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:L'nyﬁ*P(JC,y,)\), y::rJrQ(:E,y,)\), (11)

Hp P(x,y,\) = O(2? +4?), P(z,y,\) = O(z? + y2). EEAPH T O: (0,0). W O FIFEALIHA
A L, A O BN L. RDNRS (1.1) MZRMERS L O N—Arl, BRI (1.1)
NEMER O RS, WERIATHE o 1B E AR, B2 bt O MYIE AR — A AT A A
AT ME—— 5, KN (r,0). B, O B 8RR FE R BT LR RN T(r, ), r € J, Hdr g
S AR B AL R A — AR IX R, O FRAZESER H10 (isochronous center), W15 O & H10
i HL S E R T, \) A R AL, RIS b0 00 5 0BG AR R R, e IfE 3 | B R IR
(synchronous oscillation).
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o] R i A B T AT a8 1) B o A A ity T B BB B R B . 9 T R IE I B IR 1%, 1673 4F,
Huygens (1629-1695) FI 4RI R T T L5 — NS0T ERH 0, FARY s BEIS (] ¢ 19728 4k 2
DAk 7 -
S
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Htw > 02— MEE 2T EEAER st) = Crw?(cos(wt + C2)), ENTRHMERHE C1 M Cy Kk
HEA FEFER AW 2n/w. HZTTFERS— IR N
2
% +g(s) =0. (1.2)

™ g W2 g(0) =0 F1 ¢/(0) > 0 B, (1.2) 7RSS B 0. SR, WAl 5 F2 (1.2) B 2%
IF, WU 75 ZIR A

H 1964 4 Loud M A 5T IR RGeS ot o] ) DASK, SPTHISUSr F 48 1S5 HHCe ) R R B 52 3]
Kok, JedR 2 IR K BRI R, AR HAES) T 2 T KRG SR O RIREFL. A SCR
GV 2 A 248, BFEFIRARR BFRRGK IR A S Hamilton R4 Liénard 54t Kukles
FZ G0 Kolmogrov RS, A EASERT A Oy In) /1 45 1 5 SR AN 512,

2 FRERZ
W Px,y, \) M Q(z,y, \) 5&5F n IRZ T, BNk
P&z, &y, \) = &"P(z,y, ), Q(&z,&y,\) =£"Q(z,y,)), Va,y, €R,

MFRRG (1.1) NEAF n KARSMEBR 2t b0 B R G, FIFGE n IRRGE. ZARGA] — RN

T = -y + P(&C7y, )‘) =Y + Zanfi,jxn_iyiy
L (2.1)
y =+ Q(xvya )‘) =+ anfi,jmniiyia
=0

HHF XN = (an0,an-11,-,80,m,00.0,bn-1.1,- -, b0.n)-

KT FIRAG B R RS R4S 2 1964 4F Loud M (503 WOCHR [2, EHE 4.1]) XF n = 2 4 HI1:
R (2.1) AERP, JHACYE @S —NEREER X = ar — by, Y = bz +ay B X = az + by,
Y =bxr —ay, 7 = —t (a,b € R HA4N 0) WAL B2 —:

() X =-Y+X2-Y?% Y =X+2XY;

i) X =-Y + X% Y=X+XV;

. 4 ) 2.2
i) X =-Y — = X? Y:X—EXY (2:2)
(i) X7 3 XV

. 1 4 .
(iv)X:7Y+§6XQf§Y2, Y:X+§XY.

Mn=20,X=ax—by, Y =bxr+ay KRS (2.1) 1t N

X =Y 4+ a90X?+ a1 XY + aoeY?, Y =X +byX2+ b1 XY +bpaY?, (2.3)
N I:':‘
1
oy = m(a?’ago — a2ba11 + ab2a02 — a2bb20 + Cl,b2b11 — b3b02),

5 1
a1, = m@a%ago + (a® —ab*)a1; — 2abagy — 2ab*bog + (b3 —a?b)byy + 2ab?bs),
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C~L02 = m(abzazo + azball + a3a02 — b3b20 — ab2b11 — a2bb02),

1

820 = m(QQbQQO — ab2a11 + b3a02 + a3b20 — a2bb11 + abeQQ),

511 = 2ab2a20 + (CLQb — b3)a11 — 2ab2a02 + 2a2bb20 + (a3 — abz)bu — 2a2bb02),

1
(a2 + b2)2<
1

802 = m(bBGZO + ab2a11 + a2ba02 + ab2b20 + a2bb11 + agboz).

ESWs)
bao + boz = (@ + b?)((bao + bo2)a + (azo + ao2)b), (2.4)

AR SR BIA AN 0 FIME——41 (a,b) 73 boo + boo = 0 H. S injma @i+ Y bi; =0 8% 1%
SE.[AIRE, AR X =ax + by, Y =br —ay, 7= —t NEATLAERBIAA 0 FME——24 (a,b). BB, FAT
AW =2 B (2.1) 1 REOHE b +bo2 =0 H. D itma @it 2y jmg biy = 0 B 1. FERERTEE T, 3K
T Loud M5 RAEITE LT KT REAEE R

M 2.1 Hn=2by+be=0HY, i ,ai;+>,, b =08, R (2.1) S RAE
IF e HAY Y (2.1) RERIERSGE. Yn =2, boo+boe =0 H Y, pai i+, o by = LI, RS (2.1)
E 5 A BAG S e HAYCY N T SR — 4 2

(H?) ago — 1/2 = a11 = aga + 1/2 = bag = b1y — 1 = by = 0;

(H3) ago —1/2 = a11 = agz = bao = b1y — 1/2 = by = 0;

(H2) az0 = a11 — 1/5 = ag2 = bag = b1 — 4/5 = boa = 0;

(H2) az0 — 4/5 = a11 = aga + 1/5 = bag = by — 2/5 = bgy = 0.

