
�����������
	��������
������������������������������	����
 "!�#
$&%'$&(�)+*�,.-0/&%'12,.(.3

���546�&�������&798:��7�;�7�7<�=�
�>����8��?���@�'��AB�����'���=�
�>���
8:���C���>�D	���EB�F���G��8

HJILK>M6ILNOIQPJR�S�TVU�ILW�IXR�SZY
��� R�SLYGW�TVKDW
[]\�^�_�\�`�aB\�bCc&d�d�d

e<f \9g�h�i�jJk6l�lnm&onp

qsr _�bFk�h>k�`utJv qwr _�b'k�^�xyt r�z�{|r~}+z<�nz.r�z k�h
� x�t r�z<{|�&� f \ r \ � b { xL� � a0k�b � _Vk�b:t

j �&� b � h�g�^���b �&��q xy`u\�� � a � �5��onm
m�m&d
� j } � q



� x�\�b2\�aBt���\ {'�.� bV\L_�x � _�_�xy\���k�b:�u^�bV\ r \�hy_�\�� z h�_�x z.r _�xy\ r�z�rCz�r k�b z g z h �&�C� h��ux ��r
h>k�_y�
k�b:`u\���_�xy\Da ��r�z�r �
k�b@_�xy\ � � � bF��k�� � hyt���\�g�bV\�\�k�b�� z ^ � k�` � aBt � hyt��5h z�� \�b r�z _�t�k�b
� h r _ z _���_ z k�h>i

� *�$&*�����$&30/�/ M /&#
e q ��_�x�k�b�p
qwr _�bFk�h�k�`�t�v qsr _�bFk�^�xyt r�z<{|r�}5z�� i
� xyt r�z�{|�&� f \ r \ � b { xZ� � a�k�b � _�k�b:t
j �&� b � h�g�^���b �
q x�`�\9� � a � ����onm
m�m&d
� j } � q

M0 �K@¡ $&*���%'$�1'/&¢ ¡ $&%
e [£��^�\�b �Bz.r k�b�p

qsr¤r k {'z.� _�\ � b'k��.\ r¤r k�b
qwr _�b'k�h>k�`�t�v qsr _�bFk�^�x�t r�z<{|r�}5z�� i
� x�t r�z<{|�&� f \ r \ � b { xs� � a0k�b � _Vk�b:t

j �&� b � h�g�^���b �
q xy`�\9� � a � �5��onm
m�m&d

� j } � q



U ,
12(�¥�¦ M $&§�¨
/�1 ,.,.,

U ,
12(�¥�¦ P ,.©B!�%F/�1 -

�+ª ¢�*�¥�«L¨
/���©0/&�=/&*�(:1 -B,.,.,

¬ T *�(­%F¥B��! ª (.,
¥�* ¬
c�i®c ¯ z g�x q h>g�� ��� b f \ r k � ��_ z k�hu°]\ { xyh z�± ��\ r�²�³ b'k�`´^ ��r _�_�k6^�b2\ r \�hy_Gi
i"i
i6i�i µ
c�i µ ����h � b@¶ {'{ � � _ � _ z k�h·i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i ¸
c�i � ����h � bs¶ {&{ � � _ � _ z k�hº¹ r ��k�h�g¼» ��r \ ��z h�\ � h�_�\�b:�.\�b'k�`�\�_�b:t ² °�xy\ { ��b:bV\�hy_

r�{ \�h � b z kZi
i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´c&�
c�i l [ { k�^�\�k��y_�xy\
_�\ { xyh z.± ��\ � h>��`=k�_ z<��� _ z k�h��:k�b�_�xy\D^�bV\ r \�h�_y��k�b:� i"i
i6i�i´c�½
c�i ¸ [ � `�^ � \
[£\ � \ { _ z k�h � h>��¶5a r \�b �0� _ z k�h r i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´c&d
c�i®½ ¶5��_ �<z h�\Zk��y_�xy\
_�xy\ r�z.r i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µnc

¾ T *�1¿(.%V!���/&*�(
$&(.,
¥�*�À H $&(
$ � *�$&¨.3012,
1@$&*�� W 3�1¿(
/&� K $&¨.,.§�%'$&(.,
¥�* ¾�Á
µni®c � h r _�b:��`u\�hy_ � _ z k�hÂi
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µ��

µniÃc�i®c °�xy\ � f ³0��r _ � x�k�_Vk�`�\�_�\�b i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µ��
µniÃc�i µ q h>g�� ��� b�Ä�x>k�^�^�\�bwi
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µ�o

µni µ }s� _ ��q h �&� t r�z.r i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·��l
µni µni®c j�k�h�Å ��z hy\ � b � \ ��r _ r�± � � b2\ r `�\�_�x�k9�Æi
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·��l
µni µni µ q5� _�\�b:h � _�\ � ^�^�bFk �&{ xJk���� � _ �"� h �&� t r�z�r i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·lnc

µni � � � a0k�b � _Vk�b:t�Ä �&�<z aBb � _ z k�h�k��y_�xy\ r t r _�\�` i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·l��
µni �ni®c ° z `�\DbV\ r ^�k�h r \ {��&��z aBb � _ z k�h i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·l�¸
µni �ni µ Ç �&z h �0� b z�� a z��<z _�tJk���_�x�\ } \�_�\ { _Vk�bÈi6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·lnÉ
µni �ni � Ä�k�bFk �<��� b:tLÊ�Ë]^�\�b z `�\�hy_ r i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·l�o

µni l f \�` � b:� r i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·¸��

z



Á Ì ,.%'$Í-0$&%V,
$&§�¨
/ NÎU /�¥�*�,
1�$&*���§�%2,.© ¡ ( TVN 1'¥�!�% ª / T2NGK>Ï ¾�ÐnÑ�Ò&Á Ñ&Ó
�ni®c � hy_�bFk9��� { _ z k�h i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·¸�l
�ni µ Ô z b � ¹ � b z.� a � \ f ��\9k�h z.r i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·¸�¸

�ni µni®c ¶5a r \�b ��� _ z k�h r i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·¸n½
�ni µni µ � b2\ �Bz k�� r ¯ z g�x q h�g�� ��� b f \ r k � ��_ z k�h�¶+a r \�b �0� _ z k�h r i
i"i
i"i
i6i�i´½�c
�ni µni � }s� _ ��q h �&� t r�z.r i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´½&¸
�ni µni l f \ r � � _ rÍ� h>� }+z.r�{ � r�r�z k�hÎi
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´½�½
�ni µni ¸ [£��`�` � b:t i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´É�É

�ni � »�b z g�xy_ z hy�.b � b2\�� r k���b { \ � f Ä�Å.µnm&¸n½&�Õi�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´É&d
�ni �ni®c ¶5a r \�b ��� _ z k�hÖi
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´É&d
�ni �ni µ q »�b z \��y[yk���b { \
¯ z.r _Vk�b:t×i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·onm
�ni �ni � }s� _ ��q h �&� t r�z.r i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·onc
�ni �ni l f \ r � � _ rÍ� h>� }+z.r�{ � r�r�z k�hÎi
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·o�l
�ni �ni ¸ Ä�¹ ³�r ^�\ { _�bFk�^�x�k�_Vk�`�\�_�b:tÖi6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·onÉ

�ni l f \�` � b:� r i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·dnm

Ó Ì  Q,
$&*�(
1 Ø ¬
lni®c � hy_�bFk9��� { _ z k�h i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·dnc
lni µ �5h { \�b:_ �&z hy_ z \ r�z h � k ��� \�� z h�ÙnÚ­Û�Û {|�&�<z aBb � _ z k�h i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·dnÉ

lni µni®c [£^�\ { _�b �&� Ä �.��r¤r�z�Ü�{�� _ z k�h i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·dnÉ
lni µni µ »�k � k�`u\�_�b z�{D³n� ��Ë·i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·d�d
lni µni � °�xy\ q h�g�� ��� bC� z.� `�\�_�\�bÝi
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c�m�c

lni � f \ r � � _ r i
i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c�m&�
lni �ni®c f \ r k �<� \��L[yk���b { \ r i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c�m�É
lni �ni µ �5hyb2\ r k ��� \���[yk���b { \ r i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µnc

lni l }5z�r�{ � r�r�z k�h i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µ�l
lni lni®c q h>g�� ��� b�� z�� `�\�_�\�b r �
k�b�_�x�\GÔ g z.� hy_ r�� `�^ � \�i�i
i"i
i
i"i
i"i
i6i�i�c&µ�l
lni lni µ °�xy\D°�Ú.Û�Û�[ {|�&� \Þi
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µn½
lni lni � � z hy\ � b f � � z<z iBi
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µnÉ

lni ¸ f \�` � b:� r i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µ�d

Ñ I ( ¡ /&% W ¥�!�% ª /�1 ¬ Á�Ð

z�z



¸ni®c f \ r � � _ r i
i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&��µ
¸niÃc�i®c q h>g�� ��� b�� z�� `�\�_�\�bßi
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&��µ
¸niÃc�i µ à�á�â·^�x�k�_�k�`�\�_�b:t � ��\�b z<� \9�L\����.\ { _ z�� \G_�\�`u^�\�b � _���bV\ r�� h�� �<z hy\ � b

b � � z<z iãi
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l�µ
¸ni µ f \�` � b:� r i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l�l

Ò W !�����$&%V3�¥�¦�( ¡ /ä( ¡ /�12,
1Í$&*���1 ª ¥�å�/ä¦F¥�%�¦V!�(­!�%F/ä«J¥�%2¢ ¬ ÓnÑ
½�i®c [£��`�` � b:tÎi"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l�¸
½�i µ [ { k�^�\6�
k�b��.��_���bV\D��k�b:��i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l�d

½�i µni®c [£^�\ { _�b �&�9{&����r�r�z<Ü�{|� _ z k�h=i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l�d
½�i µni µ ����h � bCk {'{ � � _ � _ z k�h z hs_�x�\G°�xy\�b:` �&� � f i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&¸nm
½�i µni � � r \+k�� � f q b:b � t r �
k�b � ��h � bCk {'{ � � _ � _ z k�h i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&¸nc

N /&¦F/&%F/&* ª /�1 ¬ Ñ&Á

z�z<z



c�i®c ����h � bGk {'{ � � _ � _ z k�h { x�bFk�h�k � k�g�t�iGi
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i o
c�i µ Ô � Ë z ` � væÔ z h z ` � ^�k r�z _ z k�h rD��r `u\ ��r ��bV\9�5�.bFk�`Ý_�xy\ßg�\9k�`�\�_�b z<{ ^�k z h�_

k���k {'{ � � _ � _ z k�h�i�i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�içc'c
c�i � } \�_ �&z��.r k���_�xy\Dl�µ r � {'{ \ r�r �.� � \ � \�h�_ r ièi6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µ�µ

µni®c Ê � \ { _�b z�{��&� Ä�x � b �&{ _�\�b z�r _ z<{|r k���_�xy\D_���k���\�� � b r i�i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µn½
µni µ ³Bz<� _�\�b@Ä�x � b �&{ _�\�b z.r _ z�{�r k��y_�xy\
_���k } \�� � b r iÍi
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µn½
µni � ° z `�\ { k�h r _ � h�_ r � z _�xsa z���ré� k � _ � g�\ r �
k�b } \�� � bäc�iLi"i
i
i"i
i
i"i
i"i
i6i�i·l�o
µni l ° z `�\ { k�h r _ � h�_ r � z _�xsa z���ré� k � _ � g�\ r �
k�b } \�� � b0µniLi"i
i
i"i
i
i"i
i"i
i6i�i·l�d

�ni®c [yk���b { \
^ � b � `�\�_�\�b r k�� f ��\9k9iXi"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·¸n½
�ni µ Ê � \�hy_���\�_ �&z���rD� h>�êk�_�x�\�bQk�a r \�b �Bz h>gQ^ � b � `�\�_�\�b r �:k�b@_�x�\�_���kQ\ � \�h�_ r k��

f ��\�k�i�i6i
i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·¸nÉ
�ni � [£\ � \ { _�\���\�Ë � `u^ � \ r k���^�bV\ �nz k�� r x z g�x � h>g�� �.� b�bV\ r k � ��_ z k�h�k�a r \�b �0� _ z k�h r

k�� f ��\�k9iëi"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´½&l
�ni l Ä�k�`�^ � b z�r k�hìk��@j � f bV\ r � � _ r k�� f ��\9kL� z _�x z h�_�\�b:�.\�b'k�`�\�_�b:t�bV\ r � � _ r"� _

h�\ � b � t�_�x�\ r¤� `u\G^�x ��r \9i�i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´½�É
�ni ¸ Ê � \�hy_>��\�_ �&z<��r k�� � f Ä�Å­µnm&¸n½&�ni]i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·onm
�ni®½ í:k���b:h �&� k��y\ � b �<z \�bCk�a r \�b �0� _ z k�h r k�� � f Ä�Å.µnm&¸n½&�niçi
i"i
i
i"i
i
i"i
i"i
i6i�i·onc
�ni®É à�á�âî` � g�h z _�����\ r�� h�� { k � k���b r e � f Ä�Å.µnm&¸n½&�npçi
i
i"i
i
i"i
i
i"i
i"i
i6i�i·onÉ

lni®c } \�b z<� \9��à�á�â·` � g�h z _�����\ r �
k�bCk���b r�� `�^ � \�k���Ôïg z�� h�_ r iÂi
i"i
i"i
i6i�i·d�d
lni µ } \�b z<� \9��\�Ë£_ z h { _ z k�h �0�&� ��\ r �
k�b0_�xy\
Ô g z.� hy_ r�r�� `�^ � \9i�i
i"i
i
i"i
i"i
i6i�i�c�m�c
lni � Ä�b'k r�r�z ��\�hy_ z�Ü�{|� _ z k�h��
k�b�k���b@Ôïg z�� h�_ r�� `�^ � \9i@i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c�m&l
lni l í:k���b:h �&� k��>k�a r \�b �0� _ z k�h rÍ� h>� r k���b { \+��\�_ �&z��.r �
k�b�_�xy\6Ôïg z�� h�_ r�� `�^ � \9i@i�i�c�m&¸
lni ¸ � b2\�� z<{ _�\9� {'z b { ��` r _ � h { \ r k���_�x�\G\ � \�hy_ r �
k�b�_�x�\GÔ g z.� hy_ r�� `�^ � \�iði
i6i�i�c�m�½
lni®½ í:k���b:h �&� k�� � bV\ �Bz k�� r ¶+a r \�b �0� _ z k�h r �
k�b � f Ä�ñ�c�m�c&d�l � h�� � f Ä�Å
c�m&�nm&o i6i�i�c&µnm
lni®É q h>g�� ��� b�� z�� `�\�_�\�b@bV\ r � � _ r k�hsÔ g z�� hy_ r i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µ�¸
lni o Ê����.\ { _ z<� \
°]\�`�^�\�b � _���b2\ r k��y_�xy\6bV\ r k �<� \9��Ô g z.� hy_ r iui
i
i"i
i
i"i
i"i
i6i�i�c&µn½

z<�



lni d } \�b z<� \9� ��z h�\ � b@b � � z�z �
k�bCg z�� h�_ r x �&�Bz h�g"¯ z ^�^ � b { k r ^ � b �&����� ËyiÕi
i"i
i6i�i�c&µ�d

¸ni®c Ä�b'k r�r�z ��\�hy_ z�Ü�{|� _ z k�h=k�� r k���b { \ r i×i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&�nm
¸ni µ í:k���b:h �&� k��>k�a r \�b �0� _ z k�h rÍ� h>� r k���b { \+��\�_ �&z��.r iòi
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&�nc
¸ni � � b2\�� z<{ _�\9� {'z b { ��` r _ � h { \ r k���_�x�\G\ � \�hy_ r iêi6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&��µ
¸ni l °�xy\+��\�b z<� \�� � h>g�� ��� bG� z.� `�\�_�\�b r i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l�µ
¸ni ¸ à�á�âî` � g�h z _�����\ r i£i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l��
¸ni®½ Ê����.\ { _ z<� \
_�\�`�^�\�b � _���b2\ r iGi"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l��
¸ni®É } \�b z<� \9� ��z h�\ � b@b � � z�z iÕi
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l��

�



c�i®c [ { x�\�` � _ z�{ � z�� g�b � `Âk��y_�xy\ � ��h � bGk {&{ � � _ � _ z k�h�^�xy\�h>k�`u\�h>k�h>iyi"i
i"i
i6i�i d
c�i µ � k z hy_�k��>k {'{ � � _ � _ z k�h�k�hs_�xy\ � ��h � bC� z.r � � h>��_�xy\ � \ � k {'z _�t � \ { _Vk�bVini"i
i6i�i´c�m

µni®c °�xy\ r�{ xy\�` � _ z�{ � z�� g�b � `Ök��y_�xy\ ³0��r _ � f � x�k�_�k�`�\�_�\�bViOi
i"i
i
i"i
i"i
i6i�i·µ�l
µni µ °�xy\Da � k { �J� z.� g�b � `Âk���_�x�\
_�\ � \ r�{ k�^�\�Å z h r _�b:��`u\�hy_ r \�_y��^�i@i
i
i"i
i"i
i6i�i·µnÉ
µni � { k�`�^ � b z.r k�hìk��Í_�x�\ r �Bt�_�xybFk�� � \�b r � r _�xy\L�.b2\ ± ��\�h { t��
k�bG_�xy\ � h�g�� �.� b

� h�� ��z h�\ � b { x�k�^�^ z h�g"`�k9��\ r iXi"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·µ�d
µni l °�xy\ r�{ xy\�` � _ z�{ � z�� g�b � `Ök��y_�xy\ � h�g�� �.� b { x�k�^�^�\�bVi�i"i
i
i"i
i
i"i
i"i
i6i�i·�nc
µni ¸ °�xy\ r ^�\ { _�b:��` � h �&� t r \�bCk���_�^���_ � _ �Í{ x�k�^�^ z h�g"�.b2\ ± ��\�h { twk�����¸nmÍ¯Xóni6i�i·���
µni®½ °�xy\ r�z `�� ��� _�\��w`=k�h>k { x�bFk�` � _ z<{G{ ��b � \ r�� _�µni µCô�`õ�
k�bG� z ���.\�bV\�hy_ r k���b { \

r�z ó�\ r i>°�xy\ � \ � k {'z _�t { k�`u^�k�hy\�hy_�k���_�xy\ � ��h � b r x � ��k��öxy\�b2\ z�rÍÜ Ë£\�� � _
m�i ¸��B`�÷ r iDi"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·�n½

µni®É °�xy\D`=k���\ ���<z h�g � ^�^�bFk �&{ xX�
k�b�_�x�\ Ü h z _�\ r k���b { \ r�z ó�\9iÞi
i"i
i
i"i
i"i
i6i�i·�nÉ
µni o °�xy\D`=k���\ ���<z h�g � ^�^�bFk �&{ xJk���_�xy\D_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\9i
i
i"i
i
i"i
i"i
i6i�i·��d
µni d °�xy\�k�a r \�b � \9�"^�k z hy_ r k���b { \ { ��b � \�øDùûú�ü:ý � h��"_�xy\D_ z `�\DbV\ r ^�k�h r \���\ { k�h�Å

� k �<� \�� { ��b � \ßø5ú�ü:ý�i£i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·l�µ
µni®c�mæ°�xy\D_ z `�\6bV\ r ^�k�h r \ { ��b � \
�
k�b � f Ä�Å
c�m�m&��µniþi
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·l��
µni®c'cÿ°�xy\Da � k { �J� z.� g�b � `´�
k�b�_�x�\
\�Ë£^�\�b z `�\�h�_ �&�yr \�_y��^Z�
k�b r t r _�\�` {��&��z aBb � _ z k�h�iæl�l
µni®c&µº°�xy\D_ z `�\6bV\ r ^�k�h r \ � h>��_�xy\
\�Ë]^�k�h�\�h�_ z.�&�9Ü _y_Vk z _Vi�i"i
i
i"i
i
i"i
i"i
i6i�i·ln½
µni®c&�º°�xy\D_ z `�\6bV\ r ^�k�h r \ { ��b � \ r k � \�b�_�xy\ß��tBh � ` z�{ b � h�g�\�k���_�x�\ ³0��r _ } \�� � bVi ln½
µni®c&lº[ � `�\ ��r�z h ³Bz gBi�µni®c&�
aB��_y�:k�b�_�xy\DÄ�¹ ³L} \�� � b�i6i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·lnÉ
µni®c&¸º°�xy\ r�z g�h �&�9� \ � \ �0��r@� �.��h { _ z k�h�k���_�x�\Ga z���r~� k � _ � g�\�i�i
i
i"i
i
i"i
i"i
i6i�i·¸nm
µni®c�½æ°�xy\DbV\ ��� _ z�� \ r�z g�h �&�0� `u^ ��z _�����\ ��rÍ� �.��h { _ z k�h�k���_�xy\Da z���r�� \ � \ � i i"i
i6i�i·¸nm
µni®c�Éæ°�xy\+k�b z g z h �&�B��z g�xy_ { ��b � \+k�� � f Ä�Å.µnm&¸n½&� � h>��_�xy\ { k�b:bV\ { _�\9� ��z g�xy_ { ��b � \�iêi·¸nc
µni®c&oº°�xy\D_ z `�\6bV\ r ^�k�h r \ { ��b � \ r~z h �&�<� _�x�\
_�xybV\�\Là�á�â Ü�� _�\�b r i i
i
i"i
i"i
i6i�i·¸nc
µni®c&dº° z `�\�bV\ r ^�k�h r \ { ��b � \ r �
k�b�_�xy\�_���k {|��r \ r k���k���� r \�_ � � � � r _�`u\�h�_9aBt�a �&{ �BÅ

g�b'k���h>����Ê } � h���k���� r \�_ � � � � r _�`�\�h�_yaBt+a z.��r�� k � _ � g�\�i i"i
i
i"i
i"i
i6i�i·¸�µ
µni µnmæ°�xy\�_ z `u\Xb2\ r ^�k�h r \ { ��b � \ r �
k�b r�z g�h �&��� \ � \ ��r k��@µ � k � _ r�� l � k � _ r5� h>�ã½

� k � _ r iÞi6i
i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·¸��

�Bz



�ni®c � z g�xy_ { ��b � \ � h>��`=k9��\ �9Ü _y�:k�b�_�xy\DbV\ � ^�^�\ � b � h { \D\ � \�hy_0k�� f ��\�k i
i6i�i·¸�d
�ni µ � z g�xy_ { ��b � \ � h>��`=k9��\ �9Ü _y�:k�b�_�xy\+� z�r�� ^�^�\ � b � h { \
\ � \�h�_>k�� f ��\9k9iìi6i�i´½�m
�ni � }5z ���.\�b2\�h�_ r k���b { \G^�b'k Ü�� \ r � r \����
k�b�_�x�\ � h �&� t r�z�r k�� f ��\�k�ièi
i"i
i"i
i6i�i´É�m
�ni l � z hy\ � b�b � � z<zB� \�b r � r ^�\�b z k9��^ � k�_y�
k�b�Ô z b �ä�0� b z�� a � \ r iëi
i"i
i
i"i
i"i
i6i�i´É&¸
�ni ¸ °�xy\ r ^�\ { _�b �&� \�h�\�b'g�ts� z�r _�b z aB��_ z k�h=k�� f ��\9k9i�i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i´É&o
�ni®½ °�xy\ { k�b:b2\ { _�\���_ z `u\
bV\ r ^�k�h r \+k�� � f Ä�Å.µnm&¸n½&�×i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·o�µ
�ni®É °�xy\+g�\�h�\�b � _�\�� r k���b { \
^�bFk Ü�� \
�
k�b�lni l"` ��r i£i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·o��
�ni o °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \G�
k�b�_�x�\
bV\ � ^�^�\ � b � h { \�\ � \�h�_0k�� � f Ä�Å.µnm&¸n½&�ni o�¸
�ni d °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \G�
k�b�_�x�\ß� z�r�� ^�^�\ � b � h { \D\ � \�h�_>k�� � f Ä�Å.µnm&¸n½&�niæon½
�ni®c�mæ°�xy\DÄ�¹ ³Jr ^�\ { _�b:��`Âk�� � f Ä�Å.µnm&¸n½&�ni¼i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i·o�o
�ni®c'cÿ°�xy\D^ � k�_>k���_�xy\DÔ r ^�\ { _�b �&� _�tB^�\ � \�b r � r _�xy\6Ä�¶ z h���\�Ëyi0i"i
i
i"i
i"i
i6i�i·o�d

lni®c °�xy\ � k r _�Å­` �&z h r \ ± ��\�h { \D\ � k � ��_ z k�h�k���g z�� h�_ r~z hs_�xy\D¯ f � z�� g�b � `�iÎi6i�i·d�µ
lni µ °�xy\ r ^�\ { _�b �&� \�h�\�b'g�ts� z�r _�b z aB��_ z k�h��
k�b � f Ä�Å.µnm&¸n½&�ni�i"i
i
i"i
i
i"i
i"i
i6i�i·d�¸
lni � °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�Å
c�m&�nm&¸nisi
i"i
i6i�i�c�m�É
lni l °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�Å.µnm&µ�d�dnisi
i"i
i6i�i�c�m&o
lni ¸ °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�c�m�m&��lniyi
i"i
i6i�i�c�m&d
lni®½ °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�c�m�c&d�lniyi
i"i
i6i�iÍc'c�m
lni®É °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�c�m�m&��oniyi
i"i
i6i�iÍc'c&µ
lni o °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�µnm�m�½�É�iyi
i"i
i6i�iÍc'c&�
lni d °�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�Å
c�m&¸�onm�isi
i"i
i6i�iÍc'c&l
lni®c�mæ°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�µnm�c'c'c�i�i
i"i
i6i�iÍc'c�½
lni®c'cÿ°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�µnm�m&dnm�iyi
i"i
i6i�iÍc'c�É
lni®c&µº°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�Å.µnm&l�l�lnisi
i"i
i6i�iÍc'c&o
lni®c&�º°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�Å
c�m&�nm&onisi
i"i
i6i�iÍc'c&d
lni®c&lº°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�Å
c�m&�nm�c�isi
i"i
i6i�i�c&µnc
lni®c&¸º°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�c�m�m&��µniyi
i"i
i6i�i�c&µ�µ
lni®c�½æ°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�Å.µnm&lnÉ�m�isi
i"i
i6i�i�c&µ��
lni®c�Éæ°�xy\+k {'{ � � _ � _ z k�h �<z g�xy_ { ��b � \ � h���_�xy\6`=k9��\ �9Ü _>k�� � f Ä�ñ�µnm�c&µ�¸niyi
i"i
i6i�i�c&µ�l
lni®c&oºÊ����.\ { _ z<� \�_�\�`�^�\�b � _���bV\ � \�b r � r _�x�\ r ^�\ { _�b �&� _�tB^�\��:k�bQk���b r�� `�^ � \wk���Ô

g z.� hy_ r i9i6i
i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µnÉ

�nz<z



lni®c&dºÊ����.\ { _ z<� \�_�\�`�^�\�b � _���bV\ � \�b r � r _�x�\ r ^�\ { _�b �&� _�tB^�\��:k�bQk���b r�� `�^ � \wk���Ô
g z.� hy_ r�� h>��k�_�xy\�b�^�k z hy_ r �.bFk�` ��z _�\�b � _���b2\�i9i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&µ�o

¸ni®c °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _>k�� � f Ä�Å.µnm&µnÉ�c�iBi
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&���
¸ni µ °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _>k�� � f Ä�Å.µnm&¸nm&µniBi
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&��l
¸ni � °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _>k�� � f Ä�Å.µnm&��µ�¸niBi
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&��¸
¸ni l °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _y�
k�b�bV\ � ^�^�\ � b � h { \�\ � \�hy_0k�� � f Ä�ñ�µnm�c&dnc�iëc&�n½
¸ni ¸ °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _y�
k�b�� z�r�� ^�^�\ � b � h { \G\ � \�hy_�k�� � f Ä�ñ�µnm�c&dnc�iBc&�nÉ
¸ni®½ °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _>k�� � f Ä�ñ�µnm�m�É�½�iºi
i"i
i
i"i
i
i"i
i"i
i6i�i�c&��o
¸ni®É °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _>k�� � f Ä�Å.µnm&�n½&µniBi
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&��d
¸ni o °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _>k�� � f Ä�Å
c�m&�nm�m�iBi
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&lnm
¸ni d °�xy\D� z g�x�_ { ��b � \ � h���`�k9��\ ��Ü _>k���[ q ¶ºd�l���l�¸niOi
i"i
i
i"i
i
i"i
i"i
i6i�i�c&lnc

½�i®c » � b { x � b:_0k�� r ^�\ { _�b �&� _�tB^�\ z h�k���b r¤� `u^ � \9i�i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&lnÉ
½�i µ » � b { x � b:_0k��yb2\ r k ��� \�� � h>g�� ��� b�� z�� `�\�_�\�b r i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&lnÉ
½�i � » � b { x � b:_0k��y^�\�b { \�hy_ � g�\D\�b:b'k�b z h � h>g�� ��� b�� z�� `�\�_�\�bG��\�_�\�b:` z h � _ z k�h r iZi�i�c&l�o
½�i l » � b { x � b:_�k���^�\�b { \�h�_ � g�\
\�b:bFk�b z h�_�xy\���\�b z��0� _ z k�h�k���\����.\ { _ z�� \
_�\�`u^�\�b � Å

_���bV\ r iOi6i
i"i
i
i"i
i"i
i
i"i
i
i"i
i6i�i6i�i6i
i"i
i
i"i
i
i"i
i
i"i
i"i
i6i�i�c&l�d

