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�G����������� 28 "�N� 2 %,�6�-!M� Rstar L Vstar [1] �5�6� 100 km #�n�|b;#�:� 2%,�6n5�6>�S�-�� 100 km×2 400 km L 100 km×800 km #nb�{|;j�:�e5�6���Æ�`^S�Rstar�5�6Lt`�y�i+rGl�6 ��Æ�`nTP�{9>J��>J+��Æ�`0GGg8�:�" [2] �� Rstar L Vstar y�:C� VLBI >J�+e#G�N�+rn Rstar n�)�y���C� VLBI >JXo�r�"�Æ(~0GGg8���
Rstar L Vstar �-	V 3 % S 1��1 (2 212 MHz � 2 218 MHz � 2 287 MHz) L 1 %

X 1��1 (8 456 MHz) �� Rstar L Vstar y[m 4 %�1vvnC�$7$��9lt1L (>JiI (SBI) [�#��$���)>J3� [3] �� SBI >J+�t`�Cl"�tY%51Lnt3�Ci Rstar L Vstar 3I��C�V<S�8?a��x;AL�C`n�C℄"+U [4] �C�$�3O (DPD) >J��+`gsa���vvt1L9>+�'℄"�2gU�s�3tvvynC�$7$�$�fS�.EL$p��L [3] �� X 1�+[m,#>J���d X 1� SBI 9>W��!,r 0.1◦(l"$�� 20 m 3) �9>`Z3C�9>V�n 6% ���r�y�Æ0GGg8=��33n� 2008 p 3 �^S�
VLBI 9>�:,��l"$��: Rstar L Vstar s�+"�� S 1��;��L
a�3J� 0.56◦ �
2 SBI �L��

SELENE n VLBI 9>~n 4 %�r�"�1�� 20 m nl"~ (VERA) L 4 %<p�DN� 4 %<p��-�r+<#B (25 m) �+<�Ri� (25 m) ��a�J Hobart (26

m) Lk< Wettzell (20 m) �℄"I�℄ 796 km ' 12 247 km � VERA R
M VLBI 9>n5W���℄ 2007 p 11 �' 2009 p 2 �_:uMa� 1 600 h n9>��6� Rstar �
Vstar �5�6L'x}n9>� 2009 p 2 �^Slr9> Vstar L5�6� 4 %<p��-r 2008 p 1 �� 5—7 �� 2009 p 2 �:uM� Rstar L Vstar n1� 200 h n9> [5] �℄ 2007 p 11 �' 2008 p 2 �� SBI +A9�l"�: Rstar L Vstar s�+"�t3+AI%k+n�:�+Ap��s�,r 0.1◦ ��={6 S 1�L X 1�� s�ar
0.1◦ 9��k+A Rstar\ Vstarn�:� RstarL Vstars�,r 0.3◦ �� S 1� SBI +A+^6 � 2008p 3 �' 12 �� SBI +Ap���s�,r 0.56◦ ��=�M,Ht[m
S 1�n+AN����:�� 69% +AV�+[� SBI 9>N��e��s�,r 0.1◦ 3�+[m X 1�+AN�� 0.56◦ s�nE�=BO'UMl"$�d<�&*d<
��N�V<�3 [6] ��[#�n SBI 9>+�el"�: Rstar \ Vstar 3��s�,r 0.3◦p��Y�+�S�2gUN�� 2008p1 179 d n VLBI 9>+� S 1� SBI 9>VI�� 476 h �y$\l9>VI� 2.66 h �e Rstar L Vstar n;j`K*tÆ3� 1 d n+AVI+JS 5 h ����Ho�r
kS�Æ=`0GGd<��vv SBI (MFSBI) N�V<kX�
+:�	! [3]L [7]��?3�'K�� MFSBI
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x 1 SELENE , SBI :?�4Jw~%���8�x
a, b, c, d � VERA 4 &�p5Kx�� e,f �-=p$C���Sj��5Kx��

