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� 1 � �\�r9�/iAifhn(℄�Ty��Ailyn"U 59�
(1) f7s��q��hkxmUmR|pf��*w's��q��[�NF_��|7~u�$��h�?.0
	^�O2e8r�qCmf7w's��q��hkxmNFpf�:';[��hhm[�$w'B� (-t��b' 700 Pa) �b�rms��q�3 	'�hkx7��Oe�'o�Rm�$�\�h�egML'!�[m?r�'\�D�~W����Q�m&h{(�vJG��\��S-:'khhQzm�3�O2ef7s��q��hkxm`�mR|pf —— �Rpf�
(2) f7[�eg�h�q��hkxmR|pf�OI?��q��� GTO(�N 3.hmw'y��h) ����8Pyh TC-1(e >0.8) R TC-2(e >0.7) q�(<�rm�h&w{(�Vs (GTO ��m&w{(��>b' 200 km) �b3e�-�eg�[m[%5�h�7w�qGEk�D&w{%&�qmW�V��t
R*(�{
�[�NF�$m�_�VC�7~��h�\{
mt
�}J50e[��b 	'�hkx7���4�eyD� (�w'.hÆ��{=�:) m�R�$�D�mK^{
G��h�egm'\eed&w{(�G��\�#Aw'Js[�k℄�-w'Qz�O�e�m�Rpf�b-Hsf7s��q��hkxm�Rpf)'vJ;.�
(3) f7(��q� (�w' 3.hkLke��36m?��q�) �hkxmR|pf��*Om'2��Gm(� (&h{R6h{8V(m&5�h) �q��{\w'.h���h'\�~YR[�;9�f7OI�q��hkxmR|�}J50e[�NF�$�d��h�?.AG�-^�_ ac X�DyD��R�$G�hvJw	G&
�{�h�eg& e ≈0 'lV[�\�&h{(��g-ke��QzmE��Oe`�mf7(��q��hkxm�Rpf�Hs�Rpf� 3 I�h)'0 -L��*:'Rhhms��q��Æ-�h#�

i 's!9D��*[�eg�h�I-�hmm'W Ω R ω(�hT�{+�R&h{!�)mK^{
's!9D�Æ�*&5m(�h�3t
17*�h�?. a m[^��^�_
ac -ke��m�R|&g J2 m[^'℄�9D�#2Æ�4�h'\Mj [1] H<vOm�Rpf�T�G��h�egm!THf7 3 I0 �h.hm�hkx�/'Q�mw_���0G��*[�eg�hR(�hUI�q���rm�hkx7��D 3 -ke�� (w'�:'Rhh) [�/;Ziu;.�7�OUI.h�t
Q�w'.h<s'9�?�
2 �uB�s�Bj)^o�Uz�Bjmz�*w's� (�(�D 1000 km �G) �q����h�\{
x�Q�m�hkxt
17*[�NF�$��h�?.R�eg80
w	^�D�W��lAw'mJs[�9 (�(�D 100 km �G) Æ>l�~Y'2Jd�S{q�rZm>[�(<�q�lA
100 km �GmJs[�X'3$Bm<MGE�bO�0e#2
<sm7��Gt0C�xO-�?��*:'s��q��Æ'`�mR|"Y�ÆugMO�"Ym9��}e:'�'o�R+mÆS�Æ.e�R+k7~:'�R=��0�Bm�T_aVmÆS�*S#



� 60 ���������3�}�$�K������� 27 6�2ZM�m�Mm:'�R=|lm4�7w�qD JPL m LP75G |lm� 20 �_aVDw��- 1 �a��k1 GM = 4 902.800 269 km3/s2, ae = 1 738.0 km �� 1 �sIo:�Ai LP75G ��e_S
l C̄l,0 l C̄l,0 l C̄l,0 l C̄l,0

2 −9.09759705421E−05 3 −3.18354210680E−06 12 −1.99394050844E−06 13 5.33567368249E−08

4 3.17891147722E−06 5 −2.59812866570E−07 14 6.52989391396E−07 15 1.37947201734E−07

6 3.86236223769E−06 7 5.67373030342E−06 16 6.14034505167E−07 17 −7.31676821100E−07

8 2.35081824433E−06 9 −3.45967761182E−06 18 −7.96355519107E−07 19 −1.70818407129E−07

10 −1.16218759517E−06 11 −1.12206022536E−06 20 1.88974686302E−07V- 1 kmw4=�:M�P:'�y�m��R|&g J2 = −C2,0 = −
√

