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R g TH A0 R T, m R R (AR S A
M EAS) S K 8. Lindstedt-Poincaré Jj % && —
Pl ST & /NS 2R RGOSR BEUR 5% 5h 5 i,
HE SR A TT DA 06 R TF, X 7 T TAE 7 5%
Viswanath® ) T1E.

T 1R 22 W5 S5 W00 3R Ge A7 1E B IR 0 RO R
W S0 22 0 A A M ) T SN A TR DL R e B
Farantos!*45 H 1 2k T 2 8 47 ¥k 11 S8 55 0 &%
G MR M EE S5 FPOMULT (Periodic Orbits

MULTishooting), A2 67 ATHE A If#. Four-

ier 48, EANZEARIN. Lyapunovia#i&s. £ HITHE
R v B AR B 2R G LA S AN R e T IR AR
AR, S A AN RS T S 4 SR SRR R BUE
Bl Ay R R R 2 1 7 R 2. Lara %8 VLT B 1
THE A A o0 I VE, SR T — P e T ) il 2
o> ST AR AR R TH 507 -, JF T S RTBP Y
JE . WalfF5 671 S5 F 90 1 5 ok JE e DA S iy
T WURE N JE) 3 A ) BB SE 4R, 15 BIAUTORAT:, 7T
AT B8 =4 i et F) 8- T2 Jo) 40, T Ak o U0 5 T
A8 T RORE S T NP NN, JF 4t TR
R 25 B Y AT SEV R VH SR AN RS T R 1 A
TsirogiannisZF B H T 2 4% AT ISR R %, 7
F T S LR 8 1) 42 SR AR, Dena®5 0142 H T
A LB S 40 B MR B0 — ATV, 2SR D
S 4E 31 77 ¥ (pseudo-arclength)s - F& - 4= 172 1)
AT, BT IR AFTIDES (Taylor series
Integrator for Differential EquationS )] Zs ¥l 2% £
15 LA AT A8 43 fif 1 (Singular Value Decomposi-
tion, SVD). Dena®% MO0y iy b FE U 46 771k
MR TR S, NAH TR ERRT
K EE BHLIE K ¥IE. Galan-VioqueZs M [a] i
T AR S A IR E LR R, N T
AL i) R SR AR A B A SRR AR R W R AR 48 ) A0
515, 5 DABC A5 = A4 0] RS- Ji WA 1A 1
AR NIRALE.

Jei S0 oA A0 S A T B I i AT A A g T AR )
R, Ho, RENSHUE o sl E I E, R
05 W, AT S T R IV SR A T AR A . ]
RO SHRAE T 8 SUJR P 26 A4 D7 R 2L IE SR A, (%
T RRA SR BN R HIE 7] R AT BAE A 5, HE
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HAE o HOR AN T 5 2% 1, SR A A 2% A R
AR R T M IE, WS R 2 T
SreOEVE BB IEVIME, R EXNN TR, BRI
AUt HAafn A m. XL R 0
FRLL AR AR 0T CUAE B EUE AR 43 5 Broyden 777K 58
B A EBESAERG S S R RS A
X RBAM S IWEARSEEHREAN
[F1E %, T E 0 BAR T ZA AR, f£—HK
FARIRIE SR 73 B BT AR P2, AR
$2 U 5 — ] BA A 0T R R BA AR ) — FhoR T &,
FAELinux R4 i F gfortrangm F£ 52, L BUH I
E, R T R RIRA .

2 —REHRFE
2.1 WOBUIEE
% S8 N YE ¥ 5043 WIME 7]
%Y =F(tY); Y(t,Yo)=Yo, (1)

Hrto RYIIENZ, Y =Y (¢, Y o) 2 ¥ME 7 (1) 20
Wi, B AR E XX N ¢ R, RASLHI,
Y = (y1,%, - ,yn)T € RN, EARIEARFF S TRR
HE, RVNBRE— & S8 N4 ) & 25 ),
FRR(t,Y) e IxRVBB|LY € RNIFREL, X P
MEE MR IE TR R/RFB(LLRE).
E X1 Y (¢, Yo)2)RATIR RS0 B AR, W
BIFAEEHT > 0, XVt € RAY (t + T,Y,) =
Y (t,Y). HA, TH—NFEM, /N ERT N E
FIT U 1) J&) 3.

