8 17 13.633 22 57 13.25 0.945 948 58
7 8 40 53.091 22 58 26.98 0.675 691 06 25 8 17 50.607 22 53 10.14 0.954 406 63
8 8 39 19.950 23 3 27.91 0.678 083 88 26 8 18 30.011 22 48 59.53 0.962 916 25

9 8 37 48.386 23 8 13.90 0.680 693 27 27 8 19 11.784 22 44 41.53 0.971 474 75
10 8 36 18.570 23 12 44.69 0.683 516 92 28 8 19 55.867 22 40 16.22 0.980 079 66
11 8 34 50.666 23 17 0.02 0.686 552 28 29 8 20 42.202 22 35 43.71 0.988 728 67
12 8 33 24.833 23 20 59.73 0.689 796 54 30 8 21 30.737 22 31 4.05 0.997 419 65
13 8 32 1.221 23 24 43.67 0.693 246 64 31 8 22 21.418 22 26 17.31 1.006 150 61

14 8 30 39.971 23 28 11.78 0.696 899 30 Avril 1 8 23 14.196 22 21 23.56 1.014 919 64
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MARS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Avril 2 8 24 9.022 22 16 22.85 1.023 724 89 Mai 18 9 31 39.575 16 25 34.26 1.438 739 96
3 8 25 5.848 22 11 15.22 1.032 564 51 19 9 33 29.240 16 15 25.36 1.447 501 23
4 8 26 4.626 22 6 0.72 1.041 436 68 20 9 35 19.463 16 5 10.37 1.456 235 06
5 8 27 5.311 22 0 39.36 1.050 339 52 21 9 37 10.227 15 54 49.35 1.464 940 71
6 8 28 7.857 21 55 11.16 1.059 271 17 22 9 39 1.513 15 44 22.33 1.473 617 55

7 8 29 12.220 21 49 36.15 1.068 229 75 23 9 40 53.307 15 33 49.35 1.482 265 07
8 8 30 18.358 21 43 54.33 1.077 213 35 24 9 42 45.593 15 23 10.46 1.490 882 84
9 8 31 26.229 21 38 5.70 1.086 220 09 25 9 44 38.358 15 12 25.69 1.499 470 55

10 8 32 35.792 21 32 10.26 1.095 248 08 26 9 46 31.589 15 1 35.09 1.508 027 93
11 8 33 47.006 21 26 8.03 1.104 295 43 27 9 48 25.274 14 50 38.70 1.516 554 76

12 8 34 59.833 21 19 58.99 1.113 360 24 28 9 50 19.401 14 39 36.56 1.525 050 85
13 8 36 14.234 21 13 43.16 1.122 440 62 29 9 52 13.957 14 28 28.72 1.533 515 98
14 8 37 30.172 21 7 20.53 1.131 534 67 30 9 54 8.932 14 17 15.20 1.541 949 93
15 8 38 47.610 21 0 51.12 1.140 640 48 31 9 56 4.316 14 5 56.05 1.550 352 44
16 8 40 6.509 20 54 14.94 1.149 756 18 Juin 1 9 58 0.099 13 54 31.29 1.558 723 18

17 8 41 26.832 20 47 32.01 1.158 879 88 2 9 59 56.274 13 43 0.94 1.567 061 83
18 8 42 48.540 20 40 42.36 1.168 009 75 3 10 1 52.833 13 31 25.05 1.575 367 98
19 8 44 11.594 20 33 46.03 1.177 143 98 4 10 3 49.769 13 19 43.61 1.583 641 21
20 8 45 35.954 20 26 43.04 1.186 280 85 5 10 5 47.076 13 7 56.68 1.591 881 07
21 8 47 1.578 20 19 33.44 1.195 418 73 6 10 7 44.750 12 56 4.26 1.600 087 07

22 8 48 28.427 20 12 17.27 1.204 556 07 7 10 9 42.786 12 44 6.40 1.608 258 67
23 8 49 56.463 20 4 54.54 1.213 691 48 8 10 11 41.178 12 32 3.12 1.616 395 32
24 8 51 25.647 19 57 25.29 1.222 823 66 9 10 13 39.922 12 19 54.46 1.624 496 41
25 8 52 55.944 19 49 49.53 1.231 951 49 10 10 15 39.015 12 7 40.45 1.632 561 29
26 8 54 27.322 19 42 7.28 1.241 073 94 11 10 17 38.451 11 55 21.15 1.640 589 27

27 8 55 59.748 19 34 18.56 1.250 190 14 12 10 19 38.223 11 42 56.62 1.648 579 62
28 8 57 33.196 19 26 23.37 1.259 299 27 13 10 21 38.326 11 30 26.92 1.656 531 60
29 8 59 7.634 19 18 21.75 1.268 400 61 14 10 23 38.750 11 17 52.12 1.664 444 47
30 9 0 43.038 19 10 13.69 1.277 493 42 15 10 25 39.486 11 5 12.31 1.672 317 51

Mai 1 9 2 19.379 19 1 59.22 1.286 577 00 16 10 27 40.526 10 52 27.56 1.680 150 10

2 9 3 56.633 18 53 38.34 1.295 650 60 17 10 29 41.861 10 39 37.94 1.687 941 70
3 9 5 34.774 18 45 11.06 1.304 713 43 18 10 31 43.485 10 26 43.53 1.695 691 87
4 9 7 13.779 18 36 37.38 1.313 764 69 19 10 33 45.392 10 13 44.39 1.703 400 29
5 9 8 53.626 18 27 57.29 1.322 803 51 20 10 35 47.577 10 0 40.58 1.711 066 76
6 9 10 34.294 18 19 10.78 1.331 829 00 21 10 37 50.035 9 47 32.17 1.718 691 16

7 9 12 15.763 18 10 17.87 1.340 840 27 22 10 39 52.763 9 34 19.22 1.726 273 44
8 9 13 58.012 18 1 18.54 1.349 836 37 23 10 41 55.757 9 21 1.81 1.733 813 61
9 9 15 41.024 17 52 12.79 1.358 816 35 24 10 43 59.012 9 7 40.00 1.741 311 72

10 9 17 24.781 17 43 0.63 1.367 779 21 25 10 46 2.525 8 54 13.86 1.748 767 82
11 9 19 9.265 17 33 42.06 1.376 723 96 26 10 48 6.293 8 40 43.45 1.756 181 95

12 9 20 54.460 17 24 17.09 1.385 649 54 27 10 50 10.312 8 27 8.83 1.763 554 17
13 9 22 40.349 17 14 45.73 1.394 554 90 28 10 52 14.581 8 13 30.07 1.770 884 47
14 9 24 26.915 17 5 8.01 1.403 438 93 29 10 54 19.099 7 59 47.21 1.778 172 84
15 9 26 14.140 16 55 23.95 1.412 300 55 30 10 56 23.865 7 46 0.32 1.785 419 21
16 9 28 2.005 16 45 33.61 1.421 138 63 Juill. 1 10 58 28.880 7 32 9.43 1.792 623 48

17 9 29 50.490 16 35 37.03 1.429 952 11 2 11 0 34.146 7 18 14.59 1.799 785 50



II. 72 CONNAISSANCE DES TEMPS

MARS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Juill. 3 11 2 39.663 7 4 15.87 1.806 905 11 Août 18 12 43 50.402 − 4 27 4.30 2.084 665 77
4 11 4 45.434 6 50 13.30 1.813 982 08 19 12 46 9.884 − 4 42 36.54 2.089 586 42
5 11 6 51.461 6 36 6.93 1.821 016 17 20 12 48 29.745 − 4 58 8.48 2.094 459 02
6 11 8 57.747 6 21 56.83 1.828 007 08 21 12 50 49.988 − 5 13 40.01 2.099 283 89
7 11 11 4.294 6 7 43.04 1.834 954 47 22 12 53 10.617 − 5 29 11.02 2.104 061 34

8 11 13 11.104 5 53 25.62 1.841 857 95 23 12 55 31.639 − 5 44 41.40 2.108 791 67
9 11 15 18.179 5 39 4.65 1.848 717 08 24 12 57 53.059 − 6 0 11.05 2.113 475 17

10 11 17 25.520 5 24 40.20 1.855 531 36 25 13 0 14.883 − 6 15 39.86 2.118 112 12
11 11 19 33.126 5 10 12.35 1.862 300 26 26 13 2 37.119 − 6 31 7.73 2.122 702 75
12 11 21 40.995 4 55 41.21 1.869 023 22 27 13 4 59.775 − 6 46 34.55 2.127 247 27

13 11 23 49.125 4 41 6.85 1.875 699 71 28 13 7 22.859 − 7 2 0.23 2.131 745 86
14 11 25 57.515 4 26 29.39 1.882 329 24 29 13 9 46.378 − 7 17 24.67 2.136 198 66
15 11 28 6.164 4 11 48.91 1.888 911 43 30 13 12 10.341 − 7 32 47.76 2.140 605 77
16 11 30 15.071 3 57 5.49 1.895 446 00 31 13 14 34.755 − 7 48 9.40 2.144 967 24
17 11 32 24.238 3 42 19.23 1.901 932 79 Sept. 1 13 16 59.629 − 8 3 29.47 2.149 283 08

18 11 34 33.666 3 27 30.21 1.908 371 77 2 13 19 24.969 − 8 18 47.88 2.153 553 25
19 11 36 43.356 3 12 38.50 1.914 762 96 3 13 21 50.782 − 8 34 4.48 2.157 777 64
20 11 38 53.308 2 57 44.21 1.921 106 51 4 13 24 17.074 − 8 49 19.17 2.161 956 09
21 11 41 3.524 2 42 47.41 1.927 402 56 5 13 26 43.849 − 9 4 31.81 2.166 088 36
22 11 43 14.003 2 27 48.20 1.933 651 31 6 13 29 11.112 − 9 19 42.25 2.170 174 19

23 11 45 24.747 2 12 46.66 1.939 852 98 7 13 31 38.869 − 9 34 50.36 2.174 213 25
24 11 47 35.757 1 57 42.88 1.946 007 77 8 13 34 7.123 − 9 49 55.98 2.178 205 24
25 11 49 47.035 1 42 36.95 1.952 115 88 9 13 36 35.882 −10 4 58.99 2.182 149 92
26 11 51 58.585 1 27 28.94 1.958 177 48 10 13 39 5.151 −10 19 59.23 2.186 047 11
27 11 54 10.408 1 12 18.93 1.964 192 75 11 13 41 34.936 −10 34 56.58 2.189 896 77

28 11 56 22.511 0 57 7.00 1.970 161 79 12 13 44 5.241 −10 49 50.91 2.193 698 99
29 11 58 34.897 0 41 53.21 1.976 084 70 13 13 46 36.069 −11 4 42.07 2.197 453 95
30 12 0 47.572 0 26 37.65 1.981 961 54 14 13 49 7.423 −11 19 29.92 2.201 161 94
31 12 3 0.543 0 11 20.37 1.987 792 33 15 13 51 39.306 −11 34 14.31 2.204 823 30

Août 1 12 5 13.814 − 0 3 58.54 1.993 577 04 16 13 54 11.721 −11 48 55.08 2.208 438 40

2 12 7 27.394 − 0 19 19.02 1.999 315 63 17 13 56 44.670 −12 3 32.10 2.212 007 65
3 12 9 41.287 − 0 34 40.99 2.005 007 97 18 13 59 18.159 −12 18 5.21 2.215 531 47
4 12 11 55.500 − 0 50 4.38 2.010 653 94 19 14 1 52.191 −12 32 34.27 2.219 010 25
5 12 14 10.040 − 1 5 29.09 2.016 253 33 20 14 4 26.773 −12 46 59.13 2.222 444 41
6 12 16 24.910 − 1 20 55.05 2.021 805 87 21 14 7 1.910 −13 1 19.64 2.225 834 34

7 12 18 40.116 − 1 36 22.15 2.027 311 26 22 14 9 37.609 −13 15 35.68 2.229 180 43
8 12 20 55.660 − 1 51 50.29 2.032 769 11 23 14 12 13.876 −13 29 47.08 2.232 483 05
9 12 23 11.545 − 2 7 19.36 2.038 179 02 24 14 14 50.718 −13 43 53.73 2.235 742 55

10 12 25 27.774 − 2 22 49.25 2.043 540 56 25 14 17 28.143 −13 57 55.47 2.238 959 24
11 12 27 44.348 − 2 38 19.83 2.048 853 35 26 14 20 6.158 −14 11 52.18 2.242 133 40

12 12 30 1.273 − 2 53 50.99 2.054 117 07 27 14 22 44.769 −14 25 43.70 2.245 265 29
13 12 32 18.552 − 3 9 22.64 2.059 331 52 28 14 25 23.984 −14 39 29.90 2.248 355 09
14 12 34 36.190 − 3 24 54.66 2.064 496 62 29 14 28 3.807 −14 53 10.63 2.251 402 95
15 12 36 54.191 − 3 40 26.94 2.069 612 41 30 14 30 44.246 −15 6 45.73 2.254 408 97
16 12 39 12.558 − 3 55 59.39 2.074 679 05 Oct. 1 14 33 25.303 −15 20 15.07 2.257 373 18

17 12 41 31.294 − 4 11 31.88 2.079 696 75 2 14 36 6.984 −15 33 38.46 2.260 295 54



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 73

MARS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Oct. 3 14 38 49.293 −15 46 55.74 2.263 175 96 Nov. 18 16 54 48.806 −23 18 41.86 2.353 230 61
4 14 41 32.231 −16 0 6.74 2.266 014 28 19 16 58 0.352 −23 23 59.67 2.354 364 25
5 14 44 15.804 −16 13 11.28 2.268 810 32 20 17 1 12.396 −23 29 3.41 2.355 468 45
6 14 47 0.016 −16 26 9.19 2.271 563 87 21 17 4 24.928 −23 33 52.96 2.356 543 72
7 14 49 44.871 −16 39 0.29 2.274 274 73 22 17 7 37.937 −23 38 28.19 2.357 590 55

8 14 52 30.372 −16 51 44.43 2.276 942 80 23 17 10 51.414 −23 42 48.99 2.358 609 41
9 14 55 16.523 −17 4 21.43 2.279 568 05 24 17 14 5.347 −23 46 55.22 2.359 600 68

10 14 58 3.324 −17 16 51.14 2.282 150 55 25 17 17 19.725 −23 50 46.79 2.360 564 68
11 15 0 50.775 −17 29 13.38 2.284 690 53 26 17 20 34.535 −23 54 23.55 2.361 501 66
12 15 3 38.875 −17 41 27.98 2.287 188 29 27 17 23 49.764 −23 57 45.39 2.362 411 78

13 15 6 27.621 −17 53 34.76 2.289 644 20 28 17 27 5.402 −24 0 52.18 2.363 295 14
14 15 9 17.013 −18 5 33.55 2.292 058 69 29 17 30 21.435 −24 3 43.81 2.364 151 77
15 15 12 7.050 −18 17 24.15 2.294 432 24 30 17 33 37.853 −24 6 20.17 2.364 981 65
16 15 14 57.733 −18 29 6.40 2.296 765 31 Déc. 1 17 36 54.643 −24 8 41.15 2.365 784 73
17 15 17 49.060 −18 40 40.12 2.299 058 41 2 17 40 11.794 −24 10 46.65 2.366 560 97

18 15 20 41.035 −18 52 5.13 2.301 312 01 3 17 43 29.291 −24 12 36.61 2.367 310 32
19 15 23 33.657 −19 3 21.27 2.303 526 60 4 17 46 47.119 −24 14 10.95 2.368 032 81
20 15 26 26.928 −19 14 28.35 2.305 702 68 5 17 50 5.260 −24 15 29.60 2.368 728 51
21 15 29 20.851 −19 25 26.22 2.307 840 72 6 17 53 23.697 −24 16 32.49 2.369 397 60
22 15 32 15.426 −19 36 14.71 2.309 941 19 7 17 56 42.410 −24 17 19.56 2.370 040 31

23 15 35 10.654 −19 46 53.65 2.312 004 53 8 18 0 1.379 −24 17 50.76 2.370 656 96
24 15 38 6.539 −19 57 22.89 2.314 031 15 9 18 3 20.585 −24 18 6.00 2.371 247 97
25 15 41 3.079 −20 7 42.25 2.316 021 44 10 18 6 40.010 −24 18 5.24 2.371 813 78
26 15 44 0.275 −20 17 51.57 2.317 975 73 11 18 9 59.637 −24 17 48.43 2.372 354 87
27 15 46 58.127 −20 27 50.70 2.319 894 30 12 18 13 19.449 −24 17 15.50 2.372 871 76

28 15 49 56.633 −20 37 39.46 2.321 777 35 13 18 16 39.429 −24 16 26.44 2.373 365 00
29 15 52 55.791 −20 47 17.66 2.323 625 04 14 18 19 59.562 −24 15 21.19 2.373 835 14
30 15 55 55.598 −20 56 45.15 2.325 437 46 15 18 23 19.831 −24 13 59.73 2.374 282 72
31 15 58 56.052 −21 6 1.73 2.327 214 61 16 18 26 40.222 −24 12 22.04 2.374 708 33

Nov. 1 16 1 57.149 −21 15 7.22 2.328 956 46 17 18 30 0.720 −24 10 28.11 2.375 112 54

2 16 4 58.888 −21 24 1.43 2.330 662 92 18 18 33 21.308 −24 8 17.92 2.375 495 92
3 16 8 1.265 −21 32 44.20 2.332 333 88 19 18 36 41.973 −24 5 51.47 2.375 859 06
4 16 11 4.278 −21 41 15.35 2.333 969 23 20 18 40 2.698 −24 3 8.78 2.376 202 50
5 16 14 7.922 −21 49 34.72 2.335 568 91 21 18 43 23.469 −24 0 9.84 2.376 526 78
6 16 17 12.193 −21 57 42.15 2.337 132 91 22 18 46 44.268 −23 56 54.66 2.376 832 36

7 16 20 17.082 −22 5 37.49 2.338 661 33 23 18 50 5.080 −23 53 23.26 2.377 119 64
8 16 23 22.579 −22 13 20.57 2.340 154 36 24 18 53 25.889 −23 49 35.65 2.377 388 94
9 16 26 28.675 −22 20 51.24 2.341 612 29 25 18 56 46.680 −23 45 31.83 2.377 640 46

10 16 29 35.358 −22 28 9.32 2.343 035 51 26 19 0 7.441 −23 41 11.81 2.377 874 33
11 16 32 42.617 −22 35 14.66 2.344 424 44 27 19 3 28.157 −23 36 35.61 2.378 090 60

12 16 35 50.444 −22 42 7.08 2.345 779 59 28 19 6 48.816 −23 31 43.27 2.378 289 25
13 16 38 58.828 −22 48 46.44 2.347 101 46 29 19 10 9.407 −23 26 34.82 2.378 470 23
14 16 42 7.761 −22 55 12.57 2.348 390 59 30 19 13 29.915 −23 21 10.32 2.378 633 49
15 16 45 17.234 −23 1 25.32 2.349 647 52 31 19 16 50.326 −23 15 29.84 2.378 778 97
16 16 48 27.238 −23 7 24.55 2.350 872 79 32 19 20 10.624 −23 9 33.44 2.378 906 68

17 16 51 37.765 −23 13 10.11 2.352 066 97 33 19 23 30.794 −23 3 21.21 2.379 016 63



II. 74 CONNAISSANCE DES TEMPS

JUPITER 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 21 54 54.335 −13 40 42.62 5.626 075 62 Févr. 15 22 34 22.070 − 9 59 17.77 5.961 580 50
1 21 55 41.074 −13 36 32.80 5.637 355 97 16 22 35 16.395 − 9 53 59.18 5.964 289 27
2 21 56 28.111 −13 32 20.86 5.648 483 30 17 22 36 10.755 − 9 48 39.85 5.966 790 39
3 21 57 15.438 −13 28 6.84 5.659 455 89 18 22 37 5.144 − 9 43 19.80 5.969 083 67
4 21 58 3.050 −13 23 50.75 5.670 271 94 19 22 37 59.560 − 9 37 59.07 5.971 169 03

5 21 58 50.941 −13 19 32.59 5.680 929 55 20 22 38 53.997 − 9 32 37.68 5.973 046 45
6 21 59 39.108 −13 15 12.38 5.691 426 73 21 22 39 48.450 − 9 27 15.68 5.974 716 01
7 22 0 27.546 −13 10 50.11 5.701 761 44 22 22 40 42.916 − 9 21 53.10 5.976 177 88
8 22 1 16.251 −13 6 25.83 5.711 931 59 23 22 41 37.389 − 9 16 29.98 5.977 432 31
9 22 2 5.218 −13 1 59.54 5.721 935 12 24 22 42 31.863 − 9 11 6.36 5.978 479 63

10 22 2 54.442 −12 57 31.28 5.731 769 96 25 22 43 26.331 − 9 5 42.29 5.979 320 20
11 22 3 43.915 −12 53 1.09 5.741 434 10 26 22 44 20.788 − 9 0 17.81 5.979 954 45
12 22 4 33.631 −12 48 28.99 5.750 925 55 27 22 45 15.227 − 8 54 52.96 5.980 382 75
13 22 5 23.582 −12 43 55.04 5.760 242 42 28 22 46 9.644 − 8 49 27.75 5.980 605 47
14 22 6 13.759 −12 39 19.26 5.769 382 87 Mars 1 22 47 4.036 − 8 44 2.22 5.980 622 86

15 22 7 4.156 −12 34 41.70 5.778 345 12 2 22 47 58.400 − 8 38 36.37 5.980 435 07
16 22 7 54.765 −12 30 2.38 5.787 127 51 3 22 48 52.737 − 8 33 10.22 5.980 042 16
17 22 8 45.578 −12 25 21.34 5.795 728 44 4 22 49 47.043 − 8 27 43.79 5.979 444 10
18 22 9 36.589 −12 20 38.62 5.804 146 40 5 22 50 41.317 − 8 22 17.11 5.978 640 80
19 22 10 27.792 −12 15 54.23 5.812 379 97 6 22 51 35.554 − 8 16 50.22 5.977 632 21

20 22 11 19.180 −12 11 8.20 5.820 427 83 7 22 52 29.749 − 8 11 23.16 5.976 418 27
21 22 12 10.747 −12 6 20.58 5.828 288 75 8 22 53 23.896 − 8 5 55.97 5.974 998 97
22 22 13 2.488 −12 1 31.37 5.835 961 58 9 22 54 17.991 − 8 0 28.69 5.973 374 36
23 22 13 54.398 −11 56 40.62 5.843 445 28 10 22 55 12.026 − 7 55 1.38 5.971 544 57
24 22 14 46.472 −11 51 48.35 5.850 738 88 11 22 56 5.998 − 7 49 34.07 5.969 509 76

25 22 15 38.704 −11 46 54.59 5.857 841 54 12 22 56 59.900 − 7 44 6.81 5.967 270 20
26 22 16 31.088 −11 41 59.37 5.864 752 49 13 22 57 53.728 − 7 38 39.62 5.964 826 20
27 22 17 23.618 −11 37 2.75 5.871 471 05 14 22 58 47.476 − 7 33 12.55 5.962 178 15
28 22 18 16.286 −11 32 4.76 5.877 996 62 15 22 59 41.140 − 7 27 45.64 5.959 326 52
29 22 19 9.086 −11 27 5.43 5.884 328 63 16 23 0 34.717 − 7 22 18.91 5.956 271 87

30 22 20 2.009 −11 22 4.81 5.890 466 50 17 23 1 28.202 − 7 16 52.41 5.953 014 84
31 22 20 55.050 −11 17 2.93 5.896 409 60 18 23 2 21.591 − 7 11 26.16 5.949 556 14

Févr. 1 22 21 48.204 −11 11 59.79 5.902 157 22 19 23 3 14.880 − 7 6 0.20 5.945 896 59
2 22 22 41.468 −11 6 55.41 5.907 708 53 20 23 4 8.066 − 7 0 34.57 5.942 037 11
3 22 23 34.839 −11 1 49.80 5.913 062 60 21 23 5 1.143 − 6 55 9.30 5.937 978 68

4 22 24 28.315 −10 56 42.97 5.918 218 45 22 23 5 54.108 − 6 49 44.44 5.933 722 37
5 22 25 21.894 −10 51 34.96 5.923 175 04 23 23 6 46.954 − 6 44 20.03 5.929 269 32
6 22 26 15.570 −10 46 25.79 5.927 931 37 24 23 7 39.676 − 6 38 56.12 5.924 620 73
7 22 27 9.338 −10 41 15.50 5.932 486 43 25 23 8 32.267 − 6 33 32.75 5.919 777 82
8 22 28 3.193 −10 36 4.14 5.936 839 28 26 23 9 24.723 − 6 28 9.97 5.914 741 84

9 22 28 57.128 −10 30 51.74 5.940 989 01 27 23 10 17.038 − 6 22 47.80 5.909 514 01
10 22 29 51.137 −10 25 38.34 5.944 934 80 28 23 11 9.209 − 6 17 26.27 5.904 095 50
11 22 30 45.213 −10 20 23.99 5.948 675 88 29 23 12 1.234 − 6 12 5.40 5.898 487 40
12 22 31 39.350 −10 15 8.72 5.952 211 57 30 23 12 53.111 − 6 6 45.22 5.892 690 69
13 22 32 33.542 −10 9 52.57 5.955 541 25 31 23 13 44.839 − 6 1 25.73 5.886 706 28

14 22 33 27.784 −10 4 35.58 5.958 664 38 Avril 1 23 14 36.416 − 5 56 6.96 5.880 534 96



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 75

JUPITER 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Avril 2 23 15 27.839 − 5 50 48.95 5.874 177 50 Mai 18 23 50 42.045 − 2 12 16.51 5.403 407 83
3 23 16 19.103 − 5 45 31.73 5.867 634 64 19 23 51 20.706 − 2 8 19.09 5.389 948 91
4 23 17 10.203 − 5 40 15.36 5.860 907 16 20 23 51 58.966 − 2 4 24.37 5.376 387 14
5 23 18 1.134 − 5 34 59.88 5.853 995 86 21 23 52 36.821 − 2 0 32.39 5.362 725 24
6 23 18 51.889 − 5 29 45.33 5.846 901 61 22 23 53 14.265 − 1 56 43.17 5.348 965 89

7 23 19 42.464 − 5 24 31.76 5.839 625 33 23 23 53 51.296 − 1 52 56.74 5.335 111 69
8 23 20 32.853 − 5 19 19.22 5.832 168 01 24 23 54 27.910 − 1 49 13.12 5.321 165 19
9 23 21 23.051 − 5 14 7.73 5.824 530 71 25 23 55 4.104 − 1 45 32.33 5.307 128 83

10 23 22 13.052 − 5 8 57.36 5.816 714 56 26 23 55 39.875 − 1 41 54.40 5.293 005 02
11 23 23 2.854 − 5 3 48.12 5.808 720 75 27 23 56 15.218 − 1 38 19.38 5.278 796 09

12 23 23 52.450 − 4 58 40.06 5.800 550 54 28 23 56 50.126 − 1 34 47.28 5.264 504 36
13 23 24 41.837 − 4 53 33.22 5.792 205 29 29 23 57 24.594 − 1 31 18.18 5.250 132 13
14 23 25 31.011 − 4 48 27.63 5.783 686 43 30 23 57 58.615 − 1 27 52.11 5.235 681 73
15 23 26 19.968 − 4 43 23.32 5.774 995 48 31 23 58 32.180 − 1 24 29.12 5.221 155 53
16 23 27 8.704 − 4 38 20.34 5.766 134 05 Juin 1 23 59 5.283 − 1 21 9.26 5.206 555 96

17 23 27 57.213 − 4 33 18.72 5.757 103 86 2 23 59 37.919 − 1 17 52.58 5.191 885 50
18 23 28 45.490 − 4 28 18.51 5.747 906 70 3 0 0 10.079 − 1 14 39.13 5.177 146 71
19 23 29 33.531 − 4 23 19.75 5.738 544 45 4 0 0 41.757 − 1 11 28.94 5.162 342 23
20 23 30 21.327 − 4 18 22.50 5.729 019 03 5 0 1 12.949 − 1 8 22.05 5.147 474 77
21 23 31 8.874 − 4 13 26.79 5.719 332 43 6 0 1 43.647 − 1 5 18.52 5.132 547 10

22 23 31 56.165 − 4 8 32.67 5.709 486 62 7 0 2 13.847 − 1 2 18.37 5.117 562 11
23 23 32 43.195 − 4 3 40.19 5.699 483 60 8 0 2 43.541 − 0 59 21.64 5.102 522 74
24 23 33 29.959 − 3 58 49.36 5.689 325 30 9 0 3 12.726 − 0 56 28.38 5.087 432 05
25 23 34 16.454 − 3 54 0.23 5.679 013 62 10 0 3 41.393 − 0 53 38.61 5.072 293 17
26 23 35 2.679 − 3 49 12.80 5.668 550 36 11 0 4 9.538 − 0 50 52.39 5.057 109 38

27 23 35 48.631 − 3 44 27.11 5.657 937 24 12 0 4 37.152 − 0 48 9.75 5.041 884 04
28 23 36 34.308 − 3 39 43.16 5.647 175 89 13 0 5 4.228 − 0 45 30.76 5.026 620 63
29 23 37 19.706 − 3 35 1.00 5.636 267 89 14 0 5 30.757 − 0 42 55.44 5.011 322 71
30 23 38 4.822 − 3 30 20.65 5.625 214 76 15 0 5 56.732 − 0 40 23.87 4.995 993 92

Mai 1 23 38 49.650 − 3 25 42.17 5.614 017 99 16 0 6 22.145 − 0 37 56.07 4.980 637 88

2 23 39 34.184 − 3 21 5.61 5.602 679 11 17 0 6 46.990 − 0 35 32.09 4.965 258 22
3 23 40 18.417 − 3 16 31.00 5.591 199 69 18 0 7 11.262 − 0 33 11.95 4.949 858 52
4 23 41 2.344 − 3 11 58.40 5.579 581 33 19 0 7 34.958 − 0 30 55.68 4.934 442 28
5 23 41 45.959 − 3 7 27.85 5.567 825 72 20 0 7 58.075 − 0 28 43.28 4.919 012 93
6 23 42 29.255 − 3 2 59.41 5.555 934 60 21 0 8 20.609 − 0 26 34.79 4.903 573 82

7 23 43 12.227 − 2 58 33.10 5.543 909 77 22 0 8 42.557 − 0 24 30.22 4.888 128 25
8 23 43 54.869 − 2 54 8.98 5.531 753 13 23 0 9 3.914 − 0 22 29.59 4.872 679 45
9 23 44 37.178 − 2 49 47.08 5.519 466 62 24 0 9 24.674 − 0 20 32.96 4.857 230 64

10 23 45 19.146 − 2 45 27.44 5.507 052 27 25 0 9 44.832 − 0 18 40.34 4.841 785 00
11 23 46 0.771 − 2 41 10.10 5.494 512 18 26 0 10 4.381 − 0 16 51.78 4.826 345 76

12 23 46 42.046 − 2 36 55.10 5.481 848 56 27 0 10 23.314 − 0 15 7.33 4.810 916 14
13 23 47 22.967 − 2 32 42.47 5.469 063 70 28 0 10 41.624 − 0 13 27.02 4.795 499 42
14 23 48 3.528 − 2 28 32.26 5.456 159 98 29 0 10 59.305 − 0 11 50.90 4.780 098 94
15 23 48 43.723 − 2 24 24.51 5.443 139 91 30 0 11 16.351 − 0 10 19.01 4.764 718 11
16 23 49 23.546 − 2 20 19.27 5.430 006 07 Juill. 1 0 11 32.757 − 0 8 51.37 4.749 360 39

17 23 50 2.989 − 2 16 16.58 5.416 761 13 2 0 11 48.517 − 0 7 28.02 4.734 029 33



II. 76 CONNAISSANCE DES TEMPS

JUPITER 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Juill. 3 0 12 3.625 − 0 6 8.99 4.718 728 57 Août 18 0 11 2.921 − 0 27 10.12 4.119 140 44
4 0 12 18.078 − 0 4 54.31 4.703 461 82 19 0 10 45.372 − 0 29 19.84 4.109 958 25
5 0 12 31.870 − 0 3 44.00 4.688 232 86 20 0 10 27.218 − 0 31 33.21 4.101 005 63
6 0 12 44.996 − 0 2 38.10 4.673 045 56 21 0 10 8.470 − 0 33 50.16 4.092 285 95
7 0 12 57.452 − 0 1 36.62 4.657 903 90 22 0 9 49.138 − 0 36 10.61 4.083 802 55

8 0 13 9.234 − 0 0 39.60 4.642 811 95 23 0 9 29.234 − 0 38 34.49 4.075 558 74
9 0 13 20.335 0 0 12.95 4.627 773 89 24 0 9 8.768 − 0 41 1.71 4.067 557 80

10 0 13 30.749 0 1 0.98 4.612 793 99 25 0 8 47.754 − 0 43 32.19 4.059 802 95
11 0 13 40.472 0 1 44.47 4.597 876 64 26 0 8 26.204 − 0 46 5.84 4.052 297 43
12 0 13 49.496 0 2 23.39 4.583 026 30 27 0 8 4.132 − 0 48 42.54 4.045 044 43

13 0 13 57.815 0 2 57.70 4.568 247 49 28 0 7 41.553 − 0 51 22.21 4.038 047 11
14 0 14 5.426 0 3 27.39 4.553 544 70 29 0 7 18.481 − 0 54 4.73 4.031 308 62
15 0 14 12.326 0 3 52.45 4.538 922 40 30 0 6 54.932 − 0 56 50.01 4.024 832 08
16 0 14 18.514 0 4 12.88 4.524 384 96 31 0 6 30.921 − 0 59 37.92 4.018 620 59
17 0 14 23.991 0 4 28.68 4.509 936 64 Sept. 1 0 6 6.464 − 1 2 28.36 4.012 677 19

18 0 14 28.757 0 4 39.87 4.495 581 63 2 0 5 41.575 − 1 5 21.22 4.007 004 92
19 0 14 32.811 0 4 46.46 4.481 323 98 3 0 5 16.272 − 1 8 16.39 4.001 606 77
20 0 14 36.154 0 4 48.45 4.467 167 71 4 0 4 50.569 − 1 11 13.74 3.996 485 69
21 0 14 38.784 0 4 45.82 4.453 116 76 5 0 4 24.483 − 1 14 13.17 3.991 644 56
22 0 14 40.698 0 4 38.59 4.439 175 07 6 0 3 58.031 − 1 17 14.55 3.987 086 19

23 0 14 41.895 0 4 26.74 4.425 346 55 7 0 3 31.231 − 1 20 17.76 3.982 813 23
24 0 14 42.372 0 4 10.25 4.411 635 12 8 0 3 4.103 − 1 23 22.65 3.978 828 19
25 0 14 42.129 0 3 49.13 4.398 044 70 9 0 2 36.670 − 1 26 29.07 3.975 133 32
26 0 14 41.163 0 3 23.37 4.384 579 26 10 0 2 8.955 − 1 29 36.85 3.971 730 62
27 0 14 39.473 0 2 52.97 4.371 242 81 11 0 1 40.983 − 1 32 45.84 3.968 621 82

28 0 14 37.060 0 2 17.93 4.358 039 38 12 0 1 12.776 − 1 35 55.88 3.965 808 38
29 0 14 33.922 0 1 38.26 4.344 973 07 13 0 0 44.357 − 1 39 6.81 3.963 291 53
30 0 14 30.062 0 0 53.97 4.332 048 01 14 0 0 15.747 − 1 42 18.49 3.961 072 30
31 0 14 25.481 0 0 5.08 4.319 268 40 15 23 59 46.968 − 1 45 30.79 3.959 151 57

Août 1 0 14 20.179 − 0 0 48.40 4.306 638 50 16 23 59 18.039 − 1 48 43.57 3.957 530 09

2 0 14 14.159 − 0 1 46.44 4.294 162 58 17 23 58 48.981 − 1 51 56.70 3.956 208 47
3 0 14 7.424 − 0 2 49.03 4.281 845 02 18 23 58 19.815 − 1 55 10.03 3.955 187 23
4 0 13 59.975 − 0 3 56.13 4.269 690 20 19 23 57 50.563 − 1 58 23.43 3.954 466 80
5 0 13 51.815 − 0 5 7.73 4.257 702 62 20 23 57 21.245 − 2 1 36.76 3.954 047 49
6 0 13 42.946 − 0 6 23.79 4.245 886 79 21 23 56 51.884 − 2 4 49.86 3.953 929 52

7 0 13 33.371 − 0 7 44.30 4.234 247 31 22 23 56 22.502 − 2 8 2.61 3.954 113 03
8 0 13 23.092 − 0 9 9.22 4.222 788 80 23 23 55 53.122 − 2 11 14.84 3.954 598 06
9 0 13 12.111 − 0 10 38.52 4.211 515 94 24 23 55 23.764 − 2 14 26.42 3.955 384 58

10 0 13 0.433 − 0 12 12.18 4.200 433 36 25 23 54 54.453 − 2 17 37.20 3.956 472 47
11 0 12 48.063 − 0 13 50.14 4.189 545 63 26 23 54 25.210 − 2 20 47.03 3.957 861 54

12 0 12 35.010 − 0 15 32.33 4.178 857 21 27 23 53 56.058 − 2 23 55.77 3.959 551 51
13 0 12 21.283 − 0 17 18.69 4.168 372 39 28 23 53 27.017 − 2 27 3.27 3.961 542 03
14 0 12 6.894 − 0 19 9.12 4.158 095 27 29 23 52 58.111 − 2 30 9.40 3.963 832 68
15 0 11 51.853 − 0 21 3.56 4.148 029 79 30 23 52 29.358 − 2 33 14.03 3.966 422 95
16 0 11 36.171 − 0 23 1.91 4.138 179 73 Oct. 1 23 52 0.781 − 2 36 17.01 3.969 312 21

17 0 11 19.857 − 0 25 4.13 4.128 548 76 2 23 51 32.399 − 2 39 18.22 3.972 499 78



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 77

JUPITER 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Oct. 3 23 51 4.232 − 2 42 17.54 3.975 984 81 Nov. 18 23 38 24.975 − 3 54 59.29 4.411 713 42
4 23 50 36.301 − 2 45 14.81 3.979 766 33 19 23 38 24.404 − 3 54 45.91 4.425 771 22
5 23 50 8.628 − 2 48 9.91 3.983 843 19 20 23 38 24.596 − 3 54 27.54 4.439 953 10
6 23 49 41.236 − 2 51 2.69 3.988 214 02 21 23 38 25.550 − 3 54 4.20 4.454 254 55
7 23 49 14.148 − 2 53 53.00 3.992 877 19 22 23 38 27.266 − 3 53 35.90 4.468 671 16

8 23 48 47.388 − 2 56 40.68 3.997 830 82 23 23 38 29.741 − 3 53 2.66 4.483 198 56
9 23 48 20.980 − 2 59 25.59 4.003 072 73 24 23 38 32.974 − 3 52 24.51 4.497 832 44

10 23 47 54.946 − 3 2 7.61 4.008 600 52 25 23 38 36.960 − 3 51 41.45 4.512 568 52
11 23 47 29.305 − 3 4 46.60 4.014 411 56 26 23 38 41.697 − 3 50 53.53 4.527 402 56
12 23 47 4.076 − 3 7 22.46 4.020 503 06 27 23 38 47.182 − 3 50 0.76 4.542 330 28

13 23 46 39.276 − 3 9 55.10 4.026 872 09 28 23 38 53.413 − 3 49 3.16 4.557 347 39
14 23 46 14.922 − 3 12 24.40 4.033 515 66 29 23 39 0.387 − 3 48 0.75 4.572 449 54
15 23 45 51.031 − 3 14 50.29 4.040 430 66 30 23 39 8.104 − 3 46 53.53 4.587 632 30
16 23 45 27.617 − 3 17 12.66 4.047 613 95 Déc. 1 23 39 16.564 − 3 45 41.51 4.602 891 15
17 23 45 4.698 − 3 19 31.42 4.055 062 32 2 23 39 25.765 − 3 44 24.69 4.618 221 49

18 23 44 42.289 − 3 21 46.48 4.062 772 51 3 23 39 35.708 − 3 43 3.10 4.633 618 63
19 23 44 20.405 − 3 23 57.76 4.070 741 20 4 23 39 46.388 − 3 41 36.76 4.649 077 79
20 23 43 59.062 − 3 26 5.16 4.078 965 04 5 23 39 57.804 − 3 40 5.69 4.664 594 15
21 23 43 38.274 − 3 28 8.60 4.087 440 63 6 23 40 9.949 − 3 38 29.93 4.680 162 86
22 23 43 18.055 − 3 30 7.99 4.096 164 55 7 23 40 22.817 − 3 36 49.54 4.695 779 09

23 23 42 58.420 − 3 32 3.27 4.105 133 36 8 23 40 36.403 − 3 35 4.56 4.711 438 05
24 23 42 39.380 − 3 33 54.35 4.114 343 57 9 23 40 50.699 − 3 33 15.02 4.727 134 99
25 23 42 20.950 − 3 35 41.18 4.123 791 70 10 23 41 5.700 − 3 31 20.99 4.742 865 27
26 23 42 3.139 − 3 37 23.67 4.133 474 26 11 23 41 21.399 − 3 29 22.50 4.758 624 32
27 23 41 45.959 − 3 39 1.79 4.143 387 72 12 23 41 37.791 − 3 27 19.59 4.774 407 66

28 23 41 29.420 − 3 40 35.46 4.153 528 52 13 23 41 54.869 − 3 25 12.30 4.790 210 91
29 23 41 13.530 − 3 42 4.65 4.163 893 08 14 23 42 12.629 − 3 23 0.67 4.806 029 75
30 23 40 58.298 − 3 43 29.31 4.174 477 74 15 23 42 31.064 − 3 20 44.75 4.821 859 98
31 23 40 43.734 − 3 44 49.38 4.185 278 76 16 23 42 50.168 − 3 18 24.56 4.837 697 46

Nov. 1 23 40 29.846 − 3 46 4.82 4.196 292 33 17 23 43 9.936 − 3 16 0.15 4.853 538 16

