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1.1 GPS ��������	
�

�������� GPS 	
��
������� , ����� JPL(Jet Propulsion

Lab)1991� 1� 22�� 2001� 5� 20� 616� GPS�
��� !(http://sideshow.jpl.nasa.

gov/pub/mbh/series.htmp), JPL�� GIPSY"#$% GPS����, ������� 42� IGS

&'
() JPL *+,-, �*+./0(PPP)12�3456�
�78��9:;<; =

<>�
��?@/ JPL ()�*+,-, ABCDE� 15°, =FGHI�JK�
LMN

@OMPQMRS; ;<T�UV56�
WXYZ[\]^_DT�, `abcdefg

T�PHhDi��T�. ��$%��j6"#k�P$%1l.

mn4 616��
�?opq9:rs, �
�stuv�: 1) ��wx��; 2) �
y

z?o=7��{; 3) =���?o|D}~<�������� 60%; 4) ��st���

���N"#]�����
; 5) ?opq�����/��d.

��{��#��
�� 178�.

=?opq�, � 19��
����=������(�� 1). ����W����Y�

C� ¡N`ab"#k�¢£¤u¥¦§�. =��¨$%?4?opq9:�©$%, ª

«9:�¬. � 9��
=­yz?®¯°C, ���±². =¨$%?³�±°´�?o©

µ¶(�� 2).

� 1 �������	
������

���� ����	 ���� ����	

BLYT 1994.1628
1995.9808 PINY 2001.1636
2001.3224

BOR1 1999.2936
1999.4169 PVEP 1998.0397
2000.5968

CAS1 1997.1782
1997.8590 SIO3 2000.2902
2001.3224

CHAB 1995.6660
1996.2710 TRAK 1994.8611
1995.4387

COSO 1995.6660
1996.3340 UPAD 1995.0938
1997.9630

DUBO 1996.7968
1997.0131 VNDP 1994.3710
1995.8522

1999.7590
2001.3224 WINT 1995.6660
1996.2656

GOPE 1999.9398
2000.5613 WLSN 1994.5435
1997.4894

2000.7584
2001.3224 YELL 1991.0582
1996.6708

HOLP 1995.6660
1998.0068 ZIMM 1998.8884
2001.3224

MATE 1996.2985
1996.4764

� 2 
������	
�������

���� ��
��	 ���� ��
��	

BRAN 1994.9268
1995.6660 MONP 1994.5161
1995.6660

JOZE 1993.6509
1995.0938 PINY 1991.0582
1994.1628

JPLM 1991.0582
1995.6660 SIO3 1993.6509
1995.6715

LONG 1994.9241
1995.6660 VILL 1994.8939
1995.0582

VNDP 1992.3998
1995.8549

·��P?opq��¸¹ºuG���»w¼, ���½¾¿À. �Á, Â¹4?op

q9:�½Ã�:

dt
ˆˆ( )S S a bt= − + , (1)



472 � � � � (D �) � 33 �

Ä� S�uG?opq, Sdt�Å¶Æ�ÀP�½À«�?opq, âP b̂�?opq SÇÈÉ
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ALBH −0.26 ± 0.06 −0.10 ± 0.61 −0.34 ± 0.16 2.64 ± 0.12 9~11 0.25 ± 0.74 4~6, 10~12

