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� 156 �������o���J����������� 26 1�XE>C#�tf+�YFj5X�8
&�� 2000 x�YF>j Lieske IAU 1976 j5 (L77) [1] � 2003 x>j IAU 2000 YF − ��j5�aA>j MHB 2000 ��j5 [2,3] P
L77 YFT℄&�#�58!SKID`� L77 j5o_� 7 ~���

1) x7u VLBI >C8!��a%P���&�4o −3 mas/aP −0.25 mas/a t�F�
2) n LLR P:3>C:� J 2000.0 5��o 0.04′′ t�F�
3) art Newcomb �P:3.Od�t:3YF�F� 0.002(′′)/ �x�℄_fjP/t���P>j#mj�
4) x MHB 2000 ��j58���[-?vX�YF1>=t�L#�� 0.1 mas ��

MHB 2000 ��j5 �t#�� 0.1 µas �
5) xCzYFN�$#� 0.01(′′)/ �x8���
6) �1>=1&�4' t t 3 
$�
7) art�aAF�t�
2003 x�X Bretagnon x# [4] � Capitaine x# [5] � Fukushima [6] _m Harada P

Fukushima [7] �4fXR 4-+#�tYFD`Par�a [8] � IAUYFP�~4SN�b>j 2003 x Capitaine x#fXtYFD`j5 P03 �XQ�� IAU 2006 YFj5
� 2006x{ 26 � IAU hd2b [5,9] $X�d 2009 x 1 � 1 &� P03 j5�mj 2003 x 1 � 1 &�jt IAU 2000 YFP��j5�5>jR Fukushima t�b��Qj�xtIGjz�&�YF
P�:3YF
X�&j��VrYF
 ($z����PdT ~�\Sjd�t)P�arYF
 ($:3K.d�t)[10,11] �
2 P03 l7
2.1 GCRS 9 ITRS e>wp�

GCRS(Geocentric Celestial Reference System) ' ITRS(International Terrestrial Reference

System) t�`:_1>� [GCRS]= M(t) ·R(t) ·W (t)[ITRS] �=1M �R �W �4�nl�n�A6|1��xz�H�Pl℄o<t�`.�� M(t) orKtYF − ��tF�.�� 2000xfX��A6�({X [12−14] �nl� CIP(Celestial Intermediate Pole)��
GCRS �`' ITRS to 2 4�= [15,16] �
2.1.1 �TvFNJIiC − |KXMLb��:_jN4"�74� (1) %���� (2) Fukushima−Williams ���o5XQ�A6|��PYF − ��F��������F�YF����4^D�H� GCRS �`' ITRS �>jb��

M class = NPB (1)7= (1)1B�P �N �41>�F�YF����af�4�B = R1(−η0)·R2(ξ0)·R3(dα0)�
P = R3(χA) ·R1(−ωA) ·R3(−ψA) ·R1(ε0) �N = R1(−[εA + ∆ε]) ·R3(−∆ψ) ·R1(εA) �7=1tAL ε0 � J2000.05aV	��ψ �P5VrxF~ar	~ta% (&�YF) �ω �P5VrxF~art	�� χ �QVrt:3YF�nA6�� [1] :�io�0 A t-IO1>��sF~ar��,ALXQVrYF�� L77 YF.�j 3 -�AL1>�o
P = R3(−zA) · R2(+θA) · R1(−ςA) � ξ0 P η0 1>� GCRS 1 CIP � J2000.0 5tnl7O



� 2 � ��*�ZGk6O,u0�� —P03 k6 157�#��#n VLBI >Csq��4� (−0.016 617±0.000 010)
′′ � (−0.006 819±0.000 010)

′′ �
dα0 �F~�`�~tV%7O#��� 1972 x 1 � —2001 x 4 � LLR >CFTsq�#� (−0.014 6±0.000 5)

′′ [17] ��H�tDV1rK[_A6|�F B �o5S���t[<��(G NPB �`��s J2000.0 ar� Aoki P Kinoshita 0X_�7= [18] �
M

′

class = R3(χ
′

A) · R1(−ω
′

A) · R3(−ψ
′

A) · R1(ε0 − η0) · R3(dα
′

0) . (2)-=1 χ
′

A = χA + ∆χA �Q CIP Vrtar�℄� ψ
′

A = ψA + ∆ψ1 + ξ0/sinε0 AQ J2000.0art-YF − �� − �F� ω
′

A = ωA + ∆ε1 � CIP Vr� J2000 ar-t��� dα
′

0 =

dα0 + ξ0cotε0 � J2000 arx GCRS Vr	~tV%� ∆ψ1 P ∆ε1 ���s J2000 arta%P	�t���� ∆ψ P ∆ε ���sP5arta%P	�t���
∆ψ1 =

(∆ψsinεcosχA − ∆εsinχA)

sinε1
, ∆ε1 = ∆ψ sin ε sinχA + ∆ε cosχA .

Fukushima−Williams ��>j7=�
MFW = R1(−ε

′

) · R3(−ψ
′

) · R1(φ
′

) · R3(γ
′

) , (3)=1 ε
′

= [εA + ∆ε] �oP5ar� CIP Vr-t��� ψ
′

= [ψ + ∆ψ + ε0/sinε0] �oQP5arYF����a%�F P� φ
′

= [φ
′

+ η0] �P5ar� GCRS Vr-t���
γ

′

= [γ
′

+ dγ0] �P5arx GCRS Vr	~tV% [6,19] � Fukushima-Williams ��x%����R��j��sP5artOjmR�� J2000.0 ar�%��*Æ�l�
2.1.2 �Tv CIO I X � Y � s ��ML [12,20]aAhs CEO(Celestial Ephemeris Origin)t/���2000x{ 24� IAUhd-fX��A6�({�50X2b� 2003x 1 � 1&' 2008x 12� 31&�~ IERS/SOFA j��A6�7� IAU 2000YFtDV��Rx CIP [)�IAU NFA(Nomenclature for Fundamental

Astronomy)4SN�b�2006x{ 26� IAUhd2b&Q CEO� CIO(Celestial Intermediate

Origin)

MCIO = R3(−E − s) · R2(d) · R3(E) , (4)

s �� GCRS 1 CIO ℄�^�E P d �4� E = arctan(Y/X) P d = arctan[((X2 +Y 2)/(1−

X2 −Y 2))1/2] �X(t) P Y (t) �41>� GCRS 1 CIP(Celestial Intermediate Pole) tl�:Ot�O��A6�� [12]1�X = X̄+ξ0−dα0Ȳ �Y = Ȳ +η0 +dα0X̄ �� X̄ = sinωsinψ �
Ȳ = −sinε0cosω+ cosε0sinωcosψ �7= (1) x (4) � 1 -?vX���Fr-~�h����tm~A� (1) �l�*xz�H�N<��4�oHs+#�N+z�H�� (2)CIP t�* X P Y M,t)RA6|�FP^DYF − ��� (3) ;jn s �atV%�~�)[R GMST t"	�V7=�

