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��*�-"!���>*"�1">"���D;4#����A�53��"%�"#�>*"53�,�!�$-*�C�. 6�< 5�3�?�1�6�

��*�1�0� !�,� -*4-. 6�  � J"7� 05� E JPL5-"!�"#F� 434�4�-7� > �3�, !� � * ?= *-�L
>4*�>45-"!$� =4* 0� �J � 5�3.5 +�  ��J7� - J- � L� -"�� ���"�� E?��$*4��0�F� $� �!�-
>4*� ��;�!���4+��5����D;4#����!�,?��%�L-.�0�>�?��!�3.� @�#��,4#� @� ,� *�,���-@
!"53�,$7� / � �! L@� %4*= @� �>*"%"�0L� ?!$;4��0� >4*�>45-"!"� �J � E�5 * %4��0
 J*�?$F�� ��D;4#��� !!�;�!7� / � !�,� !�� !�,� -�5 6� > �3�, !� �-�� E?�3 �34��0
*4L�-*$F�?�!;,"�C5�,3"!�7�>* �14�!���= ! *"-.�$�>4*4,� !��, �E�*"3��= 3$J5"F�
�,��5� >* -"�-�!303��.� ��*�-"!��� -4+��5�� ��D;4#���� �4� �-�3.5"� ?=�,���#

�4 ,� *�,� �-��!"53�,$7��5�3.5"�53��"%��#�!�4?��@%�#���*�1�6��� 5*4��7�> =30,"
���433�������*54!"%���?"!�L�J�3.C�-*�,"1�#�"�"�#�3�J4*�3.�"�"7� �5�3.5"�- #
�4�!�,5",�!��!- *�.5 = ����3�?$�-�� 1��5"7�, >$�5�!�>4*4+�,�!�,�-4�"�, �-4�"7

D�.���
�JGKK7LM	N��mW]�xZjhX�fh� hdxXdf`����rf`kf`�� ,B?#���c�� ,5#�,BF�
#� .���
�<2OOA=P266	 I�� ~d]��[`gX� k]Z� vZ�äWb[`l�� �p]Zbd`�� ,B$5�� �� � c�44�
F� ���������	 
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���&� �
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!�,�-$>"7�?!4*-���0�, �%"-�%�7�05����=�,$@-.7�/ �14��4�>*�!,�7���!"=�,5�7�!!�;�@%"
6+� + %� �� *"?"5 !��"�"7� �34� ?,�-�"�"� �-! *"-"� >4!�$� E=3"J"�$� �$JPL5-"!� 6
*4�3.� �-�F' �
� ,� %���%"-�%�$;4��4��>*"#��!�!-*$%���0�-�� 1��5"�-�5 = ���*�- *������3 �

-�5 = � %"-�%�� � ;$-.� �3$;"-"� �3 !�� �*-4="O�O���4-�N� E�*4J�7� / J� �"� J�%"3"
;"--0� * ����%�"+� =4* 6!7� �� �4� -�3.5"� �3$+�3"� >* � �"+F� G8))I�� �!�,�"� > -*4J�
>4*4,�-"�- %5$�? *$� � J"7�,"!"-"�0�����!�-�66� %"������!,���0����*�-"!$�J$3 
, � =-"�0� �,4�-"<�5�1�6� %"-�%�� ?� >4*� ��;4�7� ?� # = � �"�-4� @� > =30,�!�� �
��- *"5 O3�-4*�-$*� �$� ��>45-�� 14#� >* 14�� !�, J*�?"!�0� !� >4*4+ ,�� !�,
�$5- *��3.� 6���*�-"!� 6��"-$�1�6�, ��5- *��3.� 6�����Q��-��1434�7��$5- *��3.��
��*�-"!��� �"-$�1�0� !"?��%�L-.�0� -"�7� / � 14�-* �� %"-�1.5"+�  *�L�-�1�#� $
<�5-"!� �$� �!�-�� L� �$,;4��07�  1��5"� #� ?�$!�;4��0� ��*�- *��� ��,> !�,� � !
�5- *��3.��#���*�-"!��#��"-$�1�6�* 3.�-�5 = � *�L�-"*��!"5 �$@-.� 1��5"7��$,;4��0
>4*� ��;��� �$5- *��3.��� �"-$�1�0� >4*4,J�%�L� !�4?��@% = 7� !�@,"�$/ = 
45�>3�1"-� = ���*�- *����!�;�L-.�07�/ �-�5"#���*�-"!�+�*�5-4*�"#�,30�3�-4*�-$*"
>4*C 6� > 3 !"�"�B�B� �-���,��5� >4*4+�,� !�,� �$5- *�3.� 6� , � �5- *��3.� 6� �J 
>4*� ��;� 6� ��*�-"!� 6� �"-$�1�6� !�,J$!�!�0� > �-$> ! �� �4*C�� 434�4�-"� ��0!��
!;4�!���=3�#�.5�#�3�-4*�-$*��Bsttt� �-���4�J$3"�3"C4� 5*4���� �4�-"� -! *$7�J 
?�=�3 ��?���"�>*">�,�@-.����>4*� ,�-! *% �-����Q3 J4*�7�J*�-�!�� �5$*�!7���� 30�

��4�1��>"�.�4��"5"�!�4�3"�?���"�, �53��"%� = ��> � J$���*�-"!$7�05"#�$-!4*,"!
���- #�%�����W�3.?�5�����%�$�* 3.�!�,�=*�!�!���,"!�,$�3.�"#�> C$5��"-1�!7�057
��>*"53�,7�Q�D �- L!�.5 = 7� �34� !"*�C�3.�$� * 3.� !� $-!4*,;4���� >4*� ��;� 6
��*�-"!� 6� �"-$�1�6� !�,�=*�!� ��-$*�3�?�&9 ��
��4�!���-$*�3�?��7����!�,���$�!�,
*4�3�?�$7�� !����*�- *��>4*4�-�L�J$-"�� ! @�� *�3�?�- *�-!��#���-4*>*4-�1�6�
� !�� ��*�-"!��� �"-$�1�0� ��#J�3.C4� > ?��%"3��.� ���� !34��L! �$� < *�34���
,"�5$*�$���*�- *�� -��>4*� ��;��
D ���$!���0�%"# = �.�� !34��0�A�!�;3"!"#�%"��"5�,"�5$*�$�-! *$N�%"L@�� ! @

>4*4,���� ��< *��1�07� -�5 @�J$,4� ��-4*>*4-�1�0�%"-�%��� ED"�5$*�7�/ �!"*�;�L
!3�,��� �-*$5-$*"7� !� -45�-�� L� ��#�"3.��C"�7� ��#* ?= *�$-�C"�� �� ��#J�=�-C"�7
>* �"5�L�$�!���53�-"�"�-45�-$7�J$5!�3.� �E?�*�;�L�6+�� J @F&& ����5"��!3�,�"�
,"�5$*� ��$�*4�3��-"%��#� >* ?�� ! 3 ,�L� =4-4* ,�L=4-"%�"#���*�- *��B %�� !�1�#
��*�-"!��#� 5 ��-*$51�6� * ?> !�,�%�� ;4� ��,�!�-"� �3 ! � =4* @7� �34� ��*�-"!��
>4*�>45-"!��!"?��%�L-.�0�-�5"�"�>*"�1">��"N�= 3 !� @�L�>4*�>45-"!��!�4?��@% = 
��*�- *�7�05"#�>�,> *0,5 !$L�� J��� !34��0�=4* 0���>4*4,�L�!� - %4����!3��� = 
5 �4�-�*0�� ��5"#� ��*�-"!� !�,> !�,�!� *4�3�?�$7�  �5�3.5"� *�1� ��3�?$!�!� �!�-7
>*4,�-�!30!� # = � ?* ?$��3"�� #�  %4!",�"�7� / � !"0!303 �.� �� !� *�1� ��3�?�1�6
� !"7�05��!"*�;�3���4> *$C�$�>*�!,$�>* �*4>*4?4�- !��"#��!�-�
� ,4*��?��+�*�5-4*"?$L-.�0�>4*4,$������C @�* 33@���*�- *�7���C @�5 �14>1�L@