ALGO 1.81 ± 0.06 1.30 ± 0.67 1.55 ± 0.29 1.71 ± 0.14 7~10 0.60 ± 0.26 —

ANKR 0.93 ± 0.16 −0.01 ± 2.34 −0.39 ± 1.47 1.30 ± 0.24 10~12 0.61 ± 0.39 4~6, 10~12

AOA1 −0.96 ± 0.13 −0.86 ± 1.27 −1.58 ± 0.61 2.36 ± 0.12 10~11 2.47 ± 0.21 4~6, 10~12

AOML −1.07 ± 0.33 0.17 ± 4.32 −0.70 ± 1.07 2.37 ± 0.34 5~6 1.51 ± 0.31 5, 11

AZU1 0.16 ± 0.22 −1.79 ± 16.57 −1.99 ± 2.77 3.64 ± 0.09 9~10 2.48 ± 0.32 4~6, 10~12

BAHR 0.24 ± 0.21 0.94 ± 45.81 −0.52 ± 1.43 4.95 ± 0.22 6 2.28 ± 0.29 2~4, 6~9

BILL 7.50 ± 0.36 6.99 ± 53.88 7.48 ± 0.65 6.05 ± 0.13 8~10 1.77 ± 0.28 4, 9~11

BKMS −1.94 ± 0.37 −1.40 ± 27.96 −3.86 ± 4.89 2.07 ± 0.28 4~5 3.42 ± 0.19 4~6, 10~12

BLYT 0.85 ± 0.15 0.46 ± 2.44 0.20 ± 0.46 2.09 ± 0.19 7~10 2.60 ± 0.19 4~6, 10~12

BOR1 0.30 ± 0.10 0.58 ± 1.61 0.66 ± 0.28 1.12 ± 0.23 8~11 1.11 ± 0.23 4~6, 10~12

BRAN −3.93 ± 0.17 −5.09 ± 18.64 −7.19 ± 2.15 1.93 ± 0.28 7~11 2.08 ± 0.29 4~7, 11~1

BRIB 2.23 ± 0.24 2.18 ± 5.39 1.00 ± 1.00 1.85 ± 0.34 4~8 2.56 ± 0.21 4~6, 11~12

BRMU −0.56 ± 0.08 −0.78 ± 0.62 −0.70 ± 0.29 1.78 ± 0.21 3~5 1.38 ± 0.20 3~5, 8~11

BRU1 −2.40 ± 0.29 −2.75 ± 5.90 −2.11 ± 0.97 2.92 ± 0.34 7~10 3.08 ± 0.27 4~6, 10~12

BRUS 1.95 ± 0.09 1.90 ± 0.96 2.08 ± 0.44 1.18 ± 0.20 10~12 0.67 ± 0.24 4~6, 10~12

CAGL −0.85 ± 0.18 −0.97 ± 2.22 −1.01 ± 0.38 0.44 ± 0.60 5~8 1.19 ± 0.28 1~3, 5~7

CASA 2.69 ± 0.19 1.37 ± 21.14 0.78 ± 1.35 1.28 ± 0.23 1.41 ± 0.28

CAT1 −0.76 ± 0.14 −0.56 ± 1.83 −1.39 ± 0.93 1.58 ± 0.19 9~11 2.31 ± 0.23 4~6, 11~12

CHAB −0.04 ± 0.19 1.00 ± 2.79 −0.07 ± 0.20 2.58 ± 0.11 7~9 2.76 ± 0.16 4~6, 11~12

CHIL −0.68 ± 0.15 −0.03 ± 2.27 −0.29 ± 0.29 1.52 ± 0.19 9~11 1.39 ± 0.22 4~6, 10~12

CHUR 9.82 ± 0.19 8.73 ± 3.14 9.43 ± 1.73 3.97 ± 0.30 7~9 0.97 ± 0.34 4~6, 10~12

CICE −3.98 ± 0.28 −2.81 ± 5.06 −3.52 ± 0.32 1.91 ± 0.34 — 3.00 ± 0.12 6, 12~2

CIT1 −0.62 ± 0.13 −0.41 ± 1.55 −1.35 ± 0.59 2.09 ± 0.14 9-10 1.98 ± 0.17 4~6, 10~12

CLAR 2.54 ± 0.16 2.75 ± 17.52 2.37 ± 0.93 2.83 ± 0.19 10~11 1.57 ± 0.25 4~6, 10~12

CME1 −3.77 ± 0.34 −3.76 ± 5.95 −5.86 ± 5.91 1.91 ± 0.36 8~9 2.31 ± 0.26 4~6, 10~12

CMP9 −0.44 ± 0.18 −0.55 ± 3.02 −1.05 ± 1.31 2.85 ± 0.25 10~12 2.01 ± 0.25 4~6, 11~12

COSO −2.96 ± 0.17 −1.79 ± 3.95 −1.76 ± 1.06 1.49 ± 0.21 10~11 2.69 ± 0.23 4~6, 11~12

CRO1 −0.42 ± 0.45 −1.41 ± 39.18 −0.26 ± 0.80 1.60 ± 0.34 4 1.38 ± 0.46 4, 9

CSDH 3.08 ± 0.32 2.57 ± 5.07 3.15 ± 1.10 2.52 ± 0.28 9~10 1.63 ± 0.26 4~6, 10~12

CSN1 0.67 ± 0.18 −0.51 ± 2.06 −0.57 ± 1.12 3.20 ± 0.13 9~11 1.85 ± 0.27 4~6, 10~12

CVHS −2.85 ± 0.35 −2.94 ± 7.11 −2.01 ± 0.89 2.80 ± 0.13 8~10 1.69 ± 0.26 4~6, 10~12

DAM1 −2.82 ± 0.26 −1.23 ± 32.28 −1.43 ± 3.32 3.20 ± 0.18 7~9 3.00 ± 0.14 1~2, 6~7

DAM2 −0.80 ± 0.23 −2.68 ± 66.62 −1.78 ± 0.59 6.29 ± 0.12 9 2.56 ± 0.17 4~5, 11~12

DHLG −0.09 ± 0.17 −0.58 ± 2.07 −1.07 ± 1.49 2.79 ± 0.10 8~9 1.37 ± 0.23 4~6, 11~12

DUBO −0.09 ± 0.17 −0.22 ± 3.04 0.08 ± 0.34 2.16 ± 0.14 9~10 2.13 ± 0.14 4~6, 10~12

DYHS −1.33 ± 0.35 −0.72 ± 5.73 −1.79 ± 0.97 2.00 ± 0.18 3~5 2.50 ± 0.18 4~6, 10~12

EBRE −1.79 ± 0.19 −2.06 ± 2.55 −3.50 ± 1.05 2.35 ± 0.16 2~3 0.42 ± 0.55 4~6, 10~12

ENG1 −1.90 ± 0.44 −4.33 ± 35.83 −5.02 ± 0.52 4.27 ± 0.31 — 3.95 ± 0.49 6, 12~1

FAIR −4.59 ± 0.10 −3.04 ± 2.18 −3.25 ± 0.42 5.01 ± 0.22 1~3 0.35 ± 0.31 2~4, 7~9

FLIN 1.30 ± 0.19 1.50 ± 4.62 1.50 ± 0.45 2.07 ± 0.16 — 0.33 ± 1.02 4~6, 10~12
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FZHS 3.34 ± 0.44 2.50 ± 7.63 3.17 ± 1.89 4.43 ± 0.11 9 2.59 ± 0.23 4~6, 10~12