�Bz<z�z



°ykD\�Ë£^�bV\ r¤r `�t���\�\�^ r \�h r \+k���g�b � _ z _�����\ z hL��k�bF� r ��k�\ r h�k�_ { k�h � \�t�`�t+x�\ � b:_��.\ � _ � ��k�Å
b � _ z k�h��
k�b } bVi�°~i Ä�x � h>��b ��r \��Bx � b � `�tL_�xy\ r�z�r�r ��^�\�b �Bz.r k�bVi�¯X\"x ��r aB\ r _�k��Z\�� z h { \ r�r¤� h�_
z h r ^ z b � _ z k�h � h>�J\�h { k���b � g�\�`u\�h�_�_�xyb'k���g�x>k���_Í_�x�\ { k���b r \�k��Í_�x z�r ��k�b:��i�¯ z�rC{ b z _ z�{|�&�
\ �0�&� � � _ z k�h � h>� r ��gBg�\ r _ z k�h r x �&� \wg�bV\ � _ � tsxy\ � ^�\9��`u\�i � { k�h r�z ��\�b z _�`uts^�b z��Bz<� \�g�\�_Vk
aB\ ��r¤r k {'z.� _�\9�Z� z _�x�x z `=i � �&��r k5� z.r xu_�kQ_�x � hy�sx z `ç�
k�b�_�xy\ Ü h � h {'z.�&�>r ��^�^�k�b:_0x�\"x � �
\�Ë£_�\�h>��\9������b z h>gQ`�t�� � t r k���a � hy�Bb:��^�_ { t|i
} bVi6j�i�Ô i qsr x�k��êx ��r aB\�\�h �&{ _ z�� \ � t z h � k �<� \9� z h�`ut���k�b:� � _ �&����r _ � g�\ r i"¯ z�r �n\�\�h
z h�_�\�bV\ r _ � h��ê� r \��­� �Cr ��gBg�\ r _ z k�h r x �&� \sxy\ � ^�\9�ê`u\ z `u`�\�h r \ � t�i � x �&� \Zan\�hy\ Ü _�_�\�� �
� k�_��.bFk�`×`ut r�{'z \�hy_ z�Ü�{"z h�_�\�b �&{ _ z k�h r � z _�x } b�i q h>��b2\ � f z<{ x z<{ x z i � _�x ��r@z `�^�bFk � \9�Z`�t
��h>��\�b r _ � h>� z h>g�k���_�x�\ r ��a � \ { _Vi } \ r��&z [ ��� a e � bFk��
iZí:i�jJi } \ r¤�&z p z�r�� � �&� � z h>gw\�h { tnÅ
{'� k�^ � \�� z.� iZ°0x�\ r�z `u^ ��z�{&z _�tÿk���x z�r \�Ë£^ ��� h � _ z k�h r�� h��êh�\ � \�b6\�h>� z h>gw\�h�_�x�� r�z.��r ` x ��r
g�bV\ � _ � t z h�����\�h { \9�L`u\�i
� � z�r x�_Vk"_�x � h�� } bVi�[ � ` f � g �.� h>�Z�
k�b z h�_�b'k9��� {'z h>gL`u\"_�k5_�xy\ Ü \ � �ãk�� � ��h � b
k {'{ � � _ � Å
_ z k�h�i }+z�r�{ � r�r�z k�h r � z _�xêx z ` b2\�g � bF� z h>gß_�x�\�� � _ �s� h �&� t r�z�r ^�bFk { \�����bV\�x ��r aB\�\�h � \�b:t
� r \��.� � _VkD`u\�i�¯L\
x ��r aB\�\�h � xy\ � ^��.� �y� h>��\�h { k���b � g z h>g r \�h z k�b { k �<� \ � g���\9i
Ô�t z hy_�\�b �&{ _ z k�h r � z _�x �&��� _�xy\
� �&{ � � _�t�`�\�`�aB\�b r�� _�°0x �&� _�\ � x ��r aB\�\�h � \�b:t��.b:� z _��.� � i�°�xy\
� ��` z h z.r _�b � _ z<� \ r _ � ��� � _0°�x �&� _�\ � � h>� � f �ãx �&� \�aB\�\�h � \�b:t { k9k�^�\�b � _ z<� \9i � \�Ë]_�\�h��Z`�t
r�z h { \�bV\6_�x � hy� r _�k6_�xy\�`=i
� _�x � hy�ãÔ�b r i�[ � bFk � í � h z �:k�bXg�\�hy\�b � _ z h>gw_�x�\¼k {'{ � � _ � _ z k�hæ^�bV\�� z<{ _ z k�h r iuÔ¼b�i���i�[yiB»�i
Ô � h z�� h�x ��r��&� � � t r xy\ � ^�\9�L_Vk"_ �&{ � � \"^�bFk�a � \�` r bV\ �.� _�\9�L_Vk"_�xy\ z h r _�b:��`u\�hy_Vi � � z.r x�_Vk
_�x � hy� q _�` � b � `ÝaBx �&z �
k�b0x z�r�{ k9k�^�\�b � _ z k�h � h>�5_�\ { xyh z<{|�&� xy\ � ^�����b z h>gQ_�x�\���\ r�z g�h � h>�
��\ � \ � k�^�`u\�hy_�k���_�xy\ { x>k�^�^�\�b���h z _�i
�+` � aB\�h � f k�x z h z � z�� h>��k�_�x�\�b �<z aBb � b:t r _ � ��� � _ � f �u�s\�b2\ �&� � � t r xy\ � ^��.� �Bz h�^�bFk �nz � z h�g
`�\D� z _�xs_�xy\ ��� _�\ r _ r _�����tL` � _�\�b z.�&� �sxy\�hy\ � \�b0h�\�\9��\���i
� � z�r x�_Vk5_�x � hy�ZÔ�b�i~[ék���`�\�huÔ k�h�� �&��� Ô�bVi � i���i�� z � � h z>� h>�ZÔ¼b�i~Ä�i��+i�¹ z�r xy� � h � _�x
�
k�bDxy\ � ^ z h>gZ`�\�� z _�x�_�xy\�k�a r \�b �0� _ z k�h r i � � ` z h>��\�aB_�\9�u_�kß_�x�\ r _ � ��� � _@Ç"��b:� r x z �Bx � b
\ r ^�\ {&z��&��� têÔ�bVi f � � \ r xê[]x � x � Ô�bViäÇZi�[yi f � � ^���bFk�x z _ � h���Ô�bViäí z h�\ r xêí �&z hu�
k�b�` � � z h>g
`�tXk�a r \�b �Bz h�gäb:��h r�� \�b:t r `=k9k�_�x � h>�6�:k�b���k�b:� z h�g
k � \�b:_ z `u\ � h>�6x�\ � ^ z h>gC`�\ � _�_�\�`�^�_
� � t�_ z `�\"\ � \�hy_ r i
Ô�bVi } x�k ��� � z.� x ��r aB\�\�h � \�b:t { k�k�^�\�b � _ z�� \ z h z h { b2\ ��r�z h�gL`�t�� z.r � r ^ �&{ \��Zxy\�h�\ � \�b �
hy\�\���\9��i � _ � �n\5_�x z�r k�^�^�k�b:_���h z _�t�_Vk5_�x � hy� } bVi��wi�[yi�[£��_ � b z���� h>� } bVi>Ç � ��_ � ` � � _�b �
�
k�b�_�x�\ z b@x�\ � ^ � h>� { k�h { \�b:h�i	 k�b'� r@{ \ ��r \6_�k
��k��´�sxy\�hs_�x�\"xy\ � b:_ z�r �.� ��� k���\�`�k�_ z k�h r iéÔ�tL� � ` z<� t � `�t Ü�� h { \ � `�t
�.b z \�h>� rD� h>�w`�t � k � \��ãk�h�\ r
� _ � k�h>� z<{ xy\�b:b:t � bV\Xg�\�` r � _�bV\ ��r ��b2\ z hu`�t�xy\ � b:_�i�°�xy\�t
x �&� \"aB\�\�h � \�b:t {'� k r \5_�kQ`�\ � � � _ { x z h�g � h>�ug�� z � z h�g5\ �&{ x r _�\�^�k��0` z h�\�i�jJk � `�k���hy_

z Ë



k��@��k�b'� rä{|� h�\�Ë]^�b2\ r�r `�tu�.\�\ ��z h>g r �
k�bD_�xy\�` r k � � z��<� h>k�_ � _�_�\�`�^�_@_Vk���k r k9iQí.� r _ �
h>k�_�\
_Vk r�� t�_�x � _ � � k � \
_�xy\�` �&���9� \�b:t�`u� { x>i
� ��r _ � t � � � z�r x�_Vk�_�x � hy��[£xyb z�q _ �&� » z x � b z ¹ � � ^ � tB\�\5�
k�b�_�bV\ � � z h>gß_�x�\�bFk � � � ��bV\ � ��\���i
°�x � hy� r _�kCx z ` � `ut+b z ��\ r _�k � f �s�s\�bV\ r `=k9k�_�x � h��5_�x�\ ����r _B�.\��ºx�\ { _ z�{ � � t r �s\�b2\�h>k�_
��z _�\�b �&��� tsa �&{ �Banb2\ � � z h�gBi

Ë



°�xy\ z h�_�\�b:`�\9� z�� _�\ � h�� �.� _�\L_�tB^�\ r _ � b r6� bV\ { \�hy_�b �&� _Vk � h���`�aB\�b+k��@\�Ë {'z _ z h�gZbV\ r \ � b { x
_Vk�^ z�{|räz h { k�hy_�\�`u^�k�b � b:t ��r _�bFk�^�xyt r�z<{|r iD°�xy\ r _�����tÎk���_�xy\ r \ { k9k �är _ � b r6�&z � räz h z h � \ r Å
_ z g � _ z h>g ± ��\ r _ z k�h r ^�\�b:_ �&z h z h�g�_Vk r _�\ ���.� b+\ � k � ��_ z k�h � `�k9��\ ��� _�`�k r ^�x�\�b2\ r�� ` ��r¤rC� k r�r
`�\ { x � h z�r ` r5� h>� r _�\ �<��� b"^�� ��r�� _ z k�h r i � bFk�a z h�gZ_�x�\ r _�\ ���.� b"^�x>k�_Vk r ^�xy\�b2\ � h>�J_�xy\ {'z b2Å
{ ��` r _�\ �<��� b�\�h �Bz b'k�hy`u\�h�_ {|� hs��h�b �&� \ �9z `�^�k�b:_ � hy_ � h>� { b:� {'z.�&�9z h��
k�b:` � _ z k�h¼k�hs_�x�\
h � Å
_���bV\�k��@_�x�\ r t r _�\�` ��h���\�b r _�����t � h�� �&��r k�g z<� \ � g�\�h�\�b �&��z h r�z g�xy_ z h�_�k r _�\ ���.� b ��r _�b'k�Å
^�xyt r�z�{|r i�°0x�\ � h>g�� ��� b�� z�� `�\�_�\�b �&� k�h�g�� z _�x�a0k � k�`u\�_�b z�{ ����Ë � h>�¼� z�r _ � h { \���\�_�\�b:` z Å
h � _ z k�h {|� hêt z \ � ��_�x�\�\����.\ { _ z�� \�_�\�`u^�\�b � _���bV\ � h�� ��z hy\ � bGb � � z � r k���_�xy\ r _�\ ���.� b r k���b { \�i
}+z bV\ { _>��\�_�\�b:` z h � _ z k�h�k���_�xy\ r \D�.��h>� � `u\�hy_ �&�0± � � hy_ z _ z \ r�{�� hs^�k r \ { k�h r _�b �&z hy_ r�� h>��\ r Å
_ � a �<z�r x�_�x�\ �0�&��z � z _�t�k��9_�xy\�� z ���­\�bV\�hy_ r _�\ ���.� b0`�k9��\ �.r i|[]_�\ �<��� b�a0k9� z \ r�z h�g�\�hy\�b �&��r ��aB_�\�h>�
� \�b:t r ` �&�<�~� h>g � \ r e�� � �.\��þ` z��<��z0� b {�r \ { k�h>� r e ` ��r p.p � _y_�xy\D\ � b:_�x � `u� { x � \ r�r _�x � hZ_�x�\
� _�`=k r ^�xy\�b z�{wr \�\ z h�g ��z ` z _ r iQ¯L\�h { \ � _�x�\�hy\�\9�u�
k�bD¯ z g�x q h>g�� ��� b f \ r k � ��_ z k�h e ¯ q f p
r _���� z \ r i�¯ q f z�r k�hy\�k���_�x�\s`=k r _ { x �&��� \�h�g z h>g �&z ` r �
k�b"_�x�\ { ��b:b2\�hy_Gg�\�h�\�b � _ z k�hOk��
��� b'g�\�g�bFk���h��êa ��r \��u_�\ � \ r�{ k�^�\ r i 	�z _�x _�xy\ � � � \�hy_Qk�� � k�h�g�a ��r \ ��z hy\ z hy_�\�b:�.\�bFk�`u\�_�b:t
`�\�_�x�k9� réz _ z�r ^�k r�r�z a � \G_Vk+k � \�b { k�`�\D_�x�\ �<z ` z _ � _ z k�h r�z `u^�k r \���aBt+_�xy\ � _�`=k r ^�xy\�bV\ � h>�
_Vk6^�� r xs_�xy\ z h r _�b:��`�\�h�_y^�\�b:�
k�b:` � h { \D_�k6_�xy\
_�xy\9k�bV\�_ z<{|�&�B��z ` z _ r iB¯�k��s\ � \�b �£� k�h>gQa ��r \�Å
��z hy\ z hy_�\�b:�.\�bFk�`u\�_�b z�{ `�\�_�x>k�� r+� bV\�\�Ë]_�bV\�`�\ � tÎ��\�` � h>� z h>g z hã_�\�b:` r k�� r k�^�x z�r _ z<{|� _�\9�
_�\ { x�h>k � k9g�t � h>�J\�Ë { \ �<� \�hy_ r�z _�\ r i�����h � bßk {&{ � � _ � _ z k�h z h r ^ z _�\�k���aB\ z h>g � hìk � ��\�b
_�\ { x�Å
h z.± ��\ { k�h�_ z hy��\ r _VkZaB\ � h � _�_�b �&{ _ z�� \ �&� _�\�b:h � _ z�� \�_Vk � k�h�g�a ��r \ ��z hy\s_�\ { xyh z.± ��\ r \ r ^�\�Å
{'z.�&��� tZ�
k�b z.r k �.� _�\9� r ` �&�<� k�a r \�b �0� _�k�b z \ r k��y_�xy\ßc&` {'�.��r¤r i

c



� `u^�bFk �Bz h�g � h>g�� ��� bÍbV\ r k � ��_ z k�h � \ z _�xy\�b��
k�b�¯ q f r _���� z \ r k�b��
k�b ��r _�b'k�`�\�_�b:t � x ��r an\�\�h
�D� k�h>g�Å r _ � h>� z h�g�gnk �&�yz h ��r _�bFk�h>k�`ut|i q _�_�\�`u^�_ r _Vk5`�\ ��r ��b2\"_�x�\ r ` �&�<�>r�z ó�\ r k�� r _�\ ����� b
a0k9� z \ r � � _�\ r a �&{ �s_Vk�Ç �&��z�� \�k9i�¯Jk��Z\ � \�b �yz _�� ��r>Ü b r _�bV\ �&��z ó�\9��aBt ³Bz ó�\ � � e c&on½&onpB_�x � _
_�xy\�� z�� `�\�_�\�bXk�� � hã\�Ë£_�\�h>��\9�Îk�a � \ { _ { k�� � ��an\���\�_�\�b:` z h�\��J�.bFk�` z hy_�\�b:�­\�bFk�`�\�_�b:têaBt
`�\ ��r ��b z h>gC_�x�\Ga ��r \ ��z hy\ � \�h>g�_�x � _B�sx z<{ x�_�xy\D�.b z h�g�\ { k�hy_�b ��r _0��b'k�^ r _�kCó�\�bFk�i�°0x z�ré{ k�h�Å
{ \�^�_0� ��r \�Ë]^ � k z _�\��waBtsÔ z<{ xy\ ��r k�hÈv � \ ��r \ e c&d�µnc�pB� r�z h�g�_�x�\wc�m�m�ù ùF¯�k9k��B\�b�_�\ � \ r�{ k�^�\
� _9Ô�_Vi 	�z��.r k�h>i£°�xy\�t+` � ��\�_�x�\ z `�^�k�b:_ � hy_0k�a r \�b �0� _ z k�h�_�x � _ � ��\ r ^ z _�\G_�xy\ � _�`=k r ^�xy\�b z�{
_���b:an� � \�h { \ � \ � � z h�gL_Vk5`=k�_ z k�hÈk��0_�xy\��.b z h>g�\ r�� _�xy\5�.b z h�g�\ { k�h�_�b ��r _0b2\�` �&z h r x z g�x � h>�
_�xy\s¯ q f z hy�
k�b:` � _ z k�h { k�� � �¼aB\L\�Ë£_�b �&{ _�\��J�.b'k�` r x>k�b:_Í\�Ë£^�k r ��bV\ r iL°�xy\�tê`�\ ��r ��b2\��
� h>g�� �.� b r�z ó�\ r k��Q½ r ��^�\�bFg z�� h�_ räz hã_�xy\Lb � h>g�\�k��@µnm�
Llnm5` ��r i6Ô�\ { x � h z<{|�&��z h r _ � a z��<z Å
_ z \ räz `�^�k r \�� � hê��^�^�\�b �<z ` z _�_Vk�_�x�\�a ��r \ �<z h�\�k��GÉ&`=iä°0x�\+` � � k�b�� z � Ü�{ � � _�tê� z _�xê_�x z.r
_�\ { x�h z�± ��\D� ��r _Vk6^�bV\ r \�b � \�\ ± � �&��z _�t�k��B_�xy\D_���k ��z g�x�_y^ � _�x r �­bFk�`´_�x�\ r _ � b0_VkD_�xy\D^�k z h�_
�sx�\�bV\6_�x�\+�.b z h>g�\ rÍ� bV\"�
k�b:`u\���ié°0x�\ r \ { k�h>�Z^�b'k�a � \�`×� ��r _�k5` � �B\
^�bV\ {'z�r \ �Bz�r�z a z<��z _�t
`�\ ��r ��b2\�`u\�hy_ réz hs_�xy\6^�bV\ r \�h { \+k�� r�{'z h�_ z<���.� _ z k�h>i

� h�_�\�h r�z _�t � hy_�\�b:�­\�bFk�`�\�_�b:t�� ��r _�xy\sh�\�Ë£_�` � � k�b � k�h�g�a ��r \ ��z hy\ z h�_�\�b:�.\�b'k�`�\�_�b z<{
_�\ { x�h z�± ��\
k�^�\�b � _�\�� � _�j � b:b � aBb z e ¯ � h�an��b:tD»�bFk��sh+\�_ �&� iBc&dn½�É��'¯ � hyaB��b:t
»�bFk��shXc&dnÉ&lnp.i
°�x z�r � ��r b � � z<{|�&��� t=� z ���.\�bV\�h�_0�­bFk�`õÔ z<{ xy\ ��r k�h z h�_�\�b:�.\�b'k�`�\�_�b:t|i~°0x�\ z hy_�\�b:�­\�bV\�h { \"� ��r
{|� b:b z \��ãk���_@\ � \ { _�b z�{|�&�<� t|i6°�xy\5^�b z h {&z ^ �&��� � ��� h�_ � g�\�� z _�xã_�x z�r"r t r _�\�` � ��r _�xy\�� r \�k��
� \�b:t � k�h�g"a ��r \ �<z hy\ r � z _�x>k���_�_�x�\
hy\�\����
k�b@\�Ë£_�bV\�`u\
`�\ { x � h z�{|�&� ^�b2\ {'z.r�z k�h � h>� z _�� ��r
�.b2\�\+�­bFk�` _�xy\�\����.\ { _ r k�� � _�`=k r ^�xy\�b z�{Xr�{'z h�_ z<����� _ z k�h�i"� r�z h>gL_���k�½�i ¸�` � z.� `�\�_�\�b z h { k�Å
xy\�bV\�hy_ �<z g�xy_ { k ��� \ { _Vk�b r�� h>�ßa ��r \ ��z h�\ r k���c�m&Å
c&¸nm&` � ��µ"\ � b � tL_�tB^�\ r k���_�xy\�b:h r _ � b r �s\�bV\
k�a r \�b � \�� � h�� � h>g�� ��� bC� z.� `�\�_�\�b r�z hL_�xy\
b � h�g�\�m�i l�l�
6¸ni®cÍ` ��r �s\�b2\�k�aB_ �&z hy\9� � �Zx z�{ x
z�r k�hL^ � b�� z _�xL_�xy\D\�Ë£^�\ { _ � _ z k�h�k��y_�xy\D�.��_���bV\�g�\�h�\�b � _ z k�h�k�� � k�h�g"a ��r \ �<z hy\ z h�_�\�b:�.\�b'k�`�Å
\�_�b:t|i5°�x z.r `�\�_�x>k��u� ��r h>k�_@� r \��J` �&z h � têan\ {|� � r \Jk��Í_�x�\Xb2\ �.� _ z<� \ � t � k�� r \�h r�z _ z��Bz _�t
� h>�¼x�\�h { \�_�x�\�h�\�\9�ã�
k�b ��� b'g�\ { k ��� \ { _Vk�b rs� h>� z _D� ��r��&��r k z h {|� ^ � a � \�k��D`�\ ��r ��b z h>g
�.b z h>g�\G^�x ��r \9i � _B� ��r h>k�_ r � z _�\9�L�
k�b�_�x�\ r _�����t�k�� { k9k �~r _ � b r���r~z h��.b � bV\9� e � f py��\�_�\ { _Vk�b r
�s\�bV\"h>k�_�� r \9� � h��Z_�x�\�` � Ë z `���`ç^�k r�r�z a � \ r�z g�h �&� Å­_�k�Å­h>k z.r \ e [y÷�j�p���bFk�^ r an\ � k��ö_�x�\
��\�_�\ { _ z k�h ��z ` z _ r i

µ



Ô k9��\�b:hêÔ z�{ xy\ �.r k�h z hy_�\�b:�.\�bFk�`u\�_�b:t e � µ�°äp�� ��r
r _ � b:_�\9��aBt�� � aB\�tBb z \ e c&dnÉ&¸np.i � _
� ��r
� ^ z k�h�\�\�b z h>gZ��k�b:� z hìk�aB_ �&z h z h>gã� z b2\ { _ z h�_�\�b:�.\�b2\�h { \X�­b z h>g�\ r aB\�_��s\�\�h r \�^ � b � _�\
_�\ � \ r�{ k�^�\ r k � \�b � h z h z _ z.�&� a ��r \ ��z h�\ßk���c&µ�`�i�°0x z�r _�\ { xyh z.± ��\�x ��r ` � ��\ �ä�.� bFg�\ { k�h�_�b z Å
aB��_ z k�h�_�kQ_�xy\ Ü \ � �êk���¯ q f `u\ ��r ��bV\�`�\�h�_ r e }+z »�\�hy\9��\�_�_�kZv f � ana z.� c&d�onÉ��£Ç"b � hy\ r \�_
�&� iDc&d�on½ � h>���+k�\ { x ��z hÎv f � aBa z.� c&d�o�¸np.i�°�xy\"Ô � b:� � r _�\ ����� b z h�_�\�b:�.\�b'k�`�\�_�\�b e [£x � kZv
[£_ � \ ��z h�c&d�onm�p�� ��r _�x�\ Ü b r _9_Vk"��\�`�k�h r _�b � _�\�^�x>k�_�k�\ � \ { _�b z<{ �.b z h�g�\Q��\�_�\ { _ z k�h � h��5^�x ��r \�Å
{ k�x�\�b2\�hy_��.b z h�g�\�_�b �&{ � z h�gBi � _B� ��r �
k ��� k��s\��5aBt"Ô � b:� �.� � h>�5Ô � b:� �.�.� e []x � kD\�_ �&� iBc&d�onÉ��
c&d�o�onp.i|°0x�\ Ü b r _ � ^�^ �<z�{|� _ z k�h�k��y_�xy\6Ô z�{ x�\ �.r k�h � hy_�\�b:�­\�bFk�`�\�_�\�b z h�_�xy\ z hy�.b � b2\��5� ��r aBt
Ô { Ä � b:_�xyt�vë��k�� e c&dnÉ&¸np � _�¸uô]`=i 	�z _�xê_�xy\�� r \wk���` ��r � rÍz hê_�xy\ � ^�\�b:_���bV\+^ �.� hy\�_Vk
z�r k �.� _�\ ��r�z h>g � \ r ^ � _ z.�&� �.bV\ ± ��\�h { t � _�xy\�t�k�a r \�b � \���c&c ��� _�\�Å­_�tB^�\ r _ � b r i�°�xy\"Ô z<{ xy\ ��r k�h
z h�_�\�b:�.\�b'k�`�\�_�\�bG� ��r `�k�bV\ r \�h r�z _ z�� \ z h�_�xy\ �nz.r�z a � \ � h��ê_�xy\Lhy\ � b z h��.b � bV\9� e j � f p~an��_
z hã_�xy\�` z � z h��.b � bV\9��x�\�_�\�b'k9��tBhy\�`�\�_�x�k9� r �s\�b2\+`�k�bV\ r � z _�\���i6°�xy\ Ü b r _�xy\�_�\�bFk9��tBh�\
z h�_�\�b:�.\�b'k�`�\�_�\�b�� ��r ��\ r�z g�h�\��uaBtuí
k�xyh r k�hê\�_ �&� i e c&dnÉ&lnpB�Zx z�{ x�x � � � ¸ni ¸�`Æa ��r \ �<z h�\
� h>� � Ä�¶��­Å ����r \�b � k {|�&� k r�{'z��<��� _Vk�b�i|°ék��shy\ r0� h�� { k ����� a0k�b � _Vk�b r � r \��6_�xy\ � hy�.b � b2\��D[£^ � _ z��&�
xy\�_�\�bFk9��tBh�\ � hy_�\�b:�­\�bFk�`�\�_�\�b e � [ � p � _�c'c�ô]` _Vk r _�����tê��� r _ r xy\ ����r�� b'k���h>�ß\ � k �<� \9� r _ � b r
e »�\ r _�\�b�\�_ �&� inc&d�d�l ��}s� h { x z \�_ �&� inc&d�d�lnp­i

� � aB\�tBb z \ e c&dnÉ�m�p�^�b'k�^�k r \�� r ^�\ { � � \ z hy_�\�b:�.\�bFk�`u\�_�b:t�_�k�bV\ { k � \�b�_�xy\�� z ���­b �&{ _ z k�h
��z ` z _�\9��¯ q f z h��
k�b:` � _ z k�hXaBt"bV\ { k�bF� z h>gC_�x�\�� ��r _9`=k �nz h>g r _�b:� { _���bV\ rnz h r�z ��\D_�xy\ r \�\ z h>g
� z�r�{ iZ�5h ��z �B\s_�x�\sÔ z<{ xy\ ��r k�h z hy_�\�b:�­\�bFk�`�\�_�b:t � _�x z�r t z \ � � r��&��� _�x�\ r ^ � _ z.�&� �.bV\ ± ��\�h {&z \ r
r�z `�� � _ � h�\�k�� r�� tOk���_�_VkZ_�x�\J� z ���­b �&{ _ z k�h �<z ` z _�k���_�xy\L_�\ � \ r�{ k�^�\9i�°0x�\ r�� `�^ �<z h>g � h>g � \
k�h _�xy\�k�a � \ { _ z�r ��\ {'z ��\9� aBtã_�x�\�k�a r \�b � \�b
��h �<z �B\ z h � ��h � bsk {'{ � � _ � _ z k�h>iJ°0x z�r _�\ { x�Å
h z.± ��\ z.r aB\ z h>gß\�Ë£_�\�h r�z�� \ � t�� r \�� � _ �&�����.� bFg�\�_�\ � \ r�{ k�^�\ r i5°�xy\�k�a �Bz k�� rä�<z ` z _ � _ z k�h z.r
_�xy\ß� z ���.b �&{ _ z k�h ��z ` z _ � h��Lxy\�h { \6_�x�\
hy\�\����
k�b � \�b:t ��� bFg�\
_�\ � \ r�{ k�^�\ r i � _ z�r h�k�_ r � z _ � a � \
�
k�b � h>g�� ��� bC� z.� `�\�_�\�b�`�\ ��r ��b2\�`u\�hy_ r i�Ä���b z \
\�_ �&� i e c&dnÉ&lnp z hy_�bFk���� { \��ß_�x�\ q `u^ ��z _�����\
z h�_�\�b:�.\�b'k�`�\�_�\�b��sx z�{ xL^�bFk9��� { \ r�z hy_�\�b:�.\�bV\�h { \D�.b z h�g�\ r �.bFk�` � ^ �&z b�k�� z h { x�Å r�z ó�\�� � ^�\�bVÅ
_���bV\ r i � _�^�b'k �Bz ��\�� � h>g�� ��� b�� z.� `�\�_�\�b+k�hê_�xy\�aBb z g�x�_�\ r _�b2\�� r _ � b rÍz h {'� ��� z h>g���¶+b z�� �
° � � � �ã»�k9k � h���� � \�gBi�»�bV\ { � z h�b z gB��\ e c&dnÉ&µnp r ��gBg�\ r _�\9�J_�x�\ f k�_ � _ z h�gu[£xy\ � b z h>g � hyÅ
_�\�b:�.\�bFk�`u\�_�\�b z hu�sx z<{ x�_�x�\ �Bz.r�z a z<��z _�t�k��0_�xy\"^�\�b:�.\ { _ � tZ�.bFk�ó�\�hs�.b z h>g�\ r�z.r@z h r \�h r�z _ z�� \�_Vk
� _�`=k r ^�xy\�b z�{Gr�{&z hy_ z��<��� _ z k�h r�� h��"_�\ � \ r�{ k�^�\ z h���� { \�� � aBaB\�b � _ z k�h r ��h ��z �B\�_�x � _ z h r ^�\ { � � \
z h�_�\�b:�.\�b'k�`�\�_�b:t�iB°�xy\ z hy_�\�b:�.\�bFk9g�b � ` z�r �.bV\�\�k�� r ^�\ { � � \
h>k z.r \9i�¯ q f k�a r \�b �0� _ z k�h r k����

�



¶+b z � z _�x�_�x z.r�z hy_�\�b:�.\�bFk�`u\�_�\�b�bV\ � \ �&� \9�"_�xy\D^�bV\ r \�h { \�k�� �>{'z b { ��` r _�\ ���.� bG��� r _B\�h � \ � k�^�\
� h>�ê��\�^ � b:_���b2\
�.b'k�` {'z b { � ��� b r tB`�`�\�_�b:t e<f k9��� z \�b+v f k9��� z \�b�c&d�o�� � c&d�o�¸�� f k���� z \�bD\�_
�&� i�c&d�on½�p­i q h �&� _�\�b:h � _�\ � ^�^�bFk �&{ x�_Vksk�aB_ �&z h=� z ���­b �&{ _ z k�h ��z ` z _�\9� z ` � g z h>g z�r � z _�xu_�x�\
� r \Jk�� � � � ^�_ z�� \�k�^�_ z<{|r i q � � ^�_ z�� \�k�^�_ z<{|rDz.r"� `u\ � h r k��@b2\ �&� Å­_ z `�\ { k�`�^�\�h r�� _ z k�hìk��
� _�`=k r ^�xy\�b z�{|�&�<� t z h>��� { \9�¼� �&� \��.b'k�hy_@\�b:b'k�b r � z _�x _�x�\sxy\ � ^èk�� � bV\��.\�b2\�h { \Jk�bßg�� z ��\
r _ � bVi � _�� ��räÜ b r _�^�bFk�^�k r \��JaBt�» � a { k { � e c&d�¸��np­i � _@� r \ r � �&� \��.b'k�hy_ r \�h r k�b r _�kß`�\ � Å
r ��bV\"_�x�\+� �&� \��.bFk�h�_�� z�r _�k�b:_ z k�h � h�� � h�k�^�_ z<{|�&��{ k�`u^�k�hy\�hy_ e � ��\��
k�b:` � a � \+` z b:bFk�b�pB_Vk
{ k�`u^�\�h r¤� _�\X�:k�b�_�x�\X� �&� \��.bFk�hy_�\�b:bFk�bVi � _�xy\ � ^ r _�kß\�hyx � h { \�x z g�x � h>g�� �.� b
bV\ r k � ��_ z k�h
z h�_�\�b:�.\�b'k�`�\�_�b:t e »�\ { �B\�b r c&d�d��np.i

°�xy\ ����r _6��\ {|� ��\sx ��r�r \�\�h�b2\ � k � ��_ z k�h � b:t � � �0� h { \�`�\�h�_ rCz hã_�x�\ Ü \ � � k�� � k�h>g
a ��r \ ��z hy\ z hy_�\�b:�.\�bFk�`u\�_�b:t|i�°�xy\ z hy_�\�b:�­\�bFk�`�\�_�\�b réz hs� r \ z hZ_�x z�r \�b �D� bV\ ²

� Ç � µ�° e Ç�b � h�� � hy_�\�b:���\�bFk�`��\�_�bV\����} \���Ë�°��\ � \ r�{ k�^�\ r p9k�^�\�b � _ z h>g � _]Ä�Ê f Ç q+��³ b � h { \
 � `=k�� z�Ü \�� � \�b r�z k�h�k���_�x�\ � µ�°�� z _�x�_��êk+c�i ¸�` _�\ � \ r�{ k�^�\ r�� h>� � h z h z _ z��&� a ��r \�Å
��z hy\ßk��>É�m&` e � � aB\�tBb z \D\�_ �&� i�c&d�on½�p.i

� [£�+[ � e [£t���h�\�t
�5h z<� \�b r�z _�t5[]^ � _ z��&� � h�_�\�b:�.\�b'k�`�\�_�\�b�p�
 �@� k�h>gäa ��r \ ��z hy\�k�^�_ z�{|�&�y� `�Å
^ ��z _�����\ z h�_�\�b:�.\�b'k�`�\�_�\�b e }w�&�Bz�r \�_ �&� iBc&d�d�d � p.i � _B\�`�^ � k�t r�r ` �&����� ^�\�b:_���bV\ r��]� � � ^�Å
_ z�� \�k�^�_ z<{|r �
k�b"� �&� \��.bFk�h�_@_ z<� _ { k�b:bV\ { _ z k�h � h>��b � ^ z � r�z g�h �&�Gr�� `�^ ��z h>gu_Vkw` z h�Å
z ` z ó�\�_�xy\�\����­\ { _ r k�� � _�`=k r ^�xy\�b z�{ _���b:aB� � \�h { \�i�Ä�k�`�` z�r�r�z k�h z h>gOk�a r \�b �0� _ z k�h r
� h>��bV\ r � � _ r�� b2\Gb2\�^�k�b:_�\�� z h }w�&�Bz�r \�_ �&� i e c&d�d�d�a0p.i

� [£¶ � f } Ê�°�Ê e []tBh�_�x��\ r \Z� � ¶ � \�b:_���bV\6\�h � hy�­b � bFk���g�\!���} \���Ë5°��\ � \ r�{ k�^�\ r p"
 � h z h�Å
�.b � b2\�� z hy_�\�b:�.\�bFk�`u\�_�\�b�� r�z h>g ��Ü Ë£\���c&¸�` a ��r \ �<z h�\�� z _�x5_���k6c&`î_�\ � \ r�{ k�^�\ r e Ç � t
v=Ô�\�� � b:h z.� c&d�o�onp.i

� � f Ô q e � h��.b � bV\9�5Ô z<{ xy\ ��r k�h q b:b � t0pBk�^�\�b � _ z h�g � _ 	 t0k�` z h>g6� z _�xsa ��r \ �<z hy\ r aB\�Å
_��s\�\�h�µni ¸�Å
c&dni ¸�` e } t { �+\�_ �&� inc&d�d��np­i

� � ¶5° q e � hy�.b � b2\��J¶+^�_ z�{��&� °£\ � \ r�{ k�^�\ q b:b � t0p#
 � h z hy�.b � b2\�� � b:b � tÈk�^�\�b � _ z h>g � _
µni µ�ô]` z hs�5[ q e } t { �+\�_ �&� iyc&d�d�¸np.i

� Ä�¶ q []° e Ä � `�aBb z ��g�\
¶5^�_ z<{|�&�Bq ^�\�b:_���b2\
[]tBh�_�x�\ r�z�r °£\ � \ r�{ k�^�\�p"
 �ä�Bz�r�z a � \9÷�hy\ � b
l



z h��.b � bV\9� z h�_�\�b:�.\�b'k�`�\�_�\�b0� z _�x�a ��r \ �<z hy\ r ��^X_Vk+c�m�m&`�i�°0x�\ Ü b r _ �&z `ð� ��r b2\ �&�<z ó�\��
z hsc&d�d�¸�� z _�x5_�x�\ Ü b r _ z ` � g�\ r k��9Ä � ^�\ ���.� e » �&� ��� z h�\�_ �&� i9c&d�dn½�p­i � ` � g�\ r �s\�b2\6k�anÅ
_ �&z hy\9�Z� r�z h>g �Bz�r�z a z��<z _�t � `�^ �<z _�����\ � h>� {'� k r ��b2\+^�x ��r \5`�\ ��r ��bV\�`�\�hy_ r _�k9g�\�_�x�\�b
� z _�x r \ � � {��&��z aBb � _ z k�hL`�\�_�x�k9� r i f \ r k ���Bz h>g6_�xy\ r _�\ ����� b�� z�r ��k��B»�\�_�\ � g�\�� r \ � h>� z _ r
��z `�a�� � b:�B\�h z h>g e »���b:h r \�_ �&� i�c&d�dnÉ�p ��Ü b r _>� z bV\ { _���\�_�\ { _ z k�h¼k�� �0� b z�� _ z k�h�_�xyb'k���g�x
z _ r>{ t {'� \sk��0^�� �.r¤� _ z k�hÎk��0_�xy\ � h�g�� �.� b r�z ó�\sk�� � Ô z b �6�0� b z�� a � \ � f ��\�k�h z�r e »���b:h r
\�_ �&� inc&d�d�onp � h>���.��b:_�xy\�b0^�b'k9g�b � `�`�\ r@� bV\ z hs^�b'k9g�bV\ r�r i