WMRGYIMEY o, Z3 LT HI 0 8] 5] 2415
{iplam ?FE'fY(to +T70,Yo) =Yy, 120Y F16T 5 5 N#]
BRI A o5 IR AR, 7 O S 73 3 A A

Y(to + TO + 6T, YO + (5Y) == YO + (SY,

N T RBSTHSY , KA SO BAE AT SR AR, IR
B R BRI,

Y (to+ Ty + 6T, Yo+ 6Y)

oY
~Y(t Ty, Y
(to + To, 0)+8Y0

(to + TQ, Yo)(SY+
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%—Y(STN Yo +6Y,

531

(2)

(M —1 F)| oY
(t0+T07Y0) ST

=Y,—-Y(to +710,Y). (3)

HEEZY = P, Y), iEM = 3 A (Mono-
dromy)%ﬁl@ I NN W AR P, M IJE T N sk
TTREEAERN N HA

( >N><N

I,

Forb, B B MR i 1) Y R WA ] B Y o FF
A AR R, Tuﬂérﬁm% (0)(1 <5 < N)KI%E

7. ﬁTf)ﬂM“EﬂzﬂEé&jﬁHE&Eﬁ 2 (1)
RGN I REEBER Y, DMERRY (o +

M (to + Tp, Y )

)

t0+To,Y0)

M (to,Y o)

Ty, Yo), [RINE 75 X 5 7 R AR 7 R4t
d OF(t,Y)
EM(t Y,) = Y M(t,Y,),

BEAT A N TS 2 BB A6 FE M, HFOF(t,Y) /Y
NAR SRR, IXBE, NS BN FRAL(3), — LR
RSN + N2 5. e R4 (3) i R %
2S5, AE SR T T AT T — A S8 1 e 2, B2 1
HREMAG)EN + I RMEBEMANNTE A
o B 1% e R, AT AR P 4 B 2R — AN 3 )
—/\/\Eﬂﬁ%ﬂiﬂﬁ%—r BN — AN 7 FE Sk B B IE
JAA, L= fEY 554 o 8 15 B U R & R
HFRE NS BE A = toflt = T+t A%, B
R RVGE R A Y VAR T ®), 1575 3
MUER AR,
TWF(to+T®, Y (to + T®, Y 7)) —
T*DE(t, YP) = 0. (4)

WP, B F 5 T 0B O 5 0, IX B AT LA
R BT D T = TR — k) RN TR
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2H(3) IR MBI BUE Y, HAY ST = v
+8Y. LA BRI S R SO R R R

S T FE IR B 2R OS2 e, A AT DL
SR AR R BOR, TR 2 AT B
HERIH. X RS (1) AT LASOS T I )i A28 e, HX
mod (t —to, T)/T € [0,1], Ar N H A&, 4

Y\ _ (rFeTY)
dr T - 0 ’ (5)

Y =Y (T,Y) =Y],,

T =

iLF|, = F(rT,Y), LY o. Ty RREIZH, Ly @

TONEHS L, WIEREM N
Yo=Y, T,=T,

N + V4R IR S A TR 4L LS O

TZTO? YlT:1_Y0:O7
(6)
TFj"r:l - TOFj|T:0 =0,
A2 4(6) 2 I T AN Ty AR SR A

2.2 ETHSBUENEX

IR R G (1) A7 A2 IR, I 77 R 41.(6) 7772
fife. 477 REZEL(6) (T T LR B AR 7 S I, 6 T A
1% (B PR Newton-RaphsoniZ: ) 3K fif 77 £ 2H.(6) /& I AT
(R, EL Dy 1 20 f 32 AR 0 R O AP o A2 ) JRR T, S A2
Frimm ) 582 i N, AT DRI Z2 702kt SR 4E (1)
(1) FRE R ., 4531 7 R 2H.(6) (R A AUl mT B AR R, 7
FET AR AR (6), LRI 1032 i) AR

