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Abstract. In this paper we consider the Darboux-Ionescu Problem for a third order hyper-

bolic inclusion with modified argument of the form

Uzyz € F((L‘,y,Z,’U,(f(ZE,y,Z),g(fL',y,Z),h(ZE,y, Z)))

We prove three existence theorems and, as corollaries, we obtain the data dependence results
for the solutions of the considered problem.
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1. INTRODUCTION

On the 7% of July 1927, D. V. Ionescu (1901-1984) brilliantly defended
his Ph. D. Thesis in mathematics with the topic ”Sur une classe d’ équations
fonctionnelles”. In this dissertation he generalized the results of Darboux,
Cauchy, Picard and Goursat for partial differential equations of hyperbolic
type. The essential results of his thesis were published in Comptes Rendus de
I’ Académie des Sciences de Paris, T. 184 (1927), presented by E. Goursat and
J. Hadamard [35].

In his Ph. D. Thesis [29], [30], D.V. Ionescu studied for the first time
in the mathematical literature, boundary value problems of Darboux, Cauchy,
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Picard and Goursat types for second order hyperbolic equations with modified
argument.

More recently, a series of authors studied the same problems for second
order hyperbolic equations with modified argument of various forms [1]-[10],
[16]-[21], [31], [36]-[38], [41]-[43], [54], and the Cauchy-Ionescu Problem for
systems of hyperbolic type equations of first order with modified argument
[19], [21], [22].

The Darboux-Ionescu Problem for third order hyperbolic equations with
modified argument is studied in [19], [21], [23], [24]. The Darboux-Ionescu,
Cauchy-Ionescu, Picard-Ionescu, Goursat-Ionescu Problems for hyperbolic in-
clusions of second order with modified argument is studied in [45]-[48]. The
Darboux Problem and the Darboux-Ionescu Problem for third order hyper-
bolic inclusions with modified argument is studied in [49], [51].

The present paper is an extension of [50]-[53]. We consider the Darboux-
Tonescu Problem associated with hyperbolic inclusion of third order with mod-
ified argument

3
T ¢ Floy s (o) oo b))
(z,y,2) € D =[0,a] x [0,b] x [0,¢], ueR",

with initial values

u(x,y,O) = ()0(:1:73/)7 (l"y) €D = [O,CL] X [Ovb]u
u(0,y,2) =(y,2), (y,2) € Da=10,b] x [0,¢], (1.2)
u(z,0,2) = x(z,2), (z,2) € D3 =10,a] x[0,],

where F' : D x R® — 2R" is a Lipschitzian multifunction with respect to
u, F(x,y,2,u) is a nonconvex set, f € C(D;[0,a]), g € C(D;[0,b]), h €
C(D;[0,¢]), v, ¥, x are absolutely continuous in Carathéodory’s sense [11,
8565 - §570], ¢ € C*(D1;R™), ¢ € C*(Dg;R™), x € C*(D3; R™) (see Definition
2.11 for C* (A;R™), A C R?) and they satisfy the conditions

(1.3)
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Under suitable assumptions we prove three existence theorems. The results
are obtained by the successive approximations method, using two selection
theorems [27], [28]. This method was applied by A. F. Filippov [26], Henry
Hermes [27] and C. J. Himmelberg and F. S. Van Vleck [28] for the inclusion
& € R(t,z). Our results are similar to those reported in [26]-[28], [50], [52],
[53]. As corollaries we obtain the data dependence results for the solutions of
the considered problem.

2. PRELIMINARIES

The definitions and Theorems in this section are taken from [11]-[15], [25]-
(28], [32]-[34], [39]-[40], [44]-[54].

Definition 2.1. Let X and Y be two non-empty sets. A multifunction
®: X — 2Y is a function from X into the family of all non-empty subsets of
Y.

To each z € X, a subset ®(x) of Y is associated by the multifunction ®.
The set Uzexfb(l‘) is the range of ®.

Definition 2.2. Let us consider ® : X — 2V,

a) If A C X, the image of A by ® is P(A) = U
b) If B C Y, the counterimage of B by ® is

®(z);

T€EA

O (B)={ze X |P(x)NB#0};
¢) The graph of ®, denoted graph @, is the set
graph ® = {(z,y) € X xY |y € &(x)}.