GGAO −1.31 ± 0.09 −1.56 ± 0.68 −1.89 ± 0.36 1.85 ± 0.16 8~10 0.85 ± 0.26 4~6, 10~12

GLSV 2.02 ± 0.36 1.77 ± 1.08 1.67 ± 1.46 4.70 ± 0.35 8~9 1.37 ± 0.34 4~5, 9~11

GOL2 −0.87 ± 0.12 −1.12 ± 1.21 −0.91 ± 0.67 2.87 ± 0.19 6~8 1.83 ± 0.24 5~6, 12~1

GOLD −1.42 ± 0.09 −1.34 ± 1.18 −2.96 ± 0.46 3.22 ± 0.20 7~9 1.82 ± 0.25 5~6, 1~2

GRAS −0.01 ± 0.13 0.14 ± 1.51 0.12 ± 0.40 0.57 ± 0.46 — 1.39 ± 0.26 —

GRAZ −0.36 ± 0.08 −0.77 ± 0.75 −1.80 ± 0.33 1.24 ± 0.20 7~9 0.39 ± 0.27 4~6, 11~1

GUAM 4.90 ± 0.19 4.86 ± 2.99 5.39 ± 0.82 2.29 ± 0.23 9~11 1.77 ± 0.38 6, 12~1

HARV −11.00 ± 0.11 −10.64 ± 1.47 −10.78 ± 1.02 2.80 ± 0.10 9~11 2.62 ± 0.27 5~6, 11~12

HERS 2.15 ± 0.09 1.75 ± 0.88 1.28 ± 0.35 1.16 ± 0.23 4~6 0.71 ± 0.33 4~6, 10~12

HFLK 1.48 ± 0.22 1.50 ± 0.43 1.51 ± 0.29 3.83 ± 0.29 9~10 0.32 ± 0.33 4~6, 11~1

HNPT −5.34 ± 0.23 −6.39 ± 11.64 −4.45 ± 2.89 1.24 ± 0.34 — 1.03 ± 0.35 3~7, 11~1

HOFN 3.12 ± 0.32 2.59 ± 36.71 3.10 ± 0.73 3.82 ± 0.28 11~12 0.86 ± 0.36 2~4, 6~8

HOLB 3.70 ± 0.23 3.91 ± 2.72 3.56 ± 1.04 2.74 ± 0.16 7~11 1.08 ± 0.27 4~6, 10~12

HOLC −0.18 ± 0.17 0.59 ± 2.51 −0.57 ± 1.10 1.52 ± 0.22 9~12 1.77 ± 0.25 5~6, 10~12

HOLP 14.00 ± 0.20 14.78 ± 3.68 15.21 ± 1.43 0.74 ± 0.46 7~11 3.09 ± 0.24 4~6, 10~12

HOPB 3.66 ± 0.20 3.33 ± 40.77 3.03 ± 0.91 3.38 ± 0.25 — 1.82 ± 0.21 4~6, 10~12

IRKT 0.29 ± 0.19 0.70 ± 4.21 0.52 ± 0.92 5.16 ± 0.27 7~9 1.46 ± 0.31 4~6, 10~12

JOZE −0.39 ± 0.14 0.07 ± 0.98 0.24 ± 0.58 2.92 ± 0.26 9~10 1.98 ± 0.22 4~6, 10~12

JPLM −0.84 ± 0.15 −0.61 ± 1.93 −1.90 ± 0.91 2.19 ± 0.15 9~12 2.26 ± 0.19 4~6, 10~12

KELY −2.37 ± 0.20 −3.45 ± 2.59 −2.67 ± 0.41 1.71 ± 0.26 9~12 2.14 ± 0.28 2~4, 7~8

KIRU 6.97 ± 0.13 6.42 ± 3.15 6.43 ± 0.35 4.45 ± 0.18 11~1 2.49 ± 0.18 2~4, 7~8

KIT3 −1.82 ± 0.15 −1.58 ± 2.21 −3.75 ± 1.10 0.35 ± 0.33 — 1.79 ± 0.27 4~6, 10~12

KOKB −2.10 ± 0.11 −2.02 ± 5.29 −3.85 ± 1.31 1.80 ± 0.21 2~5 1.81 ± 0.19 —

KOSG 0.31 ± 0.05 −0.29 ± 0.44 −0.92 ± 0.18 0.88 ± 0.20 — 0.61 ± 0.19 —

KOUR 3.07 ± 0.14 3.23 ± 1.92 4.56 ± 2.63 2.18 ± 0.15 11~12 1.71 ± 0.31 2~3, 8~10

KWJ1 −2.99 ± 0.37 −2.70 ± 2.98 −3.13 ± 1.00 1.22 ± 0.35 1~3 1.38 ± 0.39 3, 8~9

LAMA −2.23 ± 0.16 −1.88 ± 2.44 −1.38 ± 0.25 1.74 ± 0.19 8~11 0.29 ± 0.92 4~6, 10~12

LBCH −6.37 ± 0.29 −7.55 ± 5.20 −9.48 ± 1.92 0.86 ± 0.42 — 3.35 ± 0.37 4~6, 11~12

LEEP −2.03 ± 0.15 −2.00 ± 1.99 −2.46 ± 0.54 1.26 ± 0.21 9~12 2.64 ± 0.18 4~6, 10~12

LHAS 0.61 ± 0.19 1.86 ± 9.87 2.28 ± 2.27 3.15 ± 0.12 2~4 1.56 ± 0.20 3~5, 9~11

MAD2 −8.37 ± 0.41 −6.93 ± 123.25 −9.12 ± 2.58 1.77 ± 0.34 — 2.03 ± 0.50 4~6, 10~12

MADR 1.92 ± 0.12 0.62 ± 17.71 2.41 ± 0.37 2.48 ± 0.23 10~12 1.15 ± 0.30 4~6, 10~12

MAG0 0.70 ± 0.27 0.80 ± 5.11 1.10 ± 3.14 0.29 ± 0.67 — 1.48 ± 0.29 4~6, 10~12

MAS1 1.57 ± 0.10 1.94 ± 1.45 2.05 ± 0.61 2.49 ± 0.11 1~3 0.46 ± 0.56 —

MATE −0.04 ± 0.07 −0.02 ± 0.71 −0.34 ± 0.36 1.10 ± 0.21 6~7 1.44 ± 0.17 4~6, 10~12

MDO1 0.65 ± 0.08 0.77 ± 0.83 1.09 ± 0.38 2.04 ± 0.24 10~11 0.87 ± 0.27 —

MDVO −0.54 ± 0.20 −1.61 ± 5.71 −1.58 ± 0.40 3.65 ± 0.21 7~10 2.70 ± 0.35 4~6, 10~12

MEDI −2.30 ± 0.18 −2.85 ± 2.47 −2.64 ± 0.32 1.87 ± 0.16 8~9 0.75 ± 0.40 4~6, 10~12

MKEA 0.95 ± 0.21 1.64 ± 3.42 0.89 ± 3.15 2.44 ± 0.24 1~3 3.11 ± 0.31 4, 10~12

MONP 1.03 ± 0.15 1.02 ± 1.93 −0.44 ± 0.71 2.28 ± 0.12 9~10 2.00 ± 0.21 4~6, 11~12

NALL 6.40 ± 0.09 7.17 ± 1.01 7.26 ± 0.26 1.85 ± 0.23 10~12 1.80 ± 0.14 2~3, 7~8

NANO 2.11 ± 0.34 1.59 ± 9.01 −0.13 ± 3.72 6.55 ± 0.06 10~11 1.90 ± 0.23 1~5, 10~11

NICO 4.10 ± 0.23 4.24 ± 2.00 3.63 ± 1.11 1.70 ± 0.32 7~9 0.91 ± 0.34 2~4, 7~9

NLIB −2.61 ± 0.08 −2.96 ± 1.01 −2.80 ± 0.70 2.12 ± 0.14 8~12 2.44 ± 0.23 4~6, 10~12

NOTO −2.14 ± 0.18 −1.59 ± 2.94 −2.30 ± 0.28 1.20 ± 0.30 — 0.60 ± 0.49 —

NRC1 2.38 ± 0.22 1.66 ± 4.27 2.59 ± 0.94 3.87 ± 0.27 7~9 2.32 ± 0.23 4~6, 10~12

NYA1 4.93 ± 0.41 7.36 ± 83.17 8.39 ± 3.74 2.29 ± 0.31 11 3.51 ± 0.33 2~3, 7~8
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OAT2 4.09 ± 0.15 5.14 ± 1.98 3.75 ± 0.70 2.61 ± 0.21 9~10 2.50 ± 0.25 4~6, 10~12