2 23 40 16.645 − 3 47 15.57 4.207 514 49 18 23 43 30.362 − 3 13 31.58 4.869 378 13
3 23 40 4.141 − 3 48 21.56 4.218 941 14 19 23 43 51.437 − 3 10 58.86 4.885 213 52
4 23 39 52.344 − 3 49 22.74 4.230 568 00 20 23 44 13.156 − 3 8 22.07 4.901 040 59
5 23 39 41.266 − 3 50 19.06 4.242 390 65 21 23 44 35.511 − 3 5 41.24 4.916 855 70
6 23 39 30.915 − 3 51 10.48 4.254 404 47 22 23 44 58.492 − 3 2 56.44 4.932 655 28

7 23 39 21.299 − 3 51 56.94 4.266 604 71 23 23 45 22.093 − 3 0 7.71 4.948 435 84
8 23 39 12.422 − 3 52 38.45 4.278 986 52 24 23 45 46.304 − 2 57 15.10 4.964 193 92
9 23 39 4.290 − 3 53 14.98 4.291 544 98 25 23 46 11.119 − 2 54 18.66 4.979 926 05

10 23 38 56.904 − 3 53 46.54 4.304 275 17 26 23 46 36.532 − 2 51 18.43 4.995 628 75
11 23 38 50.268 − 3 54 13.10 4.317 172 14 27 23 47 2.537 − 2 48 14.43 5.011 298 47

12 23 38 44.384 − 3 54 34.68 4.330 230 99 28 23 47 29.131 − 2 45 6.70 5.026 931 62
13 23 38 39.253 − 3 54 51.27 4.343 446 85 29 23 47 56.310 − 2 41 55.26 5.042 524 52
14 23 38 34.879 − 3 55 2.87 4.356 814 89 30 23 48 24.068 − 2 38 40.15 5.058 073 41
15 23 38 31.262 − 3 55 9.47 4.370 330 29 31 23 48 52.400 − 2 35 21.41 5.073 574 53
16 23 38 28.405 − 3 55 11.07 4.383 988 32 32 23 49 21.301 − 2 31 59.07 5.089 024 05

17 23 38 26.309 − 3 55 7.68 4.397 784 25 33 23 49 50.762 − 2 28 33.19 5.104 418 13



II. 78 CONNAISSANCE DES TEMPS

SATURNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 12 20 4.735 0 18 51.43 9.339 185 77 Févr. 15 12 17 41.822 0 47 44.37 8.687 141 81
1 12 20 10.446 0 18 33.05 9.322 674 27 16 12 17 30.207 0 49 13.80 8.677 159 77
2 12 20 15.764 0 18 17.25 9.306 192 45 17 12 17 18.296 0 50 44.91 8.667 427 46
3 12 20 20.686 0 18 4.05 9.289 744 88 18 12 17 6.094 0 52 17.65 8.657 948 53
4 12 20 25.209 0 17 53.46 9.273 336 25 19 12 16 53.611 0 53 51.94 8.648 726 49

5 12 20 29.333 0 17 45.48 9.256 971 33 20 12 16 40.855 0 55 27.75 8.639 764 67
6 12 20 33.059 0 17 40.10 9.240 655 04 21 12 16 27.833 0 57 5.00 8.631 066 25
7 12 20 36.386 0 17 37.32 9.224 392 44 22 12 16 14.554 0 58 43.65 8.622 634 25
8 12 20 39.314 0 17 37.14 9.208 188 69 23 12 16 1.024 1 0 23.64 8.614 471 51
9 12 20 41.844 0 17 39.54 9.192 049 07 24 12 15 47.250 1 2 4.93 8.606 580 70

10 12 20 43.975 0 17 44.53 9.175 978 92 25 12 15 33.238 1 3 47.46 8.598 964 33
11 12 20 45.705 0 17 52.10 9.159 983 64 26 12 15 18.994 1 5 31.21 8.591 624 77
12 12 20 47.033 0 18 2.26 9.144 068 65 27 12 15 4.524 1 7 16.12 8.584 564 26
13 12 20 47.958 0 18 15.00 9.128 239 43 28 12 14 49.834 1 9 2.16 8.577 784 99
14 12 20 48.478 0 18 30.34 9.112 501 41 Mars 1 12 14 34.932 1 10 49.27 8.571 289 14

15 12 20 48.594 0 18 48.26 9.096 860 08 2 12 14 19.829 1 12 37.38 8.565 078 87
16 12 20 48.304 0 19 8.76 9.081 320 84 3 12 14 4.534 1 14 26.43 8.559 156 42
17 12 20 47.609 0 19 31.84 9.065 889 12 4 12 13 49.057 1 16 16.35 8.553 524 03
18 12 20 46.510 0 19 57.48 9.050 570 27 5 12 13 33.406 1 18 7.07 8.548 183 94
19 12 20 45.009 0 20 25.67 9.035 369 60 6 12 13 17.589 1 19 58.55 8.543 138 38

20 12 20 43.106 0 20 56.38 9.020 292 36 7 12 13 1.614 1 21 50.72 8.538 389 49
21 12 20 40.806 0 21 29.59 9.005 343 75 8 12 12 45.488 1 23 43.54 8.533 939 31
22 12 20 38.110 0 22 5.29 8.990 528 86 9 12 12 29.220 1 25 36.94 8.529 789 78
23 12 20 35.022 0 22 43.43 8.975 852 73 10 12 12 12.816 1 27 30.88 8.525 942 71
24 12 20 31.544 0 23 24.00 8.961 320 30 11 12 11 56.286 1 29 25.29 8.522 399 76

25 12 20 27.681 0 24 6.97 8.946 936 40 12 12 11 39.638 1 31 20.12 8.519 162 46
26 12 20 23.434 0 24 52.31 8.932 705 76 13 12 11 22.881 1 33 15.30 8.516 232 18
27 12 20 18.806 0 25 40.01 8.918 632 97 14 12 11 6.026 1 35 10.76 8.513 610 14
28 12 20 13.798 0 26 30.05 8.904 722 51 15 12 10 49.082 1 37 6.43 8.511 297 41
29 12 20 8.410 0 27 22.42 8.890 978 77 16 12 10 32.061 1 39 2.25 8.509 294 85

30 12 20 2.643 0 28 17.11 8.877 406 05 17 12 10 14.972 1 40 58.14 8.507 603 19
31 12 19 56.498 0 29 14.11 8.864 008 65 18 12 9 57.827 1 42 54.03 8.506 222 93

Févr. 1 12 19 49.979 0 30 13.40 8.850 790 89 19 12 9 40.637 1 44 49.84 8.505 154 40
2 12 19 43.090 0 31 14.95 8.837 757 15 20 12 9 23.412 1 46 45.51 8.504 397 75
3 12 19 35.835 0 32 18.72 8.824 911 92 21 12 9 6.164 1 48 40.96 8.503 952 90

4 12 19 28.220 0 33 24.66 8.812 259 76 22 12 8 48.901 1 50 36.13 8.503 819 60
5 12 19 20.249 0 34 32.75 8.799 805 30 23 12 8 31.632 1 52 30.97 8.503 997 42
6 12 19 11.927 0 35 42.95 8.787 553 20 24 12 8 14.366 1 54 25.42 8.504 485 75
7 12 19 3.257 0 36 55.22 8.775 508 11 25 12 7 57.111 1 56 19.43 8.505 283 82
8 12 18 54.242 0 38 9.55 8.763 674 65 26 12 7 39.875 1 58 12.96 8.506 390 73

9 12 18 44.886 0 39 25.89 8.752 057 41 27 12 7 22.665 2 0 5.95 8.507 805 48
10 12 18 35.192 0 40 44.22 8.740 660 90 28 12 7 5.491 2 1 58.35 8.509 527 04
11 12 18 25.165 0 42 4.50 8.729 489 57 29 12 6 48.362 2 3 50.08 8.511 554 32
12 12 18 14.809 0 43 26.70 8.718 547 78 30 12 6 31.290 2 5 41.10 8.513 886 26
13 12 18 4.129 0 44 50.77 8.707 839 80 31 12 6 14.285 2 7 31.32 8.516 521 83

14 12 17 53.131 0 46 16.68 8.697 369 80 Avril 1 12 5 57.357 2 9 20.68 8.519 459 99
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SATURNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Avril 2 12 5 40.515 2 11 9.14 8.522 699 70 Mai 18 11 56 29.527 3 4 39.93 8.956 442 98
3 12 5 23.767 2 12 56.62 8.526 239 89 19 11 56 24.648 3 4 58.55 8.970 772 54
4 12 5 7.120 2 14 43.10 8.530 079 39 20 11 56 20.131 3 5 14.70 8.985 243 47
5 12 4 50.583 2 16 28.51 8.534 216 94 21 11 56 15.977 3 5 28.38 8.999 850 90
6 12 4 34.162 2 18 12.81 8.538 651 16 22 11 56 12.188 3 5 39.59 9.014 590 05

7 12 4 17.866 2 19 55.96 8.543 380 53 23 11 56 8.767 3 5 48.32 9.029 456 20
8 12 4 1.703 2 21 37.89 8.548 403 41 24 11 56 5.715 3 5 54.56 9.044 444 75
9 12 3 45.681 2 23 18.56 8.553 718 00 25 11 56 3.036 3 5 58.30 9.059 551 20

10 12 3 29.809 2 24 57.92 8.559 322 37 26 11 56 0.731 3 5 59.53 9.074 771 14
11 12 3 14.096 2 26 35.90 8.565 214 45 27 11 55 58.800 3 5 58.26 9.090 100 23

12 12 2 58.551 2 28 12.45 8.571 392 03 28 11 55 57.243 3 5 54.49 9.105 534 21
13 12 2 43.185 2 29 47.51 8.577 852 74 29 11 55 56.061 3 5 48.24 9.121 068 83
14 12 2 28.005 2 31 21.02 8.584 594 04 30 11 55 55.251 3 5 39.50 9.136 699 86
15 12 2 13.022 2 32 52.94 8.591 613 27 31 11 55 54.813 3 5 28.30 9.152 423 07
16 12 1 58.244 2 34 23.19 8.598 907 55 Juin 1 11 55 54.746 3 5 14.65 9.168 234 18

17 12 1 43.681 2 35 51.74 8.606 473 87 2 11 55 55.050 3 4 58.53 9.184 128 91
18 12 1 29.339 2 37 18.53 8.614 309 06 3 11 55 55.725 3 4 39.97 9.200 102 90
19 12 1 15.225 2 38 43.54 8.622 409 78 4 11 55 56.772 3 4 18.96 9.216 151 79
20 12 1 1.345 2 40 6.74 8.630 772 59 5 11 55 58.191 3 3 55.50 9.232 271 17
21 12 0 47.704 2 41 28.08 8.639 393 91 6 11 55 59.983 3 3 29.59 9.248 456 57

22 12 0 34.307 2 42 47.55 8.648 270 10 7 11 56 2.149 3 3 1.23 9.264 703 50
23 12 0 21.160 2 44 5.12 8.657 397 48 8 11 56 4.690 3 2 30.42 9.281 007 43
24 12 0 8.268 2 45 20.76 8.666 772 31 9 11 56 7.606 3 1 57.16 9.297 363 74
25 11 59 55.639 2 46 34.43 8.676 390 92 10 11 56 10.898 3 1 21.45 9.313 767 79
26 11 59 43.279 2 47 46.09 8.686 249 62 11 11 56 14.566 3 0 43.30 9.330 214 87

27 11 59 31.194 2 48 55.70 8.696 344 82 12 11 56 18.609 3 0 2.71 9.346 700 19
28 11 59 19.393 2 50 3.22 8.706 672 95 13 11 56 23.024 2 59 19.72 9.363 218 93
29 11 59 7.881 2 51 8.62 8.717 230 51 14 11 56 27.810 2 58 34.34 9.379 766 20
30 11 58 56.663 2 52 11.88 8.728 014 01 15 11 56 32.961 2 57 46.61 9.396 337 16

Mai 1 11 58 45.742 2 53 12.97 8.739 019 98 16 11 56 38.476 2 56 56.54 9.412 926 98

2 11 58 35.122 2 54 11.88 8.750 244 88 17 11 56 44.352 2 56 4.16 9.429 530 91
3 11 58 24.807 2 55 8.59 8.761 685 14 18 11 56 50.587 2 55 9.48 9.446 144 33
4 11 58 14.800 2 56 3.07 8.773 337 11 19 11 56 57.182 2 54 12.52 9.462 762 72
5 11 58 5.105 2 56 55.32 8.785 197 05 20 11 57 4.134 2 53 13.27 9.479 381 71
6 11 57 55.727 2 57 45.30 8.797 261 15 21 11 57 11.444 2 52 11.75 9.495 997 08

7 11 57 46.669 2 58 33.00 8.809 525 50 22 11 57 19.110 2 51 7.97 9.512 604 72
8 11 57 37.937 2 59 18.39 8.821 986 11 23 11 57 27.130 2 50 1.94 9.529 200 60
9 11 57 29.536 3 0 1.44 8.834 638 90 24 11 57 35.501 2 48 53.70 9.545 780 82

10 11 57 21.469 3 0 42.12 8.847 479 72 25 11 57 44.221 2 47 43.25 9.562 341 51
11 11 57 13.743 3 1 20.42 8.860 504 30 26 11 57 53.285 2 46 30.64 9.578 878 87

12 11 57 6.362 3 1 56.30 8.873 708 30 27 11 58 2.691 2 45 15.87 9.595 389 11
13 11 56 59.330 3 2 29.74 8.887 087 24 28 11 58 12.434 2 43 58.98 9.611 868 45
14 11 56 52.652 3 3 0.73 8.900 636 57 29 11 58 22.512 2 42 39.99 9.628 313 13
15 11 56 46.331 3 3 29.25 8.914 351 61 30 11 58 32.923 2 41 18.91 9.644 719 37
16 11 56 40.369 3 3 55.28 8.928 227 60 Juill. 1 11 58 43.663 2 39 55.77 9.661 083 36

17 11 56 34.767 3 4 18.84 8.942 259 69 2 11 58 54.733 2 38 30.57 9.677 401 29



II. 80 CONNAISSANCE DES TEMPS

SATURNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Juill. 3 11 59 6.129 2 37 3.32 9.693 669 33 Août 18 12 12 53.773 0 59 34.32 10.325 638 95
4 11 59 17.851 2 35 34.04 9.709 883 63 19 12 13 17.096 0 56 56.32 10.335 682 24
5 11 59 29.897 2 34 2.75 9.726 040 32 20 12 13 40.587 0 54 17.41 10.345 526 74
6 11 59 42.267 2 32 29.44 9.742 135 50 21 12 14 4.241 0 51 37.64 10.355 170 68
7 11 59 54.957 2 30 54.14 9.758 165 24 22 12 14 28.054 0 48 57.03 10.364 612 29

8 12 0 7.968 2 29 16.86 9.774 125 59 23 12 14 52.022 0 46 15.61 10.373 849 83
9 12 0 21.296 2 27 37.62 9.790 012 52 24 12 15 16.141 0 43 33.40 10.382 881 57

10 12 0 34.937 2 25 56.44 9.805 821 99 25 12 15 40.409 0 40 50.43 10.391 705 79
11 12 0 48.888 2 24 13.36 9.821 549 93 26 12 16 4.822 0 38 6.71 10.400 320 74
12 12 1 3.144 2 22 28.41 9.837 192 23 27 12 16 29.378 0 35 22.26 10.408 724 69

13 12 1 17.698 2 20 41.63 9.852 744 83 28 12 16 54.074 0 32 37.10 10.416 915 89
14 12 1 32.548 2 18 53.05 9.868 203 74 29 12 17 18.909 0 29 51.25 10.424 892 58
15 12 1 47.690 2 17 2.70 9.883 565 07 30 12 17 43.879 0 27 4.73 10.432 652 99
16 12 2 3.121 2 15 10.59 9.898 825 09 31 12 18 8.982 0 24 17.55 10.440 195 33
17 12 2 18.840 2 13 16.74 9.913 980 23 Sept. 1 12 18 34.215 0 21 29.73 10.447 517 79

18 12 2 34.845 2 11 21.17 9.929 027 07 2 12 18 59.574 0 18 41.31 10.454 618 55
19 12 2 51.133 2 9 23.89 9.943 962 35 3 12 19 25.054 0 15 52.31 10.461 495 77
20 12 3 7.701 2 7 24.92 9.958 782 91 4 12 19 50.652 0 13 2.76 10.468 147 59
21 12 3 24.546 2 5 24.29 9.973 485 71 5 12 20 16.362 0 10 12.71 10.474 572 15
22 12 3 41.662 2 3 22.03 9.988 067 76 6 12 20 42.178 0 7 22.18 10.480 767 59

23 12 3 59.046 2 1 18.17 10.002526 15 7 12 21 8.095 0 4 31.22 10.486 732 12
24 12 4 16.693 1 59 12.74 10.016857 99 8 12 21 34.110 0 1 39.87 10.492 464 03
25 12 4 34.599 1 57 5.78 10.031060 45 9 12 22 0.218 − 0 1 11.87 10.497 961 76
26 12 4 52.759 1 54 57.30 10.045130 67 10 12 22 26.420 − 0 4 3.97 10.503 223 93
27 12 5 11.170 1 52 47.33 10.059065 83 11 12 22 52.711 − 0 6 56.42 10.508 249 33

28 12 5 29.829 1 50 35.90 10.072863 10 12 12 23 19.089 − 0 9 49.20 10.513 036 93
29 12 5 48.732 1 48 23.03 10.086519 64 13 12 23 45.550 − 0 12 42.28 10.517 585 88
30 12 6 7.878 1 46 8.72 10.100032 61 14 12 24 12.089 − 0 15 35.63 10.521 895 42
31 12 6 27.265 1 43 53.01 10.113399 14 15 12 24 38.701 − 0 18 29.21 10.525 964 87

Août 1 12 6 46.890 1 41 35.89 10.126616 35 16 12 25 5.381 − 0 21 23.00 10.529 793 60

2 12 7 6.750 1 39 17.40 10.139681 38 17 12 25 32.122 − 0 24 16.95 10.533 381 04
3 12 7 26.845 1 36 57.54 10.152591 30 18 12 25 58.922 − 0 27 11.04 10.536 726 64
4 12 7 47.171 1 34 36.34 10.165343 18 19 12 26 25.775 − 0 30 5.24 10.539 829 85
5 12 8 7.725 1 32 13.81 10.177934 09 20 12 26 52.678 − 0 32 59.52 10.542 690 16
6 12 8 28.504 1 29 49.98 10.190361 01 21 12 27 19.628 − 0 35 53.86 10.545 307 06

7 12 8 49.504 1 27 24.89 10.202620 95 22 12 27 46.620 − 0 38 48.24 10.547 680 05
8 12 9 10.718 1 24 58.56 10.214710 87 23 12 28 13.653 − 0 41 42.63 10.549 808 63
9 12 9 32.143 1 22 31.05 10.226627 72 24 12 28 40.724 − 0 44 37.03 10.551 692 31

10 12 9 53.771 1 20 2.37 10.238368 50 25 12 29 7.831 − 0 47 31.40 10.553 330 59
11 12 10 15.600 1 17 32.58 10.249930 31 26 12 29 34.970 − 0 50 25.73 10.554 722 94

12 12 10 37.626 1 15 1.69 10.261310 37 27 12 30 2.138 − 0 53 20.01 10.555 868 86
13 12 10 59.846 1 12 29.72 10.272506 04 28 12 30 29.334 − 0 56 14.21 10.556 767 80
14 12 11 22.258 1 9 56.68 10.283514 91 29 12 30 56.552 − 0 59 8.31 10.557 419 21
15 12 11 44.861 1 7 22.60 10.294334 70 30 12 31 23.788 − 1 2 2.27 10.557 822 55
16 12 12 7.651 1 4 47.49 10.304963 29 Oct. 1 12 31 51.038 − 1 4 56.07 10.557 977 25

17 12 12 30.623 1 2 11.39 10.315398 68 2 12 32 18.296 − 1 7 49.67 10.557 882 76



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 81

SATURNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Oct. 3 12 32 45.557 − 1 10 43.03 10.557 538 54 Nov. 18 12 52 31.549 − 3 11 32.25 10.280 470 88
4 12 33 12.816 − 1 13 36.11 10.556 944 09 19 12 52 54.258 − 3 13 44.06 10.269 222 21
5 12 33 40.067 − 1 16 28.88 10.556 098 98 20 12 53 16.770 − 3 15 54.39 10.257 782 64
6 12 34 7.308 − 1 19 21.32 10.555 002 88 21 12 53 39.082 − 3 18 3.20 10.246 154 70
7 12 34 34.536 − 1 22 13.40 10.553 655 62 22 12 54 1.190 − 3 20 10.48 10.234 340 90

8 12 35 1.749 − 1 25 5.11 10.552 057 21 23 12 54 23.090 − 3 22 16.21 10.222 343 72
9 12 35 28.943 − 1 27 56.42 10.550 207 83 24 12 54 44.776 − 3 24 20.36 10.210 165 66

10 12 35 56.115 − 1 30 47.32 10.548 107 86 25 12 55 6.242 − 3 26 22.89 10.197 809 20
11 12 36 23.260 − 1 33 37.78 10.545 757 83 26 12 55 27.483 − 3 28 23.77 10.185 276 83
12 12 36 50.372 − 1 36 27.76 10.543 158 39 27 12 55 48.494 − 3 30 22.96 10.172 571 12

13 12 37 17.445 − 1 39 17.23 10.540 310 27 28 12 56 9.270 − 3 32 20.43 10.159 694 65
14 12 37 44.475 − 1 42 6.14 10.537 214 26 29 12 56 29.806 − 3 34 16.16 10.146 650 15
15 12 38 11.455 − 1 44 54.48 10.533 871 18 30 12 56 50.099 − 3 36 10.13 10.133 440 43
16 12 38 38.381 − 1 47 42.20 10.530 281 88 Déc. 1 12 57 10.146 − 3 38 2.31 10.120 068 46
17 12 39 5.250 − 1 50 29.29 10.526 447 23 2 12 57 29.945 − 3 39 52.69 10.106 537 35

18 12 39 32.056 − 1 53 15.71 10.522 368 11 3 12 57 49.490 − 3 41 41.26 10.092 850 39
19 12 39 58.798 − 1 56 1.44 10.518 045 44 4 12 58 8.780 − 3 43 28.00 10.079 011 05
20 12 40 25.471 − 1 58 46.46 10.513 480 13 5 12 58 27.807 − 3 45 12.88 10.065 022 92
21 12 40 52.073 − 2 1 30.76 10.508 673 10 6 12 58 46.567 − 3 46 55.87 10.050 889 75
22 12 41 18.601 − 2 4 14.31 10.503 625 29 7 12 59 5.054 − 3 48 36.95 10.036 615 39

23 12 41 45.053 − 2 6 57.10 10.498 337 64 8 12 59 23.262 − 3 50 16.08 10.022 203 78
24 12 42 11.424 − 2 9 39.10 10.492 811 06 9 12 59 41.185 − 3 51 53.23 10.007 658 88
25 12 42 37.711 − 2 12 20.30 10.487 046 47 10 12 59 58.819 − 3 53 28.38 9.992 984 72
26 12 43 3.911 − 2 15 0.68 10.481 044 79 11 13 0 16.160 − 3 55 1.51 9.978 185 32
27 12 43 30.019 − 2 17 40.20 10.474 806 91 12 13 0 33.205 − 3 56 32.59 9.963 264 71

28 12 43 56.030 − 2 20 18.83 10.468 333 72 13 13 0 49.951 − 3 58 1.62 9.948 226 95
29 12 44 21.938 − 2 22 56.54 10.461 626 16 14 13 1 6.395 − 3 59 28.57 9.933 076 09
30 12 44 47.739 − 2 25 33.29 10.454 685 13 15 13 1 22.533 − 4 0 53.44 9.917 816 19
31 12 45 13.425 − 2 28 9.05 10.447 511 64 16 13 1 38.365 − 4 2 16.22 9.902 451 31

Nov. 1 12 45 38.994 − 2 30 43.77 10.440 106 72 17 13 1 53.887 − 4 3 36.90 9.886 985 51

2 12 46 4.440 − 2 33 17.44 10.432 471 51 18 13 2 9.096 − 4 4 55.46 9.871 422 83
3 12 46 29.760 − 2 35 50.03 10.424 607 28 19 13 2 23.989 − 4 6 11.89 9.855 767 30
4 12 46 54.951 − 2 38 21.51 10.416 515 45 20 13 2 38.564 − 4 7 26.19 9.840 022 93
5 12 47 20.010 − 2 40 51.88 10.408 197 62 21 13 2 52.816 − 4 8 38.32 9.824 193 68
6 12 47 44.935 − 2 43 21.12 10.399 655 56 22 13 3 6.739 − 4 9 48.27 9.808 283 51

7 12 48 9.719 − 2 45 49.19 10.390 891 24 23 13 3 20.330 − 4 10 56.01 9.792 296 33
8 12 48 34.358 − 2 48 16.07 10.381 906 77 24 13 3 33.583 − 4 12 1.51 9.776 236 10
9 12 48 58.845 − 2 50 41.72 10.372 704 37 25 13 3 46.495 − 4 13 4.75 9.760 106 78

10 12 49 23.174 − 2 53 6.11 10.363 286 36 26 13 3 59.061 − 4 14 5.70 9.743 912 44
11 12 49 47.340 − 2 55 29.20 10.353 655 11 27 13 4 11.279 − 4 15 4.35 9.727 657 23

12 12 50 11.337 − 2 57 50.96 10.343 813 03 28 13 4 23.148 − 4 16 0.69 9.711 345 44
13 12 50 35.160 − 3 0 11.36 10.333 762 56 29 13 4 34.665 − 4 16 54.71 9.694 981 51
14 12 50 58.807 − 3 2 30.39 10.323 506 15 30 13 4 45.828 − 4 17 46.42 9.678 570 01
15 12 51 22.272 − 3 4 48.01 10.313 046 28 31 13 4 56.635 − 4 18 35.80 9.662 115 67
16 12 51 45.553 − 3 7 4.20 10.302 385 44 32 13 5 7.081 − 4 19 22.84 9.645 623 33

17 12 52 8.646 − 3 9 18.95 10.291 526 13 33 13 5 17.163 − 4 20 7.52 9.629 097 96



II. 82 CONNAISSANCE DES TEMPS

URANUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 23 35 42.784 − 3 26 19.27 20.351 868 4 Févr. 15 23 42 24.255 − 2 41 35.12 20.956 918 6
1 23 35 48.216 − 3 25 41.76 20.368 404 9 16 23 42 35.676 − 2 40 19.93 20.965 227 6
2 23 35 53.818 − 3 25 3.17 20.384 853 9 17 23 42 47.172 − 2 39 4.28 20.973 283 4
3 23 35 59.585 − 3 24 23.53 20.401 211 1 18 23 42 58.744 − 2 37 48.17 20.981 084 0
4 23 36 5.518 − 3 23 42.83 20.417 472 1 19 23 43 10.388 − 2 36 31.62 20.988 627 6

5 23 36 11.614 − 3 23 1.09 20.433 632 4 20 23 43 22.103 − 2 35 14.64 20.995 912 4
6 23 36 17.876 − 3 22 18.30 20.449 687 4 21 23 43 33.888 − 2 33 57.24 21.002 936 8
7 23 36 24.303 − 3 21 34.45 20.465 632 4 22 23 43 45.739 − 2 32 39.44 21.009 699 5
8 23 36 30.896 − 3 20 49.54 20.481 462 8 23 23 43 57.653 − 2 31 21.27 21.016 199 0
9 23 36 37.655 − 3 20 3.58 20.497 173 8 24 23 44 9.627 − 2 30 2.73 21.022 434 3

10 23 36 44.577 − 3 19 16.57 20.512 760 7 25 23 44 21.657 − 2 28 43.87 21.028 404 3
11 23 36 51.662 − 3 18 28.54 20.528 218 6 26 23 44 33.737 − 2 27 24.72 21.034 108 0
12 23 36 58.907 − 3 17 39.50 20.543 542 9 27 23 44 45.864 − 2 26 5.29 21.039 544 7
13 23 37 6.308 − 3 16 49.46 20.558 728 9 28 23 44 58.034 − 2 24 45.61 21.044 713 3
14 23 37 13.864 − 3 15 58.45 20.573 772 0 Mars 1 23 45 10.245 − 2 23 25.69 21.049 613 2

15 23 37 21.572 − 3 15 6.48 20.588 667 6 2 23 45 22.498 − 2 22 5.52 21.054 243 2
16 23 37 29.428 − 3 14 13.57 20.603 411 2 3 23 45 34.791 − 2 20 45.12 21.058 602 5
17 23 37 37.430 − 3 13 19.74 20.617 998 6 4 23 45 47.126 − 2 19 24.48 21.062 690 0
18 23 37 45.577 − 3 12 25.00 20.632 425 3 5 23 45 59.499 − 2 18 3.61 21.066 504 5
19 23 37 53.866 − 3 11 29.36 20.646 687 3 6 23 46 11.909 − 2 16 42.54 21.070 045 1

20 23 38 2.297 − 3 10 32.83 20.660 780 4 7 23 46 24.352 − 2 15 21.28 21.073 310 6
21 23 38 10.867 − 3 9 35.41 20.674 700 6 8 23 46 36.824 − 2 13 59.87 21.076 300 2
22 23 38 19.575 − 3 8 37.13 20.688 444 2 9 23 46 49.322 − 2 12 38.31 21.079 012 8
23 23 38 28.420 − 3 7 37.98 20.702 007 3 10 23 47 1.843 − 2 11 16.64 21.081 447 8
24 23 38 37.402 − 3 6 37.98 20.715 386 4 11 23 47 14.382 − 2 9 54.89 21.083 604 4

25 23 38 46.518 − 3 5 37.14 20.728 578 1 12 23 47 26.937 − 2 8 33.06 21.085 482 0
26 23 38 55.766 − 3 4 35.46 20.741 578 9 13 23 47 39.505 − 2 7 11.19 21.087 080 1
27 23 39 5.144 − 3 3 32.98 20.754 385 7 14 23 47 52.082 − 2 5 49.28 21.088 398 4
28 23 39 14.646 − 3 2 29.71 20.766 995 5 15 23 48 4.667 − 2 4 27.35 21.089 436 6
29 23 39 24.270 − 3 1 25.69 20.779 405 4 16 23 48 17.259 − 2 3 5.41 21.090 194 6

30 23 39 34.011 − 3 0 20.95 20.791 612 4 17 23 48 29.854 − 2 1 43.48 21.090 672 2
31 23 39 43.864 − 2 59 15.49 20.803 613 6 18 23 48 42.451 − 2 0 21.57 21.090 869 8

Févr. 1 23 39 53.828 − 2 58 9.35 20.815 406 4 19 23 48 55.050 − 1 58 59.68 21.090 787 5
2 23 40 3.903 − 2 57 2.51 20.826 987 6 20 23 49 7.646 − 1 57 37.84 21.090 425 7
3 23 40 14.088 − 2 55 54.97 20.838 354 2 21 23 49 20.239 − 1 56 16.06 21.089 785 0

4 23 40 24.383 − 2 54 46.75 20.849 503 3 22 23 49 32.825 − 1 54 54.35 21.088 866 1
5 23 40 34.788 − 2 53 37.83 20.860 431 6 23 23 49 45.400 − 1 53 32.75 21.087 669 7
6 23 40 45.301 − 2 52 28.25 20.871 136 2 24 23 49 57.961 − 1 52 11.28 21.086 196 7
7 23 40 55.919 − 2 51 18.01 20.881 613 8 25 23 50 10.503 − 1 50 49.96 21.084 448 2
8 23 41 6.639 − 2 50 7.13 20.891 861 5 26 23 50 23.021 − 1 49 28.83 21.082 425 3

9 23 41 17.457 − 2 48 55.65 20.901 876 2 27 23 50 35.514 − 1 48 7.89 21.080 129 1
10 23 41 28.371 − 2 47 43.57 20.911 655 2 28 23 50 47.977 − 1 46 47.18 21.077 560 7
11 23 41 39.377 − 2 46 30.93 20.921 195 6 29 23 51 0.411 − 1 45 26.68 21.074 721 3
12 23 41 50.471 − 2 45 17.75 20.930 494 7 30 23 51 12.815 − 1 44 6.41 21.071 611 7
13 23 42 1.650 − 2 44 4.04 20.939 549 9 31 23 51 25.189 − 1 42 46.36 21.068 233 1

14 23 42 12.913 − 2 42 49.82 20.948 358 6 Avril 1 23 51 37.532 − 1 41 26.55 21.064 586 3



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 83

URANUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Avril 2 23 51 49.843 − 1 40 6.97 21.060 672 3 Mai 18 23 59 56.163 − 0 48 19.49 20.623049 0
3 23 52 2.117 − 1 38 47.66 21.056 491 8 19 0 0 4.191 − 0 47 29.13 20.608911 6
4 23 52 14.352 − 1 37 28.64 21.052 045 9 20 0 0 12.076 − 0 46 39.73 20.594630 2
5 23 52 26.545 − 1 36 9.92 21.047 335 5 21 0 0 19.815 − 0 45 51.29 20.580208 9
6 23 52 38.691 − 1 34 51.54 21.042 361 7 22 0 0 27.410 − 0 45 3.81 20.565651 8

7 23 52 50.787 − 1 33 33.52 21.037 125 7 23 0 0 34.858 − 0 44 17.30 20.550962 9
8 23 53 2.831 − 1 32 15.87 21.031 628 7 24 0 0 42.162 − 0 43 31.76 20.536146 1
9 23 53 14.819 − 1 30 58.62 21.025 872 0 25 0 0 49.322 − 0 42 47.17 20.521205 3

10 23 53 26.749 − 1 29 41.77 21.019 857 2 26 0 0 56.336 − 0 42 3.54 20.506144 3
11 23 53 38.618 − 1 28 25.35 21.013 585 8 27 0 1 3.205 − 0 41 20.87 20.490966 8

12 23 53 50.426 − 1 27 9.36 21.007 059 5 28 0 1 9.926 − 0 40 39.19 20.475676 5
13 23 54 2.170 − 1 25 53.82 21.000 280 0 29 0 1 16.497 − 0 39 58.50 20.460277 1
14 23 54 13.850 − 1 24 38.73 20.993 249 3 30 0 1 22.915 − 0 39 18.81 20.444772 4
15 23 54 25.462 − 1 23 24.11 20.985 969 3 31 0 1 29.178 − 0 38 40.16 20.429166 0
16 23 54 37.007 − 1 22 9.96 20.978 442 3 Juin 1 0 1 35.284 − 0 38 2.55 20.413461 9

17 23 54 48.481 − 1 20 56.30 20.970 670 5 2 0 1 41.230 − 0 37 25.98 20.397664 0
18 23 54 59.883 − 1 19 43.15 20.962 656 4 3 0 1 47.016 − 0 36 50.49 20.381776 0
19 23 55 11.209 − 1 18 30.52 20.954 402 4 4 0 1 52.640 − 0 36 16.06 20.365802 2
20 23 55 22.454 − 1 17 18.45 20.945 911 4 5 0 1 58.101 − 0 35 42.70 20.349746 6
21 23 55 33.616 − 1 16 6.95 20.937 185 9 6 0 2 3.399 − 0 35 10.42 20.333613 3

22 23 55 44.690 − 1 14 56.06 20.928 228 7 7 0 2 8.534 − 0 34 39.22 20.317406 6
23 23 55 55.673 − 1 13 45.78 20.919 042 8 8 0 2 13.505 − 0 34 9.09 20.301130 8
24 23 56 6.564 − 1 12 36.13 20.909 630 8 9 0 2 18.313 − 0 33 40.05 20.284790 4
25 23 56 17.361 − 1 11 27.12 20.899 995 6 10 0 2 22.956 − 0 33 12.08 20.268389 9
26 23 56 28.063 − 1 10 18.76 20.890 140 0 11 0 2 27.435 − 0 32 45.20 20.251933 9

27 23 56 38.671 − 1 9 11.03 20.880 066 6 12 0 2 31.747 − 0 32 19.42 20.235427 0
28 23 56 49.185 − 1 8 3.94 20.869 778 0 13 0 2 35.890 − 0 31 54.74 20.218874 2
29 23 56 59.604 − 1 6 57.50 20.859 276 7 14 0 2 39.863 − 0 31 31.19 20.202280 3
30 23 57 9.925 − 1 5 51.72 20.848 565 4 15 0 2 43.661 − 0 31 8.78 20.185650 3

Mai 1 23 57 20.146 − 1 4 46.62 20.837 646 5 16 0 2 47.282 − 0 30 47.52 20.168989 0

2 23 57 30.263 − 1 3 42.23 20.826 522 6 17 0 2 50.727 − 0 30 27.43 20.152301 4
3 23 57 40.273 − 1 2 38.55 20.815 196 3 18 0 2 53.994 − 0 30 8.49 20.135592 3
4 23 57 50.174 − 1 1 35.62 20.803 670 2 19 0 2 57.084 − 0 29 50.70 20.118866 4
5 23 57 59.961 − 1 0 33.45 20.791 947 2 20 0 3 0.001 − 0 29 34.06 20.102128 5
6 23 58 9.634 − 0 59 32.06 20.780 030 1 21 0 3 2.743 − 0 29 18.54 20.085383 0

7 23 58 19.189 − 0 58 31.45 20.767 921 9 22 0 3 5.314 − 0 29 4.15 20.068634 3
8 23 58 28.625 − 0 57 31.65 20.755 625 4 23 0 3 7.712 − 0 28 50.88 20.051887 0
9 23 58 37.941 − 0 56 32.66 20.743 144 0 24 0 3 9.937 − 0 28 38.74 20.035145 2

10 23 58 47.136 − 0 55 34.48 20.730 480 6 25 0 3 11.988 − 0 28 27.73 20.018413 3
11 23 58 56.208 − 0 54 37.13 20.717 638 8 26 0 3 13.863 − 0 28 17.86 20.001695 6

12 23 59 5.156 − 0 53 40.61 20.704 621 9 27 0 3 15.562 − 0 28 9.14 19.984996 4
13 23 59 13.980 − 0 52 44.93 20.691 433 4 28 0 3 17.082 − 0 28 1.59 19.968319 9
14 23 59 22.678 − 0 51 50.09 20.678 076 9 29 0 3 18.423 − 0 27 55.20 19.951670 6
15 23 59 31.248 − 0 50 56.11 20.664 556 3 30 0 3 19.584 − 0 27 49.97 19.935052 7
16 23 59 39.688 − 0 50 3.00 20.650 875 5 Juill. 1 0 3 20.565 − 0 27 45.92 19.918470 8

17 23 59 47.994 − 0 49 10.79 20.637 038 4 2 0 3 21.367 − 0 27 43.03 19.901929 2



II. 84 CONNAISSANCE DES TEMPS

URANUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Juill. 3 0 3 21.990 − 0 27 41.31 19.885 432 6 Août 18 0 0 49.584 − 0 45 43.38 19.254 459 9
4 0 3 22.436 − 0 27 40.74 19.868 985 4 19 0 0 42.841 − 0 46 28.56 19.245 107 9
5 0 3 22.703 − 0 27 41.31 19.852 592 4 20 0 0 35.986 − 0 47 14.44 19.236 000 8
6 0 3 22.795 − 0 27 43.04 19.836 258 2 21 0 0 29.020 − 0 48 1.01 19.227 141 3
7 0 3 22.711 − 0 27 45.89 19.819 987 5 22 0 0 21.945 − 0 48 48.24 19.218 531 9

8 0 3 22.453 − 0 27 49.88 19.803 785 2 23 0 0 14.764 − 0 49 36.13 19.210 175 3
9 0 3 22.020 − 0 27 55.00 19.787 656 1 24 0 0 7.478 − 0 50 24.66 19.202 074 0

10 0 3 21.412 − 0 28 1.25 19.771 605 2 25 0 0 0.091 − 0 51 13.80 19.194 230 7
11 0 3 20.628 − 0 28 8.64 19.755 637 4 26 23 59 52.606 − 0 52 3.54 19.186 647 9
12 0 3 19.665 − 0 28 17.17 19.739 757 9 27 23 59 45.027 − 0 52 53.85 19.179 328 0

13 0 3 18.523 − 0 28 26.86 19.723 971 8 28 23 59 37.358 − 0 53 44.71 19.172 273 5
14 0 3 17.201 − 0 28 37.71 19.708 283 9 29 23 59 29.603 − 0 54 36.09 19.165 487 0
15 0 3 15.701 − 0 28 49.71 19.692 699 2 30 23 59 21.764 − 0 55 27.96 19.158 970 8
16 0 3 14.024 − 0 29 2.84 19.677 222 5 31 23 59 13.847 − 0 56 20.31 19.152 727 3
17 0 3 12.173 − 0 29 17.09 19.661 858 5 Sept. 1 23 59 5.853 − 0 57 13.11 19.146 759 1

18 0 3 10.152 − 0 29 32.42 19.646 611 6 2 23 58 57.787 − 0 58 6.34 19.141 068 4
19 0 3 7.963 − 0 29 48.84 19.631 486 2 3 23 58 49.650 − 0 58 59.99 19.135 657 6
20 0 3 5.608 − 0 30 6.31 19.616 486 5 4 23 58 41.444 − 0 59 54.04 19.130 529 1
21 0 3 3.086 − 0 30 24.85 19.601 616 8 5 23 58 33.171 − 1 0 48.48 19.125 685 1
22 0 3 0.400 − 0 30 44.44 19.586 881 1 6 23 58 24.833 − 1 1 43.29 19.121 127 9

23 0 2 57.549 − 0 31 5.09 19.572 283 5 7 23 58 16.431 − 1 2 38.47 19.116 859 6
24 0 2 54.532 − 0 31 26.79 19.557 828 0 8 23 58 7.971 − 1 3 33.99 19.112 882 2
25 0 2 51.350 − 0 31 49.54 19.543 518 6 9 23 57 59.456 − 1 4 29.81 19.109 197 4
26 0 2 48.004 − 0 32 13.35 19.529 359 3 10 23 57 50.893 − 1 5 25.89 19.105 806 7
27 0 2 44.494 − 0 32 38.20 19.515 354 2 11 23 57 42.288 − 1 6 22.19 19.102 711 4

28 0 2 40.822 − 0 33 4.08 19.501 507 2 12 23 57 33.646 − 1 7 18.69 19.099 912 7
29 0 2 36.989 − 0 33 30.99 19.487 822 3 13 23 57 24.971 − 1 8 15.34 19.097 411 3
30 0 2 32.997 − 0 33 58.91 19.474 303 7 14 23 57 16.266 − 1 9 12.15 19.095 208 0
31 0 2 28.848 − 0 34 27.82 19.460 955 2 15 23 57 7.534 − 1 10 9.08 19.093 303 4