g ��bBKp Hobart �5Kx�� h �l=p Wettzell �5Kx�
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�G����������� 28 "��Xp�L$ZCn�3�+^����$�3O�Y�$�3On�X℄rtY1�nv*�e$�3O=nrtY1�$�i`3t>�n3yCg�n��p�+^s���X�>n$�$OkX8S ��6p>J+�nr9>�v+'/eWLa�f(n$�}{
x;A�{F-nj( [5] �9$�S �an1{�Y��W���a�V<S7+^���XS$�3O��6p�X+X^�gU�3o���Xn�3�e�X�>+Do2q��5Wn^�I�`ye�N��9>+�[��+oIn SBI 9>VI�H�B RstarL Vstar o�an�!;��an�!$�f(I%�63IX0T�na�1{Lx;A}{^��anCd�I�C�S�^��an;tJ�tV�M
u9>VI�+A+�l"�: Rstar L Vstar n+"�e[f(3
#�s�3�r3In|S�[|� VERA �v"+^��an9)
,�f(o1
,}"# Rstar/Vstar n3I}"Y
�nr Doppler 0h�f(o33IL
,�
�;�w 1 (SM 1 D3Iv}$���7�w��)r�:3
#n#��w+'3I��vY$�r Rstar 3I���w++��#B��Ri��Hobart LWettzell 4 �
,�%�� VERA 4 ��"x �����=e�#B��Ri�� Hobart 
 Wettzell 4 �9l7�185}�1L2��Æ�5}<n�^9)F-n �3`���C`� VERA �v 4 %�5}3=7�18�=nXDl"�DN�XDl"1LR2�� VERA l"5}<noR�x>9)�� K 1�� Q 1�n�C`L�^x�9)�(9� ����w 1 (Sn=�!�,3n3Iv}�3�[; RStar L VStar y�!n
a��C3I
���Y4�s�#Kyef($�o3^��a1{L3HC� 1{JSM�XW�np���ZF-2q�k�G����:��`nM�-G�^���C�a3�oo0t�XSC�$�3O�3O$OHl8G�kX�>n|> [8]�d7r#��$�3O$On
VR%��`�D�(S$�3O$OkXy<����S(SC�$�3O$OkXy<���.^ SELENE+nC�$�3ON��C�: jnkX���FS(S�V�
3 &�5Q&QmZ{>dZE��$�3O$OkX℄"[��tY1�XFy<�e$�3O�tY1�i`I%>�n3yC�*o 3 %t`� A � B � C �8?tY3I}3IntY1�i`'�n3-�-o� tA � tB � tC ��'℄"n3Oy
��℄" AB, τAB = tB − tA ��r℄" AB, A �:'�� B �℄H� (^�u[$t) �℄" AC, τAC = tC − tA �℄" BC �
τBC = tC − tB ���o� τAB = −τBA, τAC = −τCA, τBC = −τCB �N�3+Y�y
�℄�N�3-�e� τAB � τBA �hnN�3+�-� tA � tB ��tY1�$�3O$OkX:�� τABC = τAB + τBC + τCA = 0 ��N�$7V<�P+�Y��tY3-mi�p℄"n$�3O%��3=3t℄"ntY1�n$�3O%�e[�?��I/�3�:$�3O$OkX���Y='UtY3-$�3O$O��==�N�'tY1�$�3O$O�
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3.1 zqg�HW[ln 3p℄"tY3-n 3%$�3ON��$��:$�3O$OkX�*tYN�3-� t�$�3OJ�-� τAB �τAC �τBC ��$�3O$OkX��τABC = τAB−τAC+τBC �=�#:+n3ON��9_^�hitY1��nr℄" AB �℄" AC �htY:'��5 τAB � τAC =tY1�3Ig�n3O���1�i` B �n3- tB n3O τAB �y�� tB = tA + τAB �r=+� BC ℄"n3O τBC B%itY1�n tB 3-mi$hn3O� τ

