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l. INTRODUCTION

Many evolution process from various fields are characterized by the fact that they undergo abrupt
change of state at certain moments of time between intervals of continuous evolution. The duration of these
changes are often negligible compared to the total duration of process act instantaneously in the form of
impulses. It is now being recognized that the theory of impulsive differential equations is not only richer than
the corresponding theory of differential equations but also represents a more natural frame work for
mathematical modeling of many real world phenomena.

The impulses are exist at fixed time or at random time ie., they are deterministic or random. In this
paper, we investigate a neutral type of differential equation, its importance in applications is yet to be
investigated. So, the problem under study is new to the literature and so are the existence results to the theory of
nonlinear problems of ordinary random differential equation.

1. MODEL OF PROBLEM
Consider the neutral functional random differential equation as
[ p(te) 1
| | = u(t,u(t,w),w)-rv(t,u(t,w),w) t=¢& te [r,T],a) e Q, (L1
Lw(t,u(t,w),w)_'
p(S. o) = b, (r,)p(& @) k=12, (1.2)
p(ty,0) = ¢, (1.3)

Where functionals u : )R xCxQ - R",viR _xCxQ > R"-{0} ,w:R_xCxQ —> R"-{0} for
each y > 0, defineC () = {g eC :||g||2 < 7} ,C=C ([—r,O],iR") is the set of piecewise continuous
functions from[—r,0] into % " with some given r > 0 and p, ,, isa function with t is fixed,w € Q ,

defined p, (s,w)=p(t+s+w) forall se[-r,0], weQ ;& =t and ¢ =&  +7, fork=1,2,--

,here t, e ® _ isarbitrary number. Let % " be the n — dimensional Euclidean space . Suppose that 7, isa

def .
random variable defined from @ to D, = (0,d, ) forall k =1,2,---,where 0 < d, <+ .Letr € R bea

constant. We denote
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R, =[r.T], R =[0,+x).
Denote {B,,t > 0} the simple counting process generated by {& 1, thatis, {B, > n} = {& <t} ,and denote

F, the o — algebra generated by {B ,t > 0} . Then (Q, P,{Fl}) is a probability space.
In this paper, we studied random impulses of neutral type of differential equation and proved the existence ,

uniqueness results using Contraction Principle .

I, AUXILIARY RESULTS
A random process { p(tw), t,-r<t<T,me Q} is called a random solution to the equation (1.1)-(1.3),

if
(i) p(t.w) is F — adaptedfor o € Q , t > ¢t ;
(i) p(t,+s+w)=¢(s,0) where se [-r,0], w € Q and
o |k [ (0(0,0)) 1
p(tw)=3 IT] b (z)w(t. o)l |
2T e)w(t o)l S o

k £
+2 I1b, (T')W(t’ p(tvw),a)”;[u (s, p(s,m)’a))’L V(S' p(svw),a))]ds

+w(t, p(w),a))Lk (s Pe,, @)+V(s, p(slw),a))]ds} I oy (te) telt,T],0cQ
k n
where JT b, (z,)=b, (7, )b, (7,,)-=-b(7;), J](-)=1asm>n and I, (-) istheindex function.
j=1 j=m
p(to) . : . .
(iiif) . ——— s differentiable and satisfy the equation (1.1) forte[z,T] , 0 € Q .
W(t' p(w)'“’)

Consider the following hypotheses for proving the main result.
(A,)-The functions v and u satisfies Lipschitz condition and there exists positive constants L, L, > 0 for

v, eCandte[r,T], @ e Q suchthat
Hw(t"”n,w)'w)_ W(t"?(w)"")uz <L ”‘/’ - 4”12
vt o) -wen (e, o) <ty - <]

(A,). Thefunctions w:R _xCxQ — R"-{0},u,v:R xC xQ.—) ® " are continuous and t exists a

non-negative constant « such that
”V(t,O,a))”2 <K
Hu (t,O,a))H2 <K ,Hv(t,O,a))H2 <Kk .

(A,). There exists constants 0 <y, <1 and y, >0 for ¢ (0,w)e C such that

2 2

v 0.0 0.0).0) = 7.l (0.0 4.
[ [ 2 1
(A,). E|m_a;x{H ‘bj(f,-) bl<oo.
L™ U= J]

2 | Page
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V. MAIN RESULT
Suppose the hypotheses (A ) — (A, ) holds, then there exists a constant C > 0 such that

[ 2] 1
E|m_akx{H‘bj(rl) L]<cC.
L™ Uim J ]
o 2CLE o (0.0)|
If the inequality - +2max {L,C}(T -t, + ) [L 27+K)+(|_17+K)|_2]<1
ylEH(p(O,w) +7,
(3.1)

hold , then the problem(1.1)-(1.3) has a unique random solution.
Proof. Suppose T be an arbitrary positive number t, < T < +c . For apply the principle, we define operator

P:®d — @  as

(Pp)(to)=p(t-t,+@), teft,-r,t,], oeQ,
and
wI_ K (p(O,a))
R D e
+Z:: H b, (7, )w(t, p(t.w)*“’)jil[“(s' Py @)+ V (S0P, @)lds

w (t, p(t‘w),a))J';{u (s, p(w),a))+ v(s, p(w),a))}ds} . (tw), telt,T]