& Al Broyden s ¥ A2 — FRARAT R U i 72k
EEmgE AR FEAP(X) =0, HO : X €
R™ — R™ & LipschitziE2E 7] il B 3. 12| - [|oo Noo-
TWH, || - (o R2-TER, X AX I E A, T4
1 X [loc = maxigjcm | X1, [ X3 = 2270, X7 & X
HAR (X)) = min 1| ®(X) |3, RARIELMET 2
HBroyden 5 yE W

o 0 (WIlf): IEARKREE = 0, FIME XD,
FEVFIRZE Aeps.
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o 1 iLd(XW) = ok, F|o®)|, <eps,
X VHI S BT SR, R L, LR GG A U R
#2.
20 R 1] B 28 3 v VT SAT) 46 e AT L A
B #i5K
H(XO 45Xy - p(Xx )

sx\”

_oa(x ™)
Toax;

1 , I<gjsm.
mx1

A3 WAk, BBRX® = o)
HHIERZ =M iRk iR, HE HQERIE
REHERE, RFE R b= AR, %50 R AR
NQRAME. BEGX )G, Hiba,

B® — Q(k)R(k),

B WX = XV Asx ™ 2k v
ZA € (0,1, 1 B bR ok Fore X © b — B
T ARLEHE D,
min| 5123 + A[(@) " BV]5 X
1
< 3189IE,

WA R B RPN, HRAF:

WAl FAEN AXED FINXD)| ./
max (| X", 1) <eps, J& [l SHikGEH; 1
), #5455

W4.2: HARMRBIN. &k =k+1, Hk/DNT i
KADR UL, IR B 2E BT 5, 75 03ReE, &
EER.

5 WA &

|

A HIBroyden 2y 3U S B AT ELRE R, @#RoRTK

B,

B — R 4 (QM)T (1 ®) g s#)

=pk+l) _ k) _ \BH®sx*)
= 0X®/)ox ™3,

w®

o)

RMsX = 7(Q(k))TQ§(k) )
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Lk:=k+1, #1P3.

PL_EA 4B Broyden /7 v a] L 3K A 914 25 A
JIFEE(6), M1 2 AR A

Ak B R W S B A, RS
7= 6] B A 4E /U St , Broyden R FE B & 1 4R
TERIAR A, A5 R ACURE AT PR B Sk 54K R B 7 11k
AEAEAE — S ) B, Lhan, 146 30 ALl HE AT LE AR B 57
i A S, B I S LSRR LU R 2. R T
Broyden /7 %, 17 1F — e gt X470 45 HE v b AR FE
77 S L HE L AE 08 (5 S 1 4 R e s sl
SCHR[12]3 4t T 4 A et R DL AT 2 Ik
S AEAT SERTUGHE AT LU AR FE 0 5 k8 Broyden /7
5, RFOTIE A G R T R AR TR A
.

A28 1 o> R G0 IR R SR AR AN B
P SR AR AR 1 7 FR AL ) VAR Y, A2 H (a)-
(b)s (c)s (d)FeaMEEHL: (a)ik 6 3&E YIE AL
ABLFY JE 3 5 6T BB 10 R AT AR 405 (o) MR AR A AL 1)
JE YR 7 AR 53 A LB B 21 FE SR H 6 R R A R B (o)
Mo e RN R T R4, Hob, YES
(RN HERH ) B8 2% A 7 R AL AN B0 — B0, B b
SR H AT S B ACUHE AT LU AR B, X RE A 15 2 BT 2R R
AL PETTFEA; (d) B A FH BroydenZt 1) 77123548
KRR ZAE L T FE . FERR P w7 10, "R (a)s
(b)s (c)HEEAE— At (d) WA, 180T % H i 2 RS R
BRI A BAYE %A T AR AL AIME S 30

HEERKRTER
R T BRI A U B an el B2, AT PABrusella-
tor (M6 F/R 3R ) TR B Sl AT i EARE. 4
tv tos v y» Tv A. B € R, Brusellator 721

|

NT IR e WIR 26 AT (2O, y O, TO) i T4k
JE AR WA (0, yo ) FUE AT, AR — Mk, B
G Zty = 0, XF 7 FELH (7) fif A F) A5 AR e, B
AN, W T = t/Ty € [0,1], BIVE R 48648