5C̄2,0 �^
(10−4) &��T_aVDw C̄2l−1,0(l ≥ 2) - C̄2,0 [$ |C̄2l−1,0/C̄2,0| mW}�& 10−1 ��w'�R=� |C̄2l−1,0/C̄2,0| mW}b' 10−3 �OÆeds�`:�q�8��h�eg e MLR!�[m?r�'\�VÆML�`w's�.h0eMLmL\��*hhs��q���'I{mR|"Y�9��} 	e�'o�R+k�#��0�Bm�T_aVm�$�*S�- 2 ZMXqD Goddard Mars Model: GMM-2B(50×50�T) _aVm� 10 �_aVDw�V- 2 kmw4=�:M��T_aVDw C̄3,0 - C̄2,0[$ |C̄3,0/C̄2,0| mW}AG 10−2 �O 	-w''�vJm;.��k1 GM = 42 828.3719

km3/s2, ae = 3 397.0 km, ε = 0.005 231 844 �� 2 GMM-2B ���e_S
l C̄l,0 l C̄l,0

1 0.000000000E+00 2 −0.874505471E−03

3 −1.188691064E−05 4 0.512579872E−05

5 −1.724206851E−06 6 1.344826751E−06

7 1.056696608E−06F 8 1.444211746E−07

9 −2.874559324E−07 10 7.258697018E−072N [2] �:'.h�hkx�G���;e J3, J5 qV�2N [3−6] �:'m(�Rs�.hm�hkx8�G�`�?R���2N [7] IVMjH�X#�3mRA�?�3%Aw<vXOmf7s��q��hkxm�Rpf��x-�h#�m9D�/v4aM���h (�FXD) /0�!TO�pf�"'5�w_���2N [8] �hh.h�hkx��G���;e J3, J5 qV��h�eg e m'!=Z 0.02 � 	eY:'s�.h�	�!T�hkx�be�UNm>f)0Q ����eg e m?r�!T�P |J2l−1/Jl|_&�-�h#� i 's!9D�ÆO�9DDhhs�.hm�h'\k'-:'s�.h'20 m�#��!T[^��h#�m'\ea}m�242N [7] mMj�?-v��:'Rhhs��q��h�eg e !T�[mM��}2e�'o�R+km�T_aV�Q�m e m?r�'\m-Z`�G�



� 1 � �\�r9�/iAifhn(℄�Ty��Ailyn"U 61�
∆el = el(t) − el(t0)

= µ(i)[sin ω̄(t) − sin ω̄(t0)] ; (1)

µ(i) =
∑

l(2)≥3

(−1)(l−1)/2 l − 1

3pl−2

( Jl

J2

)

F ∗
l (i) . (2)` (2) k p = a(1 − e2) � l(2) -a1_	3?
* 2 �{ l(2) = 3, 5, · · · �&S=�:M� em'! |∆el| t
17*�T_aVDw J2l−1(l ≥ 2) - J2 mQ�[^�xDJw µ(i) km�L� F ∗

l (i) e sin i mJw�5�o`0CZM�S�2N [9] ��*w'.h�&*
O(J2l−1/J2) = 10−3 (3)Q�m�h�egm'!V^�Æ:'.hRhh.hI0 �&*

O(J2l−1/J2) = 10−1 (:') � O(J2l−1/J2) = 10−2 (hh) (4)7'2'=�\s��q�m�h�eg e J[g\&h{(� hp = 0 m{
�d5�O
17* µ(i) _m'\{D���17* i _m[^R F ∗
l mui� W-Q� J2l−1 m_s!Q9�{-:'Rhh��0�Bm5�F� (�Eo{m0>IRiWs��2m08=u) '9�&*:'�'o�R+mÆS (&Jw µ(i) �L) ��|0 m i _ (0◦ ≤ i ≤ 90◦) ?r�'\ ∆el m| |∆el ÆML-t^-t[_�Q�m hp _Æ0e� 0 k%5e� 0_��{:'s��q�m�hkx�17*�T_aVmM�!T�)-�hm?�~['9�hhiWs��2m08=uo':'�	vJ�ÆJw µ(i) I'�~ sin i ��| i_ (0◦ ≤ i ≤ 90◦) m	^�Q�m?r�'\ ∆el m| |∆el| CLa}	^m,�*X-vMj�?mX4u��:'s��q� (�8(� 100 km) �2N [7] �.1MGZUm&Dm���F�

(1) 24` (1) �V i = 0◦.5 g 179◦.5 �p�, 1◦ ��.�����m |∆el| _�:t^-t[m�2{D�
(2) ;et
M��} (:'�'o�R�w'�RR	��R) ��#� i0 m0 �'Wm���E��Xs�.h (1�8(� h̄ = 100 km, e0 = 0.001) Q�&:{(� hp m'\&D�{�hkx-#� i m9D�Hsy 2 4�m��Xe*XYZ&�?�1Mm�FmX4u�VÆ4~:'s��q��hkx-#� i m9D� W�#�3YZOm�Ft
e&:'�'o�R=ÆS�7~m�D��k�:'�R=|l6$XqD JPL 'Wm LP75G |l�9* |∆el|���t^_'~-	6~.
({ |∆el|_�^) � i = 0◦, 27◦, 51◦, 77◦, 85◦ �24 sin i mui�D 90◦ ∼ 180◦ �'��m	6~.
�{ 95◦, 103◦, · · · �DHs	6~.


({1 i0 = 0◦, 27◦, · · ·) �s��q�m�hkx�V?�ÆQ��I�hkx�V�����F4Z�S�S�2N [7] �- 3 ZM4��F�



� 62 ���������3�}�$�K������� 27 6�� 3 sI�&�jX&��*VwqH1 i �%_
i/(◦) Tc/d Max e Min hp/km

1.0 2723.1 0.0362 33.9

27.0 2219.9 0.0419 23.6

51.0 1908.1 0.0337 38.5

77.0 3383.8 0.0381 30.4

85.0 1711.7 0.0220 59.6

95.0 1102.0 0.0172 68.3

10.0 42.5 0.0545 0.0

40.0 47.9 0.0547 0.0

60.0 88.2 0.0548 0.0

82.0 294.7 0.0547 0.0

90.0 172.0 0.0545 0.0

98.0 236.2 0.0546 0.0GtC$~!"HSFwzv��" 1 R" 2 ��.* i0 = 90◦ R 85◦ W hp �W�m'\{
��N 172 d -:'Qz�XN 10 a ��mt^_' 60 km (�

# 1 �L_Ai$� i0 = 90◦ n # 2 �L_Ai$� i0 = 85◦ n;(tA/iAily ;(tA/iAily�hhs��q� (�8(� 100 km R 200 km) ���XQ�m���6$�R|l
GMM-2B �1V Jl,m(l = 2 ∼ 30 �T) � 100 km (m.h�#� i = 90◦ m&5�h�D
t = 23.3 d W�&h{(�2G�*_�{-hhQz�Æ#� i 	^�{
2'20�	��h&$ 1 a ����FZ*- 4 �� 4 �-g�&�jX&��*VwqH1 i �%_

h/km i /(◦) tc /d Max e Min hp /km

90 87.6 0.0210 116.335

200 45 96.1 0.0148 144.087

5 52.1 0.0059 180.782

90 23.3 0.0255 0.0

100 45 190.6 0.0174 33.952

5 271.6 0.0074 73.784



� 1 � �\�r9�/iAifhn(℄�Ty��Ailyn"U 63�Hsw_�F��t�YXMj�?mX4u� W�1MXs��q��hkx-#� i m9D (�+wze�R=��0�B�G#� i m�L) �(<O`�FeQ� h = 100

km k 200 km (m&5�h�q�1Mm����(� 	'I{m>f��*:'s�.hÆ���`�G0-:'Qzm�-	6~.
m�) (��h#� i0 _Æ�) ��^�;eg/m�} (�E�N>;m!T) �{\?x{Hgdm#���
x��qGEkm�hBf�
3 �℄ÆgiBj�s�oBjmz9*OI?��q��(<�&w{(� hp Vs�� GTO ���> hp ≈ 200 km ��8Pyh TC-1 R TC-2 m hp I(�`�b��h�eg e V[�8D e > 0.7 m{
�7D�-7w�qr���t
eD6w?��q��n�[�NF_��xw'�'o�R (P
J2 V&) �$8VC�t
�;e J2 VRyD� (=�:) m�R�$�OUIM��}8*�jR�;NF_��7�;:�T�G��h�eg e m!THf7��hkx�
3.1 �;#M9P�hT�{H+ Ω 0 Æ�� 5 -�h2w8Q mU- GTO ���Q, 3 h �X#A	2~
�h�Dw8	+Dkm+�8* ΩG = −10◦ ��F�rm�hkx/�Q;t�vJ��N7* 160 d �ÆXN?Z 50 a �Q�mK^�h{
�G�P3 t0=2006	 12 : 21 = 10 WR 13 W (UTC) �Dw8	+Dkm�h2wQ �{

