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 t +[g(O� τ !=:-q�O� ẋi(i = 1, 3) ! t O>=:-!{C�A��qO?878Eqt��Y� g00, g0i, gij , (i, j = 1, 2, 3) !.�qO?�A

=:-q%��~l8~[ (= JPL q DE 8`O+) OF�hMh1��Z (2);M�!=:d% SI yÆO?g(>�d%q;8Z
�In;l�q��+�Z (2) O
_.�NY�
� τ(t0) = τ0 
�E t0 O τ0 !Bn

O��4.O�!Z (2) E
=H�Oq=:d%! SI y
!℄�6tZGS
g(O t q>�d%}�! SI y�2;=:qg(Yqn;%`
;=:Y�Oqn;kO
�Xg(Yqd%�Æ���q;=:Yqd%r?g
�kO
p�%od���g(>�d%�!R�E.2_o,�=:d%O>�d%
�}r�F!r+Yqd%�7el��r�qtP�M
 SI yq��.2_oD�!��vz
}�`�7~vzq=:-�1967 	w 13�Dz�YTe��I℄ SIyq���%�K�vCqk�^ Cs133h�qX+E$;�r!WAE�!�F1j! 9 192 631 770 O{LaqO� [1] �$�



� 4 � l)��u�P�989Frh)PP�e& 387��$~℄k�^�!qvz
<|.6#G℄/
sW SI y�`��WAEq%�K�vCq�^H��X BIPM ! 2006 	MV�� SI y!�k�^ Cs133 h�qX+E$;�r�!�F1j! 9 192 631 770 O{LaqO� [1,7] �
�1M�
2�
2�q�^H!Bq SI y^2�q
.�B;
H>Hxl
}j�y�2>qrK�Q���qMh~[�=:�HBul,�F�q1M�
qO?878E
��^!℄FZ$�q_o
}.2%'=:�H#J
7elWA�B^0�RBq
�XV��/}℄WAO%�K�vqD��;	
 SI yqV��.�℄!B}q��
��{�q=:-�^rnq
4=w 2 *�hq�n
 SI yqV��:3gD�,�qY^1MII
�6�`iq1MBn
(=Kn�Bn) .O�0X1q���Q���O?�A;�=:�HBul��qO?878
�X2�qO?878��2�q�A
2�q�Ap��℄2�qO?878�Dz
)Se (IAU) Q�F�hMhO~l8~[
.�℄`��~l8DX
)878 (BCRS) OvX
)878 (GCRS) q�A+^Z
Z��℄ BCRS O GCRS �BCRS O GCRS EqJOg(�-��!DXg(O (TCB) OvXg(O (TCG) 
Q� IAU .Oq�A+^ZOB�q~l8~[

Z
(2) ;.O TCB O TCG 8�n}r�-Æ�O8�q;8Z��Ivu;7
F��bU_vpXvCq�O
 TCG q	_�C 20 ms 
 TCB q	_�C 0.5 s 

��"1_�nq=:�^!v)+vC (qbU_vpXv#!) �℄
:�W� TCG O TCB �e#GS�2&�!℄�&��
;~3 TCB O TCG qtgW�"Y�!%�bU_vpXvCq�Otg
q� TCG O TCB �-fE^'a
Zold�X+g(Ov)O (TT) ODXUdO (TDB) 
!℄�6?t2'
F�q?�g(}�fF�qE^'a
F�!Æ
TT g TDB r?qg(�{C TCG O TCB ~3Yq_N.0�~[OBnq$�
w[~[OBn$�q�(
���p��K'\
.!��E^N�2&q�Js�BnhX
v+i"{6vqd~n;
 IAU �~3Y:�!BnH�� TT O TDB 
q [5,8] �

dTT

dTCG
≡ 1 − LG,

dTDB

dTCB
≡ 1 − LB . (3)

