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ERICES S EY
Riccati
: ; Riccati
o 0175 A
1
[p () y)u(y' )] + r(e)y () + q(t)f(y)g(y )= 0. t 2, (1)
p(t) € C([to, ),(0, o)), r(t) € C([to %), (= 00, o)),
qg(t) € C([to ), [0, o)),
T 2to, q(t) 20, t €[T, o),
Fy).g(y), ¥(y), u(y) € C((- o0, ), (-~ oo o)),
W(y)> 0, yu(y)> 0,y Z0
(1) y(1) ; y(t) (1) supl y (1) 1> 0
[1]): : ;
(1) : (1)
[2]~
[ 6]
Y (t)+ q(t)y = 0, (2)
(p(t)y' ) + q(t)y = 0, (3)
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(p(1)y ) + q(t)f(y) = 0 (4)
. [7] 8] .
[2] \ [1] OH/0s <O ; H(t,s)k(s)
( s ), .
[1] .
2

@ Do = {(t,s):t> s >t(},D= {(t, s)it 2 >t(}, H =
H(t,s) € ®  H €C(D, (- oo, ),
(i)H(t,t):0,t>to,H(t,s)>O Dy
(1) H(t,s) Do $

(A1) f(y)/y > U> 0,y Z0, K
(A2) 0< C1 Sd(y) KCoy Z0,C1 Ca
(A3) O< My Sy/u(y) SMayy Z0, M, M
(A4) g(y) 2K> 0,y Z0,K
1 (A1)~ (As) HE O hE€E(D, (- o 0) kis),a(s) €
¢ ([0, ), (0, ©))

a%(H(t,s)k(s))— H(t, s)k(s)[ﬂg;]:((;j ‘;((SJ = h(t,s) JH(1,5)
(t,s) €D, (5)

C
hxnsup,,(t—lto)f{flm,s)k(s)o(s)— AP (L ) fds= @ (6)

_ Myl a(e)r®(e)
Q(t) Kpa(t)q(t)_ {Cl Cz] 4p(t) (7)
(D
(1) y(t), To >to, t >T0,
y(t) #0, y(t) > 0,
W(t) = a(t)p(t)‘b(;v)u(v), (8)
W(t) (D, (A1)~ (A4)
_ p () Wy)u(y') [p(t) O(y)u(y' )]
W(t)= d(t) v a(t) .
a(t)p(t va}zu(v )y <
a (1) B r(1)y _
(1) V=t ary ) VY

a(Op(D Wy aty) " (1= Kba(t)q(1) =

a 14 2l )
b1y - et Lo w s ] Kbadg00) =

a(t) (1)
a,(l) B y i [ W(t) ,/a(t ]
a(0) " T Wy (s Ja(t) * A
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a(t)rZ(t)V/l - KWa(t) (t)
dp (1) dy)uly ) !

d (t) M, [W(t) a(t ]
a(t)W(t) Cop (1) T(t)+ r(t)| +

Maa(t)r(t) ~
4C1p(t) - K”“(UQ(U -

[ Mar(y) a’(t)] M,
[Czp(t) o)) V(T Tt

My M| a(t)rt)

Kba(1)q(1) + | 0= ?21] ‘ ip(t)t
Mir(t) a/(p) Mi .
Vi) < {Czpm‘ am} V()= Gratopo W ()= Q1)

H(t,s)k(s) T i 62T 2, (5)

£H(t, s)k(s)Q(s)ds & J;H(t, s)k(s)W/(s)ds—

er(s)_a/(s)] g g ) . LM 2g N
[t csf e omemomnn [HE Lt w0 -

H(t,T)k(T)W(T)+ J‘;{a%[H(t, s)k(s)] -
H(t,s)k(s)[er(S)— a/(s)]} W(s)ds- J.twwz(s)ds=

W(1) -

Cop(s)  a(s) v Caa(s)p(s
YUMH(t,s)k(s)
1\ Caals)p(s)

hit,s) JH(t,s)k(s)W(s)(ds=

H(LT)R(T)W(T) - L{ e (R
h(t,s) [Cza(s)p(s) 2d QJ‘t B2 ds <
2 M, ST aM Jpe(sIp(s) h(t s)ds &

