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ON THE CAUCHY SINGULAR PROBLEM FOR SYSTEMS OF
FUNCTIONAL DIFFERENTIAL EQUATIONS

(Reported on May 16, 2005)

In the present paper, we consider the system of functional differential equations

a'(t) = f()(t) (1)

with the initial condition
z(a) =0, (2
where f : C([a, b];R™) — Lj,c(Ja, b]; R™) is a continuous operator such that for any p > 0
the function
;@ =sup {[[f@@®)] : @€ C(la,biR™), llzllc < o}
satisfies the condition
f; € Lioc(]a, b; R).

In regular case where f; € L([a,b];R) for any p > 0, problem (1), (2) is investigated
in detail (see, e.g., [1]-[4], [9], [10] and the references therein).

‘We are, in the main, interested in the case when f; is nonintegrable on [a, b], having
singularity at ¢ = a. In this case, the problem (1), (2) is singular one.

The methods of investigation of the singular problem (1), (2) in the case, when f is ei-
ther the Nemytskii or evolution operator, have been developed in [5]—-[7], [11]-[15]. Below,
the problem (1), (2) will be investigated without an assumption that f is evolutionary.

We will use the following notation.

R™ is the space of vectors z = (z1,...,2n) with real components z1,...,zn and the
norm
n
el = |l
i=1
x -y is the scalar product of vectors z and y € R™.
If 2 = (x1,...,2n), then

sen(z) = (sgn(z1), ..., sen(zn)).
If x € R, then

[z] :M
+ 5

C([a,b];R™) is the Banach space of n-dimensional continuous vector functions z :
[a,b] — R™ with the norm

lzllo = max{||a:(t)|| ra<t< b}.
If z € C([a, b]; R™), then

||$||[a,t] = max{||a:(s)|| ra<s< t}.
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Lioc(Ja, b];R™) is the topological space of vector functions z :]a,b] — R", whose
components are Lebesgue integrable on [a + €,b] for every ¢ €]0,b — a[. A sequence
zk € Lige(Ja, b; R™) (k= 1,2,...) is said to be convergent to € Liyc(]a, b]; R™) if

b
Jim / |k (t) — 2(t)| dt = 0
a+te

for every € €]0,b —af.

Theorem 1. Let there exist continuous nondecreasing functions £o : [a, b] — [0, +ool,
£:[a,b] — [0, +o0[, ¢ : [0, +o00[ — [0,400[ and an integrable function p : [a,b] — [0, +oo]
such that

£o(0) =0, £(0) =0, w(p) >0 for p>0,
and for an arbitrary x € C([a, b]; R™) in the interval [a,b] the inequality
¢ ¢
[ 1#@)®) - smna(o)] , ds < toft) + Olellc + [ e (lella) ds

holds. If, moreover,
b

timnt 0(to(0) + €0 ) > [ p(0) 3)
where
r ds
®(po,p) = / ) for p>po >0, 4)

P0
then the problem (1), (2) has at least one solution.

Theorem 2. Let there exist continuous nondecreasing functions € : [a, b] — [0, +oo,
¢ @ [0,400[— [0,40c0[ and an integrable function p : [0,+oco[— [0,+oo[ such that
@(p)> 0 for p >0, and

#(£(b)p, p) >0 for p>0, (5)
and for any x and y € C([a, b]; R™) in the interval [a,b] the inequality

/ [(f(ﬂ»‘)(S) — f(¥)(s)) sgn (z(s) — y(s))] Lds<

t
< t@lle = slle + [ el vl ds

holds. Then the problem (1), (2) has no more than one solution.

Theorem 3. Let the conditions of Theorem 2 be fulfilled and

b
/ | £(0)(#)]| dt < +oo. (6)

If, moreover, £(a) = 0 and the function ¢ satisfies the inequality (3), where
Lo(t) = [|FO)@).
then the problem (1), (2) has one and only one solution.

For ¢(s) = s, from Theorems 1, 2 and 3 follows
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Corollary 1. Let there exist continuous nondecreasing functions {g : [a,b] — [0, 4o00[,
£ : [a,b] — [0,+00[ and an integrable function p : [a,b] — [0,+o0[ such that £o(a) =
£(a) =0,

b
£(b) exp (/p(s) ds) <1, (7)
and for an arbitrary xz € C([a, b]; R™) in the interval [a,b] the inequality
t t
[ @) san(z(e))] , ds < fo(®) + el + [ p(6)lel ds ®)
a a

holds. Then the problem (1), (2) has at least one solution.