� Ô � b:� �­�.� z h��5[ q 
 z h z _ z��&�<� tÎ��\ r�z g�h�\��w� z _�x�_�xy\sgnk �&� k���^�b2\ {'z.r \5� z ��\ � h>g � \ ��r Å
_�bFk�`u\�_�b:t ��z _�� ��r~��� _�\�b � ��g�`u\�h�_�\9��_Vk6^�\�b:�:k�b:`Ý^ � b � `u\�_�b z�{�z ` � g z h�g e [£x � k6\�_ �&� i
c&d�o�o���ÔOk�ó���b:�B\�� z<{ xX\�_ �&� inc&d�o�o � c&d�dnc�p­i

� j � ¶ � e °�xy\Zj �&� t � bFk�_Vk�_�tn^�\Z¶+^�_ z�{|�&� � h�_�\�b:�.\�b'k�`�\�_�\�b�p$
 � ��\ r�{ \�h>� � hy_�k���_�x�\
Ô � b:� � _�x�bFk���g�xLÔ � b:� �.�.� r \�b z \ r k���^�x ��r \�Å._�b �&{ � z h�g z h�_�\�b:�.\�b'k�`�\�_�\�b r i � _ z h {'� ����\ r
r ��a � b:b � t r �
k�b z ` � g z h>g � h>�Q�
k�b ��r _�b'k�`�\�_�b:t�i ³Bz b r _ z ` � g�\ r �Z\�bV\Gk�aB_ �&z h�\�� z hwc&d�dn½
e »�\�h r k�hX\�_ �&� inc&d�dnÉ�p­i

°�xy\�_�� z h�� �<z h�g�k�� � hê\�tB\ z hã�sx z<{ x r _ � b r ^�k�\�_ z�{|�&�<� t � z.r¤� ^�^�\ � bßk�bDbV\ � ^�^�\ � bGaB\�t�k�h>�
_�xy\ � ��h � b �<z `ua ��z.r k�hy\�k��@_�xy\�`�k r _@b � ^ z ��k�� { \ � \ r _ z��&� \ � \�hy_ r
� h���b � h�� r6� _�^ � bG� z _�x
r k ��� bÍ\ {'�<z ^ r \ r���r _�xy\"`�k r _ � h {'z \�hy_�k�� ��r _�bFk�h�k�` z<{|�&� ^�x�\�h>k�`�\�h�k�h>i�°�xy\ Ü b r _�`�\�h�_ z k�h
k�� z _�� � _�\ r a �&{ �ê_�k q b z.r _Vk�_ � \��Zx>kZx � � k�a r \�b � \��J_�xy\ � ��h � bXk {'{ � � _ � _ z k�hºk���Ô � b r6z h
��¸nÉ�»�i Ä�i � h��ãx � � z hy�.\�b:bV\��J_�x � _�_�xy\�k�b:a z _�k���_�xy\s^ �.� hy\�_�� ��r aB\�t0k�h��ê_�xy\ � ��h � bXk�b2Å
a z _Vi q5� _�x>k���g�x z h {|� ^ � a � \�k���` �&z hy_ �&z h z h>g � ��\ { \�h�_ � k�g"a0k9k�� � _�xy\
^�b2\�x z�r _�k�b z<{ ` � hX_Vk9k
`�� r _yx �&� \
��k�h���\�bV\9� � _y_�x z�r�z `�^�b2\ r�r�z<� \"\ � \�hy_Vi � _ z.r ��k�b:_�x � ^�^�b2\ {'z.� _ z h>gQ_�x � _ z hs_�x z.r
{ ��b:b2\�hy_
g�\�hy\�b � _ z k�hèk�� � k�h�gua ��r \ ��z h�\ z hy_�\�b:�­\�bFk�`�\�_�b:t ��� ��h � bsk {'{ � � _ � _ z k�hæx ��r�r x>k��Zh
bV\�` � b:� � a � \5^�k�_�\�hy_ z��&��z h � ����b2\ r�r�z h>g � h>� r k ���Bz h�gZ�.��h>� � `u\�h�_ �&����r _�b'k�^�xyt r�z�{|�&� ^�bFk�anÅ
� \�` r i�°�xy\
_�\ � \ r�{ k�^ z<{ \�b � k�� � ��h � bQk {&{ � � _ � _ z k�h r _ � b:_�\9�L� z _�xu»�� ���<z��&� ��� r �sx�k"� ��r _�x�\
Ü b r _0_Vksk�a r \�b � \ � h=k {'{ � � _ � _ z k�h�\ � \�hy_�_�xybFk���g�x � _�\ � \ r�{ k�^�\ z h�c�½&µ�� q i } i�°�xy\ � � � \�h�_
k���^�x�k�_�k�g�b � ^�x z�{ \�`u� ��r�z k�h r�� h>�ã_�\ { xyh z.± ��\ r ` � b:�B\9�ê_�xy\Zan\9g z hyh z h�g�k���_�xy\ r \ { k�h>�

¸



{ x � ^�_�\�b z hèk {&{ � � _ � _ z k�h r _���� z \ r iãÊ�i�[éi%� z h�gu� ��r _�xy\ Ü b r _�_�kwbV\ { k�bF� � hèk {'{ � � _ � _ z k�h
\ � \�hy_>k�h � ^�x>k�_Vk9g�b � ^�x z<{�Ü�� ` z h¼c&o�d�o � _y¯ � b ��� b'��i£�5h>��\�b r _ � h>� z h�g5_�xy\
h � _���b2\�k���k { Å
{ � � _ � _ z k�h r � ��r ^ z k�hy\�\�bV\9�5aBt+Ô � � k�b � i q i�Ô �&{ x�`=k�x � h�_�k�� � bF� r _�xy\Dan\9g z hyh z h�g+k���_�x�\
µnm&_�x { \�hy_���b:t|i�Ê���� z h�g�_Vk�h e c&dnc&onp|^�k z h�_�\9�êk���_�_�x � _�_�xy\Xk {'{ � � _ � _ z k�h�^�bFk { \ r�r�z�r b2\ �&��� t �
� z ���.b �&{ _ z k�h�^�bFk { \ r�rG� h�� 	�z��<��z.� ` r e c&d���dnp�g �&� \�_�xy\5_�x�\�k�b:têk��0_�x z.r � z ���.b �&{ _ z k�h�^ � _�_�\�b:h
z hê_�\�b:` r k���_�xy\ ³ b2\ r hy\ ��z h�_�\9g�b �&�.r i 	 x z _��
k�bF� � r ��\ � \ � k�^�`u\�hy_Gk�� r \�h r�z _ z�� \X^�x�k�_Vk { \ �<��r
� h>��x z g�xOg �&z h � `�^ ��z<Ü \�b r�r _ � b:_�\���_�x�\�g�\�hy\�b � _ z k�h k���^�x�k�_�k�\ � \ { _�b z�{ k�a r \�b �0� _ z k�h r k��
k {'{ � � _ � _ z k�h e 	 x z _��
k�bF��c&d���dnp.i6j � _�xy\�b e c&dnÉ�m�p�bV\ �Bz�� \��J_�xy\�k {'{ � � _ � _ z k�h ^�b'k9g�b � ` � h>�
���&z � _�xy\u�
k���h�� � _ z k�hO�
k�b5_�x�\�`=k���\�b:hì\�b � k�� � ��h � b�k {'{ � � _ � _ z k�hèaBt z hy_�bFk9��� {'z h>g�_�x�\
_�\ { x�h z�± ��\�k��@x z g�x r ^�\�\��w^�x>k�_Vk�`u\�_�b:t�� z _�xÎ� z g z _ �&� bV\ { k�bF� z h>gBiD°�xy\5h>k�h �<z hy\ � b � \ ��r _
r�± � � b2\ r `�\�_�x>k��ìk�� � h �&� t r�z h>gu_�xy\ ��z g�x�_ { ��b � \ r � ��r \ r _ � a �<z�r xy\9�ãaBt�j � _�xy\�bXv Ô { Å
Ä � hy_ r e c&dnÉ�m�p­i q h�\�Ë]x � � r _ z�� \Lx z�r _Vk�b z�{|�&� k���_ ��z hy\�k�h � ��h � b+k {'{ � � _ � _ z k�h {|� hêaB\��
k���h>�
z h 	Î� b:hy\�b e c&d�o�onp � h�� 	 x z _�\ e c&d�onÉ�p.iF° � a � \�c�i®c �<z�r _ r _�xy\ � ��h � bCk {&{ � � _ � _ z k�h { xyb'k�h>k � k9g�t|i
°�x z�r _ � a � \ z.r�� `=k9� z<Ü \�� � \�b r�z k�h�k���_�x�\ q ^�^�\�h�� z Ë ��r g z�� \�h z h 	 x z _�\ e c&d�onÉ�p.i

����h � b�k {'{ � � _ � _ z k�h r x �&� \@�
k���h��6� z ��\ � ^�^ ��z�{�� _ z k�h��.bFk�`'&@Å.b � t r _VkÍb � � z k e<f z�{ �B\�b
\�_ �&� i�c&dnÉ&¸�� qsr�{ x�\�h�a �&{ x�v »�b z hy�B` � h�h�c&dnÉ&¸��£»�k�b:h�v } \�aBb:��hyh�\�b�c&dnÉ&d��£¹�k�hs¯�k�\�b:h�\�b
c&dn½&l��9�9tBh�\Zc&dnÉ&µXvÈ[ z h>g �&� c&d�onÉ�p.i � _�x ��r ` �&z h � t�x�\ � ^�\�� z h�_�x�\ ��r _�bFk�`u\�_�b:t�k�� r k���b { \ r
� h>� �&��r k z h r _�����t z h�gZ_�x�\ r ^ � _ z��&� � z�r _�b z aB��_ z k�h k��(����Ë z hê_�xy\�\�` z _�_ z h>gZb2\�g z k�h r i } ��\
_VkL_�xy\�� �&� \ � \�h�g�_�x=��\�^�\�h���\�h { \Jk��@_�xy\��.b z h>g�\ r ^ �&{'z h>g � _�x z�r _�\ { x�h z�± ��\�x ��r aB\�\�h�\�Ë]Å
^ � k z _�\��u�
k�b z _ r ¯ q f {|� ^ � a z<��z _ z \ rDz h�_�xy\�k�^�_ z�{|�&��� h>�w_�xy\+j � f i � _äk����.\�b rG��r�z `u^ � \ � h>�
^�bFk���� { _ z<� \G_�\ { x�h z.± ��\D_Vk �&{ x z \ � \G¯ q f � z _�x �Dr�z h>g � \G_�\ � \ r�{ k�^�\�i�Ô z<���<z�� b {�r \ { k�h>��b2\ r k�Å
� ��_ z k�h z.r��&{ x z \ � \��QaBt"_�x z�r `u\�_�x>k9�Q� z _�x�gBk9k9� �&{'{ ��b �&{ t e�� m�i®c&Å:m�i µG` ��r p­i qwr _�x�\�`=k9k�h
_�b �&� \�b r \ r0�&{ bFk r�r _�xy\ r �Bt � _ ��{ x � b �&{ _�\�b z�r _ z�{ m�i ¸ � b {Cr \ { k�h>�Q^�\�b r \ { k�h�� ��z _~k {'{ � � _ r `=k�b2\
� z�r _ � hy_ r _�\ �<��� b r k���b { \ r i�°�xy\ � h�g�� ��� b r�{|�&� \ r�z h � k �<� \9��an\ z h�g � \�b:t r ` �&�<��� _�x�\ { ��b �0� _���b2\
k��9_�xy\Í`=k9k�h z�r h�\�g � \ { _�\9� � h��6_�x�\ � ��h � b ��z `ua z.r�{ k�h r�z ��\�bV\9� ��r��Dr _�b �&z g�xy_£\���g�\9i q _ � hyt
z h r _ � hy_�k���_ z `�\"_�xy\ � ��h � b ��z `�as^�b'k � \ { _ r k�hy_Vk5_�x�\ r ��b:� �&{ \ßk���_�x�\�\ � b:_�xZ_�x�\Z� z ���­b �&{ _ z k�h
^ � _�_�\�b:h�k�� �Gr x � b:^���h ��z ` z _�\���bV\ { _ z���z hy\ � b�\���g�\�i�°�xy\Í¯ q f z hy�:k�b:` � _ z k�h { k�`�\ r \�`�aB\���Å
��\�� z h�_�xy\ ³ bV\ r h�\ � � z ���.b �&{ _ z k�hu^ � _�_�\�b:h�ié°0x z�r>z�r _�xy\���� { _�� � _ z h�g z hy_�\�h r�z _�t � _�_�x�\�\9��g�\
k���_�xy\ � ��h � b r x � ��k�� ��r�r�� `�^ � \9��aBts_�xy\5_�\ � \ r�{ k�^�\�i qwr _�x�\�`�k9k�hê`�k � \ rD�&{ bFk r�r _�x�\
r k���b { \ � _�x�\G�­b z h>g�\�^ � _�_�\�b:h�`=k � \ r��&{ b'k r¤r _�xy\D_�\ � \ r�{ k�^�\ � h�� �Í��z g�xy_ { ��b � \ z�r b2\ { k�b'��\���i

½



q h�k {'{ � � _ � _ z k�h {|� hsaB\�k�a r \�b � \9� � _B_�x�\ � \ � � z h>gQ\���g�\+k��y_�xy\6`=k9k�h e � � z.r¤� ^�^�\ � b � h { \9p
k�b � _�_�xy\�_�b �&z��<z h�gL\���g�\ e � b2\ � ^�^�\ � b � h { \9p.i ³Bz gBi®c�i®cLg z�� \ r
�Lr�{ xy\�` � _ z�{"z��<� � r _�b � _ z k�hOk��
_�xy\"^�xy\�h>k�`u\�h>k�h�k�� � ��h � bQk {&{ � � _ � _ z k�h e � z�r�� ^�^�\ � b � h { \�p.i�°0x�\�k�a r \�b � \�b z.r�r�z _�� � _�\�� � _
_�xy\
^�k z hy_�¶ � h���_�xy\6^ � _�_�\�b:h z�r bV\ { k�bF��\9� ��r~z _ r �s\�\�^ r@�&{ b'k r¤r _�xy\ßk�a r \�b � \�b�i

³ k�b � `�k�h>k { xyb'k�` � _ z�{+r k���b { \ � _�x�\ �<z g�xy_ z hy_�\�h r�z _�t � _ � h�t�^�k z h�_Íø �y� � z�r _ � h { \*)
�.b'k�`Ý_�xy\�g�\9k�`�\�_�b z<{ ^�k z hy_�k���k {'{ � � _ � _ z k�h z.r b2\�^�bV\ r \�hy_�\��5aBt�_�xy\ ³ b2\ r hy\ � ^ � _�_�\�b:h

+ ú-,äý(.0/21436587:9 ú;/21<3�=?>�ú@,�ýVý � =ÈúA/B1<3�=DC�ú@,�ýVý �FE e c�i®c�p

�sx�\�bV\!587 z�r _�x�\��.bV\�\�Å Ü \ � � z h�_�\�h r�z _�tÈk��@_�xy\ r _�\ �<��� b r k���b { \ � h>�G> ú-,äý � h��HC�ú-,äý � b2\�_�x�\
{'�.��r¤r�z�{|�&�B³ bV\ r h�\ � � z ���.b �&{ _ z k�h z hy_�\�g�b �&��r �sx z<{ x � b2\���\ Ü hy\9� ��r

> ú-,�ýI.KJMLN >POQC�úSR T0ü � ýVU�ü e c�i µnp

C�ú-,�ýI. JWLN CQXAY�ú R T ü � ýVU�ü e c�i �np

�sx�\�bV\�_�xy\�� z `�\�h r�z k�h � \ r¤r>³ bV\ r hy\ � h���`�aB\�bZ, z�r g z�� \�hsaBt
,[.\)�ú T]_^ ý:`a e c�i lnp

� z _�x ] aB\ z h�g"_�xy\"� �&� \ � \�h�g�_�x�k���k�a r \�b �0� _ z k�h � h>� ^ _�xy\X� z�r _ � h { \+_Vk5_�xy\ � ��h � b �<z `�a0i
°�xy\+g�\9k�`�\�_�b z<{ ^�k z h�_>k���k {'{ � � _ � _ z k�h z�r ��\ Ü h�\�� ��r _�xy\D^�k z h�_ � _B�sx z<{ xs_�xy\ z hy_�\�h r�z _�t�k��
_�xy\ r _ � b�gnk�\ r _�k�k�hy\�Å­�
k���b:_�xJk�� z _ z h z _ z.�&� �.b2\�\�Å Ü \ � � �0�&� ��\�i

³Bz gBi�c�i µ r x�k�� rD�+r�{ xy\�` � _ z�{ � z�� g�b � `ïk��0_�xy\sg�\9k�`�\�_�b:têk��äk {'{ � � _ � _ z k�h�i � �cb z.r
_�xy\ � \ � k {'z _�t�k���_�x�\+`=k�k�h �ed�z�r _�xy\5^�k r�z _ z k�h � h�g � \Xk���`=k�k�hZ� r `�k�_ z k�h � h>�Z_�xy\Xk {&{ � � Å
_ � _ z k�hê_ � �B\ r ^ �.�&{ \ � _ � ^�k r�z _ z k�h � h�g � \wk��cf+k�hê_�xy\s� z�r � � _�xy\�hu_�x�\ � ^�^ � b2\�hy_�b � _�\+� z<���
bV\9��� { \
aBt � � �&{ _�k�bg>POQCS� � �sxy\�bV\ � � z�r _�x�\ { k�h�_ �&{ _ � h>g � \ � h>� z.r g z�� \�hZant

�H.hfji d e c�i ¸np

¯L\�h { \ � _�xy\ � \ � k {'z _�t { k�`u^�k�hy\�hy_ z hs_�xy\ß� z bV\ { _ z k�h�k��>k {&{ � � _ � _ z k�h z.r

bBk@7Al�mn.obn>pOQCS� e c�i®½�p

q _�_�xy\ � ��h � bX� z�r _ � h { \=k�� � loq�r�/�sD�B` � _�x�\ � ��h � b5`=k�_ z k�h·k���m�i ¸ ù ù ÷ r6{ k�b:b2\ r ^�k�h>� r
_VkL_�xy\L�.b z h�g�\�^ � _�_�\�b:h r �s\�\�^ z h>g �&{ bFk r¤r _�xy\L\ � b:_�x � _ � b � _�\Jk�� � c5�B`�÷ r i6°�xy\�\�Ë �&{ _

É



° � a � \�c�iÃc ² ����h � b�k {'{ � � _ � _ z k�h { xyb'k�h>k � k9g�t|i
}+q °�Ê�[ [ � Ç�j � ³ � Ä q jXÄ�Ê�¶ f Ê�¹DÊ�jX°�[
� bV\�x z.r _Vk�b z�{ _Vk6^�bV\ r \�hy_ q _ z `u\
�B\�\�^�\�b
�nÉ&¸
»�i Ä�i Ô � b r k {'{ � � _�\9� �9q b z.r _Vk�_ � \
µ�d�l
»�i Ä�iF_Vk6d�o q i } i []\ � \�h�k {'{ � � _ � _ z k�h r@�<z�r _�\9� z hs°0x�\ q5� ` � g�\ r _
l
Ô � b { x�½&lnm q+� ��\�a � b � hJk {'{ � � _�\�� � í � ^ � h
c�½�m&d Ç �&��z�� \�kLk�a r \�b � \ r `=k9k�hs� z _�xL_�\ � \ r�{ k�^�\
¸
í.� � tJc�½&µ�� []^ z<{|� k {'{ � � _ � _ z k�h¼k�a r \�b � \9��� z _�x � _�\ � \ r�{ k�^�\
aBt�»�� ���<z��&� ��� r
c�½&µ��
_Vk�c&dnm�m ¶ {'{ � � _ � _ z k�h�\ �Bz ��\�h { \"�
k�b � ��h � b � _�`�k r ^�x�\�b2\
c�½&onÉÍ_Vk6^�bV\ r \�hy_ ����h � b�`�k�_ z k�h�_�xy\�k�b:t
c&o����
_Vk6^�bV\ r \�hy_ }+z.r�{ k � \�b:t � h>��bV\ r k � ��_ z k�h�k�� {'� k r \
a z h � b z \ r
c&o���l q a r \�h { \�k�� � ��h � b � _�`�k r ^�xy\�b2\
� ��ré{ k�h {'� ����\9�LaBt�_�xy\

r ������\�hyh�\ r�r k���_�xy\D\ � \�h�_
c&onÉ&o
_Vk�c&dnm&d ³Bz b r _ � h �&� t r�z.r k�� � ��h � b@`�k�_ z k�hsaBt � ��h � bCk {'{ � � _ � _ z k�h r
c&o�d�o ³Bz b r _y^�x>k�_�k9g�b � ^�x z�{ b2\ { k�bF��k�� � hêk {'{ � � _ � _ z k�h�\ � \�hy_�ant5Ê�i [yi � z h>g
c&dnm&d []��gBg�\ r _ z k�h r _Vk6`�\ ��r ��bV\ r _�\ ����� bG� z.� `�\�_�\�b@aBt�k {'{ � � _ � _ z k�h

aBt�Ô { Ô � x�k�h
c&d��n½ � c&d���o q _�_�\�`�^�_ r _Vk6`�\ ��r ��b2\G_�xy\+� z�� `u\�_�\�b r k�� f \�g�� � � r���ßÄ � ^ � h>�ut qw± b
c&d�¸nmÍ_Vk�c&d�¸�� ³Bz b r _ r � {'{ \ r�r �.� � bV\ r k � ��_ z k�h r k�� r _�\ ���.� b6� z.� `�\�_�\�b r
c&d�¸nm []��gBg�\ r _ z k�hs_Vk�k�a r \�b � \�k {'{ � � _ � _ z k�h r�� _yb � � z k

� �&� \ � \�h>g�_�x r aBt�¯X\�_�` � hyó�\ � v=Ç z hyó�aB��b'g
c&d�¸nmÍ_Vk�c&d�¸�¸ Ç"\�k9��\�_ z<{�� ^�^ �<z�{|� _ z k�h r � r�z h>gQ^�x>k�_Vk�\ � \ { _�b z<{ `u\�_�x>k9� r
c&dn½&l ����h � bCk {'{ � � _ � _ z k�h�k��yÄ�b � a�jL\�aB� ��� k�a r \�b � \�� z hv&@Å.b � t r
c&dn½&o
_Vk6^�bV\ r \�hy_ []t r _�\�` � _ z�{ ^�b'k9g�b � ` r �
k�bCk {'{ � � _ � _ z k�h
c&dnÉ�m jJk�h ��z hy\ � b � \ ��r _ r�± � � bV\ r _�\ { xyh z�± ��\ z hy_�bFk9��� { \9�LaBt

j � _�xy\�bCvæÔ { Ä � hy_ r �
k�b � h �&� t r�z�r k��>k {&{ � � _ � _ z k�h { ��b � \ r
c&dnÉ�m ³Bz b r _ z h��.b � bV\9�sk�a r \�b �0� _ z k�h r aBt f z ��g�� � t � h>��í
k�t { \
c&dnÉ�½ []��b:� �&{ \GaBb z g�x�_�h�\ r�r Å>� z�� `u\�_�\�b {|�&�<z aBb � _ z k�hsaBt�» � b:hy\ r
c&dnÉ&d q h �&� t r�z.r k�� � ��h � b�`�k�_ z k�hs_�xy\9k�b:t � ½&µnm�m�m
k {'{ � � _ � _ z k�hu_ z ` z h�g r
c&d�onmÍ_Vk6^�bV\ r \�hy_ Ê����­\ { _ z�� \
_�\�`u^�\�b � _���bV\ {|�&��z anb � _ z k�h�k�� { k9k �0r _ � b r
c&d�onm f \ r k � ��_ z k�h�k�����k���a � \ r _ � b réz hZ¯Xt � ��\ r
c&d�onc Ä � _ �&� k9gLk��>k {&{ � � _ � _ z k�h�a z h � b z \ r ant 	 x z _�\
c&d�o�¸ Ä�k�`�^ � b z.r k�h�k��y� ��r \�b@b � h�g z h>g � h���k {'{ � � _ � _ z k�h�bV\ r � � _ r
c&d�on½ f \�`�\ ��r ��b2\�k�� q h�_ � b2\ r
c&d�onÉ Ä � _ �&� k9gLk��>k {&{ � � _ � _ z k�h=� z.� `�\�_�\�b r aBt 	 x z _�\+v ³ \ z \�b:` � h
c&d�d�l � c&d�d�¸ » z h � b z \ r � z�r�{ k � \�b2\�� z hs° � ��b:� r@� h>��¶+^�x z � { x�� r [ ³ f
c&d�dn½ Ä � _ �&� k9gLk��>c&¸nÉ"k {'{ � � _ � _ z k�h r �.b'k�`´° � f Ç"¶
c&d�d�d ¯Jk�`=k9g�\�h�\�k�� r~{|�&��z aBb � _ z k�h�k���_�\�`u^�\�b � _���bV\ r�{|�&� \

�
k�bCg z.� hy_ r � r�z h>gLk�h � t���¶ � z.� `�\�_�\�b z hy�
k�b:` � _ z k�h
µnm�m�mw
 Ê � k � ��_ z k�h�k�� ��{ k�`�`�k�h�� � _ � a ��r \D� r�z h>g

� ��h � bCk {'{ � � _ � _ z k�h � h>� � k�h>gQa ��r \ ��z h�\G_�\ { xyh z.± ��\ r

o



O

Moon

EarthP x

Moon’s

motion

Stellar source

Fresnel diffraction

pattern

D

Geometric point

of occultation

³nz g���bV\+c�i®c ² [ { x�\�` � _ z<{ � z�� g�b � `Ök���_�x�\ � ��h � bCk {'{ � � _ � _ z k�h�^�xy\�h>k�`u\�h�k�h>i

d



β

East

North

V

θ φ

³Bz g���b2\�c�i µ ² � k z h�_>k���k {'{ � � _ � _ z k�h=k�hL_�x�\ � ��h � bC� z�r � � h��5_�x�\ � \ � k {'z _�t � \ { _�k�bVi

� \ � k {'z _�t { k�`�^�k�h�\�hy_ z.r ��h z.± ��\6_�k6\ �&{ xs\ � \�hy_ � h�����\�^�\�h>� r k�hs` � h�t�� �&{ _Vk�b r��<z �B\"_�x�\
\�Ë �&{ _y� z�r _ � h { \�_VkÍ_�x�\ � ��h � b ��z `ua � _�xy\Í^�k r�z _ z k�h � h>g � \
k��~k {&{ � � _ � _ z k�h � _�xy\ � ��h � b � \ � k {&z _�t
� \ { _Vk�b � _�x�\ �&� _ z _�����\Xk��y_�xy\6`=k9k�h � h>��_�x�\ �.� _ z _�����\Xk���_�x�\ßk�a r \�b �0� _�k�b:t|i

° � � z h>g � _�tB^ z�{|�&��� ��h � b�b � _�\=k��+m�i ¸ê�B`=÷ r�� _�xy\�_ z `u\ r�{|�&� \ r �:k�b�` � Ë z ` �ê� h>�
` z h z ` � �
k�bÍ_�x�\Xk�^�_ z<{|�&�>� h��Z_�x�\"hy\ � b � f � b2\ßg z�� \�h z h�° � a � \Zc�i µni qwr�z.r \ �Bz ��\�hy_��.bFk�`
_�xy\s_ � a � \ � _�xy\s\ � \�hy_ z.r�� � ��r _
k�hy\ ��z _�_ � �B\ r k�h � t � c&�nm�` z<����z�r \ { k�h>� r �
k�b�_�xy\Z_�x z bF�
` � Ë z ` � _�k { bFk r�r _�xy\
��\�_�\ { _Vk�b�^ ��� h�\��sx�\�hsk�a r \�b �nz h>g z h�_�x�\5â a � h>��i�¯X\�h { \ � _�xy\Íhy\�\��
�
k�b � x z g�x r ^�\�\��J^�x�k�_�k�`�\�_�\�b6_�kZb2\ { k�b'�u_�xy\L� ��r _@^�x�k�_�k�`�\�_�b z�{�r \ ± ��\�h { \ ��r _�xy\ r _ � b
� z�r�� ^�^�\ � b r e k�b�b2\ � ^�^�\ � b r pFaB\�t0k�h>�C_�x�\�\���g�\Gk��9_�xy\Í`=k9k�h�i q _£µni µ�ô�`×� � _ ��r¤� `u^ ��z h>g � _
c&Å.µ�` z����<z~r \ { k�h�� � \ � \ �£z�r h�\ { \ r¤r�� b:t+�
k�b�bV\�_�b z \ �Bz h>gC_�x�\ ��z g�x�_ { ��b � \�� z _�x>k���_ � k r�z h>g �Bz _ �&�
z h��
k�b:` � _ z k�h>i~°0x�\
^�x>k�_Vk�`u\�_�\�b � h>�ß_�x�\w� � _ �+�&{|± � z.r�z _ z k�h r t r _�\�`õ� r \��ß�
k�b�_�x z.r _�xy\ r�z.r
��k�b:� z�r � z.r�{ � r�r \�� z h+Ä�x � ^�_�\�b�µni�°0x�\ ��z g�xy_ { ��b � \ÍbV\ { k�bF��\9� z�r _�xy\Í^�k z h�_ r k���b { \ ³ b2\ r hy\ �
^ � _�_�\�b:h { k�h � k ��� \9�ã� z _�x �0� b z k�� rDz h r _�b:��`u\�hy_ �&�C� h�� r k���b { \ �&� \�b � g z h>gß� �&{ _Vk�b r i�°�xy\
Ü h z _�\6_ z `�\DbV\ r ^�k�h r \+k��B_�x�\���\�_�\ { _Vk�b � _�xy\ Ü h z _�\ Ü�� _�\�b�a � h>��� z ��_�x � h���_�xy\ Ü h z _�\ r�z ó�\+k��

c�m



° � a � \�c�i µ ² Ô � Ë z ` � vÿÔ z h z ` � ^�k r�z _ z k�h r+��r `u\ ��r ��bV\9���.b'k�`Â_�xy\�g�\9k�`�\�_�b z<{ ^�k z hy_�k��
k {'{ � � _ � _ z k�h>i

��\�h>g�_�xZ[ {|�&� \ e `�pBx ° z `u\
[ {��&� \ e ` r pBx
³ bV\ r hy\ � j�k ³ b z h�g�\ m�i ¸�ô]` µni µ�ô]` �ni �n½�ô�` m�i ¸�ô�` µni µ�ô�` �ni �n½�ô]`

c�i µ�µ Ô � Ë c&µni µ µ�¸niÃ½ �nc�i®½ µ�l ¸nc ½&�
c�i onÉ Ô z h c&oniÃÉ ��dni µ l�oni ¸ �nÉ É&o dnÉ
µni ��¸ Ô � Ë µ��ni ¸ l�dni � ½�m�i d lnÉ d�d c&µ�µ
µniÃÉ&l Ô z h µnÉ�i l ¸nÉ�i ¸ É�c�i � ¸�¸ c'c&¸ c&l��
�niÃm&o Ô � Ë �nm�i o ½&lniÃ½ É&dni o ½&µ c&µ�d c�½�m

