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NECESSARY CONDITIONS OF OPTIMALITY
IN PROBLEMS OF SURVIVAL

U. Badam
L

1. Statement of problem

The problem of survival of controllable system was considered in [1], where the axiomatics,
mathematical formalization, and approach to the problem were suggested on the basis of the analysis
of several substantial examples from the economy, ecology, and power production. To further
development of the theory in application to linear discrete systems the work [2] was devoted. In
this article the basic attention is concentrated on the investigation of the survival problems where
the goal assignment of a system is given by nonlinear functional constraints. The analysis of
problems is carried out by traditional methods of the theory of optimization.

Let the goal assignment of the system be of the form

flu,v) <0, weUCE", veV =][0,1]" C E°. (1)

Here v = (u,uy,...,u,) is the vector of controlling actions, v = (vy,vs,...,v,,) the vector of
perturbations, f(u,v) a continuous and continuously differentiable by arguments u, v scalar function
with the gradient f, # 0 for f(u,v) = 0, U C E" a nonempty compact, V the standard cube
of dimension s. The target condition is to find a control v € U which ensures the fulfillment
of inequality (1) for all perturbations v € V or for the maximal in a certain sense subset of
perturbations from V.

For a fixed ucU we define the set of “non-dangerous” perturbations V(u) = {veV : f(u,v) < 0}.
The problem of augment of survivability consists of the maximization of the Lebesgue volume of
the set of non-dangerous perturbations

I(u) = p(V(u)) - max, uwel. (2)

By the measure of the set V' (u) we take the integral

where p(v) > 0 is a given continuous function. It can be treated as a function of “density” of
perturbations. Then problem (2) takes the form

J(u) = — /V(u) p(v)dv — min, u € U. (3)
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