H(t,T)k(T)W(T)+ L%La(s)p(s)hz(z,s)ds,

H(t,T)k(T)W(T)- Wi(s) -

J:{H(t s)k(s)Q(s)- a(s)p( )h(t, S)}ds SH(t, T)E(T)W(t) <

H(t,T)E(T) | W(e) | <H(t,t0)k(T) 1 W(t) 1,
t 2T,

_r{H(t s)k(s)Q(s)- 4M T a(s)p(s)h(e, S)}ds—
Jj{H(t,s)k(s)Q(s)— ﬁa(s)p(s)hz(t, s)}ds+

JZ{HU s)k(s)Q(s) - 4M Tals)p(s) ki, S)}

(9)
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fH(t, s)k(s)Q(s)ds+ H(t, to)k(T) 1 W(T) 1<

Hi(t, to)[J:k(Sﬂ Q(s) | ds+ K(T) | W(T) |} .

tlirg sup

fk(.s) | Q(s) | ds+ k(T)| W(T)I< oo

(6)
1

’]jngosupmJ:}H(t, s)k(s)Q(s)ds = o9

. 1
rlurgosuplﬂt—wjzoa(s)p(s) R (t,s)ds < oo,

h(t,s)=- (t- s)(n_3)/z{ns— t+ (t- s)s[
a(t) € € ([to, ©),(0,00)), n> 2
Coals)p(s)(i=5)""

IJe- -

Mi= Mr= 1,K= Lk(s)=1,0H/0s=~- h(t,s) JH(t,s),

(1)
H(t,s)
H(t,s)= (t-
2 (A1)~ (Ag)

tljlrgosuptlnjj{(t - )" '0(s)-

{m— i+ (t- s)s[ )

(1)
1 u(y) = y. g(y) =1,
[1] 1 2 3
2 (A1)~ (A4)
0< inf| Jim ot

lim sup

t

Q(t)

To,y 720,

H(tl, ro) :O{H(t, s)k(s)Q(s) - ﬁa(s)p(s)hz(t, s)}ds <

1
1

s)" Lt s) €ED, k(s)= s,

,H(t,s) h(t,s) k(s) a(s)

H(tzSz <
H(t, to)

b € C([10, ), (= o0 ),
[lirrolosupmf a(s)p(s)hz(t,s)ds< oo,

Q_Ldg:
1, k(s)a(s)p(s)
. €2 2
thngosupmj; H(t,s)k(s)Q(s)- ma(s)p(s)h (t,s
e (1) = ma 9(1), 0},
(D
y(t)> 0,

t >t0,T 2 10

)} ds 2 9T),

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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p(t) ¥ y)uly)

W(t) = a(t) ¥

W(t) , 1

T

2
MiH (1, s)k(s) hits) [Coalsip(9)}
J:{ Caa(s)p(s) "7 2 ™’ }d
C
H(tl, T)J; H(t,s)k(s)Q(s)- éwzla(s)p(s)hz(t, s)}ds <

Lo LY MAH (1) k(s)
k(T)W(T)—}H&meu,T)L{ Coatp(s) "0
hit,s) Cza(s)p(s)}zds.

2 M

(16) , T 2T,

KT)W(t) 2 9(T)+ hrgomfm.[:{ %W{U—

2
h(gs) ’Cza(;}l’(s)} ds, E(T)W(T) 2 9T), T 2T,
1

lim sup

k(To) W(To)— ®(To) = M < oo

t>T0,

o5 limif—t— (¢ [MiH(t s)k(s)
> lim fH(t, To)-';‘o{ Caa(s)p(s) Wis) -
h(t,s) CW(S)Z’(S)}zds <
2 M

. 1 MH (t,5)k(s)
Voinf 775 707 )\ “Caatsipls) W ()=

hit,s) JH(t,s)k(s)W(s)(ds®

1 MH(t,s)k(s)
W)= H(,To)Jr ~Caa(s)p(s W(s)ds.

Bl1) = H(thO)_[TOh(t,s) JH(t s k(s)W(s)ds, 1> To,

t> To,

(18)
lim inf/ a(1) = B(1)] < oo

_[00 k(s}Wz(s)dS< oo
r, a(s)p(s)

t & 2
J.{H(t,s)k(s)Q(s)— 4M1a(s)p(s)h (t, s)}ds <H(t, T)R(T)W(T)-

2
. 1 "0 |MuH (1. s) k() h(t.s) |Caa(s)p(s) <
’hrgme(l, TO).[TO{ Caa(s)p(s) Wis) - 2 M, } d

(17)

(18)

(19)

(20)
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L Mds— oo

a(s)p(s)
(13) s K1> 0,
Kz, (21) , T1> T(), > T1
J (s)W(s}
r, a(s)p(s) K]
t> T,
1 MlH(t s) (T)W(T)
()= i To b UT a(Tp(T) dﬂ

1 ‘Ml 8H(t, 2 k(T W T)
H(t,Todr, Cz ] “T a(Yp(T) dﬂ ?

1 (" Mi[_ QH(1.s] mdﬂ
H(t,Todr Cz[" 0s ]“T a(Op(t) Y ds 2
1 " M1K2[ OH (1t s] _ MuKoH (1, Th)
HLTgd CKiL™ 05 1= Gk 1y
(22) T2> Th,

H!t,le > > .
H(t, TO) /K1, t /Tz,

(23) .

t >T2'

!J.Holo(l(t): oo
{t’}:il C (To 0, 1jn}otn= oo

lim/a(tn)— B(tn)] = liminff a(t) - B(1)]°
(19 N, n>N

a(ta)= B(1a) <M
(24)

,lbjllgoﬁ(t,l)z oo
(25 () , n,

(26) (27)

’ ’ : 2
2 _ + b MIH(tn, S)k(s) C2d!S!B£S?
Blen) = H*(ta, To) |:J‘T0 Cra(s)p(s) W(s) I\J M, h((ta, S)dS] <

¢ >T1)'

(21)

(2)

(23)

(#4)

(%)

(26)

(27)

(%)
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1 t MH (1o, s) k(s)
[H(tn; To)dr, Wz(S)ds]x

Caa(s)p(s)
Cza(s)p(s)
[H(tn, To).[ W2 ( 1, )d] <
. Cra

al tn) H(tlTO) 2 (M)lp( )y (o s)ds:
B(1,
a((ztn)) <M1H(ti, To) JZO"( S () B> (1, 5)ds®

(229,
. H( t, To)
fim MfH(t, to) > K,
Ts> T(),

Z(lt,joo) > K, t> Ts,

H(tn, L‘o) > Ki,

B(1,) C» | :

a( tn) < MK H ( tn, to) J:‘o“(s)p(s)hz(tn, s)dse

(28
mmfza(ﬂp(s}hzm, s)ds = oo,
—L_[ (2)

tliIgSupH(tlj ZO)J.z (l(S)p (9) hz(t, S) ds = oo

(14) . (20 : (17)

B E(s)Ws) -

.[T k(s)a( )p(s) J- a( )p(s) ds <
(15) » (1) 2

(C204. 0208) *
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Oscillation Criteria for Second Order Nonlinear
Differential Equation With Damping

LUO Hui"?, ZHUANG Rong kun', GUO Xing ming’
(1. Department of Mathematics , Huizhou College , Huizhou ,
Guangdong 516015, P. R . China
2.Shan ghai Institute of Applied Mathematics
and Mechanics , Shan ghai University , Shanghai 200072, P. R. China)

Abstract: By the generalized Riccati transformation and the integral averaging te chnique. Some suffi-
cient conditions of oscillation of the solutions for second order nonlinear differential equations with
damping were discussed. Some sufficient osdllation criteria for previous equations were built up. Some

oscillation criteria have been expanded and strengthened in some other known results.

Key words: second order nonlinear differential equation with damping; oscillation; Riccati transforma-

tion; integral averaging technique



