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1. ������ � !  "�#�$%�'&!  "�#)(*�  +'�  +�!'$%#  (*��,-� #�$  . #)(*!�/��  0  0��10�&2�!'3546�$  ,��7�0  890�� :��/;#�<  +�� +&�'$%!  ,�#�7�!=)�  
. 2�!/;#  � =  >�2�&�#�/�#�<  #�?�7�!"�! . @�2�#�A �� � &�  "�#�7�� "�#  /;2��$B�'� !  &2��?-!  "�#�$C�&��  =)!  #�/;!D(  . 0�& . 
@�2��&�. #�+&'!�/�� &��  ,�!  (*�  "�#�$C�'&�!  ?-� 7�!  0  !EF�7�0  0  >62�&�#�/;#�$  #�?�7�!"�0  �1!  2�!'+�&#)(*!�460  35 000 AU #�,  
8�0�� A1! . 

2. @�2�#�A �� � &�  ?-2�#)(  =G/;�=G,�!  0  <H7�#�?-0�7�!2�� #�$  (*!�&'0  . 2��:�� � "�!  40 pc, !�"�#  (I�  '',-2�0�<)!  "�#�+'$C� :�"�!  
?�2�=G� � ! '' � !  � /;� A �  (I!&�!  (*�,�� !�"�!  6 km s−1

  �  /;���� � !  =*/���=G,�!  (I�  +7�� :��1!  8�0�� A 0 . 

3. 9. $B!2�&!  2011. +�#�� ,�!  ''��#H(I!'J ��2 '' (*�  ?�� 7�!  � !  116.406 AU #�,  890�� A !  �  "�2��&'!�7�!  +�  ?-2�=G� � #�$  
17.062 km s−1. KL!  7��  (*�  #�2�?�� &�!  +�#�� ,�� : (a) �7�� . &� :��1! , (b) . !�2�!�?�#�7�� :�� ! , � 7��  (c) M � .1�2�?�#�7�� :�� ! ? N�#�7�� "�0  ?��  . 2�� /;� ,-� 0  /;��7�� :�� � 0  8�0��1A !  /;� ,-��#  . #�+'$%!&2�!�:  +!  ''�9#H(I!J ��2�! ''? 

4. @�2��&�. #�+�&'!�/�O6!P(*0����  ,�!  QR#�?�#�+  #�?�� 7�!�=G�  #�"�#  ST!2�+'!  . #  "�2�0�UL� #)(  . 0�&�!'4��  0  �"�/�!�&#�2��(*!�7�� #)(  
2�!�/�� �  . 7�!��1��&'� , #�,�2��,�� &�  "�#�7�� "�#  ,�0�<)#  (I�  QV#�?�#�+  � =G�1!,  M #�2�� =G#�� &'!  =)!  . #�+$C!�&2�!':�!  � !  
ST!�2-+�#�/�#�$  �"�/;!&#�2�0 . W6!  2�!+�. #�7�!�<H!460  +'0  +7���,�����  . #�,�!A � : 
@�#�7�0�.12���:�� � "  SX!�2-+�!  RMars = 3 393 km @��2�� #�,  2�#�&�!A �(I�  ST!�2-+!  TMars = 24.623 h. ST!+!  
ST!�2-+�!  MMars = 6.421 × 1023kg @�#�7�0�. 2-��:�� �1"  #�2�?�� &�  QR#�?�#�+!  RP = 9 380 km. 

5. N�#�7�� "��  ?��  ?��-#  . 2��:�� � "  2�!,�� # -&�7��'+�"�#�. !  "�#)(*�  2�!�,-�  � !  &�!7�!+� #)(  ,-0�UL� � �  Y  = 1 cm �  �1$C!  
� +�&'0  2�!=*,-/;#)(*� 0  $%#��  "�!�#  #�.1&� :�"��  &��7��+"�#�.  . 2��:�� � "�!  D = 10 cm? 

