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�������� 
����� 
�������� ���� ������ � ������� 
+�,� -.��� 

/0�1� �2�3��� 4����5� 
�� ����� 	
����� ����� ���� ��� �� ������ !� "#� $%�&'(� )�*+

 ,-� .� / 0��12� " .��5���� !� �6� 	7�%8-�� 9&'(� :��� ;"#� �� �<�!� =�'�
 �5*>��?� =�' $@A� �B�?�� �C�-' / 0��12� ����� DEF!� �� 0G�> ����)"I:

KK .( �&A �� 0GM+� 0��N� ������ 0�OF P� ����� $%!���� $�%��!� QM� �R S
� $��T!� $��U�� V��!�� 	)O��!� .W�"5X�� ,-� ��! Y�#� B�� ZR $[\R

 / W"5U� ]�>� ^X )�_E�� $`aE�� $G�M+ O�@ / *b"-�� $>�F� $-��`G
c���!� d#!� ]-G 
�.

;��5[�� )%X / 0�eOG� 0�*� 0�O�; 
;f� $%!���� $�%��!� QM� �� �' 0&g[
 ' 
�`8� $�%��!� QM� 	c� h�� $5�%a!�� �5T�!� OiR / VE+�� $'��j =�

 ��58�!�� $5[-�!�� $5%G� !�� �%�# !5� k�A�� )%U� V�j / �1f.� �O�;�
$%'� +��� $�;� >�� V�"l��.

O�5*6G� $5%��.� $�%��!� QM� / 0��E� 0�O�`� $���8.� 9��'�� V"*_ ">�
 #!� / c���!� �OF P�� $%�g�!� V��8-!� 	$%'8�!� O�>�� m'� d "9"5- !� �R

 / $5�O�1 V&-P W"n ������ 9&'(� �j / �� a.�� ]Oa .� ,+�!�8T !�
 ZR "%*� !� �' 0&g[ 	$%'� +� V�mA �� �o :E��� �� ���!�� �T.� 
"#G

$��C�� $%[��p�� ;�"U� ^G ���!�� "�"+ ,'�) "q:KrstKKK .( 
� �g�G� ,-� .� c%` a� $�%��!� QMC c��a!� ,+�!�8T !�� u�!�� u- !� O�` !

 �12 �� va T� 	��# � 	�_E� �TFG� �T�� ��e 
� / *��"w �� .������ !��
 �Tb 7Px[ )"�[� $%�a�� $# � �� �[�� � O"-E[ ��"X �? y&� z\�� �� ��

 {� V�"%-#�� )�E� $%E�� V��12� =�' 
�`8� �� ^5X �%�� V�T#P�� �i
 7��' �68� |!� :G��g!� "- �}�.9� �� ]�\�� zE@� 	������ !� )O�`A� $%~��

 $@A $%~�� )O��\ va T� 7����G ,'�!� O@� c��� ."5#� d QO�; �� ��
 $5%*%[��� $5%�&'R� $���� ���� $�%�� 7P�TG Q;���� 7j��G �&A �� 0%[A

%�%�#�� $%[-1�$%�"A� $.
�125� 7! ��"�F.� ��-' =�' ������ !� $@A� ����� ���� $8�%� �R
 �%5-!� =5�' 7�5�T#P� 7! �!M� "%#E!� k".� =�'� �*%[ �_E� �<� �_E�

$��G� !� �%-!�� $%'� +�� �%-!�� $%���a!� �%-!�� $%>&A��.
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� 9�"w �� / ,-� .� k"! $���!� )���; �#a�� �"8'� / ,�g�!� �E!� )�*+
 $%'85�!� O�>�� m'� $%E8+��� $%G�#!� $%�g�!� V��8-�! ;��.�� ���m!� �E- ��

 )�5*+�� QM� �& �� / )"�"F!� $E<�!� ;��!� k"! �NE@� 	)"�"#!� .�"5#G�
 k"5! 0��E� 0 [� k�P 	v%>O �� ;�"X ��; �� 0X� �� ,>��#!� �g�!� zE@�

 #!� $��#!� $5��#!� �5P� � "#G QM� $%�g�!� �E- ��� )�*+� ���_ =�' $%>��
 5�*+��� $5!�"!� $�%aG $`E��.� $%��� V��8-!� )"�F�� $���G $���� $%>��#!�
 $5%G�#!�� $5%E8+�� 9&[�� 7! O �� $%[-�!�� $%�%a!� ���m!�� OEA�� 7! �-8�

 \ ��\� 	)"�"_ $G>O �� V&a�a.�� "5%!-�� V�;5' c5� ��a8� :G��
 �� $%�5g�!� V��58-!� )"�F� c8� �A�� vP�� ��� ,>��#!� c� h� ���'��

 $%�g�!� �E- ��� )�*+� 9�"w �� .d5#!� k�5� $%>��#!� $��#!� �#+ � �M��
 �p@ v-1 �� ,+Ol� .�+��U� O%B�� �%`N G �a�� 
M!� �>�!� �+ �"8'�

 � $%[��p�� � �%� o ��� �� �- 8� )�p@ $��> �' )OE' d#!� zE@� 	$%�%a!�
 "��� ��e 
� /� �F� .$��_ $��O $%�g�!� V��8-!� �&A ��� 7�"! �NE@2[

 * �O� "�F��! V��[� $��� k�A� $%�g[ V��8> ZR )8> �� �- 8� �*[" ."-!
 ���� 0%P������ ��"X�� �FE!� �� ^�&� zE@� ���5 T!(� "�m!� �&A ��� 0%P�

 �� ���� �T� �� ��O !� / W"n d �%P� P�� VTE_��
� ;�5[ V�O5%�� 
��esr%/� $5%U� )O��!�� V��!G 0#� ��#G � �� YO�� �T� ;"' ��

 $5%E.��� )O�"5!� y  [� �� d#!� �2� V�OE�� 0%.' 01"X "X�� �>�)�:
��.(

6#� �R �5<� )�_E� ���O� ^�g�� ��"�� C $%�g�!� V��8-!� QM� �
75����� 7 %8G / �1f� �!�!� d#!� ��;� ��#!� �i�!� �8G� ZR $*+�� )�_E� .

*8� /-�!� 71�O��� 7�OgX ��a� �� .����#!� ��6!� / ��� V��8-!� QM� �R
 ! �"� )"%#E!� *[�"�� / �T!� $%G�(� V%���5a!�� V5����� �%-!� �%p 

 ���  !¡%[ "�F.� �-� � �%���� ^�g� "¢ �� $G��< &[ "%!- !�� V�;#!��
 );"# � £¤2G� $%[-1 )�`%�� 0���< ��b � 0%'� +�� 0%�%� .��T� $[�#� �R�

 �� $5# .� 7! �E� VMA� )"�"#!� V��O"!� �&A ��� ���U�� �#g!� $%�5a !
 ��5p!�� $[�#.� �i{ ZR �_ ��"G Y�# %[ 	¥�� ��"G� $��ET.� 7�E<O ¦���
 ,>��#!� c� h� 7F%#� 
M!� v#�!� ��6!� �� C "'a� ��' ZR 0[g� /-�!�

 )%U� ,X��P c%� /"5�� )"5��!�� $# .� DE�� �� Q�[�� � �� �� �<�!G
 h� �� { / V�"A �� 7�"-� ,5��� �< vP§ 06� ¨ �6� ������ !� �x[ V�

 �`l� �� �a� �< O"> =�' 
�`8�) "©:s�.("5F� |!� V��8-!� �� ª%! ?R
 *���O� *8%�g� / )"%��� $�%�� *j��G / ,-� .� ./ 
� � V��8> �8� �G
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l�� $5��?�!�� $>�5a!�� $b���� �8#!� �� )O\ V'�+ =�' *8%�g� �5%
$%N`a!��.

$%E�� O1« ��� V�T#P��� �iw.� �� $%�g�!� V��8-!� QM� 7��� � �R
 $���i V'a! $%P����� !� V��8-!� QM� ��"�F� ��M!� DEF!� =�' )�`A� $¬%�
 ���m!�� V&a�a.�� 9&[�� cG � 	v<��� �F� � �%� �- 8� 0&%! 9� �� 0�OB

 %� ¤�; �<��� �58#!� �� �%i / 7��� � ®%a!�� �g.�� "%�� "%�.� ^G �%
 $�%A�!� )O1(�� ª8��� $b���� .�%5-!� �5' "#E!� �� )"%#G "#� O��� ,��

,�&�(� ��#!� c� h� o =�N � |!� ¯&A���.
$!5�O 75��? "� �� *j��G ^G V%�g�!� QM� 7�E� 
M!� �&'(� °X�

 k�A� �5< ���<R $%��' ,�� $8�#.� �%_�� QMC ��� !� vX =�' "�F.� ���
 $�;5� >�� �5���#!� ZR 0[5g� $%G�p!� V#� h� "%!-�� V�;' �E- ! )�_E�

 C $%�%a!�� $%'� +���"±#E!� �'�� �� )�-G O� �1f� B� z\��!� �� �T!
 �' $�P �a%! �12 !� �M� $#%Ei ��� $5�P ,� � O"-G 	;��.� QMC $%��M!� )�-!�

 �5� $5�� w.� z���F!� *F%#� |!� $%�%a!�� $%a�8!�� $%'� +�� ���6!� �'
$%�8!� ��"�E!� / ������ !� 
"�F� ) "K:�rr.(

�� $%P����� !� $%�g�!� V��8-!� QM� *��� |!� $%!���� ����!� QMC �Tb�
� O��!� / �1f�,� ¯�i W&�G ;��[²! $%�-#!:

Kt)"�"+ $%�-' 0�O�@  �� �� �Tb ����!�.
qt);�+�� $%�-' 0�O�@ �p� �� �Tb ����!�.
�t);�+�� $%�-' 0�O�@ e�#� �� �Tb ����!�.

��"�� $1&1 �8� ��T� �� "G� )"%+ )O��G ����� $%��'  -N � ,T!�
,�� *'E�� �Tb:

Kt!��!G 9� ��� DM+O"�.� *�E� |!� $.
qt"%+ �TFG * 6X&� �� *�*[� ����> � � ,T! z\�� �TFG $!��!� ³"-�

,-� .� �E> ��.
�t,-� .� k"! )�+�.� $G� ���� D��`.� ]E`P��  %-�.)s:q�(
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6�7�� -.��� 
/0��� �1��8 

^%��� ^!�a !� �&A �� ´U� �NE!� $�TF� em�:
-8-!� �µ�"�F� DEF!� �g�� |!� $%P����� !� $%�g�!� V�� 
-µ�*%[ ��12�� V�T#P��� �iw.� ,� � 

/0��� ��9�:
$%��� £-8!G �NE!� $%~� em�:

Kt)�5��� 5**+��� $a%�O V&TF� ¶#� 7P�� / �NE!� �M� $%~� ��T�
 m' �b 
M!� ������ !� ,�g�!� �E!� / ��� �� $%>��#!� $%'8�!� O�>�� .?R

$5�� w.� ���m5!� �5� ]�58!� �M� ��� �E- �� 2%* � d )���� QM� ��
$'�8 .��.

qt$%[-�!�� $%�%�# !� Va�f.� �XE!� *%!R �@� � ��� |!� �� 8!� "%�� ">
 |5!� V�O�5` !� c� 9�& �  $%�%-� !�� $��G� !� *��8� ���`�� ��"#� /

h� *F%#�c� .
�td �%�5� c� j �8G �� ;_O(�� 7%+� !� $%��' / ´U� �NE!� �*a� ">

 $5�% P 	$5%8�"!�� $%>&A��� $%'� +�� 7�%>� /-�!�� 
OgU� 71OR "-��
c� h� O%B� / vEa � |!� )��T!� $+�.� QMC.

/0��� ;�&�� 
=�' ��# !� ZR ´U� �NE!� �"*�:

-��!�� ^�g.�$%�g�!� V��8-!� ����G *��� |!� ��.
-B�"�F� |!� V��8-�! $%�g�!� ���m!� =�' ��# !�.
-*j��G *%�' ���� |!� V�h�� OT[²! $8�#.� �<� $8�#.� ��"���� �%-!�.

/0���  �&<:
=�' ´U� �NE!� �� -�:

Kt%P����� !� V%�g�!� *\�#� |!� $'�8 .� ���m!� =5�'� $�� w.� ���8> m' $
$%�g�!� O�>��.