Corollary 2. Let there exist a continuous nondecreasing function € : [a,b] —
[0, +00[ and an integrable function p : [a,b] — [0,4o00[ such that for arbitrary z and
y € C([a, b];R™) in the interval [a,b] the inequality

t
[ [ = £0)6)) sgm (26) = 5] ds <

t
<tlle = vlle + [ POl = vla ds
a
holds. If, moreover, the functions £ and p satisfy the condition (7), then the problem
(1), (2) has no more than one solution.

Corollary 3. Let the conditions of Corollary 2 be fulfilled. If, moreover, £(a) = 0 and
f satisfies the condition (6), then the problem (1), (2) has one and only one solution.

Example. Let n=1,a=0,b=1, 2 >0, A>0, u > 1 and
1
F@)(®) = =doexp (5 +22(0) a(t)+

AL+ |z (L)) FFeexp (1 + [z (¢ — 1)).

Then
[ 17@)e) - sgnae)] , ds < A1+ la() [ sexp (14 2 (s - 1)) ds =
0 0

= M1+l 1=A 1+ D) (exp (D) (E-1) —exp (~ 1+ (D)D) ©)
Consequently, the condition (8) holds, where
Lo(t) = £(t) = XMt, p(t) =0.

If A < 1, then inequality (7) is fulfilled, and according to Corollary 1, the problem
(1), (2) has at least one solution. Suppose now that A\g = 0, A > 1 and the problem
(1), (2) has a solution z. Then by virtue of (9), we have (1) > 0 and

(1) = A1 +2(1)) = AQ +2(1) 7 (1 —exp (= 1 +z(1)*)) > (D).
Hence if A\g = 0 and X > 1, then the problem (1), (2) has no solution.

The above constructed example shows that in Theorem 1 (in Corollary 1) the condition
(3) (the condition (7)) is unimprovable and it cannot be replaced by the condition

b b
lim inf o (Lo(b) +£(b)p, p) 2/p(t) dt <€(b) exp (/p(S) dS) < 1>.
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An important particular case of (1) is the following integro-differential equation
b

:/g(t,s,x(s),x(t)) dso(t, s), (10)

a

dz(t)
dt

where o :]a,b] X [a,b] — [0, 1] is a measurable in the first and nondecreasing in the second
argument function, and g :]a, b] X [a, ] x R?™ — R™ is a vector function whose components
are measurable in the first and continuous in the last 2n + 1 arguments. Moreover,

b

[ 3.9 ds0(,) € Lioe(last),

where
g5(t,8) = max {|lg(t, s,2,9)] : 2l < ps Ilyll < p}.
The corollaries of Theorems 1-3 presented below deal with the cases when the vector
function g on the set ]a, b] x [a,b] x R?™ satisfies either the condition

g(t,s,2,y) -sgn(y) < ho(t, s) + ha(t, s)llz|l + ha(t, s)e(lyl), (11)
or the condition
(9t s,2,9) — 9(t,5,7,9)) - sgn(y — §) < ha(t, s)llz — Z|| + ha(t, s)e(lly —7l),  (12)

where h; :]a, b] X [a,b] — [0,+00[ (i = 0,1,2) are measurable in the first and continuous
in the second argument functions such that

b b
/dT/hi(T,S) dso(s,7) < 400 (1=0,1,2),
a a

and ¢ : [0, +00[— [0, +0o0] is a continuous, nondecreasing function such that
p(p) >0 for p>0.

Suppose

t t

b b
(o(t):/d’r ho(T,s)dso(s, T), K(t):/d’r hi(r,s)dso(s,T),

a a a a

b
p(t) = / hs(t, s)dso(s,t).

Moreover, under ¢ we mean the function, given by the equality (4).
Theorems 1-3 result in the following propositions.

Corollary 4. If the conditions (11) and (3) are fulfilled, then the problem (10), (2)
has at least one solution.

Corollary 5. If the conditions (12) and (5) are fulfilled, then the problem (10), (2)
has no more than one solution.

Corollary 6. Let the conditions (12), (5) and

b b
/dt/ Hg(t7 s,0, O)H dso(s,t) < 400
a a

be fulfilled. If, moreover, the inequality (3) holds, where
b

b
Lo(t) :/dT/ Hg(t,s,0,0)Hdsa(s,T),

a



then the problem (10), (2) has one and only one solution.
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