, o € Q. Then,toshowthat P maps @ into itself. Obviously(Pp):®_ — @ is continuous with

(Pp), = and [(Pp)(t.0)[

= [k 9(0,0) 3
= Z=:|L1_:[ bi(Ti)W(t'p(t«u)’a))g(oy(p(o’w)’ )+2Hb ( ) (t p([vw),a))Liil[u(S,p(s‘m),a))+v(s,p(w),w)}ds

2

+W(t,p(w),w)_[ [U(s,p(s,w),w)JrV(Svp(s,ww“’)ﬂ e (@)

Sk

o |k , ) 0.0 2 7
Sz;ﬂ{gub'(fu) W(t'p(t‘)“’) W(O’(/;((O’w)),w) I[ékém)(t'a’)J

?(0,0)

‘W(O,@(O,a)),a))”

}—w }— Kook ‘bi(Ti)HHW(t’ p(t,w)'w)“i U(S: P,y @)+ V(s p(svw),a))uds—} —I
212211 t e (@) |
Lkzotiﬂ 1:1+H (t Pruy @) J'gk U(S, Pyyyr@)+V(s, p(svw),a))Hds J J
Ef(Pp)(to)|
3

2 ]
I[:kyék,n(t'w)'

|
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I3

b, (=) J.«f.l,l [u(s:Piy@)+v(s, p(w),a))]uds—}
s (@)

1
|
it oo s o) vl(s oo | J

H‘W(t‘ Pleoy @)

2

2 ¢ (0,0)

E
W(O,(p(O,a)),w)‘

. 2}} E Hw(t, Doy @)

2

2

< 2CE HW(tl p(t,w)’w)

+2max {1,C} E Hw(t, p(lm),a))”2 (T —t, + a))J'I E H[u (s, p(sw),a))+v(s, p(sw),a))] i ds
: . ‘ ,
[ : 1
< [E"w(t, p("m),w)HZhZCEHW(OZ((O(;Z))W)H +2max {1,C}(T —t0+a))J'[:E||[u(s, Plowy @)+ V(s p(s‘w),w)]||zds|

2

¢ (0,0)
W(O,(/)(O,a)),a))u

2
+E|w(t0,m) +amax{1,C}(T -1, + o)

S[EHW(L Doy @) =V (1.0,@) 2}[2CEH

t

XLO{E H(u (S Plewy@)—U(s,0,@))+ (V(s, P, @)=V (5,0 0))

2+E||U(S,O,W)+||V(S,O,a))2}ds
o —chroo
L 7.Elle (0,0)| +7,
€ Jo (0.

2
rEle o) .

< [L1E||p||t2+z<} +4max{1,C}(T —t0+a))J' {LZE ||p||j+zc}ds|

t
tO

F
S[L1E||p||t2+r<}| 2C +amax{L,C}(T -t,+®) x+4max{1,C}L, (T —t0+w)jI:E||p||§ds|

< [LlE”p”f +K“ﬂ1+ﬂ2E ||p|ﬂ

where
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e o (0.

2
7.l (0.0)] +7,

B, = 2C +4max{1,C}(T -t,+ o) « and

B,=4max{1,C}L, (T -t +o)

[L sup € o] +Kﬂﬂl+ﬂ25ﬂ5||p||j} 32

tOStST
Hence, the operator P maps @ _ into itself.

Next, show that P is a contraction mapping, we have

(Pp)(t@)=-(Pa)(t,@)

+oc|— k |— (p(O’a)) —|

= | b (z;)| W(t Pyo, @)-W(td,,, ® | |

> e [t Puyre)=wvan o))l T
(

¢k |w(t, p([vw),w)'[j [U(S: Py @)+ V(S P, @)lds ]|
DRI ; r
i1 -1 [—w(t,q(t,w),w)jf [u(s,q(w),a))+v(s,q(svw),a))]dsJ

+{W(t, p(l‘w),a))j;[u (s, p(svw),w)+ v(s, p(w),a))]ds - w(t,q(l‘w),w).l';k[u (s,q(svw),w)+v(s,q(svw),w)]ds}} I[kaém)(t,w)

1

+oo:— k 2 2 (/7(0,(0) |
kzotlr{ Hbi(f|) W(t p(tu)'w) W(t Q(t o) w) HW(O,¢;(0’Q)’CO)H Jl[fwém)(t’w)
[T g
| o] ko , w(t,p(tvw),a))LH[u(s,p(w),a))+v(5,p(slw),a,)]ds
<2421 I3 IT M (75) .
I_k:oLizl [ —w(t,q(tlw),a))‘[;‘il[u(s,q(slw),a))ntv(s,q(slw),a))]ds
w(t, P(m,)yw).[;[u(s, Plowy @)+ V(8. P,y @)lds —w(t,q, I;k[u(s, Prony @)+ V(5P @)lds ] \k‘;m)(t"")]

2

E

?(0,0)
W(O,(p(O,a)),a))H

2
]
}J E W(t' p(m),a))— w(t,q(m),a))