OBER −0.09 ± 0.17 −0.10 ± 3.27 −0.33 ± 0.67 2.38 ± 0.16 8~10 1.04 ± 0.29 4~6, 10~12

ONSA 1.37 ± 0.07 2.37 ± 0.78 2.33 ± 0.22 1.15 ± 0.21 9~1 0.26 ± 0.75 4~6, 10~12

PENC −2.51 ± 0.19 −3.04 ± 3.94 −3.14 ± 0.50 3.21 ± 0.27 8~9 0.46 ± 0.62 1~3, 7~10

PENT −1.79 ± 0.07 −1.90 ± 2.58 −2.01 ± 0.22 3.38 ± 0.09 10~11 0.70 ± 0.30 4~6, 10~12

PIE1 2.68 ± 0.07 2.53 ± 0.67 2.30 ± 0.22 2.50 ± 0.21 9~10 0.69 ± 0.29 4~6, 10~12

PIN2 −7.45 ± 0.29 −2.13 ± 41.60 −4.18 ± 2.57 1.61 ± 0.27 6~8 0.78 ± 0.53 4~6, 10~12

PINY 1.03 ± 0.12 0.84 ± 1.07 0.69 ± 0.56 1.35 ± 0.21 9~11 1.84 ± 0.23 4~6, 10~12

PMHS −3.88 ± 0.40 −0.16 ± 66.96 −3.38 ± 4.29 5.13 ± 0.12 2~3 3.20 ± 0.18 4~6, 10~12

POL2 1.04 ± 0.15 1.09 ± 1.76 0.95 ± 0.32 2.27 ± 0.14 7~9 0.68 ± 0.38 3~6, 10~12

POTS 0.87 ± 0.11 1.55 ± 1.67 1.37 ± 0.40 1.05 ± 0.24 10~11 0.80 ± 0.28 4~6, 10~12

PRDS −1.32 ± 0.23 −1.76 ± 5.78 −1.66 ± 0.48 2.44 ± 0.16 9~11 1.19 ± 0.28 6~7, 11~1

PVEP 0.45 ± 0.19 1.07 ± 3.53 0.37 ± 0.40 2.80 ± 0.15 7~10 2.18 ± 0.19 4~6, 10~12

QUIN −3.72 ± 0.12 −3.51 ± 18.55 −3.61 ± 0.24 3.24 ± 0.25 8~10 1.03 ± 0.26 4~6, 10~12

RAMO 4.99 ± 0.40 5.71 ± 56.22 5.19 ± 0.35 4.75 ± 0.12 6~7 0.58 ± 0.60 3, 10~11

REYK −2.72 ± 0.15 −1.96 ± 15.43 −3.36 ± 1.30 4.08 ± 0.20 12~1 1.08 ± 0.29 5~7, 10~12

ROCH 6.67 ± 0.24 6.80 ± 26.52 7.22 ± 2.98 4.52 ± 0.13 9 1.81 ± 0.24 4~6, 10~12

ROCK 2.20 ± 0.16 2.10 ± 2.33 2.32 ± 0.79 3.03 ± 0.16 9~11 2.71 ± 0.28 4~6, 10~12

SCH2 12.28 ± 0.25 11.56 ± 4.76 11.62 ± 0.71 1.88 ± 0.20 — 3.71 ± 0.24 12~1, 6~7

SELE −0.26 ± 0.24 −0.93 ± 3.79 −0.20 ± 0.54 3.43 ± 0.19 8 0.96 ± 0.33 3~6, 10~12

SHAO 0.88 ± 0.15 1.37 ± 2.18 1.50 ± 0.28 3.79 ± 0.15 6~7 2.34 ± 0.20 1~3, 8~11

SHK1 −4.83 ± 0.27 −4.32 ± 5.90 −2.43 ± 3.61 3.24 ± 0.35 5-6 1.91 ± 0.22 4~6, 10~12

SIO3 1.92 ± 0.17 1.65 ± 3.56 1.71 ± 0.16 0.65 ± 0.46 — 1.29 ± 0.30 5~7, 12~1

SNI1 −1.98 ± 0.26 −2.98 ± 7.92 −0.61 ± 1.62 2.47 ± 0.18 6~9 3.15 ± 0.11 4~6, 11~12

SOL1 −3.19 ± 0.17 −2.46 ± 2.19 −2.13 ± 0.98 1.30 ± 0.29 7~8 1.02 ± 0.31 —

SPK1 0.30 ± 0.16 0.20 ± 1.94 −0.50 ± 1.17 1.99 ± 0.16 9~12 2.30 ± 0.24 4~6, 10~1

STJO −0.44 ± 0.06 −0.25 ± 0.64 −1.82 ± 0.28 2.17 ± 0.20 6~7 2.19 ± 0.10 4~6, 10~12

SUWN 3.40 ± 0.33 3.25 ± 6.43 2.76 ± 2.12 3.30 ± 0.31 6~7 0.93 ± 0.37 4~6, 11~12

TABL 0.23 ± 0.17 −0.96 ± 22.94 −0.02 ± 2.08 2.52 ± 0.12 9~10 2.52 ± 0.24 5~6, 11~12

TAEJ 2.94 ± 0.35 4.30 ± 5.84 3.21 ± 0.83 2.42 ± 0.21 4~6 0.26 ± 0.43 —

TAIS −5.44 ± 0.34 −3.55 ± 9.67 −4.03 ± 0.59 2.84 ± 0.37 — 1.69 ± 0.43 3, 7~9

THU1 2.86 ± 0.14 3.16 ± 2.28 2.32 ± 0.48 1.77 ± 0.23 12~2 0.47 ± 0.35 3~4, 8~10

TIBB 10.64 ± 0.49 0.33 ± 177.79 5.30 ± 2.49 5.17 ± 0.47 7~8 2.93 ± 0.50 —

TORP 0.72 ± 0.21 −0.19 ± 18.72 0.45 ± 2.81 2.97 ± 0.30 7~9 2.09 ± 0.26 4~6, 10~12

TRAK −0.79 ± 0.13 −0.45 ± 1.78 −1.09 ± 0.36 2.40 ± 0.14 9~10 2.19 ± 0.24 4~6, 10~12

TRO1 2.75 ± 0.41 0.31 ± 10.72 2.31 ± 2.97 4.53 ± 0.41 10~11 3.04 ± 0.23 1~3, 7~8

TSKB −0.87 ± 0.15 −6.47 ± 8.73 −0.028 ± 0.74 3.06 ± 0.21 2~3 0.87 ± 0.29 4~6, 12~1

UCLP −0.14 ± 0.14 0.45 ± 1.56 0.73 ± 0.79 1.86 ± 0.15 8~11 2.65 ± 0.20 4~6, 10~12

UPAD −0.57 ± 0.16 −1.66 ± 1.92 −0.77 ± 0.35 0.78 ± 0.28 10~12 0.80 ± 0.33 4~6, 10~12

USC1 −4.90 ± 0.15 −3.86 ± 6.42 −4.79 ± 1.28 1.50 ± 0.20 8~11 1.76 ± 0.22 4~6, 10~12

USNA 1.22 ± 0.15 0.80 ± 1.38 1.25 ± 0.59 1.74 ± 0.27 — 0.54 ± 0.48 —

USNO −3.56 ± 0.20 −3.28 ± 2.00 −3.26 ± 1.80 2.77 ± 0.12 7~9 1.38 ± 0.30 4~7, 12~1

USUD 0.96 ± 0.12 −0.05 ± 2.47 −0.49 ± 0.34 2.66 ± 0.26 6~7 0.59 ± 0.49 4~6, 11~1

VILL −1.42 ± 0.11 −1.49 ± 0.77 0.39 ± 0.67 1.55 ± 0.19 3~4 0.34 ± 0.51 —

VNDP −0.65 ± 0.17 −0.64 ± 2.73 0.56 ± 0.24 2.20 ± 0.16 9~11 2.03 ± 0.29 5~6, 12~1

VYAS −1.80 ± 0.34 −1.91 ± 5.68 −0.13 ± 0.55 2.36 ± 0.19 8~9 2.66 ± 0.30 5~6, 12~1

WEST −0.92 ± 0.09 −1.14 ± 0.91 −1.10 ± 1.10 2.46 ± 0.22 9~10 0.98 ± 0.24 3~6, 10~12

WETB −2.59 ± 0.21 −1.41 ± 2.53 −1.26 ± 0.36 1.01 ± 0.28 — 0.49 ± 0.57 —
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(�� 3)

