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-.��/ � ���+���� �������+����
��� ��(��� -0����# 1����# $%%2 OR10# $% $ VP113 �
$%%3 ST291/ � 4�(*5 �+����(��* 
���������* �����6��� ����� 7��, ����� 
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������8
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(���� +������, �
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 ����*� ���������

������� ���+�(�)���� ����� ����� � +������(����, 9:;� '��
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�������, �����������
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��������� ��(�)���� ������ � 9:;� ;�� ��������� � ������ => 3! ? # ������� ���(�
��(�)���� � 1���� �� ���������� %�%"3! ���� 
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 � ������(���� ���������� ��()�� ���* q > 0.1 ����# +����(*�� 
 �����
�( q <
0.1 ���� +�+����� ����� ����� �� ���++ �����������
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$� 	�(� ������ �����(��� �� �
� �(� ��(�� 6��������
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rk = ak
1− e2k

1± cos ώ
- /

��� ak � ek @ ��(*<�� +�(���* � 7��4���������� ������� ������# � ώ @ ��������
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�����(*�� ��� ���������� ��(*�� ��(*�� ���( ������� ������# ��+�(*������ �(�8
��5��� 6����(� �(� �+����(���� ��(��4������������ ���������� +(����� 
 ����
��8
��
�5�� ��(����D

rp = ap
1− e2p

1 + ep cos (ωp + Ώ + 180◦)
-$/
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(�5��5�� ����(5���� ��������� �������� ��)�� Λk � rp

∆ = |Λk − rp|
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(�(�� +� �(���5���� +���4�+�� .(�
��)�� 9:� �� �+����(����� ��� K +��4����
 �������� ��(��4������������ ����������
��(�� 0���� �������# ��� ���� +������ ������ ����� ������ ��(�
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�
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9��(�4�  D 0+���� �����# ��������(*�� ������, +��8

