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�M�;�_6&^��E�_D�%h|7����oA�OUi
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3 �{hXN&itO�|����ow<'KS+1\E�	pr�U��|V�+f����oÆ_%� A8��b�Ob�eb��[ib�El��|*n �ESf��5OIb�O�|�A�o (GSSR, Goldstone Solar System Radar) t4A9 �L� Arecibo 1z���o���*1�xV�Sf�4 1 ,^{�5Cb�� 1 �-\ul'3A!U�_Z�QRR )1�L�d /m o� / MHz )1U9 FT�L

Arecibo 305 430 1 MW Arecibo 305 m

2 380 Green Bank 100 m

Golden stone 70 8 560 500 kW DSS-13 34 m

Green Bank 100 m

VLA �LY
3.1 �oJT�8�O���o�E� 
C�O
 �
�CA 20 L)3z?bvjUi*���o8��fE�� Schubert ��tK*8M~��fFryf�!��I�+�7�(��7�+a�( [6] � Schaber ��Ol*ji��K���o+/7�yf*i�℄�|?2 [7] �|�q�8��El�℄I�%t#
M��ST� ����oA�8�\Ml�-�����fE�l�� .w<'>�V�Æ_y-tK�yO%)8�'�mA�i����X℄���O|7℄9��EU�9*\E��$(9�EU�=Y℄S�Q��h�X℄�-Oz����o8M�E�r�����o|� �j8�'���f���5OA.
&�'=#8����Z��XRQ�$+r�� 2008 b 2 8 27  � NASA W>*%O�|�A�oÆ���R+f
I507 (20 m/ Tm) �8�Z��f� (7� 3) [8] �C�T( Clementin 8��E�Æ�

� 3 �PA}�B�p���9�[��g� [8]



� 378 �������Æ�2�s�V�L������� 27 q��507I 50 #�xDJ*8�Z���f(���_�P-I�=p�+rWq��5��V*2K&.�Cxa?����o�| )'��8��kyf��vRe6�Q��� 4 O  Arecibo ���o'/� Green Bank 100 m /Æ'5b (GBT �Ib>>�`xt) ES�8�Z��o4��7���E9L 70 cm ��l>�o����4��74+ 0 �[K�-4��7j
0.5(x() | 1.1(�() =��%)4��7+
4M�|�8�MZ�Ol� 4 j_!�^���8�|�8��k [9] �!�l Zucchius, Hausen, Moretus, Schomberger � 4 K�f)BY^H�4��7�4<�hPX℄���h':l��l(C��

� 4 �9�[�����p��8� [9]yf�3�_�h(CV2�-�9�k+e6�9�k����vRtM��e6�
1992 b�IbwY%tr� Stacy ��  Arecibo 1z S m��o9�� 125 m �1507�d��0I�8���Ui\E�lv8����i����e6��ElG&'H�v	�M�t) 1 km2 ��-mAI�o|X&/GMtI4��7��G&'H8���mAtM�5>�e6 [10] ����o�_ )8�z���E� Shkuratov ��Ol 1981—1984 b Arecibo 1zÆ�� 70 cm 9L�o|X&/����9�$}�T�Iw Clementin 8��E��8M�t�5>�℄wbl�Æ�*8�\M8�z�5> [11] �
3.2 �T�0gq�L-?}Y –  u�!℄��G2}Y� u�!℄+���o�b�E�V*|_ [12] �Ib7�&D\�O�P 70 m K 1986 b$S<�EE�|�a 1997 b�bt℄$l�\E#�j.1�hb\E�  b�o\Ebl|���b4MIW�+/7�lD��a? [12] �{_�0X��1507o 20 km�-�0Xo 150 km �X℄\Ebl�V*b�ft�k:��&Z�aEa?��h���o�b4M��E�|�*JAb*=#9��5J�)GktbO��i�:�|�Yob4M:k�MÆKb� [13] �V�X℄blÆ_ST� ) Viking, Pathfinder, 2003 Mars Exploration Rovers�b�E����5�qF�rYt�^ [14,15] �
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3.3 �T�;g%)Ob4M%dK�t�IT*�℄r\E�{9_+$��h	a=_��E(Ob��|sxt�� 1961 b����oXiÆ�*Ob��o�9�7DJ*Ob��|sx+ 243 d � 1981 b� Arecibo 1z����oÆ���TFJ�Ob*mAP)���IX�{5>K�y[�X℄��IX%�+O)h'�[
~�fS��y{5>K�PF[)8�tU0	 Io[16] � 1999 b� Arecibo 1z���o�i�ObUi�E�{507+ 2 km �'H*A 1997bAU;�E�\E|�Æ%SQ�Ob*�Nh 5 km�~��#�'K_~����55+ 41 km t 19 km[17] �X'K~��HodAAU;�E�?F�-�:Cl�|7���o|�+{v��EU�Ui�^�'W�+<\�4 2 l,^*=��EU�Æ��Ob4M�o�T��1507�q��o�:��bld�o*�EU�Ob���o�E�507*�mAyt��I�1�� 2 ��YU�N)1#$<h�FA![d$?9*�D�Hq{ �HW� �2719

Pioneer Venus Orbiter �rJ�& >10 km

Arecibo �4{ 
��r 2 kmBV<r�H� �r 110 m

3.4 �T�Rg
1965b 4 8�zebEY��A℄w (Inferior conjunction) �/iB�Arecibo 1z  ���o�\EIf�'Heb��|sxO 59 d �XR℄��'H�G�t+�)eb��|;�&*J_��D�

