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� ,��*�z@� �3,J2>?A@B?A� <z@v�*��/1,3@B-0/AW � WlZ[WBX0?��-���EWBX�59?A��?0]AW\@B:=<}V6<�@\<}@v�z,32P,

�



-A< -A<}2zWB/E59XA<}@v�E? <J� :=<>XA�	?0Vv8;/1,3�0?0? -A<JZ� 	�� �p2zWv� � @�@B?9Z��}XA���
��? ? @lZ[<6�`XA����? -A<3Z�A��? 8B�z, �3,32}?A@B?A� <}@v�*� � <JZ0�`X1, �}� �*� �z<3Z[W\W
]AWv�z:=<}Y�	^ U,�: :�,�: : X1,J@v�E< ��_W\�^8 2>/AW\� WBX0? 2 8B�E<}� X1,�-0/1,J23Z[WBX0?0?
?A� WF7��E@� �E<JZ��>:=< XAW\��XA<>V6<>]0?A@lZ[WBX0XA��Wc@\2zW � WBX0?� ��-A<3Z08;]AWBX0?AWcXA<��
2}��57X1,��JZ'7 � ,��PWlZ��>XA�!5 � ,3X0XA��5�:0/1,3Y0XAW ,�:��>8;,pZ��}XA<�	

$#	 ��Wv�z,pZ��}XA<)?��B8;]0?��)�)� ,�:��P<>/A���423ZM?�67 �.?AW�X1,���<}/A�^8 -0/A<��
�	?9Z[WBYG@B-AWB:��z/1,pZ��}XA��5#ZM?0X0?0Y#8 �p2}Wv� � @�@B?9Z��}XA����? -A<JZ�0��?�	��/A<��
2}W\@v�z?_� < � WlZM?0/A<}2P,3X0?AW�/1,��BZM?0]0XA��5�@B?��>8;,��0?0Y���2z<J�6X0?0:�,=7 �.?;5�2�/AW��
,pZ��>XA< X1,��JZ'7 � ,3W\� �!5 @B-AWB:��E/1,65 ? <>�AWBX0?��)�c2JZM?��X0?AW#/1,��BZM?0]0XA��5
� ,�:��E<}/A<}2cX1,x�P<>]0XA<}@v�)��?��p� WB/AWBX0?� �*,�V\X0?��EXA<>V6< -A<3Z��	U���B8;]0?��)�
2}<J�p� <6� XA<}@v�*�)-A<'A23Z[WBX0?� @B?A@v�EW\�*,��E?0]AW\@B:0?;5 <:5.?��}<}:`2	?��p� WB/AWBX0?;�
=5 -0/A< � <3Z��}XA��5 �*,�V\X0?��EXA��5 -A<JZ[WBY��%<}@\<��}WBX0XA<�8 �z��@v�z/A<z2>/1,���,p�
7 �.?;54@� �p2zWv� � @H5 ?0/A<}:0?A��? ? XAW\@B?A� � Wv�z/0?0]0XA����? ZM?0X0?�0��?��'?
X1,�Y��z?�@B-A<z@\<��z� ?;5 84@v�z/1,3XAWBX0?� 	

� ��� ������� 	�� ��� ��

�,	�+���-A<3ZMXAWBXA< <}-0/AW � WlZ[WBX0?AWdZ08;]AW\2z��5 @B:=<}/A<}@v�PWBY ? @B:=<}/A<��
@v�EWBYd2>/1,��_WBX0?� >

ve sin i
D $z�.XA<}2}�!5��*,�V\X0?��EXA��5G�p2}Wv� � 2�< � XA<>/A< � �

XA<>Y @B?A@v�EW\� W�	 �	Z� �F;��p2}Wv� � <>�AWBX0:�,
ve sin i

-A<JZ08;]AWBX1,x2>-AWB/A2z��W��
� Z� <}@v�z,pZ��}XA��5 � X1,�Y � WBXA< 54<}/A<:5_W\W#@\<>V Z ,J@B?AW#@ -0/AW � � � 8�� ?A��?
� ,�X0XA����?�	��	, <}@BXA<z2P,�X0?0?c?��p� WB/AWBX0?0Y�Z08;]AW\2}�!57@B:=<}/A<}@v�PWBY�� +�03,
	
� 4 0 <��>X1,3/98{� WBX1, � 2z<>Y0X1,� �*,3V\X0?��zX1,�d�p2}Wv� � ,��������� (�?7W'�_W �
�3,�-A< � <J�6/AWBXA� 2 � 2z<>YA@v�E2zWBX0XA<}@v�E?�	�� +�03, � 4 0 -A<>:�,��3,�XA<��J]��P<�2}XA<}2��
<J�z:0/A� �E��W��z<3Z[W\W�@lZ ,��}��W ?�8 � ,�Z[WBX0XA��W �*,3V\X0?��zXA��W���� � �p2}Wv� � � -A<
:0?0XAW\�*,��z?0:;W�XAW�<J��ZM?0]1, 7��P@�x<J�_XA<>/A�*,�Z��>XA��5G? 59?A��?0]AW\@B:0?`-AWB:984�
Z��/0XA�!5 �p2}Wv� � �E<}Y���W��PW\��-AWB/1,��>89/A� ?7@\2}Wv�E?A� <}@v�z?��1,.-A< 2>/1,��_W��
X0?67 � <>�#/1,3XAW\W	?��p2}W\@v�EXA��5d�*,3V\X0?��zXA��5d�p2}Wv� � 	

