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1 ;3�0�[U �
ẋ = ϕ(y) − F (x), ẏ = −g(x)q(y) (E)JuK{n4h

ẋ = ϕ(y) − F (x), ẏ = −g(x) (1).�:U��Æ�A6�~�I�T8hHhb:�_ [1−10]. e0�5�1Hpk_ Fil-

ippov �~" (} (A2)) �gKz�~ ÆjZ?:�A6d�O6:�\_��A6d�O6Q��Filippov �~CSÆj (1) h:yT�DJZ?��G:h.q'?A
e�k�% [8] >|&:�~�|39o\"�:1 1 y (1) h6z (A0), (A1), �T6n (H+) d (H−). \_ (A2)  %�.�kSU��O

(A0) F (x), g(x) &:� F (0) = 0, xg(x) >0(x 6= 0).

(A1) ϕ(y) �� Lipschitz &:�?V>b� ϕ(0) = 0, ϕ(±∞) = ±∞.

(A2) F (G−1
0 (−z)) ≤ F (G−1

0 (z))(z ∈ (0, min{G0(−∞), G0(+∞)})), N F (G−1
0 (−z)) 6≡

F (G−1
0 (z))(0 < z ≪ 1), Ko G0(x) =

∫ x

0
|g(s)|ds.[U (E), �% [11] ��(�:T	6����2 � (E) :U�^�OdU��O6��$r<_�~ 1 :�~"� (1) h:.��GAU��O�I�Y&6zl�6zlU[J�2007-03-07; 8C[J�2008-10-11
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Filippov �~d.�U��O:G *#Q�C�~��dE86U��Æ�A:G02�~�U��Xap&:�Ng8 � (E) %m�~:��T�G6��N��U�:wg"\"
(i) O+(P ) (O−(P )) Q��i- P &K:h (T) �\�
(ii) S) ϕ(y) = F (x) ��{fS)� Γ+ = {(x, y) : ϕ(y) = F (x)(x > 0)}, Γ− =

{(x, y) : ϕ(y) = F (x)(x < 0)}.
(iii) D1 = {(x, y) : ϕ(y) > F (x)(x ≥ 0)}, D2 = {(x, y) : ϕ(y) < F (x)(x ≥ 0)}, D3 =

{(x, y) : ϕ(y) < F (x)(x ≤ 0)}, D4 = {(x, y) : ϕ(y) > F (x)(x ≤ 0)}.
(iv) � (H+)  %�\_F P ∈ D1, O+(P ) �W Γ+ +��� (H−)  %�\_F

P ∈ D3, O+(P ) �W Γ− +��
2 ;3 1 ���	�E 1[13] .���U��O�℄ ∀ P ∈ R2, T ω(P ) = {(0, 0)}. .���U�^�O�℄ ∀ P ∈ R2, T (0, 0) ∈ ω(P ), N._ P0 ∈ R2, g8 ω(P0) 6= {(0, 0)}.  � (E) ��U��O (lU�^�O), \_K.�kU��O: (lU�^�O:).Kj\"�5 %��% 1 y (E) 6z (A0), (A1) d q(y) > 0(y ∈ R), a

(i) (E) U��O (lU�^�O)=⇒ yT�T	N�._�\)�
(ii) yT�h.T	 =⇒ (H+), (H−)  %�
(iii) ℄ (A2)  %�ayT�h.T	 ⇐⇒(H+), (H−)  %�
(iv) ℄yT�h.T	�N�._�\)�a (E) U�^�O5N�5._}1�[`4 S∗, g8- S∗ ZL	�,X U o&K:h�\�Y ∂S∗ �'G;�
(v) ℄yT�h.T	�N�._�\)�a (E) U��O5N�5 (a) l (a′)  %
(a) �._}1�[`4�
(a′) ℄._}1�[`4 S∗, a._ P , O+(P ) �C�Y ∂S∗ �';t��% 2 y q(y) > 0(y ∈ R), N (A0)–(A2), (H+) d (H−)  %�a
(i) .�U�^�O ⇐⇒ Z?:ZL δ ,XSGW�[`4dGWqS`4| �
(ii) .�U��O ⇐⇒ �._}1�[`4ldZ?:ZL δ ,XB._I��[`4�L _A":�~"� (E) �._�\)NyT�h.T	�S Poincaré-BendixsonA"k ∀ P ∈ R2, ω(P ) ldkZ?�ldkMM�\�
(i) Sy._}1�[`4 S∗, N S∗ 	:yT\)�Y S∗ :�	�'=G;�SA" 1(iv) 8.�U�^�O��C6$W�
(ii) #Q6�℄._}1�[`4 S∗,a S∗ T	�N�U x -q:bNl"N�∀ δ > 0,Z?: δ ,XB._I��[`4�N+._ S∗ 	: P , g8 O+(P ) _ D2 l D4 oQUZ?�S�:�G6�- S∗ :ZL	�,X U B&K:\)�C�Y S∗ �'=G;�SA" 1(v) k.�U��O��C6�y (E) U��O�N._}1�[`4 S∗. �PK�U x - qbN��9EA._ S∗ 	�: P0(0, y0) (y0 > 0), g8 O+(P0) _ D2 oQU.��jfb�℄