# = �� !34��0���0�!�,������-.�> 30=�L�!�� !"+�-">�+�!�,� C4�.���;�� !34��0�
��*�- *�� -�� � !34��0�� >4*� ��;��� ��� >* -"!�=$� ��*�-"!��#� >4*�>45-"!�
*4�3��-"%� = �-! *$���*�1�0�5 ��-*$@L-.�0�05�> L,����0�>4*�>45-"!"���*�- *�
-��>4*�>45-"!"�=4* 07���5 3"�5�3.5 +�>4*� ��;�!����5"#�>* 14�� + >"!���#;4�!��
� ,4*���-�.5����>*0�"7�? 5*4����4 * ���-"%�$�>* ?$���! 3@1�0� > !�,� 6����4*"
>"�.�4��"5�!O�4 * ���-"5�!�E>* 0!303��.�$�*$���!�,�!�4!�,�@% = ���*�- *��, 
* ?C"*4��0�< 5�3�?�1�6� ,� = �>4*� ��;�����!�4� > !�,$!��4�#� ,� %��� �, 
* ?C"*4��0� 5�3.5 �-�� - % 5� ? *$�,30� *4>*4?4�-�1�6�  JPL5-�� $� *�?�"+� 1������"+

B�@2=M5AQ5LR	B��m]fZd]� Yf\d]�xd� �j� lZj`dx��� ���jZg�j\j�� ,BB?�� �� c�4,��
,$�.���
�SH26RA3	T��~d]� XuYdgxW]`��fZa]`� k]g� ]`lbdgxW]`�nfaj`g� [`k� dWZ]�v`X\dxzb[`l� d`� ,F� �jWZ[`k]ZX
KK� cXdb%� [`k� �fZaYZf^b]a]� d`� k]Z� rdX]ZjX[Z�� ��o]dk]b^]Zl�� ,B?B�� �� c�45��45F�
,,�.&��������	���1��+����
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>3 /"��+F&8 ��� ,4*�"#���*�-"!�>*4,�-�!30L�%"-�%$��4�-�3.5"�!%"�5"�=4* 07�# = 
,$�5"7�����# = ��> ��J�� !34��0��� J- ��4��-�3.5"�>4*4,�L�!"�3 !34��0�=4* 0�G14
J$3 � �� !� ��*�1�6� > >4*4,��+� 3�-4*�-$*�"+� ��>*0��!I7� �5�3.5"� �> ��J� �"�34��07
!�,%$--0� =4* 07�/ �!"*�;�L-.�0�!�� !34�����
3�,�?�?��%"-"7�/ �!�*4�3��-"%��#
>* ?��B�B��-��G��� 3�- #7��������"*�"#I�-�5��434�4�-"���*�-"!� 6�>4*�>45-"!"
!"�-$>�3"7� �34� ! �"� �4� �-�� !"3"� 1�3��� 6� �"�-4�"� > 4-"5"� -! *$�� �"C4� ?
> �3�, !�"��* ?= *-���0��>4*� ��;� 6���*�-"!� 6��"-$�1�6�-�5��434�4�-"��-�@-.
�-*$5-$*� @� �� ! @�> 4-"5"�-! *$N�>*4,�4- ��? J*�;4��0�L��4�-�3.5"�!%"�5"
=4* 07� �� #� !4*J�3.�"#� �5-7� 05"#� !"�-$>�L� -4>4*� -�5 @�;� !�;3"! @�<$�51�L@
=4* 07�05�J$,.O05�� ��C��# = �,�0���*"* ,��� !34��L! = ��5-$�> 30=�L�!�- �$7