Definition 2.3. A single-valued function ¢ : X — Y is said to be a
selection of ® : X — 2V if p(x) € ®(z) for all z € X.

Definition 2.4. Let X and Y be two topological spaces. The multifunction
P : X — 2Y is upper-semicontinuous if, for any closed subset B CY, the set
®~(B) is closed in X.

Definition 2.5. If X and Y are two topological spaces, the multifunction
O X — 2Y is lower-semicontinuous if, for every open subset  C Y, the set
$~ () is open in X.

Definition 2.6. The multifunction ® : X — 2Y is continuous if it is

upper-semicontinuous and lower-semicontinuous.
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Definition 2.7. If (X,F) is a measurable space and Y is a topological
space, the multifunction ® : X — 2 is measurable (weakly measurable) if
®~(B) € F for every closed (open) subset B C Y, F being the o-algebra of
the measurable sets of X, i.e. ®7(B) is measurable.

Let (X, d) be a metric space and P (X) the set of subsets of X. For A, B C
X, we denote

d(z,A) = inf d(z,y), d(z,0) =00, d*(A,B)=supd(y,B).
yeA yeA

Definition 2.8. The function dg : P (X) — [0, +oc]

di(A, B) = max{d*(A, B),d"(B,A)} = max {supd(x, B),supd(z, A)}
z€A z€B

is the Hausdorff-Pompeiu pseudometric.

The function dp defines a metric on the space F (X) of non-empty and
closed subsets of X, called the Hausdorff-Pompeiu metric.

Definition 2.9. Let (X, d) be a metric space and P (X) the set of subsets
of X.

N.(C)={zx € X |d(z,c)<eforanyce C}, >0, CeP(X).
For A,B € P(X),

inf {¢ >0,AC N, (B) and B C N (A)}, if the infimum
hq (A, B) = exists,

o, otherwise

is the Hausdorff-Pompeiu generalized pseudometric.

Definition 2.10. Let be (X, d) and (Y, p) two metric spaces. A multifunc-
tion ® : X — 2Y with non-empty values is said to be Lipschitzian (L-Lipschitz)
if there exists a real number L > 0 (Lipschitz constant) such that

pu (P (z),®(y) < L-d(z,y)

for all x,y € X. If L < 1, we say that ® is a multi-valued contraction.
Notice that any Lipschitzian multifunction is lower-semicontinuous.
Definition 2.11 [11]-[15], [44]. The function v : A — R", A C R? is
absolutely continuous in Carathéodory’ s sense [11, §565-§570] if w (z,y) is
continuous on A, absolutely continuous in z (for any y), absolutely continuous
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in y (for any x), u, (z,y) is (possibly after a suitable definition on a two-
dimensional set of zero measure) absolutely continuous in y (for any x) and
Ugy is Lebesgue integrable on A.

Theorem 2.1 [11]-[15], [44]. The function v : A — R", A C R? is
absolutely continuous in Carathéodory’s sense on A if and only if there exist
fe L' (A;RY), g€ L' ([0,a];R™), h € L ([0,b] ; R™) such that

u(x,y):/Om/oyf(s,t)dsdt—k/Oxg(s)dva/oyh(t)dt—ku(O,O).

We denote the class of absolutely continuous functions in Carathéodory’s sense
by C* (A;R™) [13], [14], [15]. In [12], this space is denoted by AC (A;R™).
Theorem 2.2 [12]. The space C* (A;R™) endowed with the norm

a b a
lu ()l = /0 /0 ltzy (s, 2) | ds di + /O g (5, 0)]] ds+

b
4 / iy (0,) ] d + [Ju (0,0

where ||| is the Euclidean norm, is a Banach space.

Definition 2.12 [11], [15]. The function u : D — R™, D C R3, is absolutely
continuous in Carathéodory’s sense if u (z,y, z) is continuous on D, is abso-
lutely continuous in each variable (for any pair of the other two variables),
and similarly — u, (2,y, 2), uy (2,y, 2), . (2,Y, 2), Ugy (2,Y, 2), Uy (2,Y, 2),
Uz (2,9, 2), and ugy. is Lebesgue integrable.

