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1 [E)ERYiE

KT ARG
T =p(y) - F(z), 7=-g(x)q(y) (E)

VAR AR
& =p(y) - Fx), §=-—g(x) (1)

Tl & Rt e, CEFUSREMIFRLEE D10 X4 K ZHRAE Fil-
ippov 1T (W (A2)) 456G HABS AR IRIER SRR @ ERIR T VER . n AT e tEATR
GHESFF, Filippov ZRFREGIRIE (1) XA BrA Ml LA s A ME— B IE Ta AR PR A WE 2 Xt
SCHR (8] R4 H B IR, AR T .

B 1 ik (1) W2 (Ao), (Ar), BAMER (HT) f1 (H7). 1R (A2) BLSL, FfE
HeRRE|?

(Ao) F(x), g(x) #E:, F(0)=0, zg(z) >0(z # 0).

(A1) @(y) Ja¥ Lipschitz £, “4#%#HE, ¢(0) =0, p(+o0) = Foo.

(A2) F(Gy'(=2)) < F(Gi'(2)(z € (0,min{Go(—00),Go(+00)})), H F(G5'(~2)) #
F(Ggl(z))(o <z 1), HAF Go(x) = fom lg(s)|ds.

KT (E), Wk [11] #F5E T Y. ACERB AR (BE) WERHRIIM2RKE]
P, BEIIITENE L AT, (1) XMEBRA—ERF/WT]. FEMEELS e S0 2
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Filippov 2%/ & M2 /W 5| — R I FE0 LB, RG24 R e e iy — &
3

A RBOESE, HAER RS (E) YVMEN S AW A7 E, 23Xids
BT

(i) O (P) (0=(P) HAIFERN P HEIIIE (f1) 4.

(i) M o(y) = F(2) FRAFHMEMZL, TF = {(z,9) : py) = F(z)(z > 0)}, T~ =
{(z,9) : p(y) = Fz)(z < 0)}.

(i) D1 = {(z,9) : p(y) > F(z)(z > 0)}, D2 =
{(z,y) : ply) < F(z)(z <0)}, Dy = {(2,9) : p(y) > F(z

(iv) # (H*) oL, WRX P e Dy, 0F(P) 65 T
P e D3, OF(P) 5 '~ fi32.

z,y) : ¢ly) < F(z)(z > 0)}, D3 =
z <0)}.
T+

S BR (H™) L, ARt

2 [B&E 1 WEEEE

EX 1 REFRAEFWE], #H VY P e R AH wP) ={0,0}. ZHHEIEHFR
5], VY Pe R A (0,0 €w(P), HfFTE Py € R?, f§if w(Py) # {(0,0)}. RS (E) A%
s (ke RiE%RsE]), mREFHE2RRGIH (HeRFR5IH).

G T 2518 B

EE 1 RK (E) W2 (Ao), (A1) F1 ¢(y) > 0(y € R), N

(i) (B) 2F%35] (H&R%E%R5)= e R A RFEENLL.

(i) FrEfEMAER = (HT), (H) B

(iii) #F (A2) BOL, MIFEMRIERAR < (H), (H™) L.

(iv) HEFEMERER, EAFEERRL, W (E) £/R53%5124 BT R AR
BB S*, 5N S* AEBIMUARE U i & §IE L HLEILE 0S* TCRRILHE.

(v) HIFEMRIERAER, HARFEEMHNL, W (BE) 2RR514 Y (a) 5 (o) oL

(a) ATFFERKHEE HIE.

() HFEEBRKWEBE S*, WAFELE P, OT(P) NiEE % 05 ThRiEs.

EE 2 R q(y) > 0(y € R), H (Ao)(A2), (H*) F1 (H) WL, N

(1) FMERIFRE] — JFEER o A8 — - R 53 AT — A8l 53 B 4.

(i) FEERWT| <= RIEAER KNG E T 8E R AR 6 AR A 7ETL A% [R5
.

W EEEAMET, (BE) AMEEAYNLAEERIEMAER. M Poincaré-Bendixson &
FHIY P e R?, w(P) (&R, B4 7M.

(i) mREAFERKHEEBEE S*, B S* SMIra & E S S« Wi R R a e, M
EH 1(iv) BEMERERE]. LEEDR.