Goldstein(1980) P Wertz(1986) fXR�F�:O
t({�j:O (xr , yr , zr) 1>
M rot �b.��

M rot =




xxf + C xyf + Sz xzf − Sy

yxf − Sz yyf + C yzf + Sx

zxf + Sy zyf − Sx zzf + C


 . (5)



� 158 �������o���J����������� 26 1�-=1 x = xr/φ � y = yr/φ � z = zr/φ � φ = (x2
r + y2

r + z2
r )1/2 � S = sinφ � C = cosφ �

f = 1−C ��7=:_js-ItN4��1�HÆ`�~�&� x 9�GCRS :Ox7=
(5)tSk:_sqP5t�*�(GHÆ CIO�&� x9��sq1��*��7= (1)—(4)1:_s5tV7= (1) 1t B � P � N �
2.2 MCIO 2n<+>�67|er"7= (4) :_.�r=

Mβ = R3(−β) · MΣ , (6)

Σ 1> GCRSVr-t~�Σ0N = ΣN �Σ0 � GCRS1 xt$&�N A CIPVrx GCRSVrt	~����A6�1 MΣ :_1>�
MΣ = R3(−E) · R2(d) · R3(E) =




1 − aX2 −aXY −X

−aXY 1 − aY 2 −Y

X Y 1 − a(X2 + Y 2)


 . (7)

a = 1/(1 + cos d) = 1/(1 + Z) = 1/[1 + (1 −X2 − Y 2)1/2] �(G a t#�f 0.1 µas ��:_.� a =
1

2
+

1

8
(X2+Y 2)+

1

16
(X4+Y 4 +2X2Y 2)�7= (6)1��~ Σ , β = 0��hs CIOt�`�β = s��hs`�~t�`�β = −EO+s��`.�Mβ t~S�M(i, j)�n7=

(6)P (7):sq M(1, 1) = (1−aX2) cosβ+aXY sinβ, M(1, 2) = −aXY cosβ−sinβ(1−aY 2),

M(1, 3) = − cosβX + sinβY , · · ·, M(3, 1) = X � M(3, 2) = Y , M(3, 3) = 1 − a(X2 + Y 2) �X:_jF�.��xp MCIO x.4F�.� ~t<��n�T= (5) :�
X = M(3, 1) = zx(1 − cosφ) + y sinφ ;

(8)

Y = M(3, 2) = zy(1 − cosφ) − x sinφ .+F�9tl�:O� x, y, z �n7= (5) :_sq M(3, 1) −M(1, 3) = 2Sy , M(3, 2) −

M(2, 3) = −2Sx, M(2, 1)−M(1, 2) = −2Sz �
b x, y, z x X , Y , Z PF�� β t<��
Sx = −Y −

1

2
[(cos β − 1)Y + sinβX ] ;

Sy = X +
1

2
[(cos β − 1)X − sinβY ] ; (9)

Sz = [1 −
1

2
a(X2 + Y 2)] sinβ .n x, y, z t�a:� xr = (φ/ sinφ)Sx, yr = (φ/ sinφ)Sy, zr = (φ/ sinφ)Sz, φ/ sinφ �4�

1 +
1

6
S2 +

3

40
S2

2 +
169

5040
S3

2 , S2 =
1

4
([M(3, 1) − M(1, 3)]2 + [M(3, 2) − M(2, 3)]2 + [M(2, 1) −

M(1, 2)]2) = S2(x2 + y2 + z2) = sin2 φ �(GF�� β A[-*�� S2 A 10−4 t*O��n�T= (9) P xr ≈ Sx, yr ≈ Sy, zr ≈ Sz �sq
xr ≈ −Y −

1

2
βX, yr ≈ X −

1

2
βY, zr ≈ β . (10)n-� M(3, 1) = X , M(3, 2) = Y :_�4��`7= (1)—(3) 1t X P Y t#�
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2.3 IAU 1976 u IAU 2000 �`�'2/ 2000 x IAU { 24 �hd2b� IAU 1976 YFj5 (o L77 j5) d 2003 x 1 �
1 &�^8
;j�%j51YF.�t 3 ��g 4 ��1>=^�A6�� [1] P [18] 1UX��b8
CI�[R FCN(Free Core Nutation)�IAU 2000��j51#? 678&�$�687 :3$�Cz���_m8�hs 250 xt��$ ( ��� µas Oq��_�tYF��j51�af��YF<�6\) PCzYF [2,21] � IAU 2000YF>jR L77YFj55�lz{)a%P��tYFT℄ δψA = (−0.299 65 ± 0.000 40)(′′)/ �x� δωA = (−0.025 24 ± 0.000 10)(′′)/ �x�x-� GCRS �`' ITRS t 2 4����f� IAU 2000A A6|��t 3 ALj5� [22] �

ςA = 2.597 617 6
′′

+ 2 306.080 950 6
′′

t+ 0.301 901 5
′′

t2+

0.017 966 3
′′

t3 − 0.000 032 7
′′

t4 − 0.000 000 2
′′

t5;

zA = −2.597 617 6
′′

+ 2306.080 322 6
′′

t+ 1.094 779 0
′′

t2+

0.018 227 3
′′

t3 + 0.000 047 0
′′

t4 − 0.000 000 3
′′

t5;

θA = 2004.191 747 6
′′

t− 0.426 935 3
′′

t2 − 0.041 825 1
′′

t3−

0.000 060 1
′′

t4 − 0.000 000 1
′′

t5 .

IAU 2000A YF�FP�����t 4 ALj5f� [20]

ψA = 5 038.478 75
′′

t− 1.072 59
′′

t2 − 0.001 147
′′

t3 ;

ωA = ε0 − 0.025 24
′′

t+ 0.051 27
′′

t2 − 0.007 726
′′

t3 ;

εA = ε0−46.840 24
′′

t−0.000 59
′′

t2 +0.001 813
′′

t3 ; (11)

χA = 10.552 6
′′

t− 2.380 64
′′

t2 − 0.001 125
′′

t3 ;

ε0 = 84 381.448
′′

.j Fukushima-Williams tYF�Fx�������s�=1ar:1>� [6]

γ
′

= −0.052 4
′′

+ 10.553 18
′′

t+ 0.493 18
′′

t2 ;

ϕ
′

= +84 381.411 27
′′

− 46.812 65
′′

t+ 0.048 43
′′

t2 ;

ψ
′

= −0.043 04
′′

+ 5038.478 12
′′

t+ 1.558 35
′′

t2 ; (12)

ε
′

= +84 381.406 21
′′

− 46.834 60
′′

t− 0.000 17
′′

t2 + 0.002 00
′′

t3 .7= (11) P (12) �VrYFParYF�\z��4�(7= (11) 1 ψA P ωA 1>��s
J2000.0VrP�~tVrYF� PA = sinπA sinΠA P QA = sinπA cosΠA 1>��s J2000.0arP�~tarYF�πA P5ar� J2000.0art���ΠA 1>P5ar� J2000.0ar-3	~ta%�Xz�Fukushima-Williams��:_�YF −��.�t�V[;{R�LieskeP Capitaine��1YF�fs J2000.0tal����fsP5al�7u-MHB��j51� J2000.0al�A6�℄_YFP��,A�4^D�o LieskeP Capitaine��f{)���fs J2000.0alt$�nb�sqtKYF PA = 5 028.796 95