[ S
| M}— ¢k I—w(t,p(w),w).[z [U (S, Pspy @)+ V(S P, @)lds
+2E [ I IT |, (7))
|Lk:ol_ i1 -1 L _W(t’q“'“”w”;., [u(s.ap,, ®)+Vv(s.a,,, ®)lds
W(t‘q“’”)’w)j:i [u(s,p(va),a})Jrv(s,p(sw) )]ds (t'q“'“’)’w)j; [u(s,p(w),w)+v(s,p(w),w)]ds }
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N

w(t, p("'”’m).[; [u (s, p(w),w)+ v(s, p(w),w)]ds —w(t,q(!’w),a))j;[u (s, p(s‘m),a))+v(s, p(w),co)]ds

T 1’
h [ K,f:m)(t’w)J

h(t, y([‘m),w)j;[u (8 Pioy @)+ V(s P, @)lds - w(t,q“‘w),w)J‘;[u (8 Piwy @)+ V(s P, @)lds

< 2CE Hw(t, Proy@)-W(td,,, o)

o (a1 |

k

o
——
—_
—
=]
®
S
—_
|
=
—_
—
o
S
[

g
EIZ
L

[U(s Puy@)-u(s 0, @)+ ([V(S' p(w),a))—v(s,q(sym,w)]))

t
+ HW(tvq(t,w)’a))Hjik ‘(

<2CE HW(I, p(w),w)— W(t’q(t,m)’a))

+o0

+2max{1,C}E[Z(

Wt Py @)= (68 00| [0 (5 Py @)+ V(5 Py ) s

[u (s Py @)= u(s,q(w),w)—([v(s,p(w),w)—v(s,q(w),a))]))

a1

<2CE HW(I, p(w),w)— W(t’q(t,m)’a))

2 2

ds

+max{1,C}(EHw(t, Proy @)= W(td,,, o) (T -t +a))_[tl E H[u(s, Plowy @)+ V(s d,,, @)l

2 t 2

+E ”w(t,q(w),w) ([u (s Py @)-u(s.a,,, o)+ ([v(s, p(svw),w)—v(s,q(s‘m),w)])) ds}

H E||p—q||t2+max{1,C}(T -ty + o)

1]

)ds+(LE|| || +1<)

I_
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2

?(0.0) sup Ep—qf +2max{1cy(T _to+w)[l_1 sup € [[p ~a[[ (T -1, + )
et to<t<T

—_—
HW(O(o(Oa))a))H 1<t

sup E||p—q||f+2max{l,C}(T —t0+a))[L1 sup E||p—q||12(T -t +o)
ty<t<T

to<t<T

( 2 A 2 ) 2 |
XLLZ sup E”p”t +KJ+LL1 sup E”p”I +KJL2(T —t,+ ) sup E||P_q||1J
‘OSIST OS < [OéfﬁT
| ¢ (0,0) 2

<2CLE |
‘W(O,(p(O,a)),a))H

L,y +x)+(Ly+x)L, (T —t, + o) sup E||p—q||1

ty<t<T

€ o (0.0

2

+2max{1,C}(T —to+m)2[L1(L27+’<)+(L17+’<)L2Jl sup E||p—q||j
+)/2 Jtusth

sjzm_l
| nEfe0e)

We have

lPp)-(Pa)

2

@

2

E 0,
ool oo -to+w>2[Ll(w+r<>+w+r<>tz}l||p—q||z-
+}/2

sjzm_l
| nEfeoe)

Hence, from (3.1), P is a contraction mapping. Therefore, mapping P has a unique random fixed point p in

@ . which is a random solution of (2.1)with ¢ e C(y).Forte[t,,T], @ e Q and t = &, there exists

(&¢.&,,,) suchthatte (&, ,¢&,.,), whichis

k

[ go(O,a)) 1
to)= b, (7 )W (t Py @)l |
p(tw) 1:[1 (7:) ( P )LW(O,(/)(O,EO),(O)J

t

k k £
2 T b, (7)) w(t p“vw),a))L”[u (8 Py @)+ V(s p(sm"")}ds +w(t, p(t,m)*“’).[ék [u (8 Py @)V (s, p(w),w)}ds

i=1 j=1

therefore,
[ p(to) 1
| | :u(t,p(m),w)+v(t,p(m),a)),as t£¢, , weQ
Lw(t,x(tvw),a))J ’ '
Furthermore,
: b t |r ¢ (0.0) W\ k kb t :'[ 1d
= (7. )w(t, , _ (7. )w(t, , uf(s, , v(s, , s
P ST P ) oy | B TP e ], (8 B Pee)
[ ]
. ?(0,0)
and p, =[] b (z,)w(t,p,,,. @)l
& Hl (7w (t Py )Lw(o,(p(o,w),w)J
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k-1 k-1 &

2 T b (e)w(t p(w),w)L [U(S: Py @)+ V(S Py @)1ds
i=1 j=1 T

t

+w(t, p(w),a))J' [U (S, P, @)+ V(S P, @)lds

St

imply that p. =b, (7,) P, . Thus, p(t,e) isarandom solution to system (2.1).
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