TT (TDB) nÆ�r?qg(��VqO?�A
}Æ IAU ��q GCRS (BCRS) �A\!�dqE^;8
;��F! TT (TDB) �A�Z�AÆO?878q;8Hq
.Fi���℄VqO?878
�X TT O TDB p^g(O
f!g(Y�d%p�Æ�Oqd% SIyr?�S�)C�O
g(O TCB{-~l8DX0(�Tq SIy!d%
.Kq�^2X1q
℄RC>�8!! BCRSE TCB qtgÆ-~l8DX0(�Tq�OqtgF�
=H�Od%6� SI y
%g(O!�����qd%��! SI y��n
��O��*>�q� TT(g�|g(O) �*^�E SI y
2�q�O��*^�E TT(g�|g(O) y
�!2\! TT(g�|g(O) y.nqd%��" TT 
%I$�qDz�^O (TAI) {!B
!℄�LÆ\�Oq�4
R�E�I0E|�3q^S~\�O (UTC),

TAI � UTC Æ TT 8��\!Bn1D
�X}rp^g(O
�d%i3p^ SI y��I{C�h;7
=H�Oqd%! SI y
O?878qg(>�d%��^ SI y
hX+O?z8�qg(-Lqn;_NglMhO=:�
qDA
�F6�qF�h~[�:Yy�{!Bq:Yd%q$�
:Y^'q�It�Q�2�=:\_%�>VRB



� 388 ���������*�e���'������� 28 .�qF���qO?878
�X+O?z8�qg(-Lqn;^2�q
h�d%�! SIy�
�F�hO?�Az%7e℄O?q,K�^
�X!F���qO?g(8qUaE�_7e 1 +M��^q�I
}^
Mh~[O=:2>��q
ÆM�d%q��0;��"z%RB
 TDB �A��qO?878
�FDz
)87� (ICRF-1, ICRF-2) �v�7Z+� JPL q DE 8`O+t
%I�dqE^'aq;olh� BCRS ��q87��d�}RB℄r8`
 TT �A��qO?g(8
= ITRF 8`v)87�t�
)87�Ov)87��IMh~[OBn (x>*�~[
v)�K8n EOP t) �SV8�
5 ,f':��"~l8Eq�UdO+v36� IAU ! 1938 	��q
)d%8�
#*�h!2�O?878E�Æ SI d%q;8�6�w 3 *{l ISO q+[��
!��UdE
O� t �g( x �DY M Æ�UBn G O SI d%q;8;�-+[! [4] �

[t]A = d = d[t]SI , {t}A = d−1{t}SI , (4)

[x]A = AU = χ[x]SI , {x}A = χ−1{χ}SI , (5)

[M ]A = M⊙ = α[M ]SI , {M}A = α−1{M}SI , (6)

{G}A ≡ k2 = 0.017 202 098 952 . (7)�E=( A +[
)d%
 SI +[ SI d%

)d%8�
Bn d, α, χ, k Æ SI �SV8�
�OUq��(rBn k r:f!��Bn.O
�Y'! AU3d−2M−1
⊙ �O�d%!

d �C�d%!;v8�q�2-L
F!
)d% AU �DYd%.!~lqDY M⊙ 
!��D�E�� {M⊙}A ≡ 1 �/+{C N;�4�Iw��f+[!�
{a}3

A{n}
2
A = {G}A{M}A , (8)I µ = GM⊙ 
! SI d%=;==vu�

{µ}SI = k2{M⊙}Aχ3d−2 . (9)Q�CZ;/+ G ! SI d%=q;6v{ kg +[q~lqDY�!F�hD�E
{C
)d%8��$��! BCRS E
�O�M��! TCB �=C�{l
!℄���&
�"�O�M�6� TDB 
% SI d%q TCB Æ TDB ��878qn;;8;+[!�
t∗ = Ft + t∗0 , (10)

x∗ = Fx , (11)

µ∗ = Fµ . (12)



� 4 � l)��u�P�989Frh)PP�e& 389��E F ≡ (1 − LB) qCl��Bn
 t∗0 !r�NqzBn>�=H�Æ TCB O TDB r?q
)Bn8��-��! A O A∗ 
%
{C;8Z;o}rqn;;8== [1] �
{t∗}A∗ = F

(d∗

d

)

{t}A , (13)

{x∗}A∗ = F
(χ∗

χ

)−1

{x}A , (14)