Août 1 0 2 24.546 − 0 34 57.71 19.447 781 1 16 23 56 58.777 − 1 11 6.12 19.091 697 9

2 0 2 20.092 − 0 35 28.57 19.434 785 5 17 23 56 49.997 − 1 12 3.26 19.090 392 1
3 0 2 15.488 − 0 36 0.37 19.421 972 3 18 23 56 41.197 − 1 13 0.48 19.089 386 1
4 0 2 10.737 − 0 36 33.11 19.409 345 7 19 23 56 32.381 − 1 13 57.75 19.088 680 4
5 0 2 5.841 − 0 37 6.76 19.396 910 0 20 23 56 23.552 − 1 14 55.07 19.088 275 2
6 0 2 0.801 − 0 37 41.33 19.384 669 2 21 23 56 14.714 − 1 15 52.39 19.088 170 5

7 0 1 55.618 − 0 38 16.79 19.372 627 6 22 23 56 5.870 − 1 16 49.70 19.088 366 6
8 0 1 50.291 − 0 38 53.16 19.360 789 3 23 23 55 57.026 − 1 17 46.97 19.088 863 6
9 0 1 44.822 − 0 39 30.43 19.349 158 6 24 23 55 48.184 − 1 18 44.17 19.089 661 3

10 0 1 39.210 − 0 40 8.59 19.337 739 7 25 23 55 39.351 − 1 19 41.26 19.090 759 9
11 0 1 33.457 − 0 40 47.64 19.326 536 6 26 23 55 30.531 − 1 20 38.23 19.092 159 4

12 0 1 27.567 − 0 41 27.54 19.315 553 1 27 23 55 21.727 − 1 21 35.04 19.093 859 5
13 0 1 21.544 − 0 42 8.27 19.304 793 0 28 23 55 12.943 − 1 22 31.66 19.095 860 1
14 0 1 15.393 − 0 42 49.80 19.294 259 8 29 23 55 4.183 − 1 23 28.09 19.098 161 2
15 0 1 9.119 − 0 43 32.09 19.283 956 8 30 23 54 55.450 − 1 24 24.29 19.100 762 5
16 0 1 2.724 − 0 44 15.13 19.273 887 2 Oct. 1 23 54 46.747 − 1 25 20.25 19.103 663 7

17 0 0 56.212 − 0 44 58.90 19.264 053 9 2 23 54 38.075 − 1 26 15.96 19.106 864 5
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URANUS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Oct. 3 23 54 29.437 − 1 27 11.39 19.110364 4 Nov. 18 23 49 30.474 − 1 58 15.65 19.559 764 5
4 23 54 20.835 − 1 28 6.55 19.114163 0 19 23 49 27.199 − 1 58 34.47 19.574 634 4
5 23 54 12.273 − 1 29 1.39 19.118259 5 20 23 49 24.099 − 1 58 52.14 19.589 656 0
6 23 54 3.756 − 1 29 55.89 19.122653 2 21 23 49 21.176 − 1 59 8.64 19.604 824 7
7 23 53 55.289 − 1 30 50.01 19.127342 9 22 23 49 18.431 − 1 59 23.97 19.620 135 9

8 23 53 46.878 − 1 31 43.72 19.132327 5 23 23 49 15.865 − 1 59 38.12 19.635 585 0
9 23 53 38.529 − 1 32 36.97 19.137605 2 24 23 49 13.477 − 1 59 51.10 19.651 167 6

10 23 53 30.247 − 1 33 29.74 19.143174 4 25 23 49 11.267 − 2 0 2.91 19.666 879 0
11 23 53 22.035 − 1 34 22.00 19.149033 0 26 23 49 9.236 − 2 0 13.54 19.682 714 8
12 23 53 13.896 − 1 35 13.74 19.155179 1 27 23 49 7.383 − 2 0 23.01 19.698 670 3

13 23 53 5.832 − 1 36 4.95 19.161610 3 28 23 49 5.708 − 2 0 31.30 19.714 740 8
14 23 52 57.845 − 1 36 55.62 19.168324 4 29 23 49 4.213 − 2 0 38.41 19.730 921 5
15 23 52 49.937 − 1 37 45.72 19.175319 0 30 23 49 2.901 − 2 0 44.32 19.747 207 6
16 23 52 42.111 − 1 38 35.25 19.182591 7 Déc. 1 23 49 1.773 − 2 0 49.02 19.763 594 0
17 23 52 34.370 − 1 39 24.17 19.190140 1 2 23 49 0.833 − 2 0 52.49 19.780 075 5

18 23 52 26.718 − 1 40 12.48 19.197961 6 3 23 49 0.083 − 2 0 54.71 19.796 646 9
19 23 52 19.159 − 1 41 0.15 19.206053 6 4 23 48 59.525 − 2 0 55.68 19.813 302 7
20 23 52 11.695 − 1 41 47.15 19.214413 6 5 23 48 59.158 − 2 0 55.39 19.830 037 5
21 23 52 4.331 − 1 42 33.46 19.223039 0 6 23 48 58.983 − 2 0 53.86 19.846 845 5
22 23 51 57.071 − 1 43 19.06 19.231927 0 7 23 48 58.998 − 2 0 51.08 19.863 721 2

23 23 51 49.919 − 1 44 3.91 19.241075 0 8 23 48 59.203 − 2 0 47.08 19.880 659 0
24 23 51 42.878 − 1 44 48.00 19.250480 2 9 23 48 59.596 − 2 0 41.84 19.897 653 2
25 23 51 35.952 − 1 45 31.31 19.260139 9 10 23 49 0.176 − 2 0 35.39 19.914 698 2
26 23 51 29.143 − 1 46 13.81 19.270051 4 11 23 49 0.945 − 2 0 27.71 19.931 788 5
27 23 51 22.455 − 1 46 55.50 19.280211 8 12 23 49 1.902 − 2 0 18.82 19.948 918 7

28 23 51 15.887 − 1 47 36.36 19.290618 3 13 23 49 3.047 − 2 0 8.70 19.966 083 2
29 23 51 9.443 − 1 48 16.39 19.301268 0 14 23 49 4.381 − 1 59 57.35 19.983 276 8
30 23 51 3.123 − 1 48 55.57 19.312157 9 15 23 49 5.905 − 1 59 44.78 20.000 494 2
31 23 50 56.929 − 1 49 33.90 19.323285 0 16 23 49 7.620 − 1 59 30.97 20.017 729 9

Nov. 1 23 50 50.864 − 1 50 11.36 19.334646 1 17 23 49 9.525 − 1 59 15.92 20.034 978 9

2 23 50 44.930 − 1 50 47.92 19.346237 9 18 23 49 11.621 − 1 58 59.64 20.052 236 1
3 23 50 39.132 − 1 51 23.56 19.358056 9 19 23 49 13.908 − 1 58 42.12 20.069 496 2
4 23 50 33.475 − 1 51 58.26 19.370099 5 20 23 49 16.386 − 1 58 23.38 20.086 754 4
5 23 50 27.962 − 1 52 31.97 19.382361 7 21 23 49 19.051 − 1 58 3.42 20.104 005 8
6 23 50 22.600 − 1 53 4.69 19.394839 6 22 23 49 21.904 − 1 57 42.25 20.121 245 5

7 23 50 17.389 − 1 53 36.38 19.407528 8 23 23 49 24.941 − 1 57 19.90 20.138 468 6
8 23 50 12.332 − 1 54 7.04 19.420425 1 24 23 49 28.160 − 1 56 56.37 20.155 670 5
9 23 50 7.430 − 1 54 36.66 19.433523 7 25 23 49 31.560 − 1 56 31.68 20.172 846 2

10 23 50 2.683 − 1 55 5.25 19.446820 4 26 23 49 35.140 − 1 56 5.82 20.189 991 0
11 23 49 58.093 − 1 55 32.80 19.460310 3 27 23 49 38.901 − 1 55 38.79 20.207 099 8

12 23 49 53.660 − 1 55 59.30 19.473989 0 28 23 49 42.844 − 1 55 10.59 20.224 167 8
13 23 49 49.386 − 1 56 24.74 19.487851 7 29 23 49 46.970 − 1 54 41.21 20.241 189 7
14 23 49 45.273 − 1 56 49.12 19.501893 9 30 23 49 51.279 − 1 54 10.64 20.258 160 4
15 23 49 41.322 − 1 57 12.41 19.516110 9 31 23 49 55.772 − 1 53 38.89 20.275 074 7
16 23 49 37.538 − 1 57 34.61 19.530498 1 32 23 50 0.448 − 1 53 5.97 20.291 927 2

17 23 49 33.921 − 1 57 55.69 19.545050 8 33 23 50 5.304 − 1 52 31.89 20.308 712 5



II. 86 CONNAISSANCE DES TEMPS

NEPTUNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 21 47 58.196 −13 43 54.51 30.710 274 7 Févr. 15 21 54 12.105 −13 11 40.79 31.010 927 2
1 21 48 4.981 −13 43 19.57 30.722 444 0 16 21 54 20.933 −13 10 54.95 31.010 940 3
2 21 48 11.851 −13 42 44.20 30.734 402 8 17 21 54 29.758 −13 10 9.10 31.010 662 1
3 21 48 18.802 −13 42 8.43 30.746 147 9 18 21 54 38.578 −13 9 23.26 31.010 093 1
4 21 48 25.832 −13 41 32.24 30.757 676 0 19 21 54 47.393 −13 8 37.43 31.009 233 7

5 21 48 32.939 −13 40 55.63 30.768 983 8 20 21 54 56.201 −13 7 51.63 31.008 084 7
6 21 48 40.125 −13 40 18.60 30.780 068 1 21 21 55 5.000 −13 7 5.86 31.006 646 7
7 21 48 47.390 −13 39 41.14 30.790 925 4 22 21 55 13.790 −13 6 20.14 31.004 920 8
8 21 48 54.733 −13 39 3.25 30.801 552 3 23 21 55 22.568 −13 5 34.48 31.002 907 9
9 21 49 2.155 −13 38 24.95 30.811 945 4 24 21 55 31.330 −13 4 48.91 31.000 609 1

10 21 49 9.653 −13 37 46.24 30.822 101 5 25 21 55 40.074 −13 4 3.45 30.998 025 7
11 21 49 17.226 −13 37 7.15 30.832 017 4 26 21 55 48.795 −13 3 18.11 30.995 159 0
12 21 49 24.871 −13 36 27.69 30.841 689 8 27 21 55 57.490 −13 2 32.92 30.992 010 2
13 21 49 32.586 −13 35 47.88 30.851 115 8 28 21 56 6.155 −13 1 47.87 30.988 580 5
14 21 49 40.366 −13 35 7.73 30.860 292 5 Mars 1 21 56 14.789 −13 1 2.96 30.984 871 1

15 21 49 48.210 −13 34 27.25 30.869 217 0 2 21 56 23.393 −13 0 18.19 30.980 883 2
16 21 49 56.114 −13 33 46.47 30.877 886 7 3 21 56 31.967 −12 59 33.55 30.976 617 7
17 21 50 4.076 −13 33 5.38 30.886 299 0 4 21 56 40.512 −12 58 49.05 30.972 075 8
18 21 50 12.093 −13 32 23.99 30.894 451 6 5 21 56 49.026 −12 58 4.70 30.967 258 5
19 21 50 20.165 −13 31 42.31 30.902 342 1 6 21 56 57.508 −12 57 20.51 30.962 166 9

20 21 50 28.289 −13 31 0.34 30.909 968 4 7 21 57 5.955 −12 56 36.51 30.956 802 1
21 21 50 36.464 −13 30 18.09 30.917 328 5 8 21 57 14.364 −12 55 52.72 30.951 165 6
22 21 50 44.690 −13 29 35.56 30.924 420 5 9 21 57 22.732 −12 55 9.15 30.945 258 8
23 21 50 52.965 −13 28 52.76 30.931 242 7 10 21 57 31.057 −12 54 25.81 30.939 083 2
24 21 51 1.289 −13 28 9.70 30.937 793 6 11 21 57 39.334 −12 53 42.73 30.932 640 5

25 21 51 9.660 −13 27 26.38 30.944 071 6 12 21 57 47.563 −12 52 59.91 30.925 932 5
26 21 51 18.076 −13 26 42.82 30.950 075 5 13 21 57 55.739 −12 52 17.35 30.918 961 2
27 21 51 26.536 −13 25 59.05 30.955 804 0 14 21 58 3.863 −12 51 35.08 30.911 728 5
28 21 51 35.034 −13 25 15.08 30.961 256 1 15 21 58 11.931 −12 50 53.08 30.904 236 6
29 21 51 43.568 −13 24 30.93 30.966 430 8 16 21 58 19.944 −12 50 11.37 30.896 487 9

30 21 51 52.133 −13 23 46.63 30.971 327 0 17 21 58 27.900 −12 49 29.95 30.888 484 7
31 21 52 0.725 −13 23 2.18 30.975 943 8 18 21 58 35.798 −12 48 48.83 30.880 229 6

Févr. 1 21 52 9.343 −13 22 17.58 30.980 280 0 19 21 58 43.638 −12 48 8.00 30.871 725 3
2 21 52 17.985 −13 21 32.83 30.984 334 4 20 21 58 51.418 −12 47 27.49 30.862 974 6
3 21 52 26.653 −13 20 47.92 30.988 106 0 21 21 58 59.138 −12 46 47.30 30.853 980 4

4 21 52 35.347 −13 20 2.84 30.991 593 5 22 21 59 6.796 −12 46 7.44 30.844 745 7
5 21 52 44.065 −13 19 17.62 30.994 795 6 23 21 59 14.388 −12 45 27.95 30.835 273 5
6 21 52 52.808 −13 18 32.27 30.997 711 3 24 21 59 21.912 −12 44 48.83 30.825 567 1
7 21 53 1.572 −13 17 46.80 31.000 339 5 25 21 59 29.364 −12 44 10.11 30.815 629 6
8 21 53 10.355 −13 17 1.22 31.002 679 2 26 21 59 36.741 −12 43 31.79 30.805 464 2

9 21 53 19.154 −13 16 15.57 31.004 729 7 27 21 59 44.041 −12 42 53.89 30.795 074 1
10 21 53 27.965 −13 15 29.86 31.006 490 2 28 21 59 51.262 −12 42 16.40 30.784 462 4
11 21 53 36.785 −13 14 44.10 31.007 960 1 29 21 59 58.403 −12 41 39.32 30.773 632 1
12 21 53 45.612 −13 13 58.30 31.009 139 0 30 22 0 5.467 −12 41 2.64 30.762 586 3
13 21 53 54.442 −13 13 12.48 31.010 026 6 31 22 0 12.452 −12 40 26.36 30.751 327 9

14 21 54 3.274 −13 12 26.64 31.010 622 7 Avril 1 22 0 19.360 −12 39 50.48 30.739 859 7
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NEPTUNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Avril 2 22 0 26.190 −12 39 15.02 30.728184 7 Mai 18 22 3 50.223 −12 22 1.40 30.033 258 9
3 22 0 32.939 −12 38 40.00 30.716305 7 19 22 3 51.926 −12 21 53.82 30.016 337 2
4 22 0 39.606 −12 38 5.43 30.704225 9 20 22 3 53.500 −12 21 46.96 29.999 413 5
5 22 0 46.187 −12 37 31.33 30.691948 3 21 22 3 54.944 −12 21 40.79 29.982 492 8
6 22 0 52.680 −12 36 57.72 30.679476 1 22 22 3 56.260 −12 21 35.32 29.965 579 8

7 22 0 59.082 −12 36 24.60 30.666812 7 23 22 3 57.448 −12 21 30.52 29.948 679 2
8 22 1 5.392 −12 35 51.99 30.653961 4 24 22 3 58.510 −12 21 26.40 29.931 795 6
9 22 1 11.606 −12 35 19.89 30.640926 0 25 22 3 59.449 −12 21 22.93 29.914 933 5

10 22 1 17.725 −12 34 48.30 30.627709 8 26 22 4 0.266 −12 21 20.12 29.898 097 4
11 22 1 23.747 −12 34 17.23 30.614316 8 27 22 4 0.961 −12 21 17.97 29.881 291 5

12 22 1 29.671 −12 33 46.69 30.600750 7 28 22 4 1.534 −12 21 16.49 29.864 520 4
13 22 1 35.496 −12 33 16.66 30.587015 4 29 22 4 1.984 −12 21 15.69 29.847 788 2
14 22 1 41.223 −12 32 47.16 30.573115 1 30 22 4 2.310 −12 21 15.58 29.831 099 4
15 22 1 46.852 −12 32 18.18 30.559053 8 31 22 4 2.509 −12 21 16.16 29.814 458 5
16 22 1 52.381 −12 31 49.74 30.544835 7 Juin 1 22 4 2.583 −12 21 17.44 29.797 869 8

17 22 1 57.811 −12 31 21.83 30.530465 4 2 22 4 2.529 −12 21 19.41 29.781 338 0
18 22 2 3.140 −12 30 54.48 30.515947 0 3 22 4 2.348 −12 21 22.07 29.764 867 6
19 22 2 8.366 −12 30 27.70 30.501285 2 4 22 4 2.041 −12 21 25.41 29.748 463 3
20 22 2 13.487 −12 30 1.50 30.486484 5 5 22 4 1.608 −12 21 29.43 29.732 129 6
21 22 2 18.499 −12 29 35.91 30.471549 3 6 22 4 1.049 −12 21 34.12 29.715 871 2

22 22 2 23.401 −12 29 10.92 30.456484 2 7 22 4 0.368 −12 21 39.46 29.699 693 1
23 22 2 28.190 −12 28 46.55 30.441293 6 8 22 3 59.564 −12 21 45.47 29.683 599 8
24 22 2 32.866 −12 28 22.78 30.425982 0 9 22 3 58.639 −12 21 52.11 29.667 596 2
25 22 2 37.427 −12 27 59.63 30.410553 7 10 22 3 57.595 −12 21 59.40 29.651 687 2
26 22 2 41.876 −12 27 37.07 30.395012 9 11 22 3 56.433 −12 22 7.34 29.635 877 7

27 22 2 46.213 −12 27 15.11 30.379363 8 12 22 3 55.152 −12 22 15.91 29.620 172 5
28 22 2 50.439 −12 26 53.73 30.363610 4 13 22 3 53.753 −12 22 25.15 29.604 576 7
29 22 2 54.555 −12 26 32.95 30.347756 9 14 22 3 52.234 −12 22 35.04 29.589 095 1
30 22 2 58.561 −12 26 12.77 30.331807 2 15 22 3 50.594 −12 22 45.60 29.573 732 4

Mai 1 22 3 2.453 −12 25 53.22 30.315765 5 16 22 3 48.832 −12 22 56.82 29.558 493 6

2 22 3 6.231 −12 25 34.30 30.299635 8 17 22 3 46.949 −12 23 8.69 29.543 383 0
3 22 3 9.893 −12 25 16.02 30.283422 3 18 22 3 44.945 −12 23 21.20 29.528 405 2
4 22 3 13.435 −12 24 58.41 30.267129 4 19 22 3 42.823 −12 23 34.32 29.513 564 5
5 22 3 16.857 −12 24 41.45 30.250761 3 20 22 3 40.587 −12 23 48.05 29.498 864 9
6 22 3 20.157 −12 24 25.16 30.234322 6 21 22 3 38.239 −12 24 2.36 29.484 310 5

7 22 3 23.335 −12 24 9.54 30.217817 7 22 22 3 35.781 −12 24 17.25 29.469 905 1
8 22 3 26.390 −12 23 54.58 30.201251 3 23 22 3 33.215 −12 24 32.72 29.455 652 7
9 22 3 29.322 −12 23 40.29 30.184627 8 24 22 3 30.542 −12 24 48.76 29.441 556 9

10 22 3 32.132 −12 23 26.65 30.167952 2 25 22 3 27.762 −12 25 5.39 29.427 621 6
11 22 3 34.819 −12 23 13.67 30.151229 2 26 22 3 24.875 −12 25 22.59 29.413 850 4

12 22 3 37.384 −12 23 1.35 30.134463 7 27 22 3 21.881 −12 25 40.38 29.400 247 0
13 22 3 39.829 −12 22 49.68 30.117660 6 28 22 3 18.779 −12 25 58.74 29.386 815 3
14 22 3 42.153 −12 22 38.67 30.100824 9 29 22 3 15.570 −12 26 17.68 29.373 558 9
15 22 3 44.355 −12 22 28.33 30.083961 8 30 22 3 12.254 −12 26 37.19 29.360 481 6
16 22 3 46.436 −12 22 18.66 30.067076 3 Juill. 1 22 3 8.834 −12 26 57.25 29.347 587 3

17 22 3 48.393 −12 22 9.68 30.050173 7 2 22 3 5.310 −12 27 17.86 29.334 879 5



II. 88 CONNAISSANCE DES TEMPS

NEPTUNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Juill. 3 22 3 1.684 −12 27 38.99 29.322362 3 Août 18 21 58 56.152 −12 50 33.81 29.006560 0
4 22 2 57.958 −12 28 0.64 29.310039 3 19 21 58 49.863 −12 51 8.18 29.006172 8
5 22 2 54.136 −12 28 22.80 29.297914 4 20 21 58 43.571 −12 51 42.55 29.006080 0
6 22 2 50.219 −12 28 45.45 29.285991 4 21 21 58 37.276 −12 52 16.91 29.006281 4
7 22 2 46.209 −12 29 8.57 29.274274 1 22 21 58 30.979 −12 52 51.26 29.006777 1

8 22 2 42.109 −12 29 32.17 29.262766 3 23 21 58 24.683 −12 53 25.57 29.007566 7
9 22 2 37.921 −12 29 56.25 29.251471 8 24 21 58 18.390 −12 53 59.85 29.008650 3

10 22 2 33.644 −12 30 20.79 29.240394 4 25 21 58 12.102 −12 54 34.06 29.010027 4
11 22 2 29.280 −12 30 45.80 29.229537 9 26 21 58 5.821 −12 55 8.19 29.011698 0
12 22 2 24.827 −12 31 11.29 29.218905 9 27 21 57 59.552 −12 55 42.22 29.013661 8

13 22 2 20.286 −12 31 37.25 29.208502 0 28 21 57 53.297 −12 56 16.14 29.015918 4
14 22 2 15.656 −12 32 3.66 29.198329 5 29 21 57 47.060 −12 56 49.92 29.018467 5
15 22 2 10.941 −12 32 30.52 29.188391 8 30 21 57 40.843 −12 57 23.56 29.021308 7
16 22 2 6.143 −12 32 57.78 29.178691 7 31 21 57 34.651 −12 57 57.04 29.024441 6
17 22 2 1.265 −12 33 25.44 29.169232 2 Sept. 1 21 57 28.485 −12 58 30.34 29.027865 7

18 22 1 56.313 −12 33 53.46 29.160015 7 2 21 57 22.348 −12 59 3.48 29.031580 4
19 22 1 51.290 −12 34 21.85 29.151045 0 3 21 57 16.242 −12 59 36.43 29.035585 2
20 22 1 46.197 −12 34 50.57 29.142322 3 4 21 57 10.167 −13 0 9.19 29.039879 4
21 22 1 41.038 −12 35 19.64 29.133849 9 5 21 57 4.125 −13 0 41.77 29.044462 3
22 22 1 35.812 −12 35 49.06 29.125630 1 6 21 56 58.115 −13 1 14.15 29.049332 7

23 22 1 30.522 −12 36 18.81 29.117665 2 7 21 56 52.139 −13 1 46.33 29.054489 8
24 22 1 25.167 −12 36 48.89 29.109957 2 8 21 56 46.200 −13 2 18.27 29.059932 1
25 22 1 19.748 −12 37 19.31 29.102508 4 9 21 56 40.302 −13 2 49.95 29.065658 2
26 22 1 14.267 −12 37 50.04 29.095320 8 10 21 56 34.448 −13 3 21.34 29.071666 3
27 22 1 8.724 −12 38 21.08 29.088396 6 11 21 56 28.645 −13 3 52.42 29.077954 3

28 22 1 3.122 −12 38 52.41 29.081737 9 12 21 56 22.896 −13 4 23.18 29.084520 1
29 22 0 57.463 −12 39 24.03 29.075346 7 13 21 56 17.203 −13 4 53.61 29.091361 5
30 22 0 51.750 −12 39 55.90 29.069225 1 14 21 56 11.568 −13 5 23.71 29.098476 0
31 22 0 45.985 −12 40 28.01 29.063375 2 15 21 56 5.993 −13 5 53.49 29.105861 3

Août 1 22 0 40.172 −12 41 0.35 29.057799 0 16 21 56 0.478 −13 6 22.92 29.113514 9

2 22 0 34.313 −12 41 32.91 29.052498 4 17 21 55 55.024 −13 6 52.02 29.121434 2
3 22 0 28.412 −12 42 5.65 29.047475 5 18 21 55 49.632 −13 7 20.77 29.129616 8
4 22 0 22.471 −12 42 38.59 29.042732 1 19 21 55 44.303 −13 7 49.16 29.138060 1
5 22 0 16.493 −12 43 11.69 29.038270 2 20 21 55 39.040 −13 8 17.19 29.146761 7
6 22 0 10.480 −12 43 44.97 29.034091 6 21 21 55 33.845 −13 8 44.82 29.155718 8

7 22 0 4.433 −12 44 18.41 29.030198 1 22 21 55 28.719 −13 9 12.06 29.164929 0
8 21 59 58.353 −12 44 52.02 29.026591 5 23 21 55 23.666 −13 9 38.88 29.174389 4
9 21 59 52.240 −12 45 25.79 29.023273 3 24 21 55 18.688 −13 10 5.27 29.184097 6

10 21 59 46.094 −12 45 59.72 29.020245 0 25 21 55 13.789 −13 10 31.21 29.194050 8
11 21 59 39.917 −12 46 33.77 29.017507 9 26 21 55 8.971 −13 10 56.70 29.204246 3

12 21 59 33.713 −12 47 7.93 29.015062 9 27 21 55 4.237 −13 11 21.71 29.214681 4
13 21 59 27.486 −12 47 42.16 29.012910 9 28 21 54 59.589 −13 11 46.25 29.225353 3
14 21 59 21.241 −12 48 16.45 29.011052 5 29 21 54 55.028 −13 12 10.32 29.236259 1
15 21 59 14.982 −12 48 50.76 29.009488 0 30 21 54 50.557 −13 12 33.90 29.247396 0
16 21 59 8.712 −12 49 25.10 29.008217 7 Oct. 1 21 54 46.176 −13 12 56.99 29.258761 0

17 21 59 2.435 −12 49 59.45 29.007241 6 2 21 54 41.885 −13 13 19.61 29.270351 1
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NEPTUNE 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON APPARENTES, DISTANCE À LA TERRE

Équinoxe et équateur vrais de la date.

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Oct. 3 21 54 37.685 −13 13 41.73 29.282163 1 Nov. 18 21 53 27.831 −13 19 35.89 29.991 889 4
4 21 54 33.576 −13 14 3.36 29.294193 9 19 21 53 29.305 −13 19 27.72 30.009 148 4
5 21 54 29.559 −13 14 24.48 29.306439 8 20 21 53 30.914 −13 19 18.84 30.026 403 5
6 21 54 25.637 −13 14 45.07 29.318897 4 21 21 53 32.657 −13 19 9.26 30.043 649 8
7 21 54 21.813 −13 15 5.10 29.331562 7 22 21 53 34.535 −13 18 58.97 30.060 882 4

8 21 54 18.092 −13 15 24.55 29.344431 7 23 21 53 36.546 −13 18 47.99 30.078 096 6
9 21 54 14.478 −13 15 43.42 29.357500 3 24 21 53 38.690 −13 18 36.32 30.095 287 4

10 21 54 10.972 −13 16 1.69 29.370764 1 25 21 53 40.964 −13 18 23.99 30.112 450 0
11 21 54 7.577 −13 16 19.37 29.384218 5 26 21 53 43.367 −13 18 10.99 30.129 579 5
12 21 54 4.292 −13 16 36.46 29.397859 3 27 21 53 45.897 −13 17 57.33 30.146 671 2

13 21 54 1.118 −13 16 52.97 29.411681 8 28 21 53 48.553 −13 17 43.00 30.163 719 8
14 21 53 58.055 −13 17 8.89 29.425681 6 29 21 53 51.334 −13 17 28.01 30.180 720 5
15 21 53 55.101 −13 17 24.23 29.439854 2 30 21 53 54.241 −13 17 12.35 30.197 668 1
16 21 53 52.259 −13 17 38.97 29.454195 1 Déc. 1 21 53 57.276 −13 16 56.00 30.214 557 2
17 21 53 49.529 −13 17 53.12 29.468700 0 2 21 54 0.440 −13 16 38.95 30.231 382 7

18 21 53 46.912 −13 18 6.65 29.483364 3 3 21 54 3.734 −13 16 21.22 30.248 139 1
19 21 53 44.409 −13 18 19.57 29.498183 6 4 21 54 7.158 −13 16 2.79 30.264 820 9
20 21 53 42.023 −13 18 31.85 29.513153 5 5 21 54 10.712 −13 15 43.70 30.281 422 9
21 21 53 39.754 −13 18 43.50 29.528269 5 6 21 54 14.393 −13 15 23.94 30.297 939 5
22 21 53 37.606 −13 18 54.49 29.543527 3 7 21 54 18.199 −13 15 3.54 30.314 365 4

23 21 53 35.580 −13 19 4.83 29.558922 4 8 21 54 22.127 −13 14 42.52 30.330 695 5
24 21 53 33.678 −13 19 14.50 29.574450 4 9 21 54 26.175 −13 14 20.87 30.346 924 5
25 21 53 31.901 −13 19 23.50 29.590107 0 10 21 54 30.342 −13 13 58.60 30.363 047 5
26 21 53 30.250 −13 19 31.84 29.605887 6 11 21 54 34.626 −13 13 35.71 30.379 059 5
27 21 53 28.726 −13 19 39.52 29.621787 9 12 21 54 39.027 −13 13 12.21 30.394 955 7

28 21 53 27.328 −13 19 46.53 29.637803 3 13 21 54 43.543 −13 12 48.10 30.410 731 5
29 21 53 26.055 −13 19 52.90 29.653929 5 14 21 54 48.174 −13 12 23.37 30.426 382 1
30 21 53 24.907 −13 19 58.61 29.670161 7 15 21 54 52.921 −13 11 58.03 30.441 903 0
31 21 53 23.884 −13 20 3.66 29.686495 3 16 21 54 57.783 −13 11 32.07 30.457 289 9

Nov. 1 21 53 22.985 −13 20 8.06 29.702925 6 17 21 55 2.759 −13 11 5.51 30.472 538 4

2 21 53 22.212 −13 20 11.77 29.719447 5 18 21 55 7.849 −13 10 38.34 30.487 644 2
3 21 53 21.566 −13 20 14.80 29.736056 0 19 21 55 13.053 −13 10 10.58 30.502 603 1
4 21 53 21.051 −13 20 17.12 29.752745 8 20 21 55 18.368 −13 9 42.23 30.517 411 2
5 21 53 20.668 −13 20 18.72 29.769511 7 21 21 55 23.794 −13 9 13.32 30.532 064 4
6 21 53 20.421 −13 20 19.60 29.786348 2 22 21 55 29.326 −13 8 43.85 30.546 558 8

7 21 53 20.309 −13 20 19.77 29.803249 7 23 21 55 34.962 −13 8 13.85 30.560 890 4
8 21 53 20.333 −13 20 19.22 29.820210 5 24 21 55 40.700 −13 7 43.32 30.575 055 4
9 21 53 20.492 −13 20 17.98 29.837225 3 25 21 55 46.536 −13 7 12.28 30.589 049 8

10 21 53 20.783 −13 20 16.05 29.854288 4 26 21 55 52.470 −13 6 40.71 30.602 869 7
11 21 53 21.207 −13 20 13.44 29.871394 4 27 21 55 58.501 −13 6 8.61 30.616 510 9

12 21 53 21.761 −13 20 10.15 29.888537 8 28 21 56 4.630 −13 5 35.98 30.629 969 4
13 21 53 22.445 −13 20 6.18 29.905713 3 29 21 56 10.856 −13 5 2.82 30.643 241 0
14 21 53 23.260 −13 20 1.51 29.922915 7 30 21 56 17.181 −13 4 29.12 30.656 321 6
15 21 53 24.205 −13 19 56.16 29.940139 7 31 21 56 23.604 −13 3 54.90 30.669 207 0
16 21 53 25.282 −13 19 50.11 29.957380 0 32 21 56 30.123 −13 3 20.18 30.681 893 1

17 21 53 26.490 −13 19 43.35 29.974631 6 33 21 56 36.736 −13 2 44.96 30.694 375 7
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II. 92 CONNAISSANCE DES TEMPS

PLUTON 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON ASTROMÉTRIQUES, DISTANCE À LA TERRE

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 18 13 9.201 −18 18 6.34 32.735902 36 Juill. 3 18 15 49.022 −18 16 30.48 30.853 416 41
4 18 13 45.452 −18 18 12.09 32.728177 04 7 18 15 23.660 −18 17 11.47 30.865 997 01
8 18 14 21.351 −18 18 14.84 32.715866 01 11 18 14 58.724 −18 17 54.75 30.883 159 72

12 18 14 56.764 −18 18 14.70 32.699010 94 15 18 14 34.373 −18 18 40.22 30.904 842 97
16 18 15 31.547 −18 18 11.77 32.677685 51 19 18 14 10.763 −18 19 27.72 30.930 939 33

20 18 16 5.562 −18 18 6.22 32.652000 35 23 18 13 48.036 −18 20 17.14 30.961 310 56
24 18 16 38.674 −18 17 58.23 32.622098 79 27 18 13 26.318 −18 21 8.35 30.995 811 94
28 18 17 10.760 −18 17 47.96 32.588149 78 31 18 13 5.732 −18 22 1.24 31.034 296 85

Févr. 1 18 17 41.706 −18 17 35.60 32.550333 85 Août 4 18 12 46.401 −18 22 55.70 31.076 610 79
5 18 18 11.406 −18 17 21.32 32.508824 56 8 18 12 28.444 −18 23 51.58 31.122 583 82

9 18 18 39.748 −18 17 5.31 32.463802 42 12 18 12 11.983 −18 24 48.73 31.172 018 57
13 18 19 6.619 −18 16 47.78 32.415478 30 16 18 11 57.130 −18 25 46.97 31.224 676 26
17 18 19 31.910 −18 16 28.97 32.364094 41 20 18 11 43.976 −18 26 46.12 31.280 297 50
21 18 19 55.525 −18 16 9.13 32.309918 40 24 18 11 32.598 −18 27 46.05 31.338 625 50
25 18 20 17.381 −18 15 48.51 32.253234 72 28 18 11 23.064 −18 28 46.59 31.399 408 04

Mars 1 18 20 37.408 −18 15 27.33 32.194328 93 Sept. 1 18 11 15.440 −18 29 47.59 31.462 390 10
5 18 20 55.545 −18 15 5.79 32.133472 53 5 18 11 9.786 −18 30 48.88 31.527 306 64
9 18 21 11.728 −18 14 44.12 32.070937 92 9 18 11 6.163 −18 31 50.27 31.593 870 57

13 18 21 25.895 −18 14 22.57 32.007021 46 13 18 11 4.615 −18 32 51.56 31.661 763 12
17 18 21 37.995 −18 14 1.39 31.942041 50 17 18 11 5.165 −18 33 52.55 31.730 656 36

21 18 21 47.989 −18 13 40.81 31.876331 39 21 18 11 7.824 −18 34 53.08 31.800 237 10
25 18 21 55.855 −18 13 21.08 31.810228 92 25 18 11 12.591 −18 35 52.97 31.870 204 30
29 18 22 1.589 −18 13 2.38 31.744059 91 29 18 11 19.465 −18 36 52.06 31.940 261 89

Avril 2 18 22 5.193 −18 12 44.90 31.678127 05 Oct. 3 18 11 28.440 −18 37 50.16 32.010 110 89
6 18 22 6.668 −18 12 28.82 31.612727 13 7 18 11 39.506 −18 38 47.08 32.079 437 34

10 18 22 6.019 −18 12 14.34 31.548171 45 11 18 11 52.639 −18 39 42.61 32.147 907 66
14 18 22 3.264 −18 12 1.65 31.484782 92 15 18 12 7.794 −18 40 36.58 32.215 192 07
18 18 21 58.436 −18 11 50.93 31.422887 57 19 18 12 24.912 −18 41 28.82 32.280 986 60
22 18 21 51.587 −18 11 42.32 31.362803 19 23 18 12 43.933 −18 42 19.20 32.345 008 13
26 18 21 42.783 −18 11 35.96 31.304821 69 27 18 13 4.791 −18 43 7.56 32.406 986 87

30 18 21 32.096 −18 11 31.92 31.249203 95 31 18 13 27.421 −18 43 53.75 32.466 657 06
Mai 4 18 21 19.594 −18 11 30.31 31.196199 04 Nov. 4 18 13 51.752 −18 44 37.62 32.523 745 72

8 18 21 5.354 −18 11 31.23 31.146061 73 8 18 14 17.701 −18 45 19.00 32.577 972 26
12 18 20 49.462 −18 11 34.79 31.099047 89 12 18 14 45.167 −18 45 57.78 32.629 072 77
16 18 20 32.019 −18 11 41.06 31.055406 23 16 18 15 14.041 −18 46 33.86 32.676 818 40

20 18 20 13.143 −18 11 50.09 31.015366 05 20 18 15 44.210 −18 47 7.18 32.721 008 48
24 18 19 52.962 −18 12 1.89 30.979118 92 24 18 16 15.566 −18 47 37.65 32.761 462 94
28 18 19 31.605 −18 12 16.46 30.946820 82 28 18 16 47.997 −18 48 5.20 32.798 011 70

Juin 1 18 19 9.196 −18 12 33.80 30.918612 89 Déc. 2 18 17 21.394 −18 48 29.76 32.830 482 90
5 18 18 45.863 −18 12 53.93 30.894635 34 6 18 17 55.633 −18 48 51.27 32.858 708 06

9 18 18 21.741 −18 13 16.85 30.875021 95 10 18 18 30.578 −18 49 9.73 32.882 545 80
13 18 17 56.976 −18 13 42.55 30.859892 18 14 18 19 6.088 −18 49 25.15 32.901 895 43
17 18 17 31.727 −18 14 10.97 30.849338 08 18 18 19 42.025 −18 49 37.55 32.916 688 88
21 18 17 6.155 −18 14 42.05 30.843407 41 22 18 20 18.255 −18 49 46.99 32.926 882 81
25 18 16 40.417 −18 15 15.71 30.842111 79 26 18 20 54.650 −18 49 53.49 32.932 446 01

29 18 16 14.657 −18 15 51.87 30.845449 75 30 18 21 31.081 −18 49 57.10 32.933 348 17
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CÉRÈS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON ASTROMÉTRIQUES, DISTANCE À LA TERRE

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 16 11 13.150 −17 0 52.32 3.445 087 43 Juill. 3 17 35 10.597 −26 6 51.32 1.862 886 05
4 16 17 46.087 −17 22 21.31 3.415 824 55 7 17 31 46.063 −26 16 20.28 1.883 051 51
8 16 24 15.867 −17 42 40.39 3.384 720 88 11 17 28 38.311 −26 25 4.83 1.907 250 66

12 16 30 41.976 −18 1 50.20 3.351 801 60 15 17 25 50.265 −26 33 9.19 1.935 297 85
16 16 37 3.830 −18 19 51.79 3.317 112 26 19 17 23 24.303 −26 40 38.54 1.966 958 79

20 16 43 20.832 −18 36 46.69 3.280 717 00 23 17 21 22.098 −26 47 38.54 2.001 976 07
24 16 49 32.402 −18 52 36.88 3.242 692 09 27 17 19 44.729 −26 54 14.79 2.040 097 50
28 16 55 37.996 −19 7 24.70 3.203 118 96 31 17 18 32.870 −27 0 32.45 2.081 080 93

Févr. 1 17 1 37.106 −19 21 12.71 3.162 072 04 Août 4 17 17 46.899 −27 6 36.00 2.124 689 24
5 17 7 29.178 −19 34 3.59 3.119 607 94 8 17 17 26.959 −27 12 29.14 2.170 684 35

9 17 13 13.518 −19 46 0.28 3.075 786 32 12 17 17 32.987 −27 18 14.74 2.218 817 37
13 17 18 49.353 −19 57 6.23 3.030 688 98 16 17 18 4.620 −27 23 54.88 2.268 820 59
17 17 24 15.893 −20 7 25.32 2.984 417 23 20 17 19 1.124 −27 29 30.77 2.320 433 78
21 17 29 32.363 −20 17 1.87 2.937 086 21 24 17 20 21.570 −27 35 2.74 2.373 423 99
25 17 34 38.028 −20 26 0.45 2.888 817 68 28 17 22 4.986 −27 40 30.29 2.427 582 81

Mars 1 17 39 32.189 −20 34 25.78 2.839 727 23 Sept. 1 17 24 10.419 −27 45 52.23 2.482 716 77
5 17 44 14.094 −20 42 22.70 2.789 914 68 5 17 26 36.962 −27 51 6.78 2.538 638 78
9 17 48 42.834 −20 49 56.36 2.739 483 46 9 17 29 23.743 −27 56 11.71 2.595 155 96

13 17 52 57.404 −20 57 12.33 2.688 561 74 13 17 32 29.814 −28 1 4.51 2.652 062 53
17 17 56 56.781 −21 4 16.49 2.637 299 88 17 17 35 54.083 −28 5 42.42 2.709 163 34

21 18 0 39.963 −21 11 14.90 2.585 865 03 21 17 39 35.440 −28 10 2.46 2.766 291 76
25 18 4 6.005 −21 18 13.58 2.534 432 95 25 17 43 32.851 −28 14 1.39 2.823 302 62
29 18 7 14.015 −21 25 18.38 2.483 174 60 29 17 47 45.385 −28 17 35.87 2.880 062 80

Avril 2 18 10 3.050 −21 32 34.98 2.432 248 66 Oct. 3 17 52 12.208 −28 20 42.44 2.936 442 31
6 18 12 32.020 −21 40 9.10 2.381 820 93 7 17 56 52.557 −28 23 17.70 2.992 302 00