We denote the class of absolutely continuous functions in Carathéodory’s
sense by C* (D; R”)

Theorem 2.3 [15]. The space C* (D;R") endowed with the norm

[l (-, -, H—/ / / |tugyz (7,5, 1) ]drdsdt—t—/ / |tuzy (1, 5,0)] dr ds+
+/ / |um(r,0,t)||drdt+/ / s (0, 5, 8)]| ds di+
0 0 0 0

a b c
[ e 0.0+ [y 005,001+ [z 00,0t + 4 (0,0.0)]
0 0 0

where ||-|| is the Euclidean norm, is a Banach space.
Definition 2.13 [25]. The sequence of multifunctions {F},.y, Fi : D —
2R" with values in open set Q C R”, converge to F : D — 28" if for every
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e > 0 and every S € comp () there exist a number N such that for every
n> N,

dir (Fo F) <,
where d is a metric on R", dy is the Hausdorff-Pompeiu metric on F (R"), F,
and F denote the graphs of restrictions of multifunctions F}, and F on S.

F,, = graph F,

o F= graphF}S.

Given a sequence F| Fy, Fy, ... of measurable multifunctions, with complete
values, from a measurable space (X, F) into a separable metric space (Y, d), the
following two theorems characterize the possibility of pointwise approximating
every measurable selection f of F' by means of a sequence of functions {f,},
each f,, being a measurable selection of F}, [39].

Theorem 2.4 [39]. The following assertions are equivalent:
(a) For every measurable selection f of F' there exists a sequence of functions
{fn} such that:

(i) lim f, (x) = f (z) for each z € X;

(n)nfzojs a measurable selection of F,, for any n € N.
(b) For any x € X, y € F (z), lim d(y, Fp, (x)) =0.

Theorem 2.5 [39]. Suppgse O‘Cghat 1 is a o-finite, non-negative measure
on F and the values of F' are compacts. Then the following assertions are
equivalent:

(o]
a) There exists a sequence { X} in F, with p <X - U Xk> = 0, such that
k=1

for each measurable selection f of F' there exists a sequence of functions {f,}
such that:

(1) lim fn (x) = f (2) uniformly in X}, for every k € N;

(zz)nfnojs a measurable selection of F), for every n € N.

b) There exists X* € F, with p(X*) = 0, such that for each z € X \ X*,
y € F(z), lim d(y, F, (x)) =0.

Theoreyrln 05.6 [40]. Let X and Y be two metric spaces, Y compact and
® : X — 2¥ a multifunction with the property that ® (z) is a closed subset of
Y for any x € X. The following assertions are equivalent:

(7) the multifunction ® is upper-semicontinuous;

(7i) the graph ® is a closed subset of X x Y
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(¢73) any would be the sequences (), cy and (Yn),cn, from z, — x, y, €
@ (zy,), yn — v, it follows that y € O ().

The set of all non-empty compact subsets of R”, with the topology induced
by the Hausdorff-Pompeiu metric, is a complete metric space denoted by Q". A
function R, defined on a real interval I with values in Q" is measurable (in the
sense of Lebesgue) if, for every closed subset D C R™, {t € I | R(t) N D # 0}
is measurable [27].

Lemma 1.2 [27]. Let R : I — Q" be a measurable multifunction, with val-
ues in a ball of radius p centered at origin, and let w : I — R™ be a measurable
point-valued function. Then there exists a measurable function r with values
r(t) € R(t) for almost ¢ and such that ||w (t) —r (¢)|| = p (w (t), R (t)).

The following Proposition is a slight extension of a lemmas used by Filippov
[26] and Hermes [27].

Proposition 1 [28]. Let (7,.A), T = [to,t1] be a measurable space, let
F : T — 2R" be a measurable multifunction with closed values and let w :
T — R"™ be a measurable function. Then there exists a measurable function
v: T — R" such that v (t) € F(t) and ||v(t) —w (¢)|| = d(w(t),F (t)) for
teT.

Let now T be a compact Hausdorff space with the positive Radon measure
i, let X be a Polish space (i.e. a metrizable separable space with complete
metric), F: T x X — 28" (X — a metric space with metric p) a multifunction
such that F' (¢, ) is measurable in ¢ for any x and continuous (with respect to
the pseudometric Hausdorff-Pompeiu on S (R™) — the set of non-empty subsets
of R") at « for any ¢ (conditions of Carathéodory type) (Theorem 1 [28]).

