Haats 2 A R o e (B R 200042 A
Vol.44  No.2 Journal of Shandong University( Natural Science) Feb. 2009

— X HrELERI WS
77 72 FR B AT 1 o

> 1,2 3 1% =2
REHRAT IKER
(1 WARRSHCEEBE, AR JEH 2501005 2. BEMAEBERCE S5 BRER, %R B 256603)

WEMRT AN EEBBD ML 7 RERD BB LR, ELT ZAHGH LR TR S kit 7T —

BTy s R,
KSR RS S R W R RS R
FE S 0175 SARFRAERD: A

Asymptotic behavior of nonoscillatory solutions of second

order nonlinear differential equation with perturbation
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Abstract: The asymptotic behavior of nonoscillatory solutions of a class of second order nonlinear differential equation with pertur-

bation was studied, three new asymptotic theorems were established, and some known results were extended and improved.

Key words: nonlinear differential equation with perturbation; asymptotic behavior; nonoscillatory solution

0 7

ail1%

MU B A 328 B 31 72 WL 04 R 87 3 8l RS AN TR S BB o (6K A AR vh T2 e AR i AR et 4R
gl Wy B L] DU I AR SR T R IR . AR O R A T B TR ) AR ) 2 ST

TIAERAT 153 FE B AR BRI R, LA B 4 0 3308 R i 1 oo s ok JLAE I R i AR IR . —
Py BN 1 N =5/ -l | &/l O 1= | 62 4 B D 7 A
(a()WT(x(2))a" (1)) +p(e)a’ () + q(x)f(x(1)) =0
W R SR S BT, M. Cecchi™ 5 Yu. V. Rogovchenkow WFFE T AR #e
(a()W(x(e))x" (1)) + q(x)f(x(g())) =0

il

(a()W(x(e))a" (1)) +q(x)f(x(2)) =0
A ik ) Wi Sl B, M SR L B2 AR SC [ S T AR T — i 8 B i o0 e

(r(e)x" () +p(e)a’ (1) + q(x)x(2) =0

ORI IRBPE BT, 0 AR, T BB A ARSI M B, AR SR b, AR SCHE T 2T IZ I

We#s B HA :2008-05-04
EBE v RE(1981- ), 2o, B WL F g A, EE NG 7 BB HIY . Email: songxial19@163. com
* BIEE XRAR (1964- ), T, A BB, EEOFRT7 19 P54 . Email : baodong @ sdu. edu. cn



20 I NN - ¢ ) %44

BraARS R B o R
(a()T(x(1))w' (1)) + Q(t,x(1)) = P(1,x(), " (1)) (D
AR AR Sl A A P 5, ST 1 O R (1) B =BT R A B T R E T A — Lk

1 HEAREE

A AE
(A) a:[tg, + ©)>RIEIEAELE T PREL;
(A,) T:R>RIBELENTPREL, FFH Y w =08), ¥(0)=0;

(A) Q:l1y, + ) x R-R 4L, I HLAFAE ﬁﬂﬂﬂﬁﬁﬂﬁ&ﬁﬂmﬁﬁ%ﬁ%;

q(0),u7 o g:[1,, + ®»)—>R, f:R>R, w00, uf(u) >0, (u) >0);
(A) P:lty, + %) x R>REELRE I HAFAEELLREL p(¢):[ 1y, + 0 ) >R
x()PCt,x(t), o (1))<x(t)p(e)a’ (1), x#0,
AR T RE (D) B — i () WA Tl 1, + ) o TEARMTCH XEI[ T, + ) I, x (1) ANE
GETE XM ENG, — A ENR, 5 A EERNE S, WFR IR ; & Wt FR R0
ARSI x (o) AT R o, B & (o) FTRABCEFE 5 AR (o) 5 FE (1) M S IR g >, 2
DR (D) BT A IE 2R3y FR 72 (1) 2R3 o

2 I Ey|HEfngiE

T SR B EARASE T0e K B (D) B BT A TR 53 2 DR P2k

St =dx=a(t):x()RFBE)MWIENR, HATE t,=10, 8 t=1, B A 2 (1) x(1) =015

S™=dx=a(t): () RAFBR)MWIENR, HAATE t.=10, Y t=1, B A 2’ (1) x(1) <0}

S*=t{x=x(t):x(e)JERREQ)RIENE, HAAE 0, |, L, 1>+ o i1 x(1,) =013

S =tw=a(e):a ()RR MIENM, X FRAK .6 «(0) =0, HEBXFHIAN 1, > t,, FFLE
b, > Loty > 1 BERE 7 (1, Do (1,) <OF