′′

t−1.111 13
′′

t2−0.000 006
′′

t3 �7= (4) 1 IAU 2000 YF��j5t X P Y f� [5,6,23] �
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XIAU 2000 = −0.016 617

′′

+ 2 004.191 743
′′

t− 0.427 219 1
′′

t2−

0.198 620 54
′′

t3 − 0.000 046 05
′′

t4 + 0.000 005 98
′′

t5+

∑
t

3∑
j=0

[(as,j)it
j sin(ARG) + (ac,j)t

j cos(ARG)] + · · · ,

YIAU 2000 = −0.006 951
′′

+0.025382
′′

t−22.407 2510
′′

t2− (13)

0.001 842 28
′′

t3 − 0.001 11306
′′

t4 + 0.000 000 99
′′

t5+

∑
t

3∑
j=0

[(bc,j)it
j cos(ARG) + (bs,j)t

j sin(ARG)] + · · · ,

ARG ���D`1&�P:3$th)dL���Rx IAU 1980 ��D` (o Warh ��D`) [) [24] ���$ (in-phase) Aa%t��$ (as,0)i P	�tv�$ (bc,0)i �(G&6\YF��x7= (11) �ft7=�-=1 t t 5 
�t�$=� X � Y L#:_n}Ysq [25−27] �� 1800—2200 x�~�7= (13) x��=*ÆtF#*s 5 µas ��
1600—2400x�~tPhF#� 350 µas �F#t���1>8�� 0∼50 x~t/℄ �*s 0.3 µas �
2.4 P03 �,�' [5,9]

P03 tKIj5>j VSOP87 ar��t��� [28], DE406 f6x�j>C[)tPx#�#�(G>jx:3D` VSOP87 �st/O!N� p = (sinπ/2) sinΠ P q =

(sinπ/2) cosΠ ��ftYFO PA = sinπA sinΠA P QA = sinπA cosΠA �
2.4.1 P03 _o�SHiCIOZ

(1)�xDE405/DE406P VSOP87$&o<t 3-~��tW<# φ0 = 0, ε0 = 84 381.4
′′

,

ψ0 = 0 �
(2) �Rx VSOP87 [)�>jRN-&��$=�d[-#? 5-�L� t(l���x)t$Ld 1 ' 5 �
(3) j��t φ0 P ε0 ��=tV{ 3 -~�� ψ0 �

ψ0 = (φ0 − φ(DE405) + φ(ICRS) + dα0)/ cos ε0 + ξ0/ sin ε0 − ψ(DE405) , (14)=1 DE405 �~' DE405 `�~t0C φ(DE405) � 50.28 mas, ICRS �~' ICRS `�~t0C φ(ICRS) � 55.42 mas, J2000.0�`�~ ICRS V% dα0 = (−0.014 6± 0.000 5)
′′

, IERS

2000 B�10X J2000.0 �`�~t ICRS V� ξ0 � 16.617 mas, ICRS `�~' DE405 `�~t0C ψ(DE405) � 6.4 mas [12] ��,#n>Csq�58{�[)�
(4) KI�Ttk��|� J1000 ' J3000 �;N 0.7 a 0X DE406 tz�.2t&2�*PT�_m VSOP87 1t p P q �
(5) jF�.� R3(ψ0)R1(ε0)R3(−φ0) ; DE406 t&2�*d DE405 tVrU0��`'arU0��5sq
�2S π P Π �b^ φ0 = 0.051 32

′′

, ε0 = 84 381.408 89
′′

, ψ0 =

0.038 62
′′ �

(6) tV p = (sinπ/2) sinΠ P q = (sinπ/2) cosΠ ���#��;: (4) 1 VSOP87 #�sq ∆p P ∆q �nbsq t � ∆p P ∆q EU�
(7) j�$=uS t � ∆p P t � ∆q EU�=1 ti t$L i d 0 ' 5 �� n = 5 5��fs VSOP87 1 p P q tN�$�
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(8) DE406 tarx;: (5) 1 DE406 :OF�'arU0�� J2000 5t7O#� p0P q0(o�$=1t t0 $) �� ε0 P φ0 -�4{) 2q0 P�� 2p0/ sin ε0 _&��#�
(9) VSOP87 �$=1�^$ (ti t$L i d 0 ' 5) <[ p P q t&�#�
(10) 6";: (3) �
�DM=��6" 3 
� ∆p P ∆q �$=�LfqP*�
(11)� VSOP87�$=1<[PXt&�#sq pP q tj5� X�`' PA P QA �&�Xt PA P QA Us1 1 [5] � \ 1 �o=�a�fX~

(′′)/ �y
t t2 t3 t4

L77 PA 4.197 6 0.194 47 −0.000 179

(Newcomb) QA −46.815 0 0.050 59 0.000 334

S94 PA 4.1199 706 0.193 971 3 −0.000 223 51 −0.000 001 036

(VSOP87) QA −46.809 269 0.051 042 9 0.000 522 33 −0.000 000 567

W94 PA 4.199 610 0.193 971 −0.000 223 −0.000 001

(VSOP87+· · ·)1) QA −46.809 560 0.051 043 0.000 522 −0.000 001

P03 PA 4.199 094 0.193 987 3 −0.000 224 66 −0.000 000 912

(VSOP87+· · ·)2) QA −46.811 015 0.051 028 3 0.000 524 13 −0.000 000 646>� 1) <4/Q�l IERS1992 C�� 2) VSOP87 vTu DE406 	rH P (DE406) P P (VSOP) _m Q(DE406) P Q(VSOP) t*Æ�-11 PA P QA t#�� 0.05 mas/a �-110XÆ�t*L�L�&�Rr<tV�
2.4.2 P03 _o�EHiCIOZVrYF:_nYFO ψA P ωA t~��T=xX�

sinωAdψA/dt = (rψ sin εA) cosχA − rε sinχA ,

dωA/dt = rε cosχA+(rψ sin εA) sinχA . (15)7= (15) �fs��O9��n>C:ttYFT℄��s CIP �N��F:_d Oppolzer$xX δωA = (A/(CΩ))(dψA/dt) sin ε0 P δψA = −[A/CΩ sin ε0 ](dωA/dt), A P C �z�t<�=.� Ω ��3z�H��T� (2π × 36 525)/ �x�
dpA/dt = rψ − cotεA[A(p, q) sin pA +B(p, q) cos pA] − 2C(p, q) ;

dεA/dt = rε −B(p, q) sin pA +A(p, q) cos pA . (16)=1� p � q Aar/Ot�$=<��A(p, q) = r[q̇+ p(qṗ− pq̇)], B(p, q) = r[ṗ− q(qṗ− pq̇)],