Corollary 1 [28]. Let F', T, X be as in Theorem 1 [28]. Let x : T' — X
be a measurable function and let us define the multifunction G : T — 28" by
G (t) = F(t,z(t)). Then F and G are weakly measurable. If F' has closed
values then F' and GG are measurable.

3. RESuLTS

Let F: D x R® — 2R" be a multifunction satisfying the hypotheses:

(H1) The values of F' are contained in the ball of radius r centered at the
origin of R";

(Hy) F (x,y,z,u) is a compact set for every (z,y,z,u) € D x R™;
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(Hs) F is a continuous multifunction;
(Hy) F is Lipschitzian with respect to u, there exists a function k : D — R,
k € L' (D) such that

dy (F(x,y,z,u),F(m,y,z,u')) Sk(m,y,z)“u—u’ , (3.1)
(v,y,2) € D, u,u’ € R"
where d (u,u') = |Ju — /||, ||-|| is the Euclidean norm on R"™ and dy is

the Hausdorff-Pompeiu metric.

(Hs) The functions ¢ € C* (Dy;R"™), ¢ € C*(Dg;R™), x € C*(D3;R")
satisfy the conditions (1.3).

(Hg) There exists an absolutely continuous in Carathéodory’s sense function
[11, §565-§570], A : D — R™, X\ € C* (D;R™), such that

3\
sup d (M’y’z),F(az,y,z,)\(a@,y, z))> <M < 400, (3.2)

for some M > 0;

(H7) f € C(D;[0,a]), g € C(D;[0,b]), h € C(D;[0,c]), 0 < f(x,y,2) < <
a,0 < g(r,y,2) <y <b,0< h(z,y,2) <2<
(Hg) The functions a: D — R"™, ap : D — R"™ defined by
a(:c,y,z):go(azjy)—kqb(y,z)—kx(a:?z)—tp(x,O)— (33)
:gp(a:,y)—l—lb(y,z)—l—x(ajjz)—vl(a:)—UQ(y)—v3(z)+vo,

ag (z,y,2) = A(2,9,0) + A (0,y,2) + A(2,0,2) — (3.4)
— X (,0,0) = A(0,y,0) — A(0,0,2) + A(0,0,0)

satisfy the condition
||Oé($,y, Z) — Qo (95,2/7 Z)H S Ml, (35)

M; > 0 is a constant.

Remark 3.1. Such function A in (Hg) exist; for example, if A is constant,
M may be taken = r.

Remark 3.2. The functions a and «g are absolutely continuous in
Carathéodory’s sense on D [11, §565-8§570], o, g € C* (D; R™).
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Definition 3.1 [52]. The Darbouz-Ionescu Problem for third order hyper-
bolic inclusion with modified argument (1.1) consists in determining of solution
of (1.1) which satisfies the initial conditions (1.2).

Definition 3.2 [52]. A solution of Darboux-Ionescu Problem (1.1) + (1.2)
is a function v : D — R”, absolutely continuous in Carathéodory’s sense
[11, §565-§570], w € C*(D;R™), which satisfies a.e. for (z,y,z) € D the
inclusion (1.1) and also initial conditions (1.2) for all (z,y) € D1, (y, z) € D,
(z,z) € Ds.

Theorem 3.1. If the hypotheses (H;) - (Hg) are satisfied, the Darboux-
Ionescu Problem (1.1) + (1.2) has a solution in D.

Proof. We define the sequence of successive approximations {u;}, i € N;

Uo (m,y,z) = Uo (f (.QZ,y,Z) 9 (.%',y,Z) h (%,y,Z)) =A (‘Tvy’z) ) (360)
(xay7 Z) € D;

According to Lemma 1.2 [27] there exists a measurable function vy : D — R”
such that

vo (7,y,2) = vo (f (2,9,2),9(x,y,2),h(2,y,2)) € (3.70)
€ F(x,y,2z,u0 (f (z,y,2),9(x,y,2),h(z,y,2))),
a.e. for (z,y,2) € D,

and

3U T z
d (W,F(:p,y,z,uo (f (x,9,2),9(z,vy, z),h(m,y,z)))> = (3.80)

Ox Jy 0z
83U0 (LU, Y, Z)
- D.
Vo ([B,y,Z) axﬁyaz ) (.T,y,Z) €
We define the second approximation by
u (z,y,2) =ui (f(2,9,2),9(@,9,2),h(2,y,2) = (3.91)

a(r,y,z vo (§;m,¢)dEdnd¢, (2,y,2) € D
///
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from which it follows

83ul (JZ‘, Y, Z) _

Oz 8y Oz Vo (x7y7 Z) € (3101)

€ F(I,y,zauo (f (I)y) Z) y 9 (a:,y,z) 7h(x’y7z))) )
a.e. for (z,y,2z) € D.