��	�� +�03, � 4 0 -A<�@B-AWB:��z/1,J�72}��@\<>:=<}V6<�/1,��6/AWF5_WBX0?� �B-A<3Z08;]AWBX;�
XA��� X1, &p��� �EWlZ[W\@B:=<}-AW�2}��-A<3ZMXAWBXA< � Wv�z,pZ��>XA<zW�?A@\@lZ[W � <z2P,3X0?AW �*,�Vl�

�



X0?��zXA<>V6< -A<3Z� ? �	?��6?0]AW\@B:0?;5 84@lZ[<}2}?0Y 2 ,��P� <}@\��WB/AW 5{<3Z[< � XA<>Y
��� � �p2zWv� � � �� ��(G;:;z�z�#	
� +�03, � 4 0 X1,�Y � WBXA� /1,J@'�.WB-9Z[WBX0XA��W��pW��
W\�*,�XA<}2z@B:0?AW�:=<}��-A<}XAWBX��E���U8;:�,��p��24, 7 �.?AW��U]��P< �p2zWv� � ,�<��JZ , � ,3Wv�
/AWB:=<>/ � XA< @B?9Z��}XA��� � Z� 54<JZ[< � XA�!5 -AWB:983Z��/0XA�!5 �p2zWv� � �*,3V\X0?��J�
XA��� -A<3Z[W\� 2}WlZM?0]0?0XA<}Y � <z@v�z?0VB,=7 �_WBY ��$	:�f4@�	 � +�03, � 4 0 -A<}@v�E/A<��
WBX1,�� < � WlZ���,��E� <}@\��WB/A� �p2}Wv� � � >

T ����� = 7700
E
�

lg g = 4.0
D!��X1,�Y;�

� WBX1, -0/A<}WB:0�0?��@B:;<>/A<}@v�E?�2>/1,��.WBX0?� ve sin i = 9
:A���3@���<}-0/AW � WlZ[W��

XA< @\< � WB/P�`,3X0?AWxXAWB:;<J�E<}/A��5 5�?A��?0]AW\@B:0?;5 8vZ[W\� WBX��P<}2�	*��<>:�,��3,�XA<��
]��E< ,�XA<z�*,pZM?0? 5�?A��?0]AW\@B:=<>V6<�@\<}@v�z,324, �z?0-0?0]0XA� � Z� �*,�V\X0?��zXA�!5
��� � �p2zWv� � 	

$#	�� +�03, � 4 0 <}-0/AW � WlZ[WBX 59?A��?0]AW\@B:0?0Y @\<}@v�z,32xV6<>/)0]AWBY �*,�Vl�
X0?��zXA<>Y��p2}Wv� � � �� � ���G;�$#	}��<}:�,��3,3XA<��p]��P< 8B�E<J��<��=<gWB:���<J�zXA<z@B?��E@�
: <}]AWBX�� /AW � :=<z�^8 :9Z ,J@\@l8 �*,�V\X0?��zXA�!5 �p2}Wv� � @ -A<JZ[W\� @lZ[<6�`XA<}Y��
XAW � ?0-A<3Z��>XA<}Y @v�z/989:��>8;/A� �[2}WlZM?0]0?0XA<>Y � <+��:�f4@�X1,_-A<z2}WB/E5�XA<}@v�z?�	
� +�03, � 4 0 ?A@\@lZ[W � <}24,�X1, -AWB/AW\� WBX0XA<}@v�)� 59?A��?0]AW\@B:;<>V6< @\<}@v�z,32P, @
� ,��p<>Y -AWB/0?A< � , 2}/1,��_WBX0?� �p2zWv� � ���U<}-0/AW � WlZ[WBXA���186����WB:��E?A2>X1,�
�EW\��-AWB/1,��}8;/1,

T ����� = 13000
E
�*-0/A<}WB:0�0?� @B:=<>/A<z@v�z? 2>/1,��.WBX0?�

ve sin i = 75
:A���3@��z@\< � WB/P�`,�X0?AWC8vZ[W\� WBX��E<}2 ����� �
	���� � �� � � @��'�������

� d-A< @B/1,J2>XAWBX0?67 @�@\<JZMXAWB]0XA����	
��	�+���-A<3ZMXAWBX ,�X1,pZM?�� 59?A��?0]AW\@B:=<}V6< @\<}@v�z,32P, �p2}Wv� � � ����

��� ��(>�I;#��?A� WF7 �_WBY @lZ ,��z<}W -A<JZ[W�	 � +�03, � 4 0 <��>X1,3/98{� WBX1, @v�E/1,6�
�z?A�	?0:�,3�0?�7<>� � WlZ��}XA��5 5�?A��?0]AW\@B:0?;5 8vZ[W\� WBX��E<}2 @ V Z08��>?0XA<}Y�2 W\W
,��E� <z@\��WB/AW�	9��<}:�,��3,3XA<��{]��E<.@v�EWB-AWBX���,�XA<z�*,pZ��>XA<z@v�z? @\< � WB/P�`,3X0?�
�}<3Z��I5.?0XA@v�E2P, ?A@\@lZ[W � <z2P,�X0XA�!5 59?A��?0]AW\@B:0?;5 8vZ[W\� WBX��E<}2 8 � 2J845
�p2}Wv� � @ < � ?0X1,3:=<}2z<>Y �EW\��-AWB/1,��>8;/A<}Y ? -AWB/0?A< � <}� 2>/1,��.WBX0?���'XA<
?A� WF7 �.?;5 -A<JZ�c@l8��_W\@v�E2zWBX0XA< /1,��6XA<>Y�2}WlZM?0]0?0XA� > �� ��(G;:;z�z� �
�,$�:�fP@�� �� ��� ��(>�:;�� $�:�f4@ D�� < � ?0X1,�:=<z2P,�	