_�xy\D_�\ � \ r�{ k�^�\ � bV\�_�xy\ z h r _�b:��`�\�h�_ �&� \����.\ { _ r _�x � _ �&� \�b � g�\�_�x�\ �<z g�xy_ { ��b � \�i�°�xy\ r ^�\ { _�b �&�
\�h�\�b'g�t�� z.r _�b z aB��_ z k�h � h>��_�xy\ Ü h z _�\ r�z ó�\Xk���_�x�\ r k���b { \ �&�.r k z h�����\�h { \"_�x�\
_�b �&{ \�i�°�xy\ r \
\����.\ { _ rD� bV\5_�k�aB\ {|� bV\��.� ��� t�_ � �B\�h {�� bV\wk�� z hê_�xy\s� � _ �L� h �&� t r�z�r ^�bFk { \9����bV\�_Vksk�aB_ �&z h �
bV\ ��z.� a � \"\ r _ z ` � _�\Zk���_�x�\ � h�g�� ��� bG� z�� `u\�_�\�bGk���_�x�\ r k���b { \9iB°�xy\ r \
� z���� aB\ z h>� z��Bz ��� �&��� t
\�Ë£^ ���&z hy\9� z h���\�_ �&z��Bz hsÄ�x � ^�_�\�b�µni

yHz { |~}I�8|����Q�j|~}Iz�z �A�Q|~z { |~}I�8|����Q�j�;�M�A�I}I|~�n�~�����I�A�8|~�8�A�"}
°9��k z `u^�k�b:_ � hy_��.\ � _���b2\ r k���_�x z.r _�\ { xyh z�± ��\�hy\�\��Z_Vk�an\5bV\ { k9g�h z ó�\���i ³Bz b r _ � t � _�x�\�^�xy\�Å
h>k�`�\�h�k�hL_ � �B\ r ^ ���&{ \D�s\ �<� k���_ r�z ��\
_�xy\�\ � b:_�x(� r�� _�`=k r ^�x�\�bV\ � h>��xy\�h { \ z�réz hX^�b z h {'z ^ � \
h>k�_ �<z ` z _�\9�5aBt*� r \�\ z h�g��<i�[£\ { k�h�� � t � _�x�\�b2\ r k � ��_ z k�h z.r h�k�_ �<z ` z _�\9�"aBt
_�xy\ r�z ó�\�k��£_�x�\�_�\ � \�Å
r�{ k�^�\�in°0x�\
_�\ � \ r�{ k�^�\ � ^�\�b:_���b2\
^ ��� t r _�xy\"bFk � \Xk�� { k �<� \ { _ z h>gß_�x�\�����Ësk�h � t|ié°0x z�r�z.r _�x�\
g�bV\ � _�\ r _ � � �0� hy_ � g�\+�sx�\�b2\�\ � \�h � c&` {'�.��r¤r _�\ � \ r�{ k�^�\ {|� h �&{ x z \ � \+bV\ r k � ��_ z k�hÎ��k��Zh
_Vk�µL` ��r>� \ � \ � iä°�xy\5[é÷�jõb � _ z k�k���_�xy\�k {&{ � � _ � _ z k�h ��z g�x�_ { ��b � \ z�r _�xy\ �<z ` z _ z h>gw� �&{ _Vk�bVi
� _@��k�� � � � ^�^�\ � bD_�x � _ z hìk�bF��\�b
_Vk z h { bV\ ��r \L_�xy\LbV\ r k � ��_ z k�h��s\ � � r _@hy\�\��u_Vk z h { b2\ ��r \
_�xy\�[é÷�j b � _ z k�iê»���_�_�x z.r"z.r ^�b �&{ _ z�{|�&�<� t ��z ` z _�\��=aBt r�{'z hy_ z����.� _ z k�h>i qsr `�\�hy_ z k�h�\��¼aBt
f z�{ x z�{ x z e c&d�d�lnp �ér�z `u� ��� _ z k�h r _���� z \ r
r x>k��ö_�x � _0_�xy\�bV\ z.rG� ^�k r¤r�z a z��<z _�t=k���gnk z h>g���k��Zh
_Vk�m�i®cÍ` ��r b2\ r k � ��_ z k�h�aBtwk�a r \�b �Bz h>g � \�b:t5anb z g�xy_0g z�� hy_ r k�� z h�_�\�b:`�\9� z�� _�\ r ^�\ { _�b �&� _�tB^�\

c'c



_�xybFk���g�x � \�b:tsh � b:bFk��´a � h>� Ü�� _�\�b r � z _�x=c&Å.µ�`õ_�\ � \ r�{ k�^�\ r i q ^�k z hy_��sx z�{ x z�r
r \ � ��k�`
`�\�hy_ z k�h�\��êk�b � ^�^�b2\ {'z.� _�\9� z�r _�xy\ � � { �Bt { k�`�a z h � _ z k�h=k���_�xy\ r�z ó�\ � h>�ß_�x�\X� z�r _ � h { \Xk��
_�xy\s`�k9k�hã�sx z<{ x �&{'{ k���hy_ r �
k�b6_�x�\X^�b �&{ _ z�{��&�6r � {'{ \ r¤r k���_�xy\ � ��h � bXk {'{ � � _ � _ z k�h _�\ { x�Å
h z.± ��\�i f z�{ x z�{ x z e c&d�d�lnp@g z�� \ r��sr�z `�^ � \�\�Ë]^ �.� h � _ z k�h �
k�b
_�x z�r i � ��_�xy\ � ��h � bX� z�r _ � h { \
��k�� � �Jx �&� \XaB\�\�h � \ r¤r e _�xy� räz h { bV\ ��r�z h>gZ_�xy\Lhy��`�aB\�b�k�� r k���b { \ r�{ k � \�bV\9��p � _�x�\�hã_�x�\
\ � \�hy_@��k�� � �ux �&� \�aB\�\�hê_�k9kZ� ��r _ � h��ubV\ { k�b'� z h>g z _@��k�� � �Jx �&� \�aB\�\�hÎ� z � Ü�{ � � _�\ � \�h
aBtX_Vk9� � te� r�r _ � h>� � bF��i q h>� z �0_�xy\"`�k9k�h�x � �LaB\�\�hs� � b:_�xy\�b � � � t �]z _���k�� � �Zx �&� \"an\�\�h
\ ��r�z \�bG_Vk r�� `�^ � \XaB��_�_�xy\L\ � \�hy_ r ��k�� � �ux �&� \Lan\�\�h � \�b:t�b � b2\�i q h>� � a z gBg�\�bD`=k9k�h
��k�� � ��x �&� \ � \9��_�k���\ �&��z h�g"� z _�x �Í� ��h � b � _�`�k r ^�x�\�b2\�i

����h � b�k {'{ � � _ � _ z k�hsx ��r�r k�`u\ z h�xy\�b2\�h�_~��b � �sa �&{ � r i ³nz b r _ � t ��z _ z.r aB��b'��\�hy\9�"� z _�x
_�xy\ßk�a �Bz k�� r���z ` z _ � _ z k�h�k���_�xy\ { x>k z<{ \Xk��y_�xy\ r k���b { \�i|¶+h � t r k���b { \ r~� t z h�g z hs_�xy\Dónk9� z�� Å
{|�&� aB\ � _ � h>��xy\�h { \ z hX_�xy\�^ � _�x�k��9_�xy\�`�k9k�h � b2\�k {'{ � � _�\9��i£°�xy\�k�bV\�_ z�{��&��� t � _�x z�r��&{'{ k���hy_ r
�
k�bGc�m�� k���_�x�\ r �nt�i�°0x z�r��<z ` z _ � _ z k�h z�r h>k�_�_�x � _ r \ � \�bV\ ��r _�x�\�b2\ � bV\ �ä��� bFg�\
h���`�aB\�b�k��
r k���b { \ r�r _ z<���0�&�0�&z��.� a � \"��h � \ r¤r k�hy\ z�r�z hy_�\�b2\ r _�\9� z h � ^ � b:_ z�{ � ��� b r k���b { \
�Zx z�{ x z�rÍ� � � t
�.b'k�`õ_�x�\�^ � _�x�_�b �&� \�b r \��ßantL_�xy\+`�k9k�h�i � h�_�xy\5°0Ô¼[][ {|� _ �&� k�g���\ � k���_�xy\"¸n½�c&µ r k���b { \ r
��z.r _�\�� � ��¸n½&l � bV\ r � z _ � a � t � k {|� _�\��Z�:k�b � ��h � bGk {&{ � � _ � _ z k�h � h>�ß_�x z�r�{ k�`�^�b z�r \ r � ½&l��ðk��
_�xy\+_Vk�_ �&� h���`�aB\�bVi>[]\ { k�h>� � t � _�xy\wk {'{ � � _ � _ z k�h�\ � \�hy_ z�r ��h z�± ��\ z h�_�\�b:` r k��Cg�\�k�`u\�_�b:t
� h>��_ z `�\�i�¶5hy\�x ��r _�kC_ � �B\�k�a r \�b �0� _ z k�h r�� _n_�xy\�\�Ë �&{ _9_ z `�\+k��B_�x�\�\ � \�h�_�i ³Bz h �&��� t �n�Gr�z h�Å
g � \Xk {'{ � � _ � _ z k�hÈk�a r \�b �0� _ z k�h�g z�� \ rG� k�hy\�Å
� z `u\�h r�z k�h �&��r�{|� h=k���_�xy\ r k���b { \9i�»���_ z ��_�x�\
\ � \�hy_ z.r k�a r \�b � \����.bFk�`Ý_���k�� z ���.\�bV\�h�_ � k {|� _ z k�h�k�b@_�x�\ßk {'{ � � _ � _ z k�h z�r bV\�^�\ � _�\���_�x�\�h z _
z�r ^�k r�r�z a � \
_Vk { k�h r _�b:� { _y_�xy\
_���k�Å:� z `�\�h r�z k�h �&�Bz ` � g�\+k��y_�xy\ r k���b { \�i

°�xy\Lj � f z�r�� h z ��\ �&� � z h���k�� _Vk r _�����t { k9k �6r _ � b r+� h>�J_�xy\ z b z `�`u\�� z�� _�\ {'z b2Å
{ ��` r _�\ �<��� b r ��b:b'k���h>� z h>g r i>°�x z�r>z�r ` �&z h � t�aB\ {|� � r \"_�x�\ r \ r _ � b r b � � z�� _�\�`=k r _�k���_�xy\ z b
\�h�\�b'g�t z�r _�x z�r ^ � b:_�k���_�xy\ r ^�\ { _�b:��`=i � _ z.r �Z\ ��� �nh�k��shê_�x � _Í` � hyt r _ � b r k���_�xy\ ��� _�\
r ^�\ { _�b �&� _�tn^�\ r x>k�� _�xy\s^�b2\ r \�h { \Jk�� r xy\ �<��r iZ° r � � z e c&dnÉ&onp�x ��r ^�k z hy_�\��æk���_�_�x � _ z _ z.r
� z � Ü�{ � � _�_Vksk�aB_ �&z hu_�x�\+^�x>k�_�k r ^�xy\�b z�{ � z�� `u\�_�\�b��
k�b�_�xy\ r \ r _ � b rG��r>z _�aB\ { k�`�\ r x � bF�Z_Vk
r \�^ � b � _�\�_�x�\J��� r _��.b'k�`Æ_�x�\X^�x�k�_�k r ^�x�\�bV\9i q _Gk�^�_ z<{|�&� � �&� \ � \�h�g�_�x r�� _�xy\���� r _Í^ � b:_ z Å
{'� \ r�r�{|� _�_�\�b5_�x�\ r _�\ �<��� b+b � � z.� _ z k�h � h�� z hÎ_�xy\�_�xy\�b:` �&��z hy�.b � b2\�� � _�x�\���� r _Gb2\�b � � z�� _�\ r

c&µ



� a r k�b:an\9� r _�\ �<��� b
\�hy\�bFg�t|iä»���_ z hê_�xy\Lj � f � _�x�\ ��z g�x�_�^�\�hy\�_�b � _�\ r _�kß_�x�\ r _�\ �<��� b
^�x�k�_Vk�Å
r ^�xy\�b2\ � h��5�s\ r¤� `u^ � \D_�x�\
^�x>k�_�k r ^�xy\�b z�{�{ k�hy_ z hy����`ö\�` z.r¤r�z k�h>i � hX_�xy\D` z � � f � g �&z h �
`=k�k�h z _ r \ � � z�r��Dr _�bFk�h�g r k���b { \ � h��"^�k r \ rB{ k�h r _�b �&z hy_ r k�h�k�a r \�b �Bz h�g�� �&z hy_ r k���b { \ r i�°�xy\
� ��h � bQk {&{ � � _ � _ z k�h�_�\ { xyh z.± ��\ z _ r \ � ��x ��rÍ� h � ����\�� � � �0� h�_ � g�\ z h�_�xy\"j � f i qº� ��h � bQk { Å
{ � � _ � _ z k�h z.r ^�\�b:�
k�b { \�k�a r \�b � \�� � g �&z h r _ � aBb z g�x�_Ba �&{ ��g�b'k���h>�Lk�� r�{|� _�_�\�bV\9�5`=k9k�h ��z g�xy_Vi
Ä�k�`u^ � bV\��w_Vk�_�xy\ �Bz.r�z a � \Xb2\�g z k�h � _�xy\�a �&{ �0g�bFk���h>� z�rä� \ r�r aBt � � �&{ _Vk�b�k�� � µnm z hê_�x�\
â a � h>��i�¯X\�h { \ � _�xy\ { k�h�_�b ��r _ e r�z g�h �&� Å._Vk�Å.a �&{ �0g�bFk���h���p z�r aB\�_�_�\�b z hã_�x�\ z h��.b � bV\9��i � h
_�xy\ z hy�.b � b2\�� � _�xy\�b2\ z�r�� ^�k r�r�z a z��<z _�t�k���bV\ { k�b'� z h>gL� � ts_ z `u\
\ � \�h�_ r i�»���_yx�\�b2\ � _�x�\ r k ��� b
\ � k�h>g � _ z k�h�aB\ { k�`�\ r��Í{ b:� {&z��&� � �&{ _Vk�bVi }w� t�_ z `u\"\ � \�h�_ r ��\�` � h��L\�Ë]_�bV\�`�\ � t�gBk9k9� r �Bt
{ k�h�� z _ z k�h r�� \ � \�h �Lr ^�\ { �=k�� {&� k���� z�r \�h>k���g�xê_VkLb2\���\ { _ r ��h ��z g�x�_ z hy_VkL_�xy\�_�\ � \ r�{ k�^�\
aB\ � ` {|� � r�z h>g r t r _�\�` r¤� _���b � _ z k�h>iä°�xy\�b:` �&��� t�\�Ë {'z _�\9� � _�`=k r ^�x�\�b z�{"{ k�h � \ { _ z k�h { ��b2Å
bV\�hy_ r0�&�.r k z h { b2\ ��r \�_�xy\ r�{'z h�_ z<����� _ z k�hsh>k z.r \9i�°0x�\Qk�_�xy\�b r��<z g�xy_ � � �0� h�_ � g�\ z h�_�x�\ z hy�.b � b2\��
z�r _�x�\��.b z h�g�\ r ^ �&{&z h>gBi � _C��\�^�\�h>� r k�hê_�x�\�� �&� \ � \�h>g�_�xÎk��Ck�a r \�b �0� _ z k�h � h>� r�{|�&� \ r
��r
_�xy\ r�± � � bV\
b'k9k�_�k���_�xy\
� �&� \ � \�h>g�_�x�iB¯L\�h { \ �y� _yµni µ�ô�`õ_�x�\
�.b z h>g�\ r ^ �&{'z h�g z�r � z ��\�b�aBt
� � �&{ _�k�bGk���µ ��r�{ k�`�^ � b2\��5_Vk6_�x�\ �Bz�r�z a � \6bV\�g z k�h>i

�+h�_ z<� bV\ { \�h�_ � t � � ��h � b�k {'{ � � _ � _ z k�hs� ��r _�x�\�` � � k�b r k���b { \
k�� � h�g�� ��� b�� z�� `u\�_�\�b z h��
k�b:` � Å
_ z k�h�i } \ r ^ z _�\5_�x�\ ��z ` z _ � _ z k�h z `�^�k r \9��aBts_�xy\5`=k9k�hÎk�h�_�xy\ r �Bt { k � \�b � g�\ � _�x�\+hy��`uÅ
aB\�b�k��G� z bV\ { _ � h>g�� ��� b r�z ó�\�`�\ ��r ��b2\�`u\�hy_ r aBt�_�x z�r `�\�_�x�k9�wx ��r aB\�\�h=k � \�b:�sxy\ � ` z h>g
e 	 x z _�\�v ³ \ z \�b:` � hJc&d�onÉ�� f z<{ x z<{ x z \�_ �&� iBc&d�dn½ � ��Ô {'q+�<z�r _�\�b6c&d�o�¸ � h>� } t { �Zc&d�on½�p­i�»���_
z hu_�x�\ �.��r _ { k���^ � \wk���tB\ � b r��9z h�_�\�b:�.\�b'k�`�\�_�b z<{ k�a r \�b �0� _ z k�h r k���g z.� hy_ rG� h�� r ��^�\�bFg z�� h�_ r
x �&� \"aB\�g���hs_Vk5aB\
bV\�^�k�b:_�\�� z h�_�xy\ ��z _�\�b � _���b2\+� z _�x � h z h { bV\ ��r�z h>g5�­bV\ ± ��\�h { t e } t { �L\�_
�&� iBc&d�dn½ � c&d�d�o�� ��� hZ»�\ ��� \
\�_ �&� iBc&d�d�d�� � \�b:b z hX\�_ �&� inc&d�d�onp­i

°9tB^ z�{��&��� t ��� ��h � bsk {'{ � � _ � _ z k�h rs� h>� � k�h�gJa ��r \ �<z h�\ z hy_�\�b:�.\�bFk�`u\�_�b:t�x �&� \¼k�^�\�bVÅ
� _�\�� z h�� z ���­\�bV\�hy_£bV\ r k � ��_ z k�h�b � h>g�\ r i�����h � b�k {'{ � � _ � _ z k�hX� ��r aBt
� � b�_�x�\Qk�h � t+_�\ { xyh z.± ��\
�&�0�&z��.� a � \"_�k6b2\ �&{ xLbV\ r k � ��_ z k�h�aB\ � k�� ¸�` ��r�� h���x ��r�� `�\9� z�� h�k���bV\ r k �<� \9��� z�� `�\�_�\�b r

c&�



� bFk���h>�J��Å.ls` ��r e<f z ��g�� � tê\�_ �&� i�c&d�onm�� f z�{ x z�{ x z c&d�dnÉ�� f z<{ x z<{ x z \�_ �&� i�c&d�d�o � v·a_�
f � g ��� h>��\�_ �&� iBc&d�dnÉ � p � h>� � k�h>gQa ��r \ ��z h�\ z h�_�\�b:�.\�b'k�`�\�_�b:t�x � � �0�&� ��\ r�{'� k r \"_Vk � c�m&Å:c&¸
` ��r e � \�b:b z hã\�_ �&� i�c&d�d�onp.iQ¯�k��s\ � \�b � _�x z�r g � ^ z�rä�0� h z�r x z h>gwh>k��ç� z _�x � k�h>g�\�b6a ��r \�Å
��z hy\ r�� h>��`=k�b2\ r \�h r�z _ z�� \ z h r _�b:��`�\�hy_ r i �0� hL»�\ ��� \
\�_ �&� i e c&d�d�dnp�bV\�^�k�b:_9_�xy\DbV\ r � � _ r �.bFk�`
_�xy\ � �&� k�` � b
°£\ r _�aB\9� � h�_�\�b:�.\�b'k�`�\�_�\�b e � ° � p�k�hì½&dJg z.� hy_ r�� h�� r ��^�\�bFg z.� hy_ r k�a r \�b � \��
z h¼_�x�\ãâ a � h���i5°0x�\ r ^�\ { _�b �&��{'����r�r k���_�xy\�g z�� h�_ rä�<z \saB\�_��s\�\�hêÇX½�_�kßÔ ½ �&� k�h>g�� z _�x
��r k ��z _ � b:tu»�ÉXg z�� h�_ � h���_�xy\ r ��^�\�bFg z�� h�_ r>��z \�aB\�_��s\�\�h ³ ¸ � h���Ô�¸ni 	�z _�xê_�xy\5� r \sk�� �
`�\ � h�a ��r \ �<z h�\wk��Cc&c�m&` � _�x�\�tsx �&� \+bV\�^�k�b:_�\��ZbV\ r k � ��_ z k�h r ��k��shu_�ksc&Å­µ+` ��r � z _�xu_�x�\
x z g�xy\ r _�bV\ r k � ��_ z k�h�aB\ z h>gLc�i®c&¸+` ��r i�°�xy\ ± ��k�_�\9� �&{'{ ��b �&{'z \ r�� bV\
_�tB^ z�{|�&�<� t � m�iÃm&¸�Å
m�i®m�½
` ��r i

����h � b�k {'{ � � _ � _ z k�hº� ��rL� g �&z hO_�xy\Îk�h � tO_�\ { x�h z�± ��\ê�
k�b�¯ q f r _�����t·k�� r _ � b r
aB\�t0k�h�� r ^�\ { _�b �&� _�tB^�\�Ô�¸ e<f z�{ x z�{ x z \�_ �&� i c&d�d�o � v a0p ��r _�xy\ r \ r k���b { \ r�� b2\�� �&z hy_
z h _�xy\ �Bz.r�z a � \ � h>�J�s\�b2\XaB\�t�k�h>�J_�x�\���\�_�\ { _ z k�h �<z ` z _�k���_�xy\�k�^�_ z�{|�&�@z h�_�\�b:�.\�b'k�`�\�_�b z<{
_�\ { x�h z�± ��\ r iC»���_�bV\ { \�h�_ � t � � \�b:b z hê\�_ �&� i e c&d�d�onp�� r�z h>gßµnm&`Âa ��r \ ��z hy\ � h>�w_�x�\ ³ ��¶5� f
{ k�`ua z hy\�bäk�hX_�xy\ � ¶+° qOz hy_�\�b:�­\�bFk�`�\�_�\�b�g z�� \+� z�� `�\�_�\�b �0�&� ��\ r�� h��5xy\�h { \�_�xy\D\����.\ { _ z<� \
_�\�`�^�\�b � _���b2\ r k���dXg z.� hy_ r b � h>g z h�g z h r ^�\ { _�b �&� _�tB^�\ r �.bFk�`���c�i ¸+_Vk"Ô�oni�°�xy\�t�g z�� \"_�x�\
\�Ë£_�\�h r�z k�h�k���_�xy\
_�\�`u^�\�b � _���bV\ r�{|�&� \"an\�t0k�h>��Ô ½ä�
k�b�_�x�\ Ü b r _�_ z `�\9i�°0x�\G��h z �
k�b:` � z�r �
e � } p �0�&� ��\ r _�x�\�t�k�an_ �&z hêb � h�g�\�aB\�_��s\�\�h�c�m&Å­µnmD` ��r � z _�x�m�i µX` ��r��&{'{ ��b �&{'z \ r i } t { �
\�_ �&� i e c&d�d�onp �&�.r kQ^�bV\ r \�hy_�bV\ r � � _ r �­bFk�` � ¶+° q i&°0x�\�t�g z<� \ß� z�� `u\�_�\�b �0�&� ��\ r �:k�bGÉ&l { k9k �
r _ � b r
� _�µni µ�ô�` b � h�g z h>g z h r ^�\ { _�b �&� _�tB^�\�aB\�_��s\�\�h��+m&Å.Ô�o�� r�z h�g � `�\ � hêa ��r \ �<z h�\�k��
�nÉ�i ¸�`�i�°�xy\D� }ë�0�&� ��\ r k�aB_ �&z hy\9��ant5_�x�\�` � b2\G`�k r _ � t z hs_�x�\
b � h>g�\�¸�Å
c�m�` ��r i

°�xy\��.��_���bV\�g�\�hy\�b � _ z k�h·k�� � k�h>gJa ��r \ ��z hy\ z hy_�\�b:�.\�bFk�`u\�_�\�b r ^�b'k�` z.r \ r _VkubV\ � k�Å
� ��_ z k�h z ó�\u_�x�\ Ü \ � �æk���¯ q f ��r _�b'k�h>k�`�tãantãaBbV\ � � z h>gw_�x�\ ��z ` z _ � _ z k�h r k�� r \�\ z h>g � h>�
^�� r x z h�g"_�xy\ � h>g�� ��� b�b2\ r k � ��_ z k�h ��z ` z _ r _Vk6_�x�\ r ��anÅ­` z��<��z0� b {�r \ { k�h>� � \ � \ � i|°0x�\�h z _�� z<���
r ��b:^ ��r¤r _�xy\ ��z ` z _ r k�� � ��h � b�k {'{ � � _ � _ z k�h>i f \ r k � ��_ z k�hOaB\ � k�� � cL` ��r6z.r ^�b �&{ _ z<{|�&��� t
h>k�_n^�k r¤r�z a � \6� z _�xX_�xy\ � ��h � bCk {'{ � � _ � _ z k�h�_�\ { xyh z�± ��\�i�Ê � \�hL_�x�k���g�xJ� � _ �"� h �&� t r�z�r _�\ { x�Å
h z.± ��\ r e �Gh�k�\ { xy\ � v � k�h } \�by¯L\ z ��\�c&dnÉ&o�� f z<{ x z<{ x z \�_ �&� iBc&d�d�µnpFx �&� \�aB\�\�h"\ r _ � a �<z�r xy\��
_VkD` z h z ` z ó�\D_�xy\ � k��î�­bV\ ± ��\�h { t"^ � b:_~k��B_�xy\ r�{'z h�_ z<���.� _ z k�h�_�xy\�bV\�aBt z h { bV\ ��r�z h>gC_�x�\�\����.\ { Å
_ z�� \G[y÷�jþb � _ z k ��z _ r \�\�` r ��h ��z �B\ � t�_Vk z `u^�bFk � \D_�x�\�bV\ r k � ��_ z k�h>i|°0x�\�bV\ r k � ��_ z k�hs� z _�x�_�x�\

c&l



j � ¶ � � z��<� aB\���µnm�m�ô ��r � z _�x�_�xy\�l��nÉ&`ða ��r \ �<z hy\ r aB\ z h>g"k�^�\�b � _ z k�h �&� i � _ z.r�r ��� Ü�{'z \�hy_B_Vk
`�\ ��r ��b2\�_�xy\�� z.� `�\�_�\�b r k�� �&���nr _ � b r���� _�\�b�_�x � h ³ � z _�x!�v�j�¼É&Å.o�` � g�h z _�����\ r i�°�xy\ÍjX\�Ë]_
Ç"\�h�\�b � _ z k�h q b:b � t e jLÇ q p�a ��r \9�Xk�h+_�xy\�\�Ë£^�\�b z \�h { \Qk��BÄ�¶ q [£° z.r aB\ z h�gä^ ��� hyh�\��5� z _�x
_��s\�h�_�t�c�i ¸�`Â`�k �0� a � \"_�\ � \ r�{ k�^�\ r � z _�xua ��r \ �<z h�\ r ��^�_VkQ¸nm�m&`=i�¶5^�\�b � _ z h>g z h�_�x�\Xm�i®½&Å
µni µ�ô]` � _�x z.r@{|� h �&{ x z \ � \"` z�{ b'k � b {|r \ { k�h>�ßbV\ r k � ��_ z k�h>i~[]�5[ � �£z hu_�x�\"�.� ��� t�k�^�\�b � _ z k�h �&�
�
k�b:`ð� z _�xsa ��r \ ��z h�\ r ¸�Å
½&lnm&` � h�� r ^�\ { _�b �&� b � h>g�\�k���k�^�\�b � _ z k�h�k���m�i l�Å
m�i d�ô]`Ý� z<��� x �&� \
bV\ r k � ��_ z k�h r an\�_��Z\�\�h�m�iÃm&¸�Å.µnmÍ` ��r i

� h � ��� z _ z k�h�_Vk�_�b � h r ^ � b2\�h { t � _�� � _�b �&�Bz k � \�_ � h�� z hy�.b � b2\��Z� �&� \ � \�h�g�_�x r��0r ^ �&{ \
k����.\�b rQ{ k�h r�z ��\�b � a � \ � � �0� h�_ � g�\=k�� r ��^�^�b2\ r�r \9� � _�`=k r ^�x�\�b z�{ � z.r _���b:a � h { \ r i � _G^�b'k�Å
�Bz ��\ rG�5r�z g�h z�Ü�{|� h�_ z h { b2\ ��r \ z h�_�xy\"b2\ r k � ��_ z k�h � h�� r \�h r�z _ z<�nz _�t � h>� � hs��h ��z ` z _�\�� z�r k�Å
^ ��� h � _ z<{ ^ � _ { x r�z ó�\�i f \9g � bF� z h�g5_�xy\ r _ � a z��<z _�t � _�_�xy\6� �&� \ � \�h>g�_�x r�{|�&� \ �£��� bFg�\ r t r _�\�` r��k � _ z h�g z h r ^ �&{ \�x �&� \�_�xy\ � � �0� h�_ � g�\=k��
aB\ z h�g z h �ur \ z�r ` z<{|�&��� t � h>� �&{ k�� r _ z�{|�&�<� t
± � z \�_�\�h �Bz bFk�h�`�\�h�_�i q h���`�aB\�bGk���^�b'k�^�k r \��ß^�bFk � \ { _ r x �&� \"an\�\�h�k���_ �<z hy\9� z h�[£x � kLv
Ä�k �.�&�nz _ � e c&d�d�µnp.i~Ä�k�hyh�\ { _�\���Å­\ � \�`�\�hy_ z hy_�\�b:�­\�bFk�`�\�_�\�b r e °9b � ��a�vÈÇ"��b r �ntêc&d�onm�p � �.b2\�\�Å��t z h�g r ^ �&{ \ { b � �._ e � � an\�tBb z \
\�_ �&� i@c&d�o�lnp � h>�Z`�k9k�h ��r��+r � z _ � a � \+^ �.� _��:k�b:` e � � aB\�tBb z \
c&dnÉ&onp�x �&� \Dan\�\�hL^�bFk�^�k r \9��i�� z�� k�`�\�_�b z<{ a ��r \ �<z hy\ r ^ �&{ \ z hy_�\�b:�.\�bFk�`u\�_�b:t�� z��<�~r x>k�� _�x�\
�.� �<�é� � �0� hy_ � g�\ r k�� � k�h>g6a ��r \ ��z hy\ z hy_�\�b:�­\�bFk�`�\�_�b:t ��z h z _ z.�&��� ts� z _�x ��r _�b'k�`�\�_�b:t � _9_�xy\D` z Å
{ b'k � b {|r \ { k�h>� � \ � \ �~� h>��\ � \�hy_�� �&��� tX� z _�x � \�b:t+x z g�xsbV\ r k � ��_ z k�h z ` � g z h>gBi

	 \ � bV\"xy\�h { \ r _�\�^�^ z h�g z hy_Vk5_�xy\"hy\�Ë]_�` z���� \�h�h z ��`Æ� z _�x r � { x z `�^�bV\ r¤r�z�� \ � h>�
r k�^�x z.r _ z�{|� _�\��Z� �&{'z��<z _ z \ r i�»���_ z hZ_�x z�r b �&{ \G�
k�b�_�xy\Dx z g�xy\ r _y^�k r¤r�z a � \ � h�g�� �.� b�bV\ r k � ��_ z k�h �
k�h�\ r x>k�� � �Lh�k�_y�
k�bFg�\�_9_�xy\ { k�hy_�b z aB��_ z k�hêk�� � ��h � bGk {'{ � � _ � _ z k�h>i�°�xy\ � _�_�b �&{ _ z�� \"�.\ � _���b2\ r
k�� z _ � b2\ ²

� � _ z.rG��r�z `u^ � \+_�\ { xyh z.± ��\+�sx z�{ x {|� h�an\ z `�^ � \�`�\�hy_�\��w� z _�x �5r�z h>g � \ r ` �&��� _�\ � \�Å
r�{ k�^�\�i

� °�xy\�� � _ � b2\���� { _ z k�h � h�� � h �&� t r�z.r `�\�_�x�k9� r�� bV\ z h � k ��� \���aB��_�h�k�_ ��rä{ ��`uaB\�bVÅ
r k�`�\ ��r _�x � _0k�� z hy_�\�b:�.\�bFk�`u\�_�b z�{ _�\ { xyh z.± ��\ r i

� [£�nt { k�h>� z _ z k�h z�r h�k�_ �"r _�b z h>g�\�h�_BbV\ ± � z bV\�`u\�h�_�i�� z g�x�_ { ��b � \ r k�a r \�b � \��5_�xyb'k���g�x
_�x z h {'� k���� r�{�� hXt z \ � ��gBk9k9� r�{'z \�hy_ z�Ü�{ bV\ r � � _ r i

c&¸



� � ��r _yaB��_Bh>k�_�_�x�\ � \ ��r _ �£z _���k�\ r h>k�_�bV\ ± � z bV\+��\�� z�{�� _�\9�L_ z `�\�k�h ��� b'g�\G_�\ � \ r�{ k�^�\ r i

»�t z _ r \ � � � _�xy\ � h>g�� ��� b�� z.� `�\�_�\�b�k�� �Xr _ � bDx ��r h>k z h�_�b z h r�z�{��0�&� ��\�aB��_ z h { k�h � ��h { _ z k�h
� z _�x�k�_�x�\�bGk�a r \�b �0� _ z k�h �&� � � _ �äz _�\�h � a � \ r _�xy\6a ��r�z�{ ^�x�t r�z<{|�&� ^�bFk�^�\�b:_ z \ r k��y_�xy\ r _ � b@_Vk
aB\X��\���� { \9��i � _�_�x�\�huan\ { k�`u\ r ^�k r�r�z a � \+_Vk5` � �n\X� z bV\ { _ { k�`�^ � b z�r k�h�k���_�xy\Xk�a r \�b � \��
^�bFk�^�\�b:_ z \ r k���_�xy\ r _ � b"� z _�x�_�xy\�^�bV\9� z�{ _ z k�h r k���_�xy\9k�bV\�_ z<{|�&� `�k9��\ �.r k�� r _�\ �<��� b � _�`�k�Å
r ^�xy\�b2\ r@� h>� z hy_�\�b z k�b r i

Ô�\ ��r ��b2\�`�\�hy_�k�� � h�g�� �.� bG� z�� `�\�_�\�b r�z.r _�x�\ßk�h � tJ� z bV\ { _�`�\ � h r k��>��\�b z<�Bz h>g�_�x�\
\����.\ { _ z<� \G_�\�`u^�\�b � _���bV\ e ÙnÚ­Û¤Û&p.i ³ bFk�`ö_�x�\Ga ��r�z�{ ��\ Ü h z _ z k�h z _y�
k �<� k�� r _�x � _

ÙnÚ­Û¤Ûj.��~� +d �8�Z� `� e c�i®É�p

�sx�\�bV\ � + z�r _�xy\Da0k � k�`u\�_�b z�{ ����Ë+�sx z�{ x {|� hsaB\D\ r _ z ` � _�\��ß�.bFk�`´_�xy\
`u� � _ z � �&� \ � \�h�g�_�x
^�x>k�_�k�`u\�_�b:t�k���_�x�\ r k���b { \ ��d�z�r _�xy\ � h>g�� ��� b
� z�� `u\�_�\�b � h>� � z.r _�xy\5[]_�\�� � h�Å.»�k � _�ó�` � h
{ k�h r _ � hy_Vi=°0x�\�\����.\ { _ z<� \�_�\�`u^�\�b � _���bV\ z�rL� �.��h>� � `u\�hy_ �&�Q± � � h�_ z _�t { x � b �&{ _�\�b z.r�z h>g �
r _ � bVi£[ z h { \
\����.\ { _ z<� \
_�\�`�^�\�b � _���b2\ r@� bV\DbV\ ��� _ z�� \ � ts^�k9k�b � tX\ r _ z ` � _�\9�L\ r ^�\ {&z��&��� ts�
k�b�_�x�\
{ k9k ��r ^�\ { _�b �&� _�tn^�\ r�� _�xy\ r \ß��\�_�\�b:` z h � _ z k�h rD� bV\+k����.��h�� � `�\�hy_ �&�nz `�^�k�b:_ � h { \�_Vk r _�\ ����� b
��r _�b'k�^�xyt r�z�{|r i