��

�����

�	
��


/mm�a−1

����

�	
��


/mm�a−1

ARMA�	
�

�
/mm�a−1
�����

/mm

���

�����

����

��/mm

����

�����

WHC1 −4.58 ± 0.14 −4.49 ± 1.71 −2.53 ± 1.48 1.71 ± 0.16 9~10 1.80 ± 0.21 4~6, 10~12

WHIT −0.86 ± 0.18 −1.79 ± 3.78 −1.62 ± 2.18 3.66 ± 0.29 8~10 0.50 ± 0.32 3~5, 7~10

WIDC 14.02 ± 0.36 12.65 ± 4.98 11.10 ± 0.59 1.92 ± 0.21 9~11 3.08 ± 0.20 4~6, 10~12

WILL 1.00 ± 0.29 0.31 ± 5.80 −2.48 ± 0.96 4.93 ± 0.08 10~11 0.85 ± 0.35 4~6, 10~12

WLSN 0.35 ± 0.16 1.13 ± 2.53 −1.73 ± 1.54 2.11 ± 0.14 3~4 3.74 ± 0.30 4~6, 10~12

WSLR −7.79 ± 0.54 1.95 ± 292.09 5.53 ± 3.96 13.64 ± 0.09 5~6 0.24 ± 0.47 2~4, 7~9

WSRT 1.53 ± 0.21 1.83 ± 3.78 2.53 ± 0.70 0.69 ± 0.35 — 1.88 ± 0.19 4~6, 10~12

WTZR 0.60 ± 0.14 0.40 ± 1.23 0.69 ± 0.32 1.86 ± 0.17 10~12 0.99 ± 0.27 4~6, 10~12

WUHN −2.20 ± 0.21 −1.01 ± 2.41 −1.35 ± 1.42 3.85 ± 0.22 4~5 0.47 ± 0.46 1~4, 8~10

YAKZ 1.47 ± 0.35 0.91 ± 8.94 0.77 ± 0.19 3.46 ± 0.26 6~7 3.11 ± 0.29 2~4, 7~9

YELL 8.28 ± 0.06 7.44 ± 0.98 8.05 ± 3.16 0.67 ± 0.31 9~11 0.37 ± 0.58 1~4, 6~8

ZECK 4.31 ± 0.31 4.98 ± 5.26 4.49 ± 0.35 4.80 ± 0.15 8~10 1.55 ± 0.30 4~6, 10~12

ZIMM 0.14 ± 0.13 −0.06 ± 1.54 0.43 ± 1.54 1.65 ± 0.25 11~2 0.65 ± 0.29 4~6, 10~12

ZWEN −1.64 ± 0.18 −2.30 ± 4.83 −1.91 ± 0.24 2.62 ± 0.15 7~11 0.70 ± 0.37 4~6, 10~12

���

AREQ 0.48 ± 0.13 0.24 ± 1.95 0.50 ± 0.37 3.36 ± 0.11 10~12 0.43 ± 0.69 4, 11

ASC1 −1.05 ± 0.30 −0.82 ± 6.55 −0.88 ± 0.84 2.71 ± 0.16 12~2 2.37 ± 0.37 3, 9

AUCK 3.16 ± 0.15 3.38 ± 2.28 4.64 ± 1.42 2.64 ± 0.24 12~1 0.35 ± 0.78 3, 9

CANB 0.29 ± 0.12 1.12 ± 16.80 2.77 ± 2.44 4.20 ± 0.29 12~1 1.15 ± 0.29 2~3, 9~11

CAS1 3.77 ± 0.15 4.24 ± 3.20 3.99 ± 1.29 2.32 ± 0.28 3~5 1.44 ± 0.26 3, 9

CHAT 2.57 ± 0.16 2.24 ± 3.14 0.29 ± 3.29 3.51 ± 0.27 11~12 1.33 ± 0.31 6, 11~2

COCO −0.52 ± 0.27 −0.14 ± 4.47 −1.66 ± 3.81 0.91 ± 0.37 — 2.22 ± 0.23 4, 11

DAV1 2.13 ± 0.16 2.58 ± 1.88 2.21 ± 0.20 0.66 ± 0.43 — 1.27 ± 0.29 3, 9

DGAR 3.30 ± 0.30 2.75 ± 3.14 2.38 ± 1.46 2.96 ± 0.40 1~2 2.42 ± 0.18 3, 9

EISL 0.98 ± 0.19 −0.05 ± 2.92 0.75 ± 2.16 3.24 ± 0.25 11~2 1.31 ± 0.37 5~7, 12~1

FORT −1.10 ± 0.17 0.85 ± 17.57 0.85 ± 2.58 2.30 ± 0.34 12~2 0.62 ± 0.38 3, 9