∀ P (0, y) (y > 0), O+(P ) �_ D2 QU.��aK�WT� y - q+����u^Wh� y -



No.3 #O�G!QN!.�U�^�OdU��O:#C�~ 531q+�U? P1(0, y1). S (A2) 8 y1 < y. -I O+(P ) �Y ∂S∗ �'G;�v ∂S∗ k O+(P ):h.q's�eW (E) U��O8G��O 1 (i) A" 2 r<(_�~ 1 :�~"� (E) :.��CU��O�E�CU�^�O��dEr<( Filippov �~ (A2) �CE(}1�[`4:._6�E�CE(
∂S∗ ��K	�\)h.q's:�C�N+����~ 1 :�~�CÆj (E) :.�U��O�

(ii) ":k6z�~ 1 �~�4Z?U�^�O:$w�
ẋ = y − Fδ(x), ẏ = −x3, (2)Ko

Fδ(x) =















1

3
x3 − 3

2
x2, x ≥ 0,

−1

3
x3 − 3

2
x2 +

2

3
δx3, x < 0.S�% [13] 8 ∃δ0 ∈ (0, 1), g8 � (2) T}1�[`4 S∗, N- S∗ 	�&K:yTh�\�YK�'G;�N+.�U�^�O�Kj ∀ δ ∈ (0, 1), (2) h6z�~ 1 :yT�~�jfb� z = G0(x) =

∫ x

0
s3ds = 1

4x4, F (G−1
0 (z)) = 1

3 (4z)
3
4 − 3

2 (4z)
1
2 , F (G−1

0 (−z)) =

− 2
3δ(4z)

3
4 + F (G−1

0 (z)), F (G−1
0 (−z)) − F (G−1

0 (z)) = − 2
3δ(4z)

3
4 < 0, F δ ∈ (0, 1), v (A2)  %�KjKV�~ %�-4�

3 ��I���(��,!��9�[U�:T	6�T\"�5��% 3 y"*�~ %
(i) lim inf

x→+∞
F (x) > −∞, lim sup

x→−∞
F (x) < +∞, inf

x∈R
G(x) > −∞;

(ii) F x ∈ R, T g(x)F (x) ≥ 0;

(iii) q(y) 6= 0; ∃q̃ ≥ 0, g8 ∀ y ∈ R, T Q(y) + q̃ ≥ 0, N lim sup
|y|→+∞

Q(y) = ±∞;

(iv) ϕ(±∞) = ±∞,Ko Q(y) =
∫ y

0
ϕ(s)
q(s) ds, G(x) =

∫ x

0 g(s)ds. a (E) :yT�h.T	5N�5
lim

|x|→+∞

(

sup(sgnxF (x) +

∫ x

0

g(s)ds) + sgnx

∫ x

0

g(s)F (s)ds
)

= +∞. (3)A" 3 :j<�S'WO" � �F% 2 yA" 3 : (i)–(iii) d�~ (3)  %�a ∀ P0(x0, y0) ∈ R2, ._ M(P0) > 0,g8 x2(t) + y2(t) ≤ M (t ≥ 0), Ko (x(t), y(t)) �i (E) - (0, x0, y0) &K:��L S (i), ._ g̃ ≥ 0, g8 G(x) + g̃ ≥ 0 (x ∈ R). 1
V (x, y) = G(x) + Q(y) + g̃ + q̃, (x, y) ∈ R2. (4)a 0 ≤ V (x, y), N ∀ (x, y) ∈ R2, T

dV

dt

∣

∣

∣

(E)
= (ϕ(y) − F (x))g(x) − ϕ(y)