�



� ����� ���1� � �9	�� ������9� � ����� �9� � �9� ���� 	��
��� ��

�gWv�B83Z��p�},��E� � ?A@\@\WB/��z,��0?A<>X0XA<}Y /1,��z<J�P� <}@BXA<}24,�XA� X1, � ,�X;�
XA��5 �)-A<3Z089]AWBX0XA��5 @ ?A@B-A<3Z��>�p<}24,�X0?AW\� @B-AWB:��E/A<}� Wv�E/A<}2 � ��� ?
��$ ��� &���� �EWlZ[W\@B:=<}-1, �!��� �M�)�
	

�,	*�7Wv�E< � <}� � < � WlZM?0/A<}24,�X0?�`@B?0X��PWv�z?0]AW\@B:0?;5 @B-AWB:��z/A<z2�-0/A<��
,�X1,pZM?��6?0/A<z2P,3XA� /1,��BZM?0]0XA��W � ,�:��P<>/A� �^23ZM?�67 �.?AWGX1,7�E<}]0XA<}@v�*�
?��p� WB/AWBX0?���*,�V\X0?��EXA<>V6<�-A<JZ� �9<z@\<��zWBX0XA<_8 �}��@v�z/A<z2>/1,�� ,=7 �.?;54@�
�p2}Wv� � @\< @lZ[<6� XA����? -0/A<}�	?9Z�A��? ZM?0X0?0Y�	 �_,�XA� /AWB:=<z� WBX � ,��0?0?
-A<�8P@v�E/1,�XAWBX0?67 ?9ZM? 8;]AWv�}8.@B?A@v�EW\�*,��z?0]AW\@B:0?;5.<:5.?��z<>:��32z<J�6X0?0:�,=7��
� ?;5`?��v� �3, XAW � <}@v�z,��P<>]0XA<}V6< 8;]AWv�},.,3@B?A� � Wv�E/0?0?G-0/A<}�	?9Z[WBY#ZM?0X0?0Y
@v�},3X � ,�/��zXA����? � Wv�E< � ,3��?�	4� Wv�B83Z��6�z,��P� /1,J@B]AWv�E<z2�� <}Vv8=���z���)��?A@��
-A<3Z��J�p<z2P,3XA� -0/0? ,�X1,�ZM?��pW �*,3V\X0?��zXA��5c-A<JZ[WBY @lZ[<\� XA<>Y @v�z/98;:��}84�
/A� > :0,�:��0X1,�-0/0?A� WB/��=8x�p2}Wv� � � �  � ���G;�$ID!	

��	���<JZ08;]AWBXA< ? <��>/1,��}<J�z,�XA< �}<JZ[W\W (}� @B-AWB:��z/A<z2�	'+���-A<3ZMXAW��
XA� ?��p� WB/AWBX0?�7Z08;]AW\2}�!5 @B:=<}/A<}@v�EWBY ? @B:=<>/A<z@v�EWBY 2}/1,��_WBX0?� $z�p� 5
XA<}2}�!5 �*,3V\X0?��zXA��5 �p2}Wv� � 	U� �>/1,��z<J�z,�X0XA��WGX1,3��? @B-AWB:��E/A� � <>Vv8;�
�}���)��2 � ,�Z��>XAWBY65_W\� ?A@B-A<3Z��J�p<z2P,3XA� � Z�#2z� -A<3ZMXAWBX0?� � /98;V\?;5��3,6�
� ,B]���<}�AWBX0:0?_-1,�/1,3� Wv�E/A<}2�,��E� <z@\��WB/A����?A@\@lZ[W � <z2P,3X0?0Y)5�?A��?0]AW\@B:=<��
V6< @\<}@v�z,324,�? � /�	

$#	�+'-AWB/A2z��W�-A< @B-AWB:��z/1,J� 2}��@\<>:=<}V6< /1,��6/AWF5.WBX0?� X1,3Y � WBXA�
/1,3@'�_WB-9Z[WBX0XA��W �pW\W\�*,�XA<z2}@B:0?AW_:=<z��-A<>XAWBX��P� 2x@B-AWB:��z/AW�5{<3Z[< � XA<>Y
�*,�V\X0?��zXA<}Y �p2zWv� � � �� ��(G;I;}�z�#�*-A<J�p2z<3ZM?A2I5 ?AW X1,�Y��E? /AWB:=<>/ � XA<
@B?9Z��>XA<}W_�*,3V\X0?��zXA<}W_-A<JZ[W > � <7�,$`:�f4@ D�? <>-0/AW � WlZ[WBX 59?A��?0]AW\@B:0?0Y
@\<}@v�z,32��p2}Wv� � � 	3��@B-A<JZ��J�B84W\�*,��� Wv�E< � ?0:�,�� <\� Wv� �}� �*��-0/0?A� WBXAWBX1,
? � Z� ,�X1,�ZM?��3, � /98;V\?;575{<3Z[< � XA��5 �p2}Wv� � @_@B?9Z��>XA����? -A<JZ�0��?�� 2
@B-AWB:��z/1,65 :=<>�E<}/A��5 X1,��JZ'7 � ,=7��E@� /1,3@'�_WB-9Z[WBX0XA��W��pW\W\�*,�XA<z2}@B:0?AW
:=<}��-A<}XAWBX��E��	