2.3

dz
dt
dy
dt

=A— (B+ 1)z +2%y, @)

= Bx — 2%y.
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e,
x|, = x(7To, o, Yo) = x(t, 0, Yo) ,
ylr = y(rTo, 0, y0) = y(t, To, Yo)
A,
dx dx
- =Tog, =TlA~ B+ + 2%y,
d d
=T, = Ty(Ba — %), (8)
xlTZO :‘T|T:17 y|7':0 :y|7:1a
TEHXL LA 3T AR L A S5 A T RE 4,
l'|7—:1—.’1?0:0, y|T:1_y0207
9)
d d
u -w -0,
=1 =0

Horb] oy, yl—1 AT L E A AEL ) R A BB AR 20 45 31
3N TR HON R T AT 2, B

T(Bx — a%y)|rs — To(Ba — 2%y)r—o = 0. (10)

KRIET, SRIGHATy = T, MR IS 20k, [Fi
AN S B R SE N T

BHEBHA = 1. B =3, ty = O IYMAE (0,
o ) R AL HATL N

(@ y©@ 7O = (0.47221661, 1.5068360, 7.16) .

THEOR B, 2 AAE R AR B B — A AN KRR
[l. 1T Brusellator i) &1 {1 & 3918 A B AR, 1R
EA B [ 5E — > B R SE S 53— A > Bt e AT
B YA, AU B IS . FERT A6 5%
PP BRI AS 21 o S O AT ELAT R

xo = 0.68080105525456058,
Yo = 2.3501429372171345,
Ty = 7.1569199211799033 .

(11)

B S I R B, XA E T R AT, AT
Broyden /5 ¥ v 5. A BA M ATE A A A K 7 %8, X4
fEAHES AN E ¥ Brusellator o) @, 7 LLIE 415

40-5

B SR EARIE A 50 2 ) 5 — A A A, AR B
1.

0.5

0 05 1 15 2 25 3 35 4 45
T

B 1 wiihE%& R (11) ¥ Brusellator /& HAfR

Fig.1 Periodic solution of Brusellator with initial conditions
of Eq. (11)

3 MREMARSEHAR
3.1 MEMARGRIXFRERARR

U SR — A B R G2 I R R AR AR ST R 4
A LA I I 78, K B 1) T 5 51 R B A — %o
SRR IE AR &, AR BME R B IR R L A
Re— Mtk #EBNYE(X BN EE) ARG
WA H(z) = Hp,q) : X C RY - R, XNz =
(q", p")THIE XA R 2 8], g par AT X
AERRARIT Bl &, W R T FR AN

0H OH

(Fr-a) - 02

H AT NN SO FRAERE, 7] 53 a3 e b
R NERERE, A FON AL RE, N N AL
R, HiieJ = —g =01

EX2. FHFET A SRCEN, WRTTIT = —J. W
WME ARG H (2) R H(T2z) = H(z), T° = I, I
LIEFEFET A H () B — A B HCEE SR,

BI3W3. % /B L R L (12), 0% B AR At

FMEA zg, BACHBR2T R T Az = 2(t,20),
A

dz

i

o _
0z
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2(0,2z0) = zo. %= RTA € &9 — A & #F 3t #F,
iR

Tz(—t,29) = 2(t, 20) ,

Tz(—t+T/2,z0) =2(t+T/2,2¢), T#O,

AR 4 sl R B A2 3T AR B AR 2(T, z0) = 2(0,20) =

zZQ-

iE B, A

R R G AR A 0, S AR
2 AR AR T T D e IR SRR T, Jo] SO (S L T
A 2 S B A B L ST B R R AR
BEER G — I R R Al mOR R P 1, I8 7 K L
I T AR D AR e 9T e T R R R, AT
AR 78 0B A 22 0 A2 T LI 5 S, SRR b
S2UE I R T TR, ERE AT B BOVMER I E
B R HRABTL I 18], 98 J5 38 i 2 40 7 v5 12 IR WA,
R, BEIYMER L R,