°�xy\sb2\ { \�hy_ �&{&{ ��b � _�\Z^ � b �&����� Ëu`�\ ��r ��b2\�`�\�hy_ r�� �.bFk�`ò_�x�\s¯ z ^�^ � b { k r ` z�r�r�z k�h �
� bV\�aB\9g z hyh z h>g6_VkD^�\�b:` z _n_�xy\�� z bV\ { _ { k�h � \�b r�z k�h�k���_�x�\�`�\ ��r ��bV\9� � h>g�� �.� bä� z.� `�\�_�\�b@_Vk
��z hy\ � b r _�\ �<��� bDb � � z�z i>°�xy\ � a r k � ��_�\ � ��` z h>k r�z _�tÎk���_�x�\ r _ � b {|� huaB\�\ r _ z ` � _�\9���­bFk�`ç_�x�\
�Bh>k�� � \���g�\ßk��0_�xy\"a0k � k�`�\�_�b z�{ ����Ë � h>�ß_�x�\X� z�r _ � h { \ � h��L_�xy� r \�h � a � \ r _�x�\ r _ � b@_�k5aB\
^ � k�_�_�\�� ��r�� hL\�`�^ z b z�{|�&� ^�k z h�_ z hs_�xy\
_�xy\9k�bV\�_ z<{|�&� ¯ f � z�� g�b � `�i � �y_�xy\D` ��r�r k���_�x�\ r _ � b
z�r��&��r kä�Bh>k��sh � _�xy\ r \�^ � b � `u\�_�\�b r|{|� h+^�k r \�_ z g�x�_�\�b { k�h r _�b �&z hy_ r k�h r _�\ �<��� b�\ � k � ��_ z k�h � b:t
`=k���\ ��r i

����h � b�k {'{ � � _ � _ z k�hLx ��r k����.\�b2\��+g�b2\ � _£^�k�_�\�hy_ z��&��z hw��\�_�\ { _ z h>g � h�� r _�����t z h�gD`�� � Å
_ z ^ � \ r t r _�\�` r ié°0x z�r x ��r b2\�^�b2\ r \�hy_�\���k�h�\Xk��0_�xy\"` �&z h � ^�^ �<z�{|� _ z k�h r k�� � ��h � b
k {'{ � � _ � Å
_ z k�h e Ê �0� h r v ³ \��n\ � c&dnÉ&d���Ê �0� h r \�_ �&� i�c&d�o�¸�� f z�{ x z�{ x z \�_ �&� iêc&d�dnÉ�� f z�{ x z�{ x z \�_ �&� i

c�½



c&d�dn½&a_� f z�{ x z�{ x z \�_ �&� iÍc&d�d�l � p.i qör�z h�g � \wk�a r \�b �0� _ z k�h�t z \ � � r k�h � t�_�xy\"^�bFk � \ { _�\�� r \�^ � Å
b � _ z k�hsaB\�_��s\�\�h�_�xy\ { k�`u^�k�hy\�hy_ r aB\ {|� � r \+k��y_�xy\+k�hy\�Å
� z `u\�h r�z k�h �&� h � _���bV\+k���_�x�\ r�{�� h
k�aB_ �&z hy\9��iÍ¶+a r \�b �0� _ z k�h r
� _0_���ks� z ���­\�bV\�hy_�^�k r�z _ z k�h � h>g � \ r@{�� hÎg z<� \+_�xy\+_�b:��\ r \�^ � b � Å
_ z k�h�i q ^ � b:_��.bFk�` ��\�_�\�b:` z h z h�gL_�xy\Xk�b:a z _ �&� ^ � b � `�\�_�\�b r�� _�xy\"h � _���b2\wk�� � ��h � b�k {'{ � � _ � Å
_ z k�h rDz�r5r � z _�\9�J�
k�bDhy\��Õ� z�r�{ k � \�b z \ r �sx z<{ x {�� h�aB\L�
k ��� k��s\9�ê��^¼ant�k�_�xy\�b6`�\�_�x>k�� r i
Ô�� � _ z ^ ��z�{&z _�t � _�\ � b � t r _ � g�\ r k�� r _ � bÍ�
k�b:` � _ z k�h z h�_�xy\"° � ��b:� r�� h��Z¶+^�x z � { xy� r>{'� k���� r
x ��r an\�\�h5\�Ë£_�\�h r�z�� \ � t r ��b � \�tB\��6aBt � ��h � b�k {'{ � � _ � _ z k�h �yr ^�\ { � � \ z hy_�\�b:�.\�bFk�`u\�_�b:t � h>�L� z Å
bV\ { _ z ` � g z h�g e f z<{ x z<{ x z \�_ �&� iyc&d�d�l�a_� � h>��[ z `�k�hs\�_ �&� i�c&d�d�¸np.i�°�xy\ ��z ` z _ z h�g r \�^ � b � _ z k�h
z�r � ¸X` ��r �sx z<{ x z.r h>k��ç\ ��r�z�� t �&{ x z \ �0� a � \XaBt z hy_�\�b:�­\�bFk�`�\�_�b z�{ _�\ { xyh z�± ��\ r iQ����h � b
k {'{ � � _ � _ z k�h r _ z��<� k����.\�b r ��h�b z��0�&� \9� {|� ^ � a z<��z _ z \ r k�� ��z ` z _ z h�gL` � g�h z _�����\ r
� h�����tBh � ` z�{
b � h>g�\ eA� � � c�i ¸np.i|¶+h � ts_�xy\
j � ¶ � ^�b'k�` z.r \ r _�k�gBk���k��shZ_�k r � { xsbV\ r k � ��_ z k�h r e q b:`�Å
r _�b'k�h>g5\�_ �&� i�c&d�d�onp.i�°�xy\
\�Ë]^�\ { _�\9�Lb2\ r k � ��_ z k�h z�r � ½&¸Xô ��r �
k�b � � � m � h>� � µnm�m�ô ��r
�
k�b � � � ��Å.l
` � gni

°�x � _ �&�<�]{ k�k � g z�� h�_ r k�� r ^�\ { _�b �&� _�tB^�\�Ô m
k�b ��� _�\�b�x �&� \ {'z b { ��` r _�\ ���.� bGg ��r�r x�\ ���.r
� ��räÜ b r _ r _ � _�\��JaBt } \���_ r�{ x e c&dn½�m�p­i5Ä z b { ��` r _�\ ���.� b+\�h � \ � k�^�\ r+� _ � h>g�� ��� b r�{|�&� \ r k��
�.\�� � b { ` z h���_�\ r x �&� \GaB\�\�h��s\ ���yr _���� z \9���­bFk�`ðÄ�¶ë` z<����z `�\�_�\�bQk�a r \�b �0� _ z k�h r e [ � bFg�\�hy_
vÈ»�\ { �B� z _�x�c&d�onÉ�p � h>� � f q [�� � _ � e�� k���h>g5\�_ �&� i@c&d�d��np.i�c�m�ô]` k�a r \�b ��� _ z k�h r x �&� \"bV\�Å
� \ �&� \��Z_�xy\"^�bV\ r \�h { \X��� r _ { k�`�^�k�h�\�hy_ z h�_�xy\ r x�\ ���.r i~¯Jk��s\ � \�b � _�xy\X� z b2\ { _���\�_�\ { _ z k�h r
k��Í_�x�\ r \ r x�\ �<��r+� b2\ �<z ` z _�\���i }s� h { x z \�_ �&� i e c&d�d�lnp�x �&� \ r _���� z \9�J_�x�\�� z�r _�b z aB��_ z k�hèk��
��� r _ � b'k���h>� �Lr¤� `u^ � \�k��@�s\ ��� �nh�k��sh ��� _�\�Å._�tB^�\ r _ � b r �.b'k�`Â_�xy\�c'c�ô�` r ^ � _ z��&��z hy_�\�b2Å
�.\�bFk�`u\�_�b z�{ k�a r \�b �0� _ z k�h r iQ°�xy\�t {'����r�r�z �.tê_�xy\ r \ r _ � b räz h�_�kß_���k {|� _�\�gBk�b z \ r iQ¶+h�\X� z _�x
_�xy\ z h�hy\�bGb � � z<z k��@_�xy\���� r _ r x�\ ����� \�b:t {'� k r \L_�k�_�xy\�^�x>k�_�k r ^�xy\�bV\ e ��
L¸ f�� p � h�� � _ �
x z g�xy\�bÍ_�\�`�^�\�b � _���b2\ e�� c&µnm�m��+p.i f�� { k�b:bV\ r ^�k�h�� r _Vksk�h�\ r _�\ ����� bDb � � z � r i � hu_�x z�r>{'����r�r
_�xy\ ��r tn`u`�\�_�b z<{ � z.r _�b z aB��_ z k�hêk��B� � b:`×��� r _ � _ � �.\�� r _�\ �<��� b�b � � z<z k��n_�xy\�aBb z g�x�_ {|� b:a0k�h
r _ � b�°$& � r�{ � ��r ��\�_�\ { _�\���aBt � ��h � b�k {'{ � � _ � _ z k�h e f z<{ x z<{ x z \�_ �&� iBc&d�d�¸np.i�°�xy\�k�_�x�\�b {'����r�r
z�r k��C��� r _ r x�\ �<��r � z _�x �.� bFg�\ z hyh�\�b�b � � z�z eF  o f�� p.i � h � bV\ { \�h�_0��k�b:�s_�x�\w��\�_�\ { _ z k�hìk��
��r xy\ �<�ä� b'k���h>�wÔ c r ��^�\�bFg z�� h�_0°�¹ëÇ�\�` � ��r bV\�^�k�b:_�\9� e<f � g �.� h>�w\�_ �&� i"c&d�dnÉ&a�p­i@°�xy\
� ��h � bQk {&{ � � _ � _ z k�h ��z g�xy_ { ��b � \�b2\ � \ �&�.r _�xy\"^�b2\ r \�h { \ßk�� � h z hyh�\�b r xy\ ����� _ � µnm f � � h>�
� h=k���_�\�b r xy\ �<��� _ � ¸nm�m f�� z�r ��\���� { \��w� r�z h>g � f q [�^�x>k�_Vk�`u\�_�b z�{ � � _ � i�°�xy\"^�b2\ r \�h { \
k��C��� r _ z hê_�xy\ r \5_���k z.r k �.� _�\9� r xy\ �<��r"r ��gng�\ r _ rG� hu\�^ z.r k9� z<{ k�b r ^�k�b � � z�{ ` ��r�rÍ� k r¤räz h

c�É



°�¹OÇ�\�`=i � h �6� ��h � b�k {'{ � � _ � _ z k�h ��z g�xy_ { ��b � \+_�xy\ {&z b { ��` r _�\ ����� bD�.\ � _���b2\ r x>k�� r ��^ ��r
�+r `=k�k�_�x�`�k�h>k�_Vk�h z�{|�&�<� t �0� b:t z h�g"a �&{ �0g�bFk���h>� r ��^�\�b z `u^�k r \9��k�h�_�xy\"�.b z h>g�\
^ � _�_�\�b:h
k���_�xy\ { \�hy_�b �&�Cr _ � bViL����h � bXk {'{ � � _ � _ z k�hæx ��r gnk�k9� {|� ^ � a z���z _�tOk���\�Ë]^ � k�b z h�g�_�x z.r6Ü \ � �
aB\ {|� � r \wk���_�xy\5x z g�x � h�g�� ��� bDbV\ r k � ��_ z k�h�_�x � _ {|� h�aB\ �&{ x z \ � \��u_Vk r _�����t�_�xy\ {'z b { ��`uÅ
r _�\ ����� b"\�h � \ � k�^�\ r5� h>��� z.r � r ^�b2\ r \�h�_ � \�b:t {'� k r \s_VkZ_�x�\ r _�\ ���.� b"^�x>k�_Vk r ^�xy\�b2\�k�� � \�b:t
t0k���h>g � h�� { k9k �~r _�\ ���.� b r t r _�\�` r i

°�xy\ r _�����tOk��GÔ z b � _�tB^�\ r _ � b r�� b2\ z `u^�k�b:_ � h�_ ��r _�x�\�tã^ ��� t ��{ b:� {&z��&� b'k � \ z h
\�h�b z�{ x z h�g�_�xy\ z h�_�\�b r _�\ �<��� b"`�\9� z ��` � z _�xì��� r _ � h>� g ��r aB\ {|� � r \�k��Í_�x�\ z b6x z g�x�` ��r¤r
� k r¤r b � _�\�iß��k {|� _�\�� � _Í_�x�\s_ z ^·k���_�x�\ qwr tB`�^�_Vk�_ z<{ Ç z.� hy_�»�b � h { x e q Ç"»�p � _�x�\ r \ ��� b'g�\
� `�^ �<z _�����\ �0� b z�� a � \ r xy\ � ^ z h�k���bÍ��h>��\�b r _ � h>� z h>gsk�� r _�b'k�h>gQ` ��r�r�� k r�r�� _�x�\"�
k�b:` � _ z k�h
k���^ �.� hy\�_ � b:t�hy\�aB� ��� \ � h���_�xy\ r _�b:� { _���bV\+k���_�x�\
�sx z _�\ß��� � b:�y` ��r¤r �.��h { _ z k�h>i q h>k�_�x�\�b
z h�_�\�bV\ r _ z h�g � ^�^ ��z<{|� _ z k�h�k�� � ��h � bGk {'{ � � _ � _ z k�h z�r _�x � _ z _ {�� hsaB\G� r \�� ��r�� _Vk9k � _Vk z h � \ r Å
_ z g � _�\"_�xy\"^�� ��r�� _ z k�h �&� ^�bFk�^�\�b:_ z \ r k���Ô z b � _�tB^�\ �0� b z.� a � \ r ié°0x�\
`=k9��\Xk���^�� ��r�� _ z k�h�k��
_�x z�r g�bFk���^�k�� r _ � b r�z�r�r _ z��<�~� h���hyb2\ r k ��� \���^�bFk�a � \�`=i q h �&{'{ ��b � _�\���\�_�\�b:` z h � _ z k�h�k��B_�x�\
� h>g�� �.� b r�z ó�\ �&� k�h>gL� z _�x�_�xy\+^ � b �&�<��� Ë {�� h=g z�� \ � ^�b2\ {'z.r \ ��z hy\ � bDb � � z�z �:k�b�_�x�\ r \ r _ � b r
� h>�Zx�\ � ^ z h=��\�_�\�b:` z h z h�gL_�xy\"`=k���\wk���^�� �.r¤� _ z k�hê� r�z h>g��s\ �<� \ r _ � a ��z�r xy\9��_�xy\9k�bV\�_ z<{|�&�
� \�b z k9��Å.Ô ��r�r Å f � � z � r bV\ ��� _ z k�h r i

� h � h>� z.�&� _�xy\D_�\ { x�h z�± ��\ßk�� � ��h � bGk {'{ � � _ � _ z k�h�x ��r aB\�\�h�\�Ë£_�\�h r�z�� \ � tX� r \�� � _yb � Å
� z kä� �&� \ � \�h�g�_�x r iF°0x�\@¶wk�_�t f � � z kä°]\ � \ r�{ k�^�\ e ¶ f °�p �¤z h+_�xy\ r x � ^�\Qk�� �~��� bFg�\@^ � b � a0k ��z<{
{ t ��z h>��\�b � x ��r aB\�\�h=��\ r�z g�h�\��J_�kß_ � �B\ � � �0� hy_ � g�\�k���_�x z.r _�\ { xyh z�± ��\ � h��u^�bFk �nz ��\ � b {
r \ { k�h���b2\ r k � ��_ z k�h>iD»�\ z h�g�k�^�\�b � _�\9� � _���µnÉ"Ô¼¯Xó � _�x z�r x ��r xy\ � ^�\��ã��\�b z<� \�^�k r�z _ z k�h �&�
� h>� r _�b:� { _���b �&�Gz hy�
k�b:` � _ z k�hÞk�� � c�m�m�m�b � � z k r k���b { \ r e [ z h>g �&� c&d�onÉ � h��æbV\��.\�b2\�h { \ r
_�xy\�b2\ z h>p.i¼°�xy\ r \�` �&z h � t z h {'� ����\ r k���b { \ r"z h q aB\ ����{&� � r _�\�b rs� h>�¼��Äðb � � z k r k���b { \ r i
����h � b�k {'{ � � _ � _ z k�h rDz h�_�xy\ �Bz�r�z a � \sx �&� \�an\�\�h � _�_�\�`�^�_�\��uaBt r�{'z \�h�_ z.r _ r+� _@_�xy\ � h�� z�� h
� h r _ z _���_�\�k�� qsr _�bFk�^�xyt r�z<{|r�� » � h>g �&� k�bV\ � h�� �&��r k�aBt�� r x�\�bV\ � _0_�xy\ � x�t r�z<{|�&� f \ r \ � b { x
� � a0k�b � _Vk�b:t e � f ��p e Ä�x � h>��b ��r \��Bx � b�\�_ �&� i�c&d�d�µnp.i�¯Jk��Z\ � \�b � k�a r \�b �0� _ z k�h r�z h�_�xy\"hy\ � b
z h��.b � bV\9�Zx ��r aB\�\�hu^ z k�h�\�\�bV\��waBts_�xy\ � f �ìg�bFk���^ e qsr x�k���\�_ �&� i
c&d�d�l�� f � g �.� h>�ãc&d�dn½��
f � g ��� h>��\�_ �&� iBc&d�dnÉ � væa0p.i

°�xy\Xc6` {'����r�r _�\ � \ r�{ k�^�\ r
�&�0�&z���� a � \ z hu_�x�\ { k���hy_�b:t r ��� Ü�{ \"�
k�bQgBk9k�� r�{'z \�h�_ z<Ü�{

c&o



��k�b:� � h��5x �&� \�_�xy\�^�k�_�\�h�_ z.�&� _Vk � ����b2\ r�r _�xy\�^�b'k�a � \�` r `u\�hy_ z k�hy\�� � a�k � \9i�°�xy\�µni µ�ô�`
� h>���ni �n½�ô�` � z h>��k�� r�� bV\�aB\ r _ r � z _�\��¼�
k�b r _�����tèk�� �.� _�\�_�tB^�\ r _ � b r iu°�xy\êk�a r \�b ��� Å
_ z k�h r bV\ ��� _�\��u_VkL_�x z.r _�x�\ r�z�r ��k�b:�ux �&� \�aB\�\�hÎ��k�hy\ z hã_�x�\ r \X_���k z h��.b � bV\9��� z h>��k�� r��
` �&z h � t � _�µni µ�ô�`�i � hs_�x z�r _�xy\ r�z.r�� �s\Dx �&� \ { k�h { \�hy_�b � _�\9��k�h���\�b z<�nz h>g5b2\ �<z�� a � \ � h�g�� ��� b
� z�� `u\�_�\�b �0�&� ��\ r �
k�b �+r�� `�^ � \sk���Ô g z�� h�_ rD� h>�u��\�_�\�b:` z h z h>g�_�xy\ z b�\����.\ { _ z<� \"_�\�`u^�\�bVÅ
� _���bV\ rÍ�&{'{ ��b � _�\ � t|iB°�x>k���g�xZ�s\ß��kQh>k�_�x �&� \ ��r _ � _ z.r _ z�{|�&�<� t ��� bFg�\ r�� `�^ � \"_�k���\�b z�� \ � h
z h���\�^�\�h>��\�h�_�_�\�`�^�\�b � _���b2\ {|�&��z anb � _ z k�h � �Z\+x �&� \ r \ � \�b �&� h�\�� � h>g�� ��� b r�z ó�\s��\�_�\�b:` z Å
h � _ z k�h r
� h��L_�xy\+b2\ r � � _ r k�an_ �&z h�\��Z� z<����r \�b � \ ��r aB\�h { x�` � b:� r �
k�b��.��_���bV\"��k�b:� z h�_�x z.r
Ü \ � ��i q h>k�_�x�\�b z `�^�k�b:_ � h�_ ��r ^�\ { _~k��B_�x z�r _�xy\ r�z�réz.r _Vkä`�\ ��r ��b2\�_�x�\ � h>g�� ��� b�� z�� `u\�_�\�b�k��
_�xy\+Ô z b �D�0� b z.� a � \ f ��\�k�h z�r6� _��ni �n½�ô�` � h>�Zµni µwô]` � h>� r _�����t�_�xy\5^�x ��r \ � h>�Z� �&� \�Å
� \�h>g�_�x���\�^�\�h>��\�h�_ �0� b z�� _ z k�h�k���_�x z�rÍr k���b { \ � h>��_Vk���\�b z�� \
_�xy\6`=k9��\+k���^�� ��r�� _ z k�h�i

qO�Bz gBk�b'k�� r�� _�_�\�`�^�_Bx ��r aB\�\�h�` � ��\D_�k5k�a r \�b � \ �&���~r � z _ � a � \+k {'{ � � _ � _ z k�h�\ � \�hy_ réz hL_�x�\
aBbFk � ��âÝa � h�������b z h>gZ_�xy\�^�\�b z k9��k���_�x z.r _�x�\ r�z�r ��k�b:�0iä°0x�\�_�\ � \ r�{ k�^�\X_ z `u\�an\ z h�g �
��z ` z _ z h>g5� �&{ _�k�b � _�xy\ r�� `�^ � \ r \ � \ { _ z k�hs� ��r ^�b z ` � b z�� tXa ��r \���k�hL_�x�\
�
k �<� k�� z h>g { b z _�\�b z���²

� � h�� z��Bz ��� �&��r k���b { \5x z�r _Vk�b:t�� z _�x r ^�\ {'z.�&� �
k { � r k�huÔ _�tB^�\Xg z.� hy_ r
� h>�êk�_�x�\�b z h�Å
_�\�bV\ r _ z h�g r k���b { \ r i

� Ç"\�k�`u\�_�b:t�k��>k {'{ � � _ � _ z k�h � h>���.\ ��r�z a z���z _�t�k���_�xy\D\ � \�h�_�i
� Ê � \�h�_y_ z `�\ �nr k ��� b@\ � k�h>g � _ z k�h��
k�b�_�� z��<z g�xy_�\ � \�hy_ r i
� � x ��r \+k��y_�xy\
`�k9k�h�i
� q+� _ z _�����\Xk���_�x�\ r k���b { \ � a0k � \Gx�k�b z ónk�h � _yÇ"��b:� r x z �Bx � b�i
q+�<� _�xy\ r k���b { \ rÍz hÎk���b r¤� `u^ � \L�s\�b2\ { x�k r \�hê�.bFk�`Â_�xy\�°9��k�Ô z�{ b'k�hã[]�Bt�[]��b2Å

� \�t � h>�ßxy\�h { \ � bV\
aBb z g�x�_�\�b@_�x � hs�¢¡A£�` � g�h z _�����\ z h=â \�Ë { \�^�_>k�hy\"[ q ¶ r k���b { \9i�°�x z�r
\�h r ��b2\ r@� gBk9k9��[y÷�jÞb � _ z k�k���_�x�\ �<z g�xy_ { ��b � \ r i 	 \Gx �&� \ � _�_�\�`�^�_�\���k � \�bCc�m�m6k {'{ � � _ � Å
_ z k�hu\ � \�h�_ r�� h��Lx �&� \ r � {'{ \ r�r �.� ��� t¼k�a r \�b � \9�Ll�µwk���_�x�\�`=ié¶5��_�k��0_�xy\ r \Xk�h � tsµnÉ ��z g�x�_

c&d



{ ��b � \ r � z _�xJgBk9k��5[é÷�jþb � _ z kC�s\�b2\ { x>k r \�hL�
k�b���\�_ �&z�� \�� � h �&� t r�z.r i�°�xy\ { k�`u^ � \�_�\ ��z.r _�k��
_�xy\ r k���b { \ r@r � {&{ \ r�r �­� ��� t�k�a r \�b � \�� � bV\+g z�� \�h z hZ° � a � \�c�i � � _y_�xy\D\�h���k��y_�x z.r�{ x � ^�_�\�bVi

°�xy\Xk�a r \�b �0� _ z k�h r `u\�hy_ z k�hy\�� z h�_�x z.r _�xy\ r�z.r �s\�bV\
_ � �B\�h � _�_�xy\"Ä ��r¤r \�g�b �&z h��
k�Å
{ � r k���_�xy\sc�i µ�` � f _�\ � \ r�{ k�^�\ � _�Ç"��b:� r x z �Bx � b � � h�� z�� e É&µ 7 ln½ ù l�¸ni ù ù d�Ê � µ�l 7 ��d ù c�m�i ù ù d
j��nc�½&onm�`�p£� z _�xZ_�x�\G^�x�k�_�k�`�\�_�b z�{+r t r _�\�`Â��\ r�{ b z aB\�� z hsÄ�x � ^�_�\�b�µni�Ê�Ë { \�^�_y�:k�b f ��\�k �
�sx z�{ x�� ��r k�a r \�b � \9� z hX_�xy\Dh � b:b'k��ºa � h>�QÄ z b { � ��� b � t�¹ � b z.� a � \ ³nz<� _�\�b e Ä�¹ ³ p � _9�ni �n½�ô�`
eA� ]¥¤ m�i®m&¸�ô]`=p ���&�<� k�_�xy\�b�k�a r \�b ��� _ z k�h r �s\�b2\�_ � �B\�h z h�_�xy\ r _ � h>� � b'�uaBbFk � ��a � h��Îâ
Ü�� _�\�b e ] . T 1 T ô ��¦ � ] .K/21 � ô ��p.i

Ä�k�`u^ � bV\��w_Vk�� z.r¤� ^�^�\ � b � h { \ r�� bV\ � ^�^�\ � b � h { \�\ � \�hy_ r
� b2\w� z � Ü�{ � � _�_Vk�k�a r \�b � \
r�z h { \
_�x�\ r k���b { \ z�r aB\�x z h>��_�xy\
`�k9k�hsaB\��
k�bV\ z _�bV\ � ^�^�\ � b r i�¯L\�b2\ � k�h�\
x ��r _�k���k�k���� r \�_
g�� z � z h>gsk�� � h�\ � b:aBt e � z _�x z h�¸X��\�g�b2\�\ r p r _ � b��Zx z�{ x z _ r \ � � z�r h>k�_�k {&{ � � _�\���i qº�Bz�r � �&��� t
aBb z g�xy_ e�� ¸�Å
½&_�x�` � gBp r _ � b z.r ^�bV\��­\�b:bV\9� � h>�5_�xy\�g�� z � z h>g z�r ��k�h�\GaBt"^ ���&{&z h>g6_�x z.r b2\��.\�bVÅ
\�h { \ r _ � b � _B_�x�\ { \�hy_�bV\+k��B_�xy\ { b'k r�r � z bV\+k��B_�xy\D\�tB\�^ z \ { \9i � hX_�xy\ � a r \�h { \�k�� �Í�Bz�r � �&��� t
aBb z g�xy_ r _ � b�hy\ � b:aBt � �s\ { x>k9k r \ � bV\��­\�bV\�h { \ r _ � b�aBb z g�xy_ z hæâ � z _�x �+r _�b'k�h>g r�z g�h �&� i q
�Bz�r � �&��� t�aBb z g�xy_ r _ � bÍx ��rD� � z�r _ z h { _ � � �0� hy_ � g�\+�sx z�� \sk�a r \�b �Bz h>g z h � \ r�r _�x � h=k�^�_ z ` �&�
r �nt { k�h>� z _ z k�h r�� h�� z h�_�x�\ �Bz�{'z h z _�t�k��B_�xy\�aBb z g�xy_ � ��h � b �<z `ua�i � h r � { x ��r�z _�� � _ z k�hêg�� z ��Å
z h�g6_�x�\ r _ � b0aBt r�z g�h �&� ` � Ë z ` z ó � _ z k�hsaB\ { k�`�\ r � z � Ü�{ � � _>����\D_�k6_�xy\g��� { _�� � _ z k�h r�z hL_�x�\
r�z g�h �&�9� \ � \ ��z _ r \ � �
i

°�xy\ßk�a r \�b �Bz h�g"^�b'k { \9����bV\ z h {'� ����\ r _ � � z h>g5_�xy\ { k9k�b'� z h � _�\X� z ���.\�b2\�h { \ �y��r�r \�\�h
k�hê_�xy\�_�\ � \ r�{ k�^�\ { k�h r k � \ � �
k�bD_�xy\�^�bFk�g�b � ` r _ � b � h>�w_�x�\�g�� z ��\ r _ � bG�s\ ��� aB\��:k�bV\5_�x�\
\ � \�hy_Vi@¶5h r \ � \�b �&� k {&{|��r�z k�h r �s\+_ � �B\+_�x z�r � z ���.\�b2\�h { \�_�xy\�^�b2\ �Bz k�� r � � t � _0_�xy\ r¤� `u\
�&� _ z _�����\Îk���_�xy\�\ � \�hy_Viu°0x z�r _ � �B\ r6{|� b2\�k��D_�x�\¼� z ���­\�bV\�hy_ z��&� ��\�Ë£��bV\�k���_�xy\�_�\ � \ r�{ k�^�\
r _�b:� { _���bV\9ié°0x z�r an\ { k�`u\ r�{ b:� {'z.�&�yz �0_�xy\5\ � \�h�_�_ � �B\ r ^ ���&{ \ � _ � k��s\�b �&� _ z _�����\ r
� h��Z_�x�\
bV\��.\�b2\�h { \ r _ � b z.r0r���z g�x�_ � t+�.��b:_�xy\�b � � � t�i q h+x>k���byaB\��
k�bV\@_�x�\�\ � \�hy_�_�xy\ { k�h r k � \�bV\ � � z h>g
k���_�x�\+b2\��.\�bV\�h { \ r _ � b z.r _ � �B\�h � h>�L_�x z.rÍz�r bV\�^�\ � _�\�� � _�b2\�g�� ��� b z hy_�\�b �0�&�.r e�� c�mD` z h r p.i
°�xy\��.b2\ ± ��\�h { tXk��yb2\ � � z h�g r�z�r~z h { bV\ ��r \�� z hL_�x�\ ����r _yµnm>` z h���_�\ r an\��
k�b2\�_�x�\�\ � \�h�_�i�°�x z�r
xy\ � ^ r _�kZg z<� \ { k�b:b2\ { _ z k�h r _Vk �&{'{ k���hy_��
k�b�^�bFk�a � \�` r b2\ ��� _�\��Z_Vk5_�xy\5_�\ � \ r�{ k�^�\���b z �._Vi q
�.\�� ` z hy��_�\ r e�� ¸npéaB\��:k�bV\5_�x�\�_ z `�\�k���bV\ � ^�^�\ � b � h { \ � _�x�\�� z ���.\�b2\�h { \ z�r g z�� \�hê_�kß_�x�\
_�\ � \ r�{ k�^�\�_�k�^�k z h�_�_�k�_�x�\�^�bFk9g�b � ` r _ � bVi@°�xy\"a z���r>� \ � \ ��z�r
� � � � r _�\��Z_Vk �&� k z � r t r _�\�`

µnm



r�� _���b � _ z k�h � h�� z.r ^ ���&{ \9� � _ ��{ k�h � \�h z \�hy_�^�k r�z _ z k�h�_Vk �&{&{ k���hy_��:k�b�_�xy\
h�\�g � _ z<� \ r�� k�^�\
k��@_�xy\�a �&{ �0g�bFk���h�� � \ � \ �<� ����\�_VkL_�xy\�b2\ { \9� z h>g � ��h � b ��z `�a ����r"r \�\�hêaBt�_�x�\J��\�_�\ { _�k�b�i
°�x z�r"r�z `u^ � \L^�bFk { \9����bV\�x ��r aB\�\�h��:k ��� k��s\�� � h>�ub2\ � ^�^�\ � b � h { \ rD� bV\�aB\ z h>gßbFk���_ z h�\ � t
k�a r \�b � \��5� z _�x � x z g�x r � {&{ \ r�r b � _�\�i

