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(1 �4N4Z��N�{�m / $Vn�{�"�$Vn�� 830011 � 2 ��U�FZN�7~>J�*�� 710043 � 3 �4N4Z��+T{�m�+T� 200030 � 4 �%*ND{�m�%*N℄N�9^�)D;� O0
g�,�5W+/CK{S�g_SU2M3X
M�x�l"Tl�x� �
2008 xQ<	QN 200 h #(���J SELENE �5W�H5Mn8+/CK�2JU" �bd VLBI 2tLv�6ZBv SELENE tGCZ'��(��dZ" 25 m x8~#(
VERA �:El n8 Rstar � Vstar t S1 � S2 � S3 � X ��t�H:E:���H:E:�AH�ltÆ4��t�H:E:���H:E:�AH,Æ�J_lr�H:�<_��P3D��5W5Mn8+/CK,_� VLBI GCrnt�<_ �t.N 1∼2 2Kx�k u _��5W+/CK� SELENE �J��H:�<_M'{o�P228.6 ��� +3S���A

1 �p��`4Lm7*.BJ (Very Long Baseline Interferometry, VLBI) H 20 E� 60 wjK�swuBJFzR [1] �aBJzRAu�`4*.�?��B�q�-�s�h?s�-e�)y��-vw}��wuBJW�wu%?W�z��EWv<�P�yI�qu�L�w�k!Sk�w�� (Urumqi Astronomical Observatory�	O!�) H EVN (Eu-�� �g���2009-11-16 � 8p���2010-03-02qx5��N�E�4Zo�B>=p (10973031) � 863 ~d (2008AA12A210) �sjqE:U VLBI EK,�
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ropean VLBI Network) � IVS (International VLBI Service for Geodesy and Astrometry) X
APT (Asia Pacific Telescope) sP��� 2008 w?}"'n�8S SELENE (SElenological

and Engineering Explorer)FB;�=uM~4V*.BJ (Same Beam Interferometry �	O
SBI) ����aL�G[FB1�&O�J-u Doppler/Range Y&� Rstar X Vstar �J���y9e��*"' VERA � 4 1�s VLBI Y&�F^Y&�'�qm-��s9�;^��J���9ye���* 4 1L��s VLBI Y&��J��s-mye [2] �
2 �6X,0DL|T
2.1 $U�d�Z}>|�^� VLBIFB1�}K�IX-��s�*�h��y��w7=!7uB~;FB�IX-�����vFBsy�5t�6��>FX6�h
RFo�^Q�4s
8�9�-e�Ih;�yy9��FB��M1&��6I7sfp&GX��o�s9�}jh℄h�na=u�C5s=9��'HV (Phase Calibration signal, PCAL) �&� 1 hC�

� 1 "Tl�x� :�A(�1H 2008 w 7 � 4 "!��"'���IFB=b1ji1~Y}o PCAL � 7

h s9�-e��Ms�I�4HV} PCAL +��5k��M1&1}o7i.s'�9j���
SBI BJzR [3,4] H,I1�IK7�>��℄?�zg-�Æ�"�~i4Vt�I�4~;FB��I�-�4HV!�s�>F�h
RFXFB��M1&W#y`i.�}RYFe=eX9D℄?qmji~}sI1�I9�TO ∆φsource1

i X ∆φsource2
i �� ∆∆φi = ∆φsource1

i − ∆φsource2
i BJ1�5k���>F�h
RFsFB1&o�s-h;�&G�e�yBs-I1�IyZ;^BJ+s���9D℄?^s�I9��G (Residual Fringe Phase, RFP) [5] �

∆∆φi = 2πfi(∆∆τg + ∆∆τinst + ∆∆τtrop − ∆∆τion) − 2π∆Ni + σi

= 2πfi∆∆τres − 2π∆Ni + σi , (1)
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i X ∆φsource2

i /�I1zgw7���^�I1�I��Gs9D9�� ∆∆τg HI1FB��sI1�I�yZ;^�B+s�G� ∆∆τion � ∆∆τtrop �X
∆∆τinst �1�I1FB��sI1�I�s 4 |^3W#*�>F�h
RF�FB1&o�^XsL8�9�GJ� Ni � 2π ia�s1Y� σi �9D9�s
8�<BJ&G�x�>F�h
RF��M1&s��6s-~*�o��∆∆τres ��G�|;^��I�Y�4��>F1^34�s9�gN���h
RFXFB��M1&1^34�s9�g0^�naA1�>Fo�s^X}�jÆ;o�^Xs$V9� [6] �*.HV�;^�.Y�,{HVi:�i:Æ:��.YÆ-�fs-BJ���Qf��BJHVi:�HVi:Æ:m��Y&bYÆ-�$5Y&�XX℄?i=M<s��M�,$1_��bL^8?8W	 Haystack -�w�k VLBI \$?H Rogers v �
1970 wsYMi:G[s?[ (bandwidth synthesis) [7] �Æ�XHV�~�*�PR��0�hs~��ai1~�lKi1~Y}o�7&a1}o�XHVCk}o^XX^XY��^}RI?�R�v[�}o^X�kqm-��^X+��36nB1�x{5u~�X�-uJ6/��I5k�-�~}HV�MP~}�G+�y9#\Ai:�Aui:G[zR�e-��9D9�1��Y�im:is�;^��^�e�;^�i:�Y9�;^�
2.2 ��:=4(�:

VLBI Y&℄?WGHehJFBY&1�Y~i4�HVmgm7I	FB�s;^X;^Y�;^X;^Y�1qFBo/{m7I	FB�s*>GXb�G��^X5}R9D9�[k�4i:qY�9l{�IHV9D9�{FB~Yi:sDY�v�
∆∆τgroup = ∆∆φi/2π(f2 − f1) , (2)A1 f2 � f1 ��I�-�4HV~Y� (f2 − f1) ��y9#\AFB~Yi:��;^fp&G�+�&G��yqh�v��i:7P6/s-�� VLBI FB1�;^BJ��h-ugmy9|h�� SBI FB1� source1 X source2 �s�G9�;^�

∆∆τphase = ∆∆φi/2πfi (i = S1, S2, S3, X) , (3)�G9�;^�ei:Y9#\Aqms�^X^2mFB~}sY�#\A�x�G9�-+[k�4HV~Y (& X ~� 8 456 MHz) qY�lI1�I�*h{ 0.2◦ ;�fp&G�+�&G�� 10−11 s �lI1�I�*?{ 0.2◦ �fp&G�+�&G��y|h�na9�;^BJ��-{�;^BJ�� 1∼2 1Jw�
3 #Um�z�!�$)p�9T SELENE 3u>5
3.1 .��	 *F1&�O!� 25 m-�Æ�"{ 1993wP�*!Sk�Ir 70 km��! 87◦11′�#� 43◦11′�S� 2 080 m �w7� 25 m 9#P'L/(/Zw7�o��us�Mp4�y 5 1� L �
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C X K 4�u{wu%?FB� S/X s\~4�}Ku{hzBJFB� X y;hu{wu%?FB�4� S/X \~4�=fu{���IFBks?� IVS FB��X1&y
MK5 � MK2 � K5 � SRTP �
3.2 �P�?h^ SELENE

2007w 9 � 14"�-s"'���I SELENEx 3 1�IHP�v� 100 km qJ�Jo�Ns):��=�I����Jo�NsI1DV��?�I Rstar X Vstar [8] � RstarX Vstar �1aY 4 1yB�>"-;Y (Effective Isotropic Radiated Power, EIRP) ��
20 mW s�4HV� S ~� 3 1 (2 212 MHz, 2 218 MHz, 2 287 MHz), X ~� 1 1 (8 456

MHz) � SELENE�I VLBI FB��8(z��&� 2 hC�x 8 1w7AP�"' VERA�v Mizusawa (℄�)(N 39◦8′ E141◦8′) �Ogasawara (?N�)(N 27◦5′ E142◦3′) � Ishigaki (:�)(N 24◦4′ E124◦0′) � Iriki ('=) (N 31◦4′ E130◦6′) � 4 1L�k�� Shanghai (1L) (N

31◦5′ E121◦11′)�Urumqi (1L)(N 43◦20′ E87◦11′)�Hobart(�hA[)(S 42◦48′ E147◦24′)�
Wettzell (pL)(N 49◦8′ E12◦52′) �"' VERA � 4 1 20 m w7�sm7L��� 2 000 kmkt�MPsG[7#Æ�"s�.Y7H℄-���� VERA �m\*��d 4 1L�k���qaw7&1I1Æ�"*�m7L�ILgm 12 247 km �yBs-MG[Æ�"s�.Y�~;hs-M�J���

� 2 SELENE �J VLBI �2tx8�9){� 1)

3.3 .��	 *FB SELENE lZL`i2"' VERA �w7}pLWettzell k�*>�K��!� 25 m -�Æ�"^2M VLBI��)�>m7L��&O`y!��'� VERA �Æ�"sFBY&�jC;��7u}pL Wettzell k�sFBY&9D�5�I�J��i=�ht;�� 3 2CM VERA �w�� 1) *�iz>��" http://202.127.29.4/twxjz/index.com



� 428 �������x���X����������� 28 +�7} UrumqiXWettzell w7?KÆ;��1w7&d��77HUH�I?mM��$g�zgw7FB7m�C&� 2008 w 5 � 30 " VLBI GB1� VERA �w7d�y{ 5◦ ;} Wettzell k�w7`yM?K;���$;!�w7�mM6fKu�!�"V}Wettzellw7?K;��yA{FBk�Y&s9D�

� 3 x8�L<���
4 #Um�z�!< DL[(u�e�Q
4.1 lZ�sbW!�{ 2008 w 1 �� 5 �� 6 �� 7 �� 2009 w 2 �"'���I�N~4V�G
VLBI FB;��&0 1 hC��1� SBI �*� 2008 w 1 � 0◦ ∼ 0.3◦, 5—7 � 0◦ ∼ 0.56◦,

2009 w 2 � 0◦ ∼ 0.7◦ � T 1 /��
!+Gm[�Q�)7�tT
2008 y 2009 yHE�B t(1 �)/min t(5 �)/min t(6 �)/min t(7 �)/min t(2 �)/min

swithing 3 175 908 1 214 956

samebeam 281 1 506 1 932 842 780

main - star 493 86 44

Rstar 56 164 308

Vstar 554 32 466

4.2 .��	 *F4j4(rY℄vn !� 25 m w7 2008 w 7 �!FBs"'���IY&�'�℄?��&.�� 4 5Y 2008 w 7 � 4 " Mizusawa ("'℄�)20 m Æ�"}!� 25 m Æ�"m7� 0.5 h�*?{ 0.1◦ ; Rstar � Vstar X R-Vstar (Rstar } Vstar 9D9�sG) � S1 � S2 � S3X X ~�s9D9� (correlation phase) �a 0.25 h �Y&9D℄?�;^�B+�a19D;�txJo�B+}R 8 �<v[�qY�e�15k0Y X ~�9D9�-e#��� S ~� 4 %�� 0.5 h tIh-e�y 40 000◦ �
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� 4 Rstar � Vstar Y R-Vstar t:E:���� 5(a)–(d) �15Y Rstar X Vstars 4 1~} S1 � S2 � S3 � X }R 7 �<Av[� 60 sb��.9D9��G (phase fluctuation) �x{f��>F�h
RF&GXF

� 5 (a) � (b) � (c) � (d) Rstar � Vstar t S1, S2, S3, X ���H:E:�AH



� 430 �������x���X����������� 28 +�B�M1&Ou7���I1FB�*� S1�S2 �S3)1~�9D9��G�� ±15◦*�-e� X ~�9D9��� ±50◦ *�-e�I1�Iq~�9��G��G^� S )1~�9D9��G�� ±2◦ *�-e� X ~�9D9��G�� ±8◦ *�-e� Rstar X Vstar s S1 � S2 X S3 ~� 6 |9D9��G-e�G9`� X ~�s
2 |9D9��G-e�G9`�Æ3~��GK+��qm� 6 �+� 5 X� 6 �5k0YI�I3~}9D9��Gs�i�G�.�?���i:�9�;^s=M|��

� 6 (a) � (b) Rstar � Vstar t S1, S2, S3, X ���H:E:�AH�
4.3 4(�:w�vn� 7(a) 5YM Urumqi-Ogasawara m7� Rstar X Vstar I1�I S ~��G9�;^
(Differential Phase Delay, DPD)�-e���� 5 km�� 7(b)5Y!R 9�<Av[^ S1~}s�G9�;^�G (Fluctuation of DPD) ��.�G�� 0.57 mm �� SBI FB1�lI1�I�*�hX�>F*��h;��G9�;^�Ghf*-h�!�?}sFB�I�I�*h{ 0.56◦ ;�9�;^�GIh.�G� 3 mm �a&G+4y^� VLBI �;^�G��s-M 1∼2 1Jw�

� 7 (a) Urumqi-Ogasawara n8�H:�<_� (b) �H:�<_AH
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5 � \1L2W	!Sk�w�� 25 m -�Æ�"�"'���I SELENE I1C�I
Rstar X Vstar ~4V�G VLBI FB1�lI�I�*�?;�P;�qN-�� VLBI �G9�;^�!�)&MAu~4V�G VLBI FB��kqN-��9�;^suE�Æ��= L{i1iInB	
riiV� (YH-1) ��℄_
%8_� (Phobos Grunt) nB	s�f�Jks LM�8S�f�J1��fqysKu�K 6'\$qmM1L2W	
w�z��EW�>�  }�1L2W	
�;nB�>�  }�1�[K
ri -1 �iInB8S VLBI B8+�s)V�ra.E�Xz*2�
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The Contribution of Urumqi Astronomical Observatory in

Lunar Exploration with Same Beam Interferometry

WANG Zhen1, YE Nan2, SHANG Kun3, LIU Qing-hui3, WANG Na1, LIU Xiang1, AILI Yu1,

HANADA Hideo4, KAWANO Nobuyuki4

(1. Urumqi Astronomical Observatory, Chinese Academy of Sciences, Urumqi 830011, China; 2. State Key Lab-

oratory of Space Dynamics, Xian 710043, China; 3. Shanghai Astronomical Observatory, Chinese Academy of

Sciences, Shanghai 200030, China; 4. National Astronomical Observatory of Japan, Oshu, Iwate 023-0861, Japan)

Abstract: During 2008 and 2009, UAO successfully accomplished more than 200 hours observa-

tion time in SELenological and Engineering Explore (SELENE), a Japanese Lunar orbiter. The

VLBI observation in SELENE is adopted a method called Same Beam Interferometry (SBI), wh-
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ich has advantages in calibration the influence of atmosphere, ionosphere and noise from antenna

and receiver, so as to determine a high accuracy in correlation phase and the Differential Phase

Delay (DPD).

In this article, a large number of observation data received by UAO from SELENE are processed,

correlation phase and DPD are calculated in S-band and X-band signal. The residuals show a

better RMS (root mean square) than traditional VLBI results, and nearly two-order improvement

is achieved. In the future, Same Beam Interferometry will be used widely in China’s forthcoming

deep space missions, such as Chang’e-3 lunar mission and Yinghuo-1 Martian mission. Urumqi

Astronomical Observatory will make a significant effort in orbit determination and other scientific

applications.

Key words: Same Beam Interferometry; SELENE; differential phase delay
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