{µ∗}A∗ = F
(d∗

d

)2(χ∗

χ

)−3

{µ}A , (15)7el {µ∗}A∗ = (k∗)2{M∗
⊙}A∗ O {µ}A = (k)2{M⊙}A 
Z (15) ;U!�

F =
(k∗)2{M∗

⊙}A∗

k2{M⊙}A

(χ∗

χ

)3(d∗

d

)−2

. (16).qClBY{_nbq r;8Z
/+ IAU q��
. d∗=d=86 400 

��"_p�6� TCB M�RBqO+
�Xnb{C;8Z;{��K$�7el~l
��F\!DYyL
rK$�_3q$^. χ = χ∗ 
qo+r+
)d%�� SI sqn;!
TCB r?O TDB r?qO?878E��qn;Ft
XO�

{t∗}A∗ = F{t}A , (17)

{x∗}A∗ = F{x}A , (18)

{µ∗}A∗ = F{µ}A . (19);	>o.O`iq��
6� TCB q�UdO+O6� TDB q�UdO+8�\!1�q�d;8
Zp�%oQ��nqn+O?
�SÆ TCB r?q�UdO+��"�UdO+q�)
E.O℄ χ∗ O,
�q {µ∗}A∗ qn;
�E {µ∗
⊙}A∗ ≡ k2 �Q�Z (18)O (19) S<|olÆ TCB r?q
�q µ O%�g(n;

Z (17) O (18) ;7
�qt�!XKD�=^r?q�dN��
)d%8�qNJ^�!iO��=:Yq$���(�-L=:Yq$�
�I=:℄Z5~lqO�S<|ol�Cm�(��"
R℄j�Z�~l8℄Z��h�L
�q($� SI d%q-L=:Y
�X
�Hq~l8�UdO+sWp�6�
)d%8�q%o�

6 O ��I{C�3;{6O
f!-LOO�:YqkOY
�"{6�qF�hO�M�
TT � TDB � TCG O TCB qd%�^ SI y
Æ���qg(qd%�^ SI s� SI yO
SI sq����.O℄!B�_Nq��
}�{�q=:-�$rn�!℄&�$�
_o�:Y{olqn;Q�Mh~[BulF�q1M^'OF�qO?878
.Q��FZ$�qkO1MYqd%>�
Rz=:lq1MYqd%kO
}r.2���Vqd



� 390 ���������*�e���'������� 28 .�%����"!~l8O+E:!W�q
)d%8�
�I`iq��
;W�`��F�hO?878 BCRS 
w[?�:Yukq�&

)d%8�sWzp�\!q%o�p���
[1] ?t�bÆwÆ*wÆ-gÆ�#��#`gQ�H 1995: 17

[2] +I[ÆGGy\ 2006, (3): 6

[3] � �5m-ÆGA`gg k[ 2001, 21: 31

[4] Klioner S A. A&A, 2008, 478: 951

[5] Standish E M. A&A, 1998, 336: 381

[6] McCarthy D D Petit G. IERS Conventions 2003, 2004

[7] Klioner S, Capitaine N, Folkner W, et al. Proceedings IAU Symposium, 2009: 261

[8] IAU Resolutions 3, http://www.iau.org/Resolutions at GA-XXVI.340.0.html, 2006

The Unit of Coordinates and Time in Space-time Reference Systems

MA Gao-Feng, ZHENG Yong, DU Lan, LUO Ya-Bo

(School of Surveying and Mapping, Information Engineering University, Zhengzhou 450052, China)

Abstract: Aiming at some fuzzy knowledge about the unit of coordinates and time in space-time

reference systems, developments and definitions of SI unit and metrological datum are reviewed,

new definitions with SI metric and SI second of the Bureau International des Poids et Mesures

are analyzed in this paper. It is argued that the scaled time scales, the scaled spatial coordinates,

should be considered as SI second, the TDB second and TT second are not exist, the relativity

model and physical model used to correct observation quantity are only to contrast expediently

each other. Along the same lines, the system of astronomical units is discussed in the relativistic

framework, the application method of astronomical unit used in solar system ephemeris in space-

time reference systems is presented as well.

Key words: space-time reference systems; coordinate time; astronomical unit