°�x z�r _�x�\ r�z�rD{ k�h r�z�r _ r k�� r�z Ë { x � ^�_�\�b r i6°�xy\5^�bV\ r \�h�_ { x � ^�_�\�bDaBb z \���t�b2\ �Bz \�� r _�x�\ Ü \ � �
k���¯ q f � h�� z hy_�bFk9��� { \ r _�xy\"_�\ { x�h z.± ��\Xk�� � ��h � b
k {'{ � � _ � _ z k�h�i qwr�� ^ � b:_>k���_�x z�r _�xy\ r�z.r
��k�b:� �9� h � h>g�� ��� b { x>k�^�^�\�b�x ��r aB\�\�h���\ r�z g�hy\9� � h>����\ � \ � k�^�\9���:k�b �&{&{ ��b � _�\D^�x>k�_�k�`uÅ
\�_�b:t|i q aBb z \�����\ r�{ b z ^�_ z k�hÞk��D_�x�\ z h r _�b:��`u\�hy_�� r \�� � h��¼_�x�\=��\�_ �&z<��r k��6_�x�\ � h�g�� ��� b
{ x�k�^�^�\�b � b2\�� z�r�{ � r¤r \�� z hãÄ�x � ^�_�\�b�µniä°0x z�rÍ{ x � ^�_�\�b �&��r k z h {'� ����\ r _�xy\���\�_ �&z��.r k��@_�x�\
� � _ �
� h �&� t r�z�r ^�bFk { \�����bV\ � h�� � hL\�Ë£x � � r _ z<� \+� z�r�{ � r�r�z k�h�k��B_�x�\ �.� a0k�b � _�k�b:t {|�&�<z aBb � _ z k�h
k���_�xy\s��\�_�\ { _Vk�b r t r _�\�`Â� r \���i � x ��r \�Å
��\�^�\�h���\�hy_ � h>�Z� �&� \ � \�h>g�_�x�Å
��\�^�\�h>��\�hy_ ��� b z.� Å
_ z k�h r k���_�x�\ � h�g�� ��� b r�z ó�\ � h>�Z_�xy\5`=k9��\sk��0^�� �.r¤� _ z k�hÎk��0_�xy\5Ô z b �6�0� b z.� a � \ f ��\9k�h z.r
� bV\Í^�bV\ r \�hy_�\�� z h�Ä�x � ^�_�\�b��ni�°�x z�rn{ x � ^�_�\�b �&�.r k z h {'� ����\ r bV\ r � � _ r k�h�_�x�\�aBb z g�x�_ z hy�.b � b2\��
r k���b { \ � h>� r � r ^�\ { _�\��wÔ z b �6�0� b z�� a � \ � f Ä�Å­µnm&¸n½&�ni�°0x�\�`u\ ��r ��bV\9� � h>g�� ��� b
� z�� `�\�_�\�b r
� h>��_�x�\���\�b z�� \9�ê\����­\ { _ z�� \�_�\�`�^�\�b � _���b2\ r k�� �Lr¤� `u^ � \�k��Gc&¸sÔ g z.� hy_ r"� bV\�� z�r�{ � r�r \9�
z huÄ�x � ^�_�\�bÍlni�Ä�x � ^�_�\�bÍ¸ { k�`�^�b z�r \ r bV\ r � � _ r k�h r k���b { \ r k��äk�_�xy\�b r ^�\ { _�b �&� _�tB^�\ r i�°�xy\
r�z Ë£_�x � h�� ����r _ { x � ^�_�\�b�g z�� \ r
��r ��`u` � b:t�k���_�xy\���k�b:����k�h�\ � h>��k���_ �<z hy\ r _�x�\ r�{ k�^�\
�
k�b��.��_���b2\Gb2\ r \ � b { x z hs_�x z�r~Ü \ � ��i
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° � a � \ßc�i � ²�} \�_ �&z���r k��y_�xy\6l�µ r � {&{ \ r�r �­� � \ � \�h�_ r i

[£b�i�j�k9i [yk���b { \ }s� _�\ Ê � \�h�_�_�tB^�\ b â § � x ��r \
c�i [ q ¶ºd�l���l�¸ c&d�d�¸
í � h�c&� } ½�i ¸nm É�iÃm�m c&µni µ�l
µni � f Ä�Å.µnm&�nÉ&d c&d�d�¸ ³ \�a�µ�l f c&µni®m�m µni µn½ µ�lni®c&¸
�ni � f Ä�Å
c�m&�nm�c c&d�d�¸
Ô � b�µnm f É�i µnm c�i ¸n½ c&oni µ�o
lni � f Ä�Å
c�m&�nm&¸ c&d�d�¸
Ô � b�µnm f É�i ¸nm µni �nÉ c&oni l�¸
¸ni � f Ä�Å.µnm&lnÉ�m c&d�d�¸
Ô � b�µ�l f Å µni �n½ µ�µni l�o
½�i � f Ä�Å.µnm&lnÉ&l c&d�d�¸
Ô � b�µ�l f É�i ¸nm µni l�l µ�µni ¸�µ
É�i � f Ä�ñ�µnm�c&µ�¸ c&d�d�¸ q ^�bCm�½ } oni®É�m µniÃÉ�É ½�i ¸��
oni � f Ä�Å.µnm&l�dnÉ c&d�d�¸
Ô � t�c�É f É�i µnm m�iÃÉ&µ c&oni®m&�
dni � f Ä�Å.µnm&¸nm&µ c&d�d�¸
Ô � t�c�É f É�i®c�m µni d�µ c&oni®m�É
c�m�i [ q ¶ c&¸�o�o��n½ c&d�d�¸
Ô � t�c�É } ¸ni � lni ��d c&µni ��µ
c'c�i � f Ä�Å.µnm&µnÉ�c c&d�d�¸6í.��hJc�m } µni dnm µni lnc c&µni ���
c&µni � f Ä�Å.µnm&µ�d�d c&d�d�¸
í.��h�c'c } dni®m&o µniÃc&� c&�ni ��o
c&�ni � f Ä�Å.µnm&l�¸�� c&d�d�¸
¶ { _yµ�o } Å µni ��o lni ��d
c&lni � f Ä�ñ�c�m�m&��µ c&d�d�¸ } \ { m&l } É�i ¸�o µniÃ½&l c'c�i d�l
c&¸ni � f Ä�ñ�c�m�m&��l c&d�d�¸ } \ { m&l } oni®É�c c�i µ�o c&µni®m&µ
c�½�i � f Ä�Å.µnm&l�µ�d c&d�dn½ ³ \�a�c&l f Å µni on½ µ�¸ni ¸
c�É�i � f Ä�ñ�µnm�m&dnm c&d�dn½ ³ \�a�µn½ } � c'c µniÃÉ&d É�i®É
c&oni � f Ä�ñ�µnm�c'c'c c&d�dn½ ³ \�a�µnÉ } oni lnm c�i ��¸ oni ¸�o
c&dni � f Ä�ñ�µnm�c'c&µ c&d�dn½ ³ \�a�µnÉ } lni®É�m Å
c�i®m&� oni®½&µ
µnm�i � f Ä�ñ�µnm�m�É�½ c&d�dn½ÍÔ � b�µ�l } �ni dnm c�i ¸nÉ ¸ni®c&d
µnc�i � f Ä�Å.µnm&¸n½&� c&d�dn½ q ^�bCc�m f c'c�iÃc�m m�iÃÉ&o µ�µni l��
µ�µni � f Ä�Å.µnm&l�l�l c&d�dn½ÍÔ � t�m�½ f Å c�iÃ½&d c&oni dn½
µ��ni � f Ä�ñ�c�m�c&d�l c&d�dn½ÍÔ � t�µ�� } ½�i onm c�i onÉ ½�i®c�m
µ�lni � f Ä�Å.µnm&¸n½&� c&d�dn½Íj�k � c&¸ } c'c�iÃc�m m�iÃÉ&o lni l�l
µ�¸ni � f Ä�Å
c�m&¸�onm c&d�dn½Íj�k � c&o } oni ¸�µ m�i lnÉ É�i ¸
µn½�i � f Ä�ñ�µnm�c�½�½ c&d�dn½ } \ { µ�¸ f ¸ni d�l m�iÃÉ&d c&¸ni®m&l
µnÉ�i � f Ä�ñ�µnm�c&dnc c&d�dn½ } \ { µn½ f ½�i®m�m µni dnm c�½�i®c�É
µ�oni � f Ä�ñ�c�m�m&��o c&d�dnÉÍí � h�c�É } dni®m�m µni �nÉ É�i �n½
µ�dni � f Ä�Å.µnm&��µ�¸ c&d�dnÉ ³ \�a�m&µ f ¸ni®m�m µni ��¸ µ�lni®É�É
�nm�i � f Ä�Å.µnm&��o�µ c&d�dnÉ ³ \�a�m&l f oni®½�m µniÃm&¸ µ�¸ni onÉ
�nc�i � f Ä�ñ�µnm�m�½�É c&d�dnÉ ³ \�a�c&l } dni®c�m µniÃÉ&¸ É�i®m&o
��µni � f Ä�ñ�µnm�c&dnc c&d�dnÉÍÔ � bCc&o } ½�i®m�m µni dnm dni®½&µ
���ni � f Ä�ñ�c�m&µnm�½ c&d�dnÉÍÔ � b�µnm } ¸ni®c�m µniÃ½&l c'c�i ¸�¸
��lni � f Ä�ñ�c�m&µ���µ c&d�dnÉÍÔ � t�c&¸ } ¸ni µnm µni dnm É�i®É�É
��¸ni � f Ä�Å.µnm&�n½&µ c&d�dnÉÍÔ � t�µ�� f Å µni o�� c�É�i®m&o
�n½�i � f Ä�Å.µnm&¸�¸nÉ c&d�dnÉÍÔ � t�µ�¸ f Å µniÃÉ�m c&oni d�¸
�nÉ�i � f Ä�Å
c�m&�nm�m c&d�dnÉ�í.��hJc�½ } lni �nm c�iÃm�c c'c�i �n½
��oni � f Ä�Å.µnm&�nm�c c&d�dnÉ�í.��hJc&o } ½�i onm c�iÃ½&¸ c&�ni ��l
��dni � f Ä�ñ�c�m&µnc&¸ c&d�dnÉ } \ { c&d f lni lnm�
ßc'c�i �nm Å­µni®½�

Å.µni � c&oni o�¸
lnm�i � f Ä�Å
c�m&�nm&o c&d�d�o
í � hLµ�µ f É�i®c�m m�iÃc&¸ µ��ni �
lnc�i � f Ä�Å
c�m&�nm&o c&d�d�o q ^�bCc&� f É�i®c�m m�iÃc&¸ c�½�i d
l�µni � f Ä�Å.µnm&�n½&µ c&d�d�o q ^�bCc�½ f Å µni o�� c&dni d�¸¨�©~ªB«Q¬F­®ªB­S¯A­w¯A­S°@­S¯V¬ ±@²�³_«�´�¬$«Q°@±@­S¯�µB­S¶[·W²�²�µ¹¸
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°�x z�r6{ x � ^�_�\�bwg z<� \ rX� _�\ { xyh z�{|�&� k � \�b �Bz \�� k��D_�x�\ z h r _�b:��`�\�h�_�� r \9�¼�
k�bsk�a r \�b ��� _ z k�h
� z _�xs_�xy\D\�`u^�x ��r�z�r k�hX_�xy\ { x>k�^�^�\�bC��\ r�z g�h�\�� � _�x�\���\�_ �&z<��r k���_�x�\ß� � _ �6� h �&� t r�z�r ^�b'k { \�Å
����bV\ � h>�5_�xy\
\�Ë]^�\�b z `u\�hy_ r ^�\�b:�
k�b:`�\���_�k {|�&�<z aBb � _�\G_�xy\ r t r _�\�`�i

°�xy\+^�x�k�_Vk�`�\�_�\�bG� r \��u�:k�b�_�x�\���k�b:��^�bV\ r \�hy_�\��wxy\�bV\�x ��r aB\�\�hÎ��\ � \ � k�^�\��uaBt�_�xy\ � f
g�bFk���^Îk�� � f �ã^�b z k�bD_Vk�_�x z.r _�x�\ r�z�r ��k�b:�0i q ��\�_ �&z�� \9� ��\ r�{ b z ^�_ z k�hìk���_�xy\ r t r _�\�` {�� h
aB\
�
k���h�� z h qwr x>k��X\�_ �&� i e c&d�d�lnp � h�� f � g ��� h�� e c&d�dn½�p.i�°0x z�r�z h r _�b:��`�\�hy_�x ��r an\�\�hs\�Ë]Å
_�\�h r�z�� \ � t�� r \9���:k�b � ��h � bQk {'{ � � _ � _ z k�hìk�a r \�b �0� _ z k�h r�� ^�x>k�_Vk�`�\�_�b:t�k���\ {&��z ^ r�z h�gLa z h � b:t
r t r _�\�` r��0r _���� z \ r k�� {&����r�r�z<{|�&� h�k �0� \ � h��ZbV\ �.� _�\9��k�a � \ { _ r�� ^�x>k�_Vk�`�\�_�b:t�k�� { k�`�\�_ r \�_ { i
qwr"� ^ � b:_�k���_�x z.r _�xy\ r�z�r ��k�b:� �>� h � h>g�� �.� b { x>k�^�^�\�b
� ��r ��\ r�z g�hy\9� � h�����\ � \ � k�^�\9��i
°�x z�r b2\�^ ���&{ \���_�x�\ �<z h�\ � b@_�\�b:_ z.� b:t�` z b:bFk�b z hX_�xy\6\�Ë z�r _ z h>g { x�k�^�^�\�bVi q aBb z \��0��\ r�{ b z ^�_ z k�h
k���_�xy\�^�x�k�_Vk�`�\�_�\�b � h�����\�_ �&z<��r k��@_�x�\ � h�g�� �.� b { x>k�^�^�\�b r \�_���^ê� z��<� aB\s� z�r�{ � r¤r \�� z h
_�xy\
�
k ��� k�� z h�g r \ { _ z k�h r i

º�»@¼ »@¼ ½�¾ ��¿8ÀÂÁI|~�Q�gÃ ¾ �"�8�~ÄG�Q�8�Q�
°�xy\�k�^�_ z<{|�&�G� h>�J`�\ { x � h z�{|�&�@�.� t�k���_Qk��Í_�x�\s^�x>k�_Vk�`u\�_�\�b z�r5r x�k��sh z h ³Bz gBi�µni®c�iL°�xy\
` �&z hs^ � b:_ r k��y_�xy\
^�x�k�_�k�`�\�_�\�b � b2\
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A

M1

M2

M3

F L

D

C

E1

E2

TEFLON

TELESCOPE BEAM

PREAMP

LIQUID

NITROGEN

M1,M2,M3...........Mirrors

E1......................Field Eyepiece

E2......................Dewar Eyepiece

C........................Angular Chopper

A........................Aperture

F........................Filter

L........................Fabry Lens

D........................Detector
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c�iä°�xy\+��j �>{ k9k � \�� ��\�� � b��Zx z�{ xêx>k�� r \ r _�xy\ � hy[£a � f ��\�_�\ { _Vk�bViD°�x z�r�z�r
� _�_ �&{ xy\��
z h���\�^�\�h>��\�h�_ � t�_�kQ_�x�\+Ä ��r�r \9g�b �&z h�^ ��� _�\�iéÄ � bV\ z.r _ � �B\�h�_�kQ\ � \ { _�b z�{��&��� t z�r k ��� _�\ z _
�.b'k�`õ_�x�\+_�\ � \ r�{ k�^�\�a0k9��ts� r�z h>gß_�\���k�h r ��^�^�k�b:_ r i>°�x z�r>z�r ��k�h�\�_�k �&� k z ��¸nm6¯Ló
{ k�h�_ � ` z h � _ z k�h��.bFk�`´_�xy\D` �&z h r ^�k��Z\�b �<z hy\�����\
_�k6\ � b:_�x z h�g6^�bFk�a � \�` r i

µniä°�xy\+b2\ { _ � h>g�� �.� b
`�\�_ �&�<��z�{ a0k�ËZ�sx z<{ xêx ��r _�xy\ Ü \ � �J\�tB\�^ z \ { \ � h��u_�x�\ { x>k�^�^�\�b
`=k���hy_�\�� z h r�z ��\ z _�i�°�x z.r a0k�Ë z�r b z g z � � t { k���^ � \��ß_�k6_�xy\DÄ ��r�r \9g�b �&z hs^ ��� _�\�i

�niä°�xy\���\�� � b�\�tB\�^ z \ { \D�sx z�{ x z.r�� _�_ �&{ xy\���_Vk6_�x�\ ± � � b:_�ó6� z h���k�� k���_�xy\+��\�� � b�i

°9��k r�z ��\�Å � k�k�� z h>g5��\�� � b r h � `�\ � t"_�x�\�� ��r _n��\�� � b e } c�p � h��D_�xy\�Ä�¹ ³ ��\�� � b e } µnp&x �&� \
aB\�\�h�� r \��ß�
k�b �&��� _�xy\sk�a r \�b �0� _ z k�h r b2\�^�k�b:_�\�� z h�_�x z.r _�xy\ r�z.r ��k�b:�0i�°�xy\ � h�[]a���\�_�\ { _�k�b
e } p z�r"� _�_ �&{ x�\��J_Vk�_�xy\ { k � �Ja�k�_�_Vk�`Æ^ ��� _�\Jk��@_�xy\���\�� � bVi � _ z.r"r ��� Ü�{'z \�hy_ � têa � �Å��\��u_Vk
bV\9��� { \Da �&{ ��g�b'k���h>�5b � � z.� _ z k�hs� �&�<��z h>gLk�h z _�i|°0x�\ � ^�\�b:_���b2\��sxy\�\ � e q p � _�xy\ Ü�� _�\�b��sx�\�\ �
e ³ p � h>��_�x�\ ³0� aBb:t � \�h r e ³ p � bV\ �&��r kw`=k���h�_�\9�Ok�h�_�x z�r ^ ��� _�\�i�°0x�\sÄ�¹ ³ ��\�� � b"x ��r
� � z ���.\�bV\�hy_Ck�^�_ z�{��&�Cr \�_@��^�i � hã_�x z�r _�xy\�bV\ z�r"� �
k {��&� b � _ z k { x � h�g�\�b � �­_�\�bG_�xy\ � ^�\�b:_���bV\
�sx�\�\ � �sx z�{ x�k�^�\�b � _�\ r�z h�_�x�\+�
÷�c&�vÆÆ�
÷�µnmC`=k9��\ � h>�Z_�xy\ ³0� anb:t � \�h r@z.r b2\�^ ���&{ \��ZaBt
� h�k����­Å � Ë z.ré³�� aBb:t5` z b:b'k�bVi

°�xy\��:÷�c&��aB\ � ` �.bFk�` _�x�\�_�\ � \ r�{ k�^�\�� �&�<��r k�h5_�x�\ { x>k�^�^�\�b�` z b:bFk�b e Ô�µnp `�k���hy_�\��
� _�l�¸ 7 _�kQ_�xy\ { \�h�_�b �&�0� Ë z�r k���_�xy\"_�\ � \ r�{ k�^�\�i q �._�\�b � b z g�x�_ � h>g � \9�LbV\���\ { _ z k�h � _�Ô�µ5_�x�\
aB\ � ` z�r � z bV\ { _�\9� z hy_Vk�_�x�\���\�� � b�x�k�� r�z h>gBiD°�xy\ Ü \ � �u\�tB\�^ z \ { \5Ê�c z.r � r \9��_Vk { \�h�_�b2\
_�xy\ r k���b { \+� z _�xu_�x�\+x�\ � ^Îk��0_�xy\�� z ^ã` z b:b'k�b�ÔOc6�sx z<{ x {|� huaB\�^ �.�&{ \�� z hê_�x�\"^ � _�x�k��
_�xy\saB\ � `�i�°0x�\X` z b:bFk�b�Ô¼����\���\ { _ r _�xy\ ��z g�x�_ z h�_�kw_�xy\���\�� � b
\�tB\�^ z \ { \XÊ�µniZ°�x z.r�z.r
� r \��5_Vk Ü h�\G_���hy\D_�x�\�k�^�_ z�{|�&�~�&�<z g�hy`u\�h�_>k��B_�xy\ r t r _�\�`=i 	�z _�xL_�x�\G` z b:bFk�b r Ô c � h��5Ô��
bV\�`=k � \9�6�.bFk�`þ_�xy\Í^ � _�x � _�xy\Í��h>��\���\ { _�\��6aB\ � `ÝgBk�\ r _�xyb'k���g�x+_�xy\ � ^�\�b:_���bV\@�sx�\�\ �<� _�x�\
Ü�� _�\�bD�sx�\�\ ��� h���� �&����r k�hê_�xy\ ³0� aBb:t � \�h r ÷�` z b:bFk�b6�sx z<{ xê�
k { � r \ r6�&��� _�xy\ ��z g�x�_�� �&���<z h�g
k�hs_�xy\D�
k {��&� ^ ��� h�\ � ^�\�b:_���bV\���h z �
k�b:` � t�k�hs_�xy\+��\�_�\ { _Vk�bVi

»�k�_�xX_�xy\+��\�� � b r x>k�� r \D^�x>k�_Vk � k � _ �&z�{ � hy[£aw��\�_�\ { _�k�b r k��0m�i ¸�`�`Â� z�� `u\�_�\�b�� z _�x
�"r ^�\ { _�b �&� b � h>g�\+k��>c&Å.¸Cô]`=i£°�xy\ r ^�\ {'z�Ü�{|� _ z k�h r k���_�xy\
_���k5��\�� � b rÍ� bV\+g z<� \�h z hs° � a � \
µni®c�i>°0x�\ Ü�� _�\�b { x � b �&{ _�\�b z.r _ z�{�r k���_�xy\5_���k���\�� � b r�� bV\sg z<� \�h z hê° � a � \+µni µni } \�� � b } c
x ��r�� h � ��� z _ z k�h �&� k�^�_ z k�hJk��n_���k r � z _ { x � a � \G�.\�\���a �&{ �"bV\ r�z.r _Vk�b r e<f Û'p.i�Ê�Ë]^�\�b z `�\�hy_ �&��� t
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° � a � \Dµni®c ² Ê � \ { _�b z�{��&� Ä�x � b �&{ _�\�b z�r _ z�{|r k���_�x�\G_���k���\�� � b r i

Ä�k�`u^�k�hy\�hy_ r [£^�\ {'z<Ü�{|� _ z k�h r } \�� � bäc } \�� � b�µ
e ³�q [£°äp e Ä�¹ ³ p

c�i } \�_�\ { _Vk�b � `u^�\�� � h { \�xßÉ�É�� e<fcÇ p c�i µHq�rS/�ÈpÉ µÊq�rS/QÈpÉ
jLÊ � ¸ni®½uq�rS/�Ë~Ì;sPÍGÎ�Ï á�Ð lÊq�r�/6Ë~Ì;sPÍGÎ�Ï á�Ð

e lnm>¯Xó � �+p e µnmÍ¯Ló � �+p
µni � bV\ q `u^�i ³ \�\9��a �&{ ��bV\ r�z�r _Vk�b e<f Û'p c�i onÉuq�r�/�ÑpÉ µni ¸Hq�r�/�ÑpÉxßÉ�Éw� µni®c&µHq�rS/�Ì N É

¹�k � _ � g�\ f \ r ^�k�h r�z<�nz _�t Å µni µÊq�rS/ Ì N ¹+÷ 	
Ä���b:bV\�hy_ f \ r ^�k�h r�z��Bz _�t m�i ¸�l q ÷ 	 Å
� bV\ q `u^�i�h>k z.r \ m�i �nc q�r�/6Ë�ÒSbIÎ�Ï á�Ð dÊq�r�/6ËBÓSbIÎ�Ï áuÐ
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³Bz g���bV\Dµni µ ² °�xy\Da � k { ��� z�� g�b � `Âk��y_�xy\
_�\ � \ r�{ k�^�\�Å z h r _�b:��`�\�hy_ r \�_���^�i

z _@x ��r aB\�\�hÎ��\�_�\�b:` z hy\���_�x � _�_�xy\�_ z `u\ { k�h r _ � h�_ r e z i \�i6_�xy\�_ z `�\L_ � �n\�hê�
k�bD_�x�\ r�z g�h �&�
_Vk�b2\ �&{ x�rQÎ�Ø"k�� z _ rÍz h z _ z��&���0�&� ��\�pn�
k�b�_�xy\�_���k5`�k9��\ rD� bV\vÙÛÚ8Ô � É&` rD� h>�ÜÙÛÝÞ7jßëm�i®c&` r i
°�xy\Xg �&z h�aB\ z h>g � � �&{ _Vk�b�k��Cc�m�mCan\�_�_�\�b z hê_�xy\5x z g�x f Û { k�h Ü g���b � _ z k�h � _�xy\ r t r _�\�`Âx ��r
aB\�\�h�� r \�� z hã_�x z�r `�k9��\X�:k�b�aB\�_�_�\�b r \�h r�z _ z��Bz _�t|i qð{|� b2\��.� ��{ k�h r�z ��\�b � _ z k�h k��@_�xy\5_ z `�\
bV\ r ^�k�h r \�k���_�xy\+��\�� � b r � r \���x ��r aB\�\�h � hs\ r�r \�hy_ z��&� ^ � b:_0k���_�xy\+� � _ ��� h �&� t r�z�r i

³Bz gBi�µni µßg z�� \ r�� a � k { �J� z.� g�b � ` k���_�x�\
\�h�_ z bV\ r \�_y��^�i ³ k�b � ��h � bCk {&{ � � _ � _ z k�h=k�anÅ
r \�b �0� _ z k�h r _�xy\�^�b2\ � `�^ �<z�Ü \�b e � q pBk���_�^���_ z�r � z b2\ { _ � t�b2\ � �Qant5_�x�\�� � _ �D�&{|± � z�r�z _ z k�h r t r Å
_�\�`=i~»���_ z h {|��r \Xk�� { k�h � \�h�_ z k�h �&� ^�x�k�_�k�`�\�_�b:t �0� h z h�_�\�b:`�\�� z.� _�\ r _ � g�\wk���_�xy\ � k { �nÅ z h
� `�^ �<z�Ü \�b e � � q pF\�Ë z�r _ r i���k { �BÅ z h � `�^ ��z<Ü \�b r � r \ � _�\ { x�h z.± ��\Í�Bh>k��sh ��r ^�x ��r \�Å r \�h r�z _ z�� \
��\�_�\ { _ z k�hX_Vk r�z h>g � \�k���_9_�x�\ { k�`u^�k�hy\�hy_~k���_�x�\ r�z g�h �&�y� _ �Dr ^�\ {'z<Ü�{ b2\��.\�bV\�h { \@�.b2\ ± ��\�h { t
� h>�ß^�x ��r \�i�jJk z�r \ r�z g�h �&�.rG� _��.bV\ ± ��\�h {'z \ r k�_�xy\�b@_�x � h�_�xy\"b2\��.\�bV\�h { \D�.bV\ ± ��\�h { t � bV\6bV\�Å� \ { _�\9� � h>� ��k�h�k�_ � ���.\ { _@_�x�\s`�\ ��r ��b2\�`�\�hy_Vi q b2\��.\�bV\�h { \ r�z g�h �&� �.b'k�`Æ_�x�\ { x>k�^�^�\�b
{ k�h�_�b'k � ��h z _ e Ä�Ä��sp � _�_�xy\+�­bV\ ± ��\�h { t�k�� { x>k�^�^ z h>g z�r �­\��Z_Vk�_�xy\ � k { �nÅ z h � `�^ �<z�Ü \�bG_Vk
�sx z�{ xã_�x�\�_�x�\X^�b2\ � `u^ ��z�Ü \�b�k���_�^���_ z�r ^�x ��r \�Å � k { �B\���i6°�x z.r \�h r ��bV\ r _�x � _@_�x�\ � k { �nÅ z h
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k���_�^���_ z�r"� � {wr�z g�h �&� i q �­_�\�bG_�x z.r ^�x ��r \ r \�h r�z _ z<� \���\�_�\ { _ z k�h�_�x�\Jk���_�^���_GgBk�\ r _�kß_�x�\
� � _ �+�&{|± � z�r�z _ z k�h r t r _�\�`=i q �D\ z _�x � \�t r t r _�\�`ö¸nÉ&¸ z.r � r \9���
k�bG� � _ �"�&{|± � z.r�z _ z k�h>i � _yx ��r
� c�½äa z _ q ÷ }ë{ k�h � \�b:_�\�b � h>� {�� hsaB\G\ ��r�z<� t z hy_�\�b:� �&{ \��5� z _�x � »�Ô�Å �<z �B\ � Ä r i

º�»@¼ »4º yH}¹���I�A|~�nà ¾ �~á á �Q�
qwr � z<��� aB\�� z�r�{ � r�r \9� ��� _�\�b � _�xy\ Ü h z _�\ r�z ó�\êk���_�xy\ r k���b { \ r `u\ � b r _�xy\s�.b z h>g�\�^ � _�_�\�b:h
k��D_�x�\ � ��h � bwk {&{ � � _ � _ z k�h ��z g�xy_ { ��b � \�iu°�x z.r�r `u\ � b z h�g�\����­\ { _ z�r ^�bFk�^�k�b:_ z k�h �&� _Vkw_�x�\
r�z ó�\Xk���_�xy\ r k���b { \ � xy\�h { \
_�xy\"h���`�aB\�bCk��0�.b z h>g�\ r~�Bz�r�z a � \ z h { bV\ ��r \ r � z _�x�_�x�\X��\ { b2\ ��r \
z hê_�xy\ r�z ó�\9iä°0x�\ � h>g�� �.� b�bV\ r k � ��_ z k�hÈk�� � ��h � b�k {&{ � � _ � _ z k�h z.r _�x�� r � � _ z ` � _�\ � têb2\ ��� _�\��
_Vk�_�xy\�h���`�aB\�b
k��@�.b z h�g�\ r _�x � _ {|� h�aB\s��\�_�\ { _�\�� � a0k � \5_�x�\�h>k z.r \�_�xyb2\ r x>k � � ��z i \9i ��z _ z.r
��z ` z _�\9�ãaBt�_�x�\ Ü h z _�\X[y÷�jÂb � _ z kuk��@_�x�\ �<z g�xy_ { ��b � \�i � h �&��� k���b+k {'{ � � _ � _ z k�hèk�a r \�b ��� Å
_ z k�h r �s\Gx �&� \
aB\�\�hLbV\ r _�b z�{ _�\9�L_Vk r k���b { \ r � z _�x¼âî` � g�h z _�����\ r aBb z g�xy_�\�b�_�x � hs�"_�k�g�\�_
r ��� Ü�{'z \�h�_G[y÷�j b � _ z ku_Vk��.� �<� t�\�Ë]^ � k z _D_�xy\�_�\ { xyh z�± ��\���k��sh _VkubV\ r k � ��_ z k�h r k��Dµ�` ��r i
»���_@_�x�\�b2\ � bV\ � a�k���hy_ z �.� � k�� z h�_�\�bV\ r _ z h>g r k���b { \ r �Zx z�{ x � b2\+� �&z hy_�\�bD_�x � h�_�x z.r aB��_ � _
^�bV\ r \�hy_�aB\�t�k�h>�w_�x�\ ��z ` z _
k��Qk���b r t r _�\�` r \�h r�z _ z��Bz _�t|i�¶+_�xy\�bD_�x � h �5�.� bFg�\�b�_�\ � \ r�{ k�^�\
e �sx z�{ x z.r@�@�<z ` z _ � _ z k�h�� z _�x�� r p ��{ x>k�^�^ z h>g z�r _�xy\�k�h � t�� � tXk��0gBk z h�g6_�kä� �&z hy_�\�b�` � g�h z Å
_�����\ r � z _�x�_�xy\"bV\ ± � z bV\9�L[y÷�jðb � _ z k r � z _�x�_�x z�rDr�z h>g � \"\ � \�`u\�h�_���\�_�\ { _Vk�b r t r _�\�`�i�°�x z�r
� z�r�{ b z ` z h � _�\ r@� g �&z h r _ �Dr _�bFk�h�g r �Bt"a �&{ �0g�b'k���h>�6�Zx z�{ x z�r k�� { k�h { \�b:h z h z hy�.b � b2\��6^�x�k�Å
_Vk�`�\�_�b:t|i � hs_�x z�r _��êk6hy\ z g�xya0k���b z h�g"^�k�b:_ z k�h r k���_�xy\ r �Bt � k�hy\ { k�hy_ �&z h z h�g5_�x�\ r _ � b � h>�
_�xy\ r �Bt � h>�Z_�xy\Xk�_�xy\�b { k�h�_ �&z h z h�g�k�h � t�_�xy\ r �Bt � b2\"^�bV\ r \�h�_�\9� �&� _�\�b:h � _�\ � t�_�kQ_�xy\w��\�Å
_�\ { _Vk�b � h��ê_�xy\ z bß� z ���­\�bV\�h { \ z.r _ � �B\�hê\ � \ { _�bFk�h z�{��&��� t¼antu^�x ��r \�Å r \�h r�z _ z<� \sbV\ { _ z<Ü�{|� _ z k�h�i
°�x z�r bV\�`=k � \ r _�xy\ r �Bt�a �&{ �0g�b'k���h>��\ � \ { _�bFk�h z�{|�&�<� t|i�°�xy\ { x>k�^�^�\���k���_�^���_y�s\D`�\ ��r ��b2\
z�r ú�â�üäã2åj=æâ#ç~è�ýwiþú�â#ç~è9ý�iQ[ z `=k�h�\�_ �&� i e c&d�o�¸np �yz h�_�xy\ z b � ��h � bßk {'{ � � _ � _ z k�hèk�a r \�b ��� Å
_ z k�h r k���_�xy\sk�a r�{ ��b2\�� r _ � b��:k�b:` z h>g�bV\9g z k�h�Ô¼o�Ê�Å � f � _0�ni o6ô�` � h>�êc�m�ô�` x �&� \+� r \��
^�x ��r \�Å r \�h r�z _ z�� \ß��\�_�\ { _ z k�hs� z _�xL_�x�\ r �Bt { x�k�^�^�\�b � _BonmÍ¯Ló
_�kCbV\9��� { \G_�xy\ r _�b'k�h>g � ��h � b
a �&{ �0g�bFk���h���i °�x z.r ^�b'k�`�^�_�\��6� r _�k z h � \ r _ z g � _�\�_�x�\�^�k r¤r�z a z��<z _�t�k��£� r�z h>gä_�x z�r _�\ { xyh z.± ��\
� z _�xs_�xy\ �&z ` k��>gBk z h>gQ� �&z h�_�\�b�i

	�z _�x�_�xy\Z\�Ë z�r _ z h>g ��z hy\ � b { x>k�^�^�\�b ��r ��� Ü�{'z \�hy_ r �Btê_�xyb'k��Â� ��r"�sr \�_�a �&{ �ê\ � \�h
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³Bz g���bV\Lµni � ² °0x�\ r �Btê_�x�bFk�� � \�b r � r _�x�\ { x�k�^�^ z h�g��.b2\ ± ��\�h { t��:k�b"_�x�\ � h�g�� �.� b e r k ��z �
��z hy\9p � h���_�xy\ �<z h�\ � b e � ��r x�\�� ��z hy\�p { x�k�^�^ z h�gZ`=k9��\ r iä°�xy\ ��z h�\ r x>k�� r _�xy\�k�^�_ z `���`
r �nt�_�xyb'k��Þb2\ ± � z b2\���i