C(p, q) = qṗ− pq̇, r = 2/
√

1 − p2 − q2 �n PA � QA x ΠA � πA t<��:_sq�
sinχA sinωA = PA cos pA +QA sin pA . (17)d7= (15) P (16) t 4 -~��T=_m= (17) �:_0XxKI[)tVrYF�b�T=�#?Rh)O ψA P ωA _m�qO εA � χA P pA ���VVrYFt7= (15) P (16) 5��V6\_� 3 -�i�
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2.4.2.1 �iCg℄I\^�= (15) P (16) t�:_j t t�$=YFT℄ rψ P rε 1>�

rψ = r0 + r1t+ r2t
2 + r3t

3 ;

rε = u0 + u1t+ u2t
2 + u3t

3 . (18)7= (15) P (16) tk�KLA7= (18) 1t r0 P u0 � Kinoshita [29] � Laskar [30] �
Williams [19] � Souchay P Kinoshita [31] �_m Roosbeek P Dehant [32] !�0X*kz�ta%YFT℄tD`#� Williams [19,33] P Mathew x# [2] 0X�*kz�ta%P	�tYFT℄tD`#��1#?� (1) &�K.1t 1��2�P J4 $_m:3K.t 1�$�
(2)J2 P:3�-$�(3) P�$�(4)J2 T℄$�(5) ��=+f�(6) CzYF�$ (1)
 (4)A&�P:3K.Sj�.�Bz�-t�G�
bz�tKI.℄ Hd = [C− (A+B)/2]/CA[-h)AL�$ (5) P (6) tJ2�AnsYFP��>C�����F�
t GCRS 1�:t���VYF�T= (15) P (16) �fs�KI�F�
tz2A6|���VYF�T= (15) P (16) 1�>j�UKL#� (1) tVk�KL r0 P u0 5�>j MHB t δψA = (−0.299 65± 0.000 40)(′′)/ �x� δωA = (−0.025 24± 0.000 10)(′′)/ �xg7= (11) 1t ψA P ωA; (2)J2000.0 t�3aV	�>j LLR t:t# ε0 = 84 381.406

′′ �
(3) x ε o<t$x W94 ℄6\t[U��KIy℄>j MHB t Hd #� (4) >j MHB �*k�a%YFT℄t7= dnrψ = −21 050t(l�� µas) � (5) CzYF1>=>j ψg =

1 919 882.7 t − 503.9 t3 − 0.7 t3 P ωg = 1.0 t + 19.5 t2 − 4.7 t3(l�� µas) ��VYF�T= (15) P (16) sq J2000.0 5a%&�YFt[�$ (r0)1 = P0 cos ε0 � P0 �|5oYFKL� r1 � r2 P r3 �4� −2 223 176 µas/ �x� −16 553 µas/ �x 2 P −5 µas/ �x 3 ��	�t:3�-$� (u0)1 � u1 � u2 P u3 �4� +999 µas/ �x� −44 µas/ �x 2 P
+8 µas/ �x 3 �
2.4.2.2 �sniCg℄PV�I`jrf

MHBYFT℄&�#AnuS VLBInl7O#th)z�AL (Basic Earth Parameters�Q BEP) 1:tt�ax℄jtAL#�:t BEP t��� MHB uSo<�� MHB :t#1,A<[� 3 4h"=sS�k�KL��,h"t:t(�� (1) >CALth"��^D VLBI >C5>j L77 j5��sqnl7O# dψ P dε � � VLBI >C� J2000.0tar	�A8i)t�℄_:tta%YFi)t8A dψA �A dψA sin εA(o GCRS 1 CIPt X U0) �℄_ J2000.0 5aV	�&/ dε0 5 (L77 1 ε0 = 84 381.448′′, IERS 2000 1
ε0 = 84 381.406′′), ��ft ψ1 1d)${/℄ d1ψ1 = ψ1 dε0 cot ε0 = −2 366 µas/ �x�
(2)2003x� VLBI^D��th"�( 2.1�℄I�2003x� VLBI^D��1 GCRS' ITRSt�`8>jM,7=�℄j��&6\YFPA6|t&��5_��~t7O��YFT℄:t#1d)th"� d2ψ1 = η0ψ1 cot ε0 = −384 µas/�x�d2ω1 = −ξ0ψ1 cos ε0−dα0ψ1 cos ε0 =

+514 µas/ �x� (3)MHB uSth"� MHB ��1:ta%YFT℄ [(rψ)t=0] P	�YFT℄ [(rε)t=0] � 3 ;�{[;�j VLBI >C:ta%&�YFT℄ P �Q:Pw:�� �tLP	�YFT℄�{�;��RsqKI.℄ Hd j P P�� �tD`1f=uS>C#�PX[;�xp MHB a%YFT℄ Pr(Hd) �a�fs*kz�P�^�*kt.4h"�( 2.4.2.1 �℄I�n W94 tYFT℄&�#P ε0 #� dPR(HdR) � 1 539 706 mas/a �



� 2 � ��*�ZGk6O,u0�� —P03 k6 163�� P03prel P P03 _m MHB 1 (r0)1 t/℄>j d(r0)1 = 3 914 µas/ �x�
2.4.2.3 �UNDdIPh-�CIRk�KLtxV����T= (15) P (16) tk�KL r0 P u0 fn MHB D`:t#P1 2 1.4h"xX�o r0 = (r0)MHB + 2 757, u0 = (u0)MHB − 514 �(G86\ 2.4.2.2 1t (1) P (2) $��T= (15) P (16) t�Q� P03prel �(G6\℄ot 3 $h"��T=t�Q� P03 �1 2 UX8sj51℄jYFT℄th)A#�\ 2 �℄��(;o=!�/�j�a�	f0$

(′′)/ �ym8 
b&\IU^wi# 


\IU^i#
1st order 2nd order, J4, tilt Geod. Prec Tides &J2 rate Non-rig Rigid Earth Tides

L77 5 040.698 400 −0.046 8 −1.92 0.0 0.0 0.0 0.0

W94 5 040.689 463 −0.313 61 −1.919 36 −0.014 2 t 0.0 −0.026 8 0.002 4

MHB 5 040.704 510 −0.284 91 −1.919 8 0.0 −0.021 05 −0.025 24 0.0

P03prel 5 040.733 293 −0.313 61 −1.919 883 −0.014 2 t −0.021 05 −0.027 640 0.002 4

P03 5 040.736 050 −0.313 61 −1.919 883 −0.014 2 t −0.021 05 −0.028 154 0.002 4

2.4.3 P03 _oAGbn�T= (15) P (16) �V P03 �tVrYF (ε0 = 84 381.406
′′

) �
ψA = 5 038.481 507t− 1.079 006 9t2 − 0.001 140 45t3 + 0.000 132 851t4 − 9.51 × 10−8t5 ;

(19)

ωA = ε0 − 0.025 754t+ 0.051 262 3t2 − 7.725 03 × 10−3t3 − 4.67 × 10−7t4 + 3.337 × 10−7t5.�1��Ll���h�5~l��?v� TDB �� P03 �tarYF�
PA = 4.199 094t+ 0.193 987 3t2 − 2.246 6 × 10−4t3 − 9.12 × 10−7t4 − 1.20 × 10−8t5 ;

(20)