UERR ECIEM D EME. B 0 =2 RS (2.1) 78R S AL EA RNty MR4E Loud HI45 R
(B Rk [2, EEE 4.1), FE—NEMEH X =ar —by, Y =bx +ay B X = ax + by, Y = br — ay,
r=—t, HH a,0 € R HAL R0, FF RS (2.1) #iiA 2.2) FHI—. BT X =ax—by, Y = br+ay
BRG (2.1) A (2.3), W (1)—(v) PURTE R0l 2k T 5155 4 A i — 2 Rl

N 5 - 4 - 16

aso =1, ago =1, a2o=—§, a20:§,

a1 =0, a1 =0, a;p =0, a1 =0,

a = _17 a = 07 a = 0; a - — 3>
1" " () : { awvy:{ ® 3

boo = 0, boo = 0, bao = 0, bog =0,

- - ~ 16 ~ 8

ljn =2, l~)11 =1, b1y = -3 b1y = 3

b02 = 07 b02 = 07 b02 = 0, 602 =0.

R (2.2) BN RGHEITE L boo + boo = 0. MRIEATIEEEAE boo + boe = 0 F1 (2.4), A3 b = 0.
el Ditjm2 @it iy o bij =0, T (D)—=(IV) FHMEE ago, a1, aozs bao, bi1, boz N 0. %7 D2 Qi
+ 3o big = 1, W (D-QV) IR A (H)-(H3). 53— 7T, X = ax+by, Y = bz —ay, 7 = —t
BRG (2.1) tbN

X =Y +anX?+anXY +anY? V=X +bpX?+b1XY +bpY?
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Horp
Q90 = ﬁ(—a:}ago — a?bay; — ab®agy — a*bbog — ab?byy — b3bgo),
ay = m(—za%am + (a®—ab?)a11 + 2a%bagy — 2ab*bog — (B> —a®b)byy + 2abbos),
o2 = m(wb%zo + a®bay; — adagy — b3bag + ab®byy — abbyy),
bog = m(—azbago —ab®ay; — bPags 4 a®bag + a®bbyy + ab®bys),
by = ﬁ(—&zbgago + (a?b — b¥)ay; + 2ab%apy + 2a*bbyy — (a® — ab®)b1y — 2abbs),

A 1
boz = (a2 + b2)2

M ()-(iv) PURRIZRER ag; A1 by (45 = 2) WRS (-(IV) —RERSERA. B, 4 5, a0,
+ 20 o big = O B, M(D)-(IV) AR ag0, ar1, aoz, bao, bi1,boe BN 0. H 35, 0 s aij+, 0 bij
=11, (D-(IV) Mgl 2 %1F (H7)-(H3).

Sadk, Wi (H2)-(H3) 2 —or, WRIHZEMHEZ#: X = ar, Y = ay (51H o = 1/2,1/2,-3/20,
3/20) "JLLRHH A (HD)-(H?) FIRSE (2.1) 45k (2.2) BIPURER ()-(iv). IEEE. O

4 n = 3 i}, Pleshkan Bl (802 WLICHR [2, EEE 4.3]) 78 1969 E 45 SR HpOHPE. Wi n =2
I AIALHE 75 3, AWIBE aso —bos = 0 B Y, g i+, sbiy; = 0 B0 1. fEBLRATHR T RHAMELS%
4.

EH 22 Hn=3a30—bos=0HY, i _gai;+>,,_5b; =008, KRG (21) EFRLERA
SRR 24 HAY Y (2.1) REMRA. Mn=3,a3—bs=0H Zi+j:3 Gij + Zi+j:3 bij =1 I, &
4t (2.1) 7EJR i A HAT SR Hh0 2 BAYCY R T A 2 — B A2
(H3) a3o = ao1 — 3/4 = a1a = ap3 + 1/4 =b3p + 1/4 = by — 3 = b1s — 3/4 = b3 = 0;

(H3) aso = az1 — 1/2 = a12 = ag3 = bzop = ba1 = b1z — 1/2 = by3 = 0;
(H3
(H?

(—b3a20 + ab2a11 — a2ba02 —+ abego — azbbu + agbog).

) azo = a1 — 3/10 = a12 = ap3 = b3 + 1/5 = bay = b1a — 9/10 = bos = 0;
1) azo = az1 — 9/10 = a12 = ap3 + 1/5 = bzp = ba1 = b1z — 3/10 = bp3 = 0.

1999 4E, Chavarriga 28 47858 11 5} p = 4 BSRAH T 7 DB, ELGER T Hd 6 AR
S E no= 2 IR T, AW 3bag + bao + 3bos = 0 H. Ditjma @it Dy jmgbiy =0E B 1.
TATAT LRHABATT 24 H RGN F a6 S8R ISR

IR 2.3 Hn=4,3bao+be+3boa=0H Y, _yai;+> b =00, KRG (2.1) FEA
Aib B SN A0 2 HAN Y R T 2R A 2 — B A2

(H1,) aso — bs1 = as1 = aga + bsy = a13 = aos = byg = bay = b1z + bg1 = bos = 0;

(H35) aso + aos = as1 = azz + 4aps = a13 = bag = bg1 — dags = baz = b1z = bos = 0.