��	����B8;]AWBXA<��*,�V\X0?��EXA<}W�-A<JZ[W_?�59?A��?0]AW\@B:0?0Y @\<z@v�},J2 �p2zWv� � �
�� � ���G;�$#	!�	,�Y � WBXA<��U]��E< -A<3Z[W�?A� W\Wv� @lZ[<6�`X98 7
�UXAW � ?0-A<3Z��}X98 7

	



:=<>XA�	?0Vv8;/1,3�0?67 �, <��3Z ,J@v�z? ,�XA<z�*,pZ��>XA<}V6< @\< � WB/P�`,�X0?� XAWB:=<J�P<��
/A��5 8vZ[W\� WBX��E<z2 @\2���3,�XA� @ �E<}-A<3Z[<>V\?AWBY -A<JZ� 	��/0? ,�X1,�ZM?��pWG�pW��
W\�*,�XA<}2z@B:0?;5 @B-AWB:��z/A<z2`8;]0?��P��24,pZ ,3@'� ,J@B?A� � Wv�z/0?��? � /98;V\?AW_<z@\<��
�}WBX0XA<}@v�E?���@B-A<}@\<��>XA��W�?A@B:�,��6?��)��/AWv�B83Z��6�z,��P� ?��p� WB/AWBX0?0Y)-A<3Z��	J�gW��
�B8�Z��p�z,��E� 89:�,��3,3X0XA<>Y./1,��}<>�E� � <}Vv8=� �}���)��X1, -0/1,�:��z?0:;W'?A@B-A<3Z��>�p<��
2P,�XA� -0/0?�,�X1,�ZM?��pW'�p2zWv� � @��*,�V\X0?��EXA����?.-A<3Z�A��?.@lZ[<6� XA<>Y_@v�z/98;:;�
�>8;/A� 	

��	'� �}X1,�/98{� WBX1, ? ?A@\@lZ[W � <}2P,3X1, @v�E/1,��E?A�	?0:�,��0?� 59?A��?0]AW��
@B:0?;5 8vZ[W\� WBX��P<}2 @�V Z08��>?0XA<>Y 2 ,��P� <}@\��WB/AW7�p2zWv� � � �� ������(>�I;#	
� ,��}<J�z, �z�!Z , 2}� -A<JZMXAWBX1,�@x-0/0?A� WBXAWBX0?AW\� XA<}2zWBY65.?;5 -0/A<}V\/1,3� �
,�X1,pZM?��3,_�p2}Wv� � XA�!57@B-AWB:��E/A<}2��0/1,��6/1,��}<>�},3X0XA��5c2�89X0?A2}WB/A@B?��EWv�PW�V!	
��-0-A@�,pZ , > � 2zWB�0?�'D ?�������!��� �M���
	

�gWv�B83Z��p�},��E� � ,3X0XA<>Y /1,��}<>�E� � <}Vv8=� �}� �*� ?A@B-A<3Z��J�p<z2P,3XA� 2
X1,l8;]0XA�!5G8;]0/AWl� � WBX0?���g<z@\@B?0?x?x�3,�/98��zWl�`XA�!5�@v�z/1,3X��92_:=<J�P<>/A�!5
2}W � 8=�P@� ?A@\@lZ[W � <}24,�X0?� �*,3V\X0?��zXA�!5 �p2zWv� � �	, �},3:9��W ,��P� <}@\��WB/
�p2}Wv� � fzZ ,32>XA<}Y -A<}@lZ[W � <z2P,��PWlZ��>XA<z@v�z?��*2 �P<}� ]0?A@lZ[W��*����� �[���
�
��������)�
�afP��� � ��f����afP��� �M���
�a�g<z@v�E<}2z@B:=<}� ? 
	,��3,�XA@B:;<}�
8;X0?A2}WB/A@B?��PWv�},p5 	

� � ����� � �9����� ��� �9� �"��� � � ��� � �
� �� �

�,	�� Wv�B83Z��6�z,��P� ?��p� WB/AWBX0?� Z089]AW\2}<>Y @B:=<>/A<z@v�z? ? -0/A<}WB:0�0?0?
@B:=<>/A<z@v�z? 2>/1,��_WBX0?�

ve sin i
$z�6� 5 XA<}2}�!5 �*,�V\X0?��EXA��5 �p2zWv� � -A<

@B-AWB:��z/1,3���P-A<3Z08;]AWBX0XA��� X1, &p��� �PWlZ[W\@B:=<>-AW�	9�gWv�B83Z��p�},��E� ?A@\@lZ[W � <��
2P,�X0?� /1,��BZM?0]0XA��5 � ,�:��P<>/A<z2��U2JZM?�/7 �.?;5 X1, ��<>/A�^8 -0/A<}�	?9Z[WBY
@B-AWB:��z/1,pZ��}XA��5 ZM?0X0?0Yd?d�P<>]0XA<}@v�)� ?��p� WB/AWBX0?0Yd�*,�V\X0?��EXA<>V6< -A<3Z���
-0/A<}2}W � WBX0XA<}V6< -98;�EW\� � < � WlZM?0/A<}2P,3X0?�7@B?0X��PWv�z?0]AW\@B:0?;5d@B-AWB:��E/A<}2�	

��	�� Wv�B83Z��6�z,��P� ,�X1,�ZM?��3, -0/A<z@v�z/1,3XA@v�E2}WBX0XA<}V6< /1,3@B-0/AW � WlZ[W��
X0?� � :0?0XAW\�*,��E?0:0? ? 2}/1,��_WBX0?� 2}� �z<>/0:0? �*,�V\X0?��EXA��5 ��� � �p2zWv� � �
-A<>:�,��3,32:5.?AW��^]��P< 2>XA<z2�� <J�z:0/A� �E��W �}<3Z[W\W�@lZ ,��z��W�? 8 � ,�Z[WBX0XA��W

