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gko����& (Gaia) #�f~1���
(,v	�gE|�H	�E| 200030)/+�Bo6�,P��M2C� Gaia (KT 2013 } 3 k.J) lr���<>Æ:Ti6Flr�T�YY�Vg�~�do6 Gaia hMG8m#�!,`#Æ9(X3�dhMG8m#�A"��[G6 Gaia I�9_I��FÆ9(<6_I8Pf2+�I�9ÆKqL	+67Z$RH�Æ5X�l	R�G+=xK�Z7��RqB��Mj�=�8G+'o�8G+'otQxK��[G6 Gaia l�I�9XJ�I�9 ICRF–2 �>I)-Zy_+Æ�w
0J�d�DyÆ�+#�d���5�l�X�5�<M��V�Æ�i6LuaQM*IX�a

Gaia ��!hMÆ9(�q�&� 65 m J��fqJ���M23b�9�~�;JÆ��r { d�Gaia I�9�L	�G+=�8G+'o5�l�v�P129 ��� � `�	�A

1 �H��"�+O��L1B� GaiaJS 2013| 3j-IGaiaJgL V �
4S 20 mag(� R ≈

21 mag) �f 10 :O���*�Yr; 106∼107 O���; 105 O� V �
4S 10 mag�A$i�; 7 µas %S 15 mag ���A$i�; 12∼25 µas " 20 mag i�; 100∼300

µas � 85×106 �����K��p~�i��S 1.0 km/s  440×106 �����p~�K�i��S 10 km/s [1−6] � Gaia zgL� 17 mag �dp~��
 V <17 mag �i�;
1∼10 km/s �L�x!i�w� 0.1% � 1% � 10% ��r:8; 100 000 � 11×10 6()2�B�p 10 pc xaP 200 ��) � 150×106 �p 16 kpc l G=17 mag ��g%dQi�; 100% �OK� (i�; 50 µas /a) ?�;�p~��:,QQbdQCsJGNv���:kdQ [3] � Gaia JO���L1F7 (A$�x!) �LkF7 (4�) �:kF7 (℄l;�� �n�Æ�2010-09-08 � )w�Æ�2010-10-2587$�v4M,	�"_ (10878022, 10903022, 10903030); ,v	�g�Yp�1-4rnt (KJCX2-

yW-T13)



� 192 ���������F����~������� 29 z���:kx!�tk) 8w��:,���qq6 [1−5] � (1)E	Y���V^�$��Gaia'�gLF7*/PE	Y��!��E: (E��$������!�o) /P�!O"����R (% �R�*Z�R I ���R�*Z�R II �oR���) Cs
8�qE	Y�V^�$��x^4y��Yb=OÆ(u�Y�9��℄��b=br��W1Oy�9��Y���
� (2) �O"�u Gaia Lk�:kF7
8L1 +��Hr (4��D����℄:�0*) Os
����℄�$�4pu(1��y�*%?5�\V��U0C/zb1CGb�xE�k� (%���yu���^}�xE�?
) � (3)/����-`��q�Gaia 
8N��L1���;:�V�Lk2/-`~�/���{��s�Hr�(1yF7b��Y#�℄��4��*�$�"Kk��hp�G�
(4) 
'YO"� Gaia JgL
'Yh 300 000 �4S 20 mag �u��8'��B��℄��fÆu���{/���pÆaD�zgLASÆ!s�x1OgLS#x�u��+)
Gaia AS
' – Æ!Y#� L2 �zgLW
'Ox! 45◦ ���Cs
z-`~�u�� [6] � (5)  +O"��q�Uu Gaia gLF7
8��m=g%K* PPN Hr β � γ ��;F*1$wJ)V��1$��V ���;f3��4� Nortvedt wJ [7] � (6) k�H�Y�OS Gaia zgL 105 O4S 20 mag �����A$�i�w�7OeCs
8�SH(1O7Oei���5℄�k�H�Y�+E� 2 �Ln Gaia kq�b}� 3 �Sh7Oe�=��L1F7p��k��8 h5w�7OeK����E�G�k� 4 ��n Gaia k�H�8�H(8'�W`p[N� ICRF2 �,Y�U�UuKt`P��p�%�6�L)�hzps�DW\b�:IH��
2 Gaia ms	e�

1997| 6j2��7-7�/t��3p�4�=r (European Space Agency, ESA)�h5 Gaia .� 2000 | ESA �CEkq; kkq�;5w�7Oei�Ug�hIK℄V^) Global Astrometric Interferometer for Astrophysics (A[ GAIA) `p7G;W2�B�g|�V^�bQEG6y9�56:k6L)`p�i[ Gaia 9UP���};�Gaia B�-2�B�pL�i��%d�
�gL���r1D:8�L5"F 2 � 3 � 4 O1*� Gaia "� 3 Ok�6fn�* 1 O6fn;:k6>/ 2 O6fnL1���A$�Y�1O; 106.5◦ !VgL0O�!��#�VO6fnO 3 O$a�W2�nJ 1 Okp���� 2 OÆ�W2�nJS℄VO6fn*Uy�na; 1.45 m×0.5 m �NÆa (42×93 cm2) P 106 O CCD S℄� 930 �Oo}��g#��yuatS PanSTARRS 6fn���Oo}��g#�0O6fn�ketNpNÆaD� 3 O�!#\�6����L1���Æ<"�Lk�dp~�:k [1,4,8] ��P��VJShVO��p�=n�� 3 =(o� Gaia %'�b��gLOB�� 3 E:n�S℄� (1) 8 60(′′)/s �~H.B��?5�n� (3�; 6 h) � (2) �?5WB�"
'2p℄ 45◦ �8 63 d �3�.E2pWb�� (3) b�B�52p�3|n�) Gaia .
'�n��Uu Gaia gL��oG 5 a xpo�#Æ}gL 25∼30tVO��gL,T