R B RS St , S, S, SY R E A . H S P A de 2 5 2 E 1 R IR $i sk
HR AR R B, S AR e 2 BE R I AR R R B R 1 AR IR L, SO TR R AR S L T ST
W e 2 59 IR B

53 & T(x)f (x)=c>0,x#0,

(1) %
lir:lﬂiupj: [4(s) - 4ca(( ))] —— (2)
WIXFF (1) A S° = 0
(1) #
,Eﬂﬁ[q()—lLLl]M._+w, (3)

NXFFHFE(D) A SY = ¢
ERR (D) B F Q) B—"1 (1) € ST o RR—Belk, BEAAHE ¢, = 1, FfF 1 = 1, B, H
x(1) >0,x" (1) = 0T LIIEIAY ¢ = ¢, B x(¢) < 0,5 (1) < O BITEIL . % B R

d(DTF 1)
[y =

W(l) =
(1) 15



552 KRB F 2R G AR AR S 0 75 R 7 (8 2 P i 21

«* (1) _
f( (1) =

vy o QGL,a() 2 ()P, x(1), 2" (1))
W(t) = - f(x(t)) + x(t)f(x(t)) - a(t)‘F( (t>)f( (t))

pl)a’ (1) x> (1)
—q(t>+ f(x(t)) —a(t)?( (t))f( <t>)f( (t))

p (1)
=00+ T () () ™

7 x(e) p(1) :
a(t)W(x(1))f (x<t))f(x(t)) MOFICONAC OIS
p’ (1)

B q(t) + 4ea(t)®
Mot B (e = 0p) B BTG

a(t)‘?(x(t))x’(t) a(ll)q’(x(tl))x’(tl) ' 2(8)
Sy S S (1)) ‘Liq“>‘f56ﬂd* (4)

A1 (2)

lim inf a(t) (x(e))a" (1) _
precis f(x(e))
X5 x(t) > 0,0’ (1) =0 (t =1t,) FJE.
(ID) B A 2 (1) € S" ARt BIRAAFE ¢, = 1o 15 ¢ = ¢, B, «(1) > 0,28

PUBTTE 2 ¢ = o B 2(0) < O B OL WX FRIAM ¢ = o, 716 0, = 1,0, =t BfF
2 (1, ) (1,) <0 AN R (1) AUEBT SRR, 155150(4) , B

R AR [y - £
HAHE(3) 13, X FFRIRI ¢ 454 /(1) < 0,15 «' (1, )a'(1,) < O FJEUEHE,

1 BIERR () S T (3] R 2(a). B, M AR (D) P(rx(0).a (1)) =
0(t,x(1)) = q(x)f(x(e)) B, BIFCI) BIR[3] hER 2(a).

E 2 LRI ML, BARANE(2) ML, IS 4R (3) Borht 4 S0 = Y = @,

FBE1 BT (x)=c>0,x # 0 MFFLE3) B, W T B (D) AL ARS8 T F oI m
FhRA

o]

Ap: x(1) > C#0, 1>+ ®,
Ag: x(t) #0, t >+ x,
R W () (D) BAEE D ARRE R, U x () AR T 87, dr g |30, X T (), S* =
S = G HIAR, x (1) € ST
W 2 () FRIEFEEE ¢ = to 15 ¢ = ¢, BF,8 2 (1) > 0,2" (1) < 0. UN[A)5 | BRAGIEH 1S 72 , 15 3]
X (4), 1

a(t)T(x(e))x'(t) a(t)W(x(t,))a" (1) ! 92(3)
) = Fx (1) ‘J[9“>‘4m<»]“°

A ST 6= 6 55 = 6,8« (1) < 0, x(¢) RIS HA T 7, TE lim x(t)
A, IF H limx (1) = € = 0,28 ¢ 2— 1%

R w (1) BeNIE  WIAFTE 63 = o, (1% 0 = 63 BF, 2 (1) > 0,07 (1) > 0o HL & (1) S B8 H AT
EFI T lim 2 (o) F77E, I ] lim 2(1) = € < 0, CRE—HAL