�



<��=<gWB:��E� 8B�E<>V6< �z?0-1, -A< :0?0XAW\�*,��E?0:=W�XAWc<>�pZM?0]1,=7��E@  <>� XA<>/;�
�*,pZ��>XA�!5c�p2}Wv� � �P<>Yc� W��PW\��-AWB/1,��}8;/A� ? @\2}Wv�E?A� <}@v�z?��a, -A<G2}/1,6�
�.WBX0?67 � <>�./1,3XAW\W�?��p2}W\@v�zXA�!5 �*,3V\X0?��zXA��5`�p2}Wv� � > @B:=<>/A<z@v�z? 2}/1,6�
�.WBX0?�

ve sin i
:=<J�P<>/A�!5 2+$ � �#/1,��3,_X0?9� W�XA<}/A�*,pZ��}XA��5.D!	

$#	�� Wv�B83Z��6�z,��P� � Wv�z,pZ��>XA<}V6< ?��B8;]AWBX0?� �	?��6?0]AW\@B:0?;5 -1,3/1,6�
� Wv�z/A<}2�?)�*,�V\X0?��EXA<>V6<�-A<3Z� � 238{5�8;X0?0:�,�Z��>XA�!5 ��� � �p2}Wv� � �)� D <>-0/AW��
� WlZ[WBXA� 86����WB:��z?A2}X1,�d�EW\��-AWB/1,��>8;/1,

T � ��� = 7700
E ?d-0/A<}WB:0�0?�

@B:=<>/A<z@v�z? 2}/1,��_WBX0?�
ve sin i = 9

:A���3@ �p2zWv� � � �� � (:;:;}�E��� X1,3Y;�
� WBXA< @B?9Z��>XA<zW -A<3Z[W � ?0-A<JZ��>XA<}Y @v�z/98;:��}8;/A����2zWlZM?0]0?0X1, :=<>�E<}/A<��
V6< > � <}@v�z?0V\, 7 � ,� �,$G:�fP@ D 02JZ�0Wv�P@� /AWB:=<}/ � XA<d@B?9Z��>XA<>Y � Z� 5{<��
Z[< � XA�!5���� � �p2zWv� ��� �:D�8P@v�z,�XA<}2JZ[WBXA<��0]��E<��*,3V\X0?��zXA<zW�-A<JZ[W � /98;V6<>Y
�p2}Wv� � � � �� � ���G;�$ ?A� W\Wv�)@lZ[<\� X98 7 �>XAW � ?0-A<JZ��>X98 7 :=<}XA�	?0Vv8;/1,6�
�0?67 �9<>-0/AW � WlZ[WBX1,_2}WlZM?0]0?0X1,.@B/AW � XAWBV6<�-A<z2}WB/E5�XA<}@v�zXA<}V6< -A<JZ� � �
:�fP@��

ve sin i = 75
:A���3@�� 86����WB:��z?A2}X1,�)�EW\��-AWB/1,��>8;/1,

T � ��� = 13000

	
��	�� Wv�B83Z��6�z,��P� <}-0/AW � WlZ[WBX0?�59?A��?0]AW\@B:;<>V6<�@\<}@v�z,32P,!�z/AW�5	�p2}Wv� � �

�� � (G;I;}�E������ � ���:;�$ ? �� ��� ��(}�:;�	[��@v�z,�XA<}2JZ[WBXA<��M]��P<#@v�PWB-AWBX��
,�XA<}�*,�Z��>XA<z@v�z? @\< � WB/P�`,�X0?� �}<JZ��:5.?0XA@v�E24, 8vZ[W\� WBX��P<}2�2�,��P� <}@\��W��
/1,65 � 23845��p2zWv� � ��< � ?0X1,�:;<}2}<}Y#�EW\��-AWB/1,��}8;/A<>Y��EXA<	/1,��6XA<>Y#2}WlZM?0]0?;�
XA<>Y -A<JZ� > @B?9Z��}XA<}W� �� � (:;:;}�E���0@lZ ,��}<zW�� �� ��� ��(>�I;ID�XAW�/1,��v�
ZM?0]1,3Wv�E@  	%�	,�Y � WBX1, ? ?A@\@lZ[W � <}24,�X1, @v�E/1,��E?A�	?0:�,��0?� 8vZ[W\� WBX��E<z2
@V Z08��}?0XA<>Yd2 ,��E� <z@\��WB/AW�p2zWv� � � �� ������(}�:;#	[��<>:�,��3,�XA<��9]��E<�59?;�
��?0]AW\@B:0?0Y @\<z@v�},J2�V6<>/)0]AWBY @CB � �p2}Wv� � � @\< @lZ[<6�`XA��� �*,�V\X0?��EXA���
-A<3Z[W\� �� � ���G;�$ @lZ ,��}<	� WBX�AWv�E@��@ � ,��p<>Y�-AWB/0?A< � ,�W\W�2>/1,��_WBX0?��	