QA = −46.811 015t+ 0.051 028 3t2 + 5.241 3 × 10−4t3 − 6.46 × 10−7t4 − 1.72 × 10−8t5.-I�T=�L�F~ 2000.0 5t#�� 1 µas �� t = ±10(oÆx�PX) 5�L#��y� 10 µas �x IAU 2000 YFj51 ψA P ωA t t2 $�L� 1.072 59 P 0.051 27 �*��4&�R 5 mas/ �x 2 P 25 µas/ �x 2 �%�tKYFA�� GCRS 1tVr��x� ICRS 1tar���fS�n ψA � ωA � εA P χA :_xpVrYFt 3 �AL ςA �
zA � θA 1>=�

ςA = 2.650 545
′′

+ 2 306.083 227
′′

t+ 0.298 849 9
′′

t2 +

0.018 018 28
′′

t3 − 5.971 × 10−6
′′

t4 − 3.173× 10−7
′′

t5 ;

zA = −2.650 545
′′

+2 306.077 181
′′

t+1.092 734 8
′′

t2 + (21)

0.0182 683 7
′′

t3 + 2.859 6 × 10−5
′′

t4 − 2.904 × 10−7t5 ;

θA = 2 004.191 903
′′

t− 0.429 493 4
′′

t2 − 0.041 822 64
′′

t3 −

7.089× 10−6
′′

t4 − 1.274 × 10−7
′′

t5 .
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πA = +46.998 973
′′

t− 0.033 492 6
′′

t2 − 1.255 9 × 10−4
′′

t3 +

1.13 × 10−7
′′

t4 − 2.2 × 10−9
′′

t5 ;

ΠA = 629 546.793 6
′′

− 867.957 58
′′

t+0.157 992
′′

t2 − (22)

5.371× 10−4
′′

t3 − 4.797× 10−5
′′

t4 + 7.2 × 10−8
′′

t5 .,Vt0W35:_1>�
GMSTP03(tu, t) = UT 1 + 24 110.549 377 1 + 8 640 184.794 478 25tu +

307.477 013(t−tu)+0.092 772 110t2−2.926×10−7 t3− (23)

1.997 08 × 10−5t4 − 2.454× 10−9t5

GMST l��5h� UT1 P t _ TT 1>� t � J2000.0Xt'_?vL�= (21) P (23) ��s J2000.0 ar�7= (20) P (22) ��sP5ar�
�A6|�Cte���7= (1) 1MPB = PB, IAU 1976 YF.�58s�lzj?�t ςA � zA � θA j [16] �X[��Aj�F�:O
���o�
xr = +0.006 819 2

′′

+ 0.026 010 6
′′

t+ 2.36 × 10−5
′′

t2 −

0.003 856 4
′′

t3 − 4 × 10−7
′′

t4 ,

yr = −0.016 617 1
′′

+ 2 004.191 978 9
′′

t− 0.429 492 4
′′

t2 −

6.97×10−5
′′

t3 +9.2×10−6
′′

t4 , (24)

zr = −0.014 600 0
′′

− 4 612.160 374 4
′′

t− 1.391 584 4
′′

t2 +

6 × 10−7
′′

t3 − 3.00 × 10−5
′′

t4 ;

MPB =




xxf + c xyf + sz xzf − sy

yxf − sz yyf + c yzf + sx

zxf + sy zyf − sx zzf + c


 (25)-=1 x = xr/φ, y = yr/φ, z = zr/φ; φ = (x2

r + y2
r + z2

x)
1/2; s = sinφ , c = cosφ , f = 1 − c,

GCRS :Ox7= (24) P (25) sqt MPB �S��sqP5t��*�� GCRS 1t CIP �* X P Y :_j7= (19) t ψA � ωA PxVt χA _m MBH ta%P	���0X�(G&6\�$=<��X:_j�gt7=tV��r-?vr#�� µas Oq�
Xp03 = −0.016 617

′′

+ 2 004.191 898
′′

t− 0.429 782 9
′′

t2 −

0.198 618 34
′′

t3 + 7.578 × 10−6
′′

t4 + 5.928 5 × 10−6
′′

t5 ;

Yp03 = −0.006 951
′′

−0.025 896
′′

t−22.407 274 7
′′

t2+ (26)

0.001 900 59
′′

t3 + 0.001 112 526
′′

t4 + 1.358 × 10−7
′′

t5 .



� 2 � ��*�ZGk6O,u0�� —P03 k6 165�
CIO � GCRS 1t�*:_j s+XY/2 1>�

s+XY/2 = 94.0 + 3 808.65t− 122.68t272 574.11t3 + 27.98t4 + 15.62t5 . (27)

2.4.4 P03 w`j_oI?Y
Bretagnon x# [4] j SMATR 97 D`xpRVrYF�j VSOP P IERS :3.OxpRarYF (B03) � Fukushima [6] uSL#FF_&�arYF�uS VLBI >C&�VrYF (F03) �:� P03 j5x IAU 1976(L77) � IAU 2000 � P03prel � B03 P F03 S*Æ�

6 41f=t!�*ÆUsA6�� [5] 1t1 8 �v (1)—(4) 1>.4j5 PA � QA � ψAP ωA t*Æ [16] ��sarYF� B03 x P03 !SÆM�� L77 x F03 �FÆh��VrYF<�t ψA , IAU 2000 P B03 x P03 tF#Æ[)�
������s*kz��P�
F03 x P03� ωA tF#Uh�m
��B�P03tm~A� (1) fjR+#�t>CFT�j VLBI FT�VVrYF�j LLR FT�VarYF� (2) fjRP/tz�P��D`
VOSP87P ELP2000; (3) ;jRP#�tL#FF DE406�P03tarPVr1f=x IAU

2000 2b�!���xKID`�!�

3 CIP v�, [16]

3.1 CIP �:e 4 <[�k
1) M class1X P Y t#�7= (4)x7= (1) ~t<�=�MCIO = R3(−EO)M class�



� 166 �������o���J����������� 26 1���~d`�~℄' CIO, EO = ERA − GST �7= (1) 1YFO� ψA � ωA P χA ���O� ∆ψ P ∆ε , ε0 � J2000.0 taV	��A6|7O#� ξ0 � η0 P dα0 �(G_�A6|7O#�5d)1~O x1 = sin(εA + ∆ε) sin ∆ψ, x2 = sin(εA + ∆ε) cos∆ψ P
y = cos(εA + ∆ε) ��
X = M(3, 1) = x1(cosχA cosψA + sinχA cosωA sinψA) + (x2 cos εA − y sin εA) ×

(− sinχA cosψA + cosχA cosωA sinψA) + (x2 sin εA + y cos εA) sinωA sinψA ;

Y = M(3, 2) = x1[(− cosχA sinψA + sinχA cosωA cosψA) cos ε0 + sinχA sinωA sin ε0] +

(x2 cos εA − y sin εA) × [(sinχA sinψA + cosχA cosωA cosψA) cos ε0 +

cosχA sinωA sin ε0] + (x2 sin εA + y cos εA) × (sinωA cosψA cos ε0 − cosωA sin ε0) .