M n =4, 3byo + baa +3boy =0 H. Zi+j:4 a;; + Zi+j:4 bi; =10, R4 (2.1) 1R s Ab B SER s,
W) T 2% A 22— s A2

(H21) ago — b3 = az1 = aza +bz1 — 1/2 = a13 = aps = byo = baa = b1z + b31 — 1/2 = by = 0;

( 59) ag0—1/10 = ag; = aga — 1 = a13 = aps +3/10 = byg = b31 +1/2 = bag = by3 — 7/10 = by = 0;

(H3;) a40—2/5 = az1 = az2—7/10 = a13 = ags+3/10 = byg = b31 +1/5 = bay = b1z —2/5 = bys = 0;

(H3,) as0 — 1/10 = azy = aza + 1/2 = a13 = ags = byg = b1 — 1 = bag = b1z — 2/5 = by = 0;
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(H3;5) aso+aos—1/2 = ag1 = ass —4apa+5/2 = arg = bag = bz1 +4ags —2 = bog = biz—1 = bos = 0;
(H5)
(H4;) ago — (5k —9)2/(4(25k% + 30k +2313)) = az; = agp +5(k+3)(5k —201)/(2(25k> 4 30k 4 2313))
= ai3 = ags + 75(k + 3)2/(4(25k% + 30k + 2313)) = byg = b3y — (5k — 81)(5k — 9)/(25k% + 30k + 2313)
= oy = b1z — 25(k + 3)%/(25k2 + 30k + 2313) = byy = 0,
Heh (HL) 0k RIEADTREL R, MRS (2.1) W2 (HE) - (Hig) <, JE g — N s,
FERR 2.3 H 7 ANRAR I EENE R v B SR R Y, i 78 2 VR UE BA L BT 26 PR K T
R e RGN T
WERR  HHOCHR (2] ATE, RSt (2.1) B RSN Gy, DIAEAE AT il A ) A8 46

Q40 = G31 = Q22 = @13 = Qo4 = bag = b3z1 — 1/2 =bas =b13 —1/2 =bpa = 0;

U=z+0E*+y%), V=y+0@*+19 (2.5)
1R RS (2.1) Bl A& RS
U=-V, V=U. (2.6)

VEAZH (2,y) = (rcos,rsing), n =4 B R40 (2.1) AL FRE A

4 4

F=R(r,0) =Y POr', 0=000)=> Q)"

=2 i=1

¥ (2.5) KB — D EXEHARARPRITER U = S(r,0), 1
S(r,0) = i S;(0)r,
i=1

i 51(0) = cos§, Si(0) (i =2,3,...) & i BFR=MZIX. 5—TJ71H, h (2.6) {7 5+ 5 =0.
ik S(,0) MPEOB RN ZITEIE R - IRV R, TR TR
-1
si+S+ Y {QinS;’J +((G+ 2k — DPQ; + QuQ))Sh + k(P;Qj i W>Sk}

k=1
itj+ k=042

B agcosl + Besin®, #5 0 EFTEL,
0, 0 AR

Hhr=23... %5 "’ 5%t 0 KM A—MmS. =48 R88 (2.1) KR SRR L,
NPT BRI 5 B o A Be #HAoO. iHE a3, a5, ..., 025 E'(J//};j\:/'j\;'ﬁx%%%7 Y 3byg +bays +3bgs =0 H
Zi+j:4 ai,j+2i+j:4 bij =0 I, A (H%1) 14 (H%2)- i 3bao+baa+3bos = 0 H Zi+j:4 ai,j+2i+j:4 bi.j
=1 I, B (HS,) (HL,) &2 —Hor.

THUEH . BIERS (2.1) W2 (HY) 30 (HY), MRS (2.1) ik A FERFH () 5
F(v). RS (2.1) W2 (H)-(Hi) < — @ LMTH X = ax, Y = ay (535 a = 1/(2a40
+2a22), —9/40, —9/40,9/40,1/2(as0 + aos), 1/8), R4t (2.1) Al -5l A F AR 2 —:

(1) X = =Y 4 ag0X* + 402 X2Y2 Y = X 4 a40X?Y + a0 XY3;

(i) X = -V — X4 - 90X2Y2 4+ 3Y4 Y = X + X3y — BXY3;
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(iif) X = -y — 46x4 - BX2y2 4 4y4 vy = X 4+ 5X3Y — L XV3,
(1v) =Y +aXx - DX Y =X + QXY + B xV3
(V) = —Y + agX* — (5ago + aos) X2Y? + aps Y4, Y = X +4ay 0 X3Y + 2(a40 + ags) XY3;
(vi) X = -V, YV = X +4X3y +4XY*.
PR A A R A [ A e
. X Y

V=
(1 4 3a40X2Y + (2@22 + a40)Y3)1/3 ’ (1 4+ 3a40X2Y + (2@22 + Cl40)Y3)1/3

ARG (1) WNEMRG U = -V, V =U, FILRS (1) FRESZER 0. T R4 (i), H K (X,Y)
M Ky (X,Y) Ao TR A im R 5. BB RS

2 2
X(3 - 16Y3)(W(X, Y)l/G + 64(XSjLY ) f W())gfi;(k/ﬁ)

X =Li(X,Y):=
) WX |
64(X%+Y3?) XdX
Y = Ly(X,Y) = Y(3+12X2Y — 4V )(W(X, V)0 + =5 Wx.y)o)
9 . W(X, Y)1/6 b

Hfh W(X,Y) =94 24X2%Y — 24Y3 + 16X*Y? 4 32X2Y* 4+ 16YS. K S KL

dLy 0K, dLy K.\ OLy 0K, OLy OK,\
(Klax In ax) <K28Y = aY) =0, (Klax L ax) (KQQY = 8Y> =0

H LKy — Lo Ky #0.
XERHARSG (i) EHAAH S5 HBEZ M RS (transversal commuting system %), H 45 3C
Bk [6, HE 4.5], RA (i) MR SURSER L. [FEE, RS (i) M (iv) BB s ER R SRR G, BREAT]
FEJR AL 73 A G0 RS i R G
X = X(3 - 8X2Y — 8Y3)(3 — 8X2Y — 16Y?),
Y =Y (3 —8X2Y —8Y3)(3 +4X2Y —4Y3),
X = X(3+8X2Y)(9 + 24X2%Y + 24V 4+ 32X6 + 64X Y2 + 32X2V4),
Y = (3Y + 12X* — AX2Y2)(9 + 24X2Y + 24V + 32X6 + 64X V2 + 32X2Y4).
ARG (v) TEWAEAR (X,Y) = (rcosf,rsinf) FIHFEA