q(y)
g(x)q(y) = −g(x)F (x) ≤ 0. (5)
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0 ≤ V (x(t), y(t)) ≤ V (x(0), y(0)) = V0. (6)m#j< y(t) Tb	�RMjL�y�5� %�℄ lim sup

t→+∞
y(t, 0, x0, y0) = +∞, a._

{tn} → +∞ (n → +∞), g8 lim
n→+∞

y(tn, 0, x0, y0) = +∞. SU lim sup
y→+∞

Q(y) = +∞, ._
y1 > y0, g8 Q(y1) > V0. Z ∃ tN , g8 y(tN , 0, x0, y0) > y1 > y0. Uk._ t∗ > 0, g8
y(t∗, 0, x0, y0) = y1. S (6) h8

V0 < Q(y(t∗, 0, x0, y0)) ≤ V (x0, y0) = V0.ek8G��"�j y(t) T"	�yl�._ Y0 > 0, g8 |y(t)| < Y0 (t ≥ 0). �j�℄
lim

x→+∞

(

sup(sgnxF (x) + G(x)) + sgnx
∫ x

0 g(s)F (s)ds
)

= +∞, a x(t) Tb	�
i) lim sup

x→+∞
G(x) = +∞.Uk._ x1 > x0, g8 G(x1) + g̃ > V0. ℄ lim sup

t→+∞
x(t) = +∞, a._ tN > 0, g8

x(tN ) > x1 > x0. S
mA"�._ t∗ > 0,g8 x(t∗) = x1,N G(x(t∗))+ g̃ = G(x1)+ g̃ > V0.eW (6) h8G�
(ii) lim sup

x→+∞
F (x) = +∞.Uk._ B > x0, g8 F (B) > ϕ0, Ko ϕ0 = max

|y|≤Y0

|ϕ(y)|. �9EA x(t) < B(t ≥ 0).Sa�._ t̃ > 0, g8 x(t̃) = B, N x(t) < B(0 ≤ t < t̃). -I
0 ≤ dx

dt
(t̃) = ϕ(y(t̃)) − F (x(t̃)) < 0.ek8G�

(iii) lim sup
x→+∞

(G(x) + F (x)) < +∞, N lim
x→+∞

∫ x

0
g(s)F (s)ds = +∞.S (i), ._ F0, g8 |F (x)| < F0 (x ∈ R). Uk ∀ x ≥ 0, T

∣

∣

∣

dx

dt

∣

∣

∣
≤ |ϕ(y(t))| + |F (x(t))| ≤ ϕ0 + F0. (7)SU lim

x→+∞

∫ x

0
g(s)F (s)ds = +∞, ._ B > max{x0, 0}, g8

∫ B

0

g(u)F (u)du >

∫ x0

0

g(u)F (u)du + (ϕ0 + F0)V0. (8)�9EA x(t) < B (t ≥ 0). Sa�._ t̃ > 0, g8 x(t̃) = B. -I._ t∗ ∈ [0, t̃), g8
x(t∗) = x0, x′(t∗ + 0) > 0, N x0 < x(t) < B (t ∈ (t∗, t̃)). - t∗ 6 t̃ pQ (5) h8

V (x(t̃), y(t̃)) − V (x(t∗), y(t∗)) = −
∫ t̃

t∗
g(x(t))F (x(t))dt

≤ − 1

ϕ0 + F0

∫ t̃

t∗
g(x(t))F (x(t))

∣

∣

∣

dx

dt

∣

∣

∣
dt

≤ − 1

ϕ0 + F0

∣

∣

∣

∫ t̃

t∗
g(x(t))F (x(t))

dx

dt
dt

∣

∣

∣
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= − 1

ϕ0 + F0

∫ B

x0

g(u)F (u)du

= − 1

ϕ0 + F0

(

∫ 0

x0

+

∫ B

0

g(u)F (u)du
)

< −V0,NI V (x(t̃), y(t̃)) < V (x(t∗), y(t∗)) − V0 ≤ 0. eW (6) h8G�yl x(t) Tb	�!u�jT"	�F% 3 _A" 3 :�~"�℄yT�h.T	�a (3) h %�L #j℄ lim
x→+∞

(

sup(sgnxF (x) + G(x)) +
∫ x

0
g(s)F (s)ds

)