Again applying the cited Lemma, it follows the existence of a measurable
function vy : D — R™ having the properties

v (2,9, 2) =v1 (f (z,9,2),9 (2, y,2),h(2,y,2)) € (3.71)
€ F(z,y,z,u1 (f (x,9,2),9(x,y,2),h(x,y,2))),
a.e. for (z,y,2) € D,

and

3U X z
0SB P g (e 2), (002) o)) ) = (80

Ox Jy 0z
83’11,1 (.T, Y, Z)
-7 D.
U1 (xuyaz) 8x8y82 ) (x7yvz) €
The third approximation is given by
UQ(QS',y,Z):UQ(f(l' Y,z $ Y, 2 ),h(ﬂ? Y,z )) (392)
o (2,97 / / / (&,1,C)dedndC, (v,y,2) € D
which implies
83U2 (1’, Y, Z)
— 3.10
010y 02 vy (2,y,2) € (3.109)

€ F(x,y,2,u1 (f (z,9,2),9(x,y,2),h(2,y,2))),
a.e. for (z,y,2) € D.

In this way we obtain the function sequences {u;};cy, {vi}ieny, wirvi: D —
R™, which satisfy

vi (2,y,2) € F(x,y,2,u; (f (2,,2),9(x,y,2),h(x,y,2))), (3.7:)
a.e. for (z,y,2) € D, i=0,1,2,...
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and

t(THEL D) P oyl (5090 () b)) = (359
Qudydz W= T T AR A Z

agui (SC, Y, Z)

v (z,y,2) — 950y 0 (r,y,2) € D, i=0,1,2,...

)

where

T Yy rz
wi (2,,2) = o (2,9, 2) + /0 /0 /0 v (6 Q) dednd,  (3.9)
(x,y,z) € D, i =1,2,...

From the preceding relation it follows

agui (I’, Y, Z)

= Uj— s Yy 3.10;
Oz Oy 0z vie1 (2,9, 2) € ( )

€ F(x,y,z,ui—1 (f (x,y,2),9(x,y,2),h(x,y,2))),

a.e. for (z,y,2) €D, i=1,2,...

The functions {v;},.y are integrable in view of (3.10;), (H4) and (Hg).

Moreover, from (3.1) we have

3.
A( T F (s ( (02) 9 0 2) ) = (311

= d(vi—l (l‘,y,Z) 7F(x7yvzaui (f (CC,y,Z) g (.’E,y, Z) ) h(fv,y,z)))) <
< d(“i—l (fl?,y,Z) 7F(x7yvzuui—l (f (CC,y, Z) g (.’L’,y, Z) b (ﬂf,y,Z)))) +

+dp (F (‘T,yv Z, Uj—1 (f (x,y, Z) y g (x’:% Z) s h (x,y, Z))) )
F (z,y,z,u; (f (z,y, 2) ,g(x,y,z),h(a:,y,z)))) <

< k($7yaz) ‘ Ui—1 (f (fﬁ,%z) ag(xvyvz) >h(90,y72’)) -

—U; (f (xvyuz)ag(x7y7z)7h($7yvz)) H =
=k (z,y,2) |ui—1 (z,y,2) — u; (z,y,2)||, (x,y,2) €D, i=2,3,...

and for ¢ = 1 holds (3.2) and (3.6p).
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After some standard calculation, using the inequality

x Yy z r s t 1 S1 t1
/ / / k(T,S,t)/ / / k(r1,81,t1)/ / / k(r27827t2)"'
0 0 0 0o JOo JO 0 0 0

(3.12)

Tn—1 n— tn—1
/ / / k (rn, Sp,tn) dry dsy dty, . .. dry dsy dty drdsdt <

1 TR n+1
< k (u,v,w)dudv dw} , (x,y,2) €D,
il L

we obtain the following basic estimations:

ou; ou;
H vint (©:9,2) Q@2 ) e e o) < (3180)

Ox Oy 0z Ox Oy 0z
< k(z,y, )M1+M“bc[/// 517(d§d77d(] 1, i=1,2,...
and
wir1 (2,9, 2) = ui (x,y,2)| < (3.14441)

M1+Mabc[/// (€,m,¢ dgdn,dC] i=0,1,2,...