2) M
′

class 1 X P Y t#�
X = M(3, 1) = sinω

′

A sinψ
′

A cos dα
′

0 − [sinω
′

A cosψ
′

A cos(ε0 − η0) −

cosω
′

A sin(ε0 − η0)] sin dα
′

0 ;

(28)
Y = M(3, 2) = sinω

′

A sinψ
′

A sin dα
′

0 + [sinω
′

A cosψ
′

A cos(ε0 − η0) −

cosω
′

A sin(ε0 − η0)] cos dα
′

0 .

3) MFW 1 X P Y t#�
X = M(3, 1) = sin ε

′

sinψ
′

cos γ
′

− (sin ε
′

cosψ
′

cosφ
′

− cos ε
′

sinφ
′

) sin γ
′

;

Y = M(3, 2) = sin ε
′

sinψ
′

sin γ
′

+(sin ε
′

cosψ
′

cosφ
′

− cos ε
′

sinφ
′

) cos γ
′

. (29)

4) IERS ���o IAU2000A YF − �����( 2.1.2 �fmt
X = X̄ + ξ0 − dα0Ȳ , Y = Ȳ + η0 + dα0X̄ (30)� X̄ = sinω sinψ, Ȳ = − sin ε0 cosω + cos ε0 sinω cosψ �

3.2 ��iq{
3.2.1 �wiC_oBduQYFj5AL#?� (1) A6|�F�O ξ0 � η0 � dα0 � (2) CIP U0 X P Y t�=$ X1 P Y1 � (3) z�KI.℄ J2 tN�/℄#�ns$ (1) ; IAU2000 ' P03 �d� XP Y t/℄�

dX = dξ0 + dX1t+ 0.000 1d(dα0)t
2 + 0.020 3dY1t

2 + (J̇2/J2) × (1 002.5
′′

t2 − 0.4
′′

t3) ;

dY = dη0+X1d(dα0)t+dY1t−0.002 4dX1t
2−(J̇2/J2)×(22.5

′′

t3) . (31)ns (2) d�t/℄�
dX = 155t− 2 564t2 + 2t3 + 54t4 ;

dY = −514t− 4t2 +58t3− 1t4− 1t5 . (32)



� 2 � ��*�ZGk6O,u0�� —P03 k6 167�n (3) d�t/℄�
dXJ2d = (J̇2/J2)t[−6.8 sinΩ − 5.2 sin2(F −D + Ω) − 0.1 sin 2(F + Ω) + 0.1 sin 2Ω ]

(33)
dXJ2d = (J̇2/J2)t[9.2 cosΩ + 0.6 cos 2(F −D + Ω)] .� IAU 1976/2000YF1
o t4 P t5 $� J̇2/J2 � −1.082 635 8 × 10−6/ �x5�fa%t�=YFT℄� −14t mas ��j%�YF − ��O5�a%P	�YFT℄ dr0 P du0 �

ψA P ωA th"�
dψA = dr0t− 0.005 3du0t

2 + (J̇2/J2) × (2 520.4
′′

t2 − 0.9
′′

t3) ;

(34)
dωA = du0t .

J2 T℄�h)YFO ψA P ωA th"�
dψJ2d = (J̇2/J2)t∆ψIAU 2000 = 47.8t sinΩ + 3.7t sin(F −D + Ω) +

0.6t sin 2(F+Ω)−0.6t sin2Ω ; (35)

dεJ2d = (J̇2/j2)t∆εIAU 2000 = −25.6t cosΩ − 1.6t cos2(F −D + Ω) . (36)ns J2 T℄/℄� P03 aV	�x IAU 1980 taV	�A8st�℄_�tV IAU 2000Ata%��5�f{)&�$
d1ψ = [(sin εIAU 2000/ sin εP03) − 1]∆ψIAU 2000 = −8.1 sinΩ − 0.6 sin 2(F −D + Ω) . (37)7= (31)1A6|t�F_m X P Y t�=$t8��=�4� 150 µas, 150 µas/�x (ga%P	�YFT℄ 400 µas/ �xP 150 µas/ �x) � J2 T℄t8��=� 2 mas/ �x 2

(MHB��j51 18.6 a $ �8��=� 50 µas��� IAU 2000A18#?HnO��) �o;YF − ��AL#� µas #��[-?vX� CIP �*#�� 2 mas �
3.2.2 �wq{MLuQ7= (13) P (29) 0XR P03 x F03 N4�� X P Y t�$=�	E��$0X Y tKL$ 132 µas P X tN�$ 4 µas/�x�[b_z�x>j7=M class _A>j!��1f=o<�%tV*Æ�N�� 1800—2200x�~t�F� ±5 µas _r�
3.2.3 �w IAU 1976/1980iC − |K_o?YtV>Ct NPB .� Mobs �an IAU 1976 YF / ��tV#P VLBI >Ct��7O#NR�℄_

δX2000A = Mobs(3, 1) −M2000A(3, 1) ;

δY2000A = Mobs(3, 1)−M2000A(3, 1) . (38)

4 CIO v�,v 5 0XR CIO(σ ~) � CIP Vr-t�*� Σ0 A GCRS t�~� N A CIP Vr�
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GCRS Vr-t3	~� γ0 P γ �41> J2000 `�~PP5`�~� γ1 � J2000 arx CIP Vrt3	~� ω � TIO(�Q Terrestrial Intermediate Origin) �z�F�� (Earth

Rotation Angle)ERA = σω, �~F EO = σγ � s A CIO x~ Σ t0C� Σ0N = ΣN , NA CIP Vrx GCRS Vrt	~� Σ ~� GCRS VrxWGÆ�	~ K PrH Σ0 1�GÆ�	~ H t1~� K ~' CIO t0C (o K ~tV%) � s +XY/2, Σ x K ~0C�
s+XY/2 +D �

EO = σγ = (σN − σ0N) − (γN − γ0N) = s− (γN − γ0N) .

N ' TIO t�0� s t8�$ sp x EO t�O −dEEp  P�
sp − dEEp = −

1

2
∆ψ1∆ε1 sin ε0 −

1

2
ψA sin ε0∆ε1 +

1

12
(ψA)3 sin ε0∆ε1 +

1

4
sin2 ε0 cos ε0ψA∆ψ2

1 +
1

4
sin2 ε0 cos ε0ψ

2
A∆ψ1 +

1

2
(ωA − ε0) sin ε0∆ψ1j s+XY/2 g s+XY/2 +D t8�$*j s t$L/�X�l�

w 5 CIO �a��y	_/�u=� [5]

4.1 CIO �:e{�� 2.2 �1CIRtV CIP �*t 4 41f=�)��ItV CIO �*t 6 4���
4.1.1 CIO l�I s VhL

s(t) =

t∫

t0

[X(t)Ẏ (t) − Ẋ(t)Y (t)]

1 + Z
dt− C0 , (39)-=:_"�tV s �gtV s+XY/2 � s+XY/2 +D ~�sq�� 3 4��(��

(1) "�tV s �
s(t) = C0 −X0Y0/2 +

∑
i

sit
i +

∑
k

[(Cs,0)k sinαk + (Cc,0)k cosαk] +
(40)∑

k,j

[(Cs,j)k sinαk + (Cc,j)k cosαk]t
j .