� �	 �C�� ��	�� � ��� � ��	9 � ���9�

��<3ZMXA� Y <��=<%W\� � ?A@\@\WB/��z,��0?0?`@\<}@v�z,32JZ�0Wv� �'&���@v�E/1,�X0?0�1, > <}@��
XA<}2>X1,� ]1,3@v�)� � �P�c@v�z/1,3X0?0� ? �6� @v�E/1,�X0?0� -0/0?9Z[<6� WBX0?0Y�D � 2��P<}�
]0?A@lZ[W �6�	/0?A@l8;X0:;<}2�? �6� �},��3ZM?0��	9��-0?A@\<}: �0?��z?0/98PW\� <}Y ZM?��EWB/1,��}84�

�



/A� @\< � WB/P�`?�� �'&���X1,�?A� WBXA<z2P,3X0?0Y�	9�)?A@\@\WB/��z,��0?�7@\<}@v�E<}?��#?��)2z2}W��
� WBX0?� �A]AWv�E��/AW�57V�Z ,32��A�3,3:9Z'7�]AWBX0?���[@B-0?A@B:�,_ZM?��EWB/1,��}8;/A� ? � 2J845
-0/0?9Z[<\� WBX0?0Y�	

+�< � � 0��103&���� <��z@l8{� � ,JWv�E@�7,3:��>8;,pZ��>XA<z@v�*�.�PW\� ���{�AWlZM? /1,6�
�}<J�P���}W\W�XA<}2}?��6X1,��JX1,l8;]0X1,�_?�-0/1,3:��z?0]AW\@B:�,�.�6X1,\]0?A� <}@v�)��	P�/0?A2}W��
� WBXA� -98;X0:��E� ��2}��XA<}@B?A� ��W�X1, �3,�� ?��}8 ��:0/1,��E:=<<}-0?A@�,�XA<@\< � WB/P�`,6�
X0?AW�? @v�E/98;:��>8;/1, � ?A@\@\WB/��z,��0?0?��}<>�E� WB]AWBXA� ZM?0]0XA� Y#2>:9Z , � ,32>�E<>/1,
?�,3-0/A<��P,3�0?��-A<JZ08;]AWBX0XA��5 /AWv�B83Z��6�z,��P<}2�	[��WB/AWB]0?A@lZ[WBXA� -98��3ZM?0:0,6�
�0?0?���@\< � WB/P�`,��.?AW�<}@BXA<z2>XA��W)/AWv�B8�Z��p�z,��E� � ?A@\@\WB/��z,��0?0?�	

� 03, � !�� � #1! � ! -A<z@\2���.WBX1,d<��J�p<}/98 @\2}W � WBX0?0Y <7-0/A<}@v�E/1,�X;�
@v�E2}WBX0XA<z� /1,J@B-0/AW � WlZ[WBX0?0?�� � 2>?9� WBX0?�;5 ? �	?��6?0]AW\@B:0?;5 59,�/1,3:��EW��
/0?A@v�z?0:�,p5 @CB � �p2zWv� � ?�� Wv�E< � ,65 <}-0/AW � WlZ[WBX0?� ?;5c�*,�V\X0?��zXA�!5c-A<��
Z[WBY�	

+ /1,�� � WlZ[W ��	 ��/1,3@\@\� <>�z/AWBXA� @\2}W � WBX0?� < �*,3V\X0?��zXA�!5d-A<3Z�;5
59?A��?0]AW\@B:0? -AWB:983Z�0/0XA��5)�p2}Wv� � ��-AWB/AWB]0?A@lZ[WBXA� � Wv�P< � � ?��p� WB/AWBX0?�
2}WlZM?0]0?0X��{59,�/1,3:��EWB/0?��B8 7 �.?;57-A<3Z[W�	

+ /1,�� � WlZ[W �,	 ��/1,J@\@\�*,��E/0?A2P, 7��E@� <}@BXA<}2}XA��W��	?��6?0]AW\@B:0?AW�-1,6�
/1,3� Wv�z/A� @�B � �p2}Wv� � �J�z,�:0?AW�:�,�: 86����WB:��z?A2}X1,���EW\��-AWB/1,��>8;/1,#�z�*,3@��
@�,��A2>/1,��_WBX0?AW ?d��	 -�	

+ /1,�� � WlZ[W �,	 $ -0/0?A2}W � WBX1,�?0XA��<>/A�*,��0?� < -0/A<}@v�E/1,�XA@v�P2}WBX;�
XA<}� /1,J@B-0/AW � WlZ[WBX0?0? ? ?A@\@lZ[W � <}2P,3X0?�=5 :0?0XAW\�*,��E?0:0? �*,�V\X0?��zXA�!5
�p2}Wv� � 	

+�< � �$(',�(	� � #1! � 0 -0/AW � @v�z,323Z[WBXA� /AWv�B83Z��p�},��E� ?A@\@lZ[W � <}24,6�
X0?�x�E<}]0XA<}@v�E?7?��p� WB/AWBX0?�x-0/A< � <JZ��>XA<}Y7:=<}��-A<}XAWBX��E� �*,3V\X0?��zXA<}V6<
-A<3Z�d@	?A@B-A<JZ��J�p<z2P,�X0?AW\� :;<}��-9Z[WB:=@�,_-0/A<>V\/1,3� � 
��������� > E �� ��� 	6�
����� � � �}�}�}�*D 	

� ,�� � WlZ ��	 � -A<}@\2���_WBX <}-0?A@�,�X0?67 ?A@ 54< � XA��5 � ,3X0XA��5 � Z�
,�X1,pZM?��3,#	>� ,J@\@\� <J�E/AWBX1,!�PWB/A��?0XA<3Z[<}V\?� �p?A@B-A<JZ��J�B8PW\�*,��-0/0?)?��B8;]AW��
X0?0? �*,�V\X0?��EXA��5_-A<JZ[WBY @CB � �p2}Wv� � 	P� �}<z@BXA<}24,�X 2z� �z<>/ � Wv�P< � ,�@B?0X;�
�EWv�z?0]AW\@B:0?;5x@B-AWB:��E/A<}2 � Z�x-0/A<z2}W � WBX0?�d?A@\@lZ[W � <}2P,3X0?0Y�	M�/0?A2}W � W��

�



XA� -1,�/1,3� Wv�E/A� � < � WlZM?0/98PW\� <>Y �p2}Wv� � � ? W\Wc�*,3V\X0?��zXA<}V6< -A<3Z��	
��WB/AWB]0?A@lZ[WBXA� <z@\<��}WBX0XA<z@v�z? -0/A<>V\/1,3� � � ����������	�
�� >AE� � � ��� �� �
�>�}�*(:D!�0?A@B-A<JZ��J�p<z2P,�X0XA<}Y � Z�d/1,3@\@B]AWv�z,�@B?0X��PWv�z?0]AW\@B:0?;5d@B-AWB:��E/A<}2�	

+ /1,�� � WlZ[W �#	 � -0/AW � @v�z,32JZ[WBXA� /AWv�B83Z��p�},��E� ?A@\@lZ[W � <z2P,3X0?�
�E<>]0XA<z@v�z? ?��p� WB/AWBX0?� -0/A< � <3Z��}XA<>Y :=<}��-A<}XAWBX��E� -A<3Z�

Be

2 �3,6�
2>?A@B?A� <}@v�E? <J��@v�PWB-AWBX0? �3, 5�89�^Z[WBX0XA<z@v�z? @B-AWB:��E/1,�?�5.?0/0?0XA� -0/A<��
�	?9Z�d@B-AWB:��z/1,�Z��>XA�!5xZM?0X0?0Y�	

+ /1,�� � WlZ[W���	 $�?A@\@lZ[W � <z2P,3X1, �3,J2>?A@B?A� <}@v�)� �E<>]0XA<z@v�z?G?��p� WB/AW��
X0?�

Be

<J� 2zWlZM?0]0?0XA� �*,�V\X0?��EXA<>V6<`-A<3Z��X1, -A<}2}WB/P59XA<}@v�E?c�p2zWv� � �
?�W\W @B:;<>/A<}@v�E? 2>/1,��_WBX0?� 	

� ,�� � WlZ �#	 �c-A<}@\2���_WBX ?��B8;]AWBX0?67 23ZM?�0X0?� V6W\<z� Wv�z/0?0? �*,�Vl�
X0?��zXA<>V6< -A<JZ�_�p2zWv� � � X1,��P<>]0XA<z@v�*�	?��p� WB/AWBX0?�

Be

2�3,J2>?A@B?A� <z@v�z?
<J� @B:=<>/A<z@v�z?�2>/1,��_WBX0?�

ve sin i
	

+ /1,�� � WlZ[W���	 ��-0/AW � @v�},J23Z[WBXA� <}@BXA<z2>XA��W�2z��2}< � � V Z ,J2}� 	{� ���
X1,�/98{� WBXA< @B?A@v�EW\�*,��z?0]AW\@B:=<zWG?A@B:�,���WBX0?AW ?��p� WB/AWBX0XA<>Y 2zWlZM?0]0?0XA�

Be
� Z� �z��@v�E/A<}2>/1,�� , 7 �.?;54@  �p2}Wv� � 	 �7� -A<3Z ,�V\,3W\��� ]��E<d2 � ,�X;�

XA<}��@lZ08;]1,JW -0/A< 02JZ�0Wv�P@��,3@B?A� � Wv�E/0?� @B-AWB:��z/1,pZ��}XA��5 ZM?0X0?0Y��\2z���
�p2P,�X0X1,�x@\<}2z� W\@v�zXA��� 23ZM?�0X0?AW\� X1,���<>/A�^8#-0/A<z�	?9Z[WBY �pW\W\�*,�XA<z2��
@B:=<>V6<`?�2>/1,�� ,��EWlZ��>XA<}V6<`8 5.?0/AWBX0?���A]��E< @B:�,��p��2P,JWv�E@� X1,��E<}]0XA<��
@v�z?c<}-0/AW � WlZ[WBX0?��-A<3Z[<6��WBX0?�c�pW\W\�*,�XA<}2z@B:0?;57:;<}��-A<>XAWBX�� 2#-A<JZ�=�
/0?��p<}2P,3X0XA��5�@B-AWB:��z/1,65 	

� ,�03�$%	� � #1! � ! -A<}@\2���_WBX1, ?��B8;]AWBX0?67 2>/1,��.WBX0?� ? -0/A<��
@v�z/1,�XA@v�P2}WBX0XA<}V6<�/1,3@B-0/AW � WlZ[WBX0?� �*,�V\X0?��zXA�!5 @CB � �p2}Wv� � 27X1, 5_WBY
f=,�Z ,�:��z?0:;W�	��7� � <>-A<JZMX0?9ZM? ?A� WF7 �.?AW\@� @\2}W � WBX0?� < /1,�XAW\W7?��v�
2}W\@v�zXA�!5��*,3V\X0?��zXA��5	�p2}Wv� � ,p5	?���:�,��},�Z[<>VB,�� <}�*,3X67�:�, >����� 	�� � ���
�>�}�z�ID�?��p� WB/AWBX0?�A��?dZ08;]AW\2z��5c@B:=<}/A<}@v�EWBY