�
k�b�_�xy\ { k�h � \�h�_ z k�h �&�~r�� k��Þ^�x>k�_�k�`u\�_�b:t|i£°�x z.r bV\ ± � z bV\�� � \�b:t+x z g�xX^�k��s\�b�_VkD_�xy\ { x�k�^�Å
^�\�bÍ`=k�_Vk�b � h��Z_�x�� r bV\ r � � _�\�� z hu^�bFk9��� {&z h>g�x z g�x � t¼� z.r _Vk�b:_�\��waB\ � `õ^�bFk Ü�� \ r i�¯L\�h { \ �
� h>g�� �.� b { x>k�^�^ z h>gß� ��r@{ k�h r�z ��\�bV\�� ��r
� aB\�_�_�\�b �&� _�\�b:h � _ z<� \�_�k�_�x z�r iÍ°yk�bV\ { k�bF�êk {&{ � � Å
_ � _ z k�h�\ � \�h�_ réz hZ_�x�\ { x>k�^�^ z h>gQ`=k���\
bV\ ± � z bV\ r � ��r _ { x>k�^�^ z h>g � _B_�x�\
b � _�\+k���_�xy\ r�z g�h �&�
r�� `�^ ��z h>g �Bz i \9i �>� _�c��D¯Lóni�°0x z�rD��r ^�\ { _äk��äk�a r \�b �Bz h�g { k�� � ��h�k�_�an\ Ü b:` � t�\ r _ � a �<z�r xy\��
����\+_Vks� z � Ü�{ � � _�t z h=g�\�_�_ z h>g�^�bFk�^�\�b�_�xyb'k�� � _ � \�b:tsx z g�x��.b2\ ± ��\�h {'z \ r i ³Bz gBiéµni � r x>k�� r
_�xy\D�.bV\ ± ��\�h { t�b2\ r ^�k�h r \ z hs_�\�b:` r k��y_�xy\ r �Bt�_�x�bFk�� �&{ x z \ �0� a � \ z h {|��r \ßk���_�x�\ � h�g�� ��� b
� h>��_�x�\ �<z hy\ � b { x�k�^�^�\�bVi�°0x�\�k�^�_ z `���` r �Bt5_�x�bFk�� ��z h�\ r x>k��sh { k�b:bV\ r ^�k�h�� r _�kCµn½ � b { Å
r \ { k�h�� r�� �sx z<{ xê_ � �n\ r _�xy\�aB\ � `ïk���_Ck���_�x�\w��\�_�\ { _�k�b�i ³ bFk�` ��� a0k�b � _Vk�b:t�\�Ë£^�\�b z `�\�h�_ r
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��\ r�{ b z an\9� ��� _�\�b �0z _ � ^�^�\ � b r _�x � _Í_�x�\X^�b2\ r \�hy_ { k�h Ü g���b � _ z k�h k���_�xy\ � h>g�� �.� b { x>k�^�^�\�b
z�r � r�� a � \+��^�_Vk5��¸nm6¯Ló�� z _�x�_�xy\sk�^�_ z `���` r �Bts_�x�bFk���i 	 \wk�a r \�b � \��Z_�xy\sk {'{ � � _ � _ z k�h
k��C½&l�° � ��b z>� _�c�m�m6¯Ló � aB��_�_�x�\ �<z g�xy_ { ��b � \5bV\ { k�bF��\9��� ��r@� \�b:tZh>k z.r t|i�¯Jk��Z\ � \�b � _�x�\
\�Ë£_�\�h r�z�� \ ��� a0k�b � _Vk�b:tL_�\ r _ z h�gs��k�h�\��:k�b@_�x z�r ^���b:^�k r \6bV\ r � � _�\�� z h � gBk9k��L^�x>k�_�k�`u\�_�b z�{
r t r _�\�`´�sx z<{ xsx ��r aB\�\�h�� r \���_�xy\�bV\ � �­_�\�b�i

q h z `�^�k�b:_ � hy_ ��r ^�\ { _�k��@_�x�\X��k�b:� z.r _�kuk�aB_ �&z hê_�x�\Jà�á�â ^�x�k�_Vk�`�\�_�b:t�k��@_�x�\
k {'{ � � _�\�� r k���b { \ z hèk�bF��\�b"_�kêg�\�_ � h �&{'{ ��b � _�\s\ r _ z ` � _�\�k���_�xy\sa0k � k�`�\�_�b z<{ ����Ëyi ³ k�b
`=k r _
k���_�xy\ r k���b { \ rCz h k���b r�� `�^ � \ � _�x�\ r ^�\ { _�b �&� \�h�\�bFg�t�� z�r _�b z an��_ z k�hì^�\ � � räz h¼_�x�\
j � f � h��5xy\�h { \Xà�á�âé����Ë£\ ré{ k � \�b�_�xy\ { b z _ z<{|�&� bV\9g z k�h�k��y_�xy\�����Ëw� z.r _�b z aB��_ z k�h { ��b � \ r
�
k�bD_�xy\ r \ r k���b { \ r i qwr
�&� bV\ � ��t r _ � _�\�� � a0k � \ ��{ x>k�^�^ z h>g z�r ��k�hy\L_Vk r ��aB_�b �&{ _�_�x�\ r �Bt
a �&{ �0g�bFk���h���i � h¼_�x�\ � a r \�h { \�k���_�xy\���k�aBa ��z h>g r \ { k�h�� � b:t�` z b:bFk�b z hèk���b"_�\ � \ r�{ k�^�\
{ k�h Ü g���b � _ z k�h � _�x z�rÍz.r
�&{ x z \ � \���antZ_�x�\�_�\�b:_ z.� b:t��:k {|�&� ^ ��� h�\ { x�k�^�^�\�bViÍ°�xy\ { x>k�^�^ z h>g
�.b2\ ± ��\�h { t z.r h>k�b:` �&��� t Ü Ë£\���aB\�_��s\�\�h�c�m&Å
c&¸
¯Lóni

°�xy\Qk�b z g z h �&�nr t r _�\�` ��\ r�{ b z an\9� z h qwr x>k��"\�_ �&� i e c&d�d�lnp � h>� f � g ��� h�� e c&d�dn½�p�x � �
_�xy\ ��z hy\ � b { x>k�^�^�\�b r \�_���^�iD°�x z.rÍz�r _�xy\ { k�h � \�hy_ z k�h �&��{ x�k�^�^�\�b { k�h Ü g���b � _ z k�h��Zx z�{ x
{ k�h r�z.r _ r k�� � � � _@` z b:bFk�b � _�_ �&{ xy\9� � _�_�xy\ { \�h�_�b2\�_�kß_�x�\ { \�hy_�b �&��r x � �._Gk��@_�x�\ { x>k�^�^�\�b
`=k�_�k�bVi q ^ � b:_��.b'k�` _�xy\ ���&{ �Îk�� r ��� Ü�{&z \�h�_@_�x�bFk�� � _ � k��ç^�k��s\�bG_VkL_�xy\ { x>k�^�^�\�b � _�x�\
` �&z h+^�b'k�a � \�` � z _�x�_�x z�r�r t r _�\�`Þ� ��r _�xy\ ���&{ �Xk�� r _ � a z<��z _�t|i 	�z _�x�_�xy\�\�h>� r k��9_�xy\Í` z b:b'k�b
aB\ z h>g��.bV\�\ � _�x�\+�
k�b { \�aB\ z h>g � ^�^ ��z \��u_Vk�_�x�\ { \�h�_�b2\�� z�r _�k�b:_�\���_�x�\�an\ � `Â^�b'k Ü�� \9iD� �&{ �
k�� r _ � a z<��z _�t � h>�ßbV\�^�\ � _ � a z<��z _�t�k��0_�xy\6an\ � ` ^�bFk Ü�� \ r x�k��s\9����^ z h�_�xy\ �&{'{ ��b �&{ tJk���_�x�\
^�x>k�_�k�`u\�_�b:t��sx z�{ xã� ��r k�� { k�h { \�b:h>i6°�xy\ r \s��b � �sa �&{ � r k��@_�x�\ ��z hy\ � b { x>k�^�^�\�bGx �&� \
aB\�\�hJk � \�b { k�`u\G_Vk � g�bV\ � _�\�Ë£_�\�hy_yaBt�_�xy\ � h>g�� ��� b { x>k�^�^�\�b { k�h Ü g���b � _ z k�h>i

³Bz gBi�µni l r x�k�� r _�x�\ r�{ xy\�` � _ z�{ k��y_�xy\ � h>g�� ��� b { x>k�^�^�\�b���h z _Vi � hL_�x z�r�r \�_B��^�k�h�\
\�h���k���_�xy\L_�\�b:_ z�� b:t�` z b:b'k�b z.r xy\ � � � _@l�¸ 7 _Vk�_�x�\�_�\ � \ r�{ k�^�\ � Ë z�r aBt � � r x � ^�\9� r x � �._
�sx z�{ x z.r�{ k���^ � \��Q_�kä_�xy\ { k�b2\�k��9_�xy\Í� z hy\ � b0¹�k � _ � g�\ }+z ���­\�bV\�hy_ z��&� °9b � h r �
k�b:`u\�b e ��¹ } °�p.i
°�xy\+k�_�x�\�b@\�h�� z.r b z g z � � t Ü Ë£\���_Vk"_�xy\
a ��r \G^ �.� _�\ e »�p­i&°0x�\ { k�bV\ z.r _�x�\�h Ü Ë£\���_Vk6_�x�\ß� z Å
� ^�xyb � g�`×k��B_�xy\ { x>k�^�^�\�bVi�°�xy\���¹ } °�k���_�^���_ z�r~{|�&��z anb � _�\���_�kC_�x�\ �<z hy\ � bG� z�r ^ ���&{ \�`�\�h�_
k���_�xy\ { k�bV\ � h��Lx�\�h { \ z�r � r \9�L_Vk6`=k�h z _Vk�b�_�xy\ { k�bV\X� z�r ^ ���&{ \�`�\�hy_ � h��L_�xy\
aB\ � ` { k�h�Å
_Vk���b�i�°0x z�r6{|� h �&��r kuaB\s� r \�� ��r�� �.\�\���a �&{ �ê_Vku_�x�\ { x>k�^�^�\�b"`=k�_Vk�b { k�hy_�bFk � ��h z _G_Vk
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³Bz g���b2\Gµni l ² °�xy\ r�{ xy\�` � _ z�{ � z�� g�b � ` k��y_�xy\ � h�g�� �.� b { x�k�^�^�\�bVi
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\�h r ��b2\
_�x � _�_�xy\ r�z g�h �&� �.\��ß_�kQ_�xy\ { x�k�^�^�\�b z�r�� ^�\�b:�­\ { _ r¤± � � bV\6� �&� \�i�»���_0_�x z.r k�^�_ z k�h
x ��r h>k�_BaB\�\�h�� r \9� z h�k���b�k�a r \�b ��� _ z k�h r i�Ô¼\ { x � h z�{��&��� t � _�x z.r ��¹ } ° r \�_9��^ZbV\ r _�b z�{ _ r _�x�\
�.b2\�\���k�`Ök���`=k � \�`�\�hy_�k���_�xy\ { k�bV\ � h�� � ��� r _Vk"_�xy\ r _ � a z���z _�têk��0_�xy\ r t r _�\�`=i�°�xy\
�.b2\�\
`=k � \�`�\�hy_Ck���a�k�_�xu\�h>� r k���_�xy\�` z b:bFk�b z.r
�&��r k � b:b2\ r _�\9� � xy\�h { \ � �s\Xg�\�_ ��r _ � a � \ � h>�
b z g z � r t r _�\�`�i

� h"_�x z�rn{ k�h Ü g���b � _ z k�h5_�x�\@�
k�b { \��­bFk�`þ_�xy\ { x>k�^�^�\�by`=k�_�k�b z.r _�b � h r ` z _�_�\��6_�xyb'k���g�x
_�xy\ { k�bV\ � h>��_�x�\
��Å r x � ^�\9� � _�_ �&{ xy`u\�hy_�_�k6_�xy\6x z h�g�\���\�h���k��y_�xy\
` z b:bFk�b�i|°0x z�r ` � �B\ r
_�xy\�`�k�_ z k�h�k��£_�xy\�` z b:b'k�b � h>g�� ��� bVi 	 x�\�h"_�x�\�` z b:bFk�b z�r ^�� r x�\��Qant � h � h�g � \
f � _�x�\�_�\ � \�Å
r�{ k�^�\+aB\ � `òg�\�_ r b2\���\ { _�\9��_�xyb'k���g�x�µ�f�i�°0x z�r g z�� \ rGr ��� Ü�{&z \�h�_�_�xybFk�� z h�_�xy\ r �Bts\ � \�h
� z _�x � \�b:t r ` �&���@��z hy\ � bX� z.r ^ �.�&{ \�`u\�hy_�k���_�x�\ r x � �._ ��z i \�i � � z _�x ��r ` �&��� ^�k��s\�b
_VkZ_�x�\
{ x�k�^�^�\�b@`=k�_�k�bVi � h�k���b { k�h Ü g���b � _ z k�h � _Vk�g�\�_ � ` z h z `���` _�xyb'k��×k�� � µn½ � b {|r \ {|r�� _�x�\
` z b:bFk�b�x ��r _Vk�_ z�� _Bant � h � h>g � \�k�� � c'c�i ¸�ù?i�°�x z.r bV\ ± � z bV\ r0�>� \�b:t r ` �&��� eV� c�m�m�ô�`�p �<z h�\ � b
� z�r ^ ���&{ \�`�\�hy_0k��B_�xy\ r x � �._Vi qîr ` �&���£��z hy\ � b0`�k � \�`�\�hy_ z.r _�b � h r��.� _�\9� z h�_�k �>��� bFg�\ � h�g���Å
��� b�� z�r ^ ���&{ \�`�\�h�_ � h��5_�x z�r~z�r _�xy\D`=k r _ z `u^�k�b:_ � hy_ � � �0� hy_ � g�\+k���_�x�\ � h�g�� �.� b { x�k�^�^�\�bVi
Ê�Ë£_�\�h r�z�� \"_�\ r _ z h�g�k���_�x z�r�r t r _�\�`õ� ��r ��k�hy\ z h�_�xy\ ��� a0k�b � _Vk�b:tLan\��
k�b2\ z _�� ��r�� _�_ �&{ xy\��
_Vk6_�x�\G^�x�k�_�k�`�\�_�\�b � h���� r \����
k�b�bV\9g�� �.� bCk�a r \�b �0� _ z k�h r i

qÞr�z `�^ � \D\�Ë£^�\�b z `�\�hy_ �&�ér \�_B��^s� ��r � r \9��_Vk { xy\ { �+_�xy\ r t r _�\�` r _ � a z<��z _�t|i � h�_�x z.r
�>����r \�b r k���b { \ z.r xy\ � �5b z g z � � t �&� k�h�gD_�xy\ � Ë z�r k��9_�x�\ { x>k�^�^�\�b � h>�Q_�x�\�aB\ � ` z�ré{ x>k�^�^�\��
aBt �Bz aBb � _ z h>gQ_�x�\ { x>k�^�^�\�b � _y_�xy\
�­bV\ ± ��\�h { tsk��>k�^�\�b � _ z k�h>i|°0x�\Gb2\���\ { _�\9��an\ � ` z.r _�xy\�h
�&��� k��s\9�Z_�kQ� �&��� k�h � � z.r _ � hy_�� �&��� i � h {|��r \Xk�� � b z g z � � h�� r _ � a � \ r t r _�\�`õ_�x�\"bV\���\ { _�\��
aB\ � `õ` � �B\ r _���k��s\ �<� ��\ Ü h�\�� r ^�k�_ r k�h�_�xy\5� �&����� h>�Z_�xy\5^�k r�z _ z k�h r"� b2\�b2\�^�\ � _ � a � \9i
q h �&� _�\�b:h � _�\ � ^�^�b'k �&{ xê� ��r6�&��r kZ_�b z \���k���_ViQ¯X\�bV\ � _�xy\�b2\���\ { _�\9� ����r \�b z�r"�&��� k��s\��J_Vk
� �&�<� k�h � ^�x�k�_Vk9� z k9��\5�B\�^�_ � _ r k�`�\+� z�r _ � h { \9i£°�xy\+k���_�^���_�k��y_�xy\
^�x�k�_�k�� z k9��\ z�r �.\���_Vk
�
r ^�\ { _�b:��` � h �&� t r \�b�i � ��_�x�\ r _ � a z��<z _�tJk���_�x�\ r t r _�\�` z.r ` �&z hy_ �&z h�\��ß_�x�\�hs_�xy\ r ^�\ { _�b:��`
r x>k�� rD� ��k�` z h � h�_ { k�`�^�k�hy\�h�_ � _�_�x�\��.bV\ ± ��\�h { têk�� { x�k�^�^ z h�g � h���k�_�x�\�b��.b2\ ± ��\�h { t
{ k�`u^�k�hy\�hy_ r�� bV\
`�k�bV\�k�b � \ r�r�� a r \�h�_�i ³Bz gni�µni ¸ r x>k�� r _�xy\ r ^�\ { _�b:��` � h �&� t r \�bGk���_�^���_
� _ �>{ x>k�^�^�\�b��.bV\ ± ��\�h { t�k��B��¸nm&¯XóD_�b z \��sk���_9�
k�b�_�xy\�� ��r _ { x�k�^�^ z h�g6`=k9��\9i qwrnz�ré{'� \ � b � t
r \�\�h z _�x ��r6� ��k�` z h � hy_ { k�`u^�k�hy\�hy_ � _�_�xy\��­bV\ ± ��\�h { t�k�� { x�k�^�^ z h�gni q �._�\�b r _�����t z h�g
_�xy\ r _ � a z<��z _�tÎk���_�x�\ r ^�k�_ r k�h�_�xy\5� �&����� h��Z_�x�\wk���_�^���_Ck���_�xy\ r ^�\ { _�b:��` � h �&� t r \�b�_�x�\
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³nz g���bV\Dµni ¸ ² °0x�\ r ^�\ { _�b:��` � h �&� t r \�bCk���_�^���_ � _ �Í{ x�k�^�^ z h�g"�­bV\ ± ��\�h { t�k�����¸nmÍ¯Lóni

�s\ z g�xy_Gk��Í_�x�\X^ �.� _�\ � k�hã�sx z�{ xã_�x�\M� � _Í` z b:bFk�b z.räÜ Ë]\9� � � ��r k�^�_ z ` z ó�\9�ê_Vkêg z�� \L_�x�\
bV\ ± � z bV\9� r _ � a z<��z _�t�aB��_�h�k�_ � _�_�xy\ { k r _�k���_�x�\Z� � `u^�\�h z h>g�_�xy\"`=k � \�`�\�hy_�k��0_�xy\ r x � �._
_Vk9k6`�� { x�i

	 xy\�h�_�xy\ r t r _�\�` z�r �s\ ���G�&��z g�h�\�� � _�x z�r�� h>g�� �.� b r \�_���^èg z�� \ r��&� `=k r _ � � z.r Å
_Vk�b:_ z k�hã�.bV\�\+aB\ � `ç^�bFk Ü�� \��sx z<{ xÎg�bV\ � _ � t z h { b2\ ��r \ r _�xy\�^�x�k�_�k�`�\�_�b z�{s�&{'{ ��b �&{'z \ r i 	 \
g�\�_ �&{'{ ��b �&{'z \ r k��G_�xy\�k�b'��\�bsk���êQm�i®m&µ�_VkGê"m�i®m&� z h _�x�\�^�x�k�_�k�`�\�_�b z�{ ` � g�h z _�����\ r k��
� _�tB^ z�{��&� ��b'�u` � g�h z _�����\ r _ � b z h âö� z _�xÈc rÍz hy_�\�g�b � _ z k�h�i q+{'{ ��b �&{&z \ r k��
êQm�i®m�c"x �&� \
�&��r kZaB\�\�hÈk�aB_ �&z h�\��ìk�h r \ � \�b �&� k {'{|��r�z k�h r i q h>k�_�xy\�b z h�_�\�bV\ r _ z h�g � ^�^ �<z�{|� _ z k�hºk���_�x z.r
� h>g�� �.� b { x>k�^�^�\�b z.r _�xy\ ��� bFg�\ r �Btê_�x�bFk�� e�� r \ � \�b �&�C� b { ` z hy��_�\ r p �&{ x z \ �0� a � \ z h¼_�x�\
r�� k��ð^�x�k�_�k�`�\�_�b:tL`=k9��\9i�°0x z�r x�\ � ^ r�z hs^�x�k�_�k�`�\�_�b:t�k���\�Ë£_�\�h>��\9��k�a � \ { _ r��<z �B\ { k�`u\�_ r
e Ä�x � h>��b ��r \��Bx � b�\�_ �&� iBc&d�dn½�p.i
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°�xy\X� � _ �5� h �&� t r�z�r ^�bFk { \�����b2\ � ��k�^�_�\9�Z�
k�bQ��\�_ �&z<� \9� � h �&� t r�z.r k��0_�xy\Xk {'{ � � _ � _ z k�h ��z g�x�_
{ ��b � \ r�z.rG�&� k�h>g�_�xy\ ��z h�\ r k�b z g z h �&��� t=k���_ ��z hy\9��aBtsj � _�x�\�b
vOÔ { Ä � hy_ r e c&dnÉ�m�p.in°0x�\ �&� Å
gBk�b z _�xy`öa ��r�z�{��&��� t { k�h r�z�r _ r k���_�x�\ r _ � h>� � b'� z _�\�b � _ z<� \�h�k�hyÅ ��z h�\ � b � \ ��r _ r�± � � bV\ r `=k���\ �
Ü _Gk�� � _�xy\�k�bV\�_ z�{��&����z g�x�_ { ��b � \L_�kß_�x�\Jk�a r \�b � \9��� � _ � i q h�k�_�xy\�b � ^�^�bFk �&{ xêa ��r \���k�h
_�xy\ r�� `�\L^�b z h {&z ^ � \ r x ��r"�&��r kLaB\�\�h�_�b z \9��k���_Vi � h�_�xy\��:k ��� k�� z h�g r \ { _ z k�h r a0k�_�xê_�x�\ r \
`�\�_�x�k9� r � z���� aB\+� z�r�{ � r¤r \�� z h���\�_ �&z<� i

º�»4º�»@¼ ë �~}Iì8�A�A}I�Q|~�j�A�Q|~�Q�®�Qí_�I|~�S�Q��Äî��� ¾ �"z
� hæ_�x z�rL� ^�^�bFk �&{ x � h?ïvð�ñFòôó6ñFò�`=k9��\ � k��G_�xy\�k�hy\�Å
� z `u\�h r�z k�h �&� aBb z g�xy_�hy\ r¤r ^�b'k Ü�� \�k��
_�xy\�k {&{ � � _�\�� r k���b { \ z h�_�x�\�� z b2\ { _ z k�hÿk���k {'{ � � _ � _ z k�h z�r5��r¤r ��`�\9��i � h {���r \�k�� r _�\ ����� b
r k���b { \ r �sx z�{ x {|� h�aB\ �&{'{ ��b � _�\ � tw��\ r�{ b z aB\��QaBt �Dr�z `�^ � \G`�k9��\ � k�� �>{'z b { � ��� b�� z�r � � _�x�\
aBb z g�xy_�hy\ r¤r ^�b'k Ü�� \ ��r g z�� \�hLaBt }+z \�b { � r v=¯X��h�g�\�b e c&d�¸�µnp z�r

âÍú d ýI.o5 N �õvö r�iOú�÷ø ý �Fù Ì;ú
� = Ì��û ö r�iOú�÷ø ý �Fùrc= �ü û e µni®c�p

�sx�\�bV\ � µ�É z.r _�xy\ � h>g�� ��� b
� z�� `u\�_�\�b�k���_�x�\ r _ � b � 5 N z�r _�x�\ z hy_�\�h r�z _�t�k���_�x�\���h�k {'{ � � _�\9�
r _ � b � h>� û z.r _�x�\ ��z `�a � � b:�B\�h z h�g { k�\�� Ü�{'z \�hy_Vi�j�k�� � _�x�\�^�b'k�a � \�`ÕbV\9��� { \ r _�kãg�\�hyÅ
\�b � _ z h�g � `=k9��\ ��³ bV\ r h�\ � � z ���­b �&{ _ z k�h ^ � _�_�\�b:h `�k9� z�Ü \9�¼� z _�x _�x�\ r k���b { \saBb z g�xy_�hy\ r¤r
� z�r _�b z aB��_ z k�h � h>� �"r \�_�k�� r�{|�&�<z h>g�� �&{ _Vk�b r inÊ r¤r \�h�_ z.�&��� t � k�hy\"x ��r _Vk"b:��h � h z _�\�b � _ z�� \ �&� Å
gBk�b z _�xy`ð� z _�x Ü�� \��­bV\�\Í^ � b � `�\�_�\�b r h � `�\ � t � _�x�\ � h>g�� ��� b r�z ó�\+k��9_�xy\ r k���b { \ � _�xy\ r _�\ ����� b
z h�_�\�h r�z _�t � _�xy\�g�\9k�`�\�_�b z<{ _ z `�\êk��Qk {&{ � � _ � _ z k�h � _�x�\ � \ � k {'z _�t { k�`�^�k�h�\�h�_Qk��Í_�x�\ � ��h � b
r x � ��k�� z hu_�x�\Z� z bV\ { _ z k�h=k��äk {&{ � � _ � _ z k�h � h>�Z_�xy\"a �&{ �0g�bFk���h�� ��z g�x�_ � \ � \ � i�°�xy\ �&z ` z.r
_Vk�k�aB_ �&z hsaB\ r _n\ r _ z ` � _�\ r k��y_�xy\ r \6^ � b � `�\�_�\�b r�r�z `�� � _ � hy\9k�� r�� t �Bz��5��ý � ` z h z ` z ó � _ z k�h
_�\ { x�h z�± ��\9i
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þjÿ��uþjÿ��������
q _ � hytìg z�� \�h z h r _ � hy_�k��G_ z `u\	� � _�x�\ ��z g�xy_ { ��b � \�k�� � hyt r _�\ ����� b r k���b { \�k {'{ � � _�\��¼aBt
_�xy\�`=k�k�h z�r _�xy\ ³ bV\ r h�\ � � z ���.b �&{ _ z k�h�^ � _�_�\�b:h { k�h � k ��� \9�ê� z _�xê_�x�\ r k���b { \�aBb z g�xy_�hy\ r¤r
^�bFk Ü�� \ � h��Z_�x�\ z h r _�b:��`u\�hy_ �&�>�&� \�b � g z h>g5\����­\ { _ r i~°0x�\"bV\ r � � _ z h�g ��z g�x�_ { ��b � \ {|� h�_�xy\�h
aB\G�Zb z _�_�\�h z hs_�x�\
�
k�b:`

5�ú�ü:ý(. J�

�Ë � U djJ�
�� aË � a U�� J�� a
� ` U ]gJ NË���� U�Ù�âÍú d ý��5ú;�>ý��
ú ] ý�Ù�ú;Ùný + ú-,�ýu=G�Íú�ü:ý e µni µnp

�sx�\�bV\ � + ú-,�ý z�r _�xy\�� z ���.b �&{ _ z k�h�^ � _�_�\�b:hã�
k�b � `=k�h�k { x�bFk�` � _ z<{ ^�k z h�_ r k���b { \ � âÍú d ý z.r
_�xy\ ��r¤r ��`�\9�u��h z �
k�b:` � z�r �êaBb z g�xy_�hy\ r¤r ^�bFk Ü�� \Jk��Í_�x�\ r k���b { \ �&� k�h�gZ_�x�\�� z b2\ { _ z k�hOk��
k {'{ � � _ � _ z k�h � �5úA��ý z.r _�x�\ z hy_�\�g�b � _�\�� � b2\ � k���_�xy\"_�\ � \ r�{ k�^�\"` z b:b'k�b e z h {&� ��� z h�g�_�x�\ { \�h�Å
_�b �&� k�a r _�b:� { _ z k�h>p �&� k�h>g5_�xy\ß� z bV\ { _ z k�hÎk�� � ��h � b�`�k�_ z k�h � �
ú ] ý z.r _�x�\ r ^�\ { _�b �&� bV\ r ^�k�h r \
k���_�x�\ r t r _�\�` � Ù"úAÙný z�r _�x�\
_ z `�\6bV\ r ^�k�h r \ßk��y_�xy\ß��\�_�\ { _�k�b � h>�v�Íú�ü:ý z�r _�x�\
_ z `�\���\�^�\�h�Å
��\�h�_ya �&{ �0g�bFk���h�� ��z g�xy_ � \ � \ � i
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�sx�\�bV\v>�ú@,�ý � h>�GC�ú-,äý � bV\�_�xy\ ³ b2\ r hy\ ��z hy_�\�g�b �&�.r�� h��Ê, z�r _�xy\�� z `�\�h r�z k�h � \ r¤rC³ b2\ r hy\ �
hy��`uaB\�bVi�°0x�\ ³ b2\ r hy\ � hy��`uaB\�b z.r g z�� \�hZant
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�sx�\�bV\ �#"�z.r _�xy\w� z.r _ � h { \�_�k5_�xy\5`=k9k�h �Z]�z�r _�x�\+� �&� \ � \�h�g�_�x=k��äk�a r \�b �0� _ z k�h � � N z�r _�x�\
_ z `�\sk���g�\9k�`�\�_�b z<{|�&� k {'{ � � _ � _ z k�h �%$Gz.r _�x�\ � \ � k {'z _�t�k���_�x�\ � ��h � b r x � ��k�� � h���� z�r _�x�\
��z hy\ � b6� z.r ^ �.�&{ \�`u\�h�_0_�\�b:` � r \���_Vk �&{'{ k���h�_��
k�b�_�xy\ �&� \�b � g z h>gQ\����.\ { _0k���_�x�\
_�\ � \ r�{ k�^�\�i
°�xy\
\����.\ { _ r k��0_�xy\
�­��h { _ z k�h r âÍú d ý � �5ú;�>ý � �
ú ] ý � h>��Ù"úAÙBý � b2\
_�k r `�\ � b@_�xy\
`�k�h>k { xyb'k�Å
` � _ z�{ ^�k z hy_ r k���b { \s^ � _�_�\�b:h>i�°0x�\X`�k9��\ �<��z h>g � ^�^�bFk �&{ xÈk���\ �&{ xìk���_�x�\ r \ �&� \�b � g z h�g
\����.\ { _ réz.r�z h�� z��Bz ��� �&�<� t���\ r�{ b z aB\���aB\ � k��ßi
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°�xy\ Ü h z _�\ r�z ó�\�k���_�xy\ r k���b { \ r bV\ r � � _ räz h r `u\ � b z h�gL_�xy\��.b z h>g�\ r iä°0x�\ ��� b'g�\�b�_�x�\ r�z ó�\ �
_�xy\ßg�bV\ � _�\�b z�r _�x�\ r `�\ � b z h>gQ\����.\ { _�i qwr _�x�\ � h>g�� �.� bC� z�� `u\�_�\�bQk��y_�xy\ r k���b { \ z h { bV\ ��r \ r��
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³Bz g���bV\�µni®½ ² °�xy\ r�z `�� �.� _�\9�æ`=k�h>k { x�bFk�` � _ z<{�{ ��b � \ r�� _Dµni µ6ô]` �
k�bs� z ���.\�b2\�h�_ r k���b { \
r�z ó�\ r i�°0x�\ � \ � k {'z _�t { k�`�^�k�hy\�h�_>k���_�x�\ � ��h � b r x � ��k��ðx�\�bV\ z�r~Ü Ë]\9� � _>m�i ¸��B`�÷ r i

�Bz�r�z a z��<z _�t=k���_�xy\"�.b z h�g�\ r ��\ { bV\ ��r \ r ��h�_ z<� �
k�b � \�b:t ��� b'g�\ r k���b { \ r e�5 lnmC` ��r p �y� ^���bV\ � t
g�\�k�`u\�_�b z�{|�&��{ ��b � \Gb2\ r � � _ r i ³nz gBi�µniÃ½ r x>k�� r _�xy\ r�z `�� �.� _�\9� { ��b � \ r �
k�b�`�k�h>k { xyb'k�` � _ z�{
r k���b { \ r � z _�x � z ���.\�bV\�h�_ � h>g�� ��� b r�z ó�\ r i�°�xy\�`u\�_�x>k9�J� r \��Jxy\�bV\L_�kß`=k9��\ � _�x z.r \����.\ { _
� ��rCÜ b r _ r ��gBg�\ r _�\���aBt�Ê �0� h rQz hèc&d�¸�µniu°�xy\Za ��r�z�{ ^�b z h {'z ^ � \ z.r _�x � _ � hyt�\�Ë]_�\�h���\��
r k���b { \ {|� h�aB\X� z��Bz ��\�� z hy_Vk�\ ± � �&��r _�b z ^ r ^ � b �&�<� \ � _�k�_�x�\ � ��h � b ��z `�a0i�°0x�\ � ��h � b �<z `ua
z�rD��r�r ��`u\��Z_Vk5aB\ �<z h�\ � b � _�_�xy\ r�{��&� \wk���_�\�h r k���` z<���<zä� b {|r \ { k�h�� r i ³nz gBi�µni®É r x>k�� r _�x�\
`=k���\ ���<z h�g ��r ^�\ { _�ißÊ �&{ x r _�b z ^ _�xy\�h¼an\�x �&� \ r�� ����b z h>gw_�xy\�k {&{ � � _ � _ z k�h �
��r _�x>k���g�x z _
�s\�bV\ �6{ \�hy_�\�b2\��L^�k z hy_ r k���b { \5�sx>k r \ z h�_�\�h r�z _�t z�r �s\ z g�x�_�\9�LaBts_�xy\"h>k�b:` �&��z ó�\�� � bV\ �
k���_�xy\ { k�b:bV\ r ^�k�h�� z h�g r _�b z ^�iw°�xy\s�.b z h>g�\L^ � _�_�\�b:h r �.b'k�` �&��� _�xy\ r \�^�k z hy_ r k���b { \ r+� b2\
_�xy\�h r ��^�\�b z `�^�k r \�� z h�_�xy\ Ü h �&� _�b �&{'z h>gsk���_�xy\ z hy_�\�h r�z _�t �0� b z�� _ z k�h r ié°�xy\ z hy_�\�g�b � _ z k�h
z hZÊ ± h�i�µni µ z�r ^�\�b:�
k�b:`u\��5h���`�\�b z<{|�&��� t|i
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Direction of motion of lunar limb