3.2 MINEESEHR

A A T SR ) B 220 LT 1 [
To W] 5 5 140 4 B Hermite i 8. SR B0 590 2
Gt (12)BEAT BUEFAS3, W AT — B A 1B TL A B %
ity = 0, TG — 5 FIFEIL, 8GRI, it % 20
Ato =ty +h, Shs b, h > ONMRZE LTI
MK, g = = € [0,1). FHid

ta—1tp
Zp = Z(tbazO)a Za = z(taazO)a
Fb:%zba Fa:%zm
IS Hermiteddi {H 1 —c =X Z WA & P(€),

P(&) =[(Fy+ Fo)h+2(z, — 2z4)6+
[—(ZFb + Fa)h + 3(Za — Zb)]§2+

Fyhe + zy . (13)

WSR2 (5N BT A G BT, W HCP (€)1
%o N0, A — e =R TT R RIR A (& A
) BRI 15 S, € (0,1), FFIHP(&) Ik
fh o EAELEZ H1E.

R UL Ja AT 396 A2 MAER T T 36 L A F
AE, B

(dz/dt)"|,—0dz = 0, (14)

PRI R — DN AR T2 IS

% AL BE B TR I 25 1 TN TR SO 40 A A,
BDERH (2(22 + 6T, 29 4+ 62)) — H(zo) = 0, 3£ T
A, K s AR R I KT /240 1E — Bir 22 ) e
ot 5

H [z <T20 + 6T, 20 + 6z>} — H(z)

zH{z (zb,z())} —H(zo)—i—gi}:’r d0z+
2 27 P
0H
50T ~0,
Lkt
OH 0H 0z T
(5= %) <5T> ~ G = [+ ()]
(15)

EER, WERTEE, & =0 SmEz (2 2) ~
P(&), RN REHB)R15)R, Bor(14)5, M
F Broyden /5 18R] =R fif e 25 4 22 20 %0 F4% ) 10 ot 111
HIH.

DL b P A4 T 6 R A R ) S A U B T v
DL 2 e RE B ST H R G SRS H0E B S
%, T ARTBP Y & B TH 5ok S0 5% 0 m]
TS A RE.
3.3 PCRTBPREHIHES S

2 i JRTBP & 48 — AN &2 1] DL 2 1) /N KAk
TEPA T B AR S R KRR A 5 IER T
BB AR AL AR R S RS R AN AT
MY A, BARIR 2 e % R G B A T 5
[k 4 1161,

40-6



63 &

TRI4PEE: ZT Broyden TV I AR 5508 P Fil 1Ak 48 4 51 5 2

4

PR AN DR R AR (1 R R S [ B B, 3 {6 1 2
TIRARTBP. & E-FH[HARTBP (Planar Circu-
lar RTBP, PCRTBP), i KKK NP. Py LAFK
AR P Jof B R O R B, DA KR A 22 TR AH X
T8 ([ B8 ) A K BE B, DL AN R A AR S
BT V- Y2038 3 AT R (1 BB I R 37 43 5
A5 J1H BGHE M AL R E L. 7R3 — L
P, Piv PR HINL — pe pe

TERRARIZ B, LAP AR KRR £, i
BEIF 2 NP A8 17 P2 R 7 6] Al (o Bl T2 77 1), 7T
LA TR E B AR AL &R, ML EDP O e AL bR &R,

WANRARAL B AR N = (21, 20)T, SxIEHIM
PR
T
Y= (ylva)T = (CLI; —-’Eza%‘Fﬂﬁl —M> .

| - [ ERR A EKE 2 s FAF. FIH PG
L A by R 5 B0 IR FE AL bR R 2 R &R, AT
AR POy AEBR 2T B 2 1 bR 5,
1 1
= §||y1|2 + (z2y1 — T1Y2) — E+

(16)

Hery = ||z|, ro = || — (1,0)T||. XTI 280
N
d’z dz
dt21 = 2d7t2 + 21— p— diwy — do(z1 — 1),
d2$2 dl’l
dt2 = —QY + T — (d]_ + d2)$2)
L—p Iz
dy = = 1
1 7"% ) 2 Tg
ZRGE KT RREL R FXTFR, B HE FR
FEAT, = diag{l,—1,—1,1}.