10 18 14 39.767 −21 48 6.44 2.332 085 03 11 18 1 45.636 −28 25 18.41 3.047 489 10
14 18 16 25.172 −21 56 32.34 2.283 260 20 15 18 6 50.554 −28 26 41.58 3.101 858 83
18 18 17 47.228 −22 5 31.51 2.235 584 67 19 18 12 6.418 −28 27 24.30 3.155 291 96
22 18 18 45.103 −22 15 7.74 2.189 305 69 23 18 17 32.415 −28 27 23.74 3.207 687 36
26 18 19 18.150 −22 25 23.69 2.144 663 12 27 18 23 7.816 −28 26 37.12 3.258 953 67

30 18 19 25.803 −22 36 20.96 2.101 884 88 31 18 28 51.987 −28 25 1.78 3.308 999 84
Mai 4 18 19 7.521 −22 48 0.18 2.061 206 08 Nov. 4 18 34 44.343 −28 22 35.24 3.357 723 40

8 18 18 22.922 −23 0 20.75 2.022 885 65 8 18 40 44.268 −28 19 15.43 3.405 008 08
12 18 17 11.949 −23 13 20.46 1.987 200 28 12 18 46 51.065 −28 15 0.73 3.450 744 22
16 18 15 34.988 −23 26 55.29 1.954 433 86 16 18 53 4.027 −28 9 49.74 3.494 845 52

20 18 13 32.970 −23 40 59.33 1.924 861 76 20 18 59 22.510 −28 3 41.22 3.537 242 44
24 18 11 7.341 −23 55 25.01 1.898 728 41 24 19 5 45.942 −27 56 33.99 3.577 875 19
28 18 8 19.923 −24 10 3.68 1.876 245 77 28 19 12 13.831 −27 48 27.00 3.616 683 95

Juin 1 18 5 12.854 −24 24 46.00 1.857 610 44 Déc. 2 19 18 45.733 −27 39 19.44 3.653 595 95
5 18 1 48.715 −24 39 22.21 1.843 012 72 6 19 25 21.169 −27 29 11.02 3.688 525 72

9 17 58 10.614 −24 53 42.37 1.832 625 42 10 19 31 59.591 −27 18 1.94 3.721 394 51
13 17 54 22.188 −25 7 36.94 1.826 590 48 14 19 38 40.443 −27 5 52.71 3.752 145 06
17 17 50 27.536 −25 20 57.31 1.825 000 87 18 19 45 23.217 −26 52 43.91 3.780 737 19
21 17 46 30.974 −25 33 36.54 1.827 882 02 22 19 52 7.468 −26 38 36.20 3.807 141 27
25 17 42 36.695 −25 45 29.93 1.835 202 45 26 19 58 52.833 −26 23 30.24 3.831 328 52

29 17 38 48.653 −25 56 35.00 1.846 898 84 30 20 5 38.996 −26 7 26.92 3.853 256 78



II. 94 CONNAISSANCE DES TEMPS

PALLAS 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON ASTROMÉTRIQUES, DISTANCE À LA TERRE

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 14 37 21.948 − 1 2 37.18 2.787 155 57 Juill. 3 15 1 40.125 23 49 55.21 2.456 836 76
4 14 43 26.630 − 0 46 24.70 2.748 685 13 7 15 1 47.896 23 16 32.72 2.504 679 72
8 14 49 22.559 − 0 27 29.17 2.709 434 00 11 15 2 15.869 22 41 15.38 2.553 498 19

12 14 55 8.934 − 0 5 44.55 2.669 509 95 15 15 3 3.578 22 4 21.53 2.603 136 01
16 15 0 44.888 0 18 54.43 2.629 046 00 19 15 4 10.365 21 26 9.21 2.653 432 76

20 15 6 9.544 0 46 32.00 2.588 192 66 23 15 5 35.389 20 46 54.77 2.704 243 07
24 15 11 22.045 1 17 11.41 2.547 109 56 27 15 7 17.769 20 6 52.12 2.755 443 14
28 15 16 21.558 1 50 55.09 2.505 957 85 31 15 9 16.678 19 26 13.21 2.806 921 77

Févr. 1 15 21 7.257 2 27 45.07 2.464 890 34 Août 4 15 11 31.360 18 45 8.75 2.858 571 76
5 15 25 38.206 3 7 43.37 2.424 051 28 8 15 14 1.121 18 3 48.78 2.910 283 64

9 15 29 53.305 3 50 51.07 2.383 601 73 12 15 16 45.298 17 22 23.16 2.961 938 99
13 15 33 51.400 4 37 7.17 2.343 728 09 16 15 19 43.161 16 41 1.84 3.013 412 75
17 15 37 31.362 5 26 28.37 2.304 632 90 20 15 22 53.901 15 59 53.59 3.064 595 47
21 15 40 52.121 6 18 48.97 2.266 526 26 24 15 26 16.745 15 19 5.57 3.115 397 10
25 15 43 52.693 7 14 1.06 2.229 617 15 28 15 29 51.016 14 38 43.85 3.165 737 54

Mars 1 15 46 32.158 8 11 54.93 2.194 103 07 Sept. 1 15 33 36.122 13 58 53.91 3.215 538 48
5 15 48 49.549 9 12 19.36 2.160 170 35 5 15 37 31.547 13 19 41.04 3.264 717 10
9 15 50 43.804 10 15 0.14 2.128 016 42 9 15 41 36.811 12 41 10.82 3.313 179 27

13 15 52 13.924 11 19 38.78 2.097 856 66 13 15 45 51.381 12 3 29.10 3.360 822 56
17 15 53 19.093 12 25 52.42 2.069 912 16 17 15 50 14.657 11 26 41.06 3.407 558 36

21 15 53 58.743 13 33 14.15 2.044 399 46 21 15 54 46.075 10 50 50.79 3.453 316 80
25 15 54 12.604 14 41 13.72 2.021 518 98 25 15 59 25.146 10 16 1.72 3.498 036 52
29 15 54 0.692 15 49 18.67 2.001 444 41 29 16 4 11.451 9 42 17.03 3.541 656 84

Avril 2 15 53 23.196 16 56 54.99 1.984 324 83 Oct. 3 16 9 4.627 9 9 39.96 3.584 111 51
6 15 52 20.472 18 3 26.06 1.970 303 11 7 16 14 4.329 8 38 14.10 3.625 321 68

10 15 50 53.244 19 8 12.13 1.959 518 77 11 16 19 10.154 8 8 3.36 3.665 199 68
14 15 49 2.738 20 10 31.78 1.952 094 61 15 16 24 21.630 7 39 11.13 3.703 670 15
18 15 46 50.717 21 9 43.67 1.948 126 40 19 16 29 38.302 7 11 39.97 3.740 676 84
22 15 44 19.492 22 5 8.67 1.947 672 21 23 16 34 59.775 6 45 31.97 3.776 172 08
26 15 41 31.779 22 56 12.16 1.950 746 76 27 16 40 25.703 6 20 49.03 3.810 109 68

30 15 38 30.513 23 42 24.75 1.957 331 08 31 16 45 55.787 5 57 33.20 3.842 437 40
Mai 4 15 35 18.782 24 23 21.26 1.967 391 42 Nov. 4 16 51 29.728 5 35 46.83 3.873 090 21

8 15 31 59.929 24 58 40.60 1.980 881 53 8 16 57 7.167 5 15 32.50 3.901 994 83
12 15 28 37.540 25 28 7.15 1.997 733 61 12 17 2 47.675 4 56 52.28 3.929 089 72
16 15 25 15.339 25 51 31.82 2.017 853 11 16 17 8 30.826 4 39 47.51 3.954 333 04

20 15 21 57.052 26 8 52.90 2.041 113 69 20 17 14 16.243 4 24 19.13 3.977 692 81
24 15 18 46.142 26 20 16.45 2.067 358 84 24 17 20 3.591 4 10 27.89 3.999 140 20
28 15 15 45.617 26 25 54.36 2.096 419 84 28 17 25 52.575 3 58 14.68 4.018 641 10

Juin 1 15 12 58.034 26 26 1.76 2.128 132 45 Déc. 2 17 31 42.898 3 47 40.67 4.036 148 16
5 15 10 25.627 26 20 55.90 2.162 336 38 6 17 37 34.197 3 38 47.08 4.051 607 29

9 15 8 10.326 26 10 56.25 2.198 867 91 10 17 43 26.045 3 31 34.62 4.064 976 41
13 15 6 13.748 25 56 24.38 2.237 555 14 14 17 49 18.013 3 26 3.31 4.076 233 38
17 15 4 37.155 25 37 44.03 2.278 212 95 18 17 55 9.715 3 22 12.79 4.085 367 56
21 15 3 21.340 25 15 20.72 2.320 646 49 22 18 1 0.803 3 20 2.53 4.092 373 79
25 15 2 26.607 24 49 39.66 2.364 670 18 26 18 6 50.974 3 19 32.13 4.097 242 42

29 15 1 52.931 24 21 4.11 2.410 117 72 30 18 12 39.922 3 20 41.45 4.099 950 54



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 95

JUNON 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON ASTROMÉTRIQUES, DISTANCE À LA TERRE

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 0 29 51.854 − 7 24 44.49 1.863 683 16 Juill. 3 6 54 39.032 14 47 56.24 3.121 357 61
4 0 35 43.408 − 6 49 8.93 1.903 003 93 7 7 3 38.130 14 39 32.37 3.131 021 31
8 0 41 48.089 − 6 11 51.88 1.942 156 25 11 7 12 33.433 14 29 17.01 3.139 591 65

12 0 48 5.198 − 5 33 2.99 1.981 084 25 15 7 21 24.586 14 17 13.76 3.147 022 91
16 0 54 34.055 − 4 52 52.49 2.019 723 26 19 7 30 11.226 14 3 26.79 3.153 289 93

20 1 1 13.958 − 4 11 30.98 2.058 011 62 23 7 38 53.086 13 48 0.39 3.158 381 60
24 1 8 4.198 − 3 29 9.07 2.095 898 20 27 7 47 29.994 13 30 58.67 3.162 280 45
28 1 15 4.084 − 2 45 57.06 2.133 347 80 31 7 56 1.810 13 12 25.69 3.164 955 43

Févr. 1 1 22 12.998 − 2 2 4.37 2.170 346 16 Août 4 8 4 28.392 12 52 25.67 3.166 364 50
5 1 29 30.499 − 1 17 39.25 2.206 889 59 8 8 12 49.566 12 31 3.07 3.166 458 98

9 1 36 56.282 − 0 32 49.79 2.242 959 64 12 8 21 5.104 12 8 22.86 3.165 192 22
13 1 44 30.037 0 12 15.38 2.278 524 89 16 8 29 14.753 11 44 30.50 3.162 538 80
17 1 52 11.415 0 57 27.23 2.313 553 02 20 8 37 18.345 11 19 31.31 3.158 490 79
21 2 0 0.033 1 42 36.69 2.348 017 72 24 8 45 15.796 10 53 30.28 3.153 036 26
25 2 7 55.488 2 27 34.95 2.381 904 81 28 8 53 7.054 10 26 32.20 3.146 151 12

Mars 1 2 15 57.410 3 12 13.86 2.415 218 08 Sept. 1 9 0 52.056 9 58 41.96 3.137 801 69
5 2 24 5.550 3 56 26.25 2.447 971 38 5 9 8 30.702 9 30 4.66 3.127 94785
9 2 32 19.772 4 40 5.14 2.480 163 84 9 9 16 2.826 9 0 45.87 3.116 55180

13 2 40 39.917 5 23 3.10 2.511 778 24 13 9 23 28.212 8 30 51.61 3.103 597 21
17 2 49 5.765 6 5 12.50 2.542 793 15 17 9 30 46.708 8 0 27.69 3.089 089 51

21 2 57 37.039 6 46 25.74 2.573 189 38 21 9 37 58.231 7 29 39.44 3.073 032 26
25 3 6 13.410 7 26 35.55 2.602 957 58 25 9 45 2.719 6 58 32.00 3.055 419 59
29 3 14 54.551 8 5 35.32 2.632 104 63 29 9 52 0.088 6 27 10.57 3.036 237 03

Avril 2 3 23 40.223 8 43 19.29 2.660 647 04 Oct. 3 9 58 50.205 5 55 40.60 3.015 464 74
6 3 32 30.278 9 19 41.93 2.688 588 27 7 10 5 32.846 5 24 8.09 2.993 086 84

10 3 41 24.542 9 54 37.57 2.715 913 54 11 10 12 7.721 4 52 39.51 2.969 109 78
14 3 50 22.769 10 28 0.47 2.742 600 59 15 10 18 34.566 4 21 21.11 2.943 565 01
18 3 59 24.642 10 59 45.16 2.768 626 41 19 10 24 53.179 3 50 18.68 2.916 486 27
22 4 8 29.774 11 29 46.59 2.793 975 98 23 10 31 3.361 3 19 37.84 2.887 900 27
26 4 17 37.766 11 58 0.50 2.818 650 21 27 10 37 4.883 2 49 24.30 2.857 827 23

30 4 26 48.292 12 24 23.33 2.842 659 60 31 10 42 57.439 2 19 44.14 2.826 283 37
Mai 4 4 36 1.105 12 48 51.85 2.866 003 52 Nov. 4 10 48 40.613 1 50 44.14 2.793 291 82

8 4 45 15.944 13 11 22.87 2.888 662 77 8 10 54 13.891 1 22 31.62 2.758 900 75
12 4 54 32.487 13 31 53.38 2.910 608 35 12 10 59 36.765 0 55 13.78 2.723 186 24
16 5 3 50.339 13 50 20.76 2.931 808 03 16 11 4 48.771 0 28 57.37 2.686 231 36

20 5 13 9.035 14 6 42.98 2.952 235 64 20 11 9 49.437 0 3 49.07 2.648 116 11
24 5 22 28.101 14 20 58.81 2.971 882 31 24 11 14 38.247 − 0 20 4.26 2.608 916 73
28 5 31 47.137 14 33 7.61 2.990 748 92 28 11 19 14.590 − 0 42 35.24 2.568 707 93

Juin 1 5 41 5.831 14 43 9.03 3.008 827 23 Déc. 2 11 23 37.714 − 1 3 35.57 2.527 575 97
5 5 50 23.872 14 51 2.83 3.026 091 50 6 11 27 46.755 − 1 22 56.36 2.485 637 37

9 5 59 40.918 14 56 49.06 3.042 504 80 10 11 31 40.846 − 1 40 28.80 2.443 039 68
13 6 8 56.569 15 0 28.22 3.058 024 97 14 11 35 19.170 − 1 56 4.52 2.399 943 31
17 6 18 10.365 15 2 1.44 3.072 614 54 18 11 38 40.916 − 2 9 35.23 2.356 509 74
21 6 27 21.842 15 1 30.57 3.086 254 57 22 11 41 45.246 − 2 20 52.54 2.312 901 88
25 6 36 30.628 14 58 57.86 3.098 937 74 26 11 44 31.244 − 2 29 47.51 2.269 284 03

29 6 45 36.442 14 54 25.62 3.110 649 05 30 11 46 57.870 − 2 36 10.41 2.225 838 32



II. 96 CONNAISSANCE DES TEMPS

VESTA 2010 à 0h TT

ASCENSION DROITE ET DÉCLINAISON ASTROMÉTRIQUES, DISTANCE À LA TERRE

Équinoxe et équateur moyens J2000 (jour julien 2 451 545.0).

Date asc. droite déclinaison distance Date asc. droite déclinaison distance

h m s ◦ ′ ′′ ua h m s ◦ ′ ′′ ua

Janv. 0 10 40 58.652 14 6 45.92 1.765 960 97 Juill. 3 11 8 24.005 12 22 3.06 2.542 920 63
4 10 41 39.038 14 21 17.65 1.719 787 39 7 11 14 27.399 11 38 34.80 2.580 243 67
8 10 41 52.132 14 38 55.16 1.675 800 69 11 11 20 37.069 10 54 14.94 2.616 653 00

12 10 41 36.961 14 59 37.18 1.634 283 34 15 11 26 52.656 10 9 7.02 2.652 090 84
16 10 40 52.971 15 23 17.18 1.595 532 72 19 11 33 13.743 9 23 15.21 2.686 508 38

20 10 39 40.130 15 49 43.02 1.559 841 04 23 11 39 39.934 8 36 43.51 2.719 881 02
24 10 37 58.975 16 18 37.08 1.527 482 48 27 11 46 10.949 7 49 35.25 2.752 198 18
28 10 35 50.631 16 49 36.69 1.498 703 42 31 11 52 46.608 7 1 53.43 2.783 447 74

Févr. 1 10 33 16.761 17 22 15.07 1.473 718 65 Août 4 11 59 26.801 6 13 41.02 2.813 609 31
5 10 30 19.513 17 56 1.85 1.452 727 43 8 12 6 11.451 5 25 1.25 2.842 651 71

9 10 27 1.766 18 30 21.72 1.435 921 03 12 12 13 0.463 4 35 57.87 2.870 532 63
13 10 23 27.290 19 4 35.12 1.423 454 91 16 12 19 53.667 3 46 35.35 2.897 214 28
17 10 19 40.637 19 38 0.67 1.415 426 87 20 12 26 50.892 2 56 58.00 2.922 683 02
21 10 15 46.928 20 9 57.93 1.411 867 29 24 12 33 52.046 2 7 9.60 2.946 938 20
25 10 11 51.565 20 39 50.09 1.412 736 46 28 12 40 57.121 1 17 13.62 2.969 977 24

Mars 1 10 7 59.881 21 7 6.27 1.417 933 94 Sept. 1 12 48 6.158 0 27 13.50 2.991 789 79
5 10 4 16.893 21 31 21.98 1.427 325 35 5 12 55 19.220 − 0 22 47.08 3.012 353 91
9 10 0 47.374 21 52 17.72 1.440 756 32 9 13 2 36.345 − 1 12 43.98 3.031 635 21

13 9 57 35.818 22 9 39.16 1.458 034 35 13 13 9 57.483 − 2 2 32.44 3.049 601 15
17 9 54 46.195 22 23 17.98 1.478 923 61 17 13 17 22.557 − 2 52 7.73 3.066 242 32

21 9 52 21.761 22 33 11.85 1.503 151 32 21 13 24 51.551 − 3 41 25.65 3.081 562 94
25 9 50 24.925 22 39 24.02 1.530 418 16 25 13 32 24.515 − 4 30 22.24 3.095 566 47
29 9 48 57.170 22 42 2.31 1.560 418 33 29 13 40 1.535 − 5 18 53.56 3.108 248 91

Avril 2 9 47 59.171 22 41 17.06 1.592 866 60 Oct. 3 13 47 42.712 − 6 6 55.55 3.119 594 78
6 9 47 31.128 22 37 18.67 1.627 503 93 7 13 55 28.113 − 6 54 23.73 3.129 575 49

10 9 47 32.918 22 30 17.32 1.664 077 20 11 14 3 17.707 − 7 41 13.12 3.138 162 50
14 9 48 4.070 22 20 23.32 1.702 331 33 15 14 11 11.412 − 8 27 18.80 3.145 348 62
18 9 49 3.772 22 7 47.15 1.742 011 81 19 14 19 9.186 − 9 12 36.27 3.151 142 28
22 9 50 30.873 21 52 39.58 1.782 868 65 23 14 27 11.038 − 9 57 1.33 3.155 552 48
26 9 52 23.906 21 35 11.40 1.824 672 11 27 14 35 17.008 −10 40 29.86 3.158 582 37

30 9 54 41.245 21 15 32.40 1.867 229 18 31 14 43 27.144 −11 22 57.65 3.160 223 27
Mai 4 9 57 21.336 20 53 50.46 1.910 379 20 Nov. 4 14 51 41.444 −12 4 20.25 3.160 453 15

8 10 0 22.753 20 30 11.97 1.953 971 16 8 14 59 59.802 −12 44 32.92 3.159 249 21
12 10 3 44.138 20 4 42.68 1.997 854 65 12 15 8 22.037 −13 23 31.05 3.156 608 12
16 10 7 24.155 19 37 28.08 2.041 879 08 16 15 16 47.988 −14 1 10.48 3.152 543 71

20 10 11 21.440 19 8 33.86 2.085 895 65 20 15 25 17.532 −14 37 27.36 3.147 072 63
24 10 15 34.578 18 38 5.90 2.129 773 28 24 15 33 50.574 −15 12 18.09 3.140 207 41
28 10 20 2.200 18 6 9.43 2.173 411 94 28 15 42 27.026 −15 45 39.10 3.131 949 01

Juin 1 10 24 43.122 17 32 48.50 2.216 735 25 Déc. 2 15 51 6.740 −16 17 26.78 3.122 283 93
5 10 29 36.344 16 58 6.33 2.259 670 14 6 15 59 49.453 −16 47 37.50 3.111 197 86

9 10 34 40.988 16 22 5.94 2.302 139 24 10 16 8 34.817 −17 16 7.98 3.098 694 28
13 10 39 56.242 15 44 50.53 2.344 058 97 14 16 17 22.486 −17 42 55.45 3.084 794 63
17 10 45 21.301 15 6 23.83 2.385 341 38 18 16 26 12.151 −18 7 57.57 3.069 525 06
21 10 50 55.322 14 26 50.14 2.425 910 82 22 16 35 3.533 −18 31 12.34 3.052 910 33
25 10 56 37.517 13 46 13.40 2.465 718 50 26 16 43 56.371 −18 52 37.98 3.034 963 38

29 11 2 27.243 13 4 36.81 2.504 732 46 30 16 52 50.351 −19 12 12.88 3.015 681 60
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II. 98 CONNAISSANCE DES TEMPS

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 23 17.133 −1.282 Janv. 16 6 18.484 0.856 Janv. 31 13 17.517 3.030
Janv. 1 7 15.977 −2.844 16 14 18.640 −0.794 31 21 18.962 1.667

1 14 17.064 0.203 16 22 17.212 −2.374 Févr. 1 5 18.799 0.174
1 22 17.181 −1.461 17 5 18.653 0.704 1 12 17.763 2.918
2 5 15.869 1.680 17 13 18.605 −0.939 1 20 19.002 1.548

2 13 17.264 0.023 17 20 17.454 2.147 2 4 18.628 0.058
2 21 17.204 −1.637 18 4 18.793 0.554 2 11 17.977 2.806
3 4 16.211 1.511 18 12 18.538 −1.080 2 19 19.008 1.431
3 12 17.443 −0.155 18 19 17.760 2.003 3 3 18.427 −0.056
3 20 17.203 −1.810 19 3 18.902 0.407 3 10 18.160 2.693

4 3 16.535 1.340 19 11 18.440 −1.217 3 18 18.982 1.314
4 11 17.599 −0.333 19 18 18.039 1.860 4 2 18.194 −0.168
4 19 17.177 −1.981 20 2 18.979 0.263 4 9 18.309 2.582
5 2 16.841 1.169 20 10 18.309 −1.350 4 17 18.923 1.198
5 10 17.732 −0.510 20 17 18.288 1.718 5 1 17.932 −0.279

5 18 17.125 −2.147 21 1 19.025 0.122 5 8 18.426 2.470
6 1 17.126 0.997 21 9 18.146 −1.479 5 16 18.833 1.082
6 9 17.841 −0.684 21 16 18.509 1.578 6 0 17.642 −0.388
6 17 17.047 −2.309 22 0 19.038 −0.016 6 7 18.512 2.358
7 0 17.391 0.826 22 8 17.951 −1.604 6 15 18.711 0.967

7 8 17.925 −0.857 22 15 18.698 1.440 6 23 17.324 −0.497
7 16 16.941 −2.467 22 23 19.019 −0.151 7 6 18.565 2.247
7 23 17.633 0.655 23 7 17.724 −1.724 7 14 18.558 0.853
8 7 17.982 −1.026 23 14 18.856 1.303 7 21 17.222 3.360
8 15 16.808 −2.620 23 22 18.967 −0.283 8 5 18.586 2.134

8 22 17.853 0.485 24 5 17.472 2.659 8 13 18.376 0.739
9 6 18.013 −1.192 24 13 18.981 1.169 8 20 17.414 3.258
9 14 16.647 −2.769 24 21 18.881 −0.411 9 4 18.576 2.022
9 21 18.047 0.316 25 4 17.768 2.531 9 12 18.166 0.625

10 5 18.016 −1.354 25 12 19.075 1.037 9 19 17.574 3.155

10 12 16.900 1.802 25 20 18.762 −0.537 10 3 18.535 1.909
10 20 18.216 0.150 26 3 18.034 2.404 10 11 17.927 0.511
11 4 17.991 −1.513 26 11 19.135 0.907 10 18 17.704 3.051
11 11 17.226 1.642 26 19 18.611 −0.658 11 2 18.464 1.795
11 19 18.358 −0.015 27 2 18.270 2.278 11 10 17.663 0.397

12 3 17.936 −1.668 27 10 19.162 0.780 11 17 17.804 2.945
12 10 17.529 1.482 27 18 18.427 −0.777 12 1 18.364 1.681
12 18 18.473 −0.177 28 1 18.473 2.154 12 9 17.372 0.283
13 2 17.852 −1.819 28 9 19.156 0.654 12 16 17.873 2.838
13 9 17.807 1.324 28 17 18.211 −0.893 13 0 18.236 1.566

13 17 18.560 −0.336 29 0 18.645 2.030 13 8 17.058 0.169
14 1 17.738 −1.965 29 8 19.116 0.531 13 15 17.912 2.730
14 8 18.060 1.166 29 16 17.963 −1.006 13 23 18.080 1.449
14 16 18.617 −0.492 29 23 18.784 1.908 14 7 16.721 0.054
15 0 17.593 −2.107 30 7 19.043 0.410 14 14 17.922 2.620

15 7 18.286 1.010 30 15 17.685 −1.116 14 22 17.898 1.332
15 15 18.644 −0.645 30 22 18.890 1.787 15 5 16.609 3.603
15 23 17.418 −2.243 31 6 18.937 0.291 15 13 17.904 2.509



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 99

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Févr. 15 21 17.690 1.214 Mars 3 4 15.943 2.745 Mars 18 12 12.953 0.560
16 4 16.754 3.506 3 12 15.725 1.620 18 19 13.836 2.538
16 12 17.859 2.396 3 19 14.907 3.547 19 3 13.829 1.540
16 20 17.459 1.094 4 3 15.862 2.622 19 10 12.767 3.225
17 3 16.870 3.406 4 11 15.495 1.484 19 18 13.777 2.410

17 11 17.786 2.281 4 18 14.962 3.441 20 2 13.652 1.399
17 19 17.204 0.974 5 2 15.763 2.495 20 9 12.818 3.118
18 2 16.959 3.303 5 10 15.252 1.348 20 17 13.706 2.280
18 10 17.688 2.165 5 17 14.998 3.333 21 1 13.465 1.257
18 18 16.928 0.853 6 1 15.648 2.367 21 8 12.856 3.007

19 1 17.021 3.198 6 9 14.995 1.209 21 16 13.624 2.148
19 9 17.565 2.046 6 16 15.015 3.221 22 0 13.269 1.115
19 17 16.632 0.730 7 0 15.516 2.236 22 7 12.881 2.893
20 0 17.056 3.091 7 8 14.727 1.070 22 15 13.531 2.015
20 8 17.419 1.926 7 15 15.014 3.106 22 23 13.066 0.973

20 16 16.316 0.607 7 23 15.369 2.103 23 6 12.894 2.777
20 23 17.066 2.981 8 7 14.446 0.930 23 14 13.427 1.880
21 7 17.249 1.804 8 14 14.995 2.988 23 22 12.854 0.831
21 15 15.983 0.482 8 22 15.208 1.969 24 5 12.894 2.658
21 22 17.051 2.869 9 6 14.156 0.790 24 13 13.313 1.744

22 6 17.058 1.680 9 13 14.960 2.868 24 21 12.635 0.688
22 13 15.750 3.733 9 21 15.032 1.832 25 4 12.883 2.536
22 21 17.012 2.754 10 5 13.856 0.649 25 12 13.189 1.606
23 5 16.846 1.555 10 12 14.908 2.744 25 20 12.409 0.546
23 12 15.863 3.635 10 20 14.844 1.694 26 3 12.860 2.413

23 20 16.949 2.637 11 3 13.810 3.468 26 11 13.056 1.468
24 4 16.615 1.427 11 11 14.842 2.618 26 19 12.176 0.404
24 11 15.951 3.534 11 19 14.643 1.555 27 2 12.827 2.287
24 19 16.864 2.518 12 2 13.866 3.363 27 10 12.914 1.329
25 3 16.365 1.298 12 10 14.760 2.490 27 18 11.938 0.264

25 10 16.015 3.430 12 18 14.431 1.415 28 1 12.782 2.160
25 18 16.758 2.396 13 1 13.906 3.254 28 9 12.763 1.189
26 2 16.098 1.168 13 9 14.664 2.359 28 16 11.808 2.846
26 9 16.056 3.324 13 17 14.208 1.274 29 0 12.728 2.031
26 17 16.632 2.272 14 0 13.931 3.141 29 8 12.605 1.050

27 1 15.815 1.036 14 8 14.555 2.227 29 15 11.851 2.736
27 8 16.075 3.214 14 16 13.975 1.131 29 23 12.664 1.900
27 16 16.486 2.145 14 23 13.940 3.026 30 7 12.439 0.910
28 0 15.517 0.904 15 7 14.433 2.092 30 14 11.883 2.623
28 7 16.072 3.101 15 15 13.732 0.989 30 22 12.591 1.768

28 15 16.321 2.016 15 22 13.935 2.908 31 6 12.265 0.770
28 23 15.205 0.770 16 6 14.299 1.956 31 13 11.905 2.507

Mars 1 6 16.049 2.985 16 14 13.481 0.846 31 21 12.508 1.635
1 14 16.139 1.886 16 21 13.915 2.787 Avril 1 5 12.085 0.630
1 22 14.880 0.635 17 5 14.153 1.819 1 12 11.916 2.389

2 5 16.006 2.867 17 13 13.221 0.703 1 20 12.416 1.501
2 13 15.940 1.754 17 20 13.882 2.664 2 4 11.899 0.491
2 20 14.832 3.649 18 4 13.996 1.680 2 11 11.917 2.269



II. 100 CONNAISSANCE DES TEMPS

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Avril 2 19 12.316 1.366 Avril 18 2 10.146 1.889 Mai 3 10 9.774 −0.055
3 3 11.706 0.352 18 10 10.846 1.020 3 18 9.256 −0.981
3 10 11.909 2.147 18 18 10.663 0.068 4 1 9.493 0.756
3 18 12.208 1.230 19 1 10.175 1.774 4 9 9.698 −0.178
4 2 11.507 0.214 19 9 10.791 0.892 4 17 9.114 −1.097

4 9 11.891 2.024 19 17 10.528 −0.062 5 0 9.483 0.636
4 17 12.092 1.094 20 0 10.197 1.658 5 8 9.617 −0.300
5 1 11.302 0.077 20 8 10.730 0.764 5 16 8.968 −1.211
5 8 11.863 1.899 20 16 10.388 −0.191 5 23 9.466 0.516
5 16 11.969 0.958 20 23 10.211 1.540 6 7 9.530 −0.422

6 0 11.092 −0.059 21 7 10.661 0.636 6 15 8.818 −1.324
6 7 11.827 1.772 21 15 10.244 −0.319 6 22 9.444 0.396
6 15 11.838 0.821 21 22 10.217 1.421 7 6 9.438 −0.542
6 22 10.903 2.468 22 6 10.587 0.508 7 13 8.726 1.189
7 6 11.782 1.644 22 14 10.094 −0.445 7 21 9.416 0.275

7 14 11.700 0.685 22 21 10.217 1.301 8 5 9.342 −0.661
7 21 10.945 2.357 23 5 10.506 0.380 8 12 8.762 1.076
8 5 11.729 1.515 23 13 9.939 −0.571 8 20 9.382 0.155
8 13 11.556 0.549 23 20 10.209 1.179 9 4 9.240 −0.779
8 20 10.978 2.243 24 4 10.419 0.252 9 11 8.792 0.962

9 4 11.668 1.385 24 12 9.780 −0.695 9 19 9.342 0.034
9 12 11.405 0.413 24 19 10.194 1.058 10 3 9.135 −0.896
9 19 11.002 2.127 25 3 10.327 0.125 10 10 8.815 0.847

10 3 11.599 1.254 25 11 9.616 −0.817 10 18 9.297 −0.086
10 11 11.248 0.278 25 18 10.173 0.935 11 2 9.024 −1.012

10 18 11.017 2.010 26 2 10.228 −0.002 11 9 8.833 0.732
11 2 11.522 1.122 26 10 9.449 −0.937 11 17 9.246 −0.205
11 10 11.086 0.144 26 17 10.145 0.811 12 1 8.909 −1.126
11 17 11.024 1.890 27 1 10.124 −0.128 12 8 8.844 0.615
12 1 11.438 0.990 27 8 9.384 1.572 12 16 9.190 −0.324

12 9 10.918 0.010 27 16 10.110 0.688 13 0 8.790 −1.238
12 16 11.022 1.770 28 0 10.015 −0.253 13 7 8.850 0.499
13 0 11.347 0.858 28 7 9.420 1.459 13 15 9.129 −0.443
13 8 10.745 −0.122 28 15 10.069 0.564 13 23 8.667 −1.349
13 15 11.012 1.647 28 23 9.900 −0.378 14 6 8.850 0.382

13 23 11.249 0.726 29 6 9.449 1.344 14 14 9.063 −0.561
14 7 10.566 −0.254 29 14 10.022 0.439 14 22 8.540 −1.457
14 14 10.994 1.524 29 22 9.781 −0.501 15 5 8.844 0.265
14 22 11.144 0.594 30 5 9.471 1.228 15 13 8.992 −0.678
15 6 10.383 −0.384 30 13 9.969 0.315 15 21 8.409 −1.564

15 13 10.968 1.399 30 21 9.657 −0.623 16 4 8.833 0.147
15 21 11.033 0.461 Mai 1 4 9.486 1.112 16 12 8.916 −0.794
16 5 10.195 −0.512 1 12 9.910 0.191 16 20 8.275 −1.669
16 12 10.934 1.274 1 20 9.528 −0.744 17 3 8.816 0.030
16 20 10.915 0.330 2 3 9.495 0.994 17 11 8.835 −0.908

17 3 10.109 2.002 2 11 9.845 0.068 17 19 8.137 −1.772
17 11 10.894 1.147 2 19 9.394 −0.863 18 2 8.794 −0.087
17 19 10.792 0.198 3 2 9.497 0.875 18 10 8.750 −1.022



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 101

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Mai 18 17 8.162 0.742 Juin 3 1 8.035 −1.070 Juin 18 9 6.794 −2.619
19 1 8.766 −0.204 3 9 7.692 −1.951 18 16 7.236 −0.985
19 9 8.661 −1.134 3 16 7.735 −0.215 19 0 7.257 −1.920
19 16 8.194 0.629 4 0 7.986 −1.179 19 8 6.689 −2.698
20 0 8.734 −0.321 4 8 7.591 −2.047 19 15 7.222 −1.091

20 8 8.567 −1.245 4 15 7.738 −0.327 19 23 7.193 −2.016
20 15 8.219 0.516 4 23 7.933 −1.287 20 6 6.701 −0.188
20 23 8.696 −0.437 5 7 7.486 −2.141 20 14 7.204 −1.197
21 7 8.469 −1.354 5 14 7.737 −0.439 20 22 7.126 −2.110
21 14 8.239 0.402 5 22 7.876 −1.393 21 5 6.729 −0.297

21 22 8.654 −0.552 6 6 7.377 −2.233 21 13 7.182 −1.302
22 6 8.367 −1.462 6 13 7.730 −0.551 21 21 7.055 −2.202
22 13 8.254 0.288 6 21 7.815 −1.498 22 4 6.752 −0.406
22 21 8.606 −0.667 7 5 7.266 −2.322 22 12 7.155 −1.406
23 5 8.261 −1.568 7 12 7.720 −0.662 22 20 6.981 −2.292

23 12 8.263 0.173 7 20 7.750 −1.601 23 3 6.772 −0.514
23 20 8.554 −0.781 8 4 7.151 −2.410 23 11 7.125 −1.508
24 4 8.151 −1.672 8 11 7.704 −0.772 23 19 6.904 −2.381
24 11 8.267 0.059 8 19 7.680 −1.703 24 2 6.787 −0.622
24 19 8.497 −0.894 9 2 7.141 0.110 24 10 7.091 −1.610

25 3 8.037 −1.774 9 10 7.684 −0.882 24 18 6.823 −2.467
25 10 8.266 −0.056 9 18 7.607 −1.804 25 1 6.798 −0.730
25 18 8.435 −1.006 10 1 7.171 0.000 25 9 7.054 −1.709
26 2 7.920 −1.874 10 9 7.660 −0.991 25 17 6.740 −2.551
26 9 8.260 −0.171 10 17 7.531 −1.902 26 0 6.805 −0.837

26 17 8.369 −1.117 11 0 7.196 −0.110 26 8 7.013 −1.808
27 1 7.799 −1.972 11 8 7.631 −1.099 26 16 6.653 −2.633
27 8 8.249 −0.285 11 16 7.450 −1.999 26 23 6.808 −0.943
27 16 8.299 −1.227 11 23 7.216 −0.221 27 7 6.968 −1.905
28 0 7.675 −2.068 12 7 7.599 −1.206 27 15 6.564 −2.712

28 7 8.232 −0.399 12 15 7.366 −2.094 27 22 6.807 −1.049
28 15 8.224 −1.335 12 22 7.232 −0.331 28 6 6.919 −2.001
28 22 7.614 0.457 13 6 7.561 −1.312 28 14 6.472 −2.789
29 6 8.211 −0.513 13 14 7.279 −2.186 28 21 6.802 −1.153
29 14 8.145 −1.442 13 21 7.244 −0.441 29 5 6.868 −2.094

29 21 7.646 0.346 14 5 7.520 −1.417 29 13 6.377 −2.864
30 5 8.185 −0.626 14 13 7.188 −2.277 29 20 6.793 −1.257
30 13 8.062 −1.547 14 20 7.251 −0.551 30 4 6.812 −2.186
30 20 7.674 0.234 15 4 7.475 −1.520 30 12 6.280 −2.937
31 4 8.155 −0.738 15 12 7.094 −2.366 30 19 6.780 −1.360

31 12 7.975 −1.651 15 19 7.254 −0.660 Juill. 1 3 6.754 −2.276
31 19 7.697 0.122 16 3 7.426 −1.622 1 10 6.291 −0.442

Juin 1 3 8.119 −0.850 16 11 6.997 −2.453 1 18 6.764 −1.462
1 11 7.885 −1.753 16 18 7.252 −0.769 2 2 6.692 −2.365
1 18 7.714 0.010 17 2 7.373 −1.723 2 9 6.317 −0.548

2 2 8.079 −0.961 17 10 6.897 −2.537 2 17 6.744 −1.563
2 10 7.790 −1.853 17 17 7.246 −0.877 3 1 6.628 −2.451
2 17 7.727 −0.103 18 1 7.317 −1.822 3 8 6.339 −0.655



II. 102 CONNAISSANCE DES TEMPS

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Juill. 3 16 6.721 −1.662 Juill. 19 0 5.910 −3.023 Août 3 7 5.645 −1.895
4 0 6.560 −2.535 19 7 6.008 −1.369 3 15 5.677 −2.781
4 7 6.358 −0.761 19 15 6.171 −2.325 3 23 5.250 −3.440
4 15 6.693 −1.760 19 23 5.836 −3.091 4 6 5.637 −1.985
4 23 6.489 −2.618 20 6 6.010 −1.468 4 14 5.634 −2.854

5 6 6.372 −0.866 20 14 6.132 −2.410 4 21 5.214 −1.055
5 14 6.663 −1.857 20 22 5.760 −3.156 5 5 5.627 −2.074
5 22 6.416 −2.698 21 5 6.008 −1.566 5 13 5.588 −2.925
6 5 6.383 −0.971 21 13 6.091 −2.494 5 20 5.237 −1.154
6 13 6.629 −1.952 21 21 5.681 −3.218 6 4 5.614 −2.161

6 21 6.339 −2.775 22 4 6.003 −1.663 6 12 5.540 −2.993
7 4 6.390 −1.075 22 12 6.046 −2.576 6 19 5.257 −1.252
7 12 6.592 −2.046 22 20 5.601 −3.278 7 3 5.599 −2.247
7 20 6.260 −2.851 23 3 5.995 −1.758 7 11 5.491 −3.060
8 3 6.394 −1.178 23 11 5.999 −2.656 7 18 5.274 −1.348

8 11 6.551 −2.138 23 18 5.537 −0.822 8 2 5.581 −2.331
8 19 6.178 −2.924 24 2 5.984 −1.852 8 10 5.439 −3.124
9 2 6.394 −1.281 24 10 5.950 −2.733 8 17 5.288 −1.444
9 10 6.507 −2.228 24 17 5.562 −0.924 9 1 5.560 −2.413
9 18 6.094 −2.995 25 1 5.970 −1.945 9 9 5.385 −3.186

10 1 6.390 −1.382 25 9 5.897 −2.809 9 16 5.300 −1.539
10 9 6.460 −2.317 25 16 5.584 −1.026 10 0 5.537 −2.494
10 17 6.008 −3.063 26 0 5.953 −2.037 10 8 5.329 −3.246
11 0 6.383 −1.482 26 8 5.843 −2.883 10 15 5.309 −1.632
11 8 6.410 −2.404 26 15 5.603 −1.126 10 23 5.512 −2.572

11 16 5.919 −3.129 26 23 5.933 −2.126 11 7 5.271 −3.303
11 23 6.373 −1.581 27 7 5.786 −2.954 11 14 5.315 −1.724
12 7 6.357 −2.488 27 14 5.619 −1.226 11 22 5.484 −2.649
12 14 5.904 −0.652 27 22 5.910 −2.215 12 6 5.211 −3.358
12 22 6.359 −1.679 28 6 5.726 −3.023 12 13 5.319 −1.815

13 6 6.302 −2.571 28 13 5.631 −1.325 12 21 5.454 −2.724
13 13 5.929 −0.757 28 21 5.885 −2.301 13 5 5.150 −3.410
13 21 6.341 −1.776 29 5 5.664 −3.090 13 12 5.321 −1.905
14 5 6.243 −2.652 29 12 5.641 −1.423 13 20 5.422 −2.797
14 12 5.951 −0.861 29 20 5.857 −2.386 14 4 5.087 −3.460