From (3.13;11) we conclude that {v; (z,y,2)};cy converges to v : D —
R™ in L7, (D) and from (3.14;11) the sequence {u; (x,y,2)};cy is uniformly
convergent to u : D — R™. Letting i — oo in (3.8;), (3.9;), (3.10;) and using
the hypotheses (Ha), (H3) it follows that the limit u is absolutely continuous
function in Carathéodory’s sense, u € C* (D;R"™) and satisfies the Darboux-
Ionescu Problem (1.1) + (1.2). We obtain

3
1( TG ol (0 2) 9 ) B (0020 ) =

Pu(z,y, z)

D .

’U($,y,2) -

w(,y,2) = a (2,9, 2) /// € m Q) dednde,  (3.9)

(z,y,2) €
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Pu(z,y,z)

0oy 0s v(z,y,2) € (3.10)

€ F(z,y,zu(f(2,y,2),9(@,y,2),h(2,y,2))),
a.e. for (z,y,2) € D.

Taking into account (3.9) and (3.10), the function w (x,y, z) given by (3.9)
satisfies the Darboux-Ionescu Problem (1.1) + (1.2).

Theorem 3.2. We suppose that I satisfies the hypotheses (Hi) — (Hs),
(H7), (Hg) and

H) There exists an absolutely continuous function in Carathéodory’s sense
6 Y y
[11, §565-§570], A : D — R™, X\ € C* (D;R™) such that

p <83A (.9, 2)

F 2/
S F s A i) ) <o 3.2)

(z,y,2) € D for some € > 0.

Then there exists a solution u € C* (D;R™) of the Darboux-Ionescu Problem
(1.1) + (1.2) satisfying

lu(z,y,2) = Az, y,2)]| < (3.15)
< (M; + eabe) exp[ / / & mn, Q) dfdnd(:] (z,y,2) € D.

The proof is similar to that one of Theorem 3.1; we obtain

||uz+1 z,Y,z ) Uq (x Y,z )H < (3‘14§+1)

MH—sabc[/// (&m,¢ dgdn,dC] i=0,1,2,...

and using the elementary inequality

it follows for every j =0,1,2, ...
g (,9,2) = A, . 2) | < (3.147)
T Yy [z
< (M, + eabe) exp [/ | [ kenodeand|, @y ep.
0 0 0

The conclusion follows letting j — oo in the preceding relation, u; (z,y, z) —
u(x,y,2), u: D — R" uniformly for j — oc.
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Theorem 3.3. Let F : D x R® — 28" be a multifunction satisfying the
hypotheses:

a) F (z,y,z,u) is closed for every (z,y,z,u) € D x R™;

b) F (-,+,-,u) is measurable for each u € R™, with respect to the Lebesque
measure on D;

¢) F(xz,y,z,-) is Lipschitzian with respect to u; there exists a function
k:D —R" k€ L' (D), such that

ha (F (z,y,z,u), F (a:,y,z,u’)) <k(z,y,z) Hu - u'H , (3.1)
(v,y,2) € D, u,u’ € R,

where hg is the Hausdorff-Pompeiu generalized pseudometric, and (Hs)— (Hs).
Then, the Darboux-Ionescu Problem (1.1) + (1.2) has a solution in D.

The proof is similar to that one of Theorem 3.1, and use the Proposition
1 [28] and Corollary 1 [28] to ensure the existence of measurable functions
vi:D—-R" i=0,1,2,... with

Vi (.fC,y,Z) € F(x7y727ui (f (xaya Z) 79(%% 2) ) h (.'137y72))) ) (379
a.e. for (z,y,2) € D,

d <a3uz (.%',y, 2)

S F (o 00 2) 9 ) B (0 2) ) = (B5)

83 ; » I .
yi(m,y,z)—W , (x,y,2) €D, i=0,1,2,...

T Y [z
ui (2,y,2) = o (2, ,2) + /O /O /0 vior (€,m,0) d€ dd. (3.9)
(x,y,2) € D, i=0,1,2,...