Equivalent Point Sources

Stellar Disk

Lunar Limb

³Bz g���bV\Dµni®É ² °0x�\G`�k9��\ �<��z h>g � ^�^�b'k �&{ xL�
k�b�_�xy\ Ü h z _�\ r k���b { \ r�z ó�\�i
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q `�k�h>g r _0_�xy\�_�xyb2\�\ z h r _�b:��`�\�h�_ �&���&� \�b � g z h>g�\����.\ { _ r�� _�x�\ Ü h z _�\�_ z `u\�bV\ r ^�k�h r \�k���_�x�\
r t r _�\�` z�r@�>{ b:� {'z.�&� � �&{ _�k�bVi qsr x ��r��&� bV\ � ��t+aB\�\�h�\�`�^�x ��r�z ó�\�� z hLÄ�x � ^�_�\�b�c e ° � a � \�c�i µnp �
� ��h � bGk {'{ � � _ � _ z k�h z.r�� � ��r _�\ � \�h�_ e�� µnm�m&Å.�nm�mÍ` r p � h>�ßxy\�h { \
_�xy\6hy\�\9���
k�b � � ��r _ r¤� `uÅ
^ ��z h>g5b � _�\X����b z h�gs� � _ �5�&{|± � z�r�z _ z k�h�i�°�xy\ { k�hy_ �&{ _ � h>g � \ �&�.r k�^ ��� t r�� h z `u^�k�b:_ � hy_�bFk � \
z h���\ {&z � z h�g6_�x�\G_ z `u\ r�{��&� \+k��B_�x�\�\ � \�h�_�i�°�xy\�\����­\ { _ z�� \�_ z `�\+k��B�.b z h>g�\�^ ��r¤r�� g�\ �]��r�r \�\�h
�.b'k�`õ_�x�\+\ � b:_�x � � z<��� an\ � \�h>g�_�x�\�h�\��ZaBts_�xy\+� �&{ _�k�bCB0D<E�ú �@ý � �waB\ z h>g�_�x�\ { k�h�_ �&{ _ � h>g � \9i
Ç"b � ó z h�gêk {'{ � � _ � _ z k�h r�� bV\�x�\�h { \XaB\ r _ r � z _�\����
k�b+k�a r \�b ��� _ z k�h r i ³ k�b�k�a r \�b �0� _ z k�h rDz h
_�xy\��ÿa � h�� ��r¤� `u^ ��z h>g ��r � ��r _ ��r c&Å.µ+` rÍz�r \ r¤r \�h�_ z.�&� _�k�k�aB_ �&z h � ^�bFk�^�\�b ��z g�x�_�_�b �&{ \
� z _�x�k���_ � k r�z h>g � h�t z hy�
k�b:` � _ z k�h>i }s� _ �5r¤� `u^ ��z h�g z�r ��k�h�\ � _�cc�G¯Lóni ³ k�bGk {'{ � � _ � _ z k�h
k�a r \�b �0� _ z k�h r k�hy\ r x�k�� � � z ��\ �&��� ts� r \ß��\�_�\ { _Vk�b r �sx z�{ xZx �&� \ � � � _�b2\ r ^�k�h r \
��^�_Vk6_�x�\
{ ��_�k������.bV\ ± ��\�h { t r \�_yaBt�_�xy\+� � _ �"r�� `�^ �<z h>gQb � _�\�i�»���_ z h�k���b {|��r \ � _�xy\+��\�_�\ { _Vk�b r � r \��
��k�h>k�_@x �&� \ � � � _�bV\ r ^�k�h r \���^ã_�k�c
�G¯Lóniä°0x z�r b2\ r � � _ räz h r `�\ � b z h>guk���_�xy\��.b z h>g�\ r i
°�x z�r \����.\ { _@x ��r _VkLaB\ �&{&{ ��b � _�\ � tê_ � �B\�h {|� bV\�k�� z h�_�xy\�� � _ ��� h �&� t r�z�r ^�b'k { \9����bV\ � h>�
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k�bÍ_�x z�r _�xy\ r x � ^�\wk���_�xy\+_ z `u\+b2\ r ^�k�h r \ { ��b � \5an\ { k�`u\ r�z `u^�k�b:_ � hy_Vi � _�x ��r _Vk5aB\Z��\�Å
_�\�b:` z hy\9�5\�Ë£^�\�b z `�\�h�_ �&�<� t � �._�\�b�\ � \�b:t5\ � \�h�_ � h>�Q_�x z�r \�Ë]^�\�b z `�\�hy_ �&� bV\ r ^�k�h r \ { ��b � \ z.r
{ k�h � k ��� \��ß� z _�xs_�xy\D^�k z h�_ r ^�b2\ � �5�­��h { _ z k�hZ_�k �&{'{ k���hy_��
k�b�_�x z.r�r `�\ � b z h>gQ\����.\ { _�i
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°�xy\ r t r _�\�`Â� �&� \ � \�h�g�_�x�bV\ r ^�k�h r \+x ��r _�xybV\�\ { k�`�^�k�hy\�h�_ r i>°0x�\ Ü�� _�\�b { x � b �&{ _�\�b z�r _ z<{|r
O ú ] ý � _�xy\�� �&� \ � \�h>g�_�xubV\ r ^�k�h r \sk���_�xy\���\�_�\ { _�k�bQP�ú ] ý � h���_�xy\ r ^�\ { _�b �&� \�hy\�bFg�t�� z.r _�b z Å
aB��_ z k�hSR ú ] ýäk���_�xy\L_�x�\ r _ � b�i�°�xy\ Ü�� _�\�b"\����.\ { _ z.r ����\s_VkL_�xy\ Ü h z _�\sa � h���� z ��_�x k��Í_�x�\
aBbFk � ��a � h>� Ü�� _�\�b�� r \�� z h�bV\ { k�b'� z h>gLk {'{ � � _ � _ z k�h�\ � \�hy_ r i�°�xy\ Ü�� _�\�b {|�&��z aBb � _ z k�h { ��b � \
z�r � r \9��_�kQ_ � �B\ {|� bV\+k���_�x z.r i|°0x�\���\�_�\ { _�k�b r \�h r�z _ z<�Bz _�t z.r h�k�_ �<z ` z _�\9�Z_�k �"r�z h�g � \
� �&� \�Å
� \�h>g�_�x>i 	�z _�x z h�_�xy\W�þa � h>� � _�xy\�� �&� \ � \�h�g�_�xêb2\ r ^�k�h r \Jk���_�xy\ � hy[£a=��\�_�\ { _�k�b {|� h�aB\
� ^�^�bFk�Ë z ` � _�\���aBt
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°�xy\ r ^�\ { _�b �&� \�hy\�bFg�tw� z.r _�b z aB��_ z k�h�k��y_�xy\ r k���b { \ z�r���r�r ��`�\���_Vk6aB\ � a ���&{ �Ba0k9��t�� z.r _�b z Å
aB��_ z k�h>i�°�xy\D_�k�_ �&� � �&� \ � \�h�g�_�xLbV\ r ^�k�h r \+k���_�xy\ r t r _�\�` z�r _�x�\�h�g z<� \�hsaBt
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°�xy\ z hy_�\�g�b � _ z k�hèk � \�b
_�x�\sbV\ ± � z bV\9�J� �&� \ � \�h>g�_�x�ónk�hy\ z h¼Ê ± h�iZµni µ z�r bV\�^ �.�&{ \��JaBt �
r ��`�` � _ z k�h � h>� z�r~{|� b:b z \9��k���_yh���`�\�b z<{|�&��� t|i
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q hêk {'{ � � _ � _ z k�h�k�a r \�b �0� _ z k�h z�r _�x�\
bV\ { k�b'��k���_�x�\ß��\�_ �&z��.r k���_�x�\ � ��h � b r x � ��k�� {|��r _yaBt
_�xy\ r _ � b ��r�z _�^ ��r�r \ r@�&{ bFk r¤r _�x�\
_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\9i�°�xy\D_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\ �&� \�b � g�\ r
k���_�_�xy\s� z ���.b �&{ _ z k�hê^ � _�_�\�b:h>i>°�x z�r \����.\ { _ z.rÍ� \�b:t�h>k�` z h �&� e�� m�i µ�` ��r p��
k�b � c&` {'����r�r
_�\ � \ r�{ k�^�\�aB��_ �Z��� bFg�\�b � ^�\�b:_���bV\ e�� l�`�p r `�\ � b r _�xy\ ��z g�x�_ { ��b � \u_�k � g�b2\ � _�\�Ë£_�\�hy_
� h>�Jx�\�h { \s_�x z�r5r x�k�� � ��an\ {|� bV\��.� ��� tê_ � �B\�h {|� bV\�k�� z h¼_�x�\�� � _ ��� h �&� t r�z.r ^�bFk { \�����bV\9i
°�xy\s`�k9��\ �<��z h�g � ^�^�bFk �&{ x � ��k�^�_�\���_�k �&{'{ k���hy_D�
k�b"_�x z�r \����.\ { _ z.r�r�z ` z<��� b�_Vk�_�xy\�k�h�\
� r \��L�:k�b@_�x�\ Ü h z _�\ r�z ó�\Xk���_�xy\ r k���b { \9iB¯L\�b2\ � _�x�\
_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\ z�r�{ k�h r�z ��\�bV\�� ��r
{ k�h r�z.r _ z h�g�k�� �"r \�b z \ r k�� r��<z�{ \ rG�&�<z g�hy\9� z h�_�xy\X� z b2\ { _ z k�h=k���_�xy\ r x � ��k��ð^ ��r�r¤� g�\9iB°�xy\
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Secondary obscuration

Oi

α i

Direction of Shadow passage

³Bz g���b2\
µni o ² °�xy\D`=k9��\ ����z h>g � ^�^�b'k �&{ x�k��y_�xy\6_�\ � \ r�{ k�^�\ � ^�\�b:_���bV\�i

k {'{ � � _ � _ z k�h�^ � _�_�\�b:hL� z��<� _�xy\�hLaB\ r \�\�hLaBt+\ �&{ x r���z<{ \ � _ �Gr���z g�xy_ � t�� z ���.\�bV\�hy_9_ z `u\ ��r _�x�\
r x � ��k�� r �s\�\�^ r ^ ��r _�_�x�\+_�\ � \ r�{ k�^�\�i � h {|��r \Xk���Ä ��r¤r \�g�b �&z hubV\���\ { _Vk�b r _�xy\ r \ { k�h>� � b:t
k�a r�{ ��b � _ z k�h z.r0�&�.r kä_ � �B\�h z h�_�k �&{&{ k���hy_Vi�°0x�\@`=k9��\ ��z�r�r x�k��sh z h ³nz gBi�µni oni�°�xy\@�.��h { _ z k�h
�5úA��ý�_ � �n\ r _�xy\D�
k�b:`

�+ú;�>ý . 9 rgiOú �Ù m ý �FE `a i09 rgiOú �ÙXW ý ��E `a O OQå ���ÈÙ W e µni®É�p

. 9 rgiOú �Ù2m ý �FE `a O OQå Ù W �\�D�OÙ2m
�sx�\�bV\ � Ù m � h��ÎÙ�W � bV\Z_�x�\�b � � z<z k��G_�xy\Z^�b z ` � b:t � h>��_�x�\ r \ { k�h>� � b:tã` z b:bFk�b r k���_�x�\
_�\ � \ r�{ k�^�\�i�� z �B\ z h�_�xy\�k�_�xy\�b �&� \�b � g z h�gZ\����.\ { _ r�� _�x z�r6z hy_�\�g�b � _ z k�h z.r+�&��r kZ^�\�b:�:k�b:`�\9�
hy��`u\�b z<{|�&��� t|i
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� h k {'{ � � _ � _ z k�h ��z g�x�_�_�b �&{ \ r k��­_�\�h��s\s\�h { k���h�_�\�b ���0� b:t z h�g�a �&{ �0g�bFk���h>� ��z g�x�_ � \ � \ ���
�sx z�{ xÎ��\�^�\�h>� r k�hê` � h�t�� �&{ _Vk�b r��y�<z �B\�_�x�\ � ��h � bG^�x ��r \ � ^�k r�z _ z k�h � h>g � \sk��Gk�a r \�b ��� Å
_ z k�h � ^�k r�z _ z k�h � h�g � \�k���_�xy\ � ��h � b+_�\�b:` z h � _Vk�b �Q� _�`=k r ^�xy\�b z�{s{ k�h>� z _ z k�h � ^�bV\ r \�h { \êk��
� \�b'k r k ��rÍ� h>�sk�_�xy\�b�^ � b:_ z�{ � �.� _�\
` � _�_�\�b �n�&z b�` ��r�r�� h��5_�xy\
� �&� \ � \�h�g�_�x�k���k�a r \�b �0� _ z k�h>i
¯L\�h { \ ��z _ z.r \ � \�hy_���\�^�\�h���\�h�_�i6Ô k���\ ���<z h�g�_�x z.r ^ � b � `u\�_�\�b z.r h�k�_�_�b z��Bz��&��� h>� {|� h�aB\
aB\ r _ � ^�^�b'k�Ë z ` � _�\��QaBt � ^�k � tnh�k�` z.�&�ér \�b z \ r i�¯�k��s\ � \�b �9��r�� k�� � t �0� b:t z h>gäa �&{ �0g�bFk���h��
{|� h�aB\���\�_�\�b:` z h�\��sk�a r \�b �0� _ z k�h �&��� t��­bFk�`ð^�k�b:_ z k�h r k��B_�x�\ ��z g�x�_ { ��b � \�i�°0x�\�`�k9��\ � ^ � Å
b � `�\�_�\�b�x ��r _�xy\
�:k�b:` �Íú�ü:ý$. Õ

\ Ô^] N ã6Ô ) Ô ú�ü:ý e µni onp

°�xy\Î��\�g�b2\�\Îk��"_�xy\ê^�k � tnh�k�` z.�&�
z�r ��\ {'z ��\9�OaBtæ_�x�\êh � _���bV\Îk��"_�xy\ z h>� z<�Bz ��� �&�"��z g�x�_
{ ��b � \ r i�� r � �&�<� t �9��r�z `�^ � \ r�� k�^�\�� z _�x!Xe.ær z�r�r ��� Ü�{'z \�hy_9aB��_�_�xy\�b2\ � b2\ {|��r \ r �sxy\�bV\Gk�h�\
x ��r _�kC� r \�x z g�xy\�b�k�bF��\�b0^�k � tBh>k�` z��&��r _�k �&{'{ k���hy_B�
k�b�_�xy\ �0� b z�� _ z k�h z h�_�xy\Da �&{ �0g�bFk���h��
r�z g�h �&� i�jL\ � \�b:_�x�\ � \ r¤r���{|� b2\ z�r _ � �B\�h�_�kC\�h r ��bV\�_�x � _B_�xy\Dh � _���bV\�k��B_�xy\D^�k � tBh�k�` z.�&� ��k�\ r
h>k�_ { x � h>g�\ � aBb:��^�_ � t z hs_�xy\
\ � \�hy_�^�k�b:_ z k�h�i

68/8ò('8�Aò;7(7ÞïL�AòÞó.'_' ó6òV+�)
°�xy\�k {'{ � � _ � _ z k�h ��z g�x�_ { ��b � \ ����r b2\ { k�b'��\�� ��z.r h>k�_�_�xy\ ³ bV\ r h�\ � �.b z h�g�\�^ � _�_�\�b:h � �Zx z�{ x
k�b z g z h � _�\ r�� _]_�xy\ � ��h � b ��z `ua � aB��_ z.r0� ���.\ { _�\9�6ant6_���b:aB� � \�h { \ z h+_�xy\�Ê � b:_�xZ� r0� _�`=k r ^�x�\�bV\9i
°�xy\
_ z `u\ r�{|�&� \ r�z h � k �<� \�� z h�k {'{ � � _ � _ z k�h r
� b2\ r � { x�_�x � _�_�xy\ � _�`=k r ^�xy\�bV\ {|� h�aB\ { k�h�Å
r�z ��\�b2\��ug�\�hy\�b �&��� tL_Vk"aB\D�.bFk�ó�\�h z hZ_�x z�r _ z `�\"�.b � `u\�i|»���_ �9z _yx ��r an\�\�h r \�\�hs_�x � _ z _���k�\ r
� ���.\ { _ r k�`�\�k��Í_�x�\ ��z g�x�_ { ��b � \ r i5°�xy\���� { _�� � _ z k�h r�r \�\�h z h�_�xy\ ��z g�x�_�_�b �&{ \ r"� bV\�����\
_VkZb � ^ z � r�{'z h�_ z<���.� _ z k�hæ\����.\ { _ r�� �sx z<{ x z.r+r \ � \�b2\��
k�b
aBb z g�x�_ r _ � b r����0� b z�� _ z k�h rDz h � _�`�k�Å
r ^�xy\�b z<{ _�b � h r ` z.r¤r�z k�h=����\"_�kQ_�x z hu^ ��r¤r�z h�g {'� k���� r \�_ { i � _ z�r�r \�\�h�_�x � _��
k�b�aBb z g�x�_ r _ � b r
e ��`j�0/�p£_�xy\ r�{'z h�_ z<���.� _ z k�hê\����.\ { _ r ��k�` z h � _�\�i

�Dh>k�\ { xy\ � v � k�hê��\�b�¯L\ z ��\ e c&dnÉ&onp£x �&� \ �&�.r k r x>k��ZhX�.b'k�`´_�x�\�k�b2\�_ z�{|�&�~r�z `u� ��� Å
_ z k�h r _�x � _B_�xy\�^�b2\ r \�h { \�k�� r�{'z h�_ z<����� _ z k�h�h>k z�r \G_�\�h�� r _�kCa z���r _�xy\ � h�g�� �.� bä� z.� `�\�_�\�b�\ r _ z Å
` � _ z k�h+_Vk �~��� b'g�\Í\�Ë£_�\�hy_Vi � hwk�b'��\�b�_Vk
g�\�_ ��r _ � _ z�r _ z<{|�&��� t { k�b:b2\ { _£\ r _ z ` � _�\Qk���_�x�\ � h�g�� ��� b
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� z�� `u\�_�\�b � _�x z.r \����.\ { _�x ��r _�kßaB\�_ � �B\�h z hy_Vk �&{'{ k���hy_ z hã_�xy\�� � _ �s� h �&� t r�z�r i"°�xy\�`�k9��Å
\ �<��z h>g ��r ^�\ { _@�
k�bDa0k�_�xê_�x�\ {|��r \ r ��\ r�{ b z aB\�� z�r _�x�\ r¤� `u\�i6°�xy\���� { _�� � _ z k�h rDz h � k �<� \9�
z hìk {'{ � � _ � _ z k�h ��z g�x�_�_�b �&{ \ r
� bV\�aB\ r _@`=k9��\ ��� \��JaBt �Lr ��` k��Gk�b:_�x>k9gBk�h �&� e ��\9g�\�h>��b2\�Å
p
^�k � tnh�k�` z.�&��r iB°�x z.r�z.r aB\ {|� � r \ � k��ð�.bV\ ± ��\�h {&z \ r ��k�` z h � _�\"_�xy\
_�b �&{ \ � h���_�xy\6\ r�r \�hy_ z��&�
^ � b:_Qk���_�tn^ z<{|�&�@� \�h>g�_�xOk�� ��� ��h � bXk {'{ � � _ � _ z k�h ��z g�x�_ { ��b � \ z.r �s\ ��� bV\�^�bV\ r \�hy_�\��uaBt �
��z hy\ � b r�� k�^�\�i q �._�\�bß� z�r�� ^�^�\ � b � h { \�k�b
aB\��
k�bV\�bV\ � ^�^�\ � b � h { \�k���_�xy\ r k���b { \L_�xy\ r�{'z h�Å
_ z����.� _ z k�hãh>k z.r \ �0� h z.r x�\ r i@°yk �&{'{ k���hy_��:k�b�_�x z.r�� f z<{ x z<{ x z \�_ �&� i e c&d�d�µnpBx �&� \ r ��gBg�\ r _�\��
_�xy\
� r \ßk�� � � � `�^�\�hy\9� � k��sÅ.�.b2\ ± ��\�h { t�_�\�b:` _Vk6\�h r ��bV\ � `�k�bV\ r _ � a � \ r k � ��_ z k�h>i�»�k�_�x
_�xy\
_�\�b:` r�{ k�`�\ ��r `u� � _ z ^ ��z<{|� _ z�� \+� �&{ _�k�b r~z hs_�xy\DÊ ± h>i|µni µni�°0x�\Gh�k�b:` �&�<z ó�\�����\9g�\�h>��b2\
^�k � tnh�k�` z.�&� x ��r _�x�\
�
k�b:`

a ù ú�ü
ýI. � r®= l
\ Ôb] Ì R Ô a Ô ú�ü:ý � e µni dnp

� h>��_�xy\+� � `�^ z h>gQ_�\�b:`Ýx ��r _�xy\D�
k�b:`

c ú�ü:ý�. r dfe�Ø�Y ü®�Oü N e µni®c�m�p

. 59ú�ü
ý¹iH�Íú�ü:ý dge�Ø�Y ü 5 ü N
Ä � bV\ z�r _ � �B\�h z hs� r�z h�g6_�x z�r ^�k � tBh>k�` z��&� aB\ {|� � r \DaBt z h { b2\ ��r�z h>g6_�xy\+k�b'��\�bCk���_�x�\G^�k � tBÅ
h>k�` z��&�<� _�x�\ Ü _BaB\ { k�`�\ r aB\�_�_�\�b�aB��_ z _�` � twg z<� \ r k�`�\ r ^���b z k�� r bV\ r � � _ r i£°�xy\�h � _���b2\�k��
_�xy\�^�k � tnh�k�` z.�&�nr x�k�� � ��an\ {|� bV\��.� ��� t r _���� z \��s����b z h>gä_�xy\�\ � \�hy_9_ z `u\ � h>�Q_�x�\�bV\ r x�k�� � �
h>k�_naB\ � h�t � aBb:��^�_ { x � h>g�\ � h�� �&��r k z _ r x>k�� � ��h>k�_ r _ � b:_B_ � � z h�gD_�xy\ r x � ^�\�k��B_�x�\G�­b z h>g�\
^ � _�_�\�b:h>i

º�»4º�»4º yH�A�8�Q�Q}I|~�8�n|~á á �S�~|"� ¾ �;�Mz |~�8|�|~}I|~�ih �Q�A�
°�xy\La ��r�z�{ ^�b z h {'z ^ � \ z�r _�xy\ r¤� `u\�iL¯L\�b2\ � �Z\X_ � �B\ {|� b2\�k���_�xy\ r `�\ � b z h�gZ\����.\ { _ rDz h �
� z ���.\�bV\�h�_@� � t|i � h r _�\ � ��k��Qg�\�h�\�b � _ z h>gß_�x�\ ³ b2\ r hy\ � � z ���­b �&{ _ z k�h�^ � _�_�\�b:h � h�� {|� b:b:t z h�g
k���_@_�xy\ z hy_�\�g�b � _ z k�hìg z�� \�h z hãÊ ± h>i6µni µ z h � k �<�Bz h>gw_�xy\�� z ���.\�b2\�hy_��.��h { _ z k�h r \�Ë£^ ���&z hy\��
z h _�xy\�^�bV\ �Bz k�� rLr \ { _ z k�h � xy\�bV\s�Z\ { x>k�k r \u_�x�\�^�k z h�_ r k���b { \�^ � _�_�\�b:h��.b'k�` k���bw� � _ �
r�� `�^ � \9i � f Ä�ñ�c�m�m&��µ z.r�� ^�k z hy_ r k���b { \ � h>��_�x�\�aB\ r _ Ü _9_VkD_�x z.r � � _ � � z _�x�_�x�\�h>k�h �<z h�\ � b
� \ ��r _ r¤± � � bV\ rBÜ _ z�r _ � �B\�h ��r _�x�\�^�k z h�_ r k���b { \��.��h { _ z k�h�i�°�x z.r�z�r�r x�k��sh z h ³Bz gBi�µni dni�°�x z�r
z�r5� ^�k z h�_ r k���b { \Z�sx z<{ x z.rDz hyxy\�bV\�hy_ � t { k�h � k �<� \��ã� z _�x�_�x�\s_�\ � \ r�{ k�^�\s�.��h { _ z k�h � _�x�\
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³Bz g���bV\Lµni d ² °�xy\�k�a r \�b � \9�u^�k z h�_ r k���b { \ { ��b � \�ø ù ú�ü:ý � h>�u_�xy\L_ z `�\sb2\ r ^�k�h r \���\ { k�h�Å
� k ��� \9� { ��b � \ßø+ú�ü:ý�i

Ü�� _�\�b�a � h���� z ��_�x { ��b � \ � _�xy\D_ z `�\DbV\ r ^�k�h r \D�
k�b�_�x z�r ^ � b:_ z<{ � ��� b�\ � \�hy_ � h��5_�x�\GË£Å � Ë z�r�z.r
r�{|�&� \9��_Vk6_�xy\ � \ � k {'z _�t { k�`�^�k�h�\�h�_�k���_�x�\G\ � \�hy_Vi���\�_y� r ��\�h�k�_�\ z _ ��r ø ù ú�ü
ý�i

°�xy\�_ z `�\êb2\ r ^�k�h r \ { ��b � \�Ù ù úAÙný��
k�b5_�x�\=k {'{ � � _ � _ z k�hè\ � \�hy_+k�� � f Ä�ñ�c�m�m&��µ z.r
r x>k��sh z h ³Bz gBi6µni®c�m�iQ°ékßbV\�`=k � \L_�x�\ �&� \�b � g z h>g {�� � r \9������\X_VkL_�xy\ r t r _�\�` _ z `�\ZbV\�Å
r ^�k�h r \
�s\+��\ { k�h � k ��� \ßÙ ù úAÙný��­bFk�`Öø ù ú�ü
ý ��z i \9i �

ø ù ú�ü:ýkjæÙ ù úAÙBý(.ºø5ú�ü:ý e µniÃc'c�p

�sx�\�bV\ � jþ��\�h�k�_�\ r ��\ { k�h � k � ��_ z k�h � h���ø+ú�ü:ý z�r h>k��õ_�xy\+a ��r�z�{ ^�k z hy_ r k���b { \+�.��h { _ z k�h
�sx z�{ x z�r � r \�� ��r _�xy\ r _ � b:_ z h>g��.��h { _ z k�hu�
k�b�_�xy\ � h �&� t r�z.r k��0_�xy\ ��z g�xy_ { ��b � \ r i ³Bz gBiéµni d
r x>k�� r _�x�\ { ��b � \Zø5ú�ü:ý�i � hêk���b {|��r \ � _�xy\"_�\ � \ r�{ k�^�\ � h��L_�xy\ r t r _�\�`õ� r \�� � b2\ r�� `�\"�
k�b
�&��� _�xy\�k {'{ � � _ � _ z k�h k�a r \�b �0� _ z k�h r"� h���x�\�h { \ � _�xy\ �&� \�b � g z h>gß\����.\ { _�����\�_VkL_�xy\ r \�_���k
z h r _�b:��`�\�hy_ �&� � �&{ _Vk�b r � z<��� aB\ z ��\�hy_ z�{��&�0z h �&��� _�xy\ ��z g�x�_ { ��b � \ r i�[yk � k�hy\s��k�\ r hZ� _�hy\�\��
_Vk �&{'{ k���hy_@�
k�bD_�x�\ r \ z hã_�x�\J� � _ �L� h �&� t r�z�r i"°�x z.räz�r _�x�\��B\�t�^�k z hy_ z h�_�x z.r `u\�_�x>k9�¼k��
� h �&� t r�z h>gQ_�x�\�� � _ � i

l�µ



³Bz g���b2\Gµni®c�m ² °�xy\D_ z `�\
b2\ r ^�k�h r \ { ��b � \D�
k�b � f Ä�Å:c�m�m&��µni

°ykXk�aB_ �&z hu_�x�\Z� z.� `�\�_�\�b z h��
k�b:` � _ z k�h=k�� �+r k���b { \ � �Z\
hy\�\��L_�xy\5_ z `�\"bV\ r ^�k�h r \
{ ��b � \�Ù"úAÙný�k��9_�xy\�^ � b:_ z�{ � �.� b�\ � \�h�_�i 	 \ {|� h�g�\�hy\�b � _�\Í_�x�\ r k���b { \�^�b'k Ü�� \ r e â�ú d ý�p�� r�z h>g
Ê ± h>i�µni®c�i�5�ú�ü:ý z.r g z�� \�hsaBt

59ú�ü:ý(.èø5ú�ü
ýkläÙ"úAÙný�l�âÍú d ý e µni®c&µnp

�sx�\�bV\ � lZ��\�h>k�_�\ r6{ k�h � k � ��_ z k�h>iw°ékêg�\�_ � an\ r _ Ü _�_Vk�_�xy\êk�a r \�b � \9� � � _ � k�h�\�x ��r _Vk
{ x � h>g�\�_�xy\ � h>g�� ��� b r�z ó�\ � h�� r�{|�&� \�_�x�\�Ë£Å � Ë z�r _�k �&{'{ k���hy_9�
k�by_�xy\ � \ � k {'z _�t|i�°�xy\ �0�&�<z � z _�t
k���_�x z.r"� ^�^�bFk �&{ xux ��r aB\�\�h�\�Ë]_�\�h r�z<� \ � tu_�\ r _�\��ãk�hê_�xy\ �<z g�xy_ { ��b � \wk�� � f Ä�Å­µnm&¸n½&� � h>�
_�xy\ �0�&� ��\
k�aB_ �&z hy\����.bFk�` _�x z�r _�\ { xyh z.± ��\�� ��rB{ k�h r�z�r _�\�hy_B� z _�x5_�x � _9\ r _ z ` � _�\��5�­bFk�` _�x�\
h>k�h ��z hy\ � b � \ ��r _ r�± � � b2\ r `�\�_�x�k9��i

°�xy\"` �&z h=k�a � \ { _ z<� \Zk���_�x z�r>{|�&��z aBb � _ z k�h z�r _�kZ��\�_�\�b:` z hy\5_�x�\�b2\ r ^�k�h r \Xk���_�xy\X��\�_�\ { _�k�b
_Vk � h z h r _ � hy_ � hy\9k�� r>{ x � h�g�\ z h�_�xy\ �<z g�xy_ � \ � \ � i qÝr�z `u^ � \+aB��_�\����.\ { _ z�� \"\�Ë£^�\�b z `�\�hy_ �&�
r \�_y��^ z�r � r \���i ³Bz gBi�µni®c'c r x>k�� r _�xy\Da � k { ��� z�� g�b � `Âk��y_�xy\ r \�_���^�i
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Dewar Housing

InSb LED

  PA

CRO

DAS

PC-AT
Function
Generator

Detector

³Bz g���bV\Dµni®c'c ² °0x�\Ga � k { ��� z�� g�b � ` �:k�b�_�xy\D\�Ë£^�\�b z `u\�h�_ �&�~r \�_B��^��
k�b r t r _�\�` {|�&�<z aBb � _ z k�h�i

q h � f ��z g�x�_�\�` z _�_ z h�g�� z k9��\ e ��Ê } p z.r ^ ���&{ \9� z h��­bFk�h�_Ck��@_�x�\J��\�� � bD� z h���k��
z h � � ��r x z k�h r � z _ z h>gu_�xy\L� �&{ _Í_�x � _ z _ z�r5� �.b'k�hy_ � k�k�� z h>g¼k�hy\9i qÂr�± � � b2\X^�� �.r \ z�r �­\��
_Vku_�x�\���Ê } �.b'k�` � �.��h { _ z k�h·g�\�h�\�b � _Vk�bVi¼Ä � bV\ z.r _ � �B\�hæ_�k { x>k9k r \ê��Ê }wr � z _�xæ� ��r _
_ z `�\5bV\ r ^�k�h r \9ié°0x z�r � ��r�� \�b z�Ü \9�LaBt�k�^�\�b � _ z h>gs��\�� � b } c z h�_�xy\ � k�� f Û�`=k9��\ � h>�
r�� `�^ ��z h>g � _�m�i®c&` r i�°�xy\"_�b � h r�z _ z k�hÎk�����Ê } k�h>÷�k���� z.r \�Ë]^�\�b z `u\�hy_ �&��� t��
k���h>�ß_�k�an\!ß
m�i®c&` r iC°0x z�r \�h r ��bV\ r _�x � _@_�x�\���Ê } bV\ r ^�k�h r \���k�\ r h�k�_ z hy_�\�b:�­\�bV\ z hÎ��\�_�\�b:` z h z h�gZ_�x�\
��\�_�\ { _�k�b@b2\ r ^�k�h r \�i

� _B� ��r �
k���h���_�x � _y_�xy\�b2\ z.r h�kD��h z.± ��\
bV\ r ^�k�h r \ { ��b � \D�
k�b�_�xy\D\�h�_ z bV\ßk�^�\�b � _ z h>g
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