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Distribution of limit cycles for a class of higher-degree degenerate

planar polynomial systems of codimension two
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Abstract: Distribution of limit cycles for a class of higher-degree degenerate planar polynomial systems of codimension two is dis-
cussed. It is proved that the system has at most three limit cycles. If they exist, then there will be only seven distinct relative lo-
cations.
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TR E, N R B3R RME , PR ZEAR R BT RIBFSE 05 . 3C (10 6 R 58(0.2) i —FP s T2
=y, y=x+,uy—x5+ }’82x4y,}’<0

BT T IRIE BT ESE 45 3 1A BRI 19 TG L A 15 00 . A SCRI TS RS ] Y 28 548 2R 42 (0. 1) fai 4k Ay
PIMMEIE , 52 3C[10 ]S &, I SCL ] 5G T AR BREF M — PR b — e O BT 78 45 21, A S STRRL 12 ] 56 TR FR B
FEMETHE M, R3] T RE(0.1) 2 no=5 BRI B Hrds

ASCEHEANT 26 110 REE(0. D)FEAT T AL KRG A MIFEIE 26 2 54 i T LA G B 56 3
TG 4 TR R GE(0. 1) FPIFEIZ #EAT 1 IGE R it oE

1 BHFE R A &

Mo =50, R2G(0.1)H
=y, y'=;/1x+;x'2y+cx5+dx4y. (1.1)
TERGE (L. DR AEE d <0 BN AEE y—> — y, 0= — ¢ WA oty WREEN - d. 24 ¢ >0 0,14

e x—’( C )‘l‘x,y*— (dcz)igy,t*—ft,ﬂlﬂ/%?}ﬁ(l.l)ﬂﬁil

L
2 d \
t=y,  y=apixe oy -ty (1.2)
1 1
_ 4 _ 7 . .
2 e <O At () oy 5F) Sy L RS (LD
g d
i=y,  y=gpliat gy -t -ty (1.3)
DX R GE(1.2) F(1.3) A5 AT 5540 X4 R 40
x:y::P(x,y), y:#1x+/jzyix5—x4y::Qi(x’y) <1i)

HIWFIE, o oy 5 gy, WIEESESEL.

2 HAKT|E
% 2 Liénard Y 52
i+ f(x)i+g(x)=0, (2.1)
BB SN TR
X=y, y==fx)y-glx). (2.2)

BB RR AL f(x)F g () TEXIA] (@, b) FiESE, HA R CRAERIME AR M — P, Hh - o <a <0< b<
+ o JOHIEXIE D:x€ (a,b),lyl <,

F: = [ o, 6o = [ g(oae.

N ORI, e ga e (1] A4

51 2.1 BRAFAE «', € (a,0],x, € [0,b) 73
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5138 2.3 ik Fi(2), F,(2) € C°l0, + o] C'(0, + ) A1RY 2 = 0B, F,(2) = (<) F (2),
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2 () Bz, (y) 2 2 (y) < (5)2(y),y € (youy, L H T Dy, v, 102 2, (y) Bl 2, (y) AT A FAAFEIX
] AT 7 FE4H (2.3) ANAEAEH LR .
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F\(z) — y B0 T R L BOE B I FE (E), FI(E), IIM# 2, (y) T 2, (y) 62 2, (y) < 2(y) v € (yo, .1,
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4 RHE(17) WRRA A
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- (py = + D < 0, AT HAREIA S A, IPAPWAYS LSS B Dulac pR%E B(x,y) = y,)“\UXﬂL%:\?JKL
(1) 4 div(BP, B ) = {2 g;‘fﬁf Y 0 MR P 2504 A, (R
FO O T = A A TR RS (1) S
=y, 5 =-fi(x)y - g(x). (4.1)

o f,(x) = o = 1y, 8,(x) = &8 — g0 FEIBIKIR D, ix € (ay,b), 1y 1< o, e, = p -

by =y + 8,0 > 0OFA/N B, = = ey ax = .M o € (ay,0) .0, € (0,b,), 3 HFL(4.1) H
(i) gay) = g(x) =0, HY x & [o, 0] B, 0g,(x) = 2° (5" = ;) > 0.
(i) Bx =00, 4000 == 4, <038 x € (&), 0) B, fo(x) = 2" -y, < 2* = 1y <O.
(i) X x € (xy,b,) B, %

M (o) = ) X mmx s
=V ox =V

S PR Lt ) S
() = S RO = s ) = S G Ty

i

dm,
di)_4x +2«/;¢lx + 2y p x+«/ w >0,

sz(x):x6ﬁ+2x5«/;+3x ﬁ+p2(x +«/7)(2x+«/7)+2;12x(x+«/7)
dx 2 (x° +«/_) (x+«/_)2
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dfy (=)
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= 45" > 0. M (x), My (x) Bl fo(x) 7 x € (x,,b,) FHERAIH.

(V) R TE £ (), 828 g XV in e e e (ayaxy) FEARH
X+ p g (x)

(VB s = & = 0, 108 G = Gx) 0 G = [ ma()de.
MG 2.1 ARG (1) BE2AE— RIS . WRAAAE, AR FRER Ry A F =427 S AR e I

FE 4.2 XNFTRFE),UWHRO < py < py WARKRZZAFE ZAMRIF 25 R HE—A3F S IR
16, U R AT 8L A, 38 B, IR B ZE—  WERAETE IR PRI R AFRE 28 . U A [ =47 S KAt 2
Z—A UNSRAFEAE  WIR BRI AR e 3 5 27 R — 35 SR AR L =45 S KRR R 2.

B EIEVINO0 <y < g B RGE() REE— A A ORERE LA, RS (1) BXHH
Ve, U2 25 A, TEWTEDTT BSR4 Ay, 2 & = v = gnsy = vy RSB x By FRx By UE
Gi(1) AN

X o=y, y =—fi(x)y — g3(x). (4.2)

Ho fi(x) = (2 + «7;)4 — 1y, g3(x) = (% + ﬁ)s - (x + ﬁ).—l\_ﬁgﬁiﬁg\éﬁﬂl) W12, %
P 4.6] TN

(P) Mx€ (=4 2,00 U0, + o) B, xg5(x) = (x4 1), (x + 20 1) [(x +4 ) +/ 1] > 0.

(ii)fs(o) = p — pa > 0.

(i ) ) = (2 ()

dx g3(x)
My(x) = f3(x)gs(x) = fi(a)gs(x) = =[x+ ) + By = 5p2) (x + 3 00 + peypes .
H0< < %#1 i, M, (x) < 05 %/'%/11 < pn <oy WA = GBuy - 5#2)2 - 4y = Opy -

250,) (pry —pa) < O, NI My (w) < ORI 0 < 1y < g1y Hﬂ"di(éi((z))

FF LM 12, 5 5 4.6] MIFGE (1) FULIAL A, ORI EZ A — A A (e MBRHEFF 2 4R
T

SRV B B = A SRR . FTES S 0 < oy = 4oy I, G EEIR 1 x 1> ey 1A
FHESHR.

Mgy = g W F x> A8 = =Ty =y RBURIELx fly R My RSO

o

) < 0.

i=y, 5 =-fil0)y - gi(x). (4.3)
Hoft i) = (e )t = g () = (e V) = G ) BB IORSE
=y - F,(x), y =- g,(x). (4.4)

b F(x) = [ fi(@)de = 500w )™ = o = Vg

G 60 = | = a(@)ds = Ll w ) = o] = 5 L s V) = /gy 1 R EERG
% Py (x) = Fo(w) B Gy (x) = Gy(u) TEMTEIKER Dy:u < 0,x > 0 A, BERI LA R /iRt D, 1
Tofi
Cu V) + (w0 ) o+ ) + (u+ ) (v + v ) +
(u+ )+ )+ (v ) =
(u+x+2m)[(u+m)4(u+m)2(a¢+ﬁ)z+(x+m)4] =3,ul(u+x+2m).
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74§u+x+2/4; = 0,58 x = 08f x :—ZM,ﬁJKﬁ:DZV‘];
Pt ox+2y py # 0BT
20w+ )+ 3w+ ) ok S )+ 20w+ ) (e )
3w+ ) (v 40 + 20+ )t = 120w+ )P -
(w+ v ) (x ) + 20+ )]+ (u v v+ 2 ) = 0,
B 2(u+«7;)2—(u+ﬁ)(x+m)+2(x+m)2=O
FAELT w+ ey B—TC O, BRI A = — 15(x + ) )? < O, FFAFRETGAR T 5 R4 LE D,y N
ToffE. B2, 48, RE (1) TE x > pry WATETERIRIR . 4 x — /e AR ATIE R GE (1) AAETERLBRER .
BT RGE(1) X g, U™ e a1 537, I LA b g% 1l 37 B, 2 0 < 1, < %/zl N, REE(17) 18
B 1> gy EARTELERRBRER , TS T2 6 Bl = AN 1 K5
Ml < < g I BRI
Dy:x € (as,by), | yl<+ .
H q, :—m -0,by = «7; + 0,0 A/,
By = gy ody == iy = ey = g A W) = o'+ e +
p =Spn s T W) = gy =50, <0, W(x,) > 0, BT RITTRE W(x) = OFFAE—IEM o, I 2o € (0,x,).
Loxy = = xo W &y € (&1,0) K RELL(4.1) A
()2 € [wom) U (w5, a0 I B, wgy (x) = x(2® = pyw) = 27 (2" = 1)) <058 x € (w,,b05) U (as,
x’'y) B, xg, () > 05
(i) Bx€ (& ,0) B, (x) = 2" —p, <058 x & («),x) B, (x) = 0;

() Fa(x0) = Fo() (o) = Fa(aa) 6ol Fao) = | (88 = 547 — s

(iv) BT 4.1 FUEW], AT IERR RREL £, (x) 5 g0 (2) (6 = 2,) 7", (6 = 2y) fo(2) (o ()™ FE(w,, b5)
R BRER £ (), g0 () (w = &/5) 7" (a0 = &/5) fo(2) (ga ()7 FE(as, o/,) B TG 2.2 51, &
Ge(17) eI Dy b5 Z A7 AE WA B I 2 ar s A AR BRER . AN SRAEAE DA AR B EA , WIS (L) SR 2 e (A
FUE) 1. Tl =S .

(a) # N HEE AL A, 5B, BISRRIFAAALE, 030 Ly, A Ly U L, #0 Ly ffe— S L — A ar A
AFE PRI

R L FEIAT A Ay, B, AL O BIRIRN L, W) Ly 262 NANESE R UE L, & RAMUERE A AR, TR
Ge(17) KT p, W SUBERS 47, A e, WU Ly AR RANIR L, C L, H L BEOWMRE, L, &
DAMINATRE , 65 FRESIE TG LA L ARG RIS, H L, ZANEHEWR RIS, ILi RE R 2446 =1
P BRER .

(b) & HAEA AL A, 30 B, BINRBRIIATAAE (AL A5 05 O (ARG B (L35 5 O 1) oo Jp FREER) .

BFGE T = e > ORI AR . (R B GR RO BRT L,

L, AR E . ERIEIE (a) WTNETTR L, WAGER, H L, MFMEBA HE R BRI .

() 5 HAE TR A, 8 B, BIMRERIFLL A a7 s 0 BYXLR) 15 SR AFAE .
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