KtV� ��PNile Sat.
qt;�G V��Hot Bird.

qt�� $���#!� V¬�!� =�' KsZR $8� �r;�"pG $6[¨ $8T� �� $8� .
�t�� $%8��!� )� �!� K/�/qrr� $�p!� �r/©/qrr�.
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=��>��?@� /0��� ��AB�8 
,�%�N !� ,�@�!� �*8.� �XE!� cE�� ��"���  %-�� 7�� V����+R e¢R /

V����+(� ��� c� $��&� ��8.� ���� 7P�T! 78� )A� .�.
/0��� CDEF:

|5!� $5���#!� V¬�!� �� $'��j �� ��T � 7P2G �T� c� j 
� �� �
 *8� 7���+2G 0`G�� � 0�%aP ��T�)$5�X��� DE5F!� $5�X�� 	$!��`!� $�X��

OET!� (�8#G� *��)WP(�� O��M!�(��̧5#� ZR ,5��� ´U� �NE!� �� � 	
�x5[ �!M5! 	DEF!� $�X�� / ��12�� ���m!� *�E� |!� V�T#P��� �iw.�

c� ���! 9#!� �T!� �� $�X�.� QM� O% A� ZR 2� �XE!�.
�(� ;"#!� "�"� �� ��T!G 7 %`p� �T� �� c��� c� h� �� � 	75! ´

:-[ 7'�P� c� h� ��X ZR )O_(G �XE!� =� �� �!M!.
/0��� ���' 

^5G 5� �;��[� O�'� y��� � DEF!� $¬[ �� $%���F' $8%' �XE!� O A�
)KsZR $8� �r$8� ($58%#!� QM5� �p�G *%�' �NE!� V����+R  %E` !)KIr 

0�;�[ (�� ,� $���' V¬[ W&1 ZR �*�%a-� ¹)Kstqr(	)qKtqs(	)q�t
�r(��"�� / z\�� �� �� $8�)K.(

G�H� �I��� 
JKLMN���

�I��� 
MJLMK��� 

�I��� 
MOLPN���

Q�DR�
S�)T�� UVPKMUJNW 
X��Y� PMMKJOWP

"1��� Q�DR� JVN 
��"+)K(�NE!� $8%' O% A� z\�� 

-� � ;��[� ^G �8�E� Bx[ $8%#!� QM� º��A �� v T� �� ��)$%�� (;��[��
 );*_ ����n)���O�!TE!� (��"�� / z\�� �� ��)q(

G�H� ��2 *
ZE�2 *� 

����&E#��[��E8 �2 �&'@ \�1#  �2S���]]�#
^

Q�DR� 
S�)T�� MMJ_J_JWJKJKJNW 
X��Y� JPJPJMJMJJJMWP

"1��� Q�DR� JVN 
��"+)q(� $8%' º��A z\���NE! 
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��'`[E�*� ���S&�� 
$58%' �� VP%E!�� V���#.� c� / V"� '� |!� �NE!� )�;� �8G Y�p!
 *�5g�� |!� ���m!� ��̧#� ZR �["� $%'&` �� $��O; �XE!� k�+� 	�NE!�

 $%�g�!� V��8-!� �� )"�F.� / c� h� ;��[�);�5G V�5�� V� ��P(¹ ?R 	
�� �� $'��j 7%+�� �p�G $%'&` �� $8%#! $X� �.� $�¬�)�r0�;�[ (�5� { ��

 ���"5�� ;��5[�� ��f� c� $�G-.� $-��i �XE!� cE�� ">� 	$%'� +�� z���F!�
 �581� / ��f� *�"E� |!� V���#.� $>; =�' 78� 0@�X �*8� )�_E� V���#.�

 / �*#� 
�� $�G-.� �P� ?R 	$�¬��� �' $G+(� D�5> ��;�5+�  i58� 
QM5�  5%E`� ¹ �%X 	$-`8.� / v#�!� VX� / �� �%E!� �A�; / 	�*8T�

 �� )� ��! $��O"!�K/�/qrr� ZR �r/©/qrr�,� �C $*+�.� $�¬���� :
�K/µO��� �G �"�F� �g�� $%�g�!� O�>�� 
� 
�q/µO��� �G * #G � / v<��� ��"! $�g�.� ���m!� � 
��/µ* __ =�' �� $%�%a!� OEA�� $#G � / v<�� $%�g�!� V��8-!� 
� 
��/���?� µ$%�g�!� V��8-!� V__ *�E� |!� $%�8p!� ���m!� �g�� ��.
�s/�"�5F� / v5<�� $5�� w.� 9&5[�� �E� |!� $%�g�!� V��8-!� 
�

µO��� �G 
��/.� �E� |!� $%�g�!� V��8-!� 
� �"�5F� / v5<�� $�� w.� V&a�a

µO��� �G 
/0��� a� �)����E�*�(

�5XE!� k�5+� $%'&` ��� $8%#!� �� VP%E!�� V���#.� c� ¹ �� "#G
 �56P �� "5#G V��-[ �T_ =�' *�%8� G 9> S 	VG+(� k� � 0%�@� 0&%��

 �< V��-�!� ��'� )"X�� )�-[ / $oF .� V��-�!� �5!? "5#G 9> S 	$oF .� 
$<%�G)$PE ��� (�5� ?R 	���"E!� �� 0�"X�� »�N�.� O ¼ �>��� �T_ =�'

 )�_E� �< )O��G $*+�.� $�¬��� ��T� �� )'���)$%i-�R $�¬��.(
�� $PE ��� $�¬�� �P�T�)K�0��f� (���"E!� �� $'��j �g� ��f� ��

 ^G � �X����)�V��-[–Kq)�-[ (�"5*� 08%#� 0E�`� ª%-� )�-[ �� �R ?R
�NE!� 7%!R .

a� ,� d&e:
c\� � �%-! z��� ´U� �NE!� / )"� #.� )�;�� ��� �� "�2 !� Y�p!
 ���m!� �&A �� �*6� �� �Tb |!� V�T#P��� �iw.� �' �FT!� / 7�+�
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�!� O�>�� m' $%�g�!� V��8-!� *�E� |!� $5�X�� / 5��12�� $5�� w.� $%'8
DEF!� .
��6!� ¯"�!� �XE!� "� '�)Face Validity (k"5� ��̧# !

 �5� �NE!� )�;� / ��[��� v� |!� £��F!� "X� �R ?R 	)�;�� V��-[ $%X&@
 ¯"�!�"
M5!� �,5F!� 0&#[ ª%-� �� �O�"- �� �?R $>;@ )�;�� "#� �%X

7�+� �#\�."
+�� $�¬�� �T_ =�' ��8G ¹ |!� )�;�� V��-[ $%X&@ ��  -N !� �

^��w .� ��ml� �� $8� =�' *\�' ¹ 	�>��� $'��j *��w �)*(�5j /
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 / ;O� 5� c�  � � �M�� z�a.� �`a!�� $>�a!�� $b���� �8#!� *8%�g�

 Ga!� ��fa!�.
�K�/D+�)sI($EaP ���TF� $8%#!� ]��j �� 0�;�[�q%��5E<�� �5B�

 T!�� $��N .� 9���!� 9&[� "�F ��# � a�� V��58-!� 5*�E� |!� ���O
$%�g�!� .9&[�� QM� ��*6� |!� $X�.� ��8.G ] � ��� $!�¨ u#� �M��

 / vE5a!� ;�#�� 	$X��!�� $# .�� );#a!� 7! v�� V��X� �>��� ��
 �� |!� $-Ga!� )� �!� / DEF!� v�<� *_' |!� ���U� $!X ZR �!?

D��U� 9&[� �;�a�O�"!�� � -!�� .
a&���D1� ���8p�� a�E���:

;��[� �- 8� );"¨ �< $%�g�!� V��8-!� QMC )"�F.� )� [ �� �XE�! ^E�
 �� ��5P�G �� $%P������ );� �' )�� a� �� $%��' / k�A� ZR )8> �� $8%#!�

C )"�F.� vX� ��#�`�� ��E<O ,\�� $%8<� .
�XE�! zg�� �� O5% !� ;�5+� O��� �G 0g�� $`E��� $%8��!� )� �!� ��

 V��58-!� QM� )"�F� $#G � / ���� a� $8%#!G ^!��F.� v�<� �R� ,�G�*T!�
$# .�� $%�a !�� ] � ��� v�� |!�� 	�%�!� �� )�A2 � V'� °X.