GALA −0.54 ± 0.25 0.20 ± 2.87 −0.49 ± 0.25 0.75 ± 0.49 12~1 1.01 ± 0.37 3, 9

HART 1.16 ± 0.42 2.24 ± 16.64 2.27 ± 2.17 1.65 ± 0.42 — 1.34 ± 0.35 4, 10

HOB2 1.59 ± 0.14 3.20 ± 12.46 2.80 ± 0.95 3.61 ± 0.24 1~2 0.51 ± 0.49 5, 11

HRAO 1.96 ± 0.31 2.35 ± 4.08 4.22 ± 2.46 3.35 ± 0.13 12~2 2.40 ± 0.32 3, 9

KERG 2.40 ± 0.15 2.19 ± 2.26 2.29 ± 0.19 1.31 ± 0.28 9~12 2.06 ± 0.27 3, 9

LPGS 4.72 ± 0.27 4.72 ± 4.99 2.85 ± 2.63 2.92 ± 0.14 12 0.19 ± 1.08 1~3, 8~9

MAC1 0.95 ± 0.12 1.08 ± 1.18 0.89 ± 0.87 1.92 ± 0.25 11~2 0.67 ± 0.28 —

MALI −0.26 ± 0.36 0.15 ± 9.73 2.08 ± 6.32 1.52 ± 0.31 — 2.30 ± 0.44 6, 12

MCM4 1.87 ± 0.22 3.59 ± 10.91 2.63 ± 1.36 2.28 ± 0.19 3 1.85 ± 0.31 4, 7~9

NOUM 0.64 ± 0.46 2.06 ± 23.16 5.58 ± 8.33 2.78 ± 0.41 12~3 1.30 ± 0.45 3, 9

PAMA 2.59 ± 0.51 2.67 ± 12.28 1.10 ± 2.17 1.00 ± 0.44 — 1.02 ± 0.43 4, 11

PERT −2.20 ± 0.14 −2.43 ± 1.78 -4.30 ± 1.38 3.81 ± 0.30 11~1 0.11 ± 0.36 3, 9~10

SANT 4.31 ± 0.12 4.24 ± 2.31 3.92 ± 0.98 1.83 ± 0.18 12~1 1.69 ± 0.29 3, 9

SUTH −0.10 ± 0.46 −0.71 ± 114.22 −0.08 ± 3.90 3.81 ± 0.20 2 3.60 ± 0.13 3, 9

TID2 −0.34 ± 0.19 0.70 ± 36.40 −1.10 ± 2.79 5.41 ± 0.26 12~2 0.25 ± 0.85 2~3, 10~11

YAR1 0.79 ± 0.11 0.21 ± 1.36 −0.53 ± 1.72 4.07 ± 0.07 12~2 0.83 ± 0.32 3, 9

a) — !"�#$%
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4 GPS 	
��
¹º=��?oÐwx�±���i�. Ñ�ÒÓÔ9:·��?�

��±Õ�Öwx, ×<>?oØÙ. Ñ� FFT 9:·��?¹ºwx�±, = GPS CÍ?

opq��=�wx�±, Ú� FFT ·��PÊÛ��?ÜÂ¹9:Ý¼, �Þßwx�±

�?opq. Ý¼�uv�: (1) à?opqoá?oÊ� 15Y, v�oáâ«� 5Y��9

:�½}Ý, ¬Ç GAUSS��� N(0, 10 mm)�ãbfg; (2) à?opqoáÙ� 15Y, v

=á.$ä`Ç GAUSS��� N(0, 10 mm)�ãbfg.

�ÁmnÞßåæ{�¨$%�?opq.

1.2 ���

ç�è%��é°·ê�� 1/f α
 ëÄ

[5], GPSCÍ?opqì�íî. GPSCÍ?opq

fgï�CðefgP�ñfg, ^é°·�òó�ôP:

0 0( ) ( )P f P f fα α− −= + , (2)

Ä� f0��ñfg�õPCðefg�õ�ö÷�°; P0, f0Pα�øºT�.

ùúûØ, =mn�?opq�, ÒÓÔü FFTé°·��ýþd�, ��mn�� FFT

12Þß?opq�é°·. �
?opq·�� !�� 3.

à!?opq�fg��ñfg��, v(2)ÄÕ�¡�

0( )P f P f α−= . (3)

Ñ�(3)Ä�·�� !�?q�� 3.

�� 3��, (2)Ä;<¼� 57�?opq�a	, 
(3)Ä;<¼�óa	. Õ�, ���

�?opq��ñfg��, 178��
�α ¼= 1.49~2.49ôo. ¥Á, GPSCÍ�õ�?o

pq�=“�ë�
��”[6]. Ô 1�{Q
�é°·Ô.