(i) Fo4HE. BEEEXWEEBEE S* N S* HF, BT - #i EFSTH. V>0,
JF AT 6 AN TEAE NG B R T, [HILTEAE S* SNy P, (§45 O (P) 1E Do 8¢ Dy FF#a T
JRA. BRI E—E, N S* AERSMUSRER U R EILZERRERISe S* JTCRRHALIE.
R 1(v) MEMmERRG].

WEE. BIZ (B) 2R/R%5], HFEERKHEBE S REREAT « - # L.
HAVBTFFEAE S FMEREI Po(0,50) (yo > 0), 78 OF(Py) 7€ D, R TEM. F3L L, &
V P(0,y) (y > 0), OF(P) RTE Dy #&TZM%, WHEBLSGM¥E y - MR, HEERSEXyY -
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BARSC T Pr(0,y1). HT (A2) 15 y1 < y. WNTT OF(P) BI%E 05™ JTokRELEE, Bl 05* & O (P)
HYIEFRFRESE. X5 (B) 2/KKT1F)E. I
MiE 1 () EE 2 TEME L WAGFT, B wEHIReRRG, BTaEe
FRgaWsl, FEHLEEHT T Filippov 4 (A2) AREFERRRCHE B A 7EdE, AREHERR
0S* fERHIMUBMZIE PR T RE. RO AR 1 B4 AR RERRIE (E) % e
JRk5l.
(i) THEE AN 1 &M, HE SRR T

&=y—F5(z), §=—a2 (2)
Hr | ;
—zd — 53:2, x>0
Fs@=9"1 3
—§$3—§$2+35$3 ZE<0

B 3CHR [13] 1% 360 € (0,1), R RS (2) HERAMEFE S*, HMN S* SMFH LM T E IE
BB R TO IR AL e, lltl:?ﬁﬁéﬁ'fa’%w/@l GHE ¥ 6 € (0,1), (2) WM 1 a4
. $zk, 2= Gola) = [s°ds = Lat, F(Gy'(2)) = 1(42)1 — $(42)3, F(Gy'(-2)) =
~25(42)1 + F(Gy'(2)), F(Ggl(—z)) - F(Ggl(z)) = —25(42)% < 0, %F 6 € (0,1), B (A2) &
S GUEHARFSMERL, B

w

RHE T ENTRN L BIERE

KTMHAFE, AWTER.
EIE 3 BB THIFEMMAL
(1) lwlg_il_{.l(f F(z) > —o0, limsup F(x) < 400, ig?, G(x) > —o0;

(i) X azeR,FH glx)F(z) > 0;

(iii) q(y) #0;3¢>0, B VyeR H Qy)+¢=>0, H |lilinsup Q(y) = £oo;
—400

(iv)  @(£o00) = too, !

H Qy) = [} 28ds, G(x) = [ g(s)ds. W (E) & 5TAH MIE A F24 LAY

a(s)

‘I‘ILH}FOO (sup(sgna:F(x) + /Ow g(s)ds) + sgnzx /Ow g(s)F(s)ds) = +00. (3)
FEF 3 WIIEEDRE B P 5 | R 58 K.
g3 2 REEHE 3 M (1)-(il) MM 3) AL, MV Py(xo,y0) € R?, FF7E M(Py) > 0
15 22(t) +y>(t) < M (t > 0), HA (2(1),y(t)) T (E) A\ (0,20, y0) HIA K.
WE O G), FEG>0, 5 G@)+§>0(xeR). &

V(ey) = G) + Q) +i+d (ny) € R (4)
M0 < Viey), BV (e,y) € B &
W) (o) - F@)a@) — 2% g()a(y) = —g(x)F(z) < 0. (5)

dt ) a(y)
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A It
0 < V(z(t),y(t)) < V(z(0),y(0)) = Vo. (6)
EAIE y(t) B L. AR, BREERAL. & limsupy(t,0,z0,y0) = oo, MFFTE

t——+o0

{tn} — 400 (n — +00), G hm Y(tn,0,20,90) = +oo. HT limsupQ(y) = +oo, FFFE

yHOO

y1 > yo, H1F Q(y1) > Vo. # 3 tw, 1 y(tn,0,20,y0) > y1 > yo. THEFFE t* > 0, {15
y(t*707x07y0) =UYi- EE (6) ;T:E'T%

Vo < Q(y(t*,0,z0,y0)) < V(zo,10) = Vo.