� 2 � ^Fm��,P��M2C� (Gaia) lr�~ 193�" 200 t�
Æ}gL 86 t [1,6] �
2.1 6*xq�O Gaia S�XX*P 4 O0,�#^� ESA, EADS Astrium, DPAC, GST �
2.1.1 ESACu�Okq"�j9�B�-I�n��
2.1.2 EADS Astrium�b�4Y�5����[z (European Aeronautic Defence and Space Company, EADS)�1OY6�=J[zO�4 50(O[zS℄�X0+$CuGaia �86�L.��%�" 2010| 1j Gaia6�*�na72℄5 1/3�B�JGNU~�� Soyouz-ST/FREGAT�F-I���jx 1Oj GaiaJ"
' –Æ!Y#��N�3 L2� (!Æ! 1.5×106 km)Df� Lissajouss��p-IVN1S 35 m�ep�y&� New Norcia�S�� Cebreros8' LEOP (Launch and Early Orbit Phase) Æa�� Kourou �Maspalomas � Perth b�VN [2,9] � Gaia �hj℄.; 5 a /
z W" 6∼7 a �
2.1.3 DPAC (Data Processing and Analysis Consortium)

2006| 6j℄(5 Gaia F7l"�:R+S'�>� (DPACE) [4], DPACE \L 8Oz�S (Coordination Units) CU1—CU8 CuQkXX�Y:8bY#^H (O’Mullane) �ruk{ (Luri) ���l" (Bastian) �q6l" (Pourbaix)�Lkl" (Leeuwen) �:kl"
(Katz) �Lk�:k��4�l" (Eyer) 8'��O"Hr (Bailer-Jones)�pB�-I��JP CU9 �0P;�72%�GaiaP 6 OF7l"*� (Data Processing Center, DPC):8pS��O�$Df� ESAC (European Space Astronomy Center)�S�� Barcelona�;y& Torino �It Cambridge�9_ Geneva �/t CNES VO CU "FP1O DPC �`� DPACE OVO CU 1O{75D�B:X (`p:8O Mignard � Drimmel }0) 8' CNES DPC �{7 11 /S℄�W CU � DPC Cu/1�>X�P DPAC �XX�"
2010 | 5 j7P 24 Ot3 (j5�4t3/�"�Wt��S�5uy) � 81 O�q�℄
440 A��3H5 Gaia XX�*H5/rU(�b/t�t;;y&�It�-&V�S����t
 [2,4] �
2.1.4 Gaia X�t� (Gaia Science Team, GST)�O8\ 7A℄aS℄���L1>3 Klioner� Lindergren�Lk>3 Aerts� Jordi�dp~�6��3 Grebel � Randich �F7l"{7Walton �5D DPACE :X Mignard� ESA kq��3 Prusti [1,4] �K 2009|�Aerts � Grebel!&RP Soubiran� Brown0A56 [4] �>/;5�` Gaiakq�C)2006—2010|�[�`5 ELSA (European Leadership

in Space Astrometry)kq�b1O�q�/5N (Marie Curie Research Training Network)�)��/|���q�p��L1�W�gf��XX [10] � Gaia {p 2004| 10 j�
2010 | 6 j	� 2 t0,���� “The three-dimensional universe with Gaia” � “Gaia: at

the frontiers of astrometry” �
2.2 3.�0ep:p DPACE �=�\QOz��.�*��p�}(kXX�
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2.2.1 Gaia w�v�OoCAUi>Bp Gaia ��L1F7p�*k�QG�WB�~�Pf�;5[gL���A$w�7Oei�,"L�B�g%S
'Y(��A$�~�i�:8; 150 m (20 mas) � 2.5

mm/s (1 mas/h) �)j��(���Lx-m!zw� 6 km � 8 mm/s �;5w�O,"7�h0/2/�
2.2.1.1 rq>℄FE&NÆak�;L (Ground Based Optical Tracking, GBOT) 5gL Gaia [�A$�~�i�:8; 10 mas � 10 mas/d � Gaia B��p��A$��
W WMAP (Wilkinson

Microwave Anisotropy Probe h 18.5 mag) g|� 2008 | 4 j Smart 
/8' 2008 | 7 j
Colas � Taris :8N'& La Silla ESO � 2.2 m+WFI �/t3*<�E� 1.06 m 6fngLp L2 �#� WMAP �OSH��7 UCAC2 ��Ai�; 50/60 mas �8����Ai�a; 50/70 mas 3*< 1.06 m ���i�I�1� [11,12] �
2.2.1.2 �qrq>℄SFE

Gaia �7,"V1tgLi�; 10 mas, ESOC (European Space Operations Centre) >31;Vo��s-m�zw�4si�� Butkevich � Klioner �hN Gaia +N�gLF7)� Gaia ~�X;����L1Hr�1pgL2^*X��7L~�G��;B��s�~�WB�%k�~��Q�xP 3 / �� (1) ~�G��;e�� ν0 xSR1OD5�k�QG�)gL�A$P1OY#�4� (2) ~�G���V=Pe
4�
a0t xgJSV��P1Og!�D5K�� (3) ~�G���-WB��
'Y(�A$
α0r(t) xdQP1OY#�4� 7 OHr (α0 8' ν0 � a0 � 6O:1) �z�Su��L1gL)�~�G��W��L1Hr1�{�JP 3 O�G� (1) %k~�QQ*�vpDny��)%k~�i�uS 1 mm/s, Gaia ��s�G�b��B��w)�
(2) pX�*F6hp�G8tj ν0 �a0 � α0r; (3) Gaia�1y~�:1W�H�Pfps!�EB��Æ4n���E0�B��j�v�Hr (4H�Hr) � Butkevich �
Klioner {N 2 048 �� 5 a �gLWk{e%��51Oi)�
��X ("�B�~�����L1Hr) /��B�~�W*+*�r��
�fY�U��Y1;4w~�G���V=��% 6 h(Sf Gaia �K?3�) x"FN 106 ���gLF7FzL�i�; 1 mm/s �B�~� [13] �
2.2.2 Gaia I>AkaL_

Holl W Lindegren � Hobbs �XSh5 Gaia �oGsXXW CU3 ���L1���{/ (Astrometric Global Iterative Solution, AGIS) Pf [14] �
2.2.3 TW�xAYRG=b�

Belcheva N7P��7� The Magellanic Clouds Photometric Survey: SMC, UBVR CCD

survey of the Magellanic Clouds, SuperComos Sky Survey 
Sh�℄�:B�P�J�l��=Bk��U���5p Gaia Y6k�*fx�Y��=:Bk� [15] �
2.2.4 K�{D`An�

Hobbs 
/% Gaia b�5m=g%K�k{e%NZ�~M2/SR5"F 108 � +� (G <16 mag) �gLF79N AGIS !VX� 5 O��L1Hr�8o�H��6�



� 2 � ^Fm��,P��M2C� (Gaia) lr�~ 195�,�Hr�v� (4 +O� CCD �,��
) 8'1y��HryHr*�1bHr��~'Hr γ �U��� γ �i�; 1.3×10−6 s�LSN Cassini 8o���i�
2×10−5[16−18] �>/OS Gaia L��K�i��LOs�L�F*<F�5	K�
�Cs
8� Gaia X;F*<��L� [19−22] �
3 �?9Qg��N3	r�m�

1991 | IAU � 21 \y� A4 {�pLi��EgL�p�*GNm=g%K�8\�=� 4 =V�Z6Y#�
'Y(��!H�Y (Barycentric Celestial Reference System, BCRS)�Æ!(��!H�Y (Geocentric Celestial Reference System, GCRS) W�gJ�V=Y#GN(�Z6V (Barycentric Coordinate Time, TCB) �Æ�Z6V (Geocentric Coordinate

Time, TCG) � 2000| IAU � 24\y� B1.3—B1.5{�% 1991| IAU {�W5,mGN51T�~'f|��=LÆ� VLBI � SLR � LLR �Æa"���8o (4{����ED�) �Lx��=��L1B� Hipparcos � Gaia �gL.p�~'�8*b�p� [23] �
Klioner
/�hp�Cxm=g%K�8\�=7Oe��L1gL�p�k���/\aAnEp�k� [24−27] �
3.1 t,!j��y��z�}
��b�sbeu��'ps��KB��n� ()gL��n�)  Gaia p��D�ÆaA$?"A$�OZ68'gL2^�ÆQ2/��Snm=g%K�8\�=7Oe��L1gL�p�k�4( 1 �^ BCRS �gL1 s 4�p�"
'(�gL2p�1 l �(*P 5

) 1 ��DyÆn>h&L�9℄�>8Pf��M2hM�q�l�



� 196 ���������F����~������� 29 z�OZ1� s ;gL�"2p�~AZ1n ;gLV�ke��p~AZ1σ ; t = −∞Vke��p~AZ1 k ;-IV�V"gL��~AZ1 l ;u
'Y(�"�~AZ1�( 2 7^gL
'Y/�
'Yx���p�C8�
3.1.1 J�?�|pgLV�O s 4�; n VJ�E��OSB��n�)F�k�QwJ��EgL�(�~��Du)Du�p," 1 µasi�\p�[℄J; c−1(c;k~) � 3Tk!VB�� BCRS Z6~��i�Jh; 10−3 m/s �4wB�� BCRS ~�h; 40 km/s x1T�+T�>Tk�k�Q:8h; 28 �, 3.6 mas � 1 µas �g%SB�~�)!LTk�QwJb7e
�/�zoÆagL�j�k�Q1*:;3|�33k�Q�>/B��?n�/SR1OD5�
L1�k�QwJ�OS
'Y.E��n�W�k�Q/�,a��
3.1.2 	\Jze�

n ?�; t = −∞ V σ 2pVJ�E��psJP 2 / �� (1) F*�p
'Y/�u BCRS _�"
'Y�Pdx!p1Cp�*��XN 3.2.4 U*n2a �
1998 | Sazhin N Hipparcos �;F*�W5w�.� [28] � (2) F*�p
'Yx�4w�
'YX;1Ob(�Y#F*	
��~'kP 4 OE:� 1) VOQ`yF*�� (
'� 9 ���8' 16 ����B�4 Ganymede � Titan· · ·Dione � Umbriel) F*U�!%[E:H�Eb [25] 7 1 *9h5y����=UyOxV�SR�F*	
wJ
'�[4�F��Uy�Uu	
:8; 1.75 �� 0.002 533 �� 2) ���7!%[wJ:,OS{%F*USR�%S
')!E:F��ke	
h; 1 µas � 3) F*��Æ4n�SRF*rU�Li
'�p�SR�Li:8; 0.1 � 0.8 µas � 4) F*���?n�SRF*rU�Li
'�p�SR�Li:8; 0.7 � 0.2 µas �C;��Æ4��?�Li
u
8�.�>/W
'gx 53 �8x� – �~'wJaw�
11 µas `p�UP�p�%�B�W
'gxw� 53 �8x�8
8�I�pDn.�*�.=; 3 OJ�� (1) F*��n�� Vu%k*��o1%^V
'YF*��A$�e��~�)0�%^VF*��A$f|N Taylor }�℄7^� 1999 | Kopeikin � Schäfer �h5kep0;n���F*U*n���N[℄H�GN,ba (retarded potentials) �℄7^�CxU2^�XN,bV�.�F*��A$) post-Minkowski�1tf|℄ [29] �*
'Y*F*�5~�8'�-S~�+T�LTk�LiuS 1 µas 2'
8pp�k�*�I� (2) F*U�(%V^�2�3�UyF*	
bOz!| Jn F�� [30], 1991 | Klioner 1;gL�7V�f��7aV!Pp��*��LT(%sF��	
yS 1 µas � 1997 | Kopeikin Sh5.� J4 Li�[℄p� J4 Li; 10 µas )*��Li�Yx 4 µas [31] �OSp��*� J6 ��)�
Uy74p��*�� J6 yS Weissman Sh��x J6 �Li/J.6� (3) F*A�kepF*�":OWF*�7a xVJ�Wkep":O/ xGN�!�F*A.�� Vv���F*UGN}m5%[.!��b WeissmanSh� J2 � J4 � J6 uS.!�Sh�� 1.7∼3.3( [32] �8��/�F*A/
8N.!��!|~r7^�



� 2 � ^Fm��,P��M2C� (Gaia) lr�~ 197�
3.1.3 �A�yW[	\e�AP) σ ?�; k VJ�E��1CP 2 / �� (1) gL
'Y���u σ − k �
n − σ fY
8�S�� n − σ �fY (4( 2 �^) �bOF*U�!%[E:����7!%[wJ (:,OS{%s)2 E:S℄�� (2) gL
'Y/��� (|xs| >1 000 AU) !��E
'F*U�!%[E:�LiC;`p-I�B�UPgL
8�f
'x
σ = k �%��%k�,"b�p��(�A$�i�; 4 km �����A$i�,"
8I�
'�(�A$�i�; 400 m �%S Gaia )!gL��W
'�=�Ox!;
35◦ V,"i�; 6 000 km B��(�A$�U�i�; 4 km �

) 2 �&�(Z0��(Zy���q�D9
3.1.4 m?)O k ?�; l VJ�E��p?�[℄*"�5�-S π2 �+TwJ�74W
'Y(�x! |xs| ≥ 1 pc V+TwJuS 3 µas �p |xs| ≥2 pc V+TwJ
8�I�.�
3.1.5 ��pp�k℄*g%S
'Y(��K�F�5 l � π �V=�4��7�n��A~k�; xs(t

0
e) = xs(t

0
e)+ V ∆te +

1

2
A∆t2e + O(∆t3e) ℄* ∆te = te − t0e -IV� t0e %JSgLg\%^ t00, V � A :8;p-IV� t0e � BCRS ~��5~��Os,� l � π �V4[℄)
8ugL���	d�p~�
�	ddp~�
,�	Æ�p~�
�	Ædp~�
 [25] �

3.1.6 p�xrqABM4w,"g%Kk�i�w� 0.1 µas xDn (3.1.1—3.1.5) �K�Qk,"4\�
(1) B��(�~�,"w� 10−4 m/s 4wp GCRS *{�B��s�xB��

GCRS ~�?�" BCRS ,"" c−2 k�
(2) keF*	
J�E8\�D5Li� 1) gLpp� 8 OO!p�*� 2 OO!pxV..'�-SF*��~��wJ�2) gLpp�!p 1.4(8x)p�*�� 42 �∼69 �J.6p���?n��Li [25] � 3) pp�d!p 2.5 (8x)p�*�� 37�∼61�*�d!p 2.2(8x)*�*�� 15�∼22�, J4 �LiYx 0.1 µas�0O��pd!p� 1.3(8xJ6 �Li
zYx 0.1 µas [31] �4)�����!p L ≥ (ρ)−1/2

197 km VJ.6�YF��F*	
sl ρ ;���Æ}℄� (~A g/cm3) Æ(u��RQs�G�5) 4w," 0.1 µasxWF*��=�OxJ�- 1 µasV�Oxzy!PW
'�Oxp 2.3◦ x� – �~'ke	
w� 0.1 µas %S`p��=.�
8�I� 6) 4w |xs| ≤85 pc �E-m�bC`�
zgL!
' 22.7◦ xxPdx!�F*	
�^�J.6�
(3) 74 |xs| ≤5.5 pc xJ.6+TdQwJ�
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(4) pK�ySh 0.62(�)/a V l J.6dK�� c−1 k�%
'Y/�����E��J� (Jp 3.2 U�K) �2�B��gLi�a�Oe1*CspgLF7*a�E 3.1.1 � 3.1.4 9�GN5��Z6Y�p�=7OeF7p�*b=2+GN
'Y(�H�Y��pe�%^���Z6Y [26,33] P|�K� Kovalevsky � Zhu 
/{�hGNE�Z6Y [34,35] ����56E	Y�?F��W�k�Q�F*<wJ
G����h�,0~�=E�a�i�
'"E�x!QQ�Li�pH�Eb [36] *( 2 �( 3 / hGN
'(�H�Y�bE	H�Y�J��\a1UJ�n��wJ�

3.2 �}
�i9(em3"%S�Oei��2�K�)!pgLF7l"*PywJ4W�k�Q�F*<
Li
u
8�I�.�%S7Oei�gLF7l".�E\a 5 OO"_CF��Y#Q�
3.2.1 �gJ�?f�Uu IAU 1991 |� 21 \� 2000 |� 24 \y�{� Gaia gLF7Jp
'Y(�Z6Y*l"�(�g%SE	Y*���?��[;W�5~h 6 mm· s−1· a−1 O5~wJ[�gLq6SRW�k�Q�%S�)!V���K�W�=~���p:1℄�-W
'(����x!℄0-�-W�k�QwJF��K�1y 3 ()��"�5E	YRQ�?�7%[���r\�y���}����$��/�-��E	��y���Li�����
'�x!;, Mpc �+N�K�uS 1 µas/a f��wgL�O1�b�=��L1B� Gaia � SIM (Space Interferometry Mission) zgL���dK��Z1U8�LW�k�Q�
'Y(�5~F�����K�Uu����Ej�E?EY#Qh 0∼4 µas/a�
'Y+�F��KU�?uS 1 µas/a uSW�k�Q� 10 (
8�I�. [37] �
3.2.2 Æ�h�A��g	\<~


1916 |�Cxm=g%K℄LpY6*vpF*<"`aOoytQf�s�s4HWF*>I℄L�z1�S~Hg���`X=S�h5F*<�vp�F*>I�Li:; 2 �� (1) �SLi<*�z1℄���"O(� (2) ASwJbF*<Li5+f�ken;)kep"���"�F*<�V�*n;b�!��+Ua�KpÆaSf>I*��7VW�F*< (λ > 10−3 pc) �Li� Pyne � Gwinn 
/,�5~A<p-� Eintein-de Sitter V�* VLBI gL�V [℄Ns[℄{�5F*>I'lF��K�;�
µ =

1

2
ph sin pη sin θ(θ cos 2φ − φ sin 2φ) , (1)℄* p bOH h b6C��z>Vr (h = H0/100 km·s−1)  η bpLx6CH�8*�_V (θ, Φ) ;�A$ θ ;<n�2pu&% +z 2p1��O� Φ ;u x 5. +z�2AO θ, Φ ;~AZ1� 1997 | Gwinn 
/N 1979 | 8 j 3 3 —1996 | 2 j 13 3

VLBI F7 (499�I�� 1 469 793OV ) �+T�p!|~r��5'�K� [20,21] �
Klioner 1;�F*<F�5	K�
��8� Gaia X;F*<��L� [19] �
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3.2.3 Æ�d�H}��A�|

3.1 U Gaia gLF7�p�bp BCRS *) BCRS bp
'Yb(�7�\^℄�/Y�I5 2 OwJ� (1) 0�/E���ZW*� (2) Y6'l�wJ���p Gaia i�\
8�I)���,p,���L1HrV.6C;dQi�; 1 µas 
8L1!
'Yh 1 Mpc ����*�,^H"�Y6��'l� BCRS �o)�EU2^�7e
�
Titov1;4wY6��bQpA
� ()Y6wJ) %SQp!
Y6�z>�G V =

HR (V � R :8;-�~��x!) JO\℄{��
V = (e33 sin2 δ +

1

2
(e11 + e22) cos2 δ +

1

2
(e11 − e22) cos 2α cos2 δ)

= (H + ∆H3 sin2 δ +
∆H12

2
cos 2α cos2 δ)R

, (2)℄* e11, e22, e33 ;���1�%O^}z>Vr H =
1

2
(e11 + e22), ∆H3 � ∆H12 nz>Vr�QpA
� ∆H3 = e33 −

1

2
(e11 + e22), ∆H12 = (e11 − e22) �OSQpA
��F���pK�;�

∆µα cos δ = −
1

2
(e11 − e22) sin 2α cos δ = −

∆H12

2
sin 2α cos δ , (3)

∆µδ = (e33 −
1

2
(e11 − e22)) cos δ sin δ −

1

2
(e11 − e22) cos 2α sin δ cos δ

= ∆H3 sin δ cos δ −
∆H12

2
cos 2α sin δ cos δ

, (4)pK�N+T!|~r���r�Z17^* aE
2,0 =

∆H3

2
� aE

2,2 =
∆H12

12
�4wpUPC��Qp!
���Y6*'��z>Vrg
x e11 = e22 = e33 �8 ∆H3 = ∆H12 =

aE
2,0 = aE

2,2 = 0 )��pK�tS��N 1980 | 4 j" 2008 | 9 j 3 724 S 4.3×106 OLÆ��L VLBI gL�* b8'1T�+T!|~r{���VK� (1) p 5 OÆ4#K�N1TZ1!|~ra�W�dQ�4�%wJ�?�4�h 15∼24 µas/a�N1T�+T!|~r1�.�"�%wJ�?�W~�1TZ1!|~r/.�IP4�0/2/gQp 5 µas/a 8x� (2) {%wJ�EI�Æ4��zy)4y%y(rfx�
(Æ} z = 2.6){%wJ?�; (58±10) µas/avh{%wJbOr�Y6�_\F*<��QpA
�Y6��F���>/pLÆ4l�r1Pd1T�+T!|~r/�=vpgfgfYrw� 0.8∼0.9 �;5��W
��VK�,z5v� (δ = −40◦)�gL [38] �
3.2.4 j	\sV~
���XNSken;BpDP0/2℄� (1)  x7F*&nwJSR0O:�
0.001��o)gL����W'l���7V�fb1/UP�`spgL� 2×106��*aP1O7F*&nwJ�(2)(1;M ��� (��Hr p)F*��XN[����og%SUP-���eSR	! 2 M/p %Sp
'YDfwP�R�℄� n = 0.1

pc−3 (1; 0.1 M⊙ �O8��)! p = (πRHn)−1/2 ℄* RH ;E	Yo�!p



� 200 ���������F����~������� 29 z�ps �\gL����W	/���ÆA$	! 1 µas �+Ua�E�+/2℄� VLBI
8L1/<7F*&nwJ�p7F*&nwJ (�[;F*
IwJ) 8\ke	
�Ox!1:;,O",�O µas F�5���A$�4��'4 Sazhin 
/N2��7* HIP23106(dQ (3.43±0.61) mas, µα = −(4.00 ± 0.57) mas/a, µδ = −(2.55 ± 0.78)

mas/ak��; K1 IIIp (1; 4 M⊙).���I� ICRF 0459-753�F*
IwJ) 1952—2050 |E�A$4��p 1986—1996 |=O VLBI gL��E����dj�d?4�:8; 7.5 mas � 1.5 mas (Eubanks 1; ICRF 0459-753 b1�I��) �Os�� 2 OVK� (1) OS�l��K� (���W
E��Oxp 1 �∼2 �) F��!H�8�?s�7%OYrh 20 | 1 µs 1*�V4C;yE:E	��K�b���!P7Oei�VH�8Fbj
�}m�� (2) 7Oei����L1�7/b�I��V
20 |�,0~2% [28] �gLpt��t�Y#1e�V���EOJ�F*UF��ke	
�>/p 1969—1983 |gLQf� PSR B0525+21 V-`�wV�P 3 ms �KQ�p�j ���?�I�C}�7LpgL�deDfPy(1�F*�.���EF*���(1; 330 M⊙ )P4sy(1��b�
z��CsF*�;1O��vhQf��gL
8�LE	Y*��O( [39] �
3.2.5 u	\sV�l7F*&nsPbwPy��Hr7F*&n`G�7<wJy�)��7F*&n`G
<��
��8�z�L��)��7F*&n`G�rqf-)��7F*&n`G(��F��A$��#4��4�?��-R�u=b�
℄L���%p�=��L1 kD2%��7Li(y�M/a.{�S�GNE	Y�k�Cs{PÆ(���K57F*&nsP%A$�dQ�K�L��Li�8 Hosokawa
/�XX;'�Yu"KDa.5OSE	YO( (��oRy(1��O"#℄�� MACHO,

Massive Astrophysical Compact Halo Objects)�F*&nwJ[	/��SR�A$4��EF*��de�=�g%n� (F*��K��Æ!�n�
) 	?O�4�F�5����K��74���;℄��E�"
'�x!���6W�6L:8; 46 M⊙/pc3 � 8.5

kpc � 3.5 kpc � 300 pc ���(1℄�:BGN rk��MACHO�:Bb5%[���℄��:B��!p:8; 7.9×10−3M⊙/pc3 � 2 kpc (1℄�:BGN
Dk�pde�b;�x!P 1 ��� 1 O MACHO Os.���OE	YO(F��A$	!WEj�E?�fYE�DfOS��F��	?yS 10 µas(EH�Eb [40] *�( 5) ) MACHO �(1; 0.1M⊙ VLi�u4w��(1; 0.5 M⊙ x�Li�
�I�4w��q�Sde�#de�~�:1g
h 200 km/s (1
S
'�(1gL�WF*��=�x!; 10 kpc �) MACHO ~�%Lp�!�P2p�x!�~�
SVr
180 km/s WgL��=�Uux!; 2 pc x
8.�E	YO(F����K��Ej�E?�4� (EH�Eb [40] *�( 9(b)) �����K�p�P2pyS 7 µas/a pfE�ÆaEj |b| < 60◦ ����K�yS 10 µas/a [40] �

2002| Belokurov� Evans gtW57F*&nsP% Gaia gLLi�k{e%Vw_^p0�u= 20 000 �*aP1��A$L1i�7F*&nsP�Li�1;bM	��#QQ
8��E [41] �
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4 Gaia J�:p� 1 �*7Th5 Gaia -I���q6�*��L1�3Uf��b7Oei��
Gaia k�H�8���^HW8\ 2 OJ�Pf� (1) Gaia H�8bO(F����S℄�vy����6CbWT8' GaiaH�8�i�� (2) GaiaH�8W ICRF2 �,Y"�%I�H�8�,"�
4.1 Gaia a�yeq|p�EF*CwwJ (�#7F*&nwJ) kepE	YF*a\*7I��F*1$ (F*<) 8'
'pE	Y*�5~�E	Y�5~
wJ����L1H�8�i�U.)�; 1 µas[42,43] �2�3�2�H�YbO 123��S℄�%d�
;
12.4 mag �GaiazgL" 20 mag�����8�H�Y
8�SO���S℄�/t� �E�W�S Valongo �E��Xf&5Q/EbSh LQAC (Large Quasar Astrometric

Catalog)�7�*"� 113 666�����F74U2A$� ubvgriz<"Lk�Æ4�,OI�<"��1℄��|%�
 [44] � Andrei 
/N LQAC W USNO B1.0 � GSC2.3� SDSS Data Release 5 v���1O ICRS �k�%J7 LQRF (Large Quasar Reference

Frame) �7�*"� 100 165 ����`� Gaia H�8�Jp LQRF *�v [45] �
Gaia gLi��E�4�)M�;%�H�8�i��JO4S 18 mag ����^℄2aXX�pb��*�Johnston 
/1; GaiaW SIM LitewP2'�!���
Gaia b'���6�gL$:V=bVr) SIM Lite b1O p6�gL$:V=UugL����
)4��80�H(�H�8b�(� (SIM H�8JO 1304 �|N�S℄ [46,47] 4wVO|N*"� 23 ����J0_dQ�K�QQF� SIM Z6Y�KUA$�?�K�Y#�KU�?) �hi SIM Lite - Gaia �i�L1O1*�bpUy�DbP(�) SIM Lite p*=� (15◦ ∼ 50◦) vp#\QQ�8g�-R
8_^0���Q9N,�Vwb�G� [43] �
4.2 Gaia -�ha�ye��

Gaia WI�H�8�,YK'I���k��fY����k�>I
zP 3 O��p��3:T$��D�>IMD�^��>I8'%S1S|%�I�����)!�KU��MD�>I�I�,"�v#℄��4� QSOs k�%J� (Gaia �v4S 18 mag, SIM �v4S 16 mag) � Oiha 
/�v5 214 �p 2005—2007 |N NOFS

