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: [1D). : : “,
Volterra
MCERECE I;a(t,s)g(s,x(s))ds, t> 0, (1)

f C([0,),R),g C([0,©)xR,R),a [0,00)x [0,0) >R, O0< t< o, 0< <t
, st ,alt,s)=0

(1) [0+ ») . (1)
(1) , [4]
x' (1) + lei(t) |x (gi (1)) |“sgnx (gi(1) = q()x(t) + r(t), x> 0O, (2)
. Volterra (1) (2) ,
2
1
(i) xg(t,x)>0,x# 0,t= G;
(ii) J'Za(t, s)ds , b> O;
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0

t

(iii) !mwpf (n= W,!minff ()= - oo,

(1) .
x (1) (D , T>0 =T x()>0( <O0).
x()>0,t=T,
0< x(9)= f (1) -J-;a(t,s)g(s,x(s))ds
= f(t) - I:a(t,s)g(s,x(s))ds- J';a(t, s)g (s, x (s))ds
< (1) -I:a(t,s)g(s,x(s))ds, > T, 3)
“a(t 99 (s x (9)ds< MJ':a(t, 9ds< o, M= spgtxD). 3
[IE.Q inff ()= - o
x(t)<0,t= T,
0> x(t)= f (v) - I:a(t,s)g(s,x(s))ds- J’;a(t, s)g (s x (s))ds
> (1) -I:a(t,s)g(s,x(s))ds, > T,
lmsup f ()= o . O
1
x() = 1 (1 - J-;a(t,s)g(s,x(s))ds, (2
f ()= J_j—+_t(tsint+ oost- 1)+ 0s’t,g(s x (s))= [sx(s)]%,a(t, s) = _1]:5’ 0< t<
,0€ <t alt,s9=0,st , 1 . , (4)
,x (1) = cos’t (4)
[4] (1)
2
(i) xg(t,x)>0,x%#0 t,g(t,x) X
(i) g(t,x) ,0<t<o,|x|cR,R>0
(iii)) - o< lIi'g'ia(t,s)g(s, - K)ds< 0, c0 K>Q0
(iv) h(t)=J'Za(t,s)ds 0% t< o, b> O
V) linf (9= - o
(1) .
x(t) [0,0) (1) , K>0 T>0,
[0, ) k@ |k, t=T x(>0( <0). O0<x()sK, =T,

0< x (9= f(t)-J‘;a(t,s)g(s,x(s))ds-J‘;a(t,s)g(s,x(s))ds

<t + !I'Za(t,s)g(s,x(s))ds|£ P+ MI:a(t,s)ds
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< f()+ MN, (5

tooo

M= sp fg(tx(®)[N = gEJH':a(t, s)ds< . (5) lmf () = - oo
x(0<0,t2T.

- K< x()= f (1) - J';a(t,s)g(s,x(s))ds- J.‘Ta(t,s)g(s,x(s))ds
< f(r)+ M‘[Za(t,s)ds- I‘Ta(t,s)g(s, - K)ds

< f()+ MN + D, (6)

t
K>0,D = - lI'nJ-Ta(t,s)g(s, - K)ds,M N . (B) t—oo

3

3
(i) pi,r C([0,0),R),pi()=20,i I.={1, ,n};
(i) g c'([0,»),R),gi()2 0, lmgi()=0,i In
(i) g c([0,»),R);

(iv) Lrgsupj ;pi(u)exp.(I.ji(wq(s)ds)“exp(- I:q(s)ds)du: o, i In
b>0,c> O
v) Q@ c0=).R), Q)= rWen(- [ AWtz u> 0
mQ (0 = 0. 2 x (1) , lmx e [ a@d9=
2(9)= x(t)exp(-Iqu(s)ds). M- G, @

«Wen(- [ a9 + xO1- a)lee(- [ a9
3 pent [ a@adlen( a@d91’ ) e )

- r(t)exp(-J-Iq(s)ds), > > Q
20+ L |z (g: () ["synz(gi () = Q" (1),
Li(t) = pi(t)[exp(‘[:(t)q(s)ds)]“exp (- J';q(s)ds)

Q') = ren(- [ a@ds)
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x (1) (2

, t x()>a0 2z (7)
t z(>0 x=z®- QKx), x(v
X (1) + ZlLi(t)[x_(gi(t)) +Q(gi()]*= 0 (8)
t x()<a @i, () (v), z()=x(+Q(1)> 0,
Imx(t) =k, k
k< 0, t z{W<oO, z(t)> 0 . k>0,

2(gi()=x(@®+Q @ ()25, i=1 .n,

t . (8)
% (1) + anLi(t) ($)“< o (9)
(9 t t
X() - Kt) + (ZJ L1949 (5)*s o (10)
(10) t—oo, (iv) k=0,
Imz(t) = lmx (Yexp (- J'qu(s)ds) = Q O
4 3 (i) Gii)
(i)' g C'([0,@),R),lmgi()=o0,i In
()’ Q c'([0,»),R), Q' ()= r(t)exp(-J’;q(u)du),tz >0, |m
sup Q ()= o, IminfQ ()= - . (2
x (t) (2) . t x(1)>0, T>0
=T x>0 z() = x()exp(- I;q(u)dU), i, Gi), ()" ),
z' (1) + anLi(t)[Z(gi(t))]“= Q' (1), (11)

Li(t) = pi(p) [exp(J'iimq(s)ds) 1%exp (- I;q(s)ds)

Q'(0 = ren(- [ a(ds.
(11) Z()<Q'(),t=2T. =T t
0< z() < z(to) + Q(1) - Q(to), t= to (12
(12) !m infQ ()= - o
t x()<0, 0>z()=z(t)+Q()- Q(t), t= t.=T.
Im sup Q ()= o O
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5 4 (M, Gii) i)’ ,
(vi) f C(R,R),xf (x)>0,x% O, f ;

(V)" Q c'([0,»),R), Q' ®=r(),t>0 |msupQ(t)= o, lminf
Q) =- .
x' (1) + anpi(t)f (x(gi(0)) = r(v), (13)
.5 [2] 3
2
x' (1) + tx%(t+ 2m = toost- 3oostsing t= T (14)

Q (1) - Q(to):I;Q'(u)du:J';(uooaJ- 3cosusinu) du

= tsint+ oost+ St- toSinto- St - St to= T
4 , (14) . ,x (1) = cos’t (14)
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Abstract
W e establish sufficient conditions for the oscillation of all ©olutionsof V olterra integral
equations and first order functional differential equations
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