14 20 6.321 −1.871 30 4 5.600 −3.154 14 11 5.320 −1.993
15 4 6.181 −2.731 30 11 5.648 −1.520 14 19 5.388 −2.867
15 11 5.969 −0.964 30 19 5.826 −2.468 15 3 5.022 −3.507
15 19 6.297 −1.965 31 3 5.534 −3.216 15 10 5.316 −2.080
16 3 6.117 −2.807 31 10 5.651 −1.615 15 18 5.352 −2.936

16 10 5.984 −1.066 31 18 5.792 −2.549 16 2 4.956 −3.552
16 18 6.270 −2.058 Août 1 2 5.466 −3.276 16 9 5.310 −2.165
17 2 6.051 −2.882 1 9 5.652 −1.710 16 17 5.314 −3.002
17 9 5.995 −1.168 1 17 5.756 −2.629 17 0 4.905 −1.248
17 17 6.240 −2.148 2 1 5.396 −3.333 17 8 5.302 −2.248

18 1 5.982 −2.954 2 8 5.650 −1.803 17 16 5.273 −3.067
18 8 6.003 −1.269 2 16 5.718 −2.706 17 23 4.927 −1.343
18 16 6.207 −2.237 3 0 5.324 −3.388 18 7 5.292 −2.330



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 103

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Août 18 15 5.231 −3.129 Sept. 2 22 4.705 −1.843 Sept. 18 6 4.700 −2.975
18 22 4.946 −1.436 3 6 4.959 −2.741 18 14 4.532 −3.537
19 6 5.279 −2.410 3 14 4.814 −3.416 18 21 4.502 −2.243
19 14 5.187 −3.188 3 21 4.718 −1.927 19 5 4.687 −3.029
19 21 4.963 −1.529 4 5 4.943 −2.807 19 13 4.495 −3.566

20 5 5.264 −2.488 4 13 4.771 −3.459 19 20 4.512 −2.315
20 13 5.141 −3.246 4 20 4.728 −2.009 20 4 4.672 −3.080
20 20 4.978 −1.620 5 4 4.926 −2.872 20 12 4.457 −3.593
21 4 5.247 −2.565 5 12 4.727 −3.500 20 19 4.521 −2.385
21 12 5.094 −3.301 5 19 4.737 −2.090 21 3 4.657 −3.129

21 19 4.990 −1.710 6 3 4.907 −2.934 21 11 4.418 −3.617
22 3 5.228 −2.639 6 11 4.681 −3.539 21 18 4.529 −2.453
22 11 5.045 −3.354 6 18 4.744 −2.169 22 2 4.640 −3.176
22 18 5.001 −1.799 7 2 4.886 −2.994 22 10 4.378 −3.639
23 2 5.207 −2.712 7 10 4.635 −3.575 22 17 4.535 −2.519

23 10 4.994 −3.404 7 17 4.749 −2.246 23 1 4.622 −3.221
23 17 5.008 −1.887 8 1 4.864 −3.052 23 9 4.337 −3.658
24 1 5.184 −2.782 8 9 4.587 −3.608 23 16 4.540 −2.583
24 9 4.942 −3.452 8 16 4.752 −2.322 24 0 4.603 −3.263
24 16 5.014 −1.973 9 0 4.840 −3.108 24 8 4.295 −3.675

25 0 5.159 −2.851 9 8 4.538 −3.639 24 15 4.543 −2.646
25 8 4.888 −3.497 9 15 4.754 −2.396 24 23 4.582 −3.303
25 15 5.018 −2.057 9 23 4.815 −3.161 25 7 4.252 −3.689
25 23 5.132 −2.917 10 7 4.488 −3.668 25 14 4.546 −2.706
26 7 4.833 −3.540 10 14 4.754 −2.468 25 22 4.561 −3.340

26 14 5.019 −2.140 10 22 4.789 −3.213 26 6 4.209 −3.701
26 22 5.103 −2.982 11 6 4.437 −3.694 26 13 4.547 −2.764
27 6 4.776 −3.580 11 13 4.753 −2.539 26 21 4.539 −3.376
27 13 5.018 −2.221 11 21 4.761 −3.262 27 4 4.214 −2.001
27 21 5.073 −3.044 12 4 4.386 −1.694 27 12 4.547 −2.820

28 5 4.718 −3.618 12 12 4.749 −2.607 27 20 4.516 −3.408
28 12 5.015 −2.301 12 20 4.732 −3.308 28 3 4.236 −2.074
28 20 5.040 −3.104 13 3 4.408 −1.777 28 11 4.546 −2.874
29 4 4.659 −3.653 13 11 4.745 −2.673 28 19 4.491 −3.438
29 11 5.011 −2.379 13 19 4.701 −3.352 29 2 4.256 −2.145

29 19 5.006 −3.162 14 2 4.427 −1.858 29 10 4.543 −2.925
30 2 4.635 −1.493 14 10 4.739 −2.738 29 18 4.466 −3.466
30 10 5.004 −2.455 14 18 4.670 −3.394 30 1 4.275 −2.215
30 18 4.971 −3.217 15 1 4.445 −1.939 30 9 4.540 −2.975
31 1 4.656 −1.583 15 9 4.731 −2.800 30 17 4.440 −3.491

31 9 4.995 −2.529 15 17 4.637 −3.433 Oct. 1 0 4.293 −2.282
31 17 4.934 −3.270 16 0 4.462 −2.017 1 8 4.535 −3.022

Sept. 1 0 4.674 −1.671 16 8 4.722 −2.861 1 16 4.413 −3.513
1 8 4.985 −2.602 16 16 4.603 −3.470 1 23 4.310 −2.348
1 16 4.895 −3.321 16 23 4.476 −2.094 2 7 4.529 −3.067

1 23 4.691 −1.757 17 7 4.711 −2.919 2 15 4.385 −3.533
2 7 4.973 −2.672 17 15 4.568 −3.505 2 22 4.326 −2.412
2 15 4.855 −3.370 17 22 4.490 −2.170 3 6 4.523 −3.109



II. 104 CONNAISSANCE DES TEMPS

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Oct. 3 14 4.356 −3.551 Oct. 18 21 4.256 −2.612 Nov. 3 5 4.472 −3.060
3 21 4.341 −2.474 19 5 4.442 −3.163 3 13 4.323 −3.218
4 5 4.515 −3.149 19 13 4.272 −3.453 3 20 4.287 −2.678
4 13 4.326 −3.566 19 20 4.276 −2.658 4 4 4.478 −3.066
4 20 4.355 −2.534 20 4 4.441 −3.185 4 12 4.309 −3.200

5 4 4.506 −3.187 20 12 4.249 −3.450 4 19 4.313 −2.706
5 12 4.296 −3.578 20 19 4.294 −2.702 5 3 4.484 −3.070
5 19 4.367 −2.591 21 3 4.439 −3.206 5 11 4.293 −3.179
6 3 4.497 −3.222 21 11 4.227 −3.445 5 18 4.339 −2.732
6 11 4.265 −3.588 21 18 4.312 −2.743 6 2 4.489 −3.071

6 18 4.379 −2.647 22 2 4.436 −3.223 6 10 4.277 −3.156
7 2 4.486 −3.255 22 10 4.203 −3.437 6 17 4.363 −2.755
7 10 4.233 −3.595 22 17 4.329 −2.782 7 1 4.492 −3.070
7 17 4.389 −2.700 23 1 4.433 −3.238 7 9 4.259 −3.130
8 1 4.475 −3.285 23 9 4.179 −3.427 7 16 4.387 −2.775

8 9 4.200 −3.600 23 16 4.346 −2.819 8 0 4.495 −3.066
8 16 4.399 −2.752 24 0 4.428 −3.251 8 8 4.241 −3.102
9 0 4.462 −3.313 24 8 4.154 −3.414 8 15 4.410 −2.793
9 8 4.167 −3.602 24 15 4.361 −2.853 8 23 4.497 −3.059
9 15 4.407 −2.801 24 23 4.423 −3.261 9 7 4.221 −3.071

9 23 4.449 −3.339 25 7 4.128 −3.399 9 14 4.433 −2.809
10 7 4.133 −3.601 25 14 4.376 −2.885 9 22 4.498 −3.050
10 14 4.415 −2.848 25 22 4.417 −3.268 10 6 4.201 −3.038
10 22 4.435 −3.361 26 6 4.101 −3.381 10 13 4.454 −2.821
11 6 4.098 −3.598 26 13 4.390 −2.915 10 21 4.498 −3.038

11 13 4.421 −2.892 26 21 4.410 −3.273 11 5 4.179 −3.003
11 21 4.420 −3.382 27 5 4.074 −3.360 11 12 4.475 −2.832
12 4 4.095 −2.228 27 12 4.403 −2.942 11 20 4.498 −3.024
12 12 4.427 −2.934 27 20 4.402 −3.275 12 4 4.157 −2.965
12 20 4.404 −3.400 28 3 4.083 −2.413 12 11 4.494 −2.839

13 3 4.121 −2.289 28 11 4.415 −2.967 12 19 4.496 −3.007
13 11 4.432 −2.974 28 19 4.393 −3.275 13 2 4.170 −2.464
13 19 4.388 −3.415 29 2 4.114 −2.458 13 10 4.513 −2.844
14 2 4.145 −2.348 29 10 4.427 −2.988 13 18 4.493 −2.988
14 10 4.436 −3.012 29 18 4.384 −3.272 14 1 4.208 −2.490

14 18 4.370 −3.428 30 1 4.145 −2.501 14 9 4.531 −2.846
15 1 4.169 −2.405 30 9 4.437 −3.008 14 17 4.489 −2.966
15 9 4.439 −3.047 30 17 4.373 −3.266 15 0 4.246 −2.514
15 17 4.352 −3.438 31 0 4.175 −2.541 15 8 4.548 −2.846
16 0 4.192 −2.460 31 8 4.447 −3.025 15 16 4.483 −2.941

16 8 4.441 −3.079 31 16 4.362 −3.258 15 23 4.283 −2.535
16 16 4.333 −3.445 31 23 4.204 −2.579 16 7 4.564 −2.843
16 23 4.214 −2.513 Nov. 1 7 4.456 −3.039 16 15 4.477 −2.914
17 7 4.442 −3.110 1 15 4.350 −3.247 16 22 4.318 −2.553
17 15 4.313 −3.450 1 22 4.232 −2.614 17 6 4.579 −2.837

17 22 4.235 −2.563 2 6 4.464 −3.051 17 14 4.470 −2.885
18 6 4.443 −3.137 2 14 4.337 −3.234 17 21 4.354 −2.569
18 14 4.293 −3.453 2 21 4.260 −2.647 18 5 4.593 −2.829



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 105

PHOBOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongation est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Nov. 18 13 4.461 −2.853 Déc. 3 5 4.778 −2.463 Déc. 17 21 4.735 −2.034
18 20 4.388 −2.582 3 13 4.646 −2.353 18 5 4.987 −1.964
19 4 4.605 −2.818 3 20 4.561 −2.360 18 13 4.833 −1.729
19 12 4.451 −2.819 4 4 4.794 −2.434 18 20 4.776 −2.009
19 19 4.421 −2.593 4 12 4.637 −2.304 19 4 5.001 −1.918

20 3 4.617 −2.804 4 19 4.600 −2.352 19 12 4.820 −1.666
20 11 4.440 −2.782 5 3 4.808 −2.403 19 19 4.816 −1.982
20 18 4.454 −2.601 5 11 4.627 −2.252 20 3 5.015 −1.870
21 2 4.628 −2.788 5 18 4.637 −2.341 20 11 4.806 −1.602
21 10 4.428 −2.743 6 2 4.821 −2.369 20 18 4.854 −1.951

21 17 4.485 −2.606 6 10 4.615 −2.199 21 2 5.026 −1.820
22 1 4.637 −2.769 6 17 4.673 −2.327 21 10 4.789 −1.536
22 9 4.414 −2.702 7 1 4.833 −2.333 21 17 4.890 −1.919
22 16 4.516 −2.609 7 9 4.601 −2.143 22 1 5.035 −1.768
23 0 4.645 −2.748 7 16 4.707 −2.311 22 9 4.770 −1.468

23 8 4.399 −2.659 8 0 4.843 −2.294 22 16 4.925 −1.884
23 15 4.545 −2.609 8 8 4.585 −2.086 23 0 5.042 −1.714
23 23 4.652 −2.724 8 15 4.740 −2.292 23 8 4.749 −1.400
24 7 4.383 −2.613 8 23 4.851 −2.253 23 15 4.957 −1.847
24 14 4.574 −2.606 9 7 4.567 −2.027 23 23 5.046 −1.658

24 22 4.658 −2.698 9 14 4.772 −2.270 24 7 4.725 −1.330
25 6 4.365 −2.565 9 22 4.857 −2.210 24 14 4.988 −1.807
25 13 4.601 −2.601 10 6 4.548 −1.966 24 22 5.049 −1.600
25 21 4.663 −2.669 10 13 4.802 −2.246 25 6 4.699 −1.258
26 5 4.346 −2.516 10 21 4.862 −2.165 25 13 5.017 −1.765

26 12 4.628 −2.593 11 5 4.527 −1.903 25 21 5.050 −1.540
26 20 4.666 −2.638 11 12 4.831 −2.220 26 5 4.671 −1.186
27 4 4.325 −2.464 11 20 4.865 −2.118 26 12 5.044 −1.720
27 11 4.653 −2.582 12 4 4.503 −1.839 26 20 5.048 −1.479
27 19 4.667 −2.604 12 11 4.858 −2.190 27 3 4.681 −1.790

28 2 4.308 −2.354 12 19 4.866 −2.068 27 11 5.069 −1.674
28 10 4.677 −2.569 13 2 4.507 −2.119 27 19 5.044 −1.415
28 18 4.668 −2.568 13 10 4.884 −2.159 28 2 4.731 −1.761
29 1 4.353 −2.362 13 18 4.865 −2.016 28 10 5.092 −1.625
29 9 4.700 −2.553 14 1 4.555 −2.108 28 18 5.038 −1.351

29 17 4.666 −2.530 14 9 4.908 −2.125 29 1 4.779 −1.730
30 0 4.397 −2.367 14 17 4.863 −1.962 29 9 5.112 −1.574
30 8 4.721 −2.534 15 0 4.602 −2.093 29 17 5.030 −1.284
30 16 4.664 −2.489 15 8 4.930 −2.088 30 0 4.825 −1.696
30 23 4.440 −2.369 15 16 4.858 −1.907 30 8 5.131 −1.521

Déc. 1 7 4.741 −2.513 15 23 4.648 −2.076 30 16 5.019 −1.217
1 15 4.660 −2.446 16 7 4.951 −2.049 30 23 4.870 −1.660
1 22 4.481 −2.369 16 15 4.852 −1.849 31 7 5.147 −1.466
2 6 4.760 −2.489 16 22 4.692 −2.056 31 15 5.006 −1.148
2 14 4.654 −2.401 17 6 4.970 −2.008 31 22 4.912 −1.622

2 21 4.522 −2.366 17 14 4.843 −1.790 Janv. 1 6 5.161 −1.410



II. 106 CONNAISSANCE DES TEMPS

DÉIMOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 12 43.359 −4.065 Mars 2 1 41.026 4.613 Mai 1 16 25.014 −0.163
Janv. 1 18 43.892 −3.171 3 7 40.684 5.219 2 22 24.785 0.273

3 0 44.278 −2.252 4 13 40.203 5.793 4 5 24.472 −0.989
4 6 44.492 −1.311 5 20 39.631 4.358 5 11 24.365 −0.550
5 13 44.966 −3.399 7 2 39.361 4.939 6 17 24.145 −0.101

6 19 45.401 −2.450 8 8 38.935 5.483 8 0 23.846 −1.363
8 1 45.679 −1.494 9 14 38.375 5.989 9 6 23.747 −0.915
9 8 45.885 −3.543 10 21 38.030 4.607 10 12 23.531 −0.464

10 14 46.375 −2.582 12 3 37.672 5.125 11 19 23.253 −1.718
11 20 46.703 −1.593 13 9 37.167 5.616 13 1 23.152 −1.266

13 2 46.858 −0.604 14 16 36.725 4.230 14 7 22.946 −0.810
14 9 47.145 −2.618 15 22 36.422 4.735 15 14 22.682 −2.055
15 15 47.512 −1.619 17 4 35.976 5.202 16 20 22.587 −1.603
16 21 47.718 −0.607 18 11 35.461 3.827 18 2 22.381 −1.135
18 3 47.742 0.405 19 17 35.204 4.308 19 9 22.138 −2.381

19 10 48.065 −1.554 20 23 34.816 4.768 20 15 22.043 −1.918
20 16 48.299 −0.531 22 5 34.284 5.198 21 21 21.840 −1.450
21 22 48.370 0.484 23 12 34.038 3.865 23 4 21.618 −2.685
23 5 48.304 −1.405 24 18 33.690 4.313 24 10 21.520 −2.222
24 11 48.579 −0.386 26 0 33.214 4.736 25 16 21.321 −1.743

25 17 48.677 0.638 27 7 32.916 3.407 26 23 21.115 −2.976
26 23 48.603 1.639 28 13 32.616 3.845 28 5 21.020 −2.506
28 6 48.522 −0.171 29 19 32.179 4.268 29 11 20.818 −2.020
29 12 48.649 0.834 31 2 31.852 2.938 30 18 20.636 −3.251
30 18 48.611 1.833 Avril 1 8 31.588 3.377 Juin 1 0 20.534 −2.773

Févr. 1 0 48.391 2.802 2 14 31.190 3.791 2 6 20.336 −2.284
2 7 48.287 1.069 3 21 30.843 2.473 3 13 20.171 −3.506
3 13 48.272 2.043 5 3 30.607 2.902 4 19 20.068 −3.028
4 19 48.098 2.990 6 9 30.247 3.321 6 1 19.867 −2.525
6 1 47.742 3.908 7 16 29.882 2.004 7 8 19.722 −3.750

7 8 47.623 2.251 8 22 29.681 2.435 8 14 19.617 −3.260
8 14 47.478 3.173 10 4 29.343 2.853 9 20 19.413 −2.757
9 20 47.170 4.051 11 11 28.979 1.543 11 3 19.291 −3.975

11 2 46.693 4.899 12 17 28.795 1.974 12 9 19.178 −3.482
12 9 46.582 3.315 13 23 28.488 2.391 13 15 18.975 −2.969

13 15 46.321 4.165 15 6 28.121 1.092 14 22 18.869 −4.185
14 21 45.890 4.965 16 12 27.959 1.518 16 4 18.757 −3.687
16 4 45.458 3.414 17 18 27.671 1.944 17 10 18.546 −3.165
17 10 45.241 4.215 19 1 27.309 0.646 18 17 18.465 −4.383
18 16 44.874 4.980 20 7 27.166 1.079 19 23 18.344 −3.874

19 22 44.339 5.700 21 13 26.894 1.503 21 5 18.133 −3.351
21 5 44.000 4.202 22 20 26.544 0.217 22 12 18.072 −4.561
22 11 43.684 4.927 24 2 26.409 0.649 23 18 17.945 −4.051
23 17 43.220 5.605 25 8 26.159 1.079 25 1 17.733 −5.220
25 0 42.637 4.121 26 15 25.815 −0.200 26 7 17.689 −4.729

26 6 42.388 4.800 27 21 25.696 0.234 27 13 17.559 −4.209
27 12 41.985 5.448 29 3 25.454 0.671 28 20 17.368 −5.379
28 18 41.433 6.046 30 10 25.127 −0.605 30 2 17.320 −4.880
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DÉIMOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Juill. 1 8 17.179 −4.354 Août 31 1 12.545 −6.695 Oct. 30 20 11.106 −8.196
2 15 17.017 −5.523 Sept. 1 8 12.514 −7.664 Nov. 1 2 11.078 −7.936
3 21 16.957 −5.016 2 14 12.449 −7.174 2 9 11.132 −8.228
5 3 16.812 −4.488 3 21 12.335 −8.073 3 15 11.147 −8.007
6 10 16.673 −5.649 5 3 12.322 −7.615 4 22 11.145 −8.212

7 16 16.605 −5.143 6 9 12.240 −7.122 6 4 11.204 −8.030
8 22 16.451 −4.602 7 16 12.169 −8.018 7 10 11.187 −7.811

10 5 16.338 −5.769 8 22 12.137 −7.560 8 17 11.247 −8.005
11 11 16.262 −5.250 10 4 12.031 −7.058 9 23 11.272 −7.822
12 17 16.098 −4.709 11 11 12.008 −7.958 11 6 11.276 −7.933

14 0 16.014 −5.870 12 17 11.954 −7.491 12 12 11.345 −7.787
15 6 15.925 −5.348 14 0 11.856 −8.315 13 18 11.341 −7.608
16 12 15.756 −4.799 15 6 11.852 −7.884 15 1 11.402 −7.703
17 19 15.695 −5.959 16 12 11.775 −7.418 16 7 11.441 −7.561
19 1 15.599 −5.434 17 19 11.727 −8.238 17 14 11.443 −7.573

20 7 15.417 −4.876 19 1 11.698 −7.806 18 20 11.525 −7.465
21 14 15.386 −6.039 20 7 11.600 −7.335 20 2 11.532 −7.324
22 20 15.277 −5.502 21 14 11.600 −8.153 21 9 11.592 −7.323
24 3 15.122 −6.611 22 20 11.550 −7.718 22 15 11.643 −7.217
25 9 15.083 −6.101 24 3 11.483 −8.459 23 22 11.640 −7.134

26 15 14.963 −5.565 25 9 11.479 −8.061 25 4 11.735 −7.063
27 22 14.840 −6.667 26 15 11.401 −7.620 26 10 11.753 −6.960
29 4 14.786 −6.156 27 22 11.390 −8.362 27 17 11.807 −6.862
30 10 14.656 −5.611 29 4 11.359 −7.957 28 23 11.869 −6.792
31 17 14.562 −6.714 30 11 11.283 −8.619 30 5 11.857 −6.696

Août 1 23 14.498 −6.197 Oct. 1 17 11.299 −8.253 Déc. 1 12 11.964 −6.578
3 5 14.352 −5.646 2 23 11.242 −7.849 2 18 11.997 −6.514
4 12 14.293 −6.751 4 6 11.223 −8.505 4 1 12.035 −6.320
5 18 14.212 −6.225 5 12 11.211 −8.138 5 7 12.113 −6.287
7 0 14.057 −5.673 6 19 11.133 −8.713 6 13 12.113 −6.229

8 7 14.028 −6.771 8 1 11.164 −8.383 7 20 12.203 −6.015
9 13 13.934 −6.247 9 7 11.127 −8.015 9 2 12.251 −5.988

10 20 13.801 −7.283 10 14 11.104 −8.585 10 9 12.267 −5.701
12 2 13.768 −6.787 11 20 11.110 −8.255 11 15 12.361 −5.704
13 8 13.661 −6.251 13 2 11.043 −7.881 12 21 12.375 −5.683

14 15 13.562 −7.292 14 9 11.080 −8.450 14 4 12.442 −5.377
15 21 13.516 −6.787 15 15 11.057 −8.115 15 10 12.503 −5.385
17 3 13.391 −6.249 16 22 11.038 −8.600 16 17 12.491 −5.011
18 10 13.332 −7.288 18 4 11.058 −8.303 17 23 12.600 −5.046
19 16 13.265 −6.778 19 10 11.006 −7.970 19 5 12.633 −5.062

20 22 13.128 −6.237 20 17 11.047 −8.447 20 12 12.664 −4.668
22 5 13.103 −7.273 21 23 11.037 −8.151 21 18 12.745 −4.709
23 11 13.022 −6.762 23 6 11.024 −8.544 23 0 12.747 −4.737
24 18 12.907 −7.730 24 12 11.056 −8.285 24 7 12.821 −4.319
26 0 12.882 −7.252 25 18 11.018 −7.990 25 13 12.873 −4.372

27 6 12.782 −6.731 27 1 11.064 −8.373 26 20 12.861 −3.895
28 13 12.707 −7.704 28 7 11.068 −8.116 28 2 12.963 −3.970
29 19 12.664 −7.216 29 14 11.060 −8.414 29 8 12.982 −4.031



II. 108 CONNAISSANCE DES TEMPS

DÉIMOS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongation est

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 30 15 13.014 −3.534 Déc. 31 21 13.084 −3.618 Janv. 2 3 13.077 −3.692
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II. 110 CONNAISSANCE DES TEMPS

IO 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Janv. 1 3 −94.970 −38.354 Févr. 10 20 −89.210 −39.279 Mars 23 14 −88.961 −41.336
2 0 95.756 38.784 11 18 89.423 39.292 24 11 88.955 41.490
2 21 −94.837 −38.518 12 15 −89.039 −39.219 25 8 −88.885 −41.541
3 18 95.330 38.831 13 12 89.516 39.565 26 6 89.058 41.439
4 16 −94.234 −38.357 14 9 −88.952 −39.414 27 3 −89.199 −41.585

5 13 95.006 38.786 15 7 89.171 39.422 28 0 89.151 41.722
6 10 −94.110 −38.526 16 4 −88.827 −39.364 28 21 −89.128 −41.793
7 7 94.589 38.838 17 1 89.260 39.695 29 19 89.290 41.676
8 5 −93.540 −38.372 17 22 −88.740 −39.559 30 16 −89.481 −41.845
9 2 94.300 38.801 18 20 88.961 39.562 31 13 89.386 41.961

9 23 −93.425 −38.547 19 17 −88.653 −39.518 Avril 1 10 −89.415 −42.056
10 20 93.886 38.855 20 14 89.049 39.835 2 8 89.561 41.921
11 18 −92.893 −38.403 21 11 −88.566 −39.713 3 5 −89.802 −42.114
12 15 93.634 38.828 22 9 88.791 39.710 4 2 89.667 42.213
13 12 −92.784 −38.582 23 6 −88.524 −39.683 4 23 −89.741 −42.329

14 9 93.227 38.886 24 3 88.875 39.982 5 21 89.875 42.177
15 7 −92.288 −38.446 25 0 −88.437 −39.878 6 18 −90.165 −42.394
16 4 93.013 38.869 25 22 88.660 39.868 7 15 89.987 42.473
17 1 −92.186 −38.629 26 19 −88.434 −39.856 8 13 −90.125 −42.232
17 22 92.606 38.926 27 16 88.744 40.140 9 10 90.228 42.442

18 20 −91.731 −38.503 28 13 −88.347 −40.052 10 7 −90.569 −42.683
19 17 92.430 38.919 Mars 1 11 88.570 40.033 11 4 90.352 42.745
20 14 −91.633 −38.688 2 8 −88.387 −40.039 12 2 −90.558 −42.524
21 11 92.028 38.979 3 5 88.650 40.305 12 23 90.625 42.718
22 9 −91.216 −38.571 4 2 −88.300 −40.236 13 20 −91.015 −42.983

23 6 91.892 38.982 5 0 88.519 40.208 14 17 90.758 43.027
24 3 −91.122 −38.760 5 21 −88.379 −40.231 15 15 −91.035 −42.827
25 0 91.489 39.041 6 18 88.600 40.480 16 12 91.061 43.003
25 22 −90.747 −38.652 7 15 −88.292 −40.428 17 9 −91.503 −43.293
26 19 91.392 39.054 8 13 88.509 40.391 18 6 91.210 43.322

27 16 −90.656 −38.843 9 10 −88.414 −40.434 19 4 −91.549 −43.138
28 13 90.991 39.114 10 7 88.588 40.663 20 1 91.541 43.300
29 11 −90.319 −38.744 11 4 −88.328 −40.631 20 22 −92.033 −43.615
30 8 90.937 39.138 12 2 88.537 40.582 21 19 91.703 43.627
31 5 −90.230 −38.936 12 23 −88.487 −40.644 22 17 −92.106 −43.461

Févr. 1 2 90.534 39.196 13 20 88.619 40.857 23 14 92.061 43.606
2 0 −89.937 −38.847 14 17 −88.403 −40.843 24 11 −92.605 −43.946
2 21 90.520 39.230 15 15 88.607 40.783 25 8 92.243 43.945
3 18 −89.848 −39.040 16 12 −88.605 −40.866 26 6 −92.700 −43.792
4 15 90.117 39.289 17 9 88.688 41.058 27 3 92.625 43.924

5 13 −89.594 −38.960 18 6 −88.523 −41.067 28 0 −93.218 −44.289
6 10 90.145 39.333 19 4 88.717 40.993 28 21 92.824 44.273
7 7 −89.507 −39.154 20 1 −88.761 −41.096 29 19 −93.335 −44.135
8 4 89.740 39.390 20 22 88.802 41.270 30 16 93.228 44.251
9 2 −89.297 −39.085 21 19 −88.682 −41.298 Mai 1 13 −93.872 −44.643

9 23 89.808 39.444 22 17 88.868 41.211 2 10 93.451 44.615



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 111

IO 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Mai 3 8 −94.008 −44.486 Juin 13 1 −104.857 −49.774 Juill. 23 18 −119.307 −56.250
4 5 93.875 44.591 13 22 104.323 49.693 24 15 118.840 56.191
5 2 −94.569 −45.009 14 19 −105.334 −50.313 25 12 −120.095 −57.017
5 23 94.120 44.967 15 17 104.708 49.511 26 9 119.373 56.843
6 21 −94.723 −44.848 16 14 −106.000 −50.267 27 7 −120.507 −56.738

7 18 94.562 44.941 17 11 105.479 50.191 28 4 120.094 56.704
8 15 −95.308 −45.386 18 8 −106.537 −50.841 29 1 −121.393 −57.559
9 12 94.836 45.334 19 6 105.824 49.979 29 22 120.729 57.409

10 10 −95.474 −45.220 20 3 −107.169 −50.768 30 19 −121.733 −58.128
11 7 95.293 45.303 21 0 106.664 50.699 31 17 121.295 57.188

12 4 −96.087 −45.774 21 21 −107.765 −51.375 Août 1 14 −122.647 −58.076
13 1 95.595 45.713 22 18 106.970 51.172 2 11 122.037 57.951
13 23 −96.267 −45.603 23 16 −108.357 −51.273 3 8 −123.083 −58.698
14 20 96.063 45.676 24 13 107.873 51.212 4 6 122.441 57.644
15 17 −96.909 −46.174 25 10 −109.022 −51.919 5 3 −123.836 −58.561

16 14 96.399 46.106 26 7 108.246 51.725 6 0 123.289 58.463
17 12 −97.094 −45.994 27 5 −109.565 −51.782 6 21 −124.379 −59.238
18 9 96.877 46.061 28 2 109.102 51.731 7 18 123.574 59.020
19 6 −97.770 −46.586 28 23 −110.295 −52.466 8 16 −124.957 −59.011
20 3 97.245 46.510 29 20 109.551 52.286 9 13 124.467 58.937

21 1 −97.962 −46.398 30 18 −110.781 −52.292 10 10 −125.601 −59.741
21 22 97.727 46.455 Juill. 1 15 110.347 52.253 11 7 124.865 59.552
22 19 −98.673 −47.010 2 12 −111.589 −53.019 12 5 −125.988 −59.415
23 16 98.136 46.928 3 9 110.872 52.851 13 2 125.562 59.368
24 13 −98.878 −47.388 4 7 −112.007 −52.802 13 23 −126.742 −60.202

25 11 98.620 46.863 5 4 111.602 52.776 14 20 126.067 60.039
26 8 −99.613 −47.444 6 1 −112.889 −53.572 15 17 −126.942 −60.729
27 5 99.068 47.358 6 22 112.210 53.421 16 15 126.555 59.749
28 2 −99.857 −47.845 7 19 −113.241 −54.097 17 12 −127.781 −60.611
29 0 99.547 47.279 8 17 112.860 53.297 18 9 127.176 60.478

29 21 −100.592 −47.890 9 14 −114.198 −54.125 19 6 −128.087 −61.192
30 18 100.042 47.802 10 11 113.553 53.989 20 4 127.438 60.074
31 15 −100.874 −48.313 11 8 −114.630 −54.695 21 1 −128.711 −60.965

Juin 1 13 100.514 47.707 12 6 114.114 53.813 21 22 128.169 60.858
2 10 −101.606 −48.345 13 3 −115.500 −54.672 22 19 −129.127 −61.600

3 7 101.055 48.257 14 0 114.898 54.555 23 16 128.347 61.383
4 4 −101.934 −48.796 14 21 −116.015 −55.289 24 14 −129.514 −61.255
5 2 101.513 48.144 15 19 115.357 54.321 25 11 129.043 61.178
5 23 −102.658 −48.812 16 16 −116.794 −55.213 26 8 −130.039 −61.943
6 20 102.109 48.725 17 13 116.232 55.113 27 5 129.335 61.758

7 17 −103.030 −49.290 18 10 −117.397 −55.878 28 3 −130.184 −61.478
8 15 102.549 48.592 19 8 116.578 54.815 29 0 129.776 61.427
9 12 −103.741 −49.288 20 5 −118.063 −55.739 29 21 −130.821 −62.220

10 9 103.198 49.203 21 2 117.552 55.661 30 18 130.183 62.063
11 6 −104.167 −49.797 21 23 −118.757 −56.454 31 15 −130.889 −62.695

12 4 103.612 49.046 22 20 117.985 56.258 Sept. 1 13 130.366 61.604



II. 112 CONNAISSANCE DES TEMPS

IO 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Sept. 2 10 −131.449 −62.420 Oct. 13 2 −130.456 −62.018 Nov. 22 18 −117.098 −55.850
3 7 130.888 62.294 13 23 129.980 61.890 23 15 116.792 55.794
4 4 −131.631 −62.948 14 20 −130.017 −62.197 24 13 −116.289 −55.079
5 1 130.831 62.708 15 17 129.332 61.969 25 10 116.261 55.158
5 23 −131.925 −62.542 16 15 −129.559 −61.470 26 7 −115.748 −55.163

6 20 131.430 62.444 17 12 129.160 61.377 27 4 115.520 55.145
7 17 −132.214 −63.120 18 9 −129.227 −61.696 28 2 −114.855 −54.363
8 14 131.491 62.912 19 6 128.618 61.502 28 23 114.900 54.477
9 12 −132.227 −62.579 20 4 −128.531 −60.866 29 20 −114.392 −54.481

10 9 131.808 62.511 21 1 128.212 60.809 30 17 114.232 54.496

11 6 −132.630 −63.209 21 22 −128.300 −61.135 Déc. 1 15 −113.425 −53.655
12 3 131.979 63.030 22 19 127.776 60.980 2 12 113.540 53.804
13 0 −132.469 −63.566 23 16 −127.495 −61.127 3 9 −113.029 −53.803
13 22 132.007 62.491 24 14 127.144 60.191 4 6 112.942 53.854
14 19 −132.871 −63.209 25 11 −127.258 −60.527 5 3 −112.076 −53.682

15 16 132.295 63.062 26 8 126.810 60.407 6 1 112.186 53.140
16 13 −132.818 −63.615 27 5 −126.554 −60.562 6 22 −111.676 −53.136
17 11 132.031 62.384 28 3 125.976 59.535 7 19 111.653 53.219
18 8 −132.933 −63.122 29 0 −126.106 −59.875 8 16 −110.792 −53.045
19 5 132.429 63.004 29 21 125.743 59.794 9 14 110.848 52.490

20 2 −132.992 −63.577 30 18 −125.502 −59.955 10 11 −110.332 −52.479
20 23 132.265 63.353 31 15 124.932 59.772 11 8 110.377 52.596
21 21 −132.815 −62.946 Nov. 1 13 −124.867 −59.190 12 5 −109.512 −52.416
22 18 132.387 62.860 2 10 124.579 59.145 13 3 109.531 51.854
23 15 −132.981 −63.448 3 7 −124.360 −59.312 14 0 −109.012 −51.838

24 12 132.336 63.259 4 4 123.870 59.168 14 21 109.115 51.984
25 9 −132.573 −63.674 5 2 −123.547 −58.476 15 18 −108.252 −51.801
26 7 132.161 62.627 5 23 123.342 58.469 16 16 108.242 51.236
27 4 −132.795 −63.233 6 20 −123.135 −58.640 17 13 −107.713 −51.210
28 1 132.222 63.075 7 17 122.724 58.533 18 10 107.880 51.389

28 22 −132.493 −63.505 8 14 −122.169 −58.534 19 7 −107.009 −51.198
29 20 131.763 62.312 9 12 122.037 57.772 20 5 106.982 50.634
30 17 −132.427 −62.932 10 9 −121.847 −57.947 21 2 −106.446 −50.602

Oct. 1 14 131.935 62.807 11 6 121.515 57.879 21 23 106.668 50.807
2 11 −132.236 −63.251 12 3 −120.969 −57.881 22 20 −105.795 −50.612

3 8 131.522 63.019 13 1 120.686 57.063 23 17 105.811 50.717
4 6 −131.892 −62.551 13 22 −120.504 −57.239 24 15 −105.211 −50.009
5 3 131.471 62.457 14 19 120.250 57.207 25 12 105.489 50.243
6 0 −131.806 −62.915 15 16 −119.718 −57.213 26 9 −104.607 −50.039
6 21 131.172 62.718 16 14 119.295 56.344 27 6 104.677 50.171

7 19 −131.186 −62.091 17 11 −119.123 −56.521 28 4 −104.014 −49.436
8 16 130.847 62.033 18 8 118.946 56.527 29 1 104.340 49.694
9 13 −131.209 −62.502 19 5 −118.422 −56.534 29 22 −103.456 −49.485

10 10 130.652 62.338 20 2 118.045 56.443 30 19 103.573 49.641
11 7 −130.667 −62.637 21 0 −117.714 −55.800 31 17 −102.853 −48.880

12 5 130.063 61.537 21 21 117.612 55.842 Janv. 1 14 103.232 49.165



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 113

EUROPE 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 30 22 −90.111 −36.321 Mars 20 11 141.116 65.826 Juin 8 13 −161.976 −77.868
Janv. 1 4 150.705 60.903 22 6 −141.258 −66.059 10 7 166.002 80.007

2 22 −152.804 −62.005 24 0 141.378 66.269 12 2 −163.782 −78.849
4 17 149.567 60.943 25 19 −141.448 −66.464 13 20 167.742 80.974
6 12 −151.646 −62.046 27 14 141.894 66.647 15 15 −165.552 −79.815

8 6 148.366 60.956 29 9 −141.770 −66.742 17 10 169.701 81.596
10 1 −150.483 −62.080 31 3 142.335 67.149 19 4 −167.285 −80.765
11 20 147.400 61.050 Avril 1 22 −142.144 −67.208 20 23 171.634 82.648
13 15 −149.383 −62.121 3 17 142.922 67.518 22 18 −169.261 −81.360
15 9 146.409 61.137 5 12 −142.534 −67.473 24 12 173.516 83.671

17 4 −148.396 −62.214 7 6 143.544 68.082 26 7 −171.210 −82.406
18 23 145.502 61.229 9 1 −143.090 −68.001 28 2 175.573 84.305
20 18 −147.366 −62.257 10 20 144.201 68.440 29 20 −173.121 −83.438
22 12 144.715 61.385 12 15 −143.544 −68.250 Juill. 1 15 177.640 85.413
24 7 −146.560 −62.409 14 9 145.005 69.068 3 10 −175.137 −84.010

26 2 143.875 61.475 16 4 −144.290 −68.844 5 4 179.652 86.507
27 20 −145.698 −62.530 17 22 145.789 69.681 6 23 −177.239 −85.129
29 15 143.287 61.698 19 17 −144.937 −69.385 8 18 181.708 87.095
31 10 −144.969 −62.655 21 12 146.712 70.105 10 12 −179.303 −86.235

Févr. 2 4 142.613 61.877 23 7 −145.740 −69.737 12 7 183.871 88.259

3 23 −144.281 −62.830 25 1 147.686 70.787 14 1 −181.318 −87.323
5 18 142.128 62.072 26 20 −146.588 −70.351 15 20 185.983 89.398
7 13 −143.627 −62.952 28 15 148.661 71.192 17 15 −183.444 −87.902
9 7 141.640 62.311 30 10 −147.429 −70.676 19 9 188.018 90.513

11 2 −143.114 −63.180 Mai 2 4 149.823 71.944 21 4 −185.592 −89.053

12 21 141.236 62.505 3 23 −148.486 −71.369 22 23 190.094 91.070
14 16 −142.538 −63.297 5 17 150.879 72.639 24 17 −187.683 −90.181
16 10 140.933 62.803 7 12 −149.508 −72.040 26 12 192.213 92.226
18 5 −142.196 −63.578 9 7 152.190 73.150 28 6 −189.703 −91.282
20 0 140.615 62.997 11 2 −150.619 −72.434 30 1 194.268 93.348

21 18 −141.727 −63.794 12 20 153.449 73.923 31 20 −191.664 −91.744
23 13 140.492 63.352 14 15 −151.853 −73.188 Août 2 14 196.208 94.428
25 8 −141.531 −64.023 16 10 154.782 74.402 4 9 −193.731 −92.864
27 2 140.327 63.680 18 4 −153.023 −73.907 6 3 198.085 95.472
28 21 −141.233 −64.291 19 23 156.240 75.254 7 22 −195.708 −93.946

Mars 2 16 140.313 63.955 21 18 −154.426 −74.384 9 17 199.939 95.890
4 11 −141.114 −64.513 23 12 157.675 76.096 11 11 −197.571 −94.976
6 5 140.332 64.342 25 7 −155.819 −75.193 13 6 201.780 96.913
8 0 −140.987 −64.832 27 2 159.230 76.624 15 0 −199.332 −95.957
9 19 140.396 64.611 28 21 −157.196 −75.615 16 19 203.445 97.862

11 14 −140.947 −65.047 30 15 160.871 77.551 18 13 −200.947 −96.870
13 8 140.594 65.057 Juin 1 10 −158.812 −76.517 20 8 205.016 98.757
15 3 −140.996 −65.422 3 4 162.432 78.435 22 3 −202.465 −97.072
16 22 140.735 65.320 4 23 −160.397 −77.404 23 21 206.384 99.561
18 17 −141.033 −65.628 6 18 164.234 79.035 25 16 −203.951 −97.914



II. 114 CONNAISSANCE DES TEMPS

EUROPE 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Août 27 10 207.642 100.300 Oct. 10 18 −206.888 −99.795 Nov. 24 3 184.994 89.165
29 5 −205.305 −98.690 12 13 207.800 100.235 25 22 −184.371 −88.475
31 0 208.729 100.298 14 7 −205.745 −99.293 27 17 182.699 87.729

Sept. 1 18 −206.455 −99.364 16 2 206.513 99.665 29 11 −182.391 −87.665
3 13 209.777 100.924 17 20 −204.481 −98.734 Déc. 1 6 180.546 86.835