(Naval Observatory Flagstaff Station)1.0 m Ritchey-Chretièn0I6fn� 2k CCD�g#v�gLN CTIO (Cerro Tololo Inter-American Observatory) 1.0 SMARTS (Small and Moderate

Aperture Research Telescope System) 6fn� 4 000 CCD �g#p Johnson R � V �B � I<"b�8 Landolt ;6C��LkgL5D��gL.�*� 21 �P℄Sh 235 �
QSOs �LkVw��* 134 �W VCV06 (Véron-Cetty � Véron) �7;℄! 36% �
V �
vp 1 mag �QP 10 �gQ 3 mag[46] �%S�!��
 Gaia �gLi�/�!��
; 15 mag � 18 mag A$i�:8;
16 µas � 70 µas, 20 mag i�; 200 µas � Gaia W ICRF2 ,Y*��v V ≤ 18 mag V^ r; 1-2�I�j�v ICRF2 *!P 70�RQ�G� VI�i�xi�iL



� 202 ���������F����~������� 29 z��8p NVSS *�v 447 ���I� (�1�S 100 mJy -`p ICRF ��1< 20(/�b ICRF /�b VCS ) )k�%J�4S 18 mag p EVN Db�gL83�vW(�X;H�8�,Y [48−50] �gLVw_^�p X <" 432 ���1p
1∼190 mJy 1:xÆ}; 26 mJy �p S <" 399 ���1p 8∼481 mJy �=Æ}; 46 mJy �y��1:8- ICRF � VCS < 27 � 8 (� 398 �p0O<"��L��� r�Æ}� α 
S −0.34 (70% � α > −0.5 )7^wP��) �pH�8�,Y*j5�E� 3.2 U�n�Y#Q8'/�PI��K�� 1979—

2003 |LÆ VLBI 57gL5 3 555 t 24 h �gLS�*yE:N5 40 8�e�p
20 a *gL/�#Æz57u 1986 |� 65 Oz" 610 OI��CyE:�ep&!!�8&!!�:B-v!!}m�N 1979—2003 |LÆ VLBI F7 SOLVE 8GX�� 580 �I��K�h 50 µas/a ∼1 mas/a  167 �I��K�i�; 20 µas/a 
348 �I��K�i�; 50 µas/a, 50∼60 �K�i�p 3 σ d?�djK�� RMS:8; 30 µas/a � 26 µas/a �I��K�WI�V^Pf'4 4C39.25 b1OYk~�/b�\<"U4�1�#℄�P 4 OJ� a, b, c, d �* b 8Yk~u�f c lpE a n� d g% a � c ��
zb 4C39.25 ��� 1990—1992 |N 5 8�ep 8.4 � 2.3 GHz 0O<"%Eg%S 0920+390 � 3 tgAH�gL�� b �K�;
µα = (90 ± 43)µas/a, µδ = (7 ± 68)µas/a[52,53] �`�4�{�K�8'K�WI�V^�fY�P|b1C��q [54−56] �p+�Y**'�/�Y ("����) �K�L�/bWt8� 10 | (2010—2019|) �q��1 [56] �>/�J�E\n��+QQ�
4.2.1 Nf�

VLBI p�!gLH��	/I�A$�Q�[;��4�����&h�F��A4 (>1 pc) yS V���4��41�EHz5)Du�Os
� VLBI gL���A$bI����A$)k�A$ (6 000 Å) �k>I�K*&���:.��T$���4JLiH�8�,Y� 2008| Kovalev
/8 29�4�	/I�;'�q	/�A$WgLH�fY VLBI 2.3 (13 cm) � 8.6 GHz (3.6 cm) F���4Uyw� 1.4 mas Æ}; 0.44 mas �"Ka.; 0.2∼0.3 mas )I� (4 cm) Wk��=���4; 0.1 mas[57] �N(H� VLBI 
8L1	/I���A4wJ4 MOJAVE-2� 4 gL (8.1 � 8.4 � 12 � 15 GHz), VLBA �(gL (1.4∼15 GHz) 
958G��
4.2.2 Z�qJ�^℄A�g;Q;5Xk�W�
4�8'I��k�A$�fY�E�3pk�<"`�;L AGN!��W�4��4/t<*(�E�NJN�;L 50�����*Py7gL 10 a[45,48,49]�u 1969 |� Florida y� Rosemary Hill �E��\N 76 cm 0I6fn�g�L 200 (�
AGN �k��1�4�" 1993 |7�� 9 000 �
 26 000 tAk� Smith 
/�q5p 22 a * 60 ��I���� (�*"�5k�y4�.4�) k4$e�p*+* 28 �Ph)�3�
4� 17 �-R`�Py4�?�g%SL1sP ±0.1 mag )!�u 15�UPh_�4��j:R�j5 2 �4�Yx 0.1 mag/a (4C 29.45� 3C 279) /k�z4P 31 �k�s<�P 29 �%J{H:8; −0.028 � 0.031 mag/a � xqd�V^~r�ZH� 3 /2/�� 42 �Pz4�s<`s3�; 6∼9 a Æ}3�; 8.9 a �



� 2 � ^Fm��,P��M2C� (Gaia) lr�~ 203�*-Rh_� 25 ���k43�; 9.2 a[58] � SDSS Sh5���k�4�Uy�*+h
25 000 O���E*+"� 2000 | 4 j —2002 | 9 j EDR (Early Data Release) � DR1