6. @�7�� $C+�"��  +��17��  ,��7�0G(*0  �1!  =)�$BO60  $%#�$C��� &#�$  +� 7�� .@�2��&. #�+&�!/;O6!D(I0����  ,�!  +'0  &#�"�#�$  
. #�+7���,-4�� M  �1��"�#�7�� "�#  +&�#�&�� � !  $B� 7�� #�� !  <)#�,�� � !  �  #�/�!D(  $B#�$C��� &  +� 7��  �  &2�!D(I!46�  +� ,-��2��1:�"��  
<G#�,�� � �  ?�� 7��  "�#�� +&�!� &�� �  �  � $B!7��  /;2��,�� #�+�&�  6.0 × 1016 Nm �  3.15 × 107 s 2���,-#�$ , 
� =G2�!�:-0�� !&�  "�#�7�� "�#  (I�  <)#�,-� � !  �1$B!�7�!  ,�!��1!  . 2��  6.0 x 108 <)#�,�� � ! . ST#�$C�� &  � � �2�A �(I�  
M #�$B#�<H���1�  7�#�. &�  . #�7�0�. 2��:�� � "�!  R �  $C!+�  m (I�  2
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7. 8�!&�7�� &  +�  "�2������  . #  "�2�0�UZ� #)(  . 0�&!4��  #�"�#  [��'$%O6� . @6#�:��&� �  �1$B.10�7�+  +�!&�7�� &'!  ,�!&  (I�  
/;�"�&#�2�#�$  p. \  #�,�2��]����1#�$  &2���� 0�&�"�0 , ,��'35!�/�!  +�  ��"�+'.17�#�=G�(*!  "�#H(I!  +!�&'�7�� &�0  . 2-��,�!D(I�  ,�#�,�!&��1�  
� $%.10�7�+  ̂ p, :��(I�  (*�  � � &�� =)� &��&  (*��,-� !�"  |p|. W��"�!  (G�  _  0�<)!�#  � =)$B�]�0  /���"�&�#�2�!  p �  ̂ p, �  ̀  0�<H!#  
� =G$B�]�0  2�!,��(I0�+  /;�"�&#�2�!  �  /;�"�&#�2�!  ̂ p. a�!=)$%!&�2�!D(*0����  . 2�!/;!A  �  +$C�2  ,-#�,�!&�� #�<  �1$B.10�7�+'!  ̂ p, 
� +�. � &'!&��  ,�!  7��  (*�  $%#�<)0����  . 2�#�$%��1� &��  . 0�&!'4�0  , !  . #�+'&�!�1�  "�!#  0  +�/�!�"�#�$  #�,  ,�#�7��  � !/;�,���� � M  
+�7�0�:�!D(I�/;! . \b"�#�7�� "�#  (I�  &�#  $B#�<H0���� , 0�. � 35� &'�  YES 0  7�� +&  =)!  #�,�<)#�/;#�2��  �  ,�!D(I&�  /�2���,-� #�+&��  =)!  
0�<)7�#�/��  _  �  ̀  =G!  "�#H(I�  (*�  &#  $B#�<H0���� . c�"�#  � �'(I�  $B#�<H0���� , 0�. �135� &�  NO. 
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(a) M �1. ��2�?-#�7�!  :��(I�  (I�  . �2��1<)�D(  � !  $B�'+&0  �"�+.17�#�=G�(I� . 
(b) . !�2�!�?�#�7�!  :��(*�  (I�  . �2�� <H�D(  � !  $%�'+&0  �"�+�. 7�#�=G�(I� . 
(c) �7�� . +'!  :��(*�  (*�  . �2�� <H�P(  � !  $B�'+�&'0  ��"�+. 7�#�=*�(*� . 
(d) "�2�0�UL� � A ! . 
(e) . !2�!?�#�7�!  :��(I�  (I�  !�. #�<)�d(  � !  $C��+'&�0  �"�+. 7�#�=G�(*� . 
\b#�:�� &�  ,�!  ���  =)!  _  = 180o �  ̀  = 90o � #�/;!  . 0�&�!'4�!  ?�� &�  . 2�!�/�!  7�� � �(*!  ,�0�U  "�#)(I�  ���  +�!&'��7�� &  
+�7�#�?�#�,�� #  . !,�!&��  /;�2�&� "�!7�� #  . 2��$B!  A1��� &2�0  [��'$%O6� . 

8. @�2��&�. #�+�&'!�/�O6!P(*0����  ,�!  +'0  =)2�� !  . 2�!'35� � �  A 2��1!  &�7�! , #�,�2��,�� &�  . 2���:�� � "  +�E���2�� #�<  =G2�� !  
. 2�!3e� �1�  "�#)(*�  ���  #�+�&'!�&�  0  2�!�/�� #�&��UL�  � =)$B�]�0  . 2�� &�1+'"�!  =G2�!:��46!  �  <)2�!/;� &!A � #��1#�<  
. 2�� /;7�!�:��4�!  890�� A1!  �1!  2�!+'&�#H(I!4�0  1 AU #�,  890�� A ! . \b=)$%� &'�  ,�!  (*�  <H0�+&�� �1!  =G2��1!  f = 103 kg 
m−3. 