< +∞, a._G�	��jfb�S (i), ._ N > 0,g8 |F (x)| < N , |G(x)| < N (x ∈ R+)N 0 ≤
∫ x

0
g(s)F (s)ds < +∞.S (iv), ._ M > 0, g8 ϕ(y) > 1 + N (y ≥ M). SU lim sup

y→+∞
Q(y) = +∞, ._ y0 > M , T

Q(y0) > Q(M) + N +

∫ +∞

0

g(s)F (s)ds. (9)�9EA- (0, y0)&K:�Q℄�U y = M :bN�℄�W�a._ t1 > 0,g8 y(t1) = MN y(t) > M (t ∈ (0, t1)). NI ∀ t ∈ (0, t1), T dx
dt

= ϕ(y) − F (x) > 1, N x(t) _ (0, t1) B?V3�>b�- 0 6 t1 pQ (5) h8
V (x(t1), y(t1)) − V (0, y0) = −

∫ t1

0

g(x(s))F (x(s))ds

≥ −
∫ x(t1)

0

g(x)F (x)dx ≥ −
∫ +∞

0

g(x)F (x)dx.0GN:�T
V (x(t1), y(t1)) = Q(y(t1)) + G(x(t1)) + g̃ + q̃ ≤ Q(M) + N + g̃ + q̃,

Q(y0) ≤ Q(M) + N +

∫ +∞

0

g(s)F (s)ds.eW Y0 :<T8G�Z dx
dt

= ϕ(y) − F (x) > 1(t ≥ 0) N lim
t→+∞

x(t) = +∞.�% 4 _"*�~"
(i) xg(x) > 0(x 6= 0), xF (x) ≥ 0 N_Z?:ZfR{b�i�.�
(ii) q(y) 6= 0, yϕ(y)q(y) > 0, Q(±∞) = +∞, ϕ(±∞) = ±∞.a (E) U��Æ�A5N�5

lim
|x|→+∞

(sup |F (x)| + G(x)) = +∞. (10)L #Q6�SA" 3 kyT�h.T	�1 V (x, y) = G(x) + Q(y) ((x, y) ∈ R2), a
V (x, y) > 0. SU dV

dt

∣

∣

(E)
= −g(x)F (x) ≤ 0, N dV

dt

∣

∣

(E)
= 0 �`T (E) :g�\)�S

Barbaskin-KrasovskiiA"8 (E) U��Æ�A�_A" 4 :�~" (3) W (10) h<z�!uO" 3 �j�C6 %��O 2 �% [11] A" 3.1, 3.2 86( (E) yT�T	:#C�~���:A" 3 W�% [11] o:��l*_Uy���v��: “g(x)F (x) ≥ 0(x ∈ R)” d�% [11] : (H3):._ a > 0, g8 G(a) = G(−a), g(x) = −g(−x) ≥ 0, F (x) ≥ F (−x)(x ≥ a), g(x)F (x) ≥ 0(6≡
0) (x ∈ (−a, a)). N+���:A" 3 W�% [11] :A"j�`�
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4 ,!=H��D�/)$W℄ � (E) U��Æ�A�aU��O�N+U��Æ�A:H�D�R H�U��O�WI�U��O�C�kU��Æ�A�SJbQ�k�nNv_U}1�[`4	:\)CS�YK�'G;�nUept,��gA6"5�8"o�5�F% 4 y (A0), (A1)  %�N q(y) > 0(y ∈ R). ℄._ P0(x0, y0), g8 O−(P0) 3�QU�P�N O+(P0) QUZ?�a � (E) U��O5N�5 (H+), (H−)  %�G�℄.��A�a (E) U��Æ�A��% 5  (A0), (A1), (i), (ii) l (i), (ii)′  %�N q(y) > 0 (y ∈ R),

(i) ._ a ≥ 0, b ∈ R u r(x) ∈ C((−∞,−a]), g8 ∀ x < −a, T
r(x) > F (x),

ϕ−1
(

r(x)
)

q(b)
+

∫ x

−a

g(s)

r(s) − F (s)
ds <

b

q(b)
. (11)

(ii) ℄ a2 + b2 6= 0, a._ a− < 0 < a+, g8 G(a±) ≥ G(−a) + Q(b), N xF (x) ≥ 0

(x ∈ (a−, 0) ∪ (0, a+)), Ko Q(y) =
∫ y

0
ϕ(s)
q(s) ds, G(x) =

∫ x

0
g(s)ds.