/ �!����4�-�3.5"�!"�-$>�L� JPL5- ��? J*�;4��07���#�����J4?> �4*4,�. �!>3"!�L
�����*�1�@�!�-! *����4#�!>3"!���L�> ,!�#�$�>*"* ,$���4*C"#���>45-�> !P0?��"#�?
* ?= *-���0����*�-"!�"+�5 ,�!�$�-45�-���D"�5$*��=4* 0�!>3"!�L������*�-"!�"#
5 ,7� 05"#�< *�$L-.�0� ��*�- * �� �� -�5"�� %"� �� !", ?���@L� !3�,�"#� ,"�5$*�
-! *$���4�!��! @�%4*=$�!"?��%�L�14�-*�%"-�1.5"+� *�L�-�1�#��� J- �14#���>45-
!"0!30L-.�0� !� >3 /"��� �$5- *��3.� 6u�5- *��3.� 6� ��*�-"!� 6� �"-$�1�6�� D*$="#
��>45-� !"�-$>�L� !� �<4*�� ��*�-"!� 6� � ,�3.� �-�7� ?� 66� J���*� @�  > ?"1�L@
,�L=4?"�$u���4?"�$��	�	4�4--7� * ?=30,�@%"�>* J34�$���*�-"!� 6�� ,�3.� �-�
-��>"-���0�,"�-��1�67�!",�3"!�-*"��-��"�,"�5$*�$�>4*� ��;�����#J�3.C����4-"%�"�
?� �"+� L� 1"- !��"#� ,"�5$*�7� 05"#� 0!30L� � J @� , �3�!�$� >4*4,�%$� � !34��0
>4*� ��;�� ?�� , > � = @� >*0� 6� � !"�� �� 53��"%��#� >* ?�� !��� > ,�!�!�0� !
 J*��34����,"�5$*�$���*�- *�����-����#�%��- ���!�!"=30,��-*"J$-"!� = �,"�5$*�$7
05"#�$- %�@!�!��5-�� !34��0�%"��"�34��07�!5�?$!�!����# = �*�?���+�*�5-4*"�-"5"7
 J�-�!"�"7� !� 05�#� !��� ?P0!30L-.�0��D30� *=���?�1�6� !�$-*�C�. 6�< 5�3�?�1�67� 05�
>4*4,�L�5�*-"�$��!�-$� %"���>4*� ��;�7�?��- � !$@-.�0�,!����C��-">"�,"�5$*�$
A� ��*�-"? !��"#� -�� -*���> � !��"#&: ��e5/ �>*"�1"- !�� �$�,"�5$*���� !�
��*�- *����>4*� ��;��* ?�4; !$L-.�07�- �!�1"+�!">�,5�+�� !34��0�>4*� ��;�
>* �"5�L�!�� !$���*�- *������ !34����14�����<4�-$L-.�0�!�?��- �$!������4!3���4
>*0� 6� � !"�� �4#� >* 14�� ?$� !3@L� !>3"!� ��� � !�$�  � J"�-��-.� ��*�- *�7� J 
# = ���*�1�0���> !�@L-.�0�%$;"�"��3 !��"����-�5 �$�!">�,5$��3�,�?!�;�-"���
�!�, �$� $�-�� !5$� � ,4*��?�$7� 05"#� �> �$5�!� >4*4,�%$� ��*�- * �� - %5"� ? *$
��C 6� � J"7���- �$�!�# = ���*�-"!��14�0!"/4���J$!�L�, ���$@% = �+�*�5-4*$�

4�3��-"%��� >* ?�� !� 1. �$� ��>45-�� �$--L! � !�,������ !�,� -! *�!�� ,4*��?�$7� J 
,30��46�J$3 �+�*�5-4*�"��>�,> *0,5$!���0�� !34��0�>4*� ��;��= 3 �$���*�- *��
� ,� %��� !;4� ��-$*�3�?�� $� ;3"!"!� ?��- �$!���0� !� � !�� -! *$� J$,.O05 = 
*�?� !",$�� !34��07�!�- �$�%"�3���414�?$*� = ���;"!���0��43�-4*�-$*� 6�� !"�!
� !34����=4* 0�J$3 �4<45-"!��C"��?�� J ��,30�+�*�5-4*"�-"5"�>4*� ��;�7���;
>*0����!- *�.5��!5�?�!5�����5"��>*"# � ��L����41.5"#��514�-�J�* ����$���=4��
GEW��5�*�.5"#�,����$���=4��FI�!���W�3.?�5�7�� !34��0��4*������ 3.,5*4�4*��!
��-$*�3��-"%��#�> !��-��Ev^j�p^adm]cpm^]F���Q*��5���	�	4�4--�?�?��%�L7�/ �?�!,05"
1. �$� >*"# �$� � !��� ���4*�� >4*� ��;�� L� E JPL5-"!�? !�� @F� %4*4?� %�-5$
,"<4*4�1��1�@� ,"�5$*�$� * ?> !�,�%�� �� ,"�5$*�$� >4*� ��;�!7� ?�!,05"� % �$
, �0=�L-.�0� ���4-"%�"#� 4<45-7�  %4!",� 7� J�3.C� !"*�?�"#7� ��;� $� J$,.O5 = � ?
> >4*4,��+� * �����-�!F&H ���,��5�?�=�3 ��$-!4*,;$!�3��.�5 �14>1�07�?��05 @
�4!3���4�>*0���� !��$> ,�J�@!�3��0�, �� !"���*�- *�����- ���-.�$�� ,4*��#
>* ?��> %�-5$�BB��-����*�- *�!-*�%�!�� !�$� � J"�-��-.7�J ���*�-"!���>4*�>45-"!�
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=4* 07�# = �� !34��0���J$!�3"�!43"5 6�!�="��e5/ �* ?=30,�-"�!�1. �$���>45-�
�-"3.�*4�3��-"%�"+� -! *�!�B�B� �-�7� - �# = 7� ?�� �3 !��"����3 !���.5 = 7�� ;��
��?!�-"� 3��4�*�"�� �-"34�� 1"-$!���0N� %$;�� � !�� ?��5�$-�7� �!- � ���7� - ,�� 05
�-"3.� � ,4*��?�$� ��30*�.5"#N� >* 1"- !���� � !�� !-*�%�L� 5 �-$*7� ?!$%"-.� $
5 �-45�-�&( ��� 5*4��7����3.�"1.5"#�> ��-"!7�/ �5 �> ?"1�#�"��>*"�1"> �
> J$, !"�� !43�� ,4*���-����e15 !��L�>*"# �"���30*�-!��#��5$3.>-$*"7������
� !43��-� �-!4*,;$!�!7� / � � ,4*��� 3�-4*�-$*�� ��L� !"5 *"�- !$!�-"� >3��-"5$
;"! >"�$�#��$?"5"&V ���*�=�4��0���*�- *��= ! *"-"�� ! @�=4* 07�!53@%�-"�- @
%"�- @���* @�434�4�-"�# = �� !34��0�$�!3���$���*�1�@��>*"#��3 �.���Q*��5 �
$�E3�-4*�-$*��#�-4+��1�F��3.="�� J"30��.5 67����
-4<��"5�7����4*4�C"�"7���e15 !�
05�> 4-"%�"#�34-7��43 ,�#���-.7���;���-.7�=*�1�0�-��*�?� *�,���-.&) �

��4�1����*�-"!���-4�,4�1�6�!�>* ?��5��10�B�B�A�> %�-5$�BB��-��� ,4*��?$!�3"

3�-4*�-$*$7�? 5*4���$5*�6��.5$7�?$� !"3"�66�>�"+ 3 =�?�1�@����*4�3��-"%��#�>* ?�
B�B� �-�� -�?!�� >�"+ 3 =�?�� >4*� ��;�� �4� J$!� �>*�! @�  5*4�"+� ���3�?�!� %"
>4*45�?$!���0�!"�3 !3@!��.�=4* 6!7����-�� !"!�>* J34�$�5 ��-*$51�6�1�3 = �-! *$7
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