� 2 � ��*�ZGk6O,u0�� —P03 k6 169�j P03/IAU 2000A 1 X P Y t1f=:_sq�
sP03 = 94.0 + 3 825.39 t+ 1.24 t2 + 36 287.09 t3 − 4.61 t4 − 0.57 t5 ,(G�
' 0.1 µas��#? 24-#EZ$P 125�21�2- t t 1�2�3
t Poisson$�

(2) s+XY/2 tV�
S +

XY

2
=

t∫

t0

Ẋ(t)Y (t)dt− C0 + δs ; δs = −

t∫

t0

(2a− 1)
XẎ − Y Ẋ

2
dt .�{�1>=�

s(t) +XY/2 = C0 +
∑
i

sit
i +

∑
k

[(Cs,0)k sinαk + (Cc,0)k cosαk]+

∑
k,j

[(Cs,j)k sinαk+(Cc,j)k cosαk]t
j ; (41)

(s+XY/2)P03 = 94.0 + 3 808.65 t− 122.68 t2 − 7 257.11 t3 + 27.98 t4 + 15.632 t5,�1� δs = 0.5 t5 + 0.1 t3 − 0.1 t2 − 1.1 t3 cosΩ − 0.1 t3 cos 2⊙−0.1 t2 sinΩ � ⊙ P Ω �4�dTP��3	~t�a%�
(3) s+XY/2 +D tV�

s+XY/2 +D = s+XY/2 − Y2t
2[(X1/3) +Xnut] , (42)-=1 X1 P Y2 �4�7= (13)1 X P Y t�=$P��$�Xnut �8�$�j P03/IAU

2000A t X P Y 1f=:_sq
(s+XY/2 +D)P03 = 94.0 + 3 808.65t− 122.68 t2 − 27.98 t4 + 15.62 t5 . (43)

4.1.2 ��yJC
IML
EO A CIO tV%�XQ��~F
� GST = θ −EO � EO A CIO x CIP Vr-`�~t�0� GCRS ' TIRS tF�.�:_�B EO A%�x CIO N4�� ~tL��

R(TT, UT ) = R3(ERA)MCIO = R3(ERA)R3(−EO)M class = R3(GST )M class .D`- GST = γω �A5~tLL
GST = θ

t∫

0

˙̂
(ψA + ∆ψ1) cos(ωA + ∆ε1)dt− (χA + ∆χA) ; (44)

EO = θ −GST = −

t∫

0

ψ̇A cosωAdt+ χA − ∆ψ cos εA − dEEs − dEEp . (45)-=1 ∆ψ cos εA �%�t�`�~F (equation of the equinoxes)”, dEEs P dEEp �4�YFP��WStN�P8�$�
dEEs =

∣∣∣
t∫

0

˙̂
∆ψ1∆ε1 sinωAdt

∣∣∣
s
+

1

2

∣∣∣
t∫

0

ψ̇A∆ε21 cosωAdt
∣∣∣
s

; (46)
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dEEp =

t∫

0

ψ̇A sinωA∆εAdt+

t∫

0

˙̂
∆ψ1(ωA − ε0) sinωAdt+

(47)

t∫

0

∣∣∣ ˙̂
∆ψ1∆ε1 sinωAdt

∣∣∣
p

+
1

2

∣∣∣
t∫

0

ψ̇A∆ε21 cosωAdt
∣∣∣
p
.x s P s + XY/2 [U�:_j!����1> EO, −dEEs ���� s tN�8��XA

GST t�$=<�� −dEEp x s+XY/2 [UA#EZ$�
EOP03 = −0.014 506

′′

− 4 612.156 533 53
′′

t− 1.39 158 165
′′

t2 +

4.4×10−7
′′

t3 +2.995 6×105t4 −∆ψ cos εA + (48)

∑
k

∣∣∣(C ′

s,0)k sinαk + (C
′

c,0)k cosαk

∣∣∣ + 8.7 × 107
′′

t sinΩ

4.1.3 MCIO [}xfA
 CIOj 2.2 �1 Mβ .�1>�b^ β = s ��
M(1, 1) = xCIO = (1 − aX2) cos s+ aXY sin s ,

M(1, 2) = yCIO = −aXY cos s− (1− aY 2) sin s , (49)

M(1, 3) = zCIO = −X cos s+ Y sin s .b^ a = 1/(1 + Z), X , Y , Z � CIP � GCRS 1tU0�(G s M9*t^��
xCIO = 1 −X2/2 ,

yCIO = −(s+XY/2) , (50)

zCIO = −X + sY .

4.1.4 �tFNJ[}xfA
 CIOn 3.1 :�MCIO x M class t<��MCIO = R3(−EO)M clas �
b CIO tU0 xCIO,

yCIO, zCIO A%�YFO ψA, ωA, χA P��O ∆ψ, ∆ε, ε0 _mA6|�F ξ0, η0, dα0 tLL�
� Mclass 8s"�sq�℄_j MFW 1>=3��l� xCIO = M(1, 1) cosEO −

M(2, 1) sinEO, yCIO = M(1, 2) cosEO−M(2, 2) sinEO, zCIO = M(1, 3) cosEO−M(2, 3) sinEO��1.��4�
M(1, 1) = cosψ

′

cosγ
′

+ sinψ
′

cosφ
′

sin γ
′

;

M(1, 2) = cosψ
′

sin γ
′

− sinψ
′

cosφ
′

cos γ
′

;

M(1, 3) = − sinψ
′

sinφ
′

;

M(2, 1) = cos ε
′

sinψ
′

cos γ
′

− (cos ε
′

cosψ
′

cosφ
′

+ sin ε
′

sinφ
′

) sin γ ;

M(2, 2) = cos ε
′

sinψ
′

sin γ
′

+ (cos ε
′

cosψ
′

cosφ
′

+ sin ε
′

sinφ
′

) cos γ ;

M(2, 3) = cos ε
′

cosψ
′

sinφ
′

− sin ε
′

cosφ
′

.