hp = 200 km, ha = 36000 km, i = 28◦.5,ΩG = −10◦.0, ω = 180◦.0, M = 0◦.0 (5)Q�m�h�?.R�eg* a = 24478.1363 km, e = 0.73126482, ΩG eV+[�j�[�Wm�hT�{+��DQ�mP3 (J2000.0)we�Hh	+D (�G�Bwe�'	+D) km�hT�{+� Ω .* Ω = 229◦.837399, Ω = 274◦.960611 �6$w_��;:U- GTO ���q�hm�\{
�&*�h�eg�[�n#HD6w?��q�;eM��}m1L'.*s�.h�#2D�h�\��k6$m�R||l�E�GM��}�
(1) w'�'o�RV Jlm({ Clm, Slm, l = 2 ∼ 4, m = 0 ∼ l);

(2) =�:�RV�=�:�h6$�I?�R?r�'\m�8�h�
(3) [�NFV ([��R�$) ��k[�s�6$;er='\maw|`�Q�m7;{s�Rs�+(_86$�m�8[�|`1Mmw_���mq_ti$-�RDwmDs CdS/mD?�\a+k1*

109(Qd* 1 m2 �o 100 kg m�t) ���k�d&w{(� hp � 100 km W��*�hkxm�uW>��*q_ti$* 109 m GTO ���=�!T0eAGyD��R�$�;eO�!T- ��#2
jm7�;Ziu!T��*�`?�����Q�mti$�[��
S/m = 1m2/1kg �Qd* 1011 �=��$0=Zh�bO0e#2
<sm7���S�Gt0C�x&M��}�



� 64 ���������3�}�$�K������� 27 6���[��Q~* t − t0 = 50 a �w_s�6$(*�m RKF7(8) s�� [10] �/ W6$s�3?8=\YV [11] ����FZ*- 5 �� 5 �<$ GTO TD�&�l*}U~n Jlm >�< ^� �� t /d a /km e hp /km

1
√

×
√

GTO-1 11643.5 6518.2 0.0063 98.9

GTO-2 11791.8 6508.3 0.0055 94.6

2
√ √

× GTO-1 144.7 24411.3 0.7346 100.0

GTO-2 18262.5 24386.3 0.7263 295.4

3
√ √ √

GTO-1 160.7 22235.9 0.7088 99.9

GTO-2 17981.9 6796.5 0.0468 100.0- 5 km#P √ R × �.-a;eR0;e&M��}�*X#�3:%�h�egR&w{(�m'\F��xyD��Rmo
�$��.1MHs 2 -��Dy�RyDUm

# 3 �}m 1 � n GTO-1 n # 4 �}m 3 � n GTO-1 n'x|)�n(℄#Z 'x|)�n(℄#Z

# 5 �}m 1 � n GTO-2 n # 6 �}m 3 � n GTO-2 n'x|)�n(℄#Z x|)�n(℄#Z



� 1 � �\�r9�/iAifhn(℄�Ty��Ailyn"U 65�R|lGQ�m&w{(�m'\"Y�" 3 � 4 1Mme GTO-1 m�h'\�" 5 � 6 Ie GTO-2 m�h'\�V- 5 R" 3—6 =�%Qw:M�[�NF_�4Z0e7~ GTO Il�hkxmt
�}�&_�VC��h(��s�m (�|l 1 ��m�F) �Æ"U-K^�h{
0 ("(�Q ) m����rm�h'\>f~Yo';.�0"�hkx�Æ"�h'\mF��Q �� a R e 80
	^ (e $ a 	^m��m��N'\gk�- e �~) �Q�m&w{(���[�s��" 3 R" 5 �
*Hs�F��* GTO Om[�eg&Dm�hkx7��%w|o;:=�:�RM�_��{|l 2 R 3 �Æ.e|l 2 �=�I��#=�:�RM�mo
ÆS�G��ÆQ�O�{�24�hR|4M#qRAmMj�?�
3.2 �7>�^���F-v�/mM�m�r�_�/0��$��rm!T�^�OVM�W}m[^�=:M�;jew'�'o�RM��eyD� (=�:) �RM���* GTO Æ��Q�mM�W}8* 10−5 ∼ 10−4 ��r�_�0��!T�hkx�ÆOUmM�R8*�jR�r�NF�}��S�7�wkD?r�_�H�bZH��h�?. a b'(�?r�'\ [2] �{ a

(1)
l (t) = 0 �7�;:�h�eg e m?r�'\{
�OOiI�.ZM e m?r�'\k�o
m J2, J3, J4 VR=�:�RV��m�F�D?�\a+k�'�Go` [1,2] �

el(t; Jl) =
(1

a

)

sin i
{( J2

4p2

)

sin i
1 + 2

√
1 − e2

(

1 +
√

1 − e2
)2 e cosω+ ; (6)

( 3

8p

) sin i

(4 − 5 sin2 i)

[

J2

(7

3
− 5

2
sin2 i

)

+ 35
( J4

J2

)(1

7
− 1

6
sin2 i

)]

e cosω − 1

2

(J3

J2

)

sinω
}

el(t; m
′

) = −
(3

2
βa3

)(

5e
√

1 − e2
)

nH1 ; (7)

H1 =
1

16

[1

2
(1−cos i)2K1 +

1

2
(1+cos i)2K2 +sin2 iK3 +2 sin i(1−cos i)K4 +(1+cos i)K5

]

. (8)�k�β = m
′

/r
′3 �Æ K1, K2, · · ·, K5 em'W Ω R ω �x=�:�h2w i

′

, Ω
′

, u
′

= f
′

+ω
′qWmJw�"I^�� nj , nj e Ω , ω R Ω

′

, ω
′ m'gm�U�5�-Z`0CZM�S�2N [1] my 9 M�

GTO ��&w{(� hp = a(1 − e) − ae m'\17*�?. a R�eg e m'\�DHsUmM��}!TG� ab'W}7* 10−4 ∼ 10−3 mr�'\�/0o
�7~�}J5e�eg e m?r�'\� GTO ��m�h�?. a 7* 24 500 km �b
�eg e m'\ ∆e ≥ 0.004 �{\ a 0	^�&w{(� hp �e�s 100 km �ÆV` (7) R (8) =�:M�=�:�RM�!TvJ$w'�'o�R!T[�XN��m?r�'\R!7*
10−4 ∼ 10−3 �Æ�N&* a �[��m^�� nj �=\ e m?r�'\R!Z 0.004 ��5=�:�RM�=\ GTO ���hm&w{(�G� 100 kmÆ#Aw'Js[�9ed>l��n*Yn GTO-2 3'0 m�F��;[�NF!T�{\ 50 a X��&w{



� 66 ���������3�}�$�K������� 27 6�(� hp �0e� 100 km �O-v-K^{
'9�� el(t) e?r�'\��-m'W ΩR ω q'9�Q� el(t0) � ω m'\�*S�#21M el(t0) � ω m{
/O��" 7 � 8 �

# 7 GTO-1 n el(t0) − ω (℄0P # 8 GTO-2 n el(t0) − ω (℄0PV" 7 � 8 =�:M� GTO-1 DK^ t0 W>�R* el(t0) ≈ 0 m{
�2�?r�'\Æ��K_ e0 = e(t0) �& e m�8_�Æ GTO-2 �XMR* el(t0) Zt[m{
�Q�mK_ e0 Zgt[��n��NV t0 9^� e �| t J[�"J[m!�=�& 0.004 ��- 5 k|l 2 �#m�F��ed��m&w{(� hp VCÆg 100 km �G�ÆXNXQ��2 e m?r�'\Æ��DK^ t0 W>XR* e mt[{
�Q�m&w{(�* 200

km ��n��F;[�NF!T��| e m'\��&w{(� hp 0e� 100 km � 	�- 5 k|l 2 1Mm�F�D5'OmR|pfm��G� W;e[�NF_�W��*
GTO-1 ��[�NFe\ e 	^�7 e J[mE�
^�`�d\��hkxI'J?mL\�Æ�* GTO-2 � W;e[�NF!TW��h�?.
	^�7�&w{(� hp <1'�smL\�b$|l 1 0;e=�:�RM�W
	m�sm����- 5 k|l 3 m�F-|l 1 R 2 �F[�m�$�
3.3 7>�^�Rzmy*XYZHsMj�?mX4u�:r''HsU- GTO �hmK^{
��* GTO-

1 �Æ ω0 = 180◦ '* 45◦ �\�DK^W>W t0 �R* el(t0) t[{
�Q�m e0 �R*t[_�Æ�* GTO-2 �IÆ ω0 = 180◦ '* 90◦ �\�D t0 W�R* el(t0) mt^{
��n��HsMj�?�'FXm GTO-1R GTO-2 m�hkx{D�-4{
Q��{ GTO-2mkx�V��Æ GTO-1 mkx�V?����FZ*- 6 �� 6 �<$ ��O}U)� GTO TD�&�l*~n Jlm >�< ^� �� t/d a/km e hp/km

2
√ √

× GTO-1 18262.5 24417.2 0.7258 321.1

GTO-2 281.0 24499.0 0.7356 99.9

3
√ √ √

GTO-1 18262.5 19314.2 0.6570 251.5

GTO-2 297.1 22587.7 0.7132 99.9



� 1 � �\�r9�/iAifhn(℄�Ty��Ailyn"U 67��k�GTO-1 D|l 2 R 3 k��.* t = 12977.6 d W hp Zgt^_ 177.4 km � t = 28.1 dW� hp = 191.8 km �- 6 k1Mm�F�%Qw�LX 3.2 �mMj�?�F�O�Mj�?�j 	g$*�?�8Pyh (TC-1 R TC-2) m�h�\x��hkx7��n#>fQ �SF K�2N [12] �
4 �*B0joBj�^�Uz�mz8��*(�.h�yD��RM�_�ÆJ �Q� a = 6.6ae(ae {w'Hh�.) mw' 3.h�=�:�R!T��&w'&g (J2 V) m!T�M�W}7* 10−5 ∼ 10−4 �SW�ed.h�h�eg?r�'\!�J[mt
�}e=�:M��$�D&!TG� e m'\!�mtVI' sin2 i/ω̇ m�~� ω̇ e�Iw'�'o�RRyD��RM�m?�'\g��t^_mW}7* 10−5 �7 el(t) m'!Qd[�Æ.e� i = 90◦ mt�.h [3−5] �d�h�?. a ≥ ac m(�.h���h�egm?r�'\!�[[�=\.h&w{(� hp = rp − ae �& 0 �VÆ-w'	Qz
 (k&w{(��g 200 km�G�VC#Aw'Js[�9Æ>l) ��u�hkx�OO�zm ac {�h�?.m^�_�2N [4,5] 1M�Gm&{�4�

ac =
[

2
( µ

µ′

)( a
′

ae

)3

J2

]1/5

ae (9)

µ = GE, µ
′

= GM (10)OO GE ew'�R>w�Æ GM e=e (k:e) �R>w�a
′ Ie=�:Q�wem�h�?.�&` (9) 1M� ac = 8.2 ae ��*:'�&*�R|&g J2 �^��W}* 10−4 �Q�m ac = 2.2 a �OO ae e:'Hh�.�*YZO��4�#21M ac = 8.5 ae, 7.5ae R

6.6ae �.�� i = 90◦ R 28◦.5(k 1◦) mw_�����K^P3 t0 e 2006	 12 : 21 = 10W (UTC) �Q�m�hw4Z*- 7 ���[�1 100 a �B&w{(�� 200 km W���k
�Q�mGyW��*�hkxm&{_� 	;ew'�'o�RV Jlm(l = 2 ∼ 4,

m = 0 ∼ l) R=�:�RM�����FZ*- 8 �� 7 �K|!&�t8r t0 L5�&�S3Kn a /km e i/(◦) Ω/(◦) ω/(◦) M

a = 8.5 ae 54214.200 0.001 90, 28.5 230.0 180.0 0.0

a = 7.5 ae 47836.000 0.001 90, 28.5 230.0 180.0 0.0

a = 6.6 ae 42165.000 0.001 90, 1.0 230.0 180.0 0.0V- 8 kmw4=�:M�
(1) d a > ac(a = 8.5 ae) k ac ≤ a(a = 7.5 ae) ��h4Ze"yD��RG& ({�h�?.~Y0'�Æ�egvJJ[) �Q�m&w{(� hp vJ�s��ÆVCe� WX



� 68 ���������3�}�$�K������� 27 6�DmNF�}\�#Aw'mJs[�9Æ>l�d a D6L ac(� a = 6.6 ae) W���h�egm'\!�0e	[�VÆ0e\Q�m&w{(�'l	s��hkxQd?�� 8 �K|!&�Zg�&��*VwKn i0/(◦) t/d a/km e hp/km

a = 8.5 ae 90 19385.4 54215.2 0.8787 200.0

28.5 11383.6 54209.6 0.0034 47649.1

a = 7.5 ae 90 24543.4 47836.2 0.8265 1921.0

28.5 28583.9 47832.9 0.0020 41385.2

a = 6.6 ae 90 32735.2 42139.6 0.6643 7768.9

1.0 10145.4 42132.4 0.0015 35692.1

(2) (�.hm�h�eg e DyD��RM�G�4Z'�[m?r�'\�bb'
a ≥ acWD0	?mW�[�H5'=�\ hp�g�sm{
�f7��hkx�Æ a = 6.6 aeW�B
\ hp ≤ 200 km �&*�h�?.'\V^� e_%wZg 0.84 5'=��bD 100

a ��{\ i = 90◦, e mt[_5Zg 0.6643 �-k e m'\!�X�Hs�?��Mm-#� i '9� i = 90◦ mt�o!T�vJ�Æ^#�m(�.h�h��eg e m'\!�4ZV^�5�m'\F�0CZM�- GTO Ilm?��q��h'\I{�D��ti$ (� 109) &DG�=�/0o
�{\Æti$J[�-W} (1010) ����F-Hsti$* 109 m?��q�m�h'\;vJ;��P�ti$Æ.[m?��q���v
�v*=�m	?��O�0e#2
<vm7��
5 ��v1;jes��q�e[�eg�hR(�h?��q����h'\mt
ÆS (�h�?. aR�eg e m'\) x��hkxm?��P[�NF_� (�w's��q�) &�t
17*Um�Rpf�{ke���'o�R+km�T_aVRyD��R�/�G�eg e m?r�'\H�L�O�X�?�FmmXD{DR�Y/I.h5!�6?m4�kx'o
����4\`�
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The Variable Feature of Orbital Eccentricity and its

Influence on Orbital Lifetime

LIU Lin1,2, TANG Jing-shi1,2

(1. Astronomy Department, Nanjing University, Nanjing 210093, China; 2. Institute of Space Environment and

Astronautics, Nanjing University, Nanjing 210093, China)

Abstract: Variations of eccentricity are very important for satellites orbiting the earth, the

moon or Mars. It is one of the key factors determining the lifetime of various space objects

(with different orbit height). In order to fulfill space explorations in a given time, the satellite

should have a lifetime long enough. Otherwise, controlling strategies are needed to keep a space

object around its orbit at enough height. Variations of pericenter height are necessary for these

controlling strategies.

For low-earth orbit satellites, their eccentricities are mainly affected by dissipative atmosphere

drag. For low-moon (or low-Mars) orbit satellites, the eccentricity is mainly caused by odd zonal

coefficients in non-spherical gravitation of a central body. Long-period variations with larger

amplitude will cause obvious decline of the pericenter height hp in a segment of time. These

long-period variations have close relations with |J2l−1/Jl| and orbital inclination i. However,

these relations are quite different for the cases of low-moon (and low-Mars) orbit satellites orbit

satellites. For orbits (around the earth, the moon or Mars) with large eccentricity or high attitude,

they will be affected by perturbations from the third body. These perturbations will also cause

large long period variations in eccentricity and the decline of pericenter height hp , and affect the

lifetime of satellites. However, the dynamical mechanism of these perturbations is different from

those of dissipative atmosphere drag or the non-spherical gravitation. This paper describes in

detail such variations in eccentricity e and their roles in determining the lifetime of satellites.

Key words: space objects; eccentricity; non-spherical gravitation; third-body perturbation;

orbit lifetime