9. ST�]�0�=G/;�=G,�!�1!  2�!'+�&#)(I!46!  +'0  #�<)2�#�$B�1!  0  . #�2��]��460  +!  ,-� $%��1=G�(I!'$B!  =G/���=G,�! . 8�&#�<H! , =G/;�=*,-!��1!  
(I!&�!  �  <H!7�!�"�+��(*�  "�#)(*�  +'!�,�2�UL�  ,�� E�0�=G�10  $B!&��2��(G0  0  +0�35&� � �  �1�  . #�$B2�!�:-0G(I0  #�?�(I�"�&�  "�#)(*�  +�  
� !�7�!�=)�  � =)!  4�� M .@�2�#�A1��� � &'�  "�#)(*�  ,-��#  � �?�!  (I�  . #�"�2�� /;��  =G/;�=G,�!'$%!  0  . 2�!/;A10  <H!7�!"�+��(*�  
. #�/;2�3e� � +"�#�<  +D(I!D(I!  g  = 18.0 mag arcsec−2. @�2���&. #�+&!'/;� &�  ,�!  +�  <)!�7�!"�+�(I!  +�!'+�&#H(*�  #�,  =*/���=G,�!  
+�7��1:�� � M  8�0�� A 0 . 

10. @�2�#�A �� � &�  $B�1� �1$%!7��10  ���1�2�<)�(*0  "�#)(*!  (I�  . #�&�2���?��1!  . 2�#�&#�� 0  ,�!  ?��  0�3V!#  0  [-�$BO6� � 0  
$B!<)�1��&#�+EF�2�0 . @�2��&. #�+&�!'/;� &�  ,-!  (I�  0�. !�,  � #�2�$%!7�!�  � !  . #)(I!+  "�#�� +&!��1&�� #�<  $%!'<H� ��&� #�<  . #�O6!  
� � ,�0�"�A �(I�  30 h T �  ,-��?�O6� � �  1.0 x 104 km. 8�"��1A � 2�!D(I&�  .10�&!4�0  &'�  :��'+�&� A � . (i6$B!D(*&��  0  /�� ,�0  
,�!  � !  &'!�"�#  /;� +#�"�� $  ��1�2�<H�(I!$B! , �1$B.10�7�+  $B#�UZ�&�  =G!'$C��� � &�  � =*2-!�=G#�$  E/c. [�!��1�'$B!2�� &�  +/;�  
��E���"�&��  =G2�!:��46! ). 

11. W�!  #�+� #�/�0  +�.1�"�&2�!  <H!�7�!�"�+'�(*�  +!  A 2�/;�� � $  . #�$C!�"�#�$  z = 6.03 #�,-2���]���� #  (*�  ,�!  (*�  +&!2�#�+&  
=*/���=G,�!  0  <)!7�!"�+�(I�  � =)$B�]�0  560 �  600 $B� 7�� #�� !  <G#�,�� � ! . [�!  "�#)(I0  /�2���,-� #�+�&  z +'�  ,�#�<)#�,-� 7�!  
��. # M !  EF#�2�$%�12�!�46!  =*/���=G,��  0  &#)(  <)!7�!�"�+��(*� ? @�2��&. #�+�&'!/;� &�  ,�!  (I�  +&!2�#�+�&  \b�1� /;�2�=G0�$B!  t0 = 
13.7 × 109 <)#�,�� � !  �  ,�!  (*�  +'&�#�. !  35� 2���46!  \b� � /;�2�=)0�$B!  ,�!&�!  "�#�+$B#�7�#�35"��1$  $B#�,��7�#�$  2�!�/�� �  
��!'+�� #�� �  +�!  "�#�+'$%#�7�#�35"�#�$  "�#�� +�&!� &�#-$  j  = 0. (\  &!�"�/k#�$  $B#�,��7�0  /�!�UL�  R ∝  t 2/3, <G,-�  (I�  t 
/;2��$B�  . 2�#�&��"�7�#  #�,  ���7�� "�#�<  @�2�!'+�"�! .)  