� 1 �������

ùú FFT��Õ�, GPSCÍ�õ�?opq�=Ò�P�Ò��ÒÓ��À. ×ÒÓÔ

é°·� FFT ����=������, ò�12���?=?������, ��ùúÊ

Û�����?Þß?���.
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1.3 ��������	
�

�·��� !Õ�, GPSCÍ?opq�=�ñfg. mn����HI;<�ñfg

�õ[5]:
2 2 2
w f f rw rwQ I R Rσ σ σ= + + , (4)

Ä� Q�?opq S��1d !; 2
wσ , 2

fσ P 2
rwσ �3�?opq�efg�õNα = −1�

Flickfg�õPα = −2�ãb"#fg�õ; I�$0 !; RfP Rrw�3�$0 FlickfgP

ãb"#fg�1d !:

�

1 1 1

1 2 2

1 2

rw

n

t t t

t t t
R

t t t

∆ ∆ ∆ 
 ∆ ∆ ∆ =
 
 ∆ ∆ ∆  

�

�

� � � �

�

,

2

2

3
2 ,

4

log / log 2 23
2 ,

4 12

i j

f ij
i j

i j

t t

R
t t

t t
⋅

   × =  
 =   − +   × − ≠      

(5)

Ä�∆ti = ti − t0, t0�ãb"#FG?o, 6%&��».

� Q�1d !, mn'(��ÉW)ªê�:

T 11 1
ln ( , , , ) ln(2π) ln

2 2 2w rw f
N

L X Q S Q Sσ σ σ −= − − − . (6)

= ln(L)*ÉW¼��#�, 456�
�?opqº�σw, σfPσrw. Ñ�(6)Äº�?, �

46 ��
Õ�?ß�σw, σf Pσrw, ^+�
º��σrw �». ����,-��¥���σrw,


�σf.�¹ç0, /0åσrw. �?mnÕ�9:1�º�, �3&�?opq�ïσw +σfP

σw +σrw, º�σw, σfPσrw, *ÉW)ªê�ØÊ��2��
��ñfg. <>�ý, σw +σf1

��ÉW)ª¼ûσw + σrw1��ÉW)ª¼¹Ê, 34å7��õ�?º��S�½.

ùú4?opqfg��Õ���, GPS�
��5�ñfg�67, �ñfg�õûe

fg�õ¹W.

1.4 ��������	
 AR ��
�

·��12Õ����ñfg�8½, 9�?opq�ÒÓ½¾¿À. ×�, �
���

?opq5��ç�è%�����:;, �ãb ¡�¥�, ó�?o©ÐÕ��<� 

¡, ·��12��=3�©<�>o, ÊÛ��Õ�?@·����A.

4 L2(R)Bo�CDSö�{ϕk, n}, �E SÕ���ÊÛ£�:

� , ,
,

( ) ( )k l k l
k l

S t c tϕ
+∞

=−∞
= ∑ , (7)

/ 2
, 2 (2 )k k

k l t lϕ ϕ− −= − , k, l�Z. (8)

��ϕk, l�����, ����	
��
�����������.

�� Mallat���, ��
�
�� !�, 
� S"
��

1

N

N k
k

S S D
=

= +∑ , (9)

#$ SN%
�&� 2−N� S'()
, Dk%
�&� 2−k (1*k*N)� S+()
. ���
�


�"	,-./�01234012
�, 56789:01��;�<3401��;

�<. =>?� Coiflets ��;�<	 178:@A�,-./�B
�. C 2%D$��EA
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�
�FG.

� 2 ���������

C 2$H9B%IJ
�, H�B%401
�, HKB%01
�, HLB%M01


�, NO9B%PQ2
�.

RC 1ST, �EA,-./�U��01VW3401VW. C 2���
�FGX=

>�9Y�
Z. ��
�[\]^_4013012�
Z, X`� 19961$Qa 19971

$Qb19991O414012�cd, �e012� 19981$Qa 20001f01ghi�,

]ej�gh� 2~3 mm�kM01VWlm 19981f�EAna+oN'p.

��
�FGqU, @A+o�rsituv0Qw, xy)
@Aj�401b013

M01�it. l�
�
�
z�01234012
��{|, }�K~���B��,


�����?� AR���`�. ��FG/8q 3.

� AR�����o$, ��,-./%9:��
�. ��}�K~����0Qw�

�2��0Qw���w, ����o$?��Y����. ��FG�q 3.

ARMA �/��%��,-./���� , ARMA ��R�¡¢£�~¤��¥S�

¡¦`,��¡§w. ARMA�/� AR, MA3 ARMA��¨
. �+o,-./$©�?

� AR��3 ARMA����. ARMA���

( ) ( ) ( ) ( )A q S t C q e t= ⋅ , (10)

#$ A3 C%��ª«, S%,-./, e%¬­®. ¯G C�°±«, ²�� ARMA��³

i� AR��:

1 2( ) ( 1) ( 2) ( ) ( )t t t nS t a S t a S t a S t n e t− − −= − + − + + − +� . (11)

��?� FPE N��´k	µ¶ 178 : GPS A��, ��·��q 3. C 3 3 4 X`�

EA ARMA�����¸&¹3 ARMA���º»pC.
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RC 33 4"l¼`, ARMA3 AR��	 GPS+o,-./�½¾�¿À. ARMA��

%�Áw��, AR��%Áw��, AR��6	8ARMA��½�Â°. ÃÄ, =>?�AR

��.

1.5 ��

1.5.1 �������� Å�¹
�3NyÆÇÈÉÊ`, GPS +o,-./­®l�

Ë­®�©. � 178:@A$, ¬­®
Ì�Í� 7.57 mm, σw + σfÎ��NyÆÇ�Ïσw +

σrwÎ��NyÆÇ�Ð�, �Í� 21.90. ��Ë­®Ñ
$, y)
@Al FLICK­®�©,

FLICK­®�Í� 11.40 mm. ÃÄ, �Ò�ÈÉ,ÓÔÕm�Ë­®�Ö×(¯,-./�Á

wØ¤Ù), Õm�Ë­®Ö×�Ø¤ÈÉ/8q 3.

Å� ARMA����
�, �Ë­®�6ÚP¤� 2~31Û¨-(	Ü8 AR���·�).

AR ��·�ÝP, qUÞ@Aßp±�Ú�VW(¯@Aàáâã�äåVW3æçèéV

W)ÝU�. AR����ê�
zæ¶ëìÃ�3p±Ã��Ö×]^��í�, AR���î

9·�	Ü8,-./ïð���92VWÃ�. AR ·�Ý�, qUÖ×Þ,-./�Ã�

Ýñò. ¯óR,-./ AR���ê,-./ôq�VW�#õö��9Y��.

