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Abstract

In this paper the necessary conditions for optimality are obtained for reg-
ular solutions of the time optimal control problems with state and endpoint
constraints.

Introduction
For the first time Pontryagin maximum principle for problems with state con-

straints was obtained by Gamkrelidze R. V. in 1959 [1], [2]. In 1963 another variant
of the maximum principle [3] has been received. After that, the matter was the
subject of many studies [5], [6]. This list of works is not exhaustive.

In the case, where there is a restriction only on the control function and there
are no state constraints, necessary optimality conditions gives Pontryagin’s maxi-
mum principle [1]. These problems have been well studied because of the absolute
continuity and non-triviality of adjoint functions.

The optimal control problems with state constraints are recognized as an im-
portant and difficult class of the similar problems, since the maximum principle for
such problems [3], [5], [6] contains an unknown infinite-dimensional Lagrange mul-
tiplier of the complex nature–bounded regular Borel measure which has a rather
complicated relationship with the optimal trajectory. Therefore, the optimal con-
trol problem with state constraints are outside the scope of the effective application
of the Pontryagin maximum principle [1]. Questions arise: Are there any solutions
of an optimal control problem for which the corresponding conjugate function is
non-trivial and absolutely continuous, and if so, how to find them?

Applying a similar technique in [14], [15] we try to answer these questions for
non-autonomous systems with phase and endpoint constraints.

Analogical question about the structure of the measures appearing in the ratios
of the maximum principle for the classical optimal control problem was considered
by W. W. Hager [7], K. Malanowski [8], Hoang Xuan Phu [9], H.Maurer [10], A.
A. Milutin [11], J. F. Bonnans [13], for the differential inclusions by S. M. Aseev
[12]. In [7] -[11], [13] sufficient conditions for the absence of a singular component
obtained under the condition that the time optimal control function is continuous
and takes values strictly in the interior of U.

In [12], sufficient conditions for the absence of a singular component were ob-
tained under the condition that the set of admissible velocities is strictly convex and
the Hamiltonian of the system satisfies certain smoothness conditions.

These and the results, obtained in this study are difficult to compare: they are
all proved under different assumptions and have different conditions. Apparently,
this issue needs a separate study.