12. [�?�#�<  . 2��A �+�(*�  [��'$%O6� � �  #-+�� , ,-�#  � ��?�!  /;� ,�O6� /  +!  ,�!'&��  &�!':�"��  � !  [��'$%O6�  +�  $C�46!  +!  
/;2��$B�� #�$ . KL!  7��  (*�  $B#�<)0���� , ,�!  0  � �"�#�$  &2��� &"�0  0  ?-0�,�0���� #�+&�� , 8�� 2��(*0�+  . 2��'+&!'� �  ,�!  
� =G7�!�=G�  0  N�2�!"�#�/;0 (&D( . ,�!  ?�0�,-�  !�� &� A � 2�"�0�$C. #�7�!2�!� ), ,�#�"  ���  N�!� #�. 0�+  � =*7-!�=G� &�  �  =G!7�!=G� &� ? 
@�2��&�. #�+&'!�/�� &��  ,�!  [��$BO6�1� !  #�+'!  #�. � +'0G(*�  "�0�.10  :��'(I�  (I�  0�<)!#  . 2��  /;2 M 0  47o. N92�!"�#�/  (*�  � !  
<G�#�<)2�!EF+"�#)(  35� 2�� � �  50.1o N; !  &�2����10�&�� �  �"�/�!�&#�2��(*!�7�� �  "�#�#�2�,�� � !&�  (2��"�&!+A �� =G�(*!  �  
,���"�7�� � !A �(I! ) &�� M  =G/;�=G,-!  +'0 : 
8�� 2��(*0�+  (l  CMa) :  6h 45m ,  −16o 43' 
N�!� #�.10�+  (l  Car) :        6h 24m ,  −52o 42'' 

13. mG��,-� !�:�� �1!  ��"�7�� . &� "��  0  �"�/;!&�#�2��(I!7�� � $  "�#�#�2�,�� � !�&!'$B!  (_ , n ) � $B!  #�?�7�� " : 
n  = arctan ( sin _  tan o  ), 
<G,-�  (I�  o  0�<H!�#  � =)$C��]�0  2�!�/�� �  �"�/�!�&#�2�!  �  �"�7�� . &� "�� . W6!'���  !�� !7�#�<G�10  2��7�!A �(*0   
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h = f (A) =*!  <G!7�!"�&� :�"��  �"�/;!&#�2  0  M #�2�� =G#��1&+"�� $  "�#�#�2�,�� �1!�&!$C!  (A, h) =G!  . #�+'$B!&'2�!�:�!  �1!  
<G�#�<)2�!EF+"�#)(  35� 2�� � �  p  = 49o 34' 0  q  = 0h 51m $B�'+�� #�<  =G/;�=*,-!�� #�<  /;2��$C��� ! . 

14. @�2�#�A �� � &�  ?�2�#H(  8�0�� :-��/�� M  � �0�&2�� � !  "�#)(*�  . 2�#�]�0  "�2�#�=  . #�/;2�35� � 0  1 m2 �1!  [��'$%O6�1� #)(  
. #�/;2�3e�  � #�2�$%!7�� #)(  � !  . 2�!/�!�A  "�!  8�0�� A10  0  &#�"�0  +/;!"��  +��"�0�� ,�� . N�#�2�� +&� &�  :��14��'� � A 0  ,�!  
+�/�!�"�!  2��!"�A �'(I!  E�0�=G�(I�  �1!  8�0�� A10  . 2�#�� =G/;�,��  ��1��2�<)�(*0  #�,  26.8 MeV �  2 � �0�&2��1� ! . 

15. [�� !D(I0����  ,-!  (I�  "�#�+'$%� :�"�#  . #�=G!�,-� � +�"�#  =G2�!:��46�  �1$C!�7�#  +'. ��"�&�!2  A 2�� #�<  &�7�!  &#�"�#�$  �/�#�7�0�A �(I�  
\b� � /;�2�=G0�$C! , #�,�2��,�� &�  "�!�"�#  +�  &�$B.1��2-!�&'0�2�!  $B�46!  0  =G!�/;�1+�� #�+'&�  #�,  A 2�/;�� #�<  . #�$B!"�!  z. 
N�#�� "�2���&� # , � =*2�!�:�0�� !P(*&�  &�'$%. �2�!&0�2�0  . #�=G!�,-� �1+�"�#�<  =)2�!:��'4�!  0  ��. # M �  z ≈  10 (&�#  (I�  =)!  
� !P(*,�!O6�  . #�+'$B!&�2�!� �  #�?H(I�"�&� ). rs2���10�&� !  &'�$B.1�2�!�&'0�2�!  . #�=G!�,-� �1+�"�#�<  =G2�!':��'4�!  (I�  2.73 K . 

 