RTBPH = O K 32 # 5 4t 1) JA B i
FRIUR A (generating) T8, ¥4 DL L2 B0 i i T X
171E. Poincardik # ZE 175, Plu = O R 2 &
G5 1) JE g 25 B OR STRTBP I B A A 33t 47 59 2K
BrunoZs {E Poincaré s S i JE At L XTPCRTBPH JH
HBIE T VR T, /NS SRR (1st

40-7

species) J& 14T J2& 5 1E 4 K 52 10 22 Gt [0 B A [
R JE SN TE 75 30 1) JRL AR TE. 5 R 2 1R R G0 A I
BUER: (1) E A, A E 19 (st kind); (2)°F
TR IR 78, e oA 55225 (2nd kind). 7 4k, 7E 15 A
B &, ﬁD%’J‘%%‘]ﬁL%ﬁ%WE’J%%ﬁWLEJJ
R Z NIMAT (direct motion); YIERAHXF R 1L, FR2 N
AR~ SR 5 RORAR I G J5 [ AH I, #R2
147 (retrograde motion). AP, IR AEHLIE Ty
1M G P28 H 2 Py IRAFUE M 5528 (2nd
species); J&j B TPy Pt 3 (1) Uk A= 38 4 5535 (3rd
species).

Hp = O, I/ RAEGP, HE A BIAT, ~F
BHNn,

N RIMAT I, o1k, AT 9. N RAAHE
I s AN

NRAKHTE 2 KA Na, W En?a® = 1, Hla =
In|=2/3. fEPCRTBPEE IFRAFUEF, 1. 228/
W E R IAT 1047 DL IR & X R4 A TR
(117 (genre).
SRR A M BN E ey 4 1), Circular )8 7 BF
CH FIAERERT EE AR 7, WeR F 3824 5 B K5 ok
s, HAMWIEALL. FAri s, RH 79 CH
FARE AT IEd, W4T dr, 5 W (interior)idi, &4k
(exterior)itte. Hn > 10}, 0 < a < 1, FLIE NITAT.
WHIE, Fhrid hdi; 2490 < n < 18, a > 1, HlLEN
lﬁﬁﬁ HNEILIE, FARIE Nde; Hn < OF, BhiE NIl
ATHI, AR AT, 25 58 225 [ P e dm 44 1), Y
Elhptlcaﬁ*é%!:uu% TR EAP RN R AR P R
Witk 44, EAREGEIZ I E AT, Hp EdRa
R FKasymmetricl) 1 7B

EX4. O (1)E1IRHIE S A3 AT LA
Lais WUATHNPUIE Lo TEATHUIEL, BB Nz,
acos(l — t), zy = asin(f —t).

(2) 5823 HUIE 7 J95 DB A8 RAKP AN R A%
SR RAP AT I8 50 ¥ el K o 39 o L B T T
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(AT ). N RIEE R KA e = (1/
D)3 R FE Ae (0 < e < 1), FREUENEL HY,
ES, K, WiRT + JoAw H, BUE S B B2
FE(0,a)s (a,2a) WA — K EAHAL. FRPUE 5 )
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Table 1 Information of the symmetric periodic solution at y = 0.001 continued from the 2/1 resonant

generating orbit

ES E=0n=2

E=0n=-2

E=nn=2

E=mn=-2

1 0.56696447245269299

%xz 0.82593065687128653
x] 0.56597896748179399
%x; 0.82695748995426777
T?* 3.1075932399066728
cpu/s 0.20

0.56696447245269299
—1.9598596017766725
0.56596755336383131
—1.9598792634828028
3.1389814975067081
1.27

0.69295657744218031
0.44668489200471206
0.69534682134740899
0.44669558524970854
3.2165337174958171
0.60

0.69295657744218031
—1.8325980468890726
0.69344645900763702
—1.8311527566699777
3.1380013013405774
0.57

