. 23 6 (202 6 )
Applied Mathematics and Mechanics

: 1000_0887(2002) 06_0604_07

NEF, AEA

(1 , 430074; 2 : 430070)
( B X %)
0175.27 © A
[-~131, ’
(1, (2 (3) ;

52
a?[u(l:x) + P(t)u(t_ U(t)7x)] =

a(t)h(u) Au+ i;ai(t)h,:(u(t— Ti(t), x)) Au(t— Ti(t),x)-

j_;bj(t,x)fj(u(t— Q(I),x)) (t,x) CR x Q= G, (1)

S_Z: g(t,x, u) (t,x) ER*X0Q )

§—Z+ ew= 0 (t,x) ERXDQ )
QCI(V ,G= Rx Q 00

Hi) a(t), ai(t), T(t), G(t), ¥(t) € C(R,(Q+ ), 0< T(t)< T, 0< G(t) < G 0
SH(t) SKWT o= const, i= 1, coom; j= 1, cyn; bi(t,x) € C(R X Q(Q + %)) ¢
= const> 0° p(t) € CYR ), - 1 <p(t)< O

* :2000.09.25; : 2001_12.26
: (10071026)
(1961—) ,
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H») h,(u),h;(u),fj(u) € C(R,R), uh(u)g(t,x,u)< 0 whi(u)g(t,x,u)< O
whi(u) 20, ull (u) 20° g(t,x, u) w0 fi(u)/u 2GC= const> O

u(t.x) € C(6) NC(G) G , T> 0, ( to,
xo) €[T, + ©) x Q  u(ty, xg) = 0;

1 Hi) H») , jo E{l, .o, n},pjo >po: const > 0; s €
{1, . n>,e €(0,1), o(t)- (1+ 0)U(¢) > 0,
lim inf COps () V(1) (0u(t) = (1+ 0) ¥(1)) > % (4)
(D (2 G : pi(t) = min b(t,x), x €
w(t, x) (1) (2 . to 2T, (t,x)
€[t + ) x Q ,oou(t,x)> O u(t— Wa)>0 wu(t- T,x)> 0 u(t
-0 x)>0 t=1 - m;j=1, ... n*
() « Q

£
P

dt [J‘Qudx+ p(t)_[gu(t— U,x)dx]z
aIQh(u) Audx + :LZlaiJ‘th(u(t— Tox))du(i- T, x)dx -

S piuti- g0 (5)

Green :
] Qh(u) Audx = LQh(u) g_st— v[Qh/(u) | gradu de =
Loh(u)g(z, x, u)ds - Lh’(u) | gradu | *dx <0,

.th(u(t— T, x)) Au(t— T,x)de <O
Hy),
Jbfi(utt= 9. x))da >cjpj(t)fgu(t— G, x)dx®

v(t)= jgu(t,x)dx, v(t)> 0

d? N
AL () p)e(i= W]+ j;lcjp/(z)v(t— g) <O (¢ 2t0)* (6)
(6)
w(t) = v(t)+ p(t)o(t— W), (7)
w'(1)+ _chpf(z)v(t— g) <0 (1 210, (8)
wi(t) <O, w(t) , limw (t) = L* L
(1) L=- o lmw(t)=- o (7 v(t)

{tlc-'k_’ o, 1y o% w(tk) < 0, v(th)= max o(r), r €[ to, th]* w(tk) = v(tr)
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+ p(t)o(t= W) 2o(u)f1+ p(u)] >0 w(ti) < 0
(i) L #0, . (8) to ¢

) Zc,pj r(r= 9(r))dr <uw'(10) - w (1)

lyj=1

|" Smtrnir— arar < i)- 1

ko, lim info(t- G, )= 0, li info(t) = O -1 <p(1)< 0,
(1) w(t) So(t),  lmw(e) <l info(t)= 0 limw(t)= Li< 0,
e w(ty) 20, . Limw(t) = 0 w (t)
limw (t)= 0, L= 0
(7 (8 ., ¢

w'(1) = LGpi(e(t= 9) S Cop)o(i=- 0) <

- Cips(t)(— w(t— (0= H)))e*
Taylor :
w(t= (%= W)= w(t—- (- (1+ O)B)— O0) = w(i- P- HY) =
wit= Q)+ ' (1= R)(- W)+ L5 1)
P= a- (1+ 6) B> 0, .
- w(i= (%= W) 2wl (1= )0 (9)

w' (1) = y(t)
Y(t)+ps(t)y(t- R) <O ¢t 2ty (10)
ps(t) = CoMpy(t)0, ¢ , y(t)= w (t)> 0 (10) .
(4)  liminfps(t)P(1) > Ve, [14] 3y (t)+ ps(t)y(t=PR)=0, ¢ 211
4 t

Ops(t) = OCs Mps(t)0 2(G— (1+ WO)CHps(1)0> 1/e

[ipeoai= o

[15], (10)
2 (4) R 1
lim inf cse_f p((s) U(s)ds > (11
t oo - & e
3 (4) R 1
lirltL sup CSQJ; g'ps(s) Bis)ds > 1,
R= P

4 1 , g(t,x,u)= 0,
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(10)
1,
(1) (3)
bo> 0, Plx)>
0, x € &
A®x)+ b®(x)= 0 x € Q
{ + ¢®x)=0 x €0
6 1 s h o hi(uw) 1, (1) (3) G
u(t,x) (1) (3) . to 2T, (i, x)
€ [y, ) x Q u(t,x)> O, u(t— H,x) >0, u(t— Tox)> 0, u(t-
G,ox)> 0, i=1 omj= 1, - ne

(1)

Green

W) x  Q
2

%[Igu@(x)dx+ p(t).[gu(t— Wox) ‘P(x)dx] = aJQh(u) Au®(x)dv +

;aij.ghi(u(t— T,x))Au(t— T, x) P(x)dx -

;Lb]f,‘(u(t— G, %)) O x)ce (12)

wAPdx — I PAudx = J. a—cpds J. ‘Pauds— 0,
Jo Q “ on on

-QAu(t, x) P(x)dx = JAQA‘P(x)u(t,x)dx =- bojg@(x)u(t,x)dx,

..QAu(t— T, x) P(x)dx = J.QA"P(x)u(t— T, x)dx =

- bOJQ‘P(x)u(t— T, x)dxe

H»),

[ wpicuti= acxp) s > peo [ ute- 9.0 #x)ae

v(t)= J‘Qu(t,x)q’(x)dx, v(t) > 0

2 m
(%[U(t)%— p(t)v(t— B)]+ boa(t)v(t)+ bOi;ai(l)U(t— T) +

‘_"Zlcjp,-(z)v(t— 9) <0 (1 2u), (13)

2 n
(% p(u(i= Wl e B (0u(t= ) <O (1 St

6) 1 . . 6
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7 2 3 . h hi(u) 1, (1) (3)
G

8 Hi) H») , 10 E{l, . m},aio 2a= const> 0,

h hi(u) 1 s 6{1, . n},ee (0, 1),

T(t)- (1+ 0)B(t)> 0,

lirtng'onfboeas(t)ll(t)('l}(t)— (1+ 0) V(1)) > 1/e (14)
() (3) G

6 (13)

2 m
(%[U(L‘)+ p(t)v(t— B)] + boa(t)v(t)+ boi;ai(t)v(t— T) +

Zpi(0fi(o(i=9)) <O (1 20, (13)
2 m
(%[v(t)+ p(t)v(t— B)]+ bo;ai(t)v(t— T) <O (15)
Ie 8
9 6, (4) (16) (17, (1) (3)
G
lirrnoionf boejjigas(s) Bis)ds > 1/e (16)
lirtrL sup boef_ psas(s) Bis)ds > 1, (17)

R=QR=T-(1+ 0) 1

10 H)) H») , p(t) < 10 E{l, .es, m},aio 2a=
const> 0, o E{l, “ey n},pjo >po: const > O, h hi(u) 1, s €
{1, oy n},eE(o, 1),

T(t)- (1+ 0)B(t)> 0,

lirtninfboeas(t)(— Wp(s— (0= 1))(T(t)=(1+ 0)¥1))> /e

T(t)- (1+ ) B(e)> 0,
lim inf Clps (1) (= Wp(s— (A= W))(T(t)- (14 O)H(1)) > /e,
(1) (3 G
1-

aa—;[u— u(t- T x)] + (2€H+ 2e_n)u(t— 2, x) = 2TAu
(t,x) € (0, %) x(0,W,

Ju

0,= 0 a= 0,7 ¢ € (0, oo)e
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(3]
(4]

(8]

(9]

[10]

(11]

[12]

[13]

[14]
[15]

0° T
a7[u— u(t— Tx)] = Au(t,x)+ 28u| t— S, x|— u(t—- T, x)-

2
_ £ ( cost cosy ) 2_ _ i]-[ u[[— %H,x] 2
u[t 2,x]e u[t R e[ ]

(t,x) € (0, o) x(0,,
5,=" v x= 0T € (0, o),

2
p(t)==1, a(t) =1, ai(t) = 2, pi(t,x) =1, paft,x) = e(msmsx),

pi(t,x)=1, ¢c= 1, fi= fo= u, f3= ue"*
; G .
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Oscillatory Properties of the Solutions of Nonlinear
Delay Hyperbolic Differential Equations
of Neutral Type

LIU An ping', HE Meng xing”
( 1. Department of Mathem atics and Physics, China University of
Geoscien ces, Wuhan 430074, P R China;
2 Department of Mathematics and Physics, Wuhan University of Technology,
Wuhan 430070, P R China)

Abstract: By making use of the integral inequalities and some results of the functional differential e-
quations, oscillatory properties of solutions of certain nonlinear hyperbolic partial differential equations
of neutral type with multi_delays were investigated and a series of sufficient conditions for osdllations
of the equations were established. The results fully indicate tha the oscillations are caused by delay

and hence reveal the difference between these equations and those equations without delay.

Key words: neutral; delay; hyperbolic; oscillation; nonlinear