����� ��������

������ ∆ í q Tp ώ Ώd

0����
=>$% K Q=$ %�"$ F �"2 K�3F 8%�% ""%�$2 $K3�K 
=> FF R  �"& F$�!" !�F3! %  &3�%F K�&
=> FFF S&  �&2  &$�"& %�2!K %�%&  !3�"$ " "
=>$% & T"  �F$  !"�$$ &�!F3 $�%!  2K�$ $&K�23
=> FF3 U" $�$!  2 "�K&2 8%�"& $K�!F "$ �3K
=>$% $ S& $�2K   K�3F &�"&F 8%�$  K2�" $K�$2
=>$%%K S& "�!&   F�3 K�3K 8%� 3 $F�F2 "K"� &
=> F3! V "�!&  %"� 2 $�!&$ 8%�%"  KF�3K "K%�2!
=> FF3 W" "�F   2�F" &�F K 8%�""   �!$  !$
=> !F3 R &�!3  ! �3" %�2$F 8%� K  F �%$ "$&�$2
=>$% & S &�23  ""�$3 3� !F 8%�&$ ""%�2$ "&� $
=> F F X$ K� 2 "K�KF  �  K %�   F"�KK "" �!&
=> 3F! T !�%" &!� ! %�K!! %�%& "K$�$& $$ � 3
=> 332 ? !�3" $"� "  �"F& %�3K "&&� K "  �&$
=>$% $ J !�F$  " �K" 2�K%" 8%�$3 "F�%2 " K�3 
=>$%%K Q" 2�%&  &3�&2 K�KF" 8%�"2 ""�2" " "�""
=> 3&& Y 2�K2 "&�F" %�$K %�2K  3K�F" "$F�K3
=> F&2 U 2�23   %�!$  �&%" 8%�%F "&&�!" $!"�F"
=>$%% T  %�%$ &%�"" 3�$"! %�&! "$2�"$ $K �%3
=> F23 Z  %�%"    �3 K�!%! 8%�$3 "" �&K $&$� 3
=> FF3 U  $�%3 &"�!$ "�& 2 $�$!  2F�$$ $$$�F
=> FF2 Q  $�&! 2"�  &�3FF %�$ """�32 $2$�&
=>$% " [  &�$ $"�$! $�!&2  �"$  !"�& $2!�%K
=> F%% M  K� 2 2&�&$  �% K 8%�%&  "�&2 &�&3
=>$%%2 U  K�F2   3�!K F�$"F %�" &K�$" "$2�& 
=> 23 G  !�&$ 2K�!! %�22! %�%&  !!�!F $FF�&K
=> 3!& V  3�""  !!�2$ %�F%F %�2K  F$�!" "K&�%&
=>$%%2 O  3�2 " � ! 3�2F& %�!K "$F�32 $ &�3F
=>$%%" \&  F�%" 2F�$2 %�3K %�%$  F �% "%3�$$
=>$% " M"  F�%F   %�$2 "� &F 8%�  ""$� K "%F�F 
=> FF3 G$  F�"K !K�FF $�2$K %�" $K�K& "% �!K
=>$%%F U$  F�K! KK�2K "�$&! %�"2  K$�22 ""!�3 
=>$%  Z"  F�33  K�"& $�"&K %�K  K!�& "$!�%$
=> K%% [ $%�$$   %�$  �  8%�%2 "&2�22 ""F�"3
=>$% % O& $ � $    �2" 2� &2 "�%& ""�K& $F3�2&
=>$%% UK $ �!" 2"�K3 K� 3& %� K "&�!" $2!�KK
=> 2F! ] $$�""  $ �K  �K3 8%� !  FK�3 $&%�3&
=> F!& I $"� F 2!�2&  �$KF %�2  $� F " 3�&F
=>$%%& R$ $"�2 K&�%K %�  " %�%K "K!�"" $$$�!&
=> 3$$ V $"�3$   F�  � &K %�!2  F �&& " !�"3
=>$% " TK $&�$ $3�!" %�F$3 %�%&  !K�3F "KF�&F
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1����
=>$% K Y %�% 3"�%K $�K & %�"& "& �$ $3F�FK
=>$% & T" %�$&   &�KK &�!F3  �&K  2 �$! "&!�&
=> 333 I %�" !$�3" %�F%$ %� !  "�"3 $!&�2$
=>$% & =" %�&  !$�F2  �3!$ %�$F  F&�$2  3�33
=>$% & T" %�K   &�K& &�!F3  �&!  2 �$! "&!�&
=> 3! ?  � K  %"�!! %�3$$ %�3!  %�"$ !3�$K
=>$%% Z$8Z  �!3 KF�F %�22F %� F "&2�$ &$�&K
=>$% " T2  �F !$�"$ &�!F& %�"$ $%3� F  "�K
=> FFF \"  �FK  &3�%$ K�"!! 8%�3& $$ � "  F"�2K
=>$% & QK $�%K 23�F$ !�$%& %�$ &K�3  2F�2
=>$%%& ^$ $� $ 2!�"$ "�2F$ %�$$ $%2�!2 $K3�$3
=>$%%& _ $� K   %�$3 $�!KF 8%�$ ""&� 3 $" �3F
=> F3 [ $�"K   2�%F $�&K3 8%� 3  F3�F3 "KK�!K
=> 2F% Z $�!K  K&�3 %�2K3 8%�"$  "�3K $$3�$K
=>$% $ Y" $�F 2K�2&  �2!&  �!  F%� FF�K 
=>$%%K Q$ "�$"  &" "� F& 8%�K $%!�&& & �$2
=> FF$ _ "�" $!�FF $�" & %�K2 $&�! $$ �! 
=> K3K \ "�& "2�3  �%FK %�"2  KF�3"  23�2!

$% $ VP113

=>$%%& U %�&" 2K�$2 "�"FF %� 3  K2�F3 ""2�&$
=> F&3 J %�!2  "!�$ $� %2 8%�"!  ! �$& $2K� !
=> 3F! = %�3!   "�$$ %�K32 8%�%3  2 �K "K2�$
=> F " R  �&F   &  �"K! %�  "&3�32 $%2�2 
=> F3& ` $�%! K2�%& %�F 3 %�$"  F%�F2 $"F�F3
=> 2!& Z $�$! F!�F$ %�KKK 8%�%" 3�&! $"$�&K
=>$%%2 U $�" 3F� F�$"F %�$  &$�! $33�&$
=> 2F! ] $�"" $&�!  �K3 %�"$  F&�$" "K �%$
=>$% & QK $�!3 ""�2K !�$%& %�&" $&�$$  F2�3$
=> 2&" ^ $�32 &F�" %�$$$ %�%F K�22 ""K�! 
=>$% $ a" "�$!  $3�KK "�K"2 8%�&  K!�% $F$�!&
=>$% $ J "�"K F!�% 2�K%" 8%�%2  &"�3" "%$�3K
=> 3K3 Q "�F"  "K�%" %�K23 %�K !�3! $$3�F"

$%%2 OR10

=> F%% M %�$2 "$�%  �% K %�"F  F�!  !2�KK
=>$%%3 Z %�&$ !3�%$  �%2" %� &  !�3&   "�!2
=> K"$ R %�K& K"�"K %�K F %� K "&F�2 "$"�$K
=>$% & V" %�2" &$�&K "�333 %�2" "$ �F $&"�%$
=> F3% R %�3F  $F�"$ $�  $ 8%�"F ""2�"&  % �33
=>$%%F J  �&K  & � F %�! %�3" F�&K $3%�23
=>$% $ U! $�%&  &2�$2 "�"K" 8%�K" $K�!! 32�KF
=>$%%! I $�$! !F�%K %� 2 %�%!  32 $3 �K"
=>$%  X $�!&  $&�!& !�23 8%�!3  $!�3&  !$�$!
=>$%%$ U "�%" 2"� ! "�$" %�$$ "%�FF   F�!2
=> F!& V "� &  &K� ! %�3$$ %�" "&!�!"  !!�F$
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=>$%%2 G "�$  %F� 2�&2" 8%�&$ K3�   2"� 3
$%%3 ST291

=> 3K& Y %�%F $K� 3  �"KF %�2! "&"�2$ "K�%!
=>$%%F ] %�$F  K �$$  �3" 8%�%& $%%� & 3�%2
=>$% ! Z! %�!"  %$�2" $�& 3 8%� K  K$�$& """� !
=>$%%3 X" %�2$  &"�!2  �2F3 8%�$3  &�3 FK�2 
=> "3K _ %�3& 32�"" %�2F %�%$  FK�3$ " F�  
=> 3F! T $� 2&�$2 %�K!! %�%&   �F $&� 2
=> F&& [ $�$  3�&! $�&  %�2&  !!�33  $2�"$
=> F3" [ $�&$ 2%� %�FF  �%"  2 � K 3&�3K
=> 3KK T $�K2  &$�KK $� F& %�!3 "&K�&K K!�22
=>$%%2 G$ $�2F !$�&2 "�K& %�"K $ %�K $F�"2
=>$% K ` "�%  K%�"K &�$!! 8%�!! $ %�3& $K �3 
=> F&2 M "�%F 22�!3 $�3$3 %�%"  !�"  !%�""
=>$% % T$ "�%F  %%�3K  �F3 %�"3  K3�K& $3%� 2
=> 2F" Z "� 3   K�%! %�F!! 8%� 3  !"�$3 "$"�F 
=>$%%3 ^ "�22 & �"F  �! 3 %�& $"�K ""K�K 
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 ��
� ��8
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 ���� 
 ��������������, �����4�,# "# ! � 2 @
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�����(*�� ���(�� �����, ���(�4�  +��
�(��� ���(��* ��� ���(5�����
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