2 3/1FHALLMIREFIETE L = 0.001FHEFH ISR FREHARES

Table 2 Information of the symmetric periodic solution at y = 0.001 continued from the 3/1 resonant

generating orbit

EL E=0,n=3

E=0n=-3

E=nn=3

E=mn=-3

T1 0.43267487109222252

%xz 1.1617920218281024
x1 0.43255913987627725
%x; 1.1620168336082415
T?* 3.1484276870182790
cpu/s 0.76

0.43267487109222252
—2.0271417640125473
0.43240711937728959
—2.0265824920209279
3.1402900213293323
0.64

0.52882484244604977
0.77573897903421596
0.52897336087932578
0.77561857124762457
3.1484273577290938
0.24

0.52882484244604977
—1.8333886639263155
0.52888122086672618
—1.8322776637101967
3.1402894852673549
0.70
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Fig.2 The phase diagrams of the periodic orbits in E’l’g

@

families at g = 0.001 (the upper symbol is “i” when the
motion is direct, and “e” when the motion is retrograde).
The semi-major axis of the corresponding generating orbit is
a = 2_%, the eccentricity is e = 0.1, and the argument of the
pericenter is w = 0. The upper left panel is for the prograde
motion with mean motion velocity n = 2 and initial eccentric
anomaly E = 0; the upper right panel is for the retrograde
motion with n = —2 and E = 0; the lower left panel is for
the prograde motion with n = 2 and E = 7; the lower right

panel is for the retrograde motion with n = —2 and E = .

D R 4 4
0.8 0.8

0.6 1 0.6 1
04 b 1 04 b 1
02 b 1 0.2 b 1
g of 18 ot -
02 | 1 —02 | 1
—04 | 1 04 | 1
—06 1 —0.6 | 1
708 L L L \0 L L \0 P 708 L L L \0 L \0 \0 o
NENGENGEN 7.0 0,0 NUENSENGEN 7 O C

Ce% %% ¥ 0T Cs% %% ¥ ¥

€ x1
B3 = 0.0011 % FHIEL B8 WHUEAR B (5T E0E Ebie“+,

40-10

WATRS AR 7). IRAESEEKRa = 373, fiib e = 0.1, i 4
filiw = 0. £EIT, n = 3, fMiLSMAE = 0, m; A KT,
n=-3, MESMAE =0,r.

Fig.3 The phase diagrams of the periodic orbits in Ei
families at u = 0.001 (“+” for the prograde motion, and “—”
for the retrograde motion). The semi-major axis of the
corresponding generating orbit is a = 37%, the eccentricity
is e = 0.1, and the argument of the pericenter is w = 0. The
left panel is for the prograde motion with the mean motion
velocity n = 3 and the initial eccentric anomaly E = 0 or m;
the right panel is for the retrograde motion with n = —2 and
E =0orm.
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An Algorithm on the Numerical Continuation of Asymmetric
and Symmetric Periodic Orbits Based on the Broyden Method
and Its Application

XU Xing-bo

(Department of Mathematics, Faculty of Mathematics and Physics, Huaiyin Institution of Technology, Huaian 223003)

AsstracTt Considering the numerical continuation of periodic solutions, an efficient algorithm is raised.
This algorithm is based on the Broyden quasi-Newton method, and is verified by some examples of the
periodic solutions of the Brusellator and the planar circular restricted three-body problem (PCRTBP).
The Broyden method here includes the steps of linear search and the QR decomposition to solve the
linear equations. For the general periodic solutions, the period as a parameter to be continued is included
in the periodicity condition equations. The period can be used to determine the integration time, then
the solution is substituted into the periodicity conditions to get the integral nonlinear equations, which
are solved by using the Broyden method iteratively until the initial values converge. According to the
property that the orbit passing through a hyperplane twice perpendicularly is a symmetric periodic orbit,
the interpolation method can be used to obtain the solution components that reach the hyperplane again,
and the periodicity condition equations are obtained, and then solved by the Broyden method. Associating
with the symmetry of the Hamiltonian system and some classifications of the periodic orbits of the plane
circular restricted three-body problem, a numerical study of the 2/1, 3/1 internal resonant periodic solution
families is carried out. Finally, the algorithm and calculation results are summarized and discussed.

Key words celestial mechanics, restricted three-body problem (RTBP), periodic solution: continuation,
methods: numerical
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