5 7 −207.455 −99.959 19 15 204.981 98.981 3 0 −180.285 −86.796
7 2 210.581 101.434 21 10 −203.097 −97.540 4 19 178.384 85.940
8 20 −208.230 −100.440 23 4 203.351 98.246 6 13 −178.182 −85.937

10 15 211.235 101.856 24 23 −201.674 −96.919 8 8 176.125 85.004
12 9 −208.840 −100.834 26 18 201.609 96.910 10 3 −176.177 −84.693

14 4 211.621 102.149 28 12 −200.046 −96.200 11 22 173.972 83.690
15 22 −209.215 −101.106 30 7 199.857 96.134 13 16 −174.244 −83.929
17 17 211.852 102.351 Nov. 1 1 −198.342 −95.452 15 11 171.909 82.859
19 11 −209.414 −101.285 2 20 197.914 95.275 17 5 −172.205 −83.111
21 6 211.806 102.417 4 14 −196.457 −94.620 19 0 169.838 82.023

23 1 −209.476 −100.733 6 9 195.911 94.389 20 19 −170.318 −81.956
24 19 211.613 102.397 8 3 −194.509 −93.765 22 14 167.740 80.759
26 14 −209.385 −100.763 9 22 193.736 93.430 24 8 −168.480 −81.240
28 9 211.136 101.600 11 17 −192.583 −92.423 26 3 165.881 80.029
30 3 −209.042 −100.664 13 12 191.579 91.986 27 21 −166.638 −80.525

Oct. 1 22 210.641 101.427 15 6 −190.653 −91.602 29 16 163.952 79.264
3 16 −208.543 −100.484 17 1 189.442 91.067 31 11 −164.863 −79.432
5 11 209.871 101.121 18 19 −188.578 −90.716 Janv. 2 6 162.067 78.110
7 5 −207.787 −100.175 20 14 187.284 90.144 4 0 −163.226 −78.813
9 0 208.968 100.741 22 8 −186.486 −89.830



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 115

GANYMÈDE 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Janv. 1 6 242.753 98.503 Mai 7 1 −239.959 −114.748 Sept. 9 8 335.344 160.423
4 20 −240.216 −98.287 10 15 242.274 115.954 12 22 −335.472 −160.423
8 11 238.965 98.506 14 5 −243.887 −116.844 16 11 336.751 161.339

12 1 −236.642 −98.351 17 20 246.380 117.772 20 1 −336.224 −161.002
15 15 235.702 98.736 21 10 −248.278 −118.764 23 15 336.947 161.040

19 5 −233.502 −98.602 25 0 250.974 120.065 27 4 −335.685 −160.911
22 20 232.784 98.976 28 14 −253.061 −121.123 30 18 335.813 160.653
26 10 −230.875 −98.925 Juin 1 4 256.014 122.515 Oct. 4 8 −333.938 −159.630
30 0 230.344 99.424 4 18 −258.185 −123.593 7 21 333.352 159.598

Févr. 2 14 −228.680 −99.440 8 8 261.414 125.086 11 11 −331.014 −158.347

6 5 228.303 99.871 11 22 −263.726 −126.211 15 1 329.745 157.425
9 19 −226.962 −99.982 15 12 267.177 127.792 18 14 −326.968 −156.528

13 9 226.750 100.544 19 2 −269.639 −128.965 22 4 325.240 155.390
16 23 −225.612 −100.702 22 17 273.257 130.175 25 18 −321.927 −153.719
20 14 225.662 101.215 26 6 −275.918 −131.864 29 7 319.903 152.981

24 4 −224.716 −101.411 29 21 279.584 133.057 Nov. 1 21 −316.156 −151.131
27 18 225.013 102.112 Juill. 3 10 −282.434 −134.850 5 11 313.906 149.805

Mars 3 9 −224.224 −102.187 7 0 286.183 136.521 9 1 −309.792 −147.816
6 23 224.810 102.974 10 14 −289.136 −137.912 12 14 307.401 146.946

10 13 −224.231 −103.236 14 4 292.945 139.588 16 4 −303.122 −144.900

14 3 224.981 104.059 17 18 −295.890 −140.978 19 18 300.634 143.557
17 18 −224.680 −104.226 21 8 299.787 142.683 23 8 −296.298 −141.519
21 8 225.596 105.079 24 22 −302.538 −143.984 26 22 293.664 140.153
24 22 −225.583 −105.502 28 12 306.464 145.689 30 12 −289.379 −138.170
28 12 226.608 106.362 Août 1 1 −309.019 −147.445 Déc. 4 2 286.732 136.834

Avril 1 3 −226.909 −106.684 4 15 312.906 149.138 7 16 −282.537 −134.927
4 17 228.135 107.584 8 5 −315.295 −150.259 11 6 279.955 133.644
8 7 −228.642 −108.161 11 19 318.930 151.824 14 20 −275.852 −131.802

11 22 230.081 108.887 15 9 −321.034 −152.802 18 10 273.483 130.640
15 12 −230.770 −109.502 18 22 324.286 154.758 22 0 −269.408 −128.824

19 2 232.524 110.557 22 12 −326.150 −155.616 25 14 267.303 127.798
22 16 −233.374 −111.208 26 2 328.912 156.731 29 4 −263.344 −126.036
26 6 235.339 112.328 29 15 −330.346 −157.981 Janv. 1 18 261.481 125.136
29 21 −236.404 −112.760 Sept. 2 5 332.660 158.848

Mai 3 11 238.623 113.956 5 19 −333.490 −159.200



II. 116 CONNAISSANCE DES TEMPS

CALLISTO 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Janv. 2 9 424.408 170.633 Mai 8 22 −425.414 −200.887 Sept. 11 7 591.686 278.505
10 19 −420.088 −172.214 17 8 433.590 204.428 19 14 −593.688 −280.498
19 5 410.556 171.275 25 18 −443.140 −209.394 27 20 592.395 279.559
27 16 −408.030 −173.311 Juin 3 3 453.618 213.891 Oct. 6 4 −588.604 −278.151

Févr. 5 2 401.134 173.059 11 14 −464.960 −219.157 14 11 581.327 273.862

13 13 −400.225 −175.446 19 22 477.394 224.588 22 18 −572.435 −270.436
22 0 395.931 175.724 28 8 −490.019 −230.611 31 1 560.547 264.135

Mars 2 11 −396.849 −178.502 Juill. 6 16 504.103 236.655 Nov. 8 10 −548.548 −258.611
10 21 394.972 179.429 15 2 −517.339 −242.905 16 17 534.023 251.417
19 8 −397.611 −182.551 23 9 531.833 249.447 25 2 −520.596 −245.532

27 18 398.335 184.125 31 18 −544.846 −256.008 Déc. 3 10 505.721 238.180
Avril 5 5 −402.608 −187.552 Août 9 1 558.124 261.960 11 19 −492.312 −232.552

13 15 405.802 189.738 17 10 −569.113 −267.578 20 4 478.464 225.620
22 2 −411.943 −193.597 25 16 579.437 272.504 28 14 −466.340 −220.400
30 12 417.530 196.387 Sept. 3 0 −586.522 −276.643
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II. 118 CONNAISSANCE DES TEMPS

MIMAS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 21 −27.451 −2.247 Janv. 22 2 28.086 2.629 Févr. 12 7 −29.082 −2.700
Janv. 1 9 27.084 2.025 22 14 −28.254 −2.160 12 19 29.153 2.489

1 20 −27.651 −2.103 23 1 28.319 2.465 13 6 −29.035 −2.499
2 7 26.951 2.309 23 12 −28.445 −2.496 13 17 29.382 2.841
2 19 −27.547 −1.933 24 0 28.227 2.272 14 4 −29.009 −2.831

3 6 27.214 2.166 24 11 −28.477 −2.313 14 16 29.405 2.647
3 17 −27.663 −2.232 24 22 28.350 2.606 15 3 −29.163 −2.648
4 5 27.163 1.997 25 9 −28.356 −2.625 15 14 29.318 2.970
4 16 −27.745 −2.075 25 21 28.455 2.429 16 2 −28.977 −2.433
5 3 27.225 2.300 26 8 −28.582 −2.459 16 13 29.537 2.794

5 14 −27.559 −2.354 26 19 28.263 2.737 17 0 −29.167 −2.786
6 2 27.368 2.144 27 7 −28.484 −2.263 17 12 29.422 2.587
6 13 −27.829 −2.210 27 18 28.563 2.576 17 23 −29.183 −2.589
7 1 27.196 1.962 28 5 −28.568 −2.596 18 10 29.550 2.929
7 12 −27.791 −2.040 28 17 28.537 2.385 18 21 −29.047 −2.911

7 23 27.454 2.284 29 4 −28.664 −2.415 19 9 29.631 2.740
8 10 −27.798 −2.338 29 15 28.552 2.714 19 20 −29.265 −2.733
8 22 27.477 2.115 30 2 −28.434 −2.722 20 7 29.443 3.051
9 9 −27.948 −2.181 30 14 28.721 2.539 20 19 −29.141 −2.523
9 20 27.421 2.417 31 1 −28.727 −2.558 21 6 29.719 2.881

10 8 −27.788 −1.998 31 13 28.563 2.335 21 17 −29.223 −2.865
10 19 27.638 2.262 Févr. 1 0 −28.690 −2.364 22 5 29.661 2.679
11 6 −27.990 −2.316 1 11 28.787 2.683 22 16 −29.302 −2.673
11 18 27.537 2.080 1 22 −28.668 −2.692 23 3 29.688 3.009
12 5 −28.018 −2.146 2 10 28.824 2.495 23 14 −29.055 −2.984

12 16 27.680 2.402 2 21 −28.829 −2.514 24 2 29.826 2.826
13 3 −27.915 −2.444 3 8 28.733 2.816 24 13 −29.338 −2.812
13 15 27.775 2.234 3 20 −28.659 −2.307 25 1 29.628 2.610
14 2 −28.133 −2.288 4 7 28.966 2.646 25 12 −29.276 −2.607
14 13 27.603 2.532 4 18 −28.847 −2.654 25 23 29.871 2.960

15 1 −28.037 −2.104 5 6 28.869 2.444 26 10 −29.248 −2.937
15 12 27.893 2.380 5 17 −28.874 −2.463 26 22 29.869 2.763
15 23 −28.132 −2.422 6 4 28.988 2.785 27 9 −29.390 −2.752
16 11 27.862 2.198 6 15 −28.743 −2.784 27 20 29.797 3.082
16 22 −28.226 −2.252 7 3 29.087 2.601 28 8 −29.187 −2.534

17 9 27.891 2.517 7 14 −28.969 −2.610 28 19 29.990 2.904
17 20 −28.013 −2.547 8 1 28.891 2.913 Mars 1 6 −29.379 −2.884
18 8 28.056 2.351 8 13 −28.860 −2.405 1 18 29.848 2.694
18 19 −28.299 −2.393 9 0 29.186 2.747 2 5 −29.380 −2.685
19 7 27.898 2.156 9 11 −28.942 −2.746 2 16 29.991 3.031

19 18 −28.267 −2.209 9 23 29.150 2.548 3 3 −29.240 −3.002
20 5 28.131 2.494 10 10 −29.032 −2.558 3 15 30.044 2.840
20 16 −28.255 −2.525 10 21 29.166 2.881 4 2 −29.447 −2.823
21 4 28.168 2.315 11 8 −28.792 −2.870 4 13 29.872 3.145
21 15 −28.415 −2.357 11 20 29.326 2.701 5 1 −29.306 −2.611
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MIMAS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Mars 5 12 30.121 2.973 Mars 26 17 −29.388 −2.770 Avril 16 22 30.050 2.770
5 23 −29.387 −2.948 27 4 30.376 3.090 17 9 −29.016 −2.788
6 11 30.032 2.769 27 15 −29.221 −3.062 17 20 30.015 3.038
6 22 −29.452 −2.756 28 3 30.364 2.902 18 8 −28.805 −2.586
7 9 30.077 3.093 28 14 −29.414 −2.889 18 19 30.095 2.868

7 20 −29.198 −3.059 29 1 30.224 3.182 19 6 −28.905 −2.878
8 8 30.184 2.908 29 13 −29.254 −2.684 19 18 29.849 2.667
8 19 −29.471 −2.888 30 0 30.406 3.013 20 5 −28.907 −2.696
9 7 29.955 2.692 30 11 −29.308 −2.994 20 16 30.019 2.952
9 18 −29.394 −2.683 30 23 30.255 2.813 21 3 −28.661 −2.953

10 5 30.216 3.034 31 10 −29.360 −2.809 21 15 29.966 2.769
10 16 −29.362 −3.005 31 21 30.328 3.111 22 2 −28.874 −2.793
11 4 30.182 2.836 Avril 1 8 −29.069 −3.083 22 13 29.822 3.022
11 15 −29.493 −2.820 1 20 30.371 2.930 23 1 −28.743 −2.599
12 2 30.127 3.146 2 7 −29.333 −2.920 23 12 29.962 2.859

12 14 −29.273 −2.603 2 18 30.130 3.195 23 23 −28.707 −2.874
13 1 30.289 2.968 3 6 −29.245 −2.723 24 11 29.780 2.665
13 12 −29.462 −2.944 3 17 30.366 3.034 24 22 −28.788 −2.701
14 0 30.114 2.758 4 4 −29.173 −3.015 25 9 29.838 2.935
14 11 −29.450 −2.746 4 16 30.271 2.841 25 21 −28.526 −2.497

14 22 30.275 3.085 5 3 −29.297 −2.839 26 8 29.848 2.760
15 9 −29.301 −3.053 5 14 30.241 3.123 26 19 −28.699 −2.789
15 21 30.295 2.895 6 2 −29.070 −2.631 27 6 29.593 2.998
16 8 −29.498 −2.876 6 13 30.340 2.950 27 18 −28.649 −2.605
16 19 30.142 3.189 7 0 −29.217 −2.941 28 5 29.795 2.842

17 7 −29.344 −2.666 7 12 30.108 2.745 28 16 −28.476 −2.863
17 18 30.356 3.018 7 23 −29.202 −2.753 29 4 29.677 2.655
18 5 −29.417 −2.992 8 10 30.287 3.044 29 15 −28.638 −2.699
18 17 30.235 2.815 8 21 −29.004 −3.027 30 2 29.622 2.911
19 4 −29.472 −2.802 9 9 30.250 2.859 30 14 −28.459 −2.503

19 15 30.297 3.127 9 20 −29.201 −2.861 Mai 1 1 29.696 2.742
20 2 −29.205 −3.092 10 7 30.115 3.125 1 12 −28.492 −2.779
20 14 30.371 2.944 10 19 −29.048 −2.661 2 0 29.452 2.545
21 1 −29.470 −2.924 11 6 30.270 2.959 2 11 −28.525 −2.602
21 12 30.118 3.222 11 17 −29.066 −2.954 2 22 29.594 2.817

22 0 −29.383 −2.722 12 5 30.097 2.762 3 10 −28.219 −2.396
22 11 30.385 3.059 12 16 −29.126 −2.775 3 21 29.542 2.637
22 22 −29.337 −3.031 13 3 30.170 3.046 4 8 −28.456 −2.689
23 10 30.318 2.863 13 15 −28.837 −2.564 4 19 29.371 2.880
23 21 −29.460 −2.850 14 2 30.191 2.868 5 7 −28.362 −2.501

24 8 30.280 3.159 14 13 −29.070 −2.874 5 18 29.511 2.718
24 20 −29.231 −2.636 15 0 29.950 3.118 6 5 −28.255 −2.761
25 7 30.408 2.984 15 12 −28.993 −2.683 6 17 29.334 2.527
25 18 −29.407 −2.964 15 23 30.163 2.960 7 4 −28.370 −2.593
26 6 30.201 2.776 16 10 −28.880 −2.958 7 15 29.359 2.786



II. 120 CONNAISSANCE DES TEMPS

MIMAS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Mai 8 3 −28.151 −2.395 Mai 29 7 28.125 2.514 Juin 19 13 −26.456 −1.721
8 14 29.374 2.612 29 19 −27.462 −2.223 20 0 27.144 1.802
9 1 −28.245 −2.672 30 6 28.311 2.352 20 11 −26.573 −2.006
9 12 29.087 2.842 30 17 −27.164 −2.465 20 22 26.994 2.061

10 0 −28.235 −2.492 31 5 28.195 2.164 21 10 −26.543 −1.815

10 11 29.293 2.686 31 16 −27.385 −2.302 21 21 27.097 1.881
10 22 −27.986 −2.738 Juin 1 3 28.097 2.412 22 8 −26.336 −2.078
11 10 29.186 2.502 1 15 −27.290 −2.113 22 20 26.911 1.680
11 21 −28.186 −2.577 2 2 28.171 2.239 23 7 −26.501 −1.900
12 8 29.092 2.749 2 13 −27.178 −2.371 23 18 26.930 1.953

12 20 −28.053 −2.387 3 1 27.944 2.042 24 6 −26.369 −1.700
13 7 29.176 2.581 3 12 −27.287 −2.198 24 17 26.931 1.764
13 18 −28.003 −2.649 3 23 28.026 2.306 25 4 −26.333 −1.978
14 6 28.949 2.387 4 11 −27.081 −1.998 25 16 26.645 1.556
14 17 −28.079 −2.478 4 22 27.988 2.123 26 3 −26.396 −1.791

15 4 29.045 2.650 5 9 −27.152 −2.272 26 14 26.830 1.842
15 16 −27.827 −2.277 5 20 27.760 2.364 27 2 −26.164 −1.584
16 3 29.009 2.471 6 8 −27.149 −2.089 27 13 26.731 1.645
16 14 −27.972 −2.556 6 19 27.912 2.195 28 0 −26.296 −1.874
17 1 28.794 2.707 7 6 −26.888 −2.337 28 11 26.609 1.914

17 13 −27.928 −2.373 7 18 27.766 2.003 28 23 −26.258 −1.679
18 0 28.949 2.545 8 5 −27.086 −2.169 29 10 26.697 1.729
18 11 −27.732 −2.622 8 16 27.715 2.259 29 21 −26.071 −1.950
18 23 28.794 2.356 9 4 −26.974 −1.976 30 9 26.499 1.524
19 10 −27.895 −2.457 9 15 27.758 2.080 30 20 −26.226 −1.768

19 21 28.767 2.608 10 2 −26.893 −2.240 Juill. 1 7 26.542 1.806
20 9 −27.732 −2.264 10 14 27.506 1.879 1 19 −26.089 −1.565
20 20 28.803 2.435 11 1 −26.982 −2.062 2 6 26.531 1.613
21 7 −27.730 −2.529 11 12 27.629 2.150 2 17 −26.068 −1.850
21 19 28.533 2.236 12 0 −26.763 −1.860 3 4 26.267 1.877

22 6 −27.774 −2.354 12 11 27.566 1.962 3 16 −26.124 −1.659
22 17 28.692 2.504 12 22 −26.859 −2.139 4 3 26.442 1.696
23 5 −27.495 −2.150 13 9 27.380 2.212 4 15 −25.890 −1.449
23 16 28.612 2.321 13 21 −26.841 −1.952 5 2 26.332 1.494
24 3 −27.683 −2.432 14 8 27.505 2.037 5 13 −26.033 −1.747

24 14 28.460 2.562 14 19 −26.609 −2.207 6 0 26.232 1.773
25 2 −27.611 −2.246 15 7 27.336 1.841 6 12 −25.991 −1.548
25 13 28.570 2.395 15 18 −26.789 −2.034 6 23 26.309 1.583
26 0 −27.460 −2.499 16 5 27.323 2.105 7 10 −25.818 −1.828
26 12 28.377 2.202 16 17 −26.665 −1.838 7 22 26.104 1.375

26 23 −27.593 −2.330 17 4 27.342 1.921 8 9 −25.966 −1.641
27 10 28.408 2.459 17 15 −26.609 −2.108 8 20 26.166 1.666
27 22 −27.406 −2.134 18 3 27.071 1.716 9 8 −25.827 −1.435
28 9 28.404 2.281 18 14 −26.683 −1.926 9 19 26.146 1.468
28 20 −27.444 −2.403 19 1 27.228 1.995 10 6 −25.818 −1.727



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 121

MIMAS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Juill. 10 17 25.902 1.744 Juill. 31 23 −25.171 −1.089 Août 22 4 24.293 0.721
11 5 −25.869 −1.533 Août 1 10 25.130 1.098 22 15 −24.851 −1.062
11 16 26.068 1.557 1 21 −25.180 −1.407 23 2 24.375 1.075
12 4 −25.635 −1.320 2 8 24.913 1.407 23 14 −24.732 −0.839
12 15 25.953 1.352 2 20 −25.229 −1.201 24 1 24.375 0.854

13 2 −25.786 −1.625 3 7 25.076 1.206 24 12 −24.748 −1.186
13 13 25.869 1.640 3 19 −25.007 −0.982 24 23 24.153 1.199
14 1 −25.742 −1.423 4 6 24.965 0.991 25 11 −24.804 −0.969
14 12 25.940 1.446 4 17 −25.168 −1.310 25 22 24.337 0.985
14 23 −25.581 −1.711 5 4 24.901 1.312 26 10 −24.599 −0.741

15 11 25.731 1.234 5 16 −25.128 −1.098 26 21 24.251 0.758
15 22 −25.724 −1.520 6 3 24.974 1.104 27 8 −24.762 −1.097
16 9 25.806 1.535 6 14 −24.989 −1.414 27 19 24.178 1.114
16 21 −25.586 −1.311 7 2 24.774 0.884 28 7 −24.732 −0.875
17 8 25.782 1.333 7 13 −25.129 −1.211 28 18 24.275 0.894

17 19 −25.585 −1.612 8 0 24.863 1.215 29 5 −24.606 −1.223
18 6 25.552 1.619 8 12 −25.000 −0.994 29 17 24.103 0.663
18 18 −25.634 −1.413 8 23 24.847 1.001 30 4 −24.751 −1.008
19 5 25.713 1.428 9 10 −25.012 −1.321 30 15 24.178 1.029
19 17 −25.403 −1.198 9 21 24.631 1.322 31 3 −24.636 −0.781

20 4 25.596 1.219 10 9 −25.062 −1.111 31 14 24.189 0.804
20 15 −25.559 −1.510 10 20 24.799 1.117 Sept. 1 1 −24.655 −1.139
21 2 25.524 1.518 11 8 −24.846 −0.889 1 12 23.961 1.162
21 14 −25.514 −1.305 11 19 24.694 0.898 2 0 −24.714 −0.918
22 1 25.592 1.319 12 6 −25.007 −1.226 2 11 24.155 0.943

22 12 −25.363 −1.602 12 17 24.630 1.230 2 23 −24.514 −0.686
23 0 25.383 1.104 13 5 −24.970 −1.011 3 10 24.079 0.712
23 11 −25.504 −1.407 13 16 24.709 1.019 3 21 −24.678 −1.053
23 22 25.467 1.415 14 3 −24.836 −1.337 4 8 24.000 1.081
24 10 −25.367 −1.195 14 15 24.517 0.795 4 20 −24.652 −0.827

24 21 25.443 1.209 15 2 −24.977 −1.130 5 7 24.108 0.857
25 8 −25.372 −1.504 15 13 24.603 1.137 5 18 −24.530 −1.187
25 19 25.221 1.507 16 1 −24.853 −0.910 6 6 23.947 0.621
26 7 −25.420 −1.302 16 12 24.595 0.920 6 17 −24.677 −0.967
26 18 25.382 1.310 16 23 −24.867 −1.247 7 4 24.015 1.000

27 6 −25.193 −1.085 17 10 24.377 1.253 7 16 −24.566 −0.736
27 17 25.267 1.098 17 22 −24.921 −1.034 8 3 24.037 0.770
28 4 −25.352 −1.405 18 9 24.552 1.043 8 14 −24.588 −1.105
28 15 25.200 1.408 18 21 −24.710 −0.809 9 1 23.802 1.142
29 3 −25.309 −1.196 19 8 24.455 0.820 9 13 −24.650 −0.880

29 14 25.269 1.205 19 19 −24.872 −1.155 10 0 24.007 0.918
30 1 −25.165 −1.503 20 6 24.388 1.164 10 12 −24.455 −0.644
30 13 25.064 0.987 20 18 −24.839 −0.937 10 23 23.944 0.682
31 0 −25.304 −1.304 21 5 24.475 0.948 11 10 −24.621 −1.023
31 11 25.152 1.308 21 16 −24.709 −1.273 11 21 23.856 1.065



II. 122 CONNAISSANCE DES TEMPS

MIMAS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Sept. 12 9 −24.598 −0.792 Oct. 3 14 23.751 0.682 Oct. 24 19 −24.822 −0.908
12 20 23.976 0.835 4 1 −24.613 −1.013 25 6 23.884 1.081
13 7 −24.481 −1.164 4 12 23.639 1.112 25 18 −24.627 −0.626
13 19 23.827 0.594 5 0 −24.594 −0.763 26 5 23.886 0.798
14 6 −24.629 −0.940 5 11 23.795 0.863 26 16 −24.849 −1.104

14 17 23.887 0.987 5 22 −24.498 −1.180 27 3 23.762 1.287
15 5 −24.522 −0.704 6 10 23.682 0.602 27 15 −24.822 −0.826
15 16 23.921 0.752 6 21 −24.649 −0.935 28 2 23.949 1.010
16 3 −24.548 −1.086 7 8 23.719 1.044 28 13 −24.767 −1.300
16 15 23.687 0.506 7 20 −24.545 −0.679 29 1 23.862 0.718

17 2 −24.612 −0.855 8 7 23.789 0.787 29 12 −24.909 −1.026
17 13 23.895 0.909 8 18 −24.594 −1.108 29 23 23.890 1.220
18 1 −24.421 −0.614 9 6 23.589 0.520 30 11 −24.794 −0.740
18 12 23.843 0.667 9 17 −24.659 −0.856 30 22 23.989 0.934
18 23 −24.591 −1.006 10 4 23.776 0.973 31 9 −24.887 −1.227

19 10 23.747 1.065 10 16 −24.471 −0.594 31 21 23.812 0.634
19 22 −24.571 −0.770 11 3 23.759 0.710 Nov. 1 8 −24.942 −0.945
20 9 23.879 0.829 11 14 −24.664 −1.034 1 19 23.995 1.151
20 20 −24.459 −1.156 12 1 23.641 1.158 2 6 −24.757 −1.427
21 8 23.743 0.583 12 13 −24.645 −0.775 2 18 24.004 0.856

21 19 −24.609 −0.926 13 0 23.809 0.900 3 5 −24.981 −1.151
22 6 23.794 0.991 13 11 −24.560 −1.210 3 16 23.881 1.367
22 18 −24.504 −0.684 13 23 23.706 0.630 4 4 −24.947 −0.860
23 5 23.841 0.749 14 10 −24.709 −0.957 4 15 24.075 1.078
23 16 −24.536 −1.080 14 21 23.738 1.091 5 2 −24.912 −1.356

24 4 23.619 0.497 15 9 −24.604 −0.692 5 14 23.993 0.773
24 15 −24.601 −0.844 15 20 23.819 0.826 6 1 −25.047 −1.070
25 2 23.818 0.916 16 7 −24.664 −1.139 6 12 24.025 1.299
25 14 −24.412 −0.597 16 19 23.628 0.549 7 0 −24.924 −0.770
26 1 23.779 0.668 17 6 −24.728 −0.878 7 11 24.129 1.001

26 12 −24.588 −1.003 17 17 23.811 1.022 7 22 −25.039 −1.281
26 23 23.675 1.081 18 5 −24.537 −0.607 8 10 23.956 0.687
27 11 −24.569 −0.761 18 16 23.804 0.749 8 21 −25.085 −0.986
27 22 23.819 0.839 19 3 −24.743 −1.065 9 8 24.145 1.228
28 9 −24.464 −1.161 19 14 23.682 1.216 9 19 −24.922 −1.491

28 21 23.694 0.585 20 2 −24.721 −0.797 10 7 24.158 0.920
29 8 −24.615 −0.925 20 13 23.860 0.950 10 18 −25.138 −1.202
29 19 23.738 1.010 21 0 −24.650 −1.250 11 5 24.040 1.454
30 7 −24.512 −0.676 21 12 23.766 0.669 11 17 −25.095 −0.897
30 18 23.797 0.761 21 23 −24.796 −0.988 12 4 24.239 1.153

Oct. 1 5 −24.551 −1.088 22 10 23.795 1.150 12 15 −25.083 −1.417
1 17 23.586 0.502 22 22 −24.687 −0.713 13 3 24.159 0.834
2 4 −24.617 −0.845 23 9 23.885 0.875 13 14 −25.210 −1.118
2 15 23.778 0.937 23 20 −24.762 −1.179 14 1 24.199 1.385
3 3 −24.430 −0.591 24 8 23.703 0.587 14 13 −25.075 −0.803



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 123

MIMAS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Nov. 15 0 24.306 1.073 Déc. 1 1 24.583 0.861 Déc. 17 1 25.444 1.645
15 11 −25.216 −1.339 1 12 −25.646 −1.111 17 12 −26.117 −1.817
15 23 24.134 0.744 1 23 24.819 1.483 18 0 25.422 1.251
16 10 −25.252 −1.029 2 10 −25.572 −1.696 18 11 −26.250 −1.440
16 21 24.333 1.311 2 22 24.825 1.127 18 22 25.414 1.923

17 8 −25.114 −1.559 3 9 −25.750 −1.358 19 10 −26.104 −1.043
17 20 24.347 0.988 3 20 24.753 1.741 19 21 25.583 1.538
18 7 −25.321 −1.255 4 8 −25.657 −1.002 20 8 −26.287 −1.708
18 18 24.239 1.548 4 19 24.947 1.393 20 20 25.457 1.131
19 6 −25.264 −0.934 5 6 −25.745 −1.605 21 7 −26.317 −1.317

19 17 24.439 1.232 5 18 24.854 1.024 21 18 25.624 1.823
20 4 −25.280 −1.481 6 5 −25.826 −1.255 22 5 −26.213 −1.974
20 16 24.359 0.898 6 16 24.950 1.657 22 17 25.688 1.423
21 3 −25.395 −1.166 7 4 −25.635 −0.887 23 4 −26.421 −1.591
21 14 24.412 1.475 7 15 25.045 1.296 23 15 25.546 2.104

22 2 −25.245 −0.835 8 2 −25.885 −1.508 24 3 −26.346 −1.187
22 13 24.519 1.148 8 14 24.851 0.915 24 14 25.800 1.714
23 0 −25.418 −1.397 9 1 −25.868 −1.145 25 1 −26.414 −1.864
23 12 24.343 0.803 9 12 25.116 1.566 25 13 25.757 1.301
23 23 −25.439 −1.071 9 23 −25.835 −1.759 26 0 −26.518 −1.466

24 10 24.558 1.397 10 11 25.111 1.192 26 11 25.793 2.002
24 21 −25.331 −1.628 10 22 −25.993 −1.403 26 23 −26.336 −1.048
25 9 24.570 1.058 11 9 25.067 1.835 27 10 25.940 1.597
25 20 −25.525 −1.308 11 21 −25.875 −1.027 27 21 −26.578 −1.745
26 7 24.477 1.644 12 8 25.251 1.469 28 9 25.789 1.170

26 19 −25.452 −0.970 12 19 −26.008 −1.661 28 20 −26.575 −1.333
27 6 24.676 1.313 13 7 25.144 1.081 29 7 26.004 1.892
27 17 −25.501 −1.545 13 18 −26.066 −1.291 29 18 −26.527 −2.022
28 5 24.591 0.962 14 5 25.271 1.743 30 6 26.044 1.472
28 16 −25.601 −1.213 14 16 −25.912 −1.917 30 17 −26.704 −1.617

29 3 24.662 1.566 15 4 25.353 1.364 31 4 25.949 2.182
29 15 −25.433 −0.864 15 15 −26.147 −1.554 31 16 −26.593 −1.191
30 2 24.765 1.223 16 2 25.172 2.015
30 13 −25.641 −1.455 16 14 −26.103 −1.171



II. 124 CONNAISSANCE DES TEMPS

ENCELADE 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 17 −34.829 −2.510 Janv. 31 13 37.112 2.568 Mars 3 9 −38.096 −2.592
Janv. 1 10 35.315 2.218 Févr. 1 6 −36.779 −2.235 4 1 38.325 2.802

2 2 −34.968 −2.452 1 22 37.217 2.507 4 18 −38.121 −2.539
2 19 35.370 2.153 2 15 −36.794 −2.169 5 10 38.420 2.752
3 11 −35.089 −2.392 3 7 37.303 2.445 6 3 −38.122 −2.486

4 4 35.409 2.087 3 23 −36.840 −2.683 6 19 38.491 2.702
4 20 −35.193 −2.330 4 16 37.366 2.383 7 12 −38.099 −2.432
5 13 35.429 2.019 5 8 −36.978 −2.625 8 4 38.539 2.652
6 5 −35.279 −2.267 6 1 37.411 2.320 8 21 −38.049 −2.379
6 21 35.573 2.539 6 17 −37.094 −2.566 9 13 38.562 2.601

7 14 −35.349 −2.203 7 10 37.432 2.256 10 5 −38.131 −2.799
8 6 35.708 2.479 8 2 −37.190 −2.505 10 22 38.561 2.551
8 23 −35.400 −2.137 8 19 37.432 2.192 11 14 −38.209 −2.751
9 15 35.827 2.418 9 11 −37.263 −2.444 12 7 38.535 2.500

10 8 −35.433 −2.070 10 3 37.541 2.694 12 23 −38.266 −2.704

11 0 35.927 2.356 10 20 −37.315 −2.383 13 16 38.486 2.450
11 16 −35.467 −2.592 11 12 37.663 2.637 14 8 −38.296 −2.656
12 9 36.012 2.293 12 5 −37.344 −2.321 15 0 38.502 2.843
13 1 −35.616 −2.533 12 21 37.763 2.578 15 17 −38.303 −2.608
13 18 36.076 2.227 13 14 −37.351 −2.258 16 9 38.577 2.797

14 10 −35.749 −2.472 14 6 37.840 2.519 17 2 −38.285 −2.560
15 3 36.122 2.161 14 22 −37.352 −2.748 17 18 38.628 2.752
15 19 −35.862 −2.410 15 15 37.895 2.460 18 11 −38.244 −2.512
16 12 36.149 2.093 16 7 −37.485 −2.692 19 3 38.654 2.707
17 4 −35.960 −2.347 17 0 37.926 2.400 19 20 −38.177 −2.464

17 20 36.219 2.615 17 16 −37.595 −2.635 20 12 38.658 2.662
18 13 −36.037 −2.283 18 9 37.937 2.340 21 4 −38.226 −2.837
19 5 36.364 2.555 19 1 −37.682 −2.578 21 21 38.636 2.616
19 22 −36.094 −2.217 19 18 37.923 2.279 22 13 −38.286 −2.795
20 14 36.489 2.495 20 10 −37.745 −2.521 23 6 38.593 2.571

21 7 −36.131 −2.150 21 2 37.998 2.753 23 22 −38.320 −2.752
21 23 36.596 2.432 21 19 −37.784 −2.463 24 15 38.523 2.526
22 16 −36.149 −2.083 22 11 38.109 2.698 25 7 −38.332 −2.709
23 8 36.683 2.369 23 4 −37.801 −2.405 25 23 38.509 2.872
24 0 −36.251 −2.611 23 20 38.196 2.644 26 16 −38.319 −2.667

24 17 36.751 2.305 24 13 −37.794 −2.347 27 8 38.564 2.832
25 9 −36.389 −2.551 25 5 38.261 2.588 28 1 −38.284 −2.624
26 2 36.798 2.239 25 22 −37.765 −2.289 28 17 38.594 2.792
26 18 −36.507 −2.490 26 14 38.302 2.533 29 10 −38.224 −2.581
27 11 36.827 2.173 27 6 −37.878 −2.750 30 2 38.602 2.752

28 3 −36.605 −2.427 27 23 38.319 2.478 30 19 −38.140 −2.538
28 19 36.839 2.687 28 15 −37.974 −2.698 31 11 38.585 2.712
29 12 −36.683 −2.364 Mars 1 8 38.313 2.422 Avril 1 3 −38.151 −2.863
30 4 36.986 2.628 2 0 −38.046 −2.645 1 20 38.545 2.671
30 21 −36.740 −2.300 2 17 38.282 2.366 2 12 −38.192 −2.826



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 125

ENCELADE 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Avril 3 5 38.480 2.631 Mai 4 1 −37.033 −2.632 Juin 3 20 35.498 2.734
3 21 −38.210 −2.788 4 17 37.387 2.745 4 13 −35.386 −2.632
4 14 38.394 2.591 5 9 −37.003 −2.838 5 5 35.463 2.709
5 6 −38.205 −2.751 6 2 37.294 2.715 5 22 −35.281 −2.601
5 22 38.342 2.889 6 18 −36.991 −2.812 6 14 35.411 2.683

6 15 −38.175 −2.713 7 11 37.184 2.684 7 7 −35.159 −2.569
7 7 38.380 2.854 8 3 −36.956 −2.785 7 23 35.344 2.655
8 0 −38.120 −2.675 8 20 37.053 2.652 8 16 −35.023 −2.535
8 16 38.394 2.819 9 12 −36.904 −2.758 9 8 35.262 2.625
9 9 −38.045 −2.637 10 4 36.953 2.842 10 0 −34.923 −2.709

10 1 38.384 2.784 10 21 −36.830 −2.729 10 17 35.164 2.594
10 18 −37.945 −2.598 11 13 36.940 2.817 11 9 −34.897 −2.684
11 10 38.350 2.748 12 6 −36.740 −2.700 12 2 35.049 2.562
12 2 −37.911 −2.876 12 22 36.905 2.791 12 18 −34.856 −2.658
12 19 38.293 2.713 13 15 −36.629 −2.669 13 11 34.922 2.528

13 11 −37.937 −2.844 14 7 36.854 2.764 14 3 −34.799 −2.630
14 4 38.214 2.677 15 0 −36.499 −2.638 14 20 34.779 2.492
14 20 −37.939 −2.811 15 16 36.782 2.736 15 12 −34.726 −2.600
15 13 38.113 2.640 16 8 −36.378 −2.817 16 4 34.719 2.674
16 5 −37.919 −2.778 17 1 36.695 2.708 16 21 −34.638 −2.569

16 21 38.014 2.893 17 17 −36.364 −2.793 17 13 34.686 2.647
17 14 −37.876 −2.744 18 10 36.587 2.678 18 6 −34.537 −2.536
18 6 38.035 2.863 19 2 −36.333 −2.768 18 22 34.637 2.619
18 23 −37.811 −2.710 19 19 36.462 2.647 19 15 −34.421 −2.501
19 15 38.034 2.832 20 11 −36.283 −2.742 20 7 34.573 2.589

20 8 −37.723 −2.676 21 4 36.318 2.615 21 0 −34.293 −2.465
21 0 38.010 2.801 21 20 −36.215 −2.715 21 16 34.495 2.557
21 17 −37.614 −2.641 22 12 36.255 2.791 22 8 −34.170 −2.652
22 9 37.967 2.770 23 5 −36.129 −2.686 23 1 34.403 2.524
23 1 −37.517 −2.876 23 21 36.227 2.767 23 17 −34.148 −2.626

23 18 37.900 2.737 24 14 −36.027 −2.657 24 10 34.298 2.489
24 10 −37.532 −2.848 25 6 36.181 2.741 25 2 −34.112 −2.597
25 3 37.811 2.705 25 23 −35.906 −2.626 25 19 34.179 2.452
25 19 −37.523 −2.819 26 15 36.117 2.714 26 11 −34.062 −2.567
26 12 37.701 2.671 27 8 −35.771 −2.594 27 4 34.046 2.414

27 4 −37.495 −2.789 28 0 36.035 2.686 27 20 −33.997 −2.535
27 21 37.569 2.638 28 16 −35.671 −2.765 28 12 33.954 2.613
28 13 −37.444 −2.759 29 9 35.938 2.657 29 5 −33.919 −2.501
29 5 37.551 2.859 30 1 −35.648 −2.741 29 21 33.926 2.584
29 22 −37.373 −2.728 30 18 35.823 2.626 30 14 −33.828 −2.466

30 14 37.540 2.831 31 10 −35.608 −2.716 Juill. 1 6 33.887 2.554
Mai 1 7 −37.280 −2.697 Juin 1 3 35.695 2.594 1 23 −33.722 −2.428

1 23 37.510 2.803 1 19 −35.549 −2.689 2 15 33.834 2.521
2 16 −37.166 −2.665 2 12 35.549 2.561 3 8 −33.606 −2.389
3 8 37.458 2.774 3 4 −35.476 −2.662 4 0 33.767 2.487



II. 126 CONNAISSANCE DES TEMPS

ENCELADE 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Juill. 4 17 −33.475 −2.348 Août 4 13 32.149 2.124 Sept. 4 9 −31.265 −2.030
5 9 33.686 2.451 5 5 −32.113 −2.321 5 1 31.208 2.205
6 1 −33.430 −2.570 5 22 32.046 2.071 5 18 −31.228 −1.967
6 18 33.592 2.413 6 14 −32.074 −2.275 6 10 31.216 2.147
7 10 −33.404 −2.539 7 6 31.988 2.398 7 3 −31.181 −1.902

8 3 33.487 2.373 7 23 −32.023 −2.227 7 19 31.214 2.087
8 19 −33.365 −2.506 8 15 31.983 2.356 8 12 −31.124 −1.835
9 12 33.369 2.331 9 8 −31.961 −2.177 9 4 31.203 2.025

10 4 −33.313 −2.471 10 0 31.969 2.311 9 21 −31.055 −1.766
10 21 33.240 2.287 10 17 −31.888 −2.125 10 13 31.180 1.960

11 13 −33.248 −2.434 11 9 31.943 2.264 11 5 −31.046 −2.255
12 5 33.213 2.526 12 2 −31.806 −2.071 11 22 31.148 1.894
12 22 −33.172 −2.395 12 18 31.907 2.215 12 14 −31.072 −2.196
13 14 33.186 2.492 13 11 −31.713 −2.015 13 7 31.106 1.825
14 7 −33.082 −2.355 14 3 31.859 2.164 13 23 −31.090 −2.135

