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The author developed a direct method for obtaining necessary optimality
conditions for the solution of the Mayer problem, in which the differential
inclusion is introduced as a constraint under the conditions of unbounded-
ness and pseudo-Lipschitz property of the right-hand side of the differential
inclusion. The necessary optimality conditions are obtained in the form of a
differential inclusion of the Euler-Lagrange type and generalize the results
from the works of F. Clarke and the author (see [1, 2]).

Statement of the problem and conditions. We consider the interval
T := [0, 1], closed sets Cy, C; C R"™, alocally Lipschitz function ¢: R™ — R!
and a multivalued mapping F': T x R™ = R”, with the help of which we
have the differential inclusion of the form

Z'(t) € F(t,z(t)) for a.e. t€T. (1)

The symbol Ry (F,Cy) denotes the (possibly empty) set of all trajectories
z(-) € Rr(F,Co) C AC(T,R™) of the differential inclusion (1) with the
initial condition x(0) € Cp.

The Mayer problem is to find the minimum of the values ¢(x(1)) over all
end points z(1) € C; of the trajectories z(-) € Rp(F, Cp).

Let Z(-) € Ry (F, Cp) be a trajectory that solves the Mayer problem; i.e.,
its end value (1) € Cy is such that ¢(Z(1)) takes a minimum value for all
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trajectories (1). To obtain the necessary conditions for optimality, it suffices
to formulate local conditions on the mapping F' near the trajectory Z(-).

We assume that the mapping F': T x R™ = R" is (£ x B)-measurable
and for almost every ¢t € T the set Graph F'(¢,-) := {(z,y) | y € F(t,x)} is
a closed subset in R™ x R™.

Let there be numbers £ > 0, v > 0, a function /(-) € L*(T,R") and a
measurable function R: T — (0, +00] such that the following two conditions
are satisfied:

(i) pseudo-Lipschitz condition: for almost every t € T and any 1,22 €
B.(Z(t)), the following inclusion holds:

F(t,z) N (@'(t) + R(t)B1(0)) C F(t,x2) + I(t)||r1 — 22| B1(0);

(ii) non-degeneracy condition: [(¢) < v R(t) for a.e. t € T.

As usual, we denote by Tr(A4;a) and To(A4;a), respectively, the lower
tangent cone and the Clarke tangent cone to the set A at the point a € A
(see [2]).

Let there be given a measurable multivalued mapping K: T' = R" x R",
whose values are closed cones, that satisfies for a.e. t € T' the inclusion

Te(Graph F(t, ); (2(1). & (1)) € K(t) € Tr.(Graph F(t, ); (2(¢), @ (1)).

Examples of such a map K (t) are the Clarke tangent cone, the Michel-Peno
tangent cone, and the asymptotic lower tangent cone to the set Graph F(¢, -)
at the point (Z(¢),7'(t)) (see [1, 2]).

Let Ky and K; be Boltyanskii tents to the sets Cy and C; at the points
7(0) and Z(1), respectively (see [3]). Let 10: R® — R! be a convex posi-
tively homogeneous function that is the upper convex approximation of the
function ¢ at the point Z(1). For every cone K we denote its polar cone
by K.

Main result. The necessary conditions for the optimality of the solution
of the Mayer problem take the following form.

Theorem. Let Z(-) be the solution of the Mayer problem and the above
conditions be satisfied in the neighborhood of z(-). Then there exist a
number X > 0 and an arc p(-) € AC(T,R"™) satisfying the nontriviality
condition X\ + ||p()||ac # 0 and the transversality condition p(0) € KQ,
—p(1) € K9 + X0v¢(0) and such that the arc p satisfies the Euler inclusion

(P (t),p(t)) € K°(t) for a.e. teT. (2)
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Corollary. If in addition for oll t € T and x € B.(Z(t)) the set
F(t,z)N(Z'(t)+ R(t)B1(0)) is conver, then the arc p satisfies the Pontryagin
mazximum principle

(p(t),7'(t)) = (p(t),y) Wy € F(t,2(t) N (T () + R(t)B1(0))
for a.e. teT.
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O/1HO U3 3aMETHBIX HAIIPABJICHWI PA3BUTHS COBPEMEHHON TeOpUn yIpas-
JICHU COCTABJIAIOT MUCCJIEOBAHNUA BOIIPOCOB OITUMAJILHOI'O YIIPABJIECHUA CHU-
cremamn Apo6HOrO nopsiaka [1]. Hasmune nHTErpasbHOrO mpejcTaBieHus
JIJISI CUCTEM JIPOOHOTO TOPSIKA MO3BOJISIET MPUMEHSITH JIJI ITOUCKA OINTH-
MaJIbHBIX yIPAaBJIEHUII METOJI MOMEHTOB 110 aHAJOTHHU C CUCTEMaMU IIEJIOTO
mopska. JlaHablil MeTOJ, O3BOJISIET CTPOUTD B SIBHOM BHUJIE€ ONTHMAJIbHBIE
yHOpaBJeHud U HCCJIeJOBaTh UX CBOICTBa, B TOM YHCJIE B CJIydadX, KOIJia
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