RXETJE. FEAHE y(t) TR BZ, F1E Yo > 0, 75 |y(t)] < Yo (t > 0). fEIE: *
IETOO (sup(sgnaF(z) + G(z)) + sgna [, g(s)F(s)ds) = ~+oo, M| x(t) & L5
i) limsup G(z) = +oc.

Tr——+00

FRAFAE ©1 > xo, 18 G(z1) + g > Vo. & limsupa(t) = +oo, MAFLE tn > 0, #H15

t—+o00
z(tn) > x1 > xo. HAMERE, FTE t* > 0, 1% 2(t*) = 1, H G(z(t*))+g = G(z1)+g > V.
X5 (6) XT/E.
(ii) limsup F(x) = +o0.
T—+00
TREFLE B > xo, W15 F(B) > go, HH ¢ = nax lp(y)]. FAIWTF =(t) < B(t >0).
M, FETE > 0, {§78 «(f) = B, H x(t) < B0 <t <{f). T

0< S2(0) = () ~ F(a(D) <0

XEFIE.
(iii) limiup(G(x) + F(z)) < 400, H IEIEOO Iy 9(s)F(s)ds = +oc.

i (i), 77E Fo, 1% |F(z)| < Fo (x € R). T/2V2>0,%4

\ ) + [F(2(t))] < @0+ Fo. (7)
B mEI-ir-l fo s)ds = +o0, fF1E B > max{xo,0}, {5
B Zo
/ g F(wdu> [ gl Fdu+ (g + Fo)Vo, ®)
0 0

MBS 2(t) < B (t >0). &M, BFLE >0, 15 «(f) = B. WAL t* € [0,1), {15
(t*) = 2o, 2/ (t* +0) > 0, H 20 < 2(t) < B (t € (t*,1)). N\ t* B ¢t 4 (5) B

V(x(t),y(f) = V(@) y(t")) = - /t g(x(t))F(x(t))dt

—— / (el Fa()| St
e

"o+ Fo
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1

B
= _<P0 TR / g(u)F(u)du

= < -V
<P0+F0 / / o

ATV (2(E),y() < V(@t),y(t) — Vo < 0. X5 (6) XF /.

B2 a(t) A LR RBATEA TR I
513 3 1EEH 3 AT, Hﬁfﬁﬁﬁmﬁﬁﬁ )JJ (3) AL
W SEIEA lim (sup(sgneF () )+ [y 9(8)F(s)ds) < +oo, MAFTE—TCFMo. 4

sE b, B G), FFE N >0, ff15 |[F(x)| < N, |G( )|<N(x€R+)E_O<ngs F(s)ds < +c0.
H (iv), F7E M > 0, {#i1F p(y) > 1+ N (y > M). i1T limsup Q(y) = +oo, F1E yo > M, H

y——+o00

~—

+oo
Q(yo) > QM)+ N —l—/o g(8)F(s)ds. 9

AT S M (0,y0) HHERIFKIZALT y = M B9 ET7. B, WAFE 4 > 0, 5 y(t) = M
Hyt)>M (t€(0,t1)). AW Vte (0,t), H =09y —Fx)>1, H z(t) 7£ (0,t) F™
reEEENE. N0 ] ¢ B (5) 15

V(a(t), y(tr)) — V(0,50) = — / " g(a(s) F(a(s))ds
z(t1) 400
> —/0 g(x)F(x)dx > —/0 g(x)F(x)dx.
S, A

Vi(z(t),y(t1) = Qy(t1)) + G(z(t1)) + G+ 3 < QM)+ N+ g+ G,
+oo
Q(yo) < Q(M) + N—i—/ g(s)F(s)ds.
0

5 Yo MIERTIE. # % = ¢(y) — Fla) > 1(t20) B lim_a(t) = +oo. l

EHE 4 FETHIRMT

(i) zg(x) > 0(x #0), 2F(r) > 0 HAEF S AT X ] _EAE R E

(ii) a(y) # 0, yo(y)a(y) > 0, Q(£o0) = +00, p(+o0) = Fo0.
N (E) & Rdricfe e 24 HAY

