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Limit cycle bifurcation of center in a class

of piecewise smooth quadratic systems
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Abstract: In this paper, we consider the number of limit cycles bifurcated from the weak center of a class

of piecewise smooth quadratic systems of focus-parabolic type. It is well known that these systems

process five center conditions. Taking one of the center conditions as an example, we show that six limit

cycles can bifurcate from the center by perturbing the system parameters up to the order of 8, thus im-

prove the corresponding results.

Keywords: Center bifurcation; Non-smooth system; Higher order perturbation; Center; Focus

(2010 MSC 37G15)

1 5 5

TEEEE AR F S5t RS S BRI T P AR Z
) RELAS BE G 3 1 R GRS A L 1 L BEFI 2 BOt
W Bl RGEHERT . ARBT AL  —ASE RS
T B8 BRER 0 S BRI AR X I 3l ) ZR e b dc ol
WA . B a I R IR X
A T L) A B T A R S 7 D A AT 5 R
AR

5T RGAH L 3 BOGH R G0 FRER A
FFE. L. e 2t R GEAAF AR BRFR . 1 73 B
JCHTRNE RGN A] L™ A AR BRER. X T4 By~

KB, 2021-10-11
BEE&£WH.: BRAKR2EI4 (11971019

[P EE 2T

B (X (o), Y, (2oy)) T y>0,
3 {(X,, (xsy),Y, (x,y))T,y<<0
Hp X, (2. Y, (s B 2,y 1 n IRETIA,
WH () A E IR BRA R M n=1,2
i B R R L BOGH R G A 2 R EE,
WH (1) =3, H?(2) =16, RS 1], &S
(DT SCAE SSORISP i a5 T 43 R DU (D £ -4
MAL(FE 28D 5 GD £E - AL (FP AD ; Gib) fi4)-
FE S AL(PE 2D ; Gy - 7 (PP £ , Horf PF
RUEF 00T DL 2 AR B AR ek ol FP AU AT A5 SCik
(3% HA FP ALAr S F 4 BOGIE “IR RS

i.

oy

EEBAN: REKA997—), B, g, WA, RO T R R4, Email:992184127@qq. com

BiEE . HIEA. Email:zdul985@qq. com

061004-1



v K FRCH RAF O

%64

Ax—y—asx’ +(2a, ‘as)xy +agy’
J x Ay ta,x* +(2 as ta)xy —asy*

x
. y=>0,
Y 1 1-+b, 2% +byxy +bsy*
) , | ¥=0
2x +b,x° +bsxy +bsy*
(2)
HEAT TR AF BT 5 vy UmfﬁF

() A=a, =a; =b, =b, =bs =0;

(L) A=a; =as =b, =0,b, = —2 by, b5 = —
2013

(1) A=a, =a; =0,a, :[h why = —2bs 05 = —
2013

() x=as =as=b,=0,a; = —a, b, = —2 bg»
bs=—20b;

(I5) A=as =as =b, =b, =bs =0,a5 = —ay ,
IERA P LR TR RGE S éﬁCL_ LS i
TMUEBZ HLG AT L= AR 5 N FREA.

TEASC ?ﬁfl‘]qu [L\gﬁﬁ(lS)ﬁfﬁUXﬂ‘/vL
2) ATl — W5

(Xsazsaszsaqsas»ag ,bl ,bz b3 50y 505 506) =

(0,5,0,0,—5,0,5,0,6,0, —2,0)
SE— 2 RIZAR N SEL WA SBGHTIE)

FATFHEANT BRS¢

— vy +5xy + 2 e pi(x,y)
k=1

r+52 =5y + 2 et qi (xyy)
k=1

x B y >0,
:S/ ) n
1+527+6y" + D) & pi(xsy)
k=1
2x — 2xy + 2 et qr (xy)
k=1
vy <0 (3)
o
f)k‘ (I’y) = 7“3/112 + (2 ay +as )xy +a6/¢y2 ’
qi (xsy) :azkl'z +2 ayxy 7612/33/2 ,
P; (I,y) :/)]klz +/72k1‘y +b3ky2 ’
qr (xsy) =bya® tbsxy +bgy®
k :192737. P ﬁj‘iXd‘%é‘L(g)E@Zj%&Lﬁ?;m#ﬁ

2 BATEMIZ R G T L™ A 6 AR RER LSOk
[3 G EI AR FREFBE 2.

2 F&EFIR

MAFR(OXN T y=>0 BF RGN RS,
XRT y<0 FRENTHRE. X EFRGE
AR AEFR AR 2 =rcos(@) ,y = r*ln(ﬁ)ﬁ(ﬁi Ly
A A=0nlf3

dr _ RO _ N L ez b
G- I1e @ ;1%(0)(@(6)) r

0€[0,x] )
Hrp
RT () = —a,sin’0+ (2a; +a, +ag)cosd sin’ 0+
(3a; +as) cos?Psingd —a;cos* 0,
O () = —agsin®0— (3a, +a; ) cosf sin*6+
(3a; +ay) cos?Gsind +a, cos’ 6.
i (DA
r(0s0) =ro () +r (Dp+r (D) p" ++-.
A D LI HWHE AT (0,00 =p AT o (0,
B AT 75 b2 R G YR [R] B
I (m0) =r(mp).
XF RS, | A
(xyyt)>(—x, —y,1)

r1 (o1 (), o,

H ARG
i —1—b2® —bxy—byy*
= PR v )
3 2 —byx® —bsxy —bsy

TEANSCRR L TAFE H e, b (5) FH 5 A A A AR
W Jei B G AE A7 5 A T BEASARAT » DR I FRA ) 7 B R
FH(R,0,1,2) BT U AL FRAS i, B4
x=RCs(0) ,y=R*Sn(0) ,

Hdr Cs(0) » Sn(O) S U 7B [R]85 i -

Cs(®) =—Sn®,

Sn(@ =Cs*@.

Cs(0)=1,Sn(0) =0.
S5 Cs(0) , Sn() ¥ M JEI R 2 ) pri %, Hodp

:ﬁF<%)I‘<%) :i[ﬂ%)f‘

() 2w
¥ 2=RCs(0) , y=R:Sn(DICAZ (5) I 2= ¢ a1
dR <~
8= > T, R (6)
R —

W) R h RO, s) IR TA IR
R@,s) —s = Z w (@ § v (0) = 0,0 € [0.7]

k=1

D

BIEE 2. 1'Y () W) R B

061004-2



% 64

kOR, F —EPBABFRRG T OHBIRIR SR % 59 &

r = Rexp (— | Ti(p)do)
dr _ S R (8

R = exp(Gh =D [ Ti(@)de)Tu(O).
(i) 5 ()XW vl I N

Hoo

r(0.p) —p = >, w(® g u,(0) =0 €
=2
I (6> Ay

RO = s+ w0 s =
k=1

. oo
eXP(J: Tl(go)dgo) |:S + ; u, (0) sk] (10)

Hw (0) =0,w, () =u, () s k=2,
S1HE 2.2 A A0=Cs2(0) +Sn(0). #HXFIE
BECm, L L IEE n B 2n=m+2{+3, |

Cs" (@ + Sn'@® ,, _
J NG 49

ix—1y-(ﬂ-AWJ—i—n+1y+a

i=0 1

a0
:,H\:I:F‘ A(@?k) k o C52k<6)’c j‘j%/\ﬁf%ﬁ'

FHGIHE 2.1 A1 2. 2, FRATT AT R 2 R Gk
BILESTT (z20) =R (zs0)» B AT TR R 48 (2) Y

foo
d(p) = (Il () —p = >, Vip'
=1

(1D
P L AT T A S A A A s
ENX 2.3 RV NRZFEBE | B Lyapunov
. AMER i =1 AV, =0, MFR 0,00 FRE(2)
AL, BXF i=1.2, k BV, =0 H i=k+1
AV 70, MFRCO,00 R (211 k BransE .
TR RS (3) B Lyapunov #1145

d(p) = ‘02 Ve +p22 Vel + o +
=1 =1
m oo
(O}\)Z V/H'Ei +"' == 82 V,'] ‘Oi +
i=1 =1
oo oo
EX Vo +o =D Y (12)
i—1 =1
Hrp

+oo
Y() = 2 Vi o'
i=1

5138 2.4% X K=18% keEN L 1<k <
KA YWk =0, AV, Vig s oo+, Vo KT 6 = (az s
bsr ) B M. AT IEEE m =2, n =14
I (Viok s Vg s s Vi ) :| —ns

d (ask sask s+ s bk )

() Vo =V =+ =V,x =0, 0] Y(K) =0,
MXAERE N >0, #AFAE— DI S B /NAR IR VLK
g0 =0 ff1GX 0<<le| <ey, [6] <N.7EV ] "/
n DRI, HAb, X —28 (e, O B 3X 1 DR PR R
AJ DL BT R AT R AR A

R Y (KO, JAT5 2 (3) 18 R
o3Ik BB Hie (o yoe) o AR X RGE (DY
EFERG A

JHix . | JHx
x +
dx dy

SCHLHY , Hy 4037 T 2E RG0S B
3 FELER

ic
_ IV s Vi se s Vi)
qu(k) rank[ 9(a2k 9613&9"'9})6/3) :|

WA AT R O, FRATT AT g B B O B
FE HAM FRIRANEL, Hh e o] A5 B AR SC ) F2 2245

EIE 3.1 XARSEG) . e e D
AR 5 AMBRER, dlide” et et L B ] R AR
6 M R IA.

AER R SCRR3 ] kB AR SR R A

A3K 94 «

(1 rank[

y =0,

Maple #fF, F A TH
Vi :2 :6%121 +2 351 7%.
/%\Vzl =0 ﬂ‘ﬁzﬁgf
[)41 =2 asn +2 As (13)
[ B ] 45
V31 :5‘[(;31 757'5;61 ,
/%\Vsl =0 1%
ag =das (14)

$(13) ADHRACA B, B 15

78 /761 74 /721 34 ao 34 Aas)
15 15 N 15 + 15

Va=

/%\Vm =0 1%
176121 17 asy
2 . 2
¥ (13) ~(15) AR (3) 25
Vs =0,

[)21:*2 bm“" (15)

061004-3



% 59 % EPIPE XS Y@ P T3 % 63
7662 asy 764 bGl 662 as :220202 asy 220202 as

Va="95 105 15 Va=""315 " 315

/&'\V(gl =0 ﬁ\% EEVSI =0 1‘%[‘
b :2:3137261.-)1+23137Za21 (16) a5 = —az ‘ (18

B (18) AL A(13) (16) (1D X AL AT 15

Ak, (15) A ATk A by =0,bs; =0,by =0 (19)

by :*218116@1 f218116a51 an  wEH D A8) ADRALA (D RV, =

13 (D) K (16) (IDAALA ()L 15
V71 =0,

+ ___ €
H, 2000

[20Zas (25 22 —50 y* +102+1) (5 —1 )21n<

Vi =0. B, RGO F2ERGER E IR A

<5x—1)(5‘m—5ﬁy+1>>+
5

V2In(2)as (52 —1)%(25 2% —50 y* +10x +1) +625 as ( —28 2y +16x y*) —100 as xy —

800 az (2% +y*) +20 a5y +16 az +125 a5 (28 2%y —16 y*) +4000 as x y* ] —%14 -

102 y? +2% +y* +25 227,
THREWE RN

Hy :%[(57600 b1y —67200 b3 950400 b5y ) y" +(—246400 by, +313600 by, —3438400 by, ) y° +

(1176000 b, 2% +400512 by, —564480 byy +4576320 by, ) y° +

(—4704000 bsy 2> —322560 by, +470400 by, —2923200 bsy) y* +

(7056000 by 2% +197120 by — 156800 byy +1433600 by ) v* —32512 byy +4480 by —

672002 by, +5 b)) (35 22 +30 32 10y +9) (y —1 )7 (In(1 —y) +1n(2)) +

6080 b5y +35 + (1176000 bs; 2% +120960 byy +302400 bsy )y —

(4704000 by 22 +174720 by, +907200 bs) y? ]+ (420 22 +360 y2 +120y +108) ( —2y+2 )5,

Jtt?%vﬂ =V =+ =Vin :Os}”\'JXULE?ﬁE/‘JiE%g
B AV, =0, BUFTAT e By o 4363 2. [ A, F
1A @, (1) =5. H51BH 2. 4, M i ik — e vt
Al FeA 5 A BRER , HSEUIm 2 &k
by =0,b,1 =0,bs1 =0,a4 =as sas; = —as
(20)
BCCORXMA Y H, [ HV, =V, =0 =
Ve, =0 ] fife £ 55

. 563880 ai
12 110101
, 146612355 afy
76 1761616 °
Agz —A32 9 (21)
5. _ 131046495 af
2 880808
2819404k
oz = 4z T 0101

B CDFACAV 0 AT T

~ 67068921496 ai

Vi =

3633333
Ek’%aGI 750,5'\']%‘/102 ?ﬁo,ﬂﬁ‘ﬁﬁfﬁgf@g (2) =5.
i Z&1F
by, =0,015 =0,b6 =0,a6 =as2 »
asy = —az sag =0 22
AT
Vi =V =200 =V =0.
Hosd Peshnl 774 6 R, Al HE, af sy BR
RGN E RN H, Hy . SO e B 42
HK.
[A] B K (20) 220 AALA Y () 1, 2V =V
=0 =V =0, AIFFEAF

bos =0,bs5 =0,b5s =0,sass =ass sass = —as; (23)
PEHF A @10 (3) =5, [AlFE AT HEST 1R 257 1 1 1 IR
BUr. LA e’ o a3iE ok H R 5 (3) ) =
A5 AR IR, RS X200 (22) 2DHRA Y
(DOH AV, =V = =V =0, i[5 55

061004-4



% 6 KOR, F —EPBORR SR AR T SRS % 59 %
2
b :% ’ %%B’Uﬁﬁ
bss :146612355 at , [1]  Coll B, Gasull A, Prohens R. Degenerate Hopf bi-
1761616 furcations in discontinuous planar systems []J]. J
st = 24 Math Anal Appl, 2001, 253; 671,
by = — 134046495 a%z i [2] Tian Y, Yu P. Bifurcation of small limit cycles in
880808 cubic integrable systems using higher-order analysis
o — —a, | 281940 ag [1]. J Differ Equations, 2018, 264: 5950.
110101 [3] Sun L, Du Z Limit cycles of planar piecewise
K 2O ACAV 0, 115 smooth quadratic systems with focus-parabolic type
Vi = ~ 67068921496 a critical points [J]. Int J Bifurcat Chaos, 2021,
3633333 31: 2150090,
I, Frag, 70, WV, 70, XHE R, (4) =5, 5 & [4]  Bernardo M D, Budd C J, Champneys A R, et al.
SO PR 6 NRFRIR. AT A &4 Piecewise-smooth dynamical systems: theory and
Doy =063 =04b51 =0, a6, =as » applications [M]. London: Springer-Verlag, 2008.
A = —ag sag =0. [5] Cruz L, Novaes D D, Torregrosa J. New lower

S 255 (3) " ~e* a8 He' ~¢' Bk B4y bound for the Hilbert number in piecewise quadratic
Bkl &ﬂ]lﬁlﬁﬁ{u 7%85 & I%H‘jﬁij]?@f‘ﬂ 5 4 ;;fécrzrllt;gl systems [J]. ] Differ Equations, 2019,
WBRER, TEe . M4l T35 6 MR, TEEE. (6] Jr. Weowit. g T fold fold f i Ik R 5
4 & i W2 ir L] DR 254k HARBE 2 AR,

2021, 58: 051002.

ESQER RIS W CDE L NN S CIQEDI N HE 44 (7] ZHaer, Brdal., B XS PRS0 A vy o Br ek 25
AT AR BN R G (3) 5 SR F X RS (3) 43l Lienard REEMYZFEBFVHHLT ] W RZEEMR: B
Hare' ~e" r S B S T 9 Lyapunov &, 3 14 SRBHENL. 2021, 58: 041005,

T 6 AIRER. A3 FRATHE A 4 410 S0 [8] Chen X, Du Z. Limit cycles bifurcate from centers
FUHAT TR AT, 125D (L) (D) F of discontinuous quadratic systems [ J]. Comput
(S RTE) 5 BSR4 1) 7D B2 T 1 951 ach Aol 2010 59 3855

[9] ZouY, Kupper T, Beyn W J. Generalized Hopf bi-

6 R FRFA.

furcation for planar Filippov systems continuous at

the origin [ J]. J Nonlinear Sci, 2006, 16; 159.

3

Bl AAXHR.

PSSOk, RIER. — %A BOEH TR RSP0 BB R IR 1] MUK SRR L 2022,3

i 59: 061004,
§ov

+

; P& 3. Zhang Q, Du Z D. Limit cycle bifurcation of center in a class of piecewise smooth quadratic systems []]. J Si- +

t chuan Univ: Nat Sci Ed, 2022, 59: 061004,

1

o e S S e A o e S S A S S e S At S e s S e

061004-5