14 23 33.145 2.457 14 19 −31.671 −2.376 14 16 31.052 1.755
15 16 −32.981 −2.312 15 12 31.801 2.111 15 8 −31.097 −2.071
16 8 33.093 2.419 16 4 −31.674 −2.330 16 1 30.990 1.682
17 1 −32.867 −2.268 16 21 31.733 2.055 16 17 −31.094 −2.006
17 17 33.029 2.380 17 13 −31.666 −2.282 17 9 30.984 2.201

18 9 −32.761 −2.521 18 6 31.654 1.998 18 2 −31.080 −1.938
19 2 32.953 2.338 18 22 −31.648 −2.232 18 18 31.015 2.138
19 18 −32.749 −2.487 19 15 31.564 1.938 19 11 −31.057 −1.869
20 11 32.864 2.295 20 7 −31.620 −2.181 20 3 31.036 2.073
21 3 −32.726 −2.451 20 23 31.527 2.326 20 20 −31.024 −1.797

21 20 32.763 2.250 21 16 −31.581 −2.126 21 12 31.048 2.006
22 12 −32.691 −2.413 22 8 31.534 2.277 22 5 −30.981 −1.722
23 5 32.652 2.203 23 1 −31.531 −2.070 22 21 31.048 1.937
23 21 −32.643 −2.372 23 17 31.529 2.226 23 14 −30.927 −1.646
24 13 32.560 2.476 24 10 −31.471 −2.012 24 6 31.041 1.866

25 6 −32.583 −2.330 25 2 31.515 2.173 24 22 −30.930 −2.203
25 22 32.549 2.439 25 19 −31.399 −1.951 25 15 31.022 1.792
26 15 −32.512 −2.286 26 11 31.490 2.117 26 7 −30.971 −2.137
27 7 32.526 2.400 27 4 −31.319 −1.889 27 0 30.993 1.716
28 0 −32.430 −2.240 27 20 31.455 2.060 27 16 −31.000 −2.069

28 16 32.491 2.359 28 12 −31.295 −2.312 28 9 30.953 1.638
29 9 −32.337 −2.192 29 5 31.409 2.000 29 1 −31.022 −1.998
30 1 32.445 2.316 29 21 −31.310 −2.260 29 18 30.903 1.558
30 18 −32.232 −2.142 30 14 31.353 1.939 30 10 −31.032 −1.925
31 10 32.388 2.271 31 6 −31.314 −2.206 Oct. 1 2 30.914 2.146

Août 1 2 −32.164 −2.446 31 23 31.287 1.875 1 19 −31.032 −1.850
1 19 32.319 2.224 Sept. 1 15 −31.307 −2.149 2 11 30.958 2.076
2 11 −32.158 −2.406 2 8 31.211 1.809 3 4 −31.021 −1.773
3 4 32.239 2.175 3 0 −31.290 −2.091 3 20 30.993 2.004
3 20 −32.140 −2.364 3 16 31.191 2.260 4 13 −31.001 −1.694
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ENCELADE 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Oct. 5 5 31.017 1.929 Nov. 3 16 −31.336 −2.144 Déc. 3 4 32.382 1.251
5 22 −30.971 −1.612 4 9 31.438 1.585 3 20 −32.541 −1.810
6 14 31.032 1.852 5 1 −31.425 −2.056 4 13 32.396 1.133
7 7 −30.930 −1.528 5 18 31.454 1.487 5 5 −32.621 −1.698
7 23 31.036 1.773 6 10 −31.502 −1.965 5 21 32.428 2.046

8 15 −30.954 −2.155 7 3 31.459 1.387 6 14 −32.687 −1.585
9 8 31.031 1.692 7 19 −31.569 −1.872 7 6 32.545 1.937

10 0 −31.007 −2.081 8 12 31.453 1.286 7 23 −32.743 −1.469
10 17 31.015 1.608 9 4 −31.625 −1.776 8 15 32.648 1.826
11 9 −31.050 −2.005 9 20 31.457 2.075 9 8 −32.784 −1.351

12 2 30.988 1.523 10 13 −31.670 −1.679 10 0 32.739 1.712
12 18 −31.083 −1.927 11 5 31.548 1.982 10 17 −32.813 −1.231
13 11 30.951 1.435 11 22 −31.703 −1.578 11 9 32.818 1.596
14 3 −31.107 −1.846 12 14 31.628 1.887 12 2 −32.828 −1.108
14 19 30.983 2.094 13 7 −31.726 −1.477 12 18 32.883 1.478

15 12 −31.120 −1.763 13 23 31.696 1.789 13 10 −32.920 −2.053
16 4 31.041 2.016 14 16 −31.737 −1.372 14 3 32.934 1.357
16 21 −31.123 −1.678 15 8 31.754 1.689 14 19 −33.039 −1.939
17 13 31.088 1.936 16 1 −31.736 −1.266 15 12 32.973 1.234
18 6 −31.115 −1.590 16 17 31.801 1.587 16 4 −33.144 −1.823

18 22 31.126 1.853 17 9 −31.775 −2.092 16 21 32.997 1.110
19 15 −31.095 −1.501 18 2 31.837 1.483 17 13 −33.237 −1.705
20 7 31.153 1.768 18 18 −31.871 −1.995 18 5 33.016 2.073
21 0 −31.067 −1.409 19 11 31.861 1.375 18 22 −33.314 −1.584
21 16 31.170 1.681 20 3 −31.958 −1.895 19 14 33.146 1.957

22 8 −31.118 −2.108 20 20 31.872 1.267 20 7 −33.380 −1.461
23 1 31.176 1.591 21 12 −32.032 −1.793 20 23 33.263 1.838
23 17 −31.185 −2.025 22 5 31.872 1.155 21 16 −33.430 −1.336
24 10 31.172 1.500 22 21 −32.096 −1.688 22 8 33.365 1.717
25 2 −31.240 −1.941 23 13 31.936 2.015 23 1 −33.469 −1.210

25 19 31.156 1.406 24 6 −32.148 −1.581 23 17 33.453 1.595
26 11 −31.285 −1.854 24 22 32.036 1.912 24 10 −33.491 −1.081
27 4 31.130 1.310 25 15 −32.188 −1.472 25 2 33.528 1.470
27 20 −31.319 −1.765 26 7 32.123 1.808 25 18 −33.583 −2.071
28 12 31.196 2.041 27 0 −32.215 −1.361 26 11 33.588 1.343

29 5 −31.345 −1.674 27 16 32.199 1.701 27 3 −33.712 −1.950
29 21 31.264 1.955 28 9 −32.231 −1.249 27 20 33.634 1.214
30 14 −31.359 −1.581 29 1 32.262 1.592 28 12 −33.827 −1.828
31 6 31.324 1.866 29 18 −32.234 −1.133 29 5 33.664 1.083
31 23 −31.362 −1.485 30 10 32.315 1.480 29 21 −33.928 −1.703

Nov. 1 15 31.372 1.775 Déc. 1 2 −32.346 −2.026 30 13 33.685 2.090
2 8 −31.353 −1.387 1 19 32.353 1.366 31 6 −34.013 −1.575
3 0 31.411 1.681 2 11 −32.450 −1.919 31 22 33.824 1.966



II. 128 CONNAISSANCE DES TEMPS

TÉTHYS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 7 −43.396 −1.866 Févr. 11 18 46.538 2.166 Mars 26 5 −47.679 −2.440
Janv. 1 5 43.533 2.238 12 17 −46.472 −1.976 27 4 47.618 2.312

2 4 −43.603 −2.043 13 15 46.639 2.332 28 2 −47.645 −2.553
3 3 43.634 1.848 14 14 −46.664 −2.148 29 1 47.674 2.431
4 1 −43.729 −2.217 15 12 46.658 2.491 29 23 −47.527 −2.657

5 0 43.849 2.026 16 11 −46.774 −2.313 30 22 47.647 2.541
5 23 −43.807 −1.825 17 10 46.833 2.136 31 21 −47.594 −2.422
6 21 43.983 2.202 18 8 −46.799 −2.471 Avril 1 19 47.534 2.643
7 20 −44.036 −2.005 19 7 46.952 2.300 2 18 −47.576 −2.529
8 18 44.042 2.375 20 6 −46.923 −2.120 3 17 47.550 2.414

9 17 −44.184 −2.182 21 4 46.989 2.456 4 15 −47.474 −2.628
10 16 44.274 1.987 22 3 −47.052 −2.282 5 14 47.539 2.519
11 14 −44.255 −2.356 23 2 47.067 2.110 6 13 −47.439 −2.405
12 13 44.430 2.166 24 0 −47.100 −2.437 7 11 47.445 2.615
13 12 −44.459 −1.966 24 23 47.205 2.270 8 10 −47.436 −2.507

14 10 44.510 2.340 25 22 −47.128 −2.097 9 9 47.363 2.400
15 9 −44.629 −2.145 26 20 47.261 2.422 10 7 −47.350 −2.601
16 8 44.688 1.950 27 19 −47.274 −2.255 11 6 47.367 2.499
17 6 −44.719 −2.320 28 18 47.240 2.087 12 5 −47.217 −2.391
18 5 44.870 2.130 Mars 1 16 −47.342 −2.406 13 3 47.292 2.589

19 4 −44.864 −1.928 2 15 47.393 2.244 14 2 −47.227 −2.488
20 2 44.970 2.305 3 13 −47.326 −2.548 15 0 47.131 2.671
21 1 −45.054 −2.108 4 12 47.467 2.392 15 23 −47.158 −2.576
22 0 45.088 1.913 5 11 −47.437 −2.232 16 22 47.138 2.480
22 22 −45.165 −2.284 6 9 47.457 2.532 17 20 −47.004 −2.654

23 21 45.292 2.093 7 8 −47.522 −2.378 18 19 47.075 2.565
24 20 −45.245 −1.892 8 7 47.518 2.223 19 18 −46.967 −2.470
25 18 45.413 2.269 9 5 −47.521 −2.516 20 16 46.927 2.642
26 17 −45.458 −2.072 10 4 47.609 2.367 21 15 −46.914 −2.553
27 16 45.462 1.877 11 3 −47.529 −2.212 22 14 46.847 2.462

28 14 −45.590 −2.248 12 1 47.616 2.502 23 12 −46.775 −2.627
29 13 45.682 2.057 13 0 −47.628 −2.353 24 11 46.801 2.542
30 11 −45.643 −2.419 13 23 47.578 2.206 25 10 −46.655 −2.452
31 10 45.822 2.232 14 21 −47.643 −2.486 26 8 46.668 2.614

Févr. 1 9 −45.836 −2.038 15 20 47.685 2.345 27 7 −46.617 −2.530

2 7 45.884 2.402 16 18 −47.578 −2.610 28 6 46.507 2.443
3 6 −45.987 −2.213 17 17 47.708 2.475 29 4 −46.496 −2.599
4 5 46.041 2.023 18 16 −47.664 −2.333 30 3 46.477 2.519
5 3 −46.061 −2.383 19 14 47.651 2.596 Mai 1 2 −46.297 −2.432
6 2 46.200 2.198 20 13 −47.695 −2.461 2 0 46.361 2.587

7 1 −46.177 −2.006 21 12 47.690 2.327 2 23 −46.276 −2.506
7 23 46.281 2.366 22 10 −47.645 −2.580 3 21 46.165 2.646
8 22 −46.350 −2.180 23 9 47.731 2.452 4 20 −46.172 −2.572
9 21 46.356 1.992 24 8 −47.627 −2.317 5 19 46.111 2.495

10 19 −46.443 −2.347 25 6 47.687 2.567 6 17 −45.983 −2.630
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TÉTHYS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Mai 7 16 46.018 2.559 Juin 19 4 −42.759 −2.290 Juill. 31 15 40.051 2.201
8 15 −45.891 −2.481 20 2 42.782 2.413 Août 1 14 −40.024 −2.099
9 13 45.839 2.616 21 1 −42.698 −2.343 2 13 39.957 1.992

10 12 −45.803 −2.544 22 0 42.559 2.267 3 11 −39.887 −2.183
11 11 45.718 2.470 22 22 −42.554 −2.393 4 10 39.905 2.079

12 9 −45.632 −2.599 23 21 42.505 2.322 5 9 −39.793 −1.967
13 8 45.638 2.531 24 19 −42.330 −2.440 6 7 39.772 2.166
14 7 −45.477 −2.455 25 18 42.369 2.373 7 6 −39.745 −2.059
15 5 45.475 2.584 26 17 −42.276 −2.299 8 5 39.681 1.943
16 4 −45.407 −2.514 27 15 42.151 2.422 9 3 −39.617 −2.149

17 3 45.294 2.442 28 14 −42.147 −2.352 10 2 39.638 2.038
18 1 −45.251 −2.567 29 13 42.086 2.277 11 1 −39.529 −1.920
19 0 45.230 2.500 30 11 −41.936 −2.403 11 23 39.514 2.132
19 23 −45.043 −2.426 Juill. 1 10 41.967 2.332 12 22 −39.495 −2.018
20 21 45.080 2.552 2 9 −41.862 −2.254 13 21 39.427 1.896

21 20 −44.989 −2.483 3 7 41.763 2.385 14 19 −39.377 −2.117
22 18 44.851 2.598 4 6 −41.747 −2.311 15 18 39.394 1.998
23 17 −44.851 −2.535 5 5 41.686 2.232 16 17 −39.295 −1.874
24 16 44.798 2.468 6 3 −41.550 −2.365 17 15 39.280 2.100
25 14 −44.632 −2.580 7 2 41.578 2.290 18 14 −39.267 −1.979

26 13 44.665 2.518 8 1 −41.465 −2.208 19 13 39.203 1.850
27 12 −44.555 −2.450 8 23 41.387 2.347 20 11 −39.158 −2.085
28 10 44.453 2.563 9 22 −41.364 −2.269 21 10 39.180 1.959
29 9 −44.433 −2.500 10 21 41.300 2.184 22 9 −39.086 −1.828
30 8 44.353 2.433 11 19 −41.179 −2.328 23 7 39.074 2.070

31 6 −44.228 −2.545 12 18 41.203 2.248 24 6 −39.066 −1.941
Juin 1 5 44.241 2.483 13 17 −41.089 −2.160 25 5 39.008 1.805

2 4 −44.106 −2.414 14 15 41.023 2.309 26 3 −38.965 −2.055
3 2 44.044 2.528 15 14 −40.999 −2.226 27 2 38.993 1.922
4 1 −44.002 −2.464 16 13 40.930 2.136 28 1 −38.902 −1.783

5 0 43.903 2.396 17 11 −40.826 −2.291 28 23 38.897 2.041
5 22 −43.813 −2.509 18 10 40.845 2.205 29 22 −38.890 −1.904
6 21 43.807 2.446 19 9 −40.734 −2.113 30 21 38.841 1.761
7 20 −43.652 −2.375 20 7 40.676 2.272 31 19 −38.796 −2.028
8 18 43.627 2.491 21 6 −40.656 −2.184 Sept. 1 18 38.835 1.886

9 17 −43.563 −2.425 22 5 40.579 2.088 2 17 −38.744 −1.740
10 16 43.455 2.356 23 3 −40.496 −2.254 3 15 38.747 2.013
11 14 −43.388 −2.471 24 2 40.505 2.162 4 14 −38.741 −1.870
12 13 43.373 2.406 25 1 −40.398 −2.064 5 13 38.699 1.717
13 12 −43.200 −2.334 25 23 40.352 2.236 6 11 −38.661 −2.002

14 10 43.206 2.453 26 22 −40.329 −2.141 7 10 38.698 1.851
15 9 −43.126 −2.385 27 21 40.257 2.040 8 9 −38.619 −1.698
16 8 43.004 2.313 28 19 −40.180 −2.218 9 7 38.621 1.987
17 6 −42.969 −2.433 29 18 40.194 2.120 10 6 −38.625 −1.837
18 5 42.935 2.365 30 17 −40.083 −2.015 11 5 38.583 1.675



II. 130 CONNAISSANCE DES TEMPS

TÉTHYS 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Sept. 12 3 −38.553 −1.977 Oct. 19 22 −38.599 −1.637 Nov. 26 17 −39.821 −1.186
13 2 38.592 1.819 20 21 38.595 1.417 27 15 39.928 1.716
14 1 −38.522 −1.657 21 19 −38.592 −1.841 28 14 −39.978 −1.446
14 23 38.523 1.963 22 18 38.669 1.622 29 13 39.978 1.161
15 22 −38.537 −1.804 23 17 −38.632 −1.401 30 11 −40.061 −1.709

16 21 38.497 1.635 24 15 38.668 1.830 Déc. 1 10 40.142 1.425
17 19 −38.472 −1.953 25 14 −38.711 −1.612 2 9 −40.108 −1.145
18 18 38.517 1.788 26 13 38.713 1.381 3 7 40.232 1.691
19 17 −38.451 −1.617 27 11 −38.713 −1.825 4 6 −40.283 −1.413
20 15 38.457 1.941 28 10 38.799 1.596 5 5 40.272 1.119

21 14 −38.474 −1.774 29 9 −38.760 −1.367 6 3 −40.382 −1.682
22 13 38.442 1.597 30 7 38.806 1.813 7 2 40.454 1.391
23 11 −38.418 −1.932 31 6 −38.854 −1.587 8 1 −40.417 −1.102
24 10 38.472 1.758 Nov. 1 5 38.855 1.347 8 23 40.560 1.663
25 9 −38.406 −1.579 2 3 −38.869 −1.808 9 22 −40.609 −1.376

26 7 38.420 1.920 3 2 38.953 1.570 10 21 40.589 1.075
27 6 −38.440 −1.744 4 1 −38.921 −1.333 11 19 −40.722 −1.652
28 5 38.417 1.559 4 23 38.972 1.795 12 18 40.792 1.353
29 3 −38.392 −1.911 5 22 −39.026 −1.561 13 16 −40.755 −1.929
30 2 38.454 1.728 6 21 39.025 1.312 14 15 40.914 1.633

Oct. 1 1 −38.394 −1.542 7 19 −39.053 −1.791 15 14 −40.951 −1.336
1 23 38.411 1.900 8 18 39.136 1.544 16 12 40.958 1.913
2 22 −38.435 −1.717 9 17 −39.109 −1.298 17 11 −41.082 −1.619
3 21 38.419 1.522 10 15 39.167 1.778 18 10 41.146 1.312
4 19 −38.395 −1.893 11 14 −39.226 −1.534 19 8 −41.134 −1.903

5 18 38.464 1.700 12 13 39.224 1.277 20 7 41.287 1.597
6 17 −38.412 −1.506 13 11 −39.264 −1.772 21 6 −41.311 −1.295
7 15 38.428 1.881 14 10 39.348 1.517 22 4 41.350 1.883
8 14 −38.464 −1.690 15 9 −39.321 −1.261 23 3 −41.459 −1.583
9 13 38.446 1.485 16 7 39.393 1.760 24 2 41.516 1.267

10 11 −38.435 −1.875 17 6 −39.450 −1.506 25 0 −41.532 −1.873
11 10 38.500 1.673 18 5 39.453 1.240 25 23 41.673 1.558
12 9 −38.459 −1.471 19 3 −39.499 −1.753 26 22 −41.688 −1.250
13 7 38.475 1.864 20 2 39.591 1.489 27 20 41.754 1.849
14 6 −38.519 −1.663 21 1 −39.556 −1.224 28 19 −41.857 −1.543

15 5 38.505 1.451 21 23 39.649 1.739 29 18 41.894 1.218
16 3 −38.499 −1.858 22 22 −39.700 −1.476 30 16 −41.950 −1.837
17 2 38.570 1.648 23 21 39.704 1.202 31 15 42.070 1.515
18 1 −38.531 −1.435 24 19 −39.767 −1.732
18 23 38.558 1.848 25 18 39.855 1.457



ÉPHÉMÉRIDES POUR L’ANNÉE 2010 II. 131

DIONÉ 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 17 −55.767 −3.770 Mars 3 7 60.542 4.055 Mai 3 20 −59.272 −4.395
Janv. 2 2 55.682 3.708 4 16 −60.813 −3.997 5 5 58.944 4.355

3 11 −56.060 −3.642 6 1 60.587 3.943 6 14 −59.035 −4.326
4 20 55.955 3.578 7 9 −60.908 −4.270 7 23 58.680 4.286
6 5 −56.307 −3.510 8 18 60.731 4.217 9 7 −58.776 −4.436

7 14 56.175 3.443 10 3 −61.014 −4.165 10 16 58.467 4.398
8 22 −56.572 −3.842 11 12 60.797 4.111 12 1 −58.580 −4.372

10 7 56.486 3.779 12 21 −61.038 −4.060 13 10 58.248 4.332
11 16 −56.876 −3.713 14 5 60.797 4.361 14 19 −58.326 −4.304
13 1 56.771 3.648 15 14 −61.106 −4.313 16 4 57.968 4.263

14 10 −57.122 −3.580 16 23 60.893 4.262 17 12 −58.039 −4.402
15 19 56.999 3.513 18 8 −61.149 −4.214 18 21 57.722 4.364
17 3 −57.366 −3.914 19 17 60.904 4.164 20 6 −57.830 −4.338
18 12 57.286 3.850 21 2 −61.112 −4.117 21 15 57.495 4.299
19 21 −57.676 −3.784 22 10 60.873 4.393 23 0 −57.565 −4.270

21 6 57.562 3.719 23 19 −61.151 −4.349 24 9 57.214 4.229
22 15 −57.924 −3.651 25 4 60.906 4.301 25 18 −57.246 −4.198
24 0 57.782 3.584 26 13 −61.135 −4.257 27 2 56.939 4.322
25 8 −58.147 −3.983 27 22 60.857 4.210 28 11 −57.035 −4.295
26 17 58.052 3.920 29 7 −61.036 −4.167 29 20 56.709 4.256

28 2 −58.441 −3.855 30 15 60.801 4.418 31 5 −56.774 −4.226
29 11 58.321 3.790 Avril 1 0 −61.035 −4.377 Juin 1 14 56.431 4.185
30 20 −58.674 −3.723 2 9 60.780 4.332 2 23 −56.462 −4.153

Févr. 1 5 58.525 3.657 3 18 −60.961 −4.292 4 7 56.123 4.274
2 13 −58.876 −4.049 5 3 60.673 4.248 5 16 −56.220 −4.246

3 22 58.770 3.989 6 11 −60.829 −4.476 7 1 55.900 4.206
5 7 −59.152 −3.922 7 20 60.575 4.433 8 10 −55.973 −4.176
6 16 59.021 3.860 9 5 −60.785 −4.397 9 19 55.630 4.134
8 1 −59.358 −3.793 10 14 60.497 4.354 11 4 −55.676 −4.100
9 10 59.201 3.731 11 23 −60.658 −4.319 12 13 55.317 4.056

10 18 −59.535 −4.112 13 8 60.342 4.276 13 21 −55.401 −4.192
12 3 59.423 4.051 14 16 −60.487 −4.481 15 6 55.088 4.153
13 12 −59.784 −3.989 16 1 60.217 4.440 16 15 −55.164 −4.120
14 21 59.637 3.927 17 10 −60.393 −4.408 18 0 54.842 4.078
16 6 −59.961 −3.864 18 19 60.088 4.366 19 9 −54.886 −4.042

17 15 59.776 3.803 20 4 −60.224 −4.334 20 18 54.551 3.998
18 23 −60.114 −4.169 21 13 59.882 4.292 22 2 −54.581 −4.138
20 8 59.975 4.112 22 21 −60.025 −4.476 23 11 54.282 4.098
21 17 −60.321 −4.050 24 6 59.729 4.437 24 20 −54.373 −4.063
23 2 60.150 3.992 25 15 −59.883 −4.406 26 5 54.060 4.021

24 11 −60.451 −3.933 27 0 59.568 4.367 27 14 −54.122 −3.982
25 20 60.244 3.873 28 9 −59.668 −4.336 28 23 53.803 3.938
27 4 −60.579 −4.223 29 18 59.331 4.296 30 8 −53.832 −3.895
28 13 60.414 4.166 Mai 1 2 −59.440 −4.461 Juill. 1 17 53.505 3.849

Mars 1 22 −60.736 −4.109 2 11 59.144 4.422 3 1 −53.596 −4.008



II. 132 CONNAISSANCE DES TEMPS

DIONÉ 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Juill. 4 10 53.306 3.966 Sept. 2 16 49.532 3.388 Nov. 1 23 49.684 2.450
5 19 −53.385 −3.925 4 1 −49.683 −3.308 3 7 −49.897 −2.995
7 4 53.072 3.880 5 10 49.474 3.255 4 16 49.786 2.933
8 13 −53.136 −3.835 6 19 −49.610 −3.171 6 1 −50.047 −2.800
9 22 52.811 3.788 8 4 49.391 3.115 7 10 49.936 2.733

11 6 −52.858 −3.958 9 13 −49.514 −3.027 8 19 −50.174 −2.598
12 15 52.579 3.917 10 22 49.288 2.968 10 4 50.058 2.525
14 0 −52.671 −3.871 12 6 −49.443 −3.326 11 13 −50.280 −2.386
15 9 52.390 3.828 13 15 49.258 3.275 12 22 50.151 2.308
16 18 −52.458 −3.779 15 0 −49.417 −3.185 14 6 −50.404 −2.897

18 3 52.168 3.732 16 9 49.231 3.131 15 15 50.308 2.828
19 12 −52.221 −3.680 17 18 −49.372 −3.037 17 0 −50.584 −2.686
20 21 51.916 3.630 19 3 49.178 2.979 18 9 50.478 2.614
22 5 −52.004 −3.827 20 12 −49.312 −2.883 19 18 −50.737 −2.467
23 14 51.736 3.783 21 21 49.105 2.820 21 3 50.622 2.391

24 23 −51.834 −3.732 23 5 −49.288 −3.219 22 12 −50.863 −2.243
26 8 51.560 3.685 24 14 49.111 3.163 23 20 50.743 2.933
27 17 −51.633 −3.629 25 23 −49.297 −3.067 25 5 −51.047 −2.787
29 2 51.355 3.580 27 8 49.115 3.010 26 14 50.958 2.712
30 11 −51.408 −3.520 28 17 −49.282 −2.907 27 23 −51.247 −2.561

31 19 51.129 3.750 30 2 49.099 2.847 29 8 51.147 2.485
Août 2 4 −51.249 −3.695 Oct. 1 11 −49.248 −2.739 30 17 −51.417 −2.326

3 13 50.992 3.649 2 20 49.057 2.676 Déc. 2 2 51.312 2.247
4 22 −51.099 −3.590 4 4 −49.267 −3.114 3 10 −51.563 −2.893
6 7 50.832 3.541 5 13 49.107 3.057 4 19 51.498 2.821

7 16 −50.919 −3.477 6 22 −49.308 −2.951 6 4 −51.806 −2.662
9 1 50.646 3.425 8 7 49.143 2.890 7 13 51.731 2.582

10 10 −50.714 −3.357 9 16 −49.326 −2.779 8 22 −52.021 −2.422
11 18 50.476 3.627 11 1 49.157 2.716 10 7 51.935 2.337
13 3 −50.602 −3.563 12 10 −49.320 −2.599 11 16 −52.207 −2.172

14 12 50.365 3.515 13 18 49.163 3.123 13 1 52.104 2.084
15 21 −50.472 −3.447 15 3 −49.384 −3.012 14 9 −52.423 −2.768
17 6 50.226 3.397 16 12 49.249 2.951 15 18 52.359 2.688
18 15 −50.318 −3.324 17 21 −49.459 −2.836 17 3 −52.677 −2.519
20 0 50.067 3.271 19 6 49.308 2.771 18 12 52.602 2.434

21 8 −50.159 −3.552 20 15 −49.510 −2.651 19 21 −52.901 −2.262
22 17 49.944 3.505 22 0 49.350 2.583 21 6 52.806 2.172
24 2 −50.077 −3.434 23 9 −49.539 −2.459 22 14 −53.088 −2.877
25 11 49.853 3.383 24 17 49.405 3.029 23 23 53.033 2.793
26 20 −49.977 −3.309 26 2 −49.648 −2.908 25 8 −53.376 −2.619

28 5 49.743 3.254 27 11 49.520 2.844 26 17 53.314 2.534
29 14 −49.851 −3.175 28 20 −49.749 −2.719 28 2 −53.628 −2.353
30 23 49.611 3.118 30 5 49.614 2.651 29 11 53.552 2.265

Sept. 1 7 −49.736 −3.437 31 14 −49.830 −2.520 30 20 −53.840 −2.081
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RHÉA 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 30 22 77.357 4.017 Avril 11 11 −84.608 −5.498 Juill. 22 2 72.566 4.840
Janv. 2 3 −77.982 −4.500 13 17 84.465 5.559 24 8 −72.339 −4.855

4 9 78.264 4.618 15 23 −84.352 −5.595 26 15 72.109 4.669
6 15 −78.599 −4.698 18 5 84.131 5.644 28 21 −71.926 −4.684
8 21 78.872 4.818 20 11 −83.982 −5.673 31 3 71.665 4.725

11 4 −79.219 −4.497 22 17 83.737 5.716 Août 2 10 −71.470 −4.500
13 10 79.496 4.618 25 0 −83.559 −5.554 4 16 71.275 4.545
15 16 −79.862 −4.700 27 6 83.327 5.598 6 22 −71.106 −4.568
17 22 80.119 4.821 29 12 −83.135 −5.622 9 4 70.859 4.618
20 4 −80.446 −4.898 Mai 1 18 82.875 5.657 11 11 −70.729 −4.375

22 11 80.706 4.618 4 0 −82.640 −5.674 13 17 70.539 4.431
24 17 −81.058 −4.701 6 7 82.334 5.541 15 23 −70.393 −4.460
26 23 81.317 4.819 8 13 −82.125 −5.559 18 6 70.183 4.228
29 5 −81.633 −4.899 10 19 81.843 5.589 20 12 −70.093 −4.263
31 11 81.852 5.018 13 1 −81.580 −5.600 22 18 69.918 4.326

Févr. 2 18 −82.166 −4.700 15 7 81.269 5.625 25 0 −69.801 −4.367
5 0 82.413 4.820 17 13 −81.000 −5.633 27 7 69.642 4.118
7 6 −82.700 −4.899 19 20 80.678 5.506 29 13 −69.574 −4.160
9 12 82.923 5.016 22 2 −80.425 −5.515 31 19 69.423 4.238

11 18 −83.195 −5.091 24 8 80.101 5.534 Sept. 3 1 −69.323 −4.288

14 0 83.344 5.200 26 14 −79.817 −5.538 5 8 69.229 4.021
16 7 −83.626 −4.901 28 21 79.459 5.410 7 14 −69.178 −4.073
18 13 83.808 5.015 31 3 −79.194 −5.416 9 20 69.036 4.164
20 19 −84.044 −5.087 Juin 2 9 78.882 5.432 12 3 −69.011 −3.844
23 1 84.179 5.194 4 15 −78.590 −5.434 14 9 68.926 3.940

25 7 −84.382 −5.265 6 21 78.231 5.447 16 15 −68.901 −4.000
27 13 84.482 5.364 9 4 −77.950 −5.303 18 22 68.791 3.699

Mars 1 20 −84.671 −5.088 11 10 77.638 5.319 21 4 −68.816 −3.765
4 2 84.774 5.192 13 16 −77.346 −5.318 23 10 68.753 3.871
6 8 −84.939 −5.258 15 22 77.008 5.333 25 16 −68.752 −3.944

8 14 85.000 5.354 18 4 −76.718 −5.334 27 23 68.699 3.626
10 20 −85.096 −5.414 20 11 76.398 5.194 30 5 −68.752 −3.699
13 2 85.122 5.504 22 17 −76.134 −5.196 Oct. 2 11 68.708 3.821
15 9 −85.223 −5.258 24 23 75.806 5.212 4 17 −68.725 −3.903
17 15 85.223 5.346 27 5 −75.523 −5.213 7 0 68.743 3.565

19 21 −85.297 −5.405 29 12 75.216 5.065 9 6 −68.814 −3.649
22 3 85.265 5.488 Juill. 1 18 −74.961 −5.068 11 12 68.777 3.784
24 9 −85.282 −5.537 4 0 74.659 5.088 13 19 −68.878 −3.380
26 15 85.197 5.611 6 6 −74.385 −5.092 16 1 68.901 3.520
28 22 −85.190 −5.398 8 13 74.090 4.932 18 7 −68.998 −3.611

31 4 85.126 5.472 10 19 −73.867 −4.938 20 14 69.000 3.236
Avril 2 10 −85.086 −5.519 13 1 73.572 4.964 22 20 −69.144 −3.335

4 16 84.961 5.586 15 7 −73.315 −4.971 25 2 69.193 3.483
6 22 −84.896 −5.626 17 14 73.052 4.799 27 8 −69.315 −3.588
9 4 84.731 5.684 19 20 −72.851 −4.810 29 15 69.369 3.193



II. 134 CONNAISSANCE DES TEMPS

RHÉA 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Oct. 31 21 −69.545 −3.296 Nov. 23 12 −71.071 −2.915 Déc. 16 2 −73.356 −3.182
Nov. 3 3 69.614 3.461 25 18 71.236 3.099 18 9 73.542 2.660

5 9 −69.753 −3.572 28 0 −71.482 −3.228 20 15 −73.887 −2.794
7 16 69.873 3.157 30 6 71.611 3.423 22 21 74.104 3.004
9 22 −70.073 −3.270 Déc. 2 13 −71.911 −2.878 25 3 −74.431 −3.148

12 4 70.146 3.444 4 19 72.094 3.074 27 10 74.641 2.600
14 11 −70.356 −2.949 7 1 −72.358 −3.205 29 16 −75.000 −2.742
16 17 70.491 3.128 9 8 72.531 2.708 31 22 75.234 2.956
18 23 −70.715 −3.246 11 14 −72.856 −2.842
21 5 70.821 3.432 13 20 73.043 3.041

TITAN 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 30 22 −139.025 2.309 Mai 5 9 −192.972 −13.053 Sept. 10 6 −162.023 −9.036
Janv. 6 5 179.756 10.971 13 12 187.116 13.014 18 9 157.516 9.472

14 1 −186.774 −10.591 21 8 −188.320 −12.803 26 7 −161.398 −8.344
22 4 184.735 11.179 29 10 182.338 12.789 Oct. 4 10 157.143 8.906
30 0 −191.674 −10.805 Juin 6 6 −183.264 −12.534 12 7 −161.751 −7.991

Févr. 7 2 189.265 11.630 14 9 177.313 12.399 20 11 157.721 8.342
14 22 −195.788 −11.279 22 5 −178.220 −12.092 28 8 −163.078 −7.359
23 0 192.834 12.034 30 8 172.420 11.980 Nov. 5 11 159.252 8.154

Mars 2 19 −198.614 −11.950 Juill. 8 5 −173.531 −11.499 13 8 −165.360 −7.109
10 21 194.984 12.590 16 8 167.959 11.444 21 12 161.711 7.567

18 17 −199.768 −12.327 24 5 −169.433 −10.885 29 9 −168.553 −6.447
26 19 195.417 12.832 Août 1 8 164.125 10.924 Déc. 7 12 165.039 7.364

Avril 3 14 −199.103 −12.783 9 5 −166.089 −10.288 15 9 −172.558 −6.169
11 16 194.087 13.125 17 8 161.051 10.452 23 11 169.109 7.608
19 12 −196.718 −12.936 25 5 −163.598 −9.745 31 8 −177.203 −6.328

27 14 191.189 13.130 Sept. 2 9 158.834 9.820
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HYPÉRION 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 30 22 214.653 5.732 Mai 6 4 232.197 12.380 Sept. 11 8 199.404 7.781
Janv. 10 12 −220.992 −11.732 17 6 −225.704 −13.388 22 15 −187.892 −9.759

20 14 225.644 9.050 27 9 224.906 12.229 Oct. 2 21 199.501 6.649
31 15 −227.535 −12.124 Juin 7 12 −216.804 −12.855 14 3 −186.709 −9.068

Févr. 10 17 234.180 9.714 17 15 218.518 11.777 24 10 202.639 5.558

21 18 −233.555 −12.741 28 20 −208.552 −12.353 Nov. 4 16 −188.118 −8.586
Mars 3 19 238.342 10.626 Juill. 9 0 210.636 10.868 14 23 206.511 4.467

14 21 −237.339 −13.083 20 5 −201.403 −11.721 26 4 −192.169 −8.292
24 22 239.653 11.426 30 10 204.889 9.857 Déc. 6 11 212.740 4.006

Avril 4 22 −235.974 −13.505 Août 10 15 −194.533 −10.978 17 15 −196.885 −7.846

15 0 238.564 12.188 20 20 202.046 8.922 27 22 221.254 3.698
26 2 −231.973 −13.573 Sept. 1 3 −190.033 −10.378

JAPET 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Janv. 10 11 527.204 −100.459 Mai 6 22 −545.217 94.938 Sept. 5 1 461.680 −85.351
Févr. 18 0 −554.453 108.066 Juin 16 5 516.803 −85.104 Oct. 15 2 −455.427 95.804
Mars 29 16 570.199 −100.105 Juill. 25 15 −478.214 86.056 Nov. 25 14 469.968 −99.982
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II. 138 CONNAISSANCE DES TEMPS

MIRANDA 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Janv. 1 16 −2.924 7.054 Févr. 2 11 2.957 −7.164 Mars 6 7 −3.064 6.428
2 9 2.931 −7.054 3 4 −2.953 7.103 7 0 3.075 −6.419
3 2 −2.923 6.982 3 21 2.963 −7.100 7 17 −3.071 6.354
3 19 2.931 −6.981 4 14 −2.959 7.038 8 10 3.081 −6.344
4 12 −2.921 6.910 5 7 2.969 −7.037 9 3 −3.077 6.277

5 5 2.929 −6.907 6 0 −2.963 6.970 9 20 3.087 −6.270
5 22 −2.919 6.836 6 17 2.974 −6.971 10 13 −3.082 6.199
6 15 2.927 −6.831 7 10 −2.968 6.903 11 6 3.093 −6.193
7 8 −2.918 6.763 8 3 2.979 −6.902 11 23 −3.087 6.120
8 1 2.925 −6.754 8 20 −2.973 6.836 12 16 3.098 −6.116

8 18 −2.916 6.687 9 13 2.984 −6.833 13 9 −3.092 6.039
9 11 2.922 −6.677 10 6 −2.978 6.766 14 2 3.103 −6.036

10 3 −2.916 7.434 10 23 2.989 −6.761 14 19 −3.097 5.958
10 20 2.925 −7.432 11 16 −2.983 6.698 15 12 3.108 −5.954
11 13 −2.920 7.372 12 9 2.992 −6.689 16 5 −3.101 5.879

12 6 2.928 −7.370 13 2 −2.987 6.625 16 22 3.112 −5.871
12 23 −2.923 7.308 13 19 2.996 −6.617 17 15 −3.105 5.796
13 16 2.932 −7.309 14 12 −2.991 6.551 18 8 3.116 −5.786
14 9 −2.925 7.243 15 5 3.000 −6.545 19 0 −3.111 6.677
15 2 2.935 −7.244 15 22 −2.994 6.475 19 17 3.124 −6.670

15 19 −2.928 7.178 16 15 3.004 −6.471 20 10 −3.121 6.608
16 12 2.938 −7.177 17 8 −2.998 6.398 21 3 3.133 −6.601
17 5 −2.931 7.113 18 1 3.008 −6.396 21 20 −3.131 6.537
17 22 2.941 −7.109 18 18 −3.000 6.321 22 13 3.143 −6.533
18 15 −2.933 7.046 19 11 3.011 −6.318 23 6 −3.140 6.465

19 8 2.943 −7.041 20 4 −3.003 6.243 23 23 3.153 −6.462
20 1 −2.936 6.978 20 21 3.013 −6.239 24 16 −3.149 6.392
20 18 2.944 −6.971 21 14 −3.006 6.167 25 9 3.162 −6.390
21 11 −2.938 6.907 22 7 3.016 −6.158 26 2 −3.157 6.318
22 4 2.946 −6.900 23 0 −3.008 6.086 26 19 3.171 −6.315

22 21 −2.939 6.835 23 17 3.018 −6.076 27 12 −3.166 6.243
23 14 2.947 −6.831 24 9 −3.013 6.915 28 5 3.179 −6.238
24 7 −2.940 6.761 25 2 3.024 −6.909 28 22 −3.174 6.170
25 0 2.949 −6.758 25 19 −3.022 6.849 29 15 3.187 −6.160
25 17 −2.941 6.686 26 12 3.032 −6.843 30 8 −3.182 6.092

26 10 2.950 −6.685 27 5 −3.029 6.780 31 1 3.194 −6.082
27 3 −2.942 6.612 27 22 3.041 −6.778 31 18 −3.190 6.013
27 20 2.951 −6.609 28 15 −3.037 6.711 Avril 1 11 3.201 −6.004
28 13 −2.942 6.536 Mars 1 8 3.048 −6.710 2 4 −3.197 5.932
29 6 2.951 −6.532 2 1 −3.044 6.641 2 21 3.207 −5.923

29 23 −2.943 6.462 2 18 3.056 −6.640 3 14 −3.203 5.849
30 16 2.951 −6.452 3 11 −3.050 6.571 4 7 3.214 −5.844
31 9 −2.943 6.383 4 4 3.063 −6.568 5 0 −3.209 5.765

Févr. 1 1 2.951 −7.225 4 21 −3.057 6.499 5 17 3.220 −5.761
1 18 −2.947 7.167 5 14 3.069 −6.494 6 10 −3.214 5.681
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MIRANDA 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Avril 7 3 3.226 −5.676 Mai 8 22 −3.413 5.918 Juin 9 17 3.589 −6.279
7 20 −3.219 5.598 9 15 3.427 −5.914 10 10 −3.586 6.211
8 13 3.231 −5.590 10 8 −3.422 5.835 11 3 3.599 −6.204
9 6 −3.224 5.511 11 1 3.435 −5.832 11 20 −3.597 6.131
9 22 3.237 −6.515 11 18 −3.430 5.752 12 13 3.610 −6.124

10 15 −3.234 6.452 12 11 3.443 −5.747 13 6 −3.606 6.049
11 8 3.248 −6.443 13 4 −3.437 5.670 13 23 3.619 −6.046
12 1 −3.245 6.380 13 21 3.451 −5.661 14 16 −3.614 5.967
12 18 3.259 −6.371 14 14 −3.444 5.584 15 9 3.628 −5.963
13 11 −3.256 6.305 15 7 3.457 −5.574 16 2 −3.622 5.883