‘m‘linioo(sup |F(z)| + G(z)) = +o0. (10)

W et hEE 3 HTAMERAR. 2 Viey) = G@) +Qy) ((z,y) € R?), M
V(z,y) > 0. BT GFlp = —9(@)F(2) <0, H |y = 0 AEH (B) WBEHL, h
Barbaskin-Krasovskii E#f5 (E) £F#irfae. S8 4 W& HFT 3) 5 (10) X&), %
A3 3 AR BEPE AL L. |

M 2 ek 11) 22 3.1, 3.2 153 T (BE) Frafa FM B0 A e 3 53X
Bk [11] FRIAR ZATETREARE, BIASCH “g(x)F(z) > 0(x € R)” FISCHK [11] B9 (Hs):
TF1E a > 0, 13 G(a) = G(—a), g(z) = —g(—2) = 0, F(z) > F(-2)(z = a), g(x)F(z) > 0(
0) (z € (—a,a). HI, ASCHER 3 53CHk [11) e EARES.
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4 2R%5|HNHE-FITR

BRERG (B) @FEtaE, WeRRs]. ke Rmfa e i Iy /s 5 4
JFE. SR, ERRSIAREREMERETiaE. Lk LA R E RAE T B E R
SMYERRE B B SRR . BT X MBS, G ShmpnE TR,

5138 4 fRIK (Ao), (A1) ML, H qly) > 0(y € R). HFLE Po(wo,yo), 43 O (Po) B
BT, H Of(R) BTIRA, WARSE (B) /K514 EMY (HY), (H7) ML #—
BERMEE, W (E) é}%‘iﬁﬁ&%m

EIE 5 B (Ao), (A1), (i), (i) B (i

(i) FFEa>0,be R K r(x) € C(
e ' (r(z)

9 g b
q(b) /_a r(s) — F(s)d < a(b) (11)

(i) # a®+ b2 # 0, wmz a- <0< ay, 1% G(ag > G(—a) +Q(b), H 2F(z) 2 0
(@ € (a-,0) U (0,a4)), HH Qy) = [§ 28ds, G(z) = [ o
(i) & a®+0* =0, M r(z )?Vﬁ/@ r(0 )—oﬂ

r(z) > F(z), 2 qugI)) +/0 T(S)g(s) ds <0. (12)
T (E) & RRE <= (H*), (H) BAL.

iE SGERAM . B a2 +02 £ 0. RIS O~ (P) KEMTHZ v = o (r(2))
L7, Hd Po= (—ab). HEE, @ Q) B Ey = ¢ (r(x) WL #H O (R) 5
y = ¢ (r(@) HWHET (21,07 (r(21)), W 21 < —a H y(2) > ¢~ (1(2) (& € (21, —0),
Hrr y(x) FRmM Py HRIELZ. BT 2 € (21, —a), B

dz — o(y) — F(z)’

WBPATG SLd) < s gy B B (13) R

D) [ @)
Pk </m @) - Flo)

), (i) ML, H q(y) >0 (y€R),
—o0,—a)), [/ Ve < —a, B
)

r(z) > F(x),

=) =) = [ 1

(4
- —g(x)q(b)
r(z) — F(z)

X P WEEROPE. B O (Po) KEALT y = o~ (F(2)) B LJ7, ARG TFLTS. £

y(—a) < y(z1) + / dx < b. (14)

x1

v:Vi(zy) =G@) + Q) =v, 0<v<G(—a)+ QD)

i (i), V (z,9) € 7, H « € (a—,ay). EHE G7 ) = —9(2)F(2) <0 (2 € (a-,a1)/{(0,0)}),
H Ot (Ry) BT A.

R o + 0% = 0. AW S FHNHEIRWL

(a) Ve>0,07(P) A y=¢ '(F() %, HF P=(0,¢).