F=r*P#), 0=1+rQ(@),

/\I:P
P(9) = 3%{# 0530 4+ MO0 o Qo) = 3040+ a04 o ap | 040 ~ 004 0
CIYE £ RN=/ @2 ,
H(r,0) = "

(1+2Q(0)r3)1/3
SHEREE C, I\ H(r,0) = C'/3 TLIEE] 3 = (Q(0) £ /Q(0)2 + C)/C. #EILFT LI RS (v) KIE

WA R £
B 2 46 B 27 Q(@) _
Tir) = /0 1+r5Q(0) ~ /0 (1 MNGIOEE: c)de =2
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ARG (vi) TEWAFR (X,Y) = (rcos,rsind) FHITIEN
i =1*(—cos 30 + cosf), 6 =1+ r>(sin360 +sinb).

SHEIAR
30 + 413 cos® 6 = 3t + C,

H © RAEREFH. A ¢ BIE » A0 PR, W
H(2m) — 1(0) = (% + 2r(om) - §> - (;lr(()) - §> _om.

MRS (vi) 125 SURSER 0. . O

2000 4, Chavarriga 2 752 91 3§ — 5 FIIETRE I T 9 AN ELAE, JFIEW T Hdh 7 MRS
). Romanovski %% 81 7£ 2007 4FUE AR N 2 NS EFZAFHZ RO H. W n = 2 AT A
BLaso—bos =0 H Y2, o gaij+ 20—y by =0 8301 FATATLURHABATI 2611 T R GE 0 Bl ha 2 ik
LU

B 24 Hn=50a50—bos=0H>, i jaij+>, _4bi; =00, 15 (2.1) EELEEA
SN R 2 HAYCY T TSR A 22—l A2

(H?)) aso = a1 — bsa = agy = ags + bsp = a14 = ags = bso = bay + baz = baz = byy = b5 = 0;

(H35) aso = as1 — 5k = azs = ags + 10k = ajq = ags — k = bsg + k = by1 = bzz — 10k = bo3
— by + 5k = bos = 0,
Horr (H3,) ik RIEADEE. Zin=5,a50—bos =0 H X, _yai;+>,,,_4bi; =1 I, &G (2.1)
T JF R AL BAG S A0 2 HACY T AR — Bl 2

(H3,) aso = as1—bsa = asz = ags+bsa—1/2= a4 = ags = bsg = ba1 = bag = bia+bgy —1/2 = bys = 0;

(H3,) aso = as1 — 1/4 = azs = asz + 3/20 = ayq = aps = bso + 1/5 = byy = b3z — 13/20 = bo3
= b4 — 9/20 = bgs = 0;

(H33) aso +1/8 = as1 — 5k = asy — 5/4 = ags + 10k = a14 +5/8 = ags — k = bso + k = by +5/8
= bgo — 10k = baz — 5/4 = b1y + 5k = bos + 1/8 = 0;

(Hg4) aso =aq1 —1/2 = azo = aa3 — 1/4 = a14 = aps + 1/4 = bso+ 1/4 = byy = bga— 1/4 = bog
=b1g —1/2 =bg5 = 0;
(H35) aso =a41—5/26 = asy = ag3 = a14 = aos = bsp+2/13 = byy =b3a—25/26 = by = byy = bys = 0;
(H3g) aso = as1 = asa = az3—25/26= a14 = ags+2/13 =bsg = by = bgo = bag =b14—5/26 = bys = 0;
(H3;) aso=a41—1/8=asy =ags+1/8= a1a= ags = bso+1/4=by1 = bsg—1=byz=b14—1/4=bo5 = 0;
(H3g) aso = aa1 —2 = asz = azs+3/2 = a1s = aps = bso = bar = bga +4 = bag = b1a—9/2 = bys = 0;
(H3g) aso = as1 —9/2 = asy = ass+4 = a14 = ags = bso = ba1 = b3y +3/2 = byg = by —2 = bys = 0,
HA (H35) B9 k 2R

{HA5 —$2EMI/2, Romanovski 55 8 X 264F (H3y) 7 HERIUE KA T 5 Chavarriga S48 17772,
ARG R 5T (Hy) B RGAE S AR i RS R BARTE S, T2 ki 1 H R e R4 1)
TELENE.

(H3,) FEMAIIERR W2 (H3y) MRS (2.1) it it

_axr+by _ —bx+ay
PR 2102
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CIEA 5|
&= —y+ 122ty — %ny?’, y=x—4z3y® + ?my‘l. (2.7)
RS (2.7) W NN BHEA R R4S

. . 16
i =x+162°y’L(z,y), y=y— —2°y’L(z,y),

3
ok )
Lloy) =143 na™, foly) =~ 9% faly) = St~ 5

k=1

H for(y) X k>3 /& y K2 T, RS fett,

(3y — 362y + 322%y*) L (2, y) — (3z — 122°%y* + 162y*) L, (z,y) + (4823y + 322y°) L(z,y) = 0.
MR E] for HIEAETTHE
6(k + 1)y fors2(y) + 32(2k + 1)y° far(y) — (16y" + 3) f31.(y) + 24(5 — 3k)y for—2(y) + 12y f3,_5(y) = 0.