P (z,y, 2)

90y 0 =v; (v,y,2) € (3.10%)

GF(CII,y,Z,Ui (f(m,y,z),g(:ﬂ,y,z),h($,y,2))),
a.e. for (z,y,2) €D, i=0,1,2,...

The sequence {u; (x,y, 2)};cy is uniformly convergent to u : D — R", and
the sequence {v; (,y, 2) };cn converges in L7 (D) tov: D — R™.
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Letting ¢ — oo in (3.9}) and (3.10}), we obtain

w(@,y,2) = a(2,y,2) /// € m Q) dednde,  (39)
(x,y,2) € D,

Pu(z,y,2)

00y 0s v(z,y,z) € (3.10")

€ F(z,y,z,u(f (z,9,2),9(2,y,2),h(z,y,2))),
a.e. for (z,y,2) € D.

To obtain the relation (3.10") we make use of the fact the graph F is closed,

according to the hypotheses a), ¢). The function u given by (3.9") satisfies

(1.2), is an absolutely continuous in Carathéodory’s sense function [11, §565-
§570], u € C* (D;R™) and from (3.10'), u is a solution of the Darboux-Ionescu

Problem (1.1) + (1.2).

We now study the data dependence of solutions of Darboux-Ionescu Prob-

lem (1.1) + (1.2).

Corollary 3.1.

(i) In the Darboux-Ionescu Problem (1.1) + (1.2) the functions satisfy
the same hypotheses as in Theorem 3.1 and let u* € C* (D;R") be a
solution of this problem:;

(ii) Let F, : D x R™ — 28" be a sequence of multifunctions convergent to
F [25];
(131) Let u; € C*(D;R"™) a solution of the Darboux-Ionescu Problem

(3.15) + (1.2),

Pu(z,y, 2)

920y 0 € Fy(z,y,z,u(f (z,9,2),9(x,y,2),h(z,y,2)),  (3.15)

(r,y,2) € D, u € R"
where F), and all functions satisfy the same hypotheses as in Theorem
3.1. Then u} — u* in C* (D;R"™).
Corollary 3.2.

(7) In the Darboux-Ionescu Problem (1.1) + (1.2) the functions satisfy
the same hypotheses as in Theorem 3.1 and let u* € C* (D;R") be a
solution of this problem:;
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(13) Let f, € C(D;[0,a]), gn» € C(D;[0,b]), hn, € C(D;[0,¢]), 0
fal(@,y,2) 2 <a,0<gn(2,9,2) Sy <b0< hy(z,y,2) <2<
be a functions, f, — f, g» — ¢, hn — h, f € C(D;]0,qa]),
g € C(D;[0,6]), h € C(D;[0,d]), 0 < f(z,9,2) < & < a, 0 <
g(x,y,2) Sy<b,0<h(z,y,2) <z<g

(131) Let u; € C*(D;R™) a solution of the Darboux-Ionescu Problem
(3.16) + (1.2)

3

TS € Py (020:2) 0 (0009 B (00.9)) . (316)

(x,y,2) € D, ueR".
Then u), — v* in C* (D;R").
Corollary 3.3.

(i) In the Darboux-Ionescu Problem (1.1) + (1.2) the functions satisfy
the same hypotheses as in Theorem 3.1 and let uv* € C* (D;R™) be a
solution of this problem:;

(7i) The functions ¢, € C* (D1;R"), ¢, € C* (D2; R™), xn € C* (D3; R™)
satisfy (1.3,,) and @, — @, ¥, — U, Xn — X,

u(x7y70):90n(x7y)7 (w,y)GDlz[O,a] X [O?b]
u(O,y, Z) = Yn (yv Z)v (y,z) € Dy = [Ovb] X [O,C] (1-2n)
u(z,0,2) = xn(x,2), (z,2) € D3 =10,a] x [0, ]

(1.3n)

0,0,2) = ¥, (0,2) = xn (0,2) = v (2), z€]0,c]
u(0,0,0) = v, (0) = v (0) = vy, (0) = vy
(731) Let u), € C* (D;R") a solution of Darboux-Ionescu Problem (3.17) +
(1.2,)
3
Tt ¢ Farym(f 002) 9 (D) b D), (D)

(x,y,2) € D, ueR"

where F}, : D x R* — 2R" is a sequence of multifunctions convergent
to F' [25];
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Then w; — v* in C* (D;R").
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