(First Data Release) � 479 �:k
F7 (V�
"�h 500 O�Y� 50 ����� 50��) �K5k�?�4�WV)�k��<W�Æ4�fY��VK� (1) k�?�4��V)� r�G)z5� (2) k�i4����k�4�iu� (3) <Wi!����k�4�iu� (4) ���ifk�4�iy� (5) I�>I�����-I�>I<����k�4�Wy� (6) �L�wP X Ie>I����-UP�L� X Ie>I�����k�4�Wy�DnVw�wNT$���I�k�� Poissonian k� (4(OY~������) �F*&n 3 �k��X��0O"Kk�WgLVw���T$��I�k����1��q83WgLVw-R�/
z�b~Ok�
8X)b,O_CgV�FSR���k4$e�4� [59] �
5 W q [

Gaia b����L1*U0y�U�#�kqO=\&*5 400 (A��3QkXX�pPC8Æ�}�
Gaia -I�.�S 2012—2017 |b�gL 2015 |-7*=�7U��7Jp

2021 |-7�*"�A$�dQ�K��Lk�:k�dp~���1����O"Hr�4���V�hi Gaia z��E	Y 107∼108 ���Li�� 3 =A$� 3 =~��|:�;�
�VP&S�E�35XE	Y���$��Wi[��*�k��b Gaia 9�zp��℄&#4E�a�!A�+�*�b�gL�dp~�:k6�%d�
 V = 17 mag �8Æ(�UPdp~��,���=�Æa��� (4
SIM � STARRS � LSST) SV?e�8b�� (�S G =20 mag) �dp~�
8JNÆa 4 m � 8 m �ydU(��k^:k6��!V�z���Hr���;��fÆ/B� JASMINE 
8�e Gaia p$���/���℄#���ÆagL�
8v�
Gaia �Lk�:k��Hr��/ [3] �

2006|℄(5 GBOG (Ground-Based Observations for Gaia)XXS�b1O' CU V^ (pan-CU) 83z���` Gaia �ÆagL.���+ Gaia b1OKv��6��pGb�Le�v��)1 Gaia �F7l"�,ÆagLX;A<F7u`p" 2012|��51yÆagLPygL1� �" 2017 |�yÆagL"�� (1) ;5v�
Gaia �Lk�:k�,gL 250 �:kLk6C�i�; 1% `p�pN;y&�nSM� ESO �6�b�gL�8��JN/t�'&� 3 OT�k|H�6gL 1 400�� (X;dp~��6C�) �;5%��O"HrL��,H(1SH��8v�:� /Hr��/� (2) ;5k�VN GaiaB�`p�p%WMAP b�k�gL9x�H(1OÆau6fn5N83p 5 |x% Gaia b�gL�p�%H(��L1�Lk�:k�0O6C�# (1/ Æ2�) � (3) ;5 ICRF2 � Gaia H�8�.S�pN EVN� VLBA %<�	/I�b�gL� (4) ��gL.�Pfu��:� (CU4) ��Hr (CU8) e%8'H(u�*�6fn5X;4�?egL� (5) -I��\Æa!



� 204 ���������F����~������� 29 z���5�gL83���1kY��L��1 [60,61] �hiKt�b Gaia kq�HWt�bD{�E��I℄B�E��lv�E�7HW	 A ground-based follow-up network for the solar system objects observed by Gaia 
kqS� xW Gaia HWt��X4D{�E�W;y&�<�E�(|��XP6HW
Gaia pg%KE	Y���V^�$�H�Y�
'YO"2a�XXH�Ktgf~Az$%HW GBOG �PfXX�U�D{�E��p�% 65 m I��eEL)J%��L1=\4L��Y����K��	/<I���A�	/I���I�
 (4��4�F*<wJ) 
2aWh\b�4 % X�WD{�E�OPU�qapF*<�Y6��QpA
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[20] Gwinn C R, Eubanks T M. Pyne T, et al. ApJ, 1997, 485: 87

[21] Pyne T, Gwinn C R, Birkinshaw M. ApJ, 1996, 465: 566

[22] Kipeikin S M, Gwinn C R. Proceedings of IAU Colloquium 180, New Zealand: University of Waikato, 2000:

303



� 2 � ^Fm��,P��M2C� (Gaia) lr�~ 205�
[23] Soffel M, Klioner S A, Petit G, et al. AJ, 2003, 126: 2687

[24] Klioner S, Kopeikin S. AJ, 1992, 104: 897

[25] Klioner S. AJ, 2003, 125: 1580

[26] Klioner S. Proceedings of Symposium “The three-dimensional universe with Gaia”, ESA SP-576, The Nether-

lands: ESA Publications Division, 2005: 212

[27] Kopejkin S. Celestial Mechanics, 1988, 44: 87

[28] Sazhin M V, Zharov V E, Volynkin A V, et al. MNRS, 1998, 300: 287
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Current Progress on Second Astrometric Satellite ( Gaia) Project

JIN Wen-jing

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: The scientific goals of the second astrometric satellite (Gaia) are briefly described.

Gaia will be launched in March 2013. The current progress of this project is presented in this

paper, especially the basic principle of observational data processing method is given. The dif-

ference between Gaia and Hipparcos data processing is also pointed out. In order to attain the

accuracy with micro-arcsecond in proper motion some systematic errors such as secular aberra-

tion drift, effects of the low-frequency gravitational wave, the Universe expansion anisotropy, the

weak microlensing and the microlensing noise should be considered. The construction of Gaia

optical reference frame, including the selection of quasars and the attainable accuracy, is men-

tioned. As for the link between Gaia reference and the radio reference frame ICRF–2, which is

adopted by IAU at the 27 th IAU general assembly, the core drift and detection of luminosity in

long-term as accident errors should be considered. Finally, through the collaboration with some

countries some research subjects, which can be carried out on ground based observations with

current instruments and 65 m radio telescope to be built at Shanghai Astronomical Observatory

in China, are suggested to support Gaia observations.

Key words: Gaia reference frame; proper motions; gravitational waves; microlensing