25 BT TR (D) RAEREARIR S LB T A R A, IR ALZ — UEER,

FE2 BT (x)=c¢>0,%(x) < a,x # 0, WRKMAEQG) Wz, MR A A, BRI %
x(t) MERNYS T = 1, 5K,



22 I NN - ¢ ) 5 44

J;w a(s >J La(o) - ‘B“ll]dfds <+ @, (5)

R B x () BITRE(D) W— Ay BUARRSNE , AL € > 0,80 x (1) B IE HE B 1 AYIER A
o (1) ENPAHEREN ) WFFTE T = 1,24 0 = TH,x' (1) < 0H

J[q() <)>]ds>0

Wl 5 | A B e A, 15 2 (4) , B
a() W (x(1))x" (1) a(T)‘If(x(T))x’(T)_J’[ (s) - 92(5)]d8
S(x (1)) < Sf(x(T)) L7 4ea(s) ™ =

- [t - dagalae

NI

f(xa/c((tt;) s_Otal(t) J[q( ) - ( >]dso

M 5] B A

J; x'(8'> ds < - %J: a(ls)J;[q(T) - 4:a(%r))]d‘rds,

ji;)le_z) ST lJT (s )J [q(o) - <(T>)]drdso

N VR U e O ()
Lﬂf(u) R ) R R i
HREE 2(7) > € > 0,/(u) > 0,5
i + (T) x(T) ﬂ -
o atl Lo - Eihlanas < | Flu) <+ =
HE(5) Wor R AT EGEW ¢ < 0 mrﬁﬁ,mt .
FE3 BT (x)=c>0,%(x) <a,v#0, WMRKMAER) Hor, HFHXNFAEREN e > 0,7

¢ du O du
Joftar <+ =y > = (6)
LR B A, BEEIRSIR, WY T = 1, B0 KEF(S) WAL
WERR ¥ () SRR B—A Ay BUAESR AR AW & (1) B IE R IF e 1 2 IEB nT 15
x(1) ﬂ 1 t 2(2‘)
me(u) ST aJr a(s )j[ () - 4ca(r)]drdso
Lt —+ o, x(1) >0 K& x(T) > 0 FI&M(6) 1%
1" 1 () “0 du .
o atollato - i acas < fluw) <+ =
W (5) AT oSSBT IE & (1) N TIIEIE IR
B A = AN B T AR 3 R A HETS
it W Y()f(x) =c>0,¥(x) < a,x # 0, WREZM3) F(6) Mo, I H
[ atol L) - A lacas <o = )

B

W75 (1) PR .
&3 MECHET T 2] RIERE 1.

3 HRAMEHN

X FARLAE R T 12



552 KRB F 2R G AR AR S 0 75 R 7 (8 2 P i 23

(a(e)W(x(e))x" (1)) + Q(t,x(1)) = P(r,x(1),x" (1)),
AT () (x) = ¢ > 0,5 #0, hmj [4() - 28] s = & o i IPRUE SR SRA AT
RO A TR -

Ac: x(t) > C#0, t >+ o,

Ag: x(t) #0, t >+ =,
HHPE—LUER] TAH A T A, PIRTZETYHT T A I 5 R 70 0 3G 2 B 25 1, TE AL R B SCRX 225 30k B2
R — BB R AT 1) Rk

S 3Lk

(1] #emik, i AafE . AR RAERLE R R iR S E B )] RGP 5%, 1993,13(3) :276-278.

[2] ks deheik . — 2 B ARL AR O T B RIRSIPELT] . RGBS HF 2004, 24(3) :276-278.

[3] CECCHI M, MARINI M. Oscillatory and nonoscillatory behavior of a second order functional differential equation[ J]. Rocky Mount J
Math, 1992, 22:1259-1276.

[4] YUV Rogovchenko. On oscillation of a second order nonlinear delay differential equationU 1. Funkcial Ekvac, 2000, 43:1-29.

[5] YAN J R. Oscillation theorems for second order linear differential equations with damping[ J]. Proc Amer math Soc, 1986, 98:276-282.

[6] LADDE G S, LAKSHMIKANTHAM V. ZHANG B G. Oscillation theory of differential equations with deviating arglunents[M]. New
York: Marcel Dekker, 1987.

(%Iﬁ'—%—‘ﬂ%él)