14 4 3.269 −6.299 16 0 −3.451 5.499 16 19 3.636 −5.878
14 21 −3.267 6.230 16 17 3.463 −5.485 17 12 −3.629 5.801
15 14 3.279 −6.224 17 10 −3.457 5.410 18 5 3.642 −5.791
16 7 −3.276 6.153 18 3 3.468 −5.396 18 22 −3.635 5.715
17 0 3.290 −6.150 18 20 −3.462 5.319 19 15 3.648 −5.703

17 17 −3.285 6.074 19 13 3.473 −5.309 20 8 −3.641 5.629
18 10 3.299 −6.072 20 6 −3.466 5.226 21 1 3.652 −5.615
19 3 −3.294 5.996 20 22 3.479 −6.323 21 18 −3.645 5.539
19 20 3.308 −5.991 21 15 −3.477 6.251 22 11 3.656 −5.526
20 13 −3.303 5.918 22 8 3.492 −6.248 23 4 −3.648 5.447

21 6 3.316 −5.909 23 1 −3.488 6.174 23 21 3.659 −5.438
21 23 −3.311 5.837 23 18 3.503 −6.171 24 14 −3.651 5.353
22 16 3.324 −5.827 24 11 −3.499 6.096 25 7 3.661 −5.346
23 9 −3.319 5.755 25 4 3.514 −6.091 26 0 −3.652 5.259
24 2 3.331 −5.744 25 21 −3.509 6.019 26 17 3.663 −5.254

24 19 −3.326 5.671 26 14 3.524 −6.009 27 9 −3.657 6.335
25 12 3.338 −5.660 27 7 −3.519 5.938 28 2 3.673 −6.331
26 5 −3.333 5.584 28 0 3.533 −5.927 28 19 −3.667 6.257
26 22 3.344 −5.577 28 17 −3.528 5.856 29 12 3.682 −6.251
27 15 −3.338 5.496 29 10 3.541 −5.845 30 5 −3.676 6.180

28 8 3.350 −5.490 30 3 −3.536 5.771 30 22 3.690 −6.169
29 1 −3.343 5.407 30 20 3.548 −5.761 Juill. 1 15 −3.684 6.098
29 18 3.356 −5.402 31 13 −3.544 5.684 2 8 3.697 −6.086
30 11 −3.348 5.319 Juin 1 6 3.556 −5.678 3 1 −3.691 6.015

Mai 1 3 3.363 −6.377 1 23 −3.550 5.596 3 18 3.703 −6.004

1 20 −3.360 6.307 2 16 3.562 −5.591 4 11 −3.697 5.929
2 13 3.375 −6.301 3 9 −3.555 5.508 5 4 3.708 −5.920
3 6 −3.372 6.235 4 2 3.568 −5.502 5 21 −3.702 5.842
3 23 3.386 −6.225 4 19 −3.560 5.420 6 14 3.713 −5.836
4 16 −3.383 6.158 5 12 3.573 −5.412 7 7 −3.705 5.753

5 9 3.397 −6.148 6 5 −3.564 5.329 8 0 3.717 −5.748
6 2 −3.394 6.080 6 22 3.577 −5.319 8 17 −3.708 5.664
6 19 3.407 −6.072 7 15 −3.568 5.240 9 10 3.720 −5.658
7 12 −3.404 6.000 8 8 3.579 −5.225 10 3 −3.709 5.576
8 5 3.417 −5.992 9 0 −3.575 6.290 10 20 3.721 −5.566
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MIRANDA 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Juill. 11 13 −3.710 5.485 Août 12 8 3.767 −5.943 Sept. 13 3 −3.704 6.319
12 6 3.721 −5.473 13 1 −3.754 5.859 13 20 3.710 −6.311
12 23 −3.711 5.394 13 18 3.763 −5.852 14 13 −3.697 6.231
13 16 3.720 −5.379 14 11 −3.749 5.771 15 6 3.704 −6.225
14 8 −3.711 6.475 15 4 3.759 −5.759 15 23 −3.688 6.142

15 1 3.724 −6.465 15 21 −3.744 5.679 16 16 3.696 −6.135
15 18 −3.719 6.396 16 14 3.752 −5.666 17 9 −3.679 6.052
16 11 3.732 −6.389 17 6 −3.743 6.760 18 2 3.686 −6.044
17 4 −3.727 6.314 17 23 3.754 −6.749 18 18 −3.674 7.088
17 21 3.739 −6.309 18 16 −3.747 6.682 19 11 3.685 −7.078

18 14 −3.732 6.232 19 9 3.757 −6.671 20 4 −3.674 7.013
19 7 3.745 −6.228 20 2 −3.749 6.601 20 21 3.684 −7.002
20 0 −3.737 6.149 20 19 3.760 −6.595 21 14 −3.673 6.936
20 17 3.750 −6.145 21 12 −3.751 6.519 22 7 3.682 −6.925
21 10 −3.741 6.065 22 5 3.760 −6.514 23 0 −3.671 6.857

22 3 3.753 −6.059 22 22 −3.750 6.436 23 17 3.679 −6.846
22 20 −3.744 5.982 23 15 3.761 −6.432 24 10 −3.668 6.775
23 13 3.755 −5.971 24 8 −3.749 6.353 25 3 3.676 −6.769
24 6 −3.746 5.895 25 1 3.759 −6.347 25 20 −3.663 6.692
24 23 3.756 −5.883 25 18 −3.747 6.268 26 13 3.671 −6.687

25 16 −3.747 5.807 26 11 3.756 −6.260 27 6 −3.658 6.609
26 9 3.756 −5.795 27 4 −3.744 6.185 27 23 3.666 −6.603
27 2 −3.747 5.717 27 21 3.752 −6.172 28 16 −3.651 6.526
27 19 3.755 −5.704 28 14 −3.739 6.097 29 9 3.659 −6.518
28 12 −3.745 5.624 29 7 3.747 −6.083 30 2 −3.643 6.441

29 5 3.754 −5.616 30 0 −3.734 6.008 30 19 3.651 −6.431
29 22 −3.742 5.529 30 17 3.741 −5.995 Oct. 1 12 −3.635 6.358
30 15 3.751 −5.523 31 10 −3.728 5.917 2 5 3.641 −6.343
31 7 −3.740 6.613 Sept. 1 3 3.733 −5.905 2 22 −3.626 6.269

Août 1 0 3.753 −6.611 1 20 −3.719 5.823 3 15 3.631 −6.254

1 17 −3.745 6.537 2 12 3.729 −6.964 4 8 −3.616 6.180
2 10 3.759 −6.531 3 5 −3.720 6.890 5 0 3.624 −7.250
3 3 −3.750 6.458 3 22 3.731 −6.887 5 17 −3.614 7.184
3 20 3.763 −6.450 4 15 −3.721 6.813 6 10 3.623 −7.176
4 13 −3.755 6.380 5 8 3.732 −6.808 7 3 −3.612 7.107

5 6 3.766 −6.367 6 1 −3.720 6.736 7 20 3.621 −7.103
5 23 −3.758 6.297 6 18 3.731 −6.728 8 13 −3.609 7.030
6 16 3.768 −6.284 7 11 −3.719 6.656 9 6 3.618 −7.025
7 9 −3.760 6.212 8 4 3.729 −6.646 9 23 −3.605 6.952
8 2 3.769 −6.202 8 21 −3.718 6.576 10 16 3.614 −6.946

8 19 −3.760 6.125 9 14 3.726 −6.563 11 9 −3.601 6.875
9 12 3.769 −6.117 10 7 −3.714 6.492 12 2 3.609 −6.865

10 5 −3.759 6.037 11 0 3.722 −6.479 12 19 −3.595 6.794
10 22 3.769 −6.032 11 17 −3.710 6.407 13 12 3.603 −6.782
11 15 −3.757 5.948 12 10 3.717 −6.397 14 5 −3.589 6.714
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MIRANDA 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Oct. 14 22 3.595 −6.700 Nov. 10 1 −3.471 7.222 Déc. 6 5 3.399 −6.775
15 15 −3.582 6.630 10 18 3.479 −7.214 6 22 −3.386 6.703
16 8 3.588 −6.616 11 11 −3.468 7.146 7 15 3.394 −6.694
17 1 −3.574 6.544 12 4 3.477 −7.140 8 8 −3.380 6.625
17 18 3.579 −6.534 12 21 −3.464 7.070 9 1 3.388 −6.612

18 11 −3.564 6.457 13 14 3.473 −7.064 9 18 −3.375 6.542
19 4 3.570 −6.448 14 7 −3.460 6.993 10 11 3.382 −6.528
19 21 −3.554 6.369 15 0 3.469 −6.985 11 4 −3.369 6.461
20 14 3.560 −6.362 15 17 −3.455 6.918 11 21 3.375 −6.444
21 6 −3.545 7.325 16 10 3.463 −6.905 12 14 −3.363 6.376

21 23 3.555 −7.320 17 3 −3.450 6.838 13 7 3.368 −6.359
22 16 −3.543 7.253 17 20 3.457 −6.824 13 23 −3.357 7.239
23 9 3.553 −7.245 18 13 −3.444 6.758 14 16 3.366 −7.230
24 2 −3.541 7.181 19 6 3.450 −6.743 15 9 −3.357 7.168
24 19 3.550 −7.169 19 23 −3.438 6.676 16 2 3.367 −7.159

25 12 −3.538 7.105 20 16 3.443 −6.661 16 19 −3.357 7.095
26 5 3.546 −7.092 21 9 −3.430 6.591 17 12 3.368 −7.088
26 22 −3.535 7.028 22 2 3.436 −6.581 18 5 −3.357 7.022
27 15 3.541 −7.016 22 19 −3.422 6.505 18 22 3.367 −7.014
28 8 −3.530 6.949 23 12 3.428 −6.496 19 15 −3.356 6.948

29 1 3.536 −6.937 24 5 −3.413 6.420 20 8 3.366 −6.938
29 18 −3.524 6.868 24 22 3.419 −6.411 21 1 −3.355 6.875
30 11 3.531 −6.860 25 14 −3.408 7.311 21 18 3.365 −6.861
31 4 −3.517 6.785 26 7 3.418 −7.304 22 11 −3.354 6.799
31 21 3.524 −6.778 27 0 −3.407 7.240 23 4 3.363 −6.783

Nov. 1 14 −3.509 6.703 27 17 3.417 −7.231 23 21 −3.352 6.722
2 7 3.517 −6.695 28 10 −3.406 7.169 24 14 3.360 −6.706
3 0 −3.501 6.621 29 3 3.415 −7.156 25 7 −3.350 6.642
3 17 3.508 −6.610 29 20 −3.404 7.095 26 0 3.358 −6.628
4 10 −3.492 6.537 30 13 3.413 −7.081 26 17 −3.347 6.561

5 3 3.499 −6.524 Déc. 1 6 −3.402 7.019 27 10 3.355 −6.550
5 20 −3.484 6.453 1 23 3.410 −7.007 28 3 −3.344 6.479
6 13 3.488 −6.437 2 16 −3.399 6.942 28 20 3.352 −6.469
7 5 −3.474 7.369 3 9 3.406 −6.930 29 13 −3.340 6.396
7 22 3.483 −7.357 4 2 −3.395 6.863 30 6 3.349 −6.386

8 15 −3.473 7.297 4 19 3.403 −6.855 30 23 −3.335 6.315
9 8 3.481 −7.287 5 12 −3.390 6.783 31 16 3.344 −6.301



II. 142 CONNAISSANCE DES TEMPS

ARIEL 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 0 −3.662 11.893 Févr. 25 19 3.754 −10.505 Avril 23 13 −4.096 9.697
Janv. 1 7 3.670 −11.580 27 1 −3.754 10.621 24 19 4.111 −9.908

2 13 −3.664 11.656 28 7 3.765 −10.782 26 2 −4.109 9.299
3 19 3.669 −11.780 Mars 1 14 −3.760 10.292 27 8 4.131 −9.523
5 2 −3.656 11.385 2 20 3.778 −10.474 28 14 −4.133 9.684

6 8 3.668 −11.528 4 2 −3.776 10.583 29 20 4.149 −9.905
7 14 −3.659 11.598 5 8 3.788 −10.754 Mai 1 3 −4.148 9.281
8 20 3.666 −11.722 6 15 −3.785 10.254 2 9 4.170 −9.518

10 3 −3.656 11.334 7 21 3.802 −10.439 3 15 −4.170 9.673
11 9 3.666 −11.470 9 3 −3.800 10.556 4 21 4.186 −9.897

12 15 −3.659 11.546 10 9 3.810 −10.720 6 4 −4.187 9.276
13 21 3.663 −11.667 11 16 −3.813 10.226 7 10 4.207 −9.506
15 4 −3.657 11.278 12 22 3.828 −10.407 8 16 −4.209 9.673
16 10 3.667 −11.419 14 4 −3.826 10.525 9 22 4.222 −9.891
17 16 −3.658 11.491 15 11 3.839 −10.067 11 5 −4.226 9.265

18 22 3.664 −11.617 16 17 −3.840 10.194 12 11 4.246 −9.504
20 5 −3.659 11.224 17 23 3.857 −10.382 13 17 −4.245 9.665
21 11 3.670 −11.365 19 5 −3.852 10.498 14 23 4.260 −9.893
22 17 −3.662 11.442 20 12 3.869 −10.036 16 6 −4.263 9.257
24 0 3.667 −11.084 21 18 −3.871 10.170 17 12 4.283 −9.498

25 6 −3.665 11.175 23 0 3.885 −10.355 18 18 −4.283 9.667
26 12 3.674 −11.315 24 6 −3.881 10.477 20 1 4.295 −9.075
27 18 −3.666 11.391 25 13 3.900 −10.011 21 7 −4.301 9.256
29 1 3.676 −11.035 26 19 −3.902 10.144 22 13 4.319 −9.496
30 7 −3.672 11.126 28 1 3.916 −10.335 23 19 −4.319 9.665

31 13 3.682 −11.267 29 8 −3.914 9.783 25 2 4.333 −9.073
Févr. 1 19 −3.672 11.346 30 14 3.934 −9.987 26 8 −4.336 9.252

3 2 3.686 −10.985 31 20 −3.934 10.123 27 14 4.356 −9.496
4 8 −3.682 11.079 Avril 2 2 3.947 −10.313 28 20 −4.353 9.668
5 14 3.690 −11.223 3 9 −3.949 9.761 30 3 4.368 −9.067

6 21 −3.683 10.780 4 15 3.968 −9.968 31 9 −4.372 9.253
8 3 3.698 −10.943 5 21 −3.968 10.103 Juin 1 15 4.389 −9.499
9 9 −3.693 11.032 7 3 3.980 −10.299 2 21 −4.388 9.671

10 15 3.702 −11.180 8 10 −3.985 9.738 4 4 4.402 −9.069
11 22 −3.698 10.739 9 16 4.003 −9.950 5 10 −4.406 9.251

13 4 3.712 −10.896 10 22 −4.001 10.090 6 16 4.423 −9.503
14 10 −3.707 10.995 12 5 4.017 −9.569 7 22 −4.420 9.679
15 16 3.715 −11.137 13 11 −4.021 9.725 9 5 4.435 −9.068
16 23 −3.715 10.695 14 17 4.038 −9.931 10 11 −4.437 9.257
18 5 3.728 −10.859 15 23 −4.037 10.075 11 17 4.455 −9.505

19 11 −3.722 10.952 17 6 4.055 −9.556 12 23 −4.451 9.685
20 18 3.734 −10.548 18 12 −4.058 9.705 14 6 4.465 −9.073
22 0 −3.733 10.653 19 18 4.075 −9.923 15 12 −4.467 9.257
23 6 3.746 −10.820 21 0 −4.072 10.061 16 18 4.484 −9.517
24 12 −3.740 10.919 22 7 4.093 −9.539 18 0 −4.480 9.690
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ARIEL 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Juin 19 7 4.494 −9.075 Août 14 23 −4.615 10.263 Oct. 10 15 4.388 −11.266
20 13 −4.495 9.268 16 6 4.618 −9.633 11 22 −4.375 10.645
21 19 4.512 −9.519 17 12 −4.611 9.831 13 4 4.379 −10.876
23 1 −4.507 9.706 18 18 4.620 −10.089 14 10 −4.362 11.031
24 8 4.519 −9.075 20 0 −4.608 10.278 15 16 4.361 −11.239

25 14 −4.521 9.272 21 6 4.611 −10.521 16 23 −4.344 10.626
26 20 4.537 −9.534 22 13 −4.600 9.836 18 5 4.349 −10.848
28 2 −4.531 9.711 23 19 4.609 −10.101 19 11 −4.333 11.003
29 9 4.543 −9.087 25 1 −4.597 10.281 20 17 4.333 −11.216
30 15 −4.543 9.276 26 7 4.601 −10.535 22 0 −4.313 10.594

Juill. 1 21 4.560 −9.540 27 14 −4.585 9.837 23 6 4.319 −10.824
3 3 −4.554 9.728 28 20 4.595 −10.105 24 12 −4.304 10.971
4 10 4.563 −9.088 30 2 −4.583 10.293 25 18 4.305 −11.184
5 16 −4.564 9.290 31 8 4.586 −10.535 27 0 −4.285 11.323
6 22 4.578 −9.548 Sept. 1 14 −4.570 10.714 28 7 4.288 −10.787

8 4 −4.574 9.738 2 21 4.577 −10.105 29 13 −4.275 10.943
9 10 4.583 −9.991 4 3 −4.566 10.293 30 19 4.276 −11.145

10 17 −4.580 9.294 5 9 4.571 −10.544 Nov. 1 1 −4.258 11.285
11 23 4.596 −9.563 6 15 −4.553 10.712 2 8 4.259 −10.757
13 5 −4.589 9.748 7 22 4.558 −10.111 3 14 −4.246 10.902

14 11 4.599 −10.003 9 4 −4.545 10.292 4 20 4.249 −11.113
15 18 −4.595 9.308 10 10 4.551 −10.542 6 2 −4.230 11.243
17 0 4.609 −9.571 11 16 −4.535 10.718 7 9 4.230 −10.716
18 6 −4.604 9.765 12 23 4.533 −10.105 8 15 −4.219 10.867
19 12 4.611 −10.015 14 5 −4.524 10.294 9 21 4.221 −11.067

20 19 −4.605 9.314 15 11 4.528 −10.538 11 3 −4.206 11.206
22 1 4.620 −9.586 16 17 −4.513 10.713 12 9 4.203 −11.390
23 7 −4.613 9.774 17 23 4.513 −10.947 13 16 −4.192 10.821
24 13 4.622 −10.032 19 6 −4.497 10.286 14 22 4.196 −11.027
25 20 −4.611 9.324 20 12 4.504 −10.536 16 4 −4.179 11.157

27 2 4.627 −9.593 21 18 −4.488 10.705 17 10 4.180 −11.346
28 8 −4.620 9.789 23 0 4.490 −10.937 18 17 −4.165 10.775
29 14 4.628 −10.045 24 7 −4.471 10.281 19 23 4.171 −10.978
30 20 −4.617 10.227 25 13 4.476 −10.526 21 5 −4.157 11.113

Août 1 3 4.630 −9.606 26 19 −4.463 10.697 22 11 4.155 −11.296

2 9 −4.623 9.797 28 1 4.463 −10.928 23 18 −4.142 10.729
3 15 4.632 −10.059 29 7 −4.445 11.084 25 0 4.147 −10.929
4 21 −4.619 10.242 30 14 4.449 −10.515 26 6 −4.134 11.061
6 4 4.630 −9.614 Oct. 1 20 −4.434 10.684 27 12 4.135 −11.246
7 10 −4.622 9.811 3 2 4.437 −10.914 28 19 −4.119 10.679

8 16 4.631 −10.068 4 8 −4.418 11.071 30 1 4.127 −10.879
9 22 −4.619 10.254 5 15 4.418 −10.496 Déc. 1 7 −4.113 11.009

11 5 4.625 −9.626 6 21 −4.406 10.668 2 13 4.115 −11.191
12 11 −4.619 9.818 8 3 4.408 −10.898 3 20 −4.100 10.628
13 17 4.627 −10.084 9 9 −4.391 11.050 5 2 4.107 −10.826



II. 144 CONNAISSANCE DES TEMPS

ARIEL 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 6 8 −4.095 10.955 Déc. 16 10 −4.064 10.846 Déc. 26 12 −4.043 10.735
7 14 4.096 −11.140 17 16 4.067 −11.029 27 18 4.046 −10.910
8 21 −4.082 10.572 18 23 −4.054 10.461 29 1 −4.036 10.352

10 3 4.090 −10.772 20 5 4.063 −10.663 30 7 4.046 −10.550
11 9 −4.078 10.902 21 11 −4.052 10.787 31 13 −4.036 10.673

12 15 4.081 −11.082 22 17 4.056 −10.970 Janv. 1 19 4.040 −10.858
13 22 −4.067 10.521 24 0 −4.044 10.410
15 4 4.075 −10.714 25 6 4.053 −10.602
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UMBRIEL 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Déc. 31 3 5.117 −16.341 Avril 3 12 −5.520 14.051 Juill. 5 20 6.362 −13.223
Janv. 2 5 −5.118 16.147 5 14 5.530 −13.980 7 21 −6.383 13.651

4 7 5.109 −16.077 7 16 −5.558 13.725 9 23 6.381 −13.602
6 8 −5.114 16.267 9 18 5.570 −13.662 12 1 −6.405 13.292
8 10 5.108 −16.203 11 19 −5.597 13.992 14 3 6.399 −13.245

10 12 −5.110 16.002 13 21 5.610 −13.946 16 4 −6.418 13.667
12 14 5.108 −15.947 15 23 −5.641 13.671 18 6 6.415 −13.636
14 15 −5.108 16.122 18 1 5.653 −13.620 20 8 −6.433 13.301
16 17 5.108 −16.076 20 3 −5.681 13.330 22 10 6.423 −13.267
18 19 −5.112 15.863 22 4 5.693 −13.915 24 11 −6.445 13.688

20 21 5.112 −15.818 24 6 −5.725 13.623 26 13 6.433 −13.660
22 23 −5.113 15.585 26 8 5.738 −13.594 28 15 −6.450 13.317
25 0 5.115 −15.954 28 10 −5.769 13.286 30 16 6.436 −14.040
27 2 −5.121 15.730 30 12 5.778 −13.245 Août 1 18 −6.456 13.708
29 4 5.124 −15.697 Mai 2 13 −5.813 13.600 3 20 6.439 −13.675

31 6 −5.130 15.454 4 15 5.822 −13.565 5 21 −6.457 14.089
Févr. 2 8 5.133 −15.420 6 17 −5.858 13.254 7 23 6.437 −14.058

4 9 −5.141 15.610 8 19 5.865 −13.222 10 1 −6.457 13.729
6 11 5.143 −15.577 10 20 −5.900 13.580 12 3 6.431 −13.679
8 13 −5.156 15.340 12 22 5.905 −13.543 14 4 −6.452 14.118

10 15 5.159 −15.302 15 0 −5.947 13.243 16 6 6.426 −14.063
12 17 −5.171 15.051 17 2 5.948 −13.195 18 8 −6.442 13.742
14 19 5.172 −15.012 19 4 −5.987 12.890 20 9 6.413 −14.434
16 20 −5.190 15.233 21 5 5.988 −13.529 22 11 −6.434 14.134
18 22 5.191 −15.189 23 7 −6.032 13.235 24 13 6.401 −14.058

21 0 −5.213 14.956 25 9 6.030 −13.177 26 14 −6.418 14.504
23 2 5.211 −14.899 27 11 −6.073 12.885 28 16 6.387 −14.429
25 4 −5.232 14.651 29 12 6.067 −13.518 30 18 −6.400 14.138
27 5 5.232 −15.093 31 14 −6.114 13.241 Sept. 1 19 6.367 −14.787

Mars 1 7 −5.260 14.863 Juin 2 16 6.109 −13.165 3 21 −6.382 14.505

3 9 5.258 −14.798 4 18 −6.150 12.886 5 23 6.349 −14.420
5 11 −5.287 14.570 6 19 6.144 −13.518 8 0 −6.357 14.861
7 13 5.285 −14.495 8 21 −6.189 13.246 10 2 6.327 −14.775
9 14 −5.313 14.783 10 23 6.183 −13.166 12 4 −6.333 14.494

11 16 5.314 −14.715 13 1 −6.222 12.890 14 6 6.302 −14.411

13 18 −5.346 14.489 15 2 6.215 −13.525 16 7 −6.306 14.839
15 20 5.346 −14.412 17 4 −6.256 13.261 18 9 6.277 −14.759
17 22 −5.377 14.183 19 6 6.252 −13.176 20 10 −6.276 15.167
20 0 5.378 −14.096 21 8 −6.284 12.890 22 12 6.249 −15.098
22 1 −5.410 14.421 23 9 6.280 −13.549 24 14 −6.247 14.806

24 3 5.415 −14.346 25 11 −6.315 13.269 26 16 6.220 −14.733
26 5 −5.446 14.112 27 13 6.311 −13.192 28 17 −6.215 15.125
28 7 5.452 −14.033 29 15 −6.338 12.900 30 19 6.191 −15.068
30 9 −5.481 13.785 Juill. 1 16 6.336 −13.573 Oct. 2 21 −6.181 14.752

Avril 1 10 5.488 −14.294 3 18 −6.364 13.276 4 22 6.158 −15.376



II. 146 CONNAISSANCE DES TEMPS

UMBRIEL 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Oct. 7 0 −6.151 15.068 Nov. 7 1 5.890 −15.658 Déc. 8 3 −5.712 15.214
9 2 6.126 −15.017 9 3 −5.891 15.359 10 5 5.691 −15.120

11 3 −6.116 15.362 11 5 5.861 −15.297 12 6 −5.690 15.419
13 5 6.094 −15.321 13 6 −5.860 15.600 14 8 5.673 −15.335
15 7 −6.082 14.992 15 8 5.830 −15.532 16 10 −5.676 15.065

17 8 6.057 −15.606 17 10 −5.834 15.250 18 12 5.660 −14.976
19 10 −6.051 15.285 19 12 5.801 −15.163 20 13 −5.658 15.271
21 12 6.025 −15.242 21 13 −5.805 15.482 22 15 5.647 −15.192
23 13 −6.017 15.559 23 15 5.777 −15.399 24 17 −5.648 14.906
25 15 5.991 −15.518 25 17 −5.778 15.123 26 19 5.639 −14.840

27 17 −5.984 15.193 27 18 5.749 −15.615 28 21 −5.637 14.534
29 19 5.956 −15.153 29 20 −5.756 15.353 30 22 5.628 −15.048
31 20 −5.953 15.463 Déc. 1 22 5.729 −15.259 Janv. 2 0 −5.633 14.756

Nov. 2 22 5.924 −15.412 4 0 −5.730 14.989
5 0 −5.920 15.101 6 1 5.707 −15.473
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TITANIA 2010

X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Janv. 1 1 −8.352 26.643 Mai 7 16 9.580 −21.536 Sept. 10 21 −10.349 23.798
5 9 8.327 −26.598 12 0 −9.655 21.903 15 5 10.311 −23.965
9 18 −8.340 26.423 16 9 9.731 −21.573 19 13 −10.258 24.385

14 3 8.323 −26.084 20 18 −9.801 21.410 23 21 10.210 −24.516
18 11 −8.341 26.218 25 2 9.875 −21.614 28 6 −10.159 24.383

22 20 8.333 −25.876 29 11 −9.951 21.497 Oct. 2 14 10.100 −24.540
27 5 −8.367 25.747 Juin 2 19 10.003 −21.692 6 22 −10.048 24.872
31 14 8.354 −25.343 7 4 −10.084 21.559 11 6 9.987 −25.019

Févr. 4 23 −8.403 25.226 11 13 10.131 −21.209 15 15 −9.931 24.813
9 7 8.398 −25.179 15 21 −10.204 21.641 19 23 9.870 −24.930

13 16 −8.453 25.061 20 6 10.244 −21.280 24 7 −9.823 25.262
18 1 8.461 −24.667 24 14 −10.316 21.792 28 15 9.746 −25.326
22 10 −8.522 24.584 28 23 10.336 −21.357 Nov. 2 0 −9.710 25.133
26 19 8.536 −24.136 Juill. 3 7 −10.407 21.893 6 8 9.637 −25.198

Mars 3 4 −8.608 24.069 7 16 10.416 −21.462 10 16 −9.601 25.464

7 12 8.628 −24.027 12 0 −10.477 21.994 15 1 9.533 −25.030
11 21 −8.705 23.957 16 8 10.480 −22.158 19 9 −9.507 25.341
16 6 8.742 −23.544 20 17 −10.523 22.150 23 18 9.432 −24.835
20 15 −8.812 23.461 25 1 10.518 −22.252 28 2 −9.420 25.151
25 0 8.862 −23.025 29 10 −10.552 22.261 Déc. 2 10 9.350 −25.110

29 9 −8.937 22.956 Août 2 18 10.534 −22.363 6 19 −9.343 24.940
Avril 2 17 8.990 −22.968 7 2 −10.555 22.942 11 3 9.285 −24.900

7 2 −9.070 22.900 11 11 10.536 −22.497 15 12 −9.281 24.761
11 11 9.136 −22.514 15 19 −10.529 23.048 19 20 9.231 −24.670
15 20 −9.207 22.387 20 3 10.509 −23.168 24 5 −9.238 24.547

20 5 9.282 −22.001 24 12 −10.491 23.137 28 14 9.195 −23.993
24 14 −9.353 21.883 28 20 10.458 −23.245 Janv. 1 22 −9.209 24.318
28 22 9.431 −21.996 Sept. 2 4 −10.432 23.767

Mai 3 7 −9.507 21.890 6 12 10.394 −23.931
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X, Y aux heures (TT) les plus proches des plus grandes élongations

Équateur moyen J2000 (jour julien 2 451 545.0).

Date X Y Date X Y Date X Y

Mois j h ′′ ′′ Mois j h ′′ ′′ Mois j h ′′ ′′

Janv. 1 16 −11.065 35.907 Mai 10 5 12.773 −28.926 Sept. 15 1 −13.680 32.321
8 10 11.057 −35.502 16 23 −12.922 28.951 21 18 13.579 −32.554

15 5 −11.046 35.014 23 17 13.079 −28.692 28 11 −13.472 32.951
21 23 11.069 −34.632 30 11 −13.205 28.709 Oct. 5 4 13.360 −33.067
28 17 −11.072 34.371 Juin 6 5 13.369 −28.485 11 21 −13.238 33.456

Févr. 4 11 11.138 −34.074 12 22 −13.464 29.016 18 14 13.125 −33.514
11 6 −11.158 33.509 19 16 13.618 −28.831 25 7 −12.990 33.803
18 0 11.256 −33.250 26 10 −13.677 28.802 Nov. 1 0 12.898 −33.839
24 19 −11.299 32.628 Juill. 3 3 13.818 −29.220 7 17 −12.757 34.061

Mars 3 13 11.422 −32.437 9 21 −13.841 29.172 14 11 12.682 −33.664

10 8 −11.490 31.807 16 14 13.951 −29.622 21 4 −12.547 33.769
17 2 11.630 −31.620 23 8 −13.945 29.507 27 21 12.498 −33.825
23 21 −11.733 30.999 30 1 14.012 −30.018 Déc. 4 15 −12.377 33.472
30 15 11.881 −30.835 Août 5 18 −13.976 30.404 11 9 12.349 −33.128

Avril 6 10 −12.007 30.230 12 12 13.995 −30.358 18 2 −12.257 33.105

13 4 12.158 −30.015 19 5 −13.944 30.754 24 20 12.249 −32.796
19 22 −12.308 29.914 25 22 13.915 −31.191 31 14 −12.188 32.376
26 16 12.461 −29.696 Sept. 1 15 −13.840 31.578

Mai 3 11 −12.617 29.198 8 8 13.768 −31.889



CALENDRIER

Notations :

D : Date, jour du mois.
JOUR : Jour de la semaine.
JJ : Jour Julien à 12h.
JDA : Jour de l’année.
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JANVIER FÉVRIER MARS

D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA

0 0 0 31 0 59

1 Ven 2455198 1 1 Lun 2455229 32 1 Lun 2455257 60
2 Sam 5199 2 2 Mar 5230 33 2 Mar 5258 61
3 Dim 5200 3 3 Mer 5231 34 3 Mer 5259 62
4 Lun 5201 4 4 Jeu 5232 35 4 Jeu 5260 63
5 Mar 5202 5 5 Ven 5233 36 5 Ven 5261 64

6 Mer 5203 6 6 Sam 5234 37 6 Sam 5262 65
7 Jeu 5204 7 7 Dim 5235 38 7 Dim 5263 66
8 Ven 5205 8 8 Lun 5236 39 8 Lun 5264 67
9 Sam 5206 9 9 Mar 5237 40 9 Mar 5265 68

10 Dim 5207 10 10 Mer 5238 41 10 Mer 5266 69

11 Lun 5208 11 11 Jeu 5239 42 11 Jeu 5267 70
12 Mar 5209 12 12 Ven 5240 43 12 Ven 5268 71

13 Mer 5210 13 13 Sam 5241 44 13 Sam 5269 72
14 Jeu 5211 14 14 Dim 5242 45 14 Dim 5270 73
15 Ven 5212 15 15 Lun 5243 46 15 Lun 5271 74

16 Sam 5213 16 16 Mar 5244 47 16 Mar 5272 75

17 Dim 5214 17 17 Mer 5245 48 17 Mer 5273 76
18 Lun 5215 18 18 Jeu 5246 49 18 Jeu 5274 77
19 Mar 5216 19 19 Ven 5247 50 19 Ven 5275 78
20 Mer 5217 20 20 Sam 5248 51 20 Sam 5276 79

21 Jeu 5218 21 21 Dim 5249 52 21 Dim 5277 80
22 Ven 5219 22 22 Lun 5250 53 22 Lun 5278 81
23 Sam 5220 23 23 Mar 5251 54 23 Mar 5279 82
24 Dim 5221 24 24 Mer 5252 55 24 Mer 5280 83
25 Lun 5222 25 25 Jeu 5253 56 25 Jeu 5281 84

26 Mar 5223 26 26 Ven 5254 57 26 Ven 5282 85
27 Mer 5224 27 27 Sam 5255 58 27 Sam 5283 86
28 Jeu 5225 28 28 Dim 5256 59 28 Dim 5284 87

29 Ven 5226 29 29 Lun 5285 88
30 Sam 5227 30 30 Mar 5286 89

31 Dim 5228 31 31 Mer 5287 90

AVRIL MAI JUIN

D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA

0 90 0 120 0 151
1 Jeu 2455288 91 1 Sam 2455318 121 1 Mar 2455349 152
2 Ven 5289 92 2 Dim 5319 122 2 Mer 5350 153
3 Sam 5290 93 3 Lun 5320 123 3 Jeu 5351 154
4 Dim 5291 94 4 Mar 5321 124 4 Ven 5352 155

5 Lun 5292 95 5 Mer 5322 125 5 Sam 5353 156

6 Mar 5293 96 6 Jeu 5323 126 6 Dim 5354 157
7 Mer 5294 97 7 Ven 5324 127 7 Lun 5355 158

8 Jeu 5295 98 8 Sam 5325 128 8 Mar 5356 159
9 Ven 5296 99 9 Dim 5326 129 9 Mer 5357 160

10 Sam 5297 100 10 Lun 5327 130 10 Jeu 5358 161

11 Dim 5298 101 11 Mar 5328 131 11 Ven 5359 162
12 Lun 5299 102 12 Mer 5329 132 12 Sam 5360 163
13 Mar 5300 103 13 Jeu 5330 133 13 Dim 5361 164
14 Mer 5301 104 14 Ven 5331 134 14 Lun 5362 165
15 Jeu 5302 105 15 Sam 5332 135 15 Mar 5363 166

16 Ven 5303 106 16 Dim 5333 136 16 Mer 5364 167
17 Sam 5304 107 17 Lun 5334 137 17 Jeu 5365 168
18 Dim 5305 108 18 Mar 5335 138 18 Ven 5366 169
19 Lun 5306 109 19 Mer 5336 139 19 Sam 5367 170
20 Mar 5307 110 20 Jeu 5337 140 20 Dim 5368 171

21 Mer 5308 111 21 Ven 5338 141 21 Lun 5369 172
22 Jeu 5309 112 22 Sam 5339 142 22 Mar 5370 173
23 Ven 5310 113 23 Dim 5340 143 23 Mer 5371 174

24 Sam 5311 114 24 Lun 5341 144 24 Jeu 5372 175
25 Dim 5312 115 25 Mar 5342 145 25 Ven 5373 176

26 Lun 5313 116 26 Mer 5343 146 26 Sam 5374 177

27 Mar 5314 117 27 Jeu 5344 147 27 Dim 5375 178
28 Mer 5315 118 28 Ven 5345 148 28 Lun 5376 179
29 Jeu 5316 119 29 Sam 5346 149 29 Mar 5377 180
30 Ven 5317 120 30 Dim 5347 150 30 Mer 5378 181

31 Lun 5348 151
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JUILLET AOÛT SEPTEMBRE

D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA

0 181 0 212 0 243

1 Jeu 2455379 182 1 Dim 2455410 213 1 Mer 2455441 244
2 Ven 5380 183 2 Lun 5411 214 2 Jeu 5442 245
3 Sam 5381 184 3 Mar 5412 215 3 Ven 5443 246
4 Dim 5382 185 4 Mer 5413 216 4 Sam 5444 247
5 Lun 5383 186 5 Jeu 5414 217 5 Dim 5445 248

6 Mar 5384 187 6 Ven 5415 218 6 Lun 5446 249
7 Mer 5385 188 7 Sam 5416 219 7 Mar 5447 250
8 Jeu 5386 189 8 Dim 5417 220 8 Mer 5448 251
9 Ven 5387 190 9 Lun 5418 221 9 Jeu 5449 252

10 Sam 5388 191 10 Mar 5419 222 10 Ven 5450 253

11 Dim 5389 192 11 Mer 5420 223 11 Sam 5451 254
12 Lun 5390 193 12 Jeu 5421 224 12 Dim 5452 255

13 Mar 5391 194 13 Ven 5422 225 13 Lun 5453 256
14 Mer 5392 195 14 Sam 5423 226 14 Mar 5454 257
15 Jeu 5393 196 15 Dim 5424 227 15 Mer 5455 258

16 Ven 5394 197 16 Lun 5425 228 16 Jeu 5456 259

17 Sam 5395 198 17 Mar 5426 229 17 Ven 5457 260
18 Dim 5396 199 18 Mer 5427 230 18 Sam 5458 261
19 Lun 5397 200 19 Jeu 5428 231 19 Dim 5459 262
20 Mar 5398 201 20 Ven 5429 232 20 Lun 5460 263

21 Mer 5399 202 21 Sam 5430 233 21 Mar 5461 264
22 Jeu 5400 203 22 Dim 5431 234 22 Mer 5462 265
23 Ven 5401 204 23 Lun 5432 235 23 Jeu 5463 266
24 Sam 5402 205 24 Mar 5433 236 24 Ven 5464 267
25 Dim 5403 206 25 Mer 5434 237 25 Sam 5465 268

26 Lun 5404 207 26 Jeu 5435 238 26 Dim 5466 269
27 Mar 5405 208 27 Ven 5436 239 27 Lun 5467 270
28 Mer 5406 209 28 Sam 5437 240 28 Mar 5468 271

29 Jeu 5407 210 29 Dim 5438 241 29 Mer 5469 272
30 Ven 5408 211 30 Lun 5439 242 30 Jeu 5470 273

31 Sam 5409 212 31 Mar 5440 243

OCTOBRE NOVEMBRE DÉCEMBRE

D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA D JOUR JJ à 12h JDA

0 273 0 304 0 334
1 Ven 2455471 274 1 Lun 2455502 305 1 Mer 2455532 335
2 Sam 5472 275 2 Mar 5503 306 2 Jeu 5533 336
3 Dim 5473 276 3 Mer 5504 307 3 Ven 5534 337
4 Lun 5474 277 4 Jeu 5505 308 4 Sam 5535 338
5 Mar 5475 278 5 Ven 5506 309 5 Dim 5536 339

6 Mer 5476 279 6 Sam 5507 310 6 Lun 5537 340
7 Jeu 5477 280 7 Dim 5508 311 7 Mar 5538 341
8 Ven 5478 281 8 Lun 5509 312 8 Mer 5539 342

9 Sam 5479 282 9 Mar 5510 313 9 Jeu 5540 343
10 Dim 5480 283 10 Mer 5511 314 10 Ven 5541 344

11 Lun 5481 284 11 Jeu 5512 315 11 Sam 5542 345

12 Mar 5482 285 12 Ven 5513 316 12 Dim 5543 346
13 Mer 5483 286 13 Sam 5514 317 13 Lun 5544 347
14 Jeu 5484 287 14 Dim 5515 318 14 Mar 5545 348
15 Ven 5485 288 15 Lun 5516 319 15 Mer 5546 349

16 Sam 5486 289 16 Mar 5517 320 16 Jeu 5547 350
17 Dim 5487 290 17 Mer 5518 321 17 Ven 5548 351
18 Lun 5488 291 18 Jeu 5519 322 18 Sam 5549 352
19 Mar 5489 292 19 Ven 5520 323 19 Dim 5550 353
20 Mer 5490 293 20 Sam 5521 324 20 Lun 5551 354

21 Jeu 5491 294 21 Dim 5522 325 21 Mar 5552 355
22 Ven 5492 295 22 Lun 5523 326 22 Mer 5553 356
23 Sam 5493 296 23 Mar 5524 327 23 Jeu 5554 357
24 Dim 5494 297 24 Mer 5525 328 24 Ven 5555 358

25 Lun 5495 298 25 Jeu 5526 329 25 Sam 5556 359

26 Mar 5496 299 26 Ven 5527 330 26 Dim 5557 360
27 Mer 5497 300 27 Sam 5528 331 27 Lun 5558 361

28 Jeu 5498 301 28 Dim 5529 332 28 Mar 5559 362
29 Ven 5499 302 29 Lun 5530 333 29 Mer 5560 363
30 Sam 5500 303 30 Mar 5531 334 30 Jeu 5561 364

31 Dim 5501 304 31 Ven 5562 365
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CORPS DES INGÉNIEURS ET TECHNICIENS

DE RECHERCHE ET DE FORMATION

Assistants ingénieurs : Sylvie Lemâıtre-Pottier.
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Stéphane Janichewski, directeur de la stratégie, des programmes et des relations interna-

tionales du CNES, Paris.

William Thuillot (⋄), astronome, directeur de l’Institut de mécanique céleste et de calcul
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