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Abstract. In this paper we consider the Darboux problem for a third order hyperbolic
inclusion of the form uzy. € F(x,y,z,u). Using the notion of uniform convergence on
compact domains as defined by Arrigo Cellina for a sequence of single-valued functions
ft : A — R™ such that fr — F, where F' is a multifunction, it is considered a sequence of
approximating univalued equations of the form uzy. = f& (z,y, z,w) and it is proved that they
have a unique solution based on Schauder’s Fixed Point Theorem. Using a characterization
theorem for the solutions of the Darboux Problem for the specified inclusion, it is proved
that the sequence of solutions to the univalued equations uniformly converges, on compact
sets, to a solution of the Darboux Problem for the considered inclusion.

Key Words and Phrases: multifunction, hyperbolic inclusion, upper semi-continuity, ini-
tial values, absolutely continuous in Carathéodory’s sense function, Aumann integral, uni-
form convergence of a sequence of single-valued functions on compact sets to a multifunction.
2000 Mathematics Subject Classification: 35L30, 35R70, 47H10.

REFERENCES

[1] R.J. Aumann, Integrals of set-valued functions, J. Math. Anal. Appl., 12(1956), 1-12.

[2] C. Carathéodory, Vorlesungen tber Reelle Funktionen, Chelsea Publishing Company,
New York, 1968.

[3] Castaing Ch., Sur les équations différentielles multivogues, Comptes Rendus Acad. Sci.
Paris, 263(1966), Série A, 63-66.

This paper was presented at the International Conference on Nonlinear Operators, Dif-
ferential Equations and Applications held in Cluj-Napoca (Romania) from July 4 to July 8,
2007.

363



364
[4]
[5]
[6]
[7]
8]

[9]

GEORGETA TEODORU

Castaing Ch., Quelques problémes de mésurabilité liés a la théorie de la commande,
Comptes Rendus Acad. Sci. Paris, 262(1966), 409-411.

A. Cellina, Approximation of set-valued functions and fixed point theorems, Ann. Mat.
Pura Appl., 82(1969), 17-24.

A. Cellina, Multivalued differential equations and ordinary differential equations, SIAM
J. Appl. Math., 18(1970), 533-538.

A. Cernea, Incluziuni diferentiale hiperbolice si control optimal, Editura Academiei
Romaéne, Bucuresti, 2001.

A. Cernea, Aspecte calitative in teoria incluziunilor diferentiale, Cartea Universitara,
Bucuresti, 2004.

A. Corduneanu, A Note on the Gronwall inequality in two independent variables, J.
Integral Equations, 4(1982), 271-276.

K. Deimling, A Carathéodory theory for systems of integral equations, Ann. Mat. Pura
Appl., 86(1970), 217-260.

K. Deimling, Das Picard-Problem fir uzy = f(x,y,u,uqs,uy) unter Carathéodory-
Voraussetzungen, Math. Z., 114(1970), 303-312.
K. Deimling, Das charakteristiche Anfangswertproblem fir Uz z,zs = f unter

Carathéodory-Voraussetzungen, Arch. Math. (Basel), 22(1971), 514-522.

S. Marano, Generalized solutions of partial differential inclusions depending on a pa-
rameter, Rend. Accad. Naz. Sc. XL, Mem. Mat., 13(1989), 281-295.

S. Marano, Classical solutions of partial differential inclusions in Banach spaces, Appl.
Anal., 42(1991), 127-143.

S. Marano, Controllability of partial differential inclusions depending on a parameter
and distributed parameter control process, Le Matematiche, XLV (1990), 283-300.

M. Muresan, An Introduction to the Set-Valued Analysis, Cluj University Press, Cluj-
Napoca, 1999.

M. Muresan, Analizd neteda si aplicatii, Editura Risoprint, Cluj-Napoca, 2001.

A. Petrusel, Multifunctii si aplicatii, Presa Universitara Clujeana, Cluj-Napoca, 2002.
A. Petrusel, Operatorial Inclusions, House of the Book of Science, Cluj-Napoca, 2002.
A. Petrusgel, G. Mot, Multivalued Analysis and Mathematical Economics, House of the
Book of Science, Cluj-Napoca, 2004.

I. A. Rus, Principii si aplicatii ale teoriei punctului fix, Editura Dacia, Cluj-Napoca,
1979.

I. A. Rus, Generalized Contractions and Applications, Cluj University Press, Cluj-
Napoca, 2001.

1. A. Rus, Fized Point Structure Theory, Cluj University Press, Cluj-Napoca, 2006.
W. Sosulski, On neutral partial functional-differential inclusions of hyperbolic type,
Demonstratio Mathematica, 23(1990), 893-909.



(25]

[26]

27]
(28]

29]

APPROXIMATION OF THE SOLUTIONS OF THE DARBOUX PROBLEM 365

G. Teodoru, A characterization of the solutions of the Darboux Problem for the equation
0z
Ox Jy

38.

€ F (z,y, z), Analele Stiintifice ale Universitatii ” Al. I. Cuza” Iasi, 33(1987), 33-

G. Teodoru, Approzimation of the solutions of the Darboux Problem for the equation
0%z
Oz dy
31-36.

G. Teodoru, The Darbouz Problem for third order hyperbolic inclusions, Libertas Math-
ematica, 23(2003), 119-127.

G. Teodoru, Prolongation of solutions of the Darboux Problem for third order hyperbolic
inclusions, Libertas Mathematica, 26(2006), 83-96.

G. Teodoru, A characterization of the solutions of the Darboux Problem for third order

€ F (z,y,2), Analele Stiintifice ale Universitatii ”Al. I. Cuza” lasi, 34(1998),

hyperbolic inclusions, Buletinul Academiei de Stiinte a Republicii Moldova, Chiginau
(to appear).

Received: July 6, 2007; Accepted: November 10, 2007.