(b) F(z)<r(xz)<0(x<0), HVPeI ", O (P) BTIRA.
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HIE, V>0, 07 (P) HKS y= 7 1(0) LT (w197 (r00) W <0 H
y(x) > ¢~ (r(x))(z € (21,0)). BRTFTIE y(0) < y(z +wa @) F(@dl‘ <ylz1) = (r(z1)) =
0, B y(0) <0. XRFE. HIVe>0M 2<0,F

P~ (r(2) <y(x,0,¢) <

W o™ (r(x) <0 (r(z) <0). HFAMHE—HE (b) BAL. |
FHE 6 R q(y) > 0(y € R), (Ao), (A1) BLETHIZEAFRAL
(i) y> 00 o(y) Tl
(i) FFFE 0 <a < +oo, BV x e (0,a), H

) de  (F@) [ o), 1
P >0 B At [ Rt

# a < +oo, M (A2) L, HAFFE xn <0, 13 2, — 0 (n — +00), F(x,) <0.
WE 2 RRE| < (H), (H™) oL

E R o = +oo. BHIEIEH] V0 < 20 < 400, ON(Ry) 7E D2 TR, HAo Py =
(z0, o (F(x0))). ARIES:. AR, W OF(Ry) %Rz ¥ y - #iF & B(0,ys) (ys <0).
ICHIEY v - AT (0,21), W0 <21 < 39, &

(15)

W(z) = “"_I(Ff:”)) _5’/(“@), 2 € (0, z0). (16)
BT W(zg) =0, W(z1) =1 H W(z) > 1 (z € (0,21)), FFE 22 € (1, 30), fHF W(z2) =

H W) > % (z € (0,z1)), B

Y(w) = 507 (F(e2)), () < 50 (F@)(x € (0,22)). (1)

EE (1)7 Yy > 0 HTJ. @_l(y) —FI'EI )J\WX‘T x € (0,1‘2), ﬁ‘

p H(F@) +¢ 1(FO) o 11

vVo<exl, H

e = [ 9@ay(@) iy [ 29@)
v = [ A e < ot Fla) [ e

H
im T2) — y(€ -1 T " 29(@) T
Jim (y(e2) — v() < oo™ (Fla)) | - 55
2 2¢(x) 1

o)~ 9(0) < ol (Flo))) [ B e < 507 (Pla).

0+ F(z)
ThEyp > 0. XEFE. HFAAME—IEGNTE y - B R R T 557, maI 4 4
WAL

BB a < +oo. BUTEM T P = (30,97 (F(30)), H OF(P) BTIFEA. W (i), F1E
§ >0, X = € [=6,0), I\ (z, ¢~ (F(2) AR TERL S50 v - @IS, IWITAFE
FTEH. HEH 2 25 oL |
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Bl FERS

—1;102, xz <0,

2:2sinz, x> 0.
WERS (19) &R/ENEfE, HY 2 > 0, 777 (20 <)l < L, 875
F(Gy'(=2)) > F(Gy'(2)) (2 € (I, L)).
iE (i) BT limsup F(z) = +oo, limsup F(z) = —oco, ARG (19) BAHEE (H*) M

Tr—+00 T——00

(H). Bla=0,b=1, Kr(z)=F(x)+1. M Vz<0,FH

gp1(7“(3:))—I—/Ozr(s)Lds—F(:z:)+1—|—/0msds—(F(x)+%x2)+1—1.

x” >0, —
. T
223 sinz > 0, O<x§§.

MRS (19) W 5 WErA &F, MERELiEE.
(i) WMT 2 = 322, # F(Gy'(2)) = 4zsin(v22), F(Gy ' (—2)) = —2,2 € (0,+00). &
)

o= LD e N F(GE (20)) = —42m, F(Gy M (—20)) = —20, Bl F(Gg(2n)) <
F(GgH(=20)). HEREE] lim 2, = +oo B F(Gy'(2)), F(GG (=) 4k, TRV 2 > 0, {1
(20 <) | < L, {8 F(Gy(~2)) > F(Gy(2)) (z € (I, L)). |

MEE3 () PIEERIEE TRIFHEFTZAKE LR “F(Gy ' (2) > F(Gy ' (=2)),
HEMe RS, HI Filippov &1 (A2) N2 HRK T H A%+

(i) FEEH 5 W (i), (i) MOLBERE 6 H1 a < +oo, MRS (E) 2FELRE. &HE
5@ (1), (i) BOLBUEHE 6 1 a = +oo, MIAMATRERTRE, HERRE.