Vr

?�@B:=<>/A<z@v�EWBY 2>/1,��_W��
X0?�

ve sin i
$E�`XA<z2}�!5 �*,3V\X0?��zXA��5 �p2}Wv� � � <��}X1,�/98{� WBX0XA��5 X1, &����

�EWlZ[W\@B:=<}-AW��!��� 	}+�<z@B-A<3Z��J�p<z2P,J2:5.?A@'� � ,3X0XA����?�<�-0/A<}@v�E/1,�XA@v�P2}WBX;�
XA<}� � 2>?9� WBX0?0?��*,3V\X0?��zXA��5d�p2}Wv� � @	?��p2zW\@v�zXA����?�-1,�/1,�Z0Z ,�:=@�,J��?��
� � ?��B8;]0?9ZM?`:0?0XAW\�*,��E?0:98 ?`/1,3@B-0/AW � WlZ[WBX0?AW���@�B � �p2zWv� � 2�f=,�Z ,�:;�

O��



�z?0:=W�	M�	Z� @B/1,32>XAWBX0?� �}�!ZM? ?A@B-A<JZ��J�p<}24,�XA� @\2}W � WBX0?��< -A<JZ[<\� W��
X0?0? ?#:0?0XAW\�*,��z?0:=W�<>:=<JZ[<
$z�}�}�)XA<>/A�*,�Z��>XA�!5�� ���U� �p2}Wv� � fzZ ,32}XA<>Y
-A<}@lZ[W � <}24,��PWlZ��>XA<}@v�E?�?���:�,��z,pZ[<}VB,�� ����@�� > (�<��}��Z[W\2 m � ~ LE�}�}��&ID 	

+ /1,�� � WlZ[W $#	 �.-0/AW � @v�z,32JZ[WBXA< <>-0?A@�,3X0?AW.?A@B-A<3Z��J�p<z2P,3X0XA<>V6<d2
/1,��}<>�EW�X1,��3Z'7 � ,��EWlZ��}XA<>V6<_�*,��PWB/0?1,pZ ,��4-A<3Z089]AWBX0XA<>V6<�X1, &p��� �EWlZ[W��
@B:=<>-AW�	

� ,�� � WlZ $#	 � -A<z@\2���.WBX <>-0?A@�,�X0?67 /AWv�B8�Z��p�z,��E<z2 ?��p� WB/AWBX0?�
Z08;]AW\2}�!5d@B:=<>/A<z@v�EWBY�XA<z2}�!57�*,�V\X0?��EXA��5x�p2zWv� � 	[��-0?A@�,3X1,_� Wv�P< � ?;�
:�,x?��p� WB/AWBX0?� ? :=<}X��z/A<3Z� �E<}]0XA<}@v�E?�	U��<7/AWv�B83Z��p�},��},J� ,�X1,�ZM?��3,
?��p� WB/AWBX0?0Y <��}X1,�/98{� WBX1,�XA<}24,� � 2z<>Y0X1,� @B?A@v�PW\�*, @ �*,�V\X0?��EXA���
:=<}��-A<}XAWBX��E<}� > �� ��� � (ID�? W'�_W � �*,�V\X0?��zXA�!5��p2zWv� � �3,�-A< � <J�6/AW��
XA� 2 � 2z<>YA@v�P2}WBX0XA<}@v�E?�	

�dWv�P< � ?�/AWv�B83Z��p�},��E� ?��p� WB/AWBX0?�	@B:;<>/A<}@v�PWBY)2>/1,��.WBX0?� >
ve sin i

D
2}� �z<>/0:0? ?�� $z�cXA<z2}�!5 �*,�V\X0?��zXA�!5 �p2}Wv� � -0/AW � @v�z,323Z[WBXA� 2 /1,��v�
� WlZ[W $#	 $#	�$1X1,\]AWBX0?�

ve sin i
?��B89]AWBX0XA��5 <��G<%WB:��E<z2 X1,p54< � 9�P@� 2

� ?1,�-1,��p<}XAW <J� � ; � < (�� :A���3@�	��?9� X�# V\/1,�X0?0�1, <>-0/AW � WlZ�AWv�E@ 
@B-AWB:��z/1,pZ��}XA��� /1,��6/AWF5_WBX0?AW\� ��$ ��� >

R = 15000
D � @ -A<z� <��
�:7

:=<J�P<>/A<>V6<"�z�!Z -A<3Z089]AWBX7X1,��3Z'7 � ,��PWlZ��>XA� Y��*,��PWB/0?1,pZ 	
+ /1,�� � WlZ[W $�	 � -0/A<P,�X1,�ZM?��6?0/A<}24,�XA< -0/A<z@v�z/1,3XA@v�E2}WBX0XA<zWd/1,3@��

-0/AW � WlZ[WBX0?AW!?�:0?0XAW\�*,��z?0:0,��*,3V\X0?��zXA<>Y#2}���}<>/0:0? ?����,$�&�<��=<gWB:��E<}2
�	� �
����	U��/1,J2>X0?A2�-A<3Z[<6� WBX0?AW 2 -0/)A� <389V6<3Z��>XA<}Y VB,�Z ,�:��z?0]AW\@B:;<>Y
@B?A@v�EW\� W�:;<}<>/ � ?0X1,�� >

X, Y, Z
D��*,3V\X0?��zXA�!5 ? XA<>/A�*,�Z��>XA��5 �p2zWv� �

�E<>V6< � W @B-AWB:��z/1,�Z��>XA<>V6< :9Z ,J@\@�,��� � -0/0?65�ZM? : �3,�:9Z'7]AWBX0?67 �
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