= I (@ (8) 0) (T (2 (6) u) + B) (8, i=12,0p,  (7)

with the boundary conditions

0P oD
5%@”¢ﬂm::_&dT)

Theorem 2. Le the conditions of theorem 1 be fulfilled. Then for
the optimality of the control u, € U in problem (1)-(5) it is necessary
that the inequality

b(0) = A\ +

/ u(t, 2 (8), wi(t), u(t)), ult) — us(t)) dt = 0

to be fulfilled for any u, € U.

References

1. Sharifov Ya.A. Optimal control of impulsive systems with nonlocal boundary con-
ditions // Russian Mathematics (Izvestiya VUZ. Mathematika). 2013. Vol. 57.
No. 2. P. 65-72.

NECESSARY MINIMUM CONDITIONS IN CALCULUS
OF VARIATIONS PROBLEMS IN THE PRESENCE
OF VARIOUS DEGENERATIONS

M.J. Mardanov!'?, T.K. Melikov!?, S.T. Malik"*

"nstitute of Mathematics and Mechanics of NAS of Azerbaijan, Baku, Azerbaijan
2Baku State University, Baku, Azerbaijan
3Institute of Control Systems of ANAS, Baku, Azerbaijan

4Baku Higher Oil School, Baku, Azerbaijan
misirmardanov@yahoo.com, t.melik@rambler.ru, saminmelik@gmail.com

We consider the following problem:

ty

Nﬂﬁ:/L@Mmﬂmﬁ%mm (1)

z()
to

T (t()) =Xy, T (tl) =T, T () € POl (I, Rn) , (2)
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where R" is n-dimensional Euclidean space, tg,t1,xo, r; are the given
points, [ := [tg,t1], while L (¢,2,%) : X R"x R" — R is a given function,
PCY (I, R") is the set of piecewise-smooth functions z (t) : I — R™.

We call the functions z(-) € PC!(I,R") satisfying the boundary
condition (2), admissible functions. An admissible function that satisfies
the Euler equation is called extremal. We study the problem (1),(2) in
the case when along the extremal the Weierstrass condition and the
Legendre condition degenerate at separate points or on some intervals.
The method of the study is based on the introduction of Weierstrass
type special variations [1, p.125], characterized by a number parameter.
Two types of new necessary conditions are obtained: of equality type
and of inequality type for strong and weak local minimum. It is shown
on specific examples that these minimum conditions are not corollaries
of necessary optimality conditions obtained in [2, p. 111, 179, 146] and
have their own application area.

We give some theorems proved in this paper.

Theorem 1. Let the functions L(-) and L;(-) be twice continuously
differentiable in totality of wvariables and the admissible function T (-)
be an extremal of the problem (1), (2). Furthermore, let at the point
0 € (to,t1) the function Z () be twice differentiable and along it for the
vector n # 0 the Weierstrass and Legendre conditons degenerate at the
poit 0, i.e. we have the equalities

& (L) (8,m) =n" Lz (§)n = 0. (3)

Then: (i) if the extremal () is a strong local minimum in problem
(1), (2), then the following equalities are fulfilled

n" L. (0,2(0),2(0) +n) — L, (0) — Ly; (0) ] =0, (4)

Liii () [n,m,m) =0,

where & (L) (t,n) = L(t,z(t),z(t)+n) — L(t) — LI (t)n is a Weier-
strass function [1, p.124], calculated along the extremal T (-), where
L(t) := L(t,z(t),z), then the symbols L, (-),L; (-), L.; (+) and so on,
are determined in a stmilar way;

(i) if the extremal T (+) is a weak local minimum in problem (1), (2),
then there exists such a number 6 > 0, at which for each point n € Bs(0)
satisfying condition (3), equalities (4) are valid, where the symbol Bs(0)
s a closed ball of radius d centered at the point O € R™ .
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Theorem 2. Let the functions L(-) and L, (-) be continuously dif-
ferentiable in totality of variables and the admissible function Z(-) be an
extremal of problem (1), (2), and along it for the vectors n # 0 and

(5\ — 1)_1 A, where A € (0,1) the Weierstrass condition degenerate at
any point t of the interval (ty,t1) C [to, t1] , i.e. we have the equalities

& (L) (tn) =& (L) (L (A =1) " d) =0, (5)

Furthermore, let the extremal Z(-) be twice continuously differentiable
on the interval (to,t1). Then: (i) if the extremal T(-) is a strong local
minimum in problem (1),(2), then the following inequality is fulfilled

— - 1= d . -
0" (AL (tm) + (1= 3) L (1. (A= 1) ) | = ZALT (£ n > 0,

Yt Ef(fb,fi), (6)

where Ly (,€) = Luw (8,7 (1), 5 (1) + €), € € {n, (A-1)" xn},
ALy (t,m) = Lo (£, 2 (t), 2 (t) + 1) — La (¢);

(ii) if the extremal T (-) is a weak local minimum in problem (1),(2),
then there exists such a number 6 > 0, at which for each point

(77, (A= 1)_1 5\77,5\) € Bs(0) x Bs(0) x (0,1) satisfying condition (5),
the inequality (6) is fulfilled.
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Introduction. Chernousko F.L., Melikjan A.A., Kononenko A.F.,
Mokhonko E.Z. [1] investigated how to receive the same result using the
sample data information instead of the continuous reception of informa-
tion.
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