2 F X W

[1] Lassalle J P, Lefschetz S. Stability by Liapunov’s Direct Method. New York: Academic Press, 1961

[2] Graef J.R. On the generalized Liénard equation with negative damping. Journal of Differential Equations,
1972, 12: 34-62

[3] Li Huigin. The necessary and sufficient conditions for the global asymptotic stability of Liénard equation.
Acta Math. Sinica, 1988, 31(2): 207-214 (in Chinese)

[4] Wang Ke. Asymptotic stability in the large of the zero solution for Liénard equation. Ke Xue Tong Bao,
1993, 38(7): 584-586 (in Chinese)

[5] Chuanxi Qian. On global asymptotic stability of second order nonlinear differential systems. Nonlinear
Analysis, Theory, Methods and Applications, 1994, 22: 823-833

[6] Liu Zhengrong. The conditions for the global stability of the Liénard equation. Acta Math Sinica, 1995,
38(5): 614-620 (in Chinese)

[7] Gao Suzhi, Zhao Ligin. Global asymptotic stability of generalized Liénard equation. Chinese Science
Bulletin, 1995, 40: 105-109



No.3 RS — R TR MR T2 /R 5 IR TR 537

[8] Jiang Jifa. The global stability of a class of second order differential equations. Nonlinear Analysis, 1997,
28(5): 855-870
[9] Sujie J, Chen Da-Li, Mastsunaga H. On global asymptotic stability of system of Liénard type. Journal of

Mathematical Analysis and Applications, 1998, 219: 140-164

[10] Yang Qigui. Sufficient and necessary conditions for global stability of system of Liénard type. Acta Math
Sinica, 2000, 43(4): 719-726(in Chinese)

[11] Huang L H. Boundedness of solutions for some nonlinear differential systems. Nonlinear Analysis, 1997,
29(7): 839-848

[12] Yang Qigui, Zhu Siming. Positive global attractor for a class of Liénard system. Sys Sci and Math Sci,
2002, 22(1): 29-35 (in Chinese)

[13] Ding Changming. The homoclinic orbits in the Liénard plane. Journal of Mathematical Analysis and
Applications, 1995, 191(1): 26-39

[14] Sujie J, Hara T. Non-existence of periodic solutions of the Liénard system. Journal of Mathematical
Analysis and Applications, 1991, 159: 224-236

[15] Hara T. On the Vinograd type theorems for Liénard system. Nonlinear Analysis, 1993, 20(6): 647-658

[16] Zhou Yurong, Wang Xiangrong. The family of homoclinic and closed orbits of the Liénard’s systems. J

Sys Sci and Math Sci, 1996, 16(3): 281-288 (in Chinese)

Liu Bing, Feng Binlu, Yu Yuanhong. Nonexistence of periodic solutions of generalized Liénard systems.

Acta Math applicata Sinica, 1998, 21(2): 233-239 (in Chinese)

Zhou jin. Boundedness and convergence of solutions of a second-order nonlinear differential system. Jour-

nal of Mathematical Analysis and Applications, 2001, 256: 360—-374

=
it

=
o)

Necessary and Sufficient Conditions for the
Global Weak Attractivity and Global Attractivity of
a Class of Nonlinear Differential Equations

Zhao Liqgin
(School of Mathematical Sciences, Laboratory of Mathematics and Complex Systems,
Beijing Normal University, Beijing 100875)

Abstract: This paper deals with the global weak attractivity and global attractivity for the

nonlinear differential equations

T =p(y) - F(z), 9=-g(@)a(y). (E)

It is shown that Filippov condition (A3) cannot exclude the existence of the maximum elliptic
sector S* and it cannot exclude the possibility of 05* as the w-limit set of the orbits departing
from the exterior of S*. The problem proposed by Jiang Jifa in Nonlinear Analysis, 28(5),
855-870(1997) is answered by a negative answer. A series of necessary and sufficient conditions
for the global weak attractivity and global attractivity are established for both the cases that
Filippov condition holds and Filippov condition fails. Some new conditions for the global
asymptotic stability are also obtained.
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