(ii)′ ℄ a2 + b2 = 0, a r(x) 6z r(0) = 0 N
r(x) > F (x),

ϕ−1
(

r(x)
)

q(0)
+

∫ x

0

g(s)

r(s) − F (s)
ds ≤ 0. (12)a (E) U��O ⇐⇒ (H+), (H−)  %�L �j#Q6�y a2 + b2 6= 0. �9EA O−(P0) Q℄�US) y = ϕ−1(r(x)):bN�Ko P0 = (−a, b). jfb�S (i), P0 _ y = ϕ−1(r(x)) :bN�℄ O−(P0) W

y = ϕ−1(r(x)) m,+�U (x1, ϕ
−1(r(x1))), a x1 < −a N y(x) > ϕ−1(r(x)) (x ∈ (x1,−a)),Ko y(x) �i- P0 &K:\)�SUF x ∈ (x1,−a), T

dy

dx
=

−g(x)q(y)

ϕ(y) − F (x)
. (13)Bu\)�8 −g(x)q(y)

ϕ(y)−F (x) < −g(x)q(b)
r(x)−F (x) . - x1 6 −a pQ (13) h�8

y(−a) − y(x1) =

∫ −a

x1

−g(x)q(y(x))

ϕ(y(x)) − F (x)
dx ≤

∫ −a

x1

−g(x)q(b)

r(x) − F (x)
dx.Z

y(−a) ≤ y(x1) +

∫ −a

x1

−g(x)q(b)

r(x) − F (x)
dx < b. (14)eW P0 :<T8G�N+ O−(P0) Q℄�U y = ϕ−1(F (x)) :bN�I3�QU�P�1

γ : V (x, y) = G(x) + Q(y) = v, 0 < v ≤ G(−a) + Q(b).S (ii), ∀ (x, y) ∈ γ, T x ∈ (a−, a+). sL6 dV
dt

∣

∣

(E)
= −g(x)F (x) ≤ 0 (x ∈ (a−, a+)/{(0, 0)}),Z O+(P0) QUZ?�y a2 + b2 = 0. �9EA"*�5 %

(a) ∀ ǫ > 0, O−(Pǫ) �W y = ϕ−1(F (x)) +��Ko Pǫ = (0, ǫ).

(b) F (x) < r(x) ≤ 0(x < 0), N ∀ P ∈ Γ−, O+(P ) QUZ?�



No.3 #O�G!QN!.�U�^�OdU��O:#C�~ 535jfb�∀ ǫ > 0, ℄ O−(Pǫ) m,W y = ϕ−1(r(x)) +�U (x1, ϕ
−1(r(x1))), a x1 < 0 N

y(x) > ϕ−1(r(x))(x ∈ (x1, 0)). !u�j y(0) ≤ y(x1)+
∫ 0

x1

−g(x)q(0)
r(x)−F (x)dx ≤ y(x1)−ϕ−1(r(x1)) =

0, v y(0) ≤ 0. ek8G�N+ ∀ ǫ > 0 d x < 0, T
ϕ−1(r(x)) < y(x, 0, ǫ) < ǫ,Z ϕ−1(r(x)) ≤ 0 (r(x) ≤ 0). S�:�G6 (b)  %��% 6 y q(y) > 0(y ∈ R), (A0), (A1) Ju"*�~ %

(i) y > 0 d ϕ(y) "��
(ii) ._ 0 < a ≤ +∞, g8 ∀ x ∈ (0, a), T

F (x) > 0 N q(ϕ−1(F (x)))

ϕ−1(F (x))

∫ x

0+

g(u)

F (u)
du ≤ 1

4
. (15)℄ a < +∞, a (A2)  %�N._ xn < 0, g8 xn → 0 (n → +∞), F (xn) ≤ 0.a.�U��O ⇐⇒ (H+), (H−)  %�L y a = +∞. m#j< ∀ 0 < x0 < +∞, O+(P0) _ D2 oQUZ?�Ko P0 =

(x0, ϕ
−1(F (x0))

)

. RMjL�℄�W�a O+(P0) �W�T� y - qU? B(0, yB) (yB < 0).wWh� x - q+�U (0, x1), a 0 < x1 < x0. 1
W (x) =

ϕ−1(F (x)) − y(x)

ϕ−1(F (x))
, x ∈ (0, x0). (16)SU W (x0) = 0, W (x1) = 1 N W (x) > 1 (x ∈ (0, x1)), ._ x2 ∈ (x1, x0), g8 W (x2) = 1

2N W (x) > 1
2 (x ∈ (0, x1)), v

y(x2) =
1

2
ϕ−1(F (x2)), y(x) <

1

2
ϕ−1(F (x))(x ∈ (0, x2)). (17)S (i), y > 0 d ϕ−1(y) "��-IF x ∈ (0, x2), T

y(x) <
1

2
ϕ−1(F (x)) =

ϕ−1(F (x)) + ϕ−1(F (0))

2
≤ ϕ−1(

1

2
F (x)). (18)Z ∀ 0 < ǫ ≪ 1, T

y(x2) − y(ǫ) =

∫ x2

ǫ

g(x)q(y(x))

F (x) − ϕ(y(x))
dx ≤ q(ϕ−1(F (x2)))

∫ x2

ǫ

2g(x)

F (x)
dx;N

lim
ǫ→0+

(y(x2) − y(ǫ)) ≤ q(ϕ−1(F (x2)))

∫ x2

0+

2g(x)

F (x)
dx,

y(x2) − y(0) ≤ q(ϕ−1(F (x2)))

∫ x2

0+

2g(x)

F (x)
dx ≤ 1

2
ϕ−1(F (x2)).Uk yB ≥ 0. ek8G�S�:�G68-T� y - q&K:T�\QU�P�SO" 4 �5 %�y a < +∞. !u�jFU P = (1

2a, ϕ−1(F (1
2a))), T O+(P ) QUZ?�S (ii), ._

δ > 0, g8F x ∈ [−δ, 0), - (x, ϕ−1(F (x))) &K:T�\�WT� y - q+��-I�._�w\�SA" 2 �5 %�
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ẋ = y − F (x), ẏ = −x, (19)

F (x) =







−1

2
x2, x ≤ 0,

2x2 sin x, x > 0.�j � (19) U��Æ�A�N ∀ z0 > 0, ._ (z0 <)l < L, g8
F (G−1

0 (−z)) > F (G−1
0 (z)) (z ∈ (l, L)).L (i) SU lim sup

x→+∞
F (x) = +∞, lim sup

x→−∞
F (x) = −∞,  � (19) �T6n (H+) d

(H−). T a = 0, b = 1, u r(x) = F (x) + 1. a ∀ x ≤ 0, T
ϕ−1

(

r(x)
)

+

∫ x

0

g(s)

r(s) − F (s)
ds = F (x) + 1 +

∫ x

0

sds = (F (x) +
1

2
x2) + 1 = 1.1 a± = ±π

2 , a
G0(±

π

2
) =

π2

8
>

1

2
= G0(−a) + Q(b),

xF (x) =











−1

2
x3 > 0, −π

2
≤ x < 0,

2x3 sin x > 0, 0 < x ≤ π

2
.-I � (19) 6zA" 5 :yT�~�ZU��Æ�A�

(ii) SU z = 1
2x2, Z F (G−1

0 (z)) = 4z sin(
√

2z), F (G−1
0 (−z)) = −z, z ∈ (0, +∞). 1

zn =
( 3π

2
+2nπ)2

2 , n ∈ N , a F (G−1
0 (zn)) = −4zn, F (G−1

0 (−zn)) = −zn, v F (G−1
0 (zn)) <

F (G−1
0 (−zn)). sL6 lim

n→+∞
zn = +∞ u F (G−1

0 (z)), F (G−1
0 (−z)) &:��8 ∀ z0 > 0, ._

(z0 <) l < L, g8 F (G−1
0 (−z)) > F (G−1

0 (z)) (z ∈ (l, L)).�O 3 (i) $~xW_QU�P:�PHWR{b�6z “F (G−1
0 (z)) ≥ F (G−1

0 (−z))”,4.�U��O�N+ Filippov �~ (A2) �kU��O:�C�~�
(ii) _A" 5 o℄ (i), (ii)  %lA" 6 o a < +∞, a � (E) U��Æ�A�℄A" 5 : (i), (ii)′  %lA" 6 o a = +∞, a.��C��A�4U��O�� " 7 >
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Necessary and Sufficient Conditions for the

Global Weak Attractivity and Global Attractivity of

a Class of Nonlinear Differential Equations

Zhao Liqin
(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

ẋ = ϕ(y) − F (x), ẏ = −g(x)q(y). (E)

It is shown that Filippov condition (A2) cannot exclude the existence of the maximum elliptic

sector S∗ and it cannot exclude the possibility of ∂S∗ as the ω-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.

Key words: Filippov condition; Global attractivity; Global weak attractivity; Global asymp-

totic stability.
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