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��5� 5 yr �845: 5 yr # WSO/UV )6;8<9 :$= (6<9>6718) �
;92<9!67?@347<AB�N$1<8458676C2* :;�(0<"=
!��O> 7D#=E�%?WSO/UV 9<9$&:67PC�88Æ<>PQF?R�
WSO/UV %@68Æ<@A;A;9B#Æ – < (B) ?CSD<=?>RNE 7<�G
8 �8)H?@ %ACC; (L1) #

"$DAB 67��#, WSO/UV9C�*E1'IA(17 (-,67J<) :�6
76C�FG%678;DCC; (-,%A!<;CC;) K�4L@6<:�676C#

1EF84)��#6;8CC;9BMNF<>CC; @6DHG#HI;�%A
CC;�A@6 �T"8GU$6 J=I�WSO/UV ND��#N0(KH)8>;9
B��9J J=��?I KJ#<;CC;LM�@6 �O*"$6 @6@N�2!
Æ – < (B) ?�L�N$@6@NA)���#FG%A(PQ ?I#

2 �MVNOPOQRKST

=��#WLB)�*AC:;Æ%< (B)  XCDM�=E WSO/UV ND��#8
Æ%< (B) P17#I XCI1$�CSD<=HG���#89U!$�WL84EN
 )�=�NO)<9!B971$�Y=�< (B) 8Z< – B?WQ#�%���#6;
892Æ – < (B) ? A67<;�;9234FRAB�[JV#Æ – < (B) ?WQ>P
QF? (SWCGQF?) C-xyz PRQHG� xy C<8Æ%< (B) 9H:P ?XC<�
Æ%< (B) I68 x \;�J+ 1 # 88

S 1 �KL]Y
 C − xyz

+ 1 R� P1 ! P2 �Z1Æ%< (B) � P �)�=#8EQF?R�)�= XC1
P1 [1]

ẍ − 2ẏ = ∂Ω/∂x , ÿ + 2ẋ = ∂Ω/∂y , z̈ = ∂Ω/∂z , (1)
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Ω =
1
2
[(

x2 + y2
)

+ µ (1 − µ)
]
+

1 − µ

r1
+

µ

r2
. (2)

NOV#'M$N[7�8WL%:Q!0�[7 [M ] % [L] ! [T ] �Z1⎧⎪⎪⎪⎨
⎪⎪⎪⎩

[M ] = M1 + M2

[L] = AU( <B?WQ>ÆQ CSTU�T1 1.5 × 108 km)

[T ] =
[
AU3/G(M1 + M2)

]1/2 = 58.132352 d

, (3)

�R� M1 ! M2 �Z167,< (B)  WL�� 1 − µ ! µ �Z167!< (B)  ULO
WL� r1 ! r2 �Z1)�=>Æ!< (B)  TU#67 QF1 x = µ �< (B)  QF1
x = −(1 − µ) #V1P (1) 8P\$Q�]

C = 2Ω − ν2 , (4)

EQ�W1 Jacobi Q���R C 1 Jacobi HT#
1P (1) " 3 �%ACCR (y = 0, z = 0) ! 2 �<;CCR (y �= 0, z = 0) #2Æ

– < (B) ?�L� µ = 3.0404 × 10−6 �9J %ACC; 7<�Z1 (M$N[7) ]
x1 = −1.0100752006� x2 = −0.9899859817� x3 = 1.0000012668#N 3 �CC;�ZK!<
(B) �= (T 1.5 × 106 km K) %< (B) – Æ1�!67�=#<;CC; 7<BAB�>
;8 xy C<; (z = 0) �,Æ – < (B) F+0^<;W#IWQSD?PV�U��#6
78NX;;0�*E)9< (B)((5):67PC#G%@W$;�_�R %ACC;
L1 % L2 ! L3 `_��XY ÆSYZ�U[F"U) L1 ! L2 7<HT�\a0`Z#

;DRQSa2< (B) :Æ7[XC]^�O2V[XC]^S"DC�Q]8BbQ
WQ>PQF?R 5 �CC; 7<,[XC]^9(#_�V#[XC71U__R)A
C:;%cW HG#

3 �KSTV`RWdWb

V! WSO/UV G%678 L1 ;9B�=E 3 �%ACC; Li (i = 1, 2, 3) 9B)XC
XC @6D�\13%#X4YXC1 ∆x = ξ � ∆y = η � ∆z = ζ �[VXC1P (1) <
CCR J=84D>)XC1P]⎧⎪⎪⎪⎨

⎪⎪⎪⎩
ξ̈ − 2η̇ = Ω0

xxξ + Ω0
xyη + O(2)

η̈ + 2ξ̇ = Ω0
yyη + Ω0

yxξ + O(2)

ζ̈ = Ω0
zzζ + O(2)

, (5)

�R Ω0
xx 0� Ω 27< YZ/eT8CC;K Zc� O(2) f[YZXC)L#

d;abADN_R�VED> �[8471c$5RQ KJ#2%ACC;�L�
Ω0

xy = Ω0
yx = 0 �;D1P ADW\ (FWB�1P) 1

ξ̈ − 2η̇ = Ω0
xxξ, η̈ + 2ξ̇ = Ω0

yyη, ζ̈ = Ω0
zzζ , (6)
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�R ⎧⎪⎨
⎪⎩

Ω0
xx = 1 + 2C0, Ω0

yy = 1 − C0, Ω0
zz = −C0

C0 =
1 − µ

r3
1

+
µ

r3
2

, (7)

NO� r1, r2 �Z1 3 �CC;>Æ%< (B)  TU�8 r1 = |xi − µ| � r2 = |xi + 1 − µ| #
1P (6)  R1 [1∼3]

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

ξ = C1ed1t + C2e−d1t + C3 cos d2t + C4 sin d2t

η = α1C1ed1t − α1C2e−d1t − α2C3 cos d2t + α2C4 sind2t

ζ = ζ0 cos d3t + (ζ̇0/d3) sin d3t

, (8)

�R
α1 =

1
2
(
d1 − Ω0

xx/d1

)
, α2 =

1
2
(
d2 + Ω0

xx/d2

)
. (9)

2!Æ – < (B) ?�, L1 % L2 ! L3 9J d1 % d2 ! d3  c�Z1
L1 K]d1 = 2.4843167188, d2 = 2.0570141899, d3 = 1.9850748554; (10)

L2 K]d1 = 2.5326591755, d2 = 2.0864535651, d3 = 2.0152106639; (11)

L3 K]d1 = 0.0028250833, d2 = 1.0000026604, d3 = 1.0000013302. (12)

C1 %C2 %C3 %C4 %ζ0 %ζ̇0 1Q�HT#IR (8) 84V\�)�=8 Li (i = 1, 2, 3) 9B X
C�A@6 #8)XCI�)�=Bd1U%ACC;�O�]^U]Z4c� C1 ! C2

1 0 �[ (8) \fg XC<84�@6 #=E)�=8 Li (i = 1, 2, 3) 9B XC84�
J=@6 �9J J=_I]

ξ̇0 =
(

d2
2

α2d2

)
η0, η̇0 = −(α2d2)ξ0 . (13)

E0 (8) \B1 ⎧⎪⎪⎨
⎪⎪⎩

ξ = ξ0 cos d2t + (η0/α2) sin d2t

η = −α2ξ0 sin d2t + η0 cos d2t

ζ = ζ0 cos d3t + (ζ̇0/d3) sin d3t

. (14)

^M (14) \?fg XC�"$6"�@N �)�=)8CC;9BXC#V! ξ %η e
18efXC gh$f� ξ – η C<; XC)+$V[#<V! d2 , d3 $hA)T (J
(10)∼(12) \) �=�"�XC2J$ief?X# (13) \��?@ WSO/UV ND��#8
L1 (\ L2, L3) 9BXC�A1U ?IJ=#_[V#]ADN_R�[?IJ=)^Æg#

2!<;CC;�"⎧⎨
⎩

Ω0
xx = 3/4, Ω0

yy = 9/4

Ω0
xy(L4) = 3

√
3(2µ − 1)/4, Ω0

xy(L5) = −3
√

3(2µ − 1)/4
. (15)
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U 0 ≤ µ ≤ µ0, µ0 =
1
2

(
1 −

√
69
9

)
≈ 0.0385 (16)

0�<;CC;�@6 #67!_i_(4+ CSD<=HGSGUJ= (16) #`AB
 67��#678NhCC;9B�80 #O��2!Æ – < (B) ?�L�V!,Æ –

j? (µ cAi) A(�� µ cA)�9J @6@NF�B)#=E�1'���#0?@
8AB?X;�`Gab?IHG#

4 �abij`jKSTV`aaPRkSbb

(1) L1 ;]^ (2J WSO/UV 6;lc)

1) T`J= (13) c_4Y?I#
4YJ=1 ξ0 = 1× 10−4 � η0 = 1× 10−4 � ζ0 = 1× 10−4 � ζ̇0 = 1× 10−4 �"dc"1

126 d �"d�[_+ 2 !+ 3 ?[#+ 2 %+ 3 fW�Tc_4Y?IdA0� WSO/UV

:fe@8 L1 ;9B#

S 2 xy �k3
��Sc S 3 yz �k3
��Sc

88

S 4 xy �k3
��Sc S 5 yz �k3
��Sc
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2) `J= (13) c_4Y?I (0�S8X_ePRf4IS#
` (13)\%?�4YJ=Z1 ξ0 = 1× 10−4 � η0 = 1× 10−4 � ζ0 = 1× 10−3 � ζ̇0 = 0 #

_[T% WSO/UV @68 L1 ;9B 10 yr �[?I 0��g84:$X#O1'�B?
fQe@8 1 m/s Lh�?I 0��g�kd)$X�Z 4 d �?IlT1 912 l�ll
B?0 fQBNS)! 1 m/s #_[B?fQefg> 2 m/s �[?I0��g8W^m
:�?IlTF)W^58#+ 4 !+ 5 8�9J �[#

(2) L3 ;]^ (2J67867J< ��# 6;lc)

Tc_4Y?I�4YJ=1 ξ0 = 1×10−4�η0 = 1×10−4�ζ0 = 1×10−4�ζ̇0 = 1×10−4�
"dc"1 10000 d �"d�[_+ 6 %+ 7 ?[#+ 6 !+ 7 fW� L3 K @6D%1 L1

! L2 KiDj�TGc_$l4YI?��0���#(:f)?@8>;9B�=�UG
8X_ePRnc_IS#

S 6 xy �k3
��Sc S 7 yz �k3
��Sc

(3) L1 % L2 , L3 K)XC @6DmZ
Tc�[fW�89(Lh XCI� L3 K J=@6XC@g 0�1 L1 ! L2 K

:Dj (L2 K XCl^, L1 DC) #=1U)�=8 L3 ;9B0�*,67)ng1$C
SDY=?>�< (B) �$hCh�)�=i> hCLhB)�T1 7.5× 10−7 �=E*0
@68 L3 ;9Bo�U)�=8 L1 \ L2 ;0�V!T< (B) AB�<92)�= P1
,672)�= P111)g> 3.0 × 10−2 Lh�E0iA0)<9 :;V7�)hC
'�)�=)8< (B) :;IjfjU@6kY#d8ok#;DCSD<=HG U_T
JPRlE0k#L3 ;K d1 c1 0.00282508�� L1 ! L2 ;K d1 c�Z1 2.48431672

! 2.53265918�VR (8) 84V\�m092�e0�L��A@6DW^<m�=�)�=
Al1U#

NO9p@W$;�2!< – B?�]%8B9J<%ACC; L1 K67$�B9��
#�71lmB9J<31qDW "��IÆS",;DC �[#

(4) <;CC; L4 (L5) ]^
<;CC;9B XClcF< l/l?X%:HG (,n�o [4])��8nQ;i"po 

RQ��o [5∼7] [IA(;QRQ'67?Ri_( (AZ�j() ,67%)_(F+ C
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SD<=HGR<;CC;2J l/l ?X%:qNHG#_�Anprmn;D"npo#
2!Æ – < (B) ?�V! µ cA)� L4 (\ L5) ; @6@NFA)o�2!< – B

?�V! µ cAi (µ = 0.123) �9J L4 (\ L5)  @6DFAq�678 L4 ;9B �
�#��.Æ – j?>R<;CC;9B Trojan )_(p$E�84(:f)?@8�e
N�A1U#

+ 8 P\$dr#4YJ=Z1 ξ0 = 0.026 � η0 = 0.026 � ζ0 = 0.00026 �;"9J 
fQXC�X_ 1000 yr ����#`?@8 L4 ;9B (NO:Q[7�<BCSTU�8
3.84747× 105 km) #]ab67P1hC o�N$�[)"W^BN�N0kd8X_eP
Rc_?I#

S 8 �� – �
#
p����

����

5 WSO/UV RWdrsts

qJJ= (13) c_?I84"eh1\]$�lg$"I60�uI$l�Y�U7<
BNve$6@N0uI$l#I<9%mn�$h]^#

]B?8 xy C<;c_��?I 4YJ=�(m (8w 4 r (1) Rw 2) h]^) #T
% x % y 18; BNe@8$6@Np�[TG]p r =

√
ξ2 + η2 71ISL#UIS>

L)! 1.732 × 10−4 0�?IlT1 860 l�;llB? fQBNAve 1 m/s #X_ 10

yr  ?X+_+ 9 !+ 10 ?[#8

8

8
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8

S 9 xy �k3
��Sc S 10 yz �k3
��Sc

6 �qstustrxvRWdrsOQ

2!WSO/UV  XC�I�1_R,;DnQ_R mZ9%"e�1<]$�< – B
?WQ:67 XC*][?X���$BN V[�/QhT1 0.017oY���#?XI
�;di67?p�si_( :;#V!NeD1'=t :;yA)�nQ_RP\ 
��#XCot86L;"XBN�O�C1'Aq`w?@AB�8?IR79J ur
�84��?@8CC;9B�u+6;��vu#
I<2%ACC;]^7$�v�*P\"dIr#ot< – B?WQ:ÆXC*][

?X�O9J V[RCSD<=HG(EG8 3 �%ACC;��;8BbQ (< – B?W
Q>ÆQ TU) J=I��7<,[RHG9( [1,2] #ORQ Li (i = 1, 2, 3)9B)XCXC
B�1P,[RHG W\ (J (6) \) "?mZ�8wvTR)\0< – B?:ÆXCL f

(sB;;) �E1P42J$]tu?>#_[V#CSN_R�89U!81P (6)  wz
wf$�Lh1 O(e2)  9f&�84)N$9f&V7'ZXCL�T%8?IRur>L
88� WSO/UV  ?X?@AB#�si_( :;[^)�vihCLhF)! 10−4 �
=E(E8g1'ZXCLPKn#

w!;D�v�xE4WSO/UV  XC1r�)�Kn+$�x0 ih[RCSD<
=HG�``_J= (13) c_?I���?@8 L1 ;9B�T�ll ?ILG%uY�
i#I<4xs"d�[f4wI#

(1) "d WSO/UV XC ,a?]p,9J XC1P
^M�V# J2000ÆQ�9QF?�8xy 2000� 1 B 1 Æ 12 h (JD = 2451545.0)02

J ÆQCyXQF?1z�=1-,< – B?WQ8p i_(?X<9J xfS�8
EQF?RP\ #:"d0V#�o [8] P\ CS?X#

]X WSO/UV %< – B?WQ!_i_( 7<yL�Z1 R % RE ! RP �[8>
QF?R� WSO/UV :ÆXC1P ULOW\_I]

R̈ = −(1 − µ)
R

R3
− µ

(
∆E

∆3
E

+
RE

R3
E

)
− µP

(
∆P

∆3
P

+
RP

R3
P

)
, (17)
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�R� µP 1"ni_( ULOWL� ∆E ! ∆P �Z1 WSO/UV 92< – B?WQ!9
Ji_( 7<yL#"

∆E = R − RE, ∆P = R − RP . (18)

M$N[7, (3) \R mZy8!]) AU u1< – B?WQ>ÆQ TU�;l?I$l
�%uB$l [L] , [T ] #"dRF<> J2000ÆQ�9QF?,CGQF?1� PN�N
OIN#

(2) I�1_RI WSO/UV ?X?@ xs"d
(nQ_RR IS1\$E�I�1_RI I?1\"eh]$�`0�IS�Y�

`7<IS#NehIS1\y8_�I<P\w$hIS1\ xs"d#
Z4Yxy1 MJD = 52544.5 �"dc"1 3650 d (10 yr) #4YJ=` (13) \Z1

ξ0 = 1× 10−4 � η0 = 1× 10−4 � ζ0 = 1× 10−4 � ζ̇0 = 1× 10−4 #_[T� WSO/UV @68
L1 ;9B�?I 0��g84Z:$X�O1')B?fQe@8 1 m/s Lh�[?I 
0��gZ1 4 d �9J I?lT1 912 l#z=�[_+ 11 !+ 12 ?[#

S 11 xy �k3
��Sc S 12 yz �k3
��Sc

7 �z�z�{

;D�vfW�1'g>_h����$ �)"���#678Æ – < (B) ?RA@
6 %ACC;9B�80 �T%`J= (13) c_?I88�8�N$J=�8n|1_
R (2J[RCSD<=HG) IP\ SU{#
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On Problems Concerning the Location of Space Detectors

on Special Points of the Solar System

LIU Lin1,2, HOU Xi-yun1,2, WANG Jian-feng1,2, WANG Hai-hong1,2

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

Astronautics, Nanjing University, Nanjing 210093, China)

Abstract: WSO/UV (World Space Observatory of UltraViolet) and other special detectors

(Solar Sentinel) observing the Sun should all be ejected to the vicinity of Lagrangian Equilib-

rium Points of the Sun-Earth (Moon) system, keeping its configuration with the Sun and the

Earth (Moon). Therefore it is necessary to expound the dynamic characteristics of Lagrangian

Equilibrium Points and the stability of the motion in the vicinity of these points. Based on this

concern, we make detailed analysis on the motion of small deviation from the Lagrangian Equi-

librium Points of the Sun-Earth (Moon) restricted 3-body problem in this paper, especially on

the collinear points with instability, and discuss the problem how to keep these detectors near

these equilibrium points. We give out the conditions of the keeping and adjustment of the orbit

of the space detectors in this paper.

Key words: celestial mechanics; spacecraft orbital dynamics; space probe; collinear libration

points; orbit control