3.5 �&2� T�f7OYb�_'K����o1�E!℄ —— �o&�/�G2E(!℄ (RSDI, Radar

Speckle Displacement Interferometry) �|�E(8��:�p��Yo8��gB�pv��A�{qB1�/� [18] ��5O�RSDI O�tebp�t�^�5	�
&�'���1!℄`	 [19] �
2001—2002 b��o&�/�G2E(!℄AIbteuÆ_ST�|� ��h���o�&�/�G2E(���*eb��v [20] �0#����o�Oeb�i����r��EU��1999 b Harmon��  Arecibo

S 9��o9Æ�*eb �����o�T (7� 5) [21] �\E9L� 12.6 cm ��1507� 1.5 km ��<t[+ 450 km ��lP)���%�+O�i����e6P��
3.6 �eigT�[ib4M��o+/7+Y4I:k�K�MZ�$��7t+9L�[��Y4IIXMZ��h�  ���o|�\E[ib�4Mkk [22] ��B�_^�E�Y�[ib�f��U$�IY�[ib`~�/E^��V�\E�[iby�& 340 K�{l 222OY�[ib� 118 K/)[ibu����o�E|�Æ�Y�[ib�I507STt%,�f�Z�Arecibo t Goldstone�oA�Æ��[ib��T��+n�n?�
I�1507M�I [23] �Ah� b��IbO�|�A�oHb�__'HY�[ib�
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� 5 Arecibo S n��p:���f!�����p�U [21]j*`b#��ESfv����oA
�El� �M2K^�$�Q )Lp
�O2KC �	p�EU��
4 �d^	��q���G���o�
�EA6b+\���$HA\OtK���o
�E�	K&o~��6bSTCH*8��E�(\A+">iw�Uib�E�7��E��d)j;tK�Bx�yT�ysxM�CL��h;?9'/0bUi�E�O9*D�7��E�t�m������o!℄�+7��E�	K.�&\�U��+>^/� A7��El�7tt!�6b7��E�'K�HA6bÆ�&n$*Ui���o
�E��:�XE6b��?+b?�o�E!℄rÆ(CS[��&  �oblST�_��+���o�bld�sD*	���b�{iA'/tES4$0M�6bH&�5���o4$���y�; A{n�/`�Æ�I�E�0M�,-EE|j|; A
�El�:Z�e 29 m Kt'/�\AUiEE�/%=S|Q�m7+ 500 MHz �'/T77 2MW �C℄�� 20 µs �|�Æ�C���o�9�_�&D����o\E�m��0#�q�6bYbAt�/Æ'5byj0M��s�HAÆ=S [K:� 50 m /Æ'5b��:Z
P� 40 m /Æ'5b�r|�+ESK��W>{EES+'/K��5OV�\Aatd=� 500 m /Æ'5b�PO�|���o�E��O4$��h�Az��a�mD�6b���o
�E�tKA!℄*|�w?tK�|�Evb(w��6
{vb+H&����oA�Ui8��E�  6b�yy'bld�A���{�EblUid���+�^U��
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�E�A�EV2*��A�%�Æ\�0G�Ej8��E"U�r�A8��� (�5O�i���) �I507�fE�t8��k (��8�z��MÆKb�i4IIX�) �+��'|+6bH&�8��Ebl�V�^��|�+=#8����qd�Vr�Cx��h�8���Eo|!℄S[|�j|�w?�{v
Ui�E�"!�b4M�fE��|�Æ�CI�^��+bO��E4K_��VL5��Y�[ib (���1rl
�\Et/ROYb���o\E����|�Æ�[ibf��4Mkk�;i`~�Cb�Y�[ib�4#i (Apophis) >A 2029bt 2036b+��M.�7&|_~�����}LKLb�^/Z{��h���o�E�4#i�f��t[�p|�~�Yo{;i`~�rY~����|_k�>+���o�E{v[
�V_�L5�>eb�Ob��b��2b��bt[ib�|�AL�
�����Æ�I��|�S+���o��EV2�z��A'K���o
�E!℄�~4*�>
M-y �\�V�mA�y�\�O�G&���o�E|�A
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Ground-based Radar and its Applications in Remote Sensing

of the Solar System Planets

ZHENG Lei , SU Yan, ZHENG Yong-chun, LI Chun-lai, ZHAO Pan

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 10012,China)

Abstract: Radar astronomy is a technique to observe nearby astronomical objects by reflecting

microwaves off target objects and analyzing the echoes. Ground-based radar, as a certain observa-

tion method in radar astronomy, its properties and advantages are introduced in this paper. The

detailed theoretical analysis of the planetary radar observation and data processing are presented

here. Since ground-based radar have been used for a wide range of solar system studies, part of its

achievements are listed here, including mapping the surface roughness of the solar system planets

especially in the poles and the permanent shadow regions; detecting the regolith properties and

depth of the Moon; testing the rotation period of Venus and Mercury; predictions of asteroid or-

bits and etc. Because it is a very important and useful observation method in astronomy, China

is planning to develop this technique for its solar system planets exploration. The circumstances

right now in China, the assumption of how to develop ground-based radar and the problems will

be met are presented here.

Key words: ground-based radar; deep space exploration; reflection