1.5.2 	
��
����� 9÷øùú, û>üýþ,-./�:?\¥�¬­®j

�, î9?\p�R��
ä. ���æ¶ëìÌ,, Åd�9�]��	¾æÊa
�. �

��,-./ÁwØ¤,, =>/`K
øù: ¥�¬­®b�Ë­®3 AR ��­®. =>

��æ¼a, ýþ¥�¬­®,, Ø¤ÈÉÌ���(�Í� 0.21 mm)U��8j��Ë­®

ÈÉØ¤���(�Í� 12.01 mm). �qU, �����Ë­®,, ��ÊÈÉÌ�����

¿À���¤.

�9��, ����Ë­®�Ö×,, �8����Ë­®�6ÚP¤, ����¯äå

VW,üýþ¬­®��
Rº,��J. Å� AR����qU, �9ýþ�y_�Ë­®

�Ö×, �ÈÉÌ��� y. �=>���
�$, � 4:@A�ÁwØ¤��y8 100 mm,

� 3 ��� ARMA ����	 � 4 ��� ARMA ��
��
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� 13:@A�ÁwØ¤��� 20~90 mm¨-. ,-./� AR���X`�¡§w�[,,

!X`_,-./�6ÚP¤, !"%�Ë­®�Ö×#-, �=>"l�ÊÈÉÌ�$�

��(Ny�� 8.33 mm, y8 3 mm�@A� 16:, �Í� 1.23 mm). ÃÄ, �	 GPS,-

./�BÒ�ÈÉ,, Ü���Ë­®
Ì; �Ë­®�6ÚP¤Ül¡É
��%�, ,-

./� AR��%�Ë­®ÈÉ6ÚP¤�����.

2 �� GPS ������	
�����
������

����, =>}��[�����	&'� 178: IGS{kA+o,-./��. q 3

/`_�(@A+oÁwit30Qwit�)áFG. ¯���, K:+oÁwØ¤ÈÉ

$, ARÈÉ�FGÜ%N*�. Rq 3/`�FG$, =>�+,vµ¶+oit�9(-§

..

2.1 ��������	
��
��

+o�/�it§w�[80��/, 0��/VW©��12VW34, DÁwØ¤

1i&5y8D6Ã�3401VW�gh. ÃÄ, ÁwØ¤VW%0�VW�©�§., �


1i&n789/1�ÁwØ¤½:� GPS ��Qñá�Ê[6,7], ;+o�/ÁwØ¤�)

á�<+Ê�. DIÃ9% GPS Ù=->?+o�/áÌ�¤�Ï0��/' 2~3 @; �%

@A+o�/�VW���æ¶ëìÃ�34, lrswit�©. 1i&½�(mm/a)�Á

wØ¤VWß��gh½y�0QVWAB�94, ¥�Å�½P,-�ïðàá3�C(

¹
�D�Êa"E�+oVW)áFG. ���'� 178:µ¶ GPS@A
�_�:FG.

Rq 3¼`, 70%�@A+o�/ÁwØ¤H� 1~2 mm/a, �8013401VW�gh, V

WÌ�y�ß5����[9ÌI. Å�JK, � 89:@A+o�/ÁwØ¤"lL�%º.

��@A�,-./j�M1l��PQit2. 	 5~10 1�,- , +o�/�ÁwØ¤

ß����,- �Ú. ¯�EA, D,-./% 1995~2001 1, 	8 1995~1998 1, +o�

ÁwØ¤�−1.47 mm/a, M	 1995~20011�,- , +o�ÁwØ¤�+1.50 mm/a. R�E

A��
�
�C"l¼`, � 19971Na 19981fPQ2anN'p. ÃÄ, +o�/Á

wØ¤ß@A,-./�PQ2�OPÚ�, D��Q,-�àá��	¾æR�, ��D

itSTö�UP,-�ïðàá.

2.2 ��������������

q 3/` 178:@A+o�/rsw0QVW�FG. =>,v, µ¶+o�/�0QV

WuvVWw�gXVW, §£%4012, D$ 90%�@A+o410Q�Ny�`v�

4~6 3 10~12 YZ, �Ígh� 1.60 mm, ;[\]4¶^_�`�£. �8+o�/�
V

Ww�ab	Ü8æ¶�cd3ef, ÃÄ"lL�æ¶j�401�cd3efgX. �


vg!`v�012$, µ¶� 70%�@A01VW�Ny�`v� 10 YZ�O, �Íg

h� 2.58 mm, Æhæ¶!j�i9
VW�01gXVW. M�
01gXVWj�41g

Xk\U�, DIÃ%��æ¶ëìÃ�¯Elbymlb�lnEopqit3æú0it

ÙÐr�@A+o�/stghnu9I�01VW, �(Ã�	�[�@Ast�[�Ö

×, r��[�gh36±, �
�[gh36±�01VWvw�94, �"�j��æ¶

VW01gX�x41gXk\U�æ�e`y. æ¶uv�
VWgX�ëìzì{|�
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9Y��.

2.3 �����������

"=>}~�,- �, \]4¶�it§.j��c. 	ÁwØ¤2, \4¶ 27 :@

A� 20:@A����(�+), j�9���¡wcd, 27:@AÁwØ¤�Í� 1.37 mm/a,

�æ¶\]4¶cd3efì~]^_9��%�[8]. M�8\4¶H� 27 :@A, R¡É

���{���, ÄF~{|�9Y��; ]4¶ 151 :@A� 66 :@A����, 85 :@

A���p, �Í� 0.06 mm/a, j�U���¡w.

	410Qit2, \4¶Ny��Í`v� 3Y3 9Y, �Ígh� 1.33 mm; ]4¶

Ny��Í`v� 4Y3 10Y, �Ígh� 1.65 mm.

	010Qit2, \4¶Ny��Í`v� 12Y, �Ígh� 2.62 mm; ]4¶Ny�

�Í`v� 10Y, �Ígh� 2.57 mm.

R��
�Êa, � 1995~2000 1�,-�, \4¶6	8]4¶���, ��Ø¤�

1.40 mm/a; 	rswit, \4¶ß]4¶�f6±���c, 412\4¶f6±Ï]4

¶]� 1:Y, 012\4¶f6±Ï]4¶�� 2:Y.

��
�õqU, æç�+o�/j�kM01�0QVW, �90Qßym�kM0

1\]4¶��it6��.
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