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The problem of optimal response [1, 2] with nonsmooth (generally speaking,
nonfunctional) constraints imposed on the state variables is considered. This
problem is used to illustrate the method of proving the necessary conditions of
optimality in the problems of optimal control with phase constraints, based on
constructive approximation of the initial problem with constraints by a sequence
of problems of optimal control with constraint-free state variables, The varia-
tional analysis of the approximating problems is carried out by means of a pure-
ly algebraic method involving the formulas for the incremental growth ofa func-
tional [3, 4] and the theorems of separability of convex sets is not used.

Using a passage to the limit, the convergence of the approximating problems
to the initial problem with constraints is proved, and for general assumptions
the necessary conditions of optimality resembling the Pontriagin maximum prin-
ciple [1] are derived for the generalized solutions of the initial problem, The
conditions of transversality are expressed, in the case of nonsmooth (nonfunc-
tional) constraints by a novel concept of a cone conjugate to an arbitrary closed
set of a finite-dimensional space, The concept generalizes the usual notions
of the normal and the normal cone for the cases of smooth and convex mani-
folds.

1, Statement of the problem, We consider a general problem of the time
optimal response for systems of ordinary differential equations in the class of measurable
controls u (t) and absolutely continuous trajectories Z (1), fp <t < 4

r =f(x,ut), z=(,. ..., 2)VER" (L 1)
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t(EUTBHCL LI (1.2
(), z(t))E 6C R*” (1.3)
I =1t —t,—inf (1.4)

where the prime denotes transposition (T is a column vector),and the time ¢, is assumed
fixed for the sake of simplicity, The constraints imposed on the state variables (1,3) are
defined using an arbitrary closed set G (— R* which may, in particular, have the form

ERY: ;) <0, i=1,...,0 k(@ =0 j=1,...,p)

where g; (z) are arbitrary functions semi-continuous from below and A; (z) are arbit-
rary continuous functions,

In what follows, we shall assume that one of the projections of the set G on R" is
bounded and, that the following general conditions imposed on the parameters of the prob-
lem (1.1) —(1,4) all hold:

a) the space 2 is homeomorphic to a complete separable metric space, and the
set Ty = {(u, ) € Q X [ty, T): u & U (1)} is analytic (mod 0) [5] for some T,
oo > T >ty

b) the functions f (z, u, t) and df (x, u, t) / dz are continuous in z, B-mea-~
surable (mod 0) in (u, t) (this is fulfilled automatically if they are continuousin(x, u)
and Lebesgue measurable in #) and satisfy the inequalities

f G wml<p@elzhs 19w 0/oz]<m @Oz

where g (s) and g, (s) are continuous on.[0, o), p (¢) and pu, (¢) are summableon
[ty, Tland g (s) = O (s) as s — oc;

c) theset R(z, ) = {r={(r, m):r=7f(z,u,t),r,=90f(z u,t) foz,
u & U ()} is closed in the space R™™+1)

The condition (b) guarantees the uniform boundedness of the set of admissible trajec-
tories of the problem (1, 1)~ (1.4). Other general conditions of this type can be found
ine,g. {6].

We shall call the generalized solution of the problem (1, 1) — (1. 4) the optimal set
{z° (1), ), u’(8), i =1, ..., n- 1} in the extended [7] problem of minimi-
zing the functional (1, 4) with the constraints imposed on the state variables (1.3) given
by the following relations;

n41
T =2 af@iu,t), z=(@,. ..,y SR | (1.5)
= nt+1
a()>0, Na@®=1, u@O)EU{R), t,<t<t, i=1,...2+1 (16)
i=1

2, The approximating problems, Letusdenote by T° = 1" —t, the
minimum value of the functional (1.4) in the extended problem (1.3) —(1.6). This
value is attained under the conditions (a) — (c¢), and coincides with the minimum value
of the functional in the initial problem (1. 1) — (1. 4) for a wide class of problems cor-
rect in the extended form [5, 8], Let us investigate an arbitrary numerical sequence
{tw}, k =1,2, ..., satisfying the conditions &;x — #,°, iy << ,°, & =1, 2,...
Such a sequence can be effectively constructed using the discrete (finite-difference)
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approximations to the problems (1, 1) — (1. 4) correct in the extended form (the conver-
gence of the discrete approximations to the functional is proved for similar problems in(*).
We introduce the following functional for each positive value of & :

Iy = @ (z(to), = () = p (z (L), 7 (ty); G) —inf, k=12 .. (2D
P (z (to), 2 (tu); G) = min)[(x (t) = V) (2 (t) — %) +

(v, ¥

(= (ty) — ¥V (& (ty) — yD)I*

where o is the distance of the boundary point 2 = (% ({o), Z ({1x)) from the set 6.
Let us investigate the sequence of the approximating problems of minimizing the func-
tional (2, 1) on the collection of sets {z (1), o; (1), u; (), i =1, ... ,n -+ 1},
satisfying the relations (1,5) and (1,6) with f; = Iy, £k = 1, 2, .. .. The approxi-
mating problem of optimal control (1. 5), (1. 6), (2. 1) represents, for every & = 1, 2, . .
a problem of minimizing a nonsmooth Mayer-type functional without additional con-
straints imposed on the state variables, When the conditions (a) — (c) hold, the problems
(1. 5), (1. 6), (2. 1) always have solutions [8] in the form of the optimal sets {z,” (%),
g (), ug” (), i=1,...,n-F1}, k=1,2,.... A theorem whick fol-
lows, defines more exactly the character of the approximation of the initial problem with
constraints imposed on the state variables by the problems (1. 5), (1. 6), (2. 1).

Theorem 2,1, Letthe assumptions (a) —(c) hold. Then the set of trajectories
{z.° (0}, to <<t < by, k£ =1,2,... optimal in the problems (1, 5), (1. 6), (2.1)
and continuously extended to the whole of the interval [#,, ¢,°], is relatively compact
in the space C [t,, {,°] and its limit points represent the optimal trajectories of the
widened problem (1, 3) = (1. 6) . Moreover, a number ¢ >> 0 can be found such, that the
following inequality holds forall k = 1,2, ... :

#°
p(x (fo)y @ (ta); GY e S p(t)dt (2.2)
f1n
Proof, Consider an arbitrary sequence of trajectories {z,° O k=1,2,...
optimal in the problems (1. 5), (1. 6), (2. 1) and continuously extended to the interval
[ty, t,°1. By virtue of the condition (b) we can, following [9], find a number r > 0

L3

such that }fxf (1) H Ky tg <L 4P, k=12,
Let us write the inequality T2
J7 (1) — o (r) << e\ (o) dt (2.3)
T LE [ h°, 1< T, k=1,2,..., c¢=maxg(|z])

x|I<r
We see from it that the sequence {z,° (1)}, £, < t < §°, 12 L 1,2,.... iscon-
tinuous in the same degree, Using the Arzela-Ascoli theorem [10], we can separate from
this sequence a subsequence, which converges uniformly on [¢,, ¢,°] to some absolutely
continuous (by virtue of (2.3)) function 2°(2), #, < t < t;°. Using the fact that the set
of admissible velocities in the extended problem is convex and the theorem of measur-
able sampling [6, 8], we can find measurable functions ,°(2), u;"(f), o < ! < 4°,

*y Mordukhovich, B, Sh, Convergence of the discrete approximations in the problems of
optimal control, IV-th Mathematical Conference of the Belorussian Republic, Conf, Re-
ports, pt, 1, Minsk, 1975,
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i =1, 2, ... such that the set {z°(t), o;° (), u;"(1), i=1,..., n+4+ 1},
e Lt K t,° satisfies the relations (1.5) and (1. 6), The proof of the theorem will now
follow fully from the inequality (2. 2), The validity of this inequality can be shown by
remarking [8] that an optimal trajectory x*(t), t, < ¢t < ¢,° exists in the problem
(1.3) — (1. 6), for which p (z* (¢,), z* (1,°); G) = 0 and for which (2. 3) also holds
when T, = t°, Ty = by, &£ =1,2,.... Since the trajectories £,°(t), t, < t <
t;x are optimal, we can write in the problems (1.5),(1.6),(2. 1), &k = 1,2, . ..

0@ (L), & ()i 6) < p (% (L), 2* (ty): 6) < | 2* (tye) — 2% (1)

The required inequality follows from the above expression, Theorem 2, 1 is proved,
From the above theorem it follows that the process of constructing and solving the ap-
proximating problems (1, 5), (1, 6),(2, 1) can be regarded as a constmctive algorithm for
obtaining an approximate solution of the extended problem (and of the initial problem,
provided that the extended problem is still correct) with arbitrary constraints of the type
(1.3). The inequality (2, 2) characterizes in this case the degree of approximation of the
constraints of the type (1, 3), depending on the rate of convergence of ¢, — ¢,°.

3, The maximum principle in the approximating problems, Wwe
derive the necessary conditions of optimality of the first order in the approximating prob-
lems (1. 5), (1. 6),(2. 1) using the algebraic constructions of the method of incremental
growth of the functional [3, 4] and the results of the theorem of multivalued measurable
mappings [6, 8].

We denote by m; the minimum value of the functional in the problem (1, 5), (1. 6),

(2. 1), This value is always positive by virtue of the choice of the sequence {tuw}, k =

1, 2, . ... Letus introduce the Hamilton function H (z, v, u, t) = V'f (z, u, ?)
for the system (1. 1) and consider the following equation for the conjugate variablescor-
responding to (1, 5): n1

¥ == 2 0 0H (& ¥ v ) s 3.1

Theorem 3.1, Let the conditions (a) and (b) hold, Then for every set {z;° (f),

ai (@), up O),i=1,...,n+ 1} ty < t < tyy optimal in (1.5),(L. 6),(2. D
and for almost every tE T,k = (1€ [t,, tyl, y° (1) = 0} the following maxi-
mum principle holds:

H (xko (t)7 \pko (t)7 uiko (t)v t) = wg%fl:t) H (xko (&), "'pko(t)7 u,t), i=1,...n+1 (8,2

where ¥,° (£), 2, << t < ty; is the corresponding absolutely continuous solution of the
system (3, 1) with the boundary conditions

Vi® (to) = mLk @ (to) — i)y ¥’ () = mLk (U — 2 (tw)) (3.3

where ¥, = (y,°, Yi!) is a vector belonging to the set
M, = {yx = @ D) € G:p (@ (o), @ (tw)s ¥'s U') =
P (= (L), z° (tw); G}
Proof, The set {zk° (t), aik° (t), uik" (t), i= '1, . e ey n - '1}, to < t< tix
optimal in the problem (1. 5),(1. 6),(2. 1) will be optimal in the problem of minimizing
the Mayer-type functional
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Jio = F (2 (ty), z(tw) = Uz (L) — yr) @ (L) — v) + (3.4)
( (tg) — ¥ (@ (t) — YN — int
with a smooth function F (2°, z1), (2°, 2*) && G on the trajectories of the system (1.5),
(1, 6) under an arbitrary choice of the vector ¥y = (¥)°, ¥x!) & M. Using the method
of increments [3, 4], we can write the following formula for an increment of the function-
al in the problem (1. 5), (1. 6),(3.4):

AJy = (OF (x;° (t0)) | 02° — 9, (to))’ Az (L) — (3.9)
"t rnta
) [Zlaimfl(w;(t), P (8), i (1), £) —
n1
Zl ay (&) H (2° (8), i (1), uad (8), t)] dt —
'y n+1
) [;1 a; (8)0H (2 (), ¥ (t), ui (), )/ 0z —
n-1

El oy’ (1) OH (x° (t), ¥i° (t), wi® (2), t)/ 0x) Az (t)dt —

Lk

S0 az@Ddt+ o0zt + o4z ()
Here the set {x (¢), @; (), u; (1), i =1, ..., n+ 1}, tup < ¢ < 4y satisfiesthe
relations (1. 5) and (1. 6), Az (t) = z (t) — z;” (¢) and the function 1’ (¢) satisfies
Eq. (3. 1) with the right~hand side boundary conditions of (3, 2) along the optimal set
{° (1), ag” (@), ug”(t), i =1, .., 41}, o Lt <ty
We shall prove that the left-hand side boundary condition of (3, 3) also holds for the
function 1,° (f) . Assume the opposite, i.e.

—mlk— (1 (to) — ¥x’) — Pi” (to) = OF (x,°(t0)) / 02° — Py (ty) = b==0  (3.6)

Consider the solution Zx (£), t, < ¢ < t;; of the system (1, 5) with the initial con-
dition z, (15) = x;° (t,) + be corresponding to the controlling set {et;;° (£), ua (1),
i=1,...,n+ 1}. By virtue of the condition (b) and the Bellman-Gronwall lem-

ma [4], the following inequality holds: i

g () — 2 (t) ”< e|blexp <cl S W1 (t)dt) v SISy,
fo

¢y = max g|z|
I l<r

From (3. 5) we have AT, —e|bJE+ o (&) 3.7
Having chosen a sufficiently small € in (3.7), we arrive at a contradiction with the opti-
mality on the set {z,° (t), au’ (), uu” (), i =1, .., n+ 1}, t, <t by
in the problem (1, 5), (1. 6),(3.4). Thus the assumption (3, 6) is invalid and the function
Py" (2) satisfies the boundary conditions (3, 3),

The following relation holds for the optimal set {z;° (), oy’ (1), wy (8), i = 1,

. .y 1+ 1} and for almost every t & [t,, ty;] :
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n+l
i;i ai” (8) H (2 (8), b (B), war” (), 8) = (3.8)

n--1

sup ? aiH (xko(t)v lpko (t)' