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BETEFERMEESSIEREFHNAR S IRY T ENHRLR, AATEMNE
R AN BPERAORHY=KEN. &5 4HA, MEENEATARLYIENE
MAALYES SRS~ KK MERES X HRT KB BUR T 46 T P 40 3 Lo XS F PR,

X8R ABEIEYE —SKHEZSE —WE
4 % S . P173.1

1 5

iy

HEBRME N HEEEA MDA, AR LT S, S
LA AR, EME—E TR, RAEBAN. BT LEMIRNE, HRERE
HREW, R WH, AEREETE, BERD 7 EAB S4B SENE P%
Bk, BSEBRERFEEERARILE, BRESKES, —BBERAREBRENEHE.

HA B A BREXE Kinoshita #¥zHm 10 | 2] 1989 F %1, HRFERX2RAMHEE
K5 IZ B AR S 97 B AT AR AL REL (Cowell) 773 (MR L% 20%) . iR 2, RRE Y
EHBEREEITG, Kl ERE RN ERE KB F ¢ P RE, R
BREME, ROARBTEANRBEAAE LY E—SWEHFTEEHBRE.

SRR BRE T XM E A R, A TR BRS¢ = f(ty) B
WM, I 1991 8, ZF50EE —RAE T HOEM S 7056 TE, KRR
55 0 B AR 7 B B VA X R i A S B ST T — 8 A R R A i B 3 2 X B B R K A,
BENDEAEHETANTREEHNRESE TILARS BH. ITEEREY, RERKN
W DR SUEB 4 R R B P TR 7 3 QL3RR [2]) , SE R L 90 404 3 aoxd IR
(Symmetric) 77k U LR & T8 B,

MF RN NES TR, BRETEMRTEN T S S RBRKE, Kb, BEA
BT e A, HEEROTREGOKRIE. AFAN, HFDRENENIE, —REE
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HIBFEE (FIMASE e, KEEERE), Hiit, RAELERTESHREIHD
EREHERS AXNOHERE. 1995 FLR, EEFRBHTXT LE, FHABMBTEER
WM BHE R, 1997 ERET —ARS ARG, BB eHTHEROOEIERSH, His
B EKARBEER T OHENRENEEERKES, RYIMRTE ERESMOBER T EE
. AR TFHEBINIEYE, KHHSARBARNBELABEL, TR, #EIRER
WREAWEHHTERY RS AKX, HT 1998 FIE T Hw .

KRORDERERAEZN, BETRERSMBERELFAEATHAHN. BWHEE
PRBEERLTERRUXTENERER T HERE, BIREMNSEXROETERER
FREBEEZ IR 2 A BRERNN,

2 S¥MESBHAKXMHE P

2.1 HMEKRHSTRHSLAXNFEE
BELK DEYGE, HEFEERR BN BT B E -

¥ = f(ty), ylto) =vo, ¥'(to) =5 (1)

ZNEFPENLFREXAL TR EHESZRIARSHBEE, BHRSTEELNER
ENHABKUEESTREX, WNHRAMS TEAEUSE. AZSTBEEERN kR
6 T R AV N W

QkYntk + Qk—1Yntk—1 + Ok—2Yntk—2 + - - + CoYn

= R (Br fatk + Be—1fatk—1 + Bk—2fnik—2+ - + Bofn)

J5 2 72 ¥ AT LA dih B 0 3 — 4R AE B A

(2)

P(f) = aply + ag-1€k—1 + -+ - + agdo (3)

B-FESTAERNER, BENH 1. HERNRKRZAHIR,
TR v T DL B R A B R AE & K

0 (&) = Brék + Be—18k—1 + - .. + Bobo (4)
T2 (3) A (4) 7R &

ap #0, |aol+ o] #0 (5)

BATHBWRE—EHRH TR 3) XM (4) XZAMEBKR: BEEE o) MR, B
MERAAATEENER L, RABE p(§) , BHBER p(§) ZRBAMPM o), EHE
H—ARA ALK, EXRK 2] FRANICLEFARAEH TRXHBRKNEF I BEREREL PR
oA X R, XEFBER.

2.2 fhiREEAY D

HLEWATM, #ETHEIFESTRNE (BIERND 1, HKOBROE, WHEE) B

DR\ ARG AANERY, NAHE A SRS AKX, RBEETERHRE
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MRS, MR A RSB R AL F ESRE, ABIMREFOBERS LK, REY
RKERUE, ERAEABIRGER, DUTREE 70 R A SEE R BT 24 6 = & 5N

(1) Dy AR B 152 O S T fiE b 7 B 7 B P4 36 78 K — L,

(2) PREAESTHE, BR KBNS,

(3) DR AN AR 7E B 07 B P £ 201 A /R AT i 0o B AR X AR

3 EEAMARBIEPEHMERTHEUEL ERy AKX

31 EAKERIENEHERINEUES SRS LK

e A % B9 Oh AR R = JR U 76 8 o7 IR A S R DR AR, 5B R E i 2 SUMR (2] O BRSO (3]
Tk (RS RERRI) . XA &SR EE 7 8. R TE A IF 6 BE B 6 Ho Xt 45 R
FITHRL. BEZAEE, WRAERASIB. AR, AR KB [2)(RA T
A), REWLPKERA Imin; AN RRTTHRGRE,

1 ZFEAEPLRERSFE. FARSEAMEOHRIIRE A b
mﬁ: ag — 1.302, €y = 0.054

B4 ERE /d ot Bk 7 i R EH H % SR [3] 8k Xk [2] 7
4 —2.7D - 12 1.0D - 13 —8.0D — 13 —-3.0D -13
30 —-13D -11 —2.0D - 10 -3.6D - 11 1.3D - 11
Ag = 4.56 100 —-1.3D - 10 —-24D - 11 -9.0D - 11 9.0D - 11
1000 —6.8D -9 14D -7 —-1.9D - -9 1.7D -9
5000 57D -8 24D -6 —4.2D — -8 -1.2D -7
4 —2.2D - 11 9.0D — 12 1.2D—-12 6.0D — 13
30 —-1.3D - 10 1.2D - 10 1.4D - 11 9.0D - 12
Ao = 5.95 100 —5.8D -10 8.0D — 10 1.6D - 10 1.5D — 10
1000 -1.3D -8 7.6D —8 —-1.0D -8 —-49D -9
5000 —-18D -7 12D -6 1.6D -7 —-1.2D -7
mMELALFEN: 1) X FHEBBE (1000 d BLA) B4, STRRA RS E AR 30k [2]

53CHR (3]; AHXT T 3CHR (2] FUSCHR 3] HHEWM S, MHRHENEERBREEMBSBEES A
MR wR K B, FERSERA KK EEEs B E, TS B4 E B R T 8K
K, do NOREZLWHER, EXHROERT, XK [2] TS5 8] FELMKRGTEE
. (2) BomBEKR, BEE 58BN BRAK, MRS 08k (2] . (3] HEM
AR 43 BEAR X B
32 BEAWHEBNEHIENEHERSINZEZSSRSLRX

WHREIHLEME, Rash il v = fty,ey), MAREHR yito) =%, ()=
Yo. MTFHRBAKBHGTE, HTHAIFREIL (REFESTR) HEBAXTE(FF
BT e™), Mit, REETBEMXHFTENTES BABRKE. A, X#k (6] GHET —
AR AX, BREATHREIODENE, HitH4R 8 UEBEALAERA, AE, &
MEFEE AR R, BRI 6] FRIAKXWHAE, AR THEDE, KZH
DFM (Dissipation Force Method) .
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HIB{HE. r = 0.9D0,

ry = 0.982D0,

r3 = 0.05D0,

rq = 0.982D0,

rs = 2.015D — 9,
A4 ERK: on =1.0D0,

agp = 2.500000000000000D — 1,
ag = —1.486480000000001D — 1,
ag = 2.126620000000000D — 1,
ar = 1.702072663024000D0,

ag = —2.467904417560000D — 1,
as = 1.104119350172800D — 1,
as = —1.725034053950317D — 1,
ag = —7.448665423577763D — 1,
ag = 3.766179146752800D — 2,
a; = —3.024325756944602D — 18,
ap = 1.529153472612440D — 19,

&; = 3.141592653589793D0;
&, = 1.570796326794897D0;
&3 = 0.0DO0;

&4 = 1.570796326794897D0,
&5 = 1.570796326794897D0;

B11 = 5.650677062250094D — 2;
Bro = 1.130757999718295D0;

Bs = 1.309536242204563DO0;

Bs = 3.571166775309869D0;

B7 = 1.770103090610795D0;

B = 3.922788930444964D0;

Bs = 2.296437229096377D — 1;
B4 = 1.480860903417893D0;

Bs = —3.171670247450007D — 1;
B> = 9.514116110244172D — 2;
B1 = —1.786548580115976D — 2;
Bo = 1.488534844393793D — 3;

MNTHEBNODEYGE, INEASTE, KX RERE 1/10 PR EE - EEHTENE
R ABMBAIR, RS [4] . XK [5] M, RAREBFEAAZPZNURE ENE
R o URBPRSHEE, UHBREXIRESHTE2, 3 ME4

F2 ZEXKSHENMRED, FTRRSFAZ. FARSEORHORSIRE A kX
BMH: ao=1062, eo=0.054, Xo=0596 p=1.0D—3, &KLHde=0.01
MoEM /d MKEAFE RBREFE X2 A XEK (6] A DFM
4 -1.2D -9 1.7D — 10 8.0D — 12 —2.8D —11 2.3D-11
10 —-30D-9 —4.0D-10 —3.3D - 10 —-5.5D — 10 —2.3D—-10
30 —-9.3D -9 —~-7.0D-9 —-5.0D — 10 -23D-9 6.3D — 10
100 -3.5D -8 —4.6D -7 —-2.1D -8 -3.8D -8 28D -9
#3 FZEXSENIE, FRARSAHZE. FRARTEAWMHBHRIIRE AX b
PIH: a0 =1.062, ey =0.054, Xg=596, p=10D-3, decz=0.05
oM /d XHEFTE RBEEFE X2 FEk XE (6] HE DFM
4 -1.2D -9 1.7D - 10 1.2D - 11 —-23D-11 2.8D — 11
10 -33D-9 -81D-10 -1.3D - 10 -3.6D — 10 —-9.0D - 12
30 —-6.0D —9 —-19D -7 -55D -9 —-6.7D -9 —24D -9
48 21D -6 -1.3D -5 -1.2D -1 —-5.3D -7 —-52D -7
50 s 3.0D-5 —4.5d0 —3.840 1.5D -1

T HEBOIAERTEKESIHE (RoER—BRASKK), BE2~4 T R:

(1) DFM W R RE R, TERely, HEZRIE: EMHNKTERE [AN- BK hBL
B, MM FHEHETS, DFM NEAREEER, REAHNYSKEELX, B
HREPIEERBRXORY DK, HEFFEGNRIEE, XTHENN, EREFLH.

(2) CHR [2] TR HE BB GO [3] S22, X i Amg) .
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G MBESTERIERAH KA, RUH RFRENEES, BT BRI BIK.
(4) BRI RS R B,

4 ZFEXSEHIED, FTRARSFTE. FTEARSSRKHHAMRE AN X
B mIMREER 10d, HEVHERES

BAPEK /min XHTH MBEFE K [2] Bk 3O (6] T DFM

0.5 —1.5D - 10 4.0D - 11 -1.1D - 10 —7.2D - 10 —7.5D - 11
0.6 -1.5D—-10 -7.0D-11 —1.2D — 10 —6.0D — 10 —-6.0D — 11
0.7 -1.7D - 10 7.2D - 11 -1.0D - 10 —4.9D - 10 —3.6D ~11
0.8 -3.7D-10 -3.4D-10 —2.1D — 10 —4.6D — 10 -5.0D -11
0.9 —-1.0D -9 —2.8D - 10 —1.3D - 10 —4.3D - 10 —-3.0D -11
1.0 -33D -9 —8.1D — 10 —1.3D —10 —3.6D - 10 —-9.0D — 12
1.1 -91D -9 —28D -9 —1.9D - 10 -3.2D - 10 4.6D — 12

1.2 —24D -8 -89D -9 —2.4D - 10 -3.5D —-10 —4.0D - 11
1.3 —5.8D — 8 —-2.7TD -8 —-5.0D - 10 —4.6D — 10 —-2.0D -10
1.4 —~1.1D -7 —7.4D —8 —-1.6D—-9 —15D -9 -1.2D -9

1.5 -13D -7 —-19D -7 —53D -9 —4.7D -9 —4.4D -9

3.3 EAXRLULEIENEERSORASLKX
AFREEARMOERDEPENBMERS T, RIABTREITHE, XE, REt—AR
NRE, ASHEHFEHRS, #RZ A LEM (Large Eccentricity Method).

R 1 = 0.867D0, &1 = 3.141592653589793D0;
re = 0.9335D0, &, = 1.570796326794897D0;
rs = 0.0665DO0, &3 = 0.0D0;
rq = 0.9335D0, &4 = 1.570796326794897DO0;
rs = 0.9335D0, &5 = 1.570796326794897DO0;

MRS a; = 1.0D0, B11 = 5.664519294691492D — 2;

a0 = 3.325000000000005D — 1, Bio = 1.123297044202890D0;
ag = —9.156447500000005D — 1, B = 1.281412958166787DO0;
as = 5.244870128750004D — 1, Bs = 4.192590058384089D0;
ar = 1.426168165033312D0, Br = 2.666277739580922D0;
o = —9.382031483521490D — 2, B = 5.692779500587027DO0;
as = 1.282922098689820D0, Bs = 2.064745629556538D0;

ay = —4.346926140542156D — 1, B4 = 3.101272487032615D0;

a3z = —5.534648294639445D — 1, B3 = 5.959268239999367D — 1;
o = —1.142609023729197D — 1, B2 = 5.736354696848982D — 1;
—4.872723633164632D — 1, B1 = —2.113626004734034D — 2;
3.307849744462552D — 2, Bo = —1.008659574608434D — 3;

(231

Qo

LEM SHERSHTEEFARMORNPIRFPRELNEGERINTLS k6. REZHK
R, Hoxd AR HESR A 4 A A

MTFAWMORLDENE, HES, X6 mLIFEH:

(1) MHEFTENRIEERE.
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(2) BEE 5 & KB4 4 BE AR
(3) LEM B B0 T X B 5 MBI ¥, W47 T30 (2] 75 &80 DFM Jrik, mritf.

F£5 ZHEABRARRALAE. ROFRARLOLRDENEHORIIRE AN b3
MME: a0 =1.062, Mo =595 Bl4EIRE 4d

DEMOER XNEAE  NBEETE W (2] T LEM DFM
0.45 B -28D-3  -52D-4 -32D-4 -2.1D -4
0.35 -14D-4 -35D-5 -59D-6 -35D-86 —-5.5D — 6
0.25 -73D-6 53D-7 22D -9 -20D -9 22D -9
0.15 -1.8D-7 -2.8D-8 2.0D — 9 14D -9 1.8D — 9

F6 ZEOBEPLFAERSSZ. FOTFRARLCEIEFEMMNRSIZE AN X
PME: a0 =1.302, X =5.95 FRAAFG 4d;

DEMLE XHAE  MEREHE XK [ A& LEM DFM
0.55 2 1.0D -2 1.8D — 4 -1.2D -4 —2.0D —4
0.45 -18D-4 17D -4 8.1D -6 42D -6 7.6D — 6
0.35 -14D-5 31D-6 2.0D -7 11D -7 1.8D -7
0.25 -30D-7 62D-38 42D -9 24D -9 4.0D — 9
4 & &

BATHN LR T RAARS AKX, HHENSLRBOB BRI T EMBF RO RTEET
ZME BTt EXTH, wTES W TR E:

(1) REXMHGTHEERTEKERKATESERS, BRGHARTERROREI
HAKE T EHE.

@ MREFEAEARAERKRY RO DENE, SHATARORIFER B
M TEPEN, HHSERFHKE, RIHREFKENEEN, B8RSR BIK.

Q) X FiEMTEKMLRZNNE REERKERK, WORAKA/D, HHEISHAET
KBERT KA, B ERBERAEKRRK), HK, EANGETRE [AN- PK bR E
F, N TREGEMS, DFMNREXEEER. REAXNNKPKEEL, AMNRS T
BEREEREANRS PR, BREFEERORSERE, XTUEEHE, BN, it
DE, DFM tree¥ir, EBHEFMEA.

(4) M TFRMORMDENE, LEMBEHREEEE, &8,

(5) Xk (2] 7k (UMK (3] TS5 ZAHY) BAER LB F R K DFM 5 LEM , {BE %A
2H, BRAEEEE—& XTILEHE, RERSERIRZEE A (BnE @Y 60000
TR, BME 2h, WAHYT 5000 d, ks ETEHE K 4 EREASE H XA TER) ,
EemORRERR D, PUEEKBRERE D, HBEISHERATFRARD, ZHEHREHAE
RRMHERE. TR, EHERBEREERT, NFRSHEA.

BZ, X DEYEFENIGRTE, BdHEBHIRERHETOBERS AR, W
AR IAE. ERARA: ARMEHEREFNEEES PRI ANX, KARERE
REER B, MLMEEH RS2 POFES. FHEK. Hoyg enen  xe
Vi 3 B 5T D AR 75 BT [ P B 43 A S B B 4 O P BE TR AR S M (RIS M) .
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Studies on Linear Multistep Algorithm for the
Orbital Integration of Artificial Earth Satellites

Xu Jihong
(Urumgqi Astronomical Observatory, The Chinese Academy of Sciences, Urumqi 830011)
(National Astronomical Observatories, The Chinese Academy of Sciences, Beijing 100012)

Abstract

The progress in my studies on linear multistep algorithm for the orbital integration of
artificial earth satellites are summeried. Three basic principles are introduced to determine the
spurious roots of the eigen-polynomial. Five linear multistep integrators are recommended to

use in practice, and they have obvious advantages over both symmetric and Cowell methods by

means of their comparisons each other.

Key words artificial satellite orbit—linear multistep algorithm—construction



