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Assume that it is required to minimize the functional
J(u,v)=maxp(y(t,). 2), ()
under constraints
ult)eU c R, teltt],

v(t)eV cRY,  telt,t,], @
x=f(t,xu), telt,t] xt,)=x -
y=glt.yv), teltt]
y(t,)=G(x(t). (4)
CI)k(y(tz)):O, k=1,_p. ®)

Here, Z — R’ is a compact set of ¢ -dimensional vectors z, f(t,x,u) (g(t,y,v)) isa
given n (m) - dimensional vector-function continuousin [t,,t,]x R" x R" ([tl,tz]x R™ x R")
together with partial derivatives with respect to X (y) G(x) is a continuoudly differentiable
m-dimensional vector-function given in R", go(y, z) is a given scalar function continuous in
R™x Z together with partial derivatives with respectto vy, u(t) (V(t)) isr (q)-dimensional
piecewise — continuous vector of control actions with values from the given non-smooth and
bounded set U (V), @, (y), k=1,p are the given continuously differentiable in R™ scalar

functions, moreover, the Jacobian hasits own maximal rank p.

ox
Assjur?/\e/ = {ut)vO)): ut)eU c R, teft, t,], vt)eV < RY, teft.t,];
®,(y(t,)=0, k=1p},

The set W issaid to be a set of admissible controls.
Let by the definition

RU,v°)={ze Z: S(°,v°)=p(y°(t, ). 2)}.
The admissible control ( ( ,vo( )) is said to be an optimal control if
S(u®,v°)=minS(u,v).

ueU
veV

Assuming (uo(t),vo(t)) an optimal control, we define the “perturbed” control by the
formula

|

u.,tel6,.6, +¢l,), k=1s, (5)
vV, (t): Vo(t)’ te [tl'tZ]'
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Here, 6 e [to,tl): 0+ &l is a continuity point from the right of the function u°(t),

0=0,<0,<..<0,+¢el,, £>0,0>0,6,=60_,+¢l,,, (,>0,u, €U, k=1s.sis

an arbitrary natural number.
Asit is seen, the control function u,(t) depends on the choice of time @, {7, }, {u, }.

Assume
h(0.u,:t)=lim 72 (t); X, ©)
0
h,(6,u,;t)= LI_I’BM : (7)

Using (5), (6), (7), it is proved that the vector-functions hi(e,uk;t), 1=12 are the
solutions of the following equations in variations
h(0.u:)= £ LR U ) O.u:t), t>0,
h,(0,u,;t)= gy('[, yo(t),vo(t))hz(e,uk;t), telt,t,],
with initial conditions

n(O0.u:0)=3 1[0 100w O)]. nouin)=0, t<o,

h,(6.u:t,) =G, (6 (O.u,:t,).
The collection @, {¢,}, {u,} is said to be admissible with respect to U, (t), if the
relations

0D} (yo(tz)) h,(6,u,;t,)=0

oy
arefulfilled for it.
Now, determine the “ perturbed” control by the formula

u, (t): uo(t)’ te [tO’tl]
) Vo(t), t € [0,0+ up),
v (t)= _
! Vo, telf,,6, +up,), k=1s.

Here, @ is an arbitrary continuity point from the right of the control function vo(t),
0=0,<0,<.<0,+up,=0+pu, u>0, p>0, 6, =6, ,+up,,, p.20, v eV,
k =:L_s, S isan arbitrary natural number.

Let by the definition

X, (t)-x"(t)

0,(0,v,;t)=lim=~

u—0 U

Y, (0)-y°(t)

Q2(‘9’Vk;t): l/J_rB -

We can prove that ¢,(6,v,;t)=0, telt,,t,], and q,(6,v,;t) is a solution of the
eguation in variations

6,0 t)= 9, (LY OV (), (0.v,i1), t20,
with initial condition
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qz(ﬁ,vk:9)=g,pk[9(9,y°(9),vk)—g(9,y°(9),v°(9))], 0, (0.v:t)=0, t<@.

The collection &, {p } {vk} is said to be admissible with respect the control function
VO(t) if the relation

oD, (yo(tz ))Q2(91Vk ;tz): 0

isfulfilled for it.
The following statement is true.

Theorem. In order the control (uo(t),vo(t)) be optimal in problem (1)-(5) it is
necessary that the following relations be fulfilled.

) ze@%)%@’z) h,(6,v,3t,)>0,

for all admissible with respect to uo(t) collections @, {ﬁk}, {uk}.

d9'(y°(t,),
2) ZEQ%o)%Z)Z)%(@,Vk )20,
for all admissible with respect to v°(t) collections @, {p, |, {v, }.
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