GiH fopo X k> 2 52 y 2 I H AT HIX AN HE T FE AR . ARTE SCHR [6, EE 4.5], (2.7) MR A2
S rpr, R =

20 42 90 FAGE, ATHIGETS n IRE P KRR RO BEE 2 = 2 + iy,
w=x—1y THEHIE RS

n n
Z=z+ g Qpi 2" W, W= —w— E Br—ijw" " 2" (2.8)
i=0 i=0

BET A — M ATI AME R AR B2 AL, — MAARIER AR R 1991 SEMAG-FAIZ 46 ) 0T =ik &
RGHIWETT. M8 T T T R4
R 2.5 00 M =30, REY (2.8) RS ARG SRR b2 BAUS NS — A

(H39) ag1 = Ba1 = azo = Bi2 = Boz = 3P30 — a12 = 0;

)
(H3) az1 = Ba1 = Bso = a1z = Boz = 3az0 — P2 = 0;
(H3) az1 = Ba1 = 12 = P12 = apz = Boz = 0;
(H3) a1 = Bo1 = apz = Boz = azo + P12 = Bao + 12 = 0;
(

H3) ao1 = Bo1 = 3o + TB12 = 3B30 + Tanz = 16a12812 — Y3 B0z = a3z — B39B03 = as0B1203
— B30a12803 = P2z — afafoz = 0;
(H3C) a1 = Ba1 = aso = P12 = Bos = Bao + 31z = 0
(HEC) az1 = Bo1 = B30 = 12 = ag = vz + 3B12 = 0;
(HEY) ao1 = o1 = 30 = B2 = s = fs0 + 312 = 0;
(H3C) a21 = o1 = B30 = a1z = fos = 30 + 3B12 = 0.

3 EFREREZ

WHR Pz, y, \) M Q(z,y,\) 5&5F n IREMAE — T (22 +42)? BRI, WFRRSE (1.1) AK
Fn ARG, ARG — B FE RN
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REREE: M B AT B

1

i =—y+ @ +9°)" Xa(z,9,0) = —y + (2% +3°) ZAn "y

n

j=z+ (@ + ") Volz,y,A) = 2 + (2° + ¢ dZBn "y

HfdeR HA=(d, An0,An 11,5400, Bno,Bn_11,---,Bon)

KTHF 2 KRS, Liu M Li W0 ERT d+#£ L B RS (3.1) B A S50 dO 1504 AT

B 7 = w(z? + y2)%, 7 =y(z®+ yQ)GZ%1 BRG (3.1) o (U 2 F y F0R)
b= —y+ (204 D2 +3)Xale,p) + 20— Daya(e )},
§= o+ QA+ D + 3 () +2(d - DayXale,p)),

HETEM 1L R 45
IR 3.100 R4 (3.2) B ARFOYHNY N e U, S, Heb

S1={M| A11 4+ 2Bo2 = 249 + By1 =0},
={\|d= Ay + Az = Boz + Boy = 0},

(3.1)

iibus

Sz ={\|d= A1 — 5By — 3Boa = 340 + 5A02 — B11 = (Ao + Azg) = A3 + BoaBao + 283},
Sy ={\|d= A1 — 5By — 3Boa = 3As0 + 5A02 — B11 = (Boa + Bag) = 243, + Aoz A2 — B3},

S5 = {\ | Azo = Ap2 = Bu1},

Se = {\ | 2420 + V3Bag — B11 + V3Boz = 3A11 — 3Bag + 2V3B11 + 3Bo2 = 2402 + V3B
+B11 + V3Bp2},

Sz ={\| 2420 — V3Bag — B11 — V3Boz = 3A11 — 3By — 2V3B11 + 3Boz = 2402 — V3Bao
+Bi11 — V3Bpo}.

B, B A e U, S B, RS (3.2) 7 s b LA S ot 24 HAY Y R T 4512 — i 2 -
(H2E) d — 2 = 2A59 + By = Ayq + 2By = 0;

(H3L) d = Agg + Aoz = A11 — 2Boz = Bag + Byz = By + 2402 = 0;

(H3%) Ago = A1 — Boz = Agz = By = B11 = 0;

(H3L) Agg = Aoz = 2(d + 1)Bao + (2d + 1) A1y = By = 2(d + 1) Boz — A1y = 0;

(H2E) d — 1= Ayg = Agz = Bog = By = Bz = 0;

(HE") d+1 = Ay = A1y — 3Bag = Agz = Bag — Boz = Bi1 = 0;

(HgL) d= Ay = A11 — 4Boz = Ag2 = Bao = B11 = 0;

(HEL) d = Agg = A11 + 2Bo2 = Apz = Bag + 4Bg2 = B1y = 0.

BT A e Ssu S, NARGEE —MgFERHRTSHS A e S HRMEX, Fit, €2 3.1 they

HT Xe SgU Sy I IEER 0 2544

Liu Al Huang M9 5T n=3 H d = -2 BEFIRRGR (3.1) 1ET0 77 1T AT AU SIS HR 2 1.

AT I AR 4
F=a@®+y?) 7% g=y@+yH)
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AL (3.1) KA T AR N R s (T3 2 Ay FoR):

i=—y+ {(y2 - f)Xg(x,y) - gwa3(x7y)}(x2 +1%)°,

y=o+{ (2= L) o) - Sevato) ba? + 2

BT R G IS BE RS RSB T RS (3.3) ISHEIEA, 7T LS 20T e #.
EIE 3.2 RG (3.3) 7EJE AU EAT R0 BAUCY RS2 — B 2
(H3E) Aso + Bos = A1 — Bia = A1z — Bos = Ags = B3y = Ba1 + Bos = 0;

(H3%) Asp + Bog = Ag1 = A1z + Bog = Aoz = Bsg = Bay — Bog = B12 = 0.
Chen % 12 i 58 T BA FHIER AT 4 KRS

i =—y+ (22 + y*)?(Asoz® + Azr?y® + Agsy?),
g =a+ (2% + y*)(Ba12%y + Bizzy®),

Hrpd >0, I M T R 3T
EIR 3.302 M 240, — 24,40 — Biz — By # 0 B, W0 R & AF 2 — Wi 2
(H1L) Aog — Aoz + Ago + Bis — Bsy = 2404 — 2A40 + Biz + B3y = (d+1)(2A04 — 2A40 — B13 — Bs1)
—(d+2)(3A04 + A2z + 3A40) = 0;
(H3%) Aoy — Aga + Ago + Bis — Bay = 2404 — 2A40 + Bis + Bs1 = 5404 + Aoz + Ayg — Biz — B3 = 0;
(H3L) d = Aoy — Asa + Ago + Biz — Bs1 = 3Ags + Aga + 3A40 = Agg — Ago = 0;
(HﬁL) d =1931A04+1069A25 —4069A 49 — 2569813 —431 B3, = 3578 Ag4 — 3578 A40+349B13+ 34983,
= 9067 Ags + 2138455 + 37524409 — 1331 B13 — 1331B3; = 0,
MRS (3.4) PR SR EE N OGO,

4 TIREREZ

F 3k [13]) € L, RS0 (1.1) BRI AT s a5 (1) (reversible), WIHR (1.1) MIHLIE R
Tl JE S R — A AR AR. 425Gk (14, 55 88 TU) B [13, 5 81 T MIE X, REE (1.1) WHUERT y
FHRRR 2 48 7 R 2

P(-z,y) = P(z,y), Q(-z,y)=-Q(z,y).
SR [15] WA AT I RAFNRT[RIF] ) RS0 (time-reversible system). Al R RAFHIA T —REEEFH
I 2SI FRPE IS 3. — N EARSE SR, P R R GRS 2.
2010 4, Chen #1 Romanovski 101 7T T =R R R4, JHE HIX ARGt LR

&= —y+arzy + asx’y + asy®, G = x4+ bia? + boy® + bx® + byzy?, (4.1)

Forh ZH0H =R AT REMIIE T a3 = ag — by + by + 8 BNFE a3 = as — by + by. AATRFIX = F0E 45 545
T 5 R SRR L B 8 A B, H R BB A T DA T R A

EIE 4.1 160 2 a3 =ay — by + by B, REE (4.1) 755 AL HAG SR Rl 2 HAYY

(R3) a1 + 14/15 = ay — 16/175 = by — 16/15 = by + 46/15 = by — 64/175 = by — 48/175 = 0.
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IR 4.2 % ag = ay — by + by — 8 I, ARG (4.1) TEUS AL ELA S ool BLOCY R THI 402
G 2

(R3)) arby + 267 —2=ay—2 = ag +2 = byby + b —2 = by = by — 4 = 0;

(R32) a1 +2by =ap =3 =az+1=b1+by=by+1=1by—3=0;

(R33) a1 — by =ag —4=az =b; = by =by —4 =0;

(R34) a1 +2b1 =ap —4d =az =0y +by =b3 = by — 4 =0;

(R35) 12a1— 9b +V/3k = az—8/3 =az = 24b1+ 3by +v/3k =b3 = b4—16/3 = 0;

(R3) 201 — 5by £ 3/32 1 b2 =az = az + 8 = by = by = by = 0;

(R3;) a1 — 2by — by = 14as — 4b] — byby — 24 = ag = Tbg — 8b] — 2b1by + 8 = 14by — 1207 — 3by by — 72
= 120b; + 32by — 9263 — 55b3by — 8b1b3 = 0,
Hor k= +,/128 + 303,

FIE 4306 Y g5 =qay— by + by +8 I, R (4.1) 105 kb B A S ot Y BACY TR 4E 2
AL

(R) arbr + 201 +2=az+2=a3 —2=biby + 0] +2=b3 = by +4=0;

31)
(R3;) a1 £3V2 =02 +4=a5=b1 F2V/2=by £ V2 =b3 — 4 =by = 0;
(R3s) a1 +2b1 =as+3=a3—1=by+by=bs—1=b,+3=0;
(R3,) a1 —by=as+4=a3=0b; =bg =by +4=0;
(R3;) a1 +2by = as+4=ag = by + by = by = by +4 = 0
(R3g) a1 £6V2=ay 4+ 16 = a3 = by = by = b3 = by — 8 = 0;
(R3,) a1 +2vV2=ay=a3=b; TA4V2=by +4V/2 =b3 — 8 = by = 0;
(R§8) aliz\/g:aQ:a3:b1:F2\/6:b2:|26\/6=b3—8:b4:0;
(Ry) a1 £ 2V6 = as = ag = by F 2v/6 = by £ 3v/6/2 = by — 8 = by = 0;
(Ri10) 12a1—9b2 +V/3k = az +8/3= ag = 24b1+ 3bz +v/3k = by = by +16/3 = 0;
(

R3,1) 2a; +5by £34/32 4+ 03 = az = az +8 = by = b3 = by = 0;

(R315) a1 — 2by — by = 1dag — 4b3 — byby + 24 = az = Thz — 8b3 — 2byby — 8 = 14by — 12b7 — 3byby + 72
= 1201 + 32by + 92b3 + 55b%by + 8b1b3 = 0,
Ho g =+,/302 —128.

2008 4F, Chen 507 BFFE T FFVU KT [ R GERISEIS hts. ABATT3E I AR b e i 48 R Ge Al et
B

i=—y+axt +agr’y? +azyt, §=2+ ity + Bazy?, (4.2)

o R HANTTREIIES: as = —a1 +as + B1 — B2 Bl az =16 — ay + as + B — Bo.
IR 4.4 07 M g = —ay+ap+ f1 — B B, R (4.2) LB FLAT ST o0 FLACH R4

PRz —Hi AL

RY) o= =01 — B2 =0;

(Riy) o1 — B2 = day — T2 = 201 + 2 = 0;

(Ri3) 4041 Bo = 4o + 5B = 281 — 551 = 0;

(R{,) Tay — B2 = Tag — 1082 = 761 + 5532 = 0;

(Ris) a2 — B2 =1 — 1 = 0;

(Rig) 4y — B1 = 202 + 261 — B2 = 0.
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EIE 4507 M a3 =16—a; +ay+ 1 — o I, REGL (4.2) 1EJR T ALEASER A2 HAUY R
T 26 AF 22— B A2

(R4)) a1 — 16/15 = ay = By + 16/3 = B2 — 48/5 = 0;

(R3z) a1 —64/15 = ap +16/3 = By + 32/15 = B — 64/15 = 0;

(R3,) 240k — 60y + 1582 — 64 = 72k + 203 + B2 = 600k — 1553, + 1582 — 256 = 0,
Hr 8, <0 H k=4/—5,/15.

5 Hamilton &%t
FEOCHR (18, 28 200 U] MR X, WERAFEE— R H(z,y, \), 1E15
Hy(z,y,A\) =y — P(x,y,\), Hy(z,y,\) =z+Q(z,y,\),

M &S (1.1) FRAFIH Hamilton 245, H(x,y, \) FRAVZRSE (1.1) B Hamilton K%L
mal 54, R4 (1.2) #ot— MEHRII T Hamilton R4, HFH G E RN

s=v, 0=—g(s), (5.1)

Hr g(0) =0 H ¢/(0) > 0. H3CHR [19-21] %1, WIR g(s) 2T AT R EER— OB 2 m s 2, T
F‘? RO ARG (5.1) FAER R ORIFRERMR g(s) = ws, w > 0. B g(s) M HIIFEAT R EEEE S
TR, O B RERCN RS (1.2) BIEERHl. fEXFEZ R, Chavarriga F1 Sabatini (22 ¢4
TN E R

IR 5.1 22 1?)%7& q(s) ﬁﬁﬁﬁ’]#iy B, W O RS (5.1) IR O 7 B AR AR TR R
o (s), 13 7(0) = 0, 7(x(s)) = s,

Gls) = / g€dE = (s - A(s)? seR

BRI, HE SRR vt O ) — A R AT A R A ) w.

1999 4, Cima %523 #5017 Hamilton BN A(x) + B(z)y + C(x)y? W RS oot ) fiE, H
A, Bl C %iﬁﬂiiﬁ’]ﬁﬁ‘ﬁ . & G=4AC - B?, (21,75) = {z € R: f#+1E y € R f#15 (z,v)
TERISEIR S R LY, g(2) = 2/G(2)/(22C(2))/2 B XAE = € (v1,75), g~* EXLE (—vho, Vo).
AT 5 R AT

I 5.2 BARS (1.1) UJR S AFEER TG, HEH Hamilton B3 H(x,y) = A(z) + B(z)y
+C(x)y?, H A, B il C J& S0 BRI fg e d,

(1) SR s A oo SRS HRC 2 HANY

g7 =0 g 2w
= —_, Vi € (_\/%7 \/h>0)
/q—1<w> vC(s) ™

(2) R FIN @ BISER LR 787 261

1672
2

B, G M C RBR I, XA KRR E ).

(G'(2)C(2) = G(x)C'(2))* = G(2)C(x)?, V€ (zr,2s).
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AT TREEX AN G5 RN B IR RS, A5 H T =R Hamilton RGN o35,
EF 5.3 123 =X Hamilton RETENE i BA SR O 70 B B2, I RFET— AN
AR5, B 1 Hamilton BRG] DLS AR

H(z,y) = (k12)* + (k2y + P(x))?,

Hrp P(z) = kg + kax®, Ky (i = 1,2,3,4) ZHE, HH & Mk A4 0.
FH—J7H, ANITHEIVEXT Hamilton RGAESERE A €. 25 B2 Wizl Hamilton &4, H Hamil-
ton BRECHN

2 + g2 - y
H(xuy) = 9 + Z ;T y]v Z a’z?,j 7é 0, (52)
i+j=m i+j=m
i,520 1,520

He z,y,0;,; e R, m e N H n>m > 3. 2002 4F, Jarque F Villadelprat 241 IEB] T JY#K Hamilton
GRS L, FFR T — AN AT PSR Hamilton RS S AAEERH0?
2008 4, Chen %5 29 5 37 H 5@ &

k
My, = Z A2%—2,2i Wi k—is (5.3)
i=0
Hd Y 2k < m 8L 2k > n BHAMNTRE X a2k—2i,2i =0 A

2i)1(2)r
T GG )22
fifi1%5 1 7 Hamilton R G OAZER ) —NF8 50554
EIE 5.4 250 40H My, _o <0, IB4 Hamilton ERECN (5.2) MRS R S RAER ).
YERNHER, 125 T R4S R,
EI 5.5 25 15 Hamilton BECHN

n

2 2
z”+y Z i, Z 2
H('T’ay) = ) + Q55T yja ai,j 7é 07
k=m,it+j=2k+1 itj=2m+1
1,520 1,520

A RGAT R B AN

SEHE 5.5 F1 Hamilton BREL S IR IUAS 2 A3 ORI, X 38 B AR B IR ST T A 20 22 48 00 AR 46 14 T8 2 1
U, BRITTE B T AR 2R PE R 45 70K Hamilton FR4G0/2E AR ).

2010 4, Wang 25 [26] 5 ST Hr it A € &=

Wi(A) = Tar(A) — Mag12(N),

HorAr Moy WA (5.3) HE X,

2k

j o k+j J
Tor(A) := z:(—l)jM Z Z ( H ava+2ia,ig)w§,k+j<7

1l
Jj=2 J: v1+.,.+vj:2]g <=0 o=1
vzl HDEO(V().S)

v(j) EBEEEA (v1,...,v;) H O()),s) == {(i1,d2,...,ij) € Z) iy +io+-+1i; = 25,0 < iy < vp+2,
1=1,2,...,j}.
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EIE 5.6 26 WIRFFLE ke N 13 Wi(\) # 0, A4 Hamilton BRECH (5.2) I RGLER HANR
SERTH. RZIMR.

DL e T Moo > 0 FITEEHE 5.4 RFBEMER. RIS, ol DR EHE 5.5 451
M Hamilton FEE 1 HELE M0 Sl U LA 20T DL G B s 3 I 15 7.

EIE 5.7 26 405 Hamilton ERECH

2n

1;2 —+ y2 . . .
1 1
H(x,y,\) = 5 + E a; jx'y’ + E a; jo'y’ + E a; ;Y
i+j=2n+1 k=n+2, i+j=2k+1 i+j=dn
4,520 i,j 20 i,j20

He

2n

n>2, Y aun-2i2i@ioni >0, > al; #0, > al; #0,

=0 Z—‘rj 2n+1 i+j=4n+1
0,520 i,j>0

A R GAE TR 2 AT

FEH 5.7 1 Hamilton RREHI ISR 4n + 1, ST 2 AR, B T &s — A SRR IR
A, A S A AR, X R WA R TR R ST AR IR, BN AR, B & A IR €
5.7 UERH TOOXFE AR IR Hamilton 54012 AR 7).

6 HfttZR%

— LSk TR A REE R T RN Liénard 248 Kukles &4t H1 Kolmogrov R4 55
JSe HR O R FEE N2 i) R
%1F Liénard R%:

i=y, y=g()+f(2)y, (6.1)
Hr f(z) A1 g(z) 22 g(0) =0, ¢'(0) =1, £(0) =0 2T, Christopher 1 Devlin 7 7£ 2004 4F
CEINEYNN
EHE 6.1 27 RS (6.1) M RURAER F0 2 ALY R4

4

(1) = 1) (S + (Flo) - F0)?) = (o~ 0Pa(o) 1),
F()~ F(3) = 0

AL y(0) =0,y (0) = —1 MAIR y(2), Jh F(a) = [§ f(€)dE, F(a) = [y £F(€
HARGE(6.1) ' f(x) A g(x) AT R ELRT, ﬁtﬂ]ﬂj tBTJ? i E%ETEPJUEI’J?Eﬁ—’EP#F
EIE 6.2 7 47 f(x) A g(a) ZMHTEREL WARS (6.1) HJE R SFR 02 HAL

o=ss (14 5( [ srox))

H(z —2s(z)) = H(z), s(0)=0, §(0)=1

P, XHEEA H ( ) %ﬁﬁﬂn a? + - [T BB B AR x(H (2)) = [y f(§)dE BAL IR
BT b1 £ x(w ) fo

Hrr s(z) RREOTHE
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1997 4, Rousseau F1 Toni 28 #F 7% 1 A 24 p o B P47 A 0 204k Kukles 258

b=y, ¢=a+ax®+axy+asy® + asx® + aszy + agry’ (6.2)

A2 Y T A N ) R SR A

EE 6.3 R4 (6.2) FIEAURERF O HANY a1 = a3 = a5 = ag = a3 — Yas = 0.
2009 4, Wang %5 29 B 50 7 —35 X Lotka-Volterra &4t

o =aP — 2Pyl  g=p(aPy? —y?), (6.3)

Hr p,p,q > 0. AL TP 8 (1, 1) SR AT FE R

EIE 6.4 2 RG (6.3) FIFMT A (1,1) R PFOYHMNY p=q=1/2.
2013 4E, Chen %5 B0 #F 5 7 =X Kolmogrov &4t
i =x(A((x — a)) + Az(y — b) + Bs(z — a)> + By(y — b)?),

(6.4)
§=y(Bi((x — a)) + Ba(y — b) + Bs(x — a)® + Ba(y — b)?).

AR PG 5L (a,b) REAMEFO I HANY aAy + By = 0, R4t 1 a0 R AR e 2614

EIE 6.5 RS (6.4) LR (a,b) AR HLOY HACY N &2 — o

(K?) ad; + bB, = 2aBs — By = 2By — Ay = 0;

(K3) aAy + bB; = By = aAsBy + bB1 By — AsB) = aBy By — bA; By + A2 = 0;

(K3) aA; + bBy = 2aB3 — By = aBj + bBy = 4aA3 By + 3bB3 + 20> Bo By = 0;

(K3) ad; + 0B, = By — Ay = By — 2bBy = a®Bs — 2aB; — 30*By = 0.

[ O EE R R P R G — R RO — I W S P — R N 3. IR 2

kA SG 0 Hamilton £&50. Liénard 54t Lotka-Volterra R4t Kolmogrov R Gibit %A 15 3] 58 B 44
R, Liénard RG0S MEAFEIE P R — AR EO7 R AR 0] &8, 5K Hamilton FR S8 2 JT 18] L
BA AR, PO AR AE B I J7 AR DT 1) e — AN AR B S RN T R AU, A
e R S KR AR B, ACOR AR T A QB LA SR N5 T S5 7 V2 i gk 22 A SE .
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Isochronicity of centers in some planar differential systems

WANG ZhaoXia, CHEN XingWu & ZHANG WeiNian

Abstract For planar differential systems the isochronicity of centers, as a continuation of the center problem,

relates to the synchronism of periodic oscillations. In this paper we introduce recent results and basic methods on

isochronicity of nondegenerate centers for planar differential systems including homogeneous systems, reversible

systems, and Hamiltonian systems.
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