′

BC �"<B%6 �:��� τAB > 0 �� τ
′

BC = τBC + τAB[τBC(n + 1) − τBC]/[tA(n + 1) − tA] ; τAB < 0 �� τ
′

BC = τBC + τAB[τBC − τBC(n − 1)]/[tA − tA(n − 1)] �:+� n− 1 ��Y3-vN%� n + 1 �SY3-vN%�2n$�3O$OkX0:��
τ

′

ABC = τAB − τAC + τ
′

BC � $�3O$OkX�>� 0 \�r 0 ��M℄"yn$�3O$O�n#KkX�>+^r� 3 �DNn 3 p℄"$�3O=�$O
$OP���r�� (3 �^#) 2Nn�℄"�3�+^y"� ��+n�a 3 �$�3O$O�����aDOn$�3O��$O���� ��$�3O3$O��'%o 1D 3�$�3O3$O���r A �B �C �D� 4���o τABCD = τAB + τBC + τCD + τDA =

(τAB + τBC + τCA) + (τAC + τCD + τDA) � �a 3 �$�3O$O�#:q�� 0(\�r
0) �� τABCD = 0(\�r 0) ��Qe� 4 �$�3O$O��V���$�3O$O��+}�8X� 3 �$�3O$O���5hl+����a 3 �$�3O$O�3�:��e+�
3.2 lbQv^ 2008 p 5 � 20 � Rstar x�3O�C�kX��$�3O$O�3�3ON��
ISGK(Ishigaki)� IRIK(Iriki) �MZSW(Mizusawa) 3 �DNn 3 p℄"$hnN���-�:tY3-$�3O$OkXu�$�=�itY1�n$�3O$OkX��>�w
2 ℄;�

x 2 %P%�lY7D
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�G����������� 28 "�nw 2 +��tY3-$�3O$OkX�>� 1 ns �=�'tY1�n$�3O$OkX�>� 1∼2 ps ��,e[�tY1�kXn$�3O$OkX�>��,#�tY3-$�3O$OkX�>�� 1 ns ��5W=nr$�3O1�[o��g�n�'Ui3O>J��℄���YPy�e[�$�3ON��:$�=�'tY1�='Wn�=�S$�3O$OkX�>Fa+`gsa��5W=kX�CL9ln"<=�g8g��C�Nn��Y�>t3S Mx�3O9lng8�tY1�$�i`'�3yC�
4 E�&�5Q&QmZ{>dZE��
4.1 NQzqg�HW[l�aQv* tA 3-�C�$�3O� ∆τR−V

AB �℄"�-� AB�AC�BC�� 3p℄"nC�$�3O$O�<6#�nC�$�3Oy
+"��℄" AB�AC�BC�C�$�3O�-��
∆τR−V

AB = (τR
B −τR

A )−(τV
B −τV

A ), ∆τR−V
AC = (τR

C−τR
A )−(τV

C −τV
A ), ∆τR−V

BC = (τR
C−τR

B )−(τV
C −τV

B )� 3O�htY1���C�$�3O$OkX� ∆τR−V
ABC = ∆τR−V

AB −∆τR−V
AC +∆τR−V

BC = 0�eC�$�3O$O���� 3O�htY3+��A�N�=�'tY1�S��:C�$�3O$OkX�=��
u$�3O1�=�:U�dnr Rstar L Vstar �I%~Fn�:��L$8Q�tY1�n=�h�%�:�d Rstar L Vstar �)1�����3OJXR���5�3OJ+�U��Y(�C�$�3O"<=�u$�3O"<=�nC�$q�e δ(∆τR−V
BC ) = δ(τR

BC)− δ(τV
BC) ��$�3O"<=�℄�#	VK�=�SnC�$�3O$OkX0:� ∆τR−V

ABC = (∆τR−V
AB −∆τR−V

AC +∆τR−V
BC ) + δ(∆τR−V

BC ) �C�$�3O$OkX+[[0:kX�
4.2 lbQv^ 2008p 5 � 22� ISGK �MZSW� IRIK 3 �DNn 3p℄">JN��C�C�$�3O$OkX�>�w 3 ℄;�w++�=�SnC�$�3O$OkX�>�6~,��$%℄"�O�

x 3 D�%�4P%PlY x 4 _	3rD�%�4P%PlY



� 4 � L�f�r�b��7u2M VLBI D�%�4P%PlYv�� 421�kXtYl HOBART �MZSW � IRIK 3>�DNn 3p℄"nC�$�$OkX�>�w 4℄;�w++��=�'tY1�nC�$�3O$OkX�>1{�6~,�dN�.3�rO��=��rP| 1 %� 13 cm nHN��%1���r S 1�nY%1I��QeC�$�3ON�+^�2q���a,� 1 2��2q�C�$�3O$OkX3g�.!�Q�kX�>+�#�w 3 uw 4+"��2q	-�u HOBART�o7n 1 p℄"+�e�℄"+^ry2qu HOBART �nN�o7��`nC>�Qe�N�y	-2qn℄"�^
�N*�C�$�3O$OkX�>�	-2qnN��:=���r 2008-10-16T13:30–14:00nN��:C�$�3O$OkX��>�w 5 ℄;�

x 5 ISGK-IRIK-OGSW-MZSW 4 �,�b 3 �EPD�%�4P%PlY
4 �+�a 3 �DOC�$�3O$OkX�>�w 5 ℄;��+3D℄" ISGK-

OGSW nDOC�$�3O$O��Do℄" ISGK-OGSW nDOC�$�3O$OkX�>^�2q�e�+^�y℄" ISGK-OGSW N�+^�Y%�*2q��℄"
ISGK-OGSW C�$�3ON�.�S02�:C�$�3O$OkX��>�w 6 ℄;�+�.�SnC�$�3O$O��r�I9>V�nC�$�3O$OkX�>,e�3t3�N�*J^�Cd�o3+`NG_�}{�anC�$�3O$OkX�>,e�C�$�3ON�"+}{�a��5W=e��!�a3�a�Lx;An$�*X� SBI +YoY1j(℄(�
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x 6 >� ISGK-OGSW ^#O�,3rToD�%�4P%PlY
5 
 W��,e�C�$�3O$OkX�
����=�'tY1�nC�$�3O$OkX�>$OP��6HrtY3-C�$�3O$O0>��Qe6>N�V<�>ulrC�$�3O$OkX9lntY1�ng8o�Hn
O���
+^6 �$�3OtY1�g8nS �C�$�3O$OkX�>+^lr SBI C�$�3OkX+n2qw>u.��C�$�3O$OkX�>Y+^lrC�$�3ON�*Jnzy�m1$�}{�anC�$�3ON���C�$�3O$OkX�>XO S�an}{�C�$�3O$OkXn�1.o�r SBI V<�>nz4�.�uElo;0Wna
�"	(SnC�$�3O$OkX�>��� 1 mm ��Py���rg8nS �2qnw>u.��N�*JnwA8Q=C3n� W�,#n�����W j��f( 1 mm JfuC^�nye��N�"+*XÆ��℄"I��tY1�C�$�3O=��
q�
M_tx�
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Calculation and Analysis of Same Beam VLBI Differential Phase

Delay Closure of Lunar Satellite

CHEN Ming1,2, LIU Qing-hui1

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The paper focuses on verifying the differential phase delay model, detecting and

correcting the cycle ambiguity existing in the differential phase delay data of same-beam VLBI.

We confirm the methods of calculating the phase delay closure and the differential phase delay

closure with the same wave front. We use the method to analyze the differential phase delay data

of the same-beam VLBI from SELENE project. The result of the differential phase delay closure

is less than several picoseconds. The method in the article can be used to verify the same wave

front differential phase delay model, to detect and correct the cycle ambiguity existing in the

differential phase delay data. It can also be used to monitor the fluctuations of the differential

phase delay. These results are very useful to select the data for scientific research and to process

same-beam VLBI data in real-time for navigation.

Key words: lunar exploration; Same-Beam VLBI; differential phase delay closure