(51)
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4.1.5 �t s � EO R M class QmA
 CIO^�MCIO = R3(−EO)M class = R3(−s)MΣ �
b�R3(−s) = R3(−EO)·M class ·M

T
Σ
�

M class t{[P1~:j γ P y 1>� MΣ t{[:j Σ 1>��
s ≈ p sinEO + q cosE (52)b^ p = γ · Σ , q = y · Σ ��U

EO = arctan
ps− qω

qs+ pω
, ω = (p2 + q2 − s2)1/2 , (53)n7= (7) :� Σ ≡ (1 − aX2,−aXY,−X), b^ a = 1/(1 + Z), M class PX[:� CIP tU0 X , Y , Z �n M class P EO :_j7= (52) tV s �� �n M class P s :_j7= (53) tV

EO �
4.1.6 �t CIO eazKI~WkpA
 CIO

2003 x Kaplan �:OF��TtL#k��xV�F��~t�*�"�sq CIO �
GCRS 1tV%PV� [34] �(G n(t) A$&P5ltl�:O� x(t) A$&EP5�~tl�:O�af ~t<�A ẋ(t) = −[x(t)ṅ(t)]n(t) �jb��sq MCIO .�t{[:�o�T= (49) �
4.2 ��iq{
4.2.1 �wiC_oBduQ(G>j s �� CIO �*#�xYFj5AL<�Æ*�[-?vX}C#�Msr
µas�(Gj`�~V%1> CIO��xYF −��j5ALo"�t<��[-?vX}C#�r mas �I(d IAU 2000�`' P03 j55�[-?vX s, s+XY/2P s+XY/2 +D�$=tr-$t#�d 0.1 µas /'r µas �Pht��$A −2.7 µas��^℄o$�*s
0.5 µas �� EO t/℄� 358 t− 591 3 t2 + 5 t3 + 125 t4 �
4.2.2 �wq{MLuQn 4.1�.4��tVt CIO �**Æ�[-?vX�� µasOq-!S�[b_z�%tV*Æ�>j7= (39) tL#k��_A>j7= (39) t!��1f=N�� 1800—2200x�~t�C� ± 4 µas _r�
5 ���K�{YFP���4An�KL1th)KL� 20 ?v_B IAU �X>jR|5n�KL�t� 1964n�KL�tP 1976n�KL�t� 1976n�KL�t^QjR 20 �x�"?n�Iy8
fX>j/tn�KL#�mA[-n�KL�tt�j�-,A�H�>CFTDVqt[t�t�4SO�K�h�
bn�KL�tf":s$U���[ V;j
10∼20 x�� 21 � IAU hd-?eRJRn�0D4SN (Working Group of Astronomical

Standard ��Q WGAS) ��1#?Rn�L#0DLN (on�KLN) ��R�2n�KL�t8%K&/��2�xn3/t>Csq/tn�KLC�# ~taÆ�db�b



� 172 �������o���J����������� 26 1�m57:n�KLtPx:t#�5� 1994x{ 22 �hd-7:R 1994 xn�KLtPx:t#�� IAU Colloquium 180 -r7:R IAU2000 xPx:t#�1 3UXR 1990x_B IAU℄>jYFP��j5mKL#�2000 x Capitainex#��F��~th℄-fXR��A6|�5� 2003 x>j��b�~_>j 1996 x Herringn VLBI >Csq%Rt��j5�\ 3 IAU ^1f�av5h�(z
�8\Im8 b&L\I / ��m8 ��MN /(′′)

(′′)· �z −1

1911−1964 z Newcomb 5 025.64 9.21

IAU 1964 MN�u Newcomb 5 025.64 Woolard 9.210

IAU 1976 MN�u L77 5 029.096 6 Woolard 9.210

L77 5 029.096 6 Wahr(IAU 1980) 9.202 5

2003−2009 z IAU 2000 5 028.796 928 8 MHB(IAU 2000A) 9.205 233 1

2009 zZ P03 5 028.796 195 MHB(IAU 2000A) 9.205 233 1>�33} 1 R 2 <NJ gG�� 1900.0 �
`NJ
gu 2000.0nsn�KL�tt6V=�d�Rn�Iyt<=�X$8q�Vm5/3t8�An�KLtL#�X�V/3N+n,n�KL℄>jtj5P7��,j5t*���^�oN!z4���gt4S� 1) _ Fukushima �Et IAU n�0D4SN� 2003 x^n_ Wallace �Et SOFA(Standards of Fundamental Astronomy)Nmj� 2) _ Groten �Et
IAG CzKL4SN�d 3 x7:/CzKL#� 3) _ McCathy �Et IERS B�N�aA� MERIT 0DthD-�Jt�^7:R IERS1989� 1992 0D� 1996 � 2000 x IERS B�P IERS2003 B��n�KLLIj5_ IERS B�P�g�� IAU SOFA *N&0X2/n�j5--tTE�( IAU1976YF� IAU1980���UTC−TAI t�`�TCB−TDB−TT �`�GMSTttVx [35] �ns VLBIP LLRt+#�>C�� IAU 1980��j5x>C8!��Ff ±10 mas�
1994 x IAU { 22 � IAU hdRJR_*H5
yn�b V. Dehant �Et��4SN�
2000x IAU hd-0XR/t��j5 IAU 2000AP IAU 2000B�5� 2003xfj� 2003x Capitaine rfX P03 YFj5�db 1976 xn�KL�t1YFP��KL^&/���^KLX8
o/tC�#��Xrx1:sdX�/tn�KL�t�PX�,A$X��>jt CIOS�V%�~_Ao�bt�CIO Ahs 1986x GuinotP Capitaine fXt
F��~ (Non Rotating Origin, NRO) D`�o$U NRO ��s℄�tl~A
F�t�m(G℄�l��=A6|1AoF�t�qb NRO ��=A6|1XfoF����T��� −4.15

′′

/a ��X>j6bS�V%t�~_ok�[;N+ [36] �_� #�
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New Progress of Reserch Work on Precession

Mode—P03 Precession Mode

JIN Wen-jing

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

Abstract: Based on the IAU 2000 resolution the MHB2000 and corrective value of the precession

rate of L77 have been adopted since January 1, 2003. The background of submitting precession

mode P03 is briefly described. The disadvantages of IAU 1976 precession mode are given such

as the precession rates in error by about −3 mas/a in longitude and −0.25 mas/a in obliquity

comparing with VLBI observations, the obliquity at J2000.0 in error by 0.04
′′

based on LLR and
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planetary observations, imperfection of the Newcomb’s solution and 1976 values for planetary

mass etc. Moreover the precession rate of the IAU 2000 precession-nutation is an experienced

value and is not consistent with dynamical theory.

The IAU 2006 precession mode i.e. P03 proposed by N. Capitation is introduced. The

improvements of ecliptic precession and equatorial precession were implemented. For example,

the analytical theory VSOP87 fitted to the JPL ephemerides DE406 for the motion of the ecliptic

is adopted in the P03 model. The model for the precession of the equator has been obtained

by solving the dynamical precession equations based on the most recent expressions for the

theoretical contributions to precession and on the MHB estimates of precession rates. All of the

perturbing effects on the observed quantities were estimated. Two equivalent bias-precession-

nutation transformation from GCRS to ITRS, namely the CIO-base transformation (new one)

and equinox-based transformation(classical one) are given. The method based on the“rotation

vector” concept for transformation from GCRS to ITRS is also mentioned. The relationship

between these methods is expressed. The comparisons for the precession of the ecliptic and the

equator between different methods such as Bretagnon et al.(2003), Fukushima (2003), Lieske

(1977),Capitaine(2003a) are shown in Fig. 1−4.

Four methods of generating the CIP coordinates are expressed. The accuracy related such

as dependence on the parameters of the precession model, dependence of the choice method are

given. The CIO position in GCRS derived from 6 methods are described. The accuracy related

to the precession mode and the choice method is also given.

Finally, the precession and nutation models as well as the constants of main term adopted by

IAU have been listed in table 3 since 1990.

Key words: astrometry; precession mode; moving reference frame; astronomical constants