0��_f� Q"̧#P �� �Tb )"�F.� / $�O��� ���� ���`!� �>�!� �M� �R �A« 
�56#. )"�5F.� �>� ;�" �� / �O�@ ��� |!�� 	$%E�a!� V��_f.� $�� ��
 �5� ±#E!� "��� 0�OB 9� 0&%! ��� ���� ,�G�*T!� O% !� ;�+�� �E!� V'�
 $�O��� 5�� �#� � ��� 	���%G / �p�!� ,�G�*T!� "!�.� �*�& �� $8%#!� ;��[�

 ��i� )� �! )"�F.�.
�� �5`'R �Tb � 7P� �%̧EP 	�XE!� *%!R �@�� |!� �� 8!� �%�� �&A �
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V5#�`�� )"5�"+ $[-1 "%#E!� k".� =�'� va T� "> 
M!� 	,-� .� / ��1�
 ���� 7 [-�! *�%g� )"%�� V���� ,5�%�# !� v5P�� �!M5� 	7����� 7�

 �M5� �� �5_ ��"5G� 	 �"�F� |!� $�� w.� ��8��! u�!� ¯�M !�� 
�G� !��
 /-�!� k� a.� *8� 	 )"�"' V��p � ��\ O�` !�� ��8!G MA2� ��(� vP��
 k"5! OT G��� $%'�"G��� $%8�!� v���.� $%�8� �!M�� 
;� >��� ,'� +���

�!� ,-%��.�� u�!�� ´��� ¯�M !� ^a� 7%!R 0[g� ;� .vP�� �� va T� ">�
 $%!���� $%��#!� / ¦�a!� �12 !� $%E�a!� 7��T#P�� Q�12� / )O�`A ����� .���

 $5>&' / 
"+� �E� 9� �G �68!� / )�l� ;�*�� �� �[g � �� 
O��g!�
 EF!� c� )�Xa!� $�%��!� QM� $5%8#.� Va�f.� �� ,#�� ±*8�� C ,-� .� D

$%P����� !� V��8-!� QM� V�T#P�� �i{ �� ®_8!� �%�� $�Æ �+� �� �O�;
$%�g�!� .V5���� ;"5# G �a � d' / $E#@� )"-#� 	 $�*� �< $�*� BR

$%�&'(� $.�#!� �� / ���<(�� ]8>(� =�' 7�O"-G� ^�g.��.
)�p5@ $��> d#!� �#+ 
M!� c���!� y �P�� �M� c� ��# P �%� 7%�#[

µ,>��#!� 8#� j ��� c� ���� $%!���� $�%��!� QM� �g�G� 

�?�E�E�*� 

K./ ��5E<�� |!� $%�g�!� V��8-!� )"�F� / �;��[� =�' $��#!� )�`%� 9"'
�"�F�.

q.*�T#P�� $���i )"�F.� )� [� �>�!� 0%5a�P ;��[�� =�' �E� ¦�� �1f�
0%P�a+�.

�.|5!� $%�g�!� V��8-!� O% A� =�' )�`%a!� =�' )���� / OET!� )O"> 9"'
)���� �8G� �"�F�.

�.$5@A� ���m!�� V&a�a.�� 9&[�� �� ®%a!� )"�F� / �ET!� V&�P��
$%XG(� V`-�!�� "�F.� �*6� |!�.

s.%�-�� Da �� 0#5��� zE@� $%E8+�� V#� ���! $%G�p!� ��6.� �� ��� "
DEF!� k"! ;�%> ��"G�.

�."�"�� c� h� �8G / *8� );� ��� / $%GEF!� V�O"-!�� V>`!� ��"-[.
�.$%>&A��� $%���a!� V[�� !� / ������ �� ±#G ��"-[.
I..�� 9&5[�� �`G�� V%�wF!�� ��F.� ±#G "%�-� Ãy��5P / V&5a�a

)��� .
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;"#!�q"�h� 	qI���T!� 	.
qtO�e� ��;�X)K©II(9�5�#�! $5%!�"!� $�h� 	kO�� � �� ����� ��' 	

;"#!� 	$%'� +��KK�.
�t	98p!� "Æ� "�¨� ,#G��!� �%���GR �%��� "E')K©IK(/ �NE!� ��8� 	
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;"#!� 	�T�!� $�jq"�h� 	qI���T!� 	.
st�8T!� c[P "+�)K©©I(/ ,5aU� ��O;(� ���5` ! ,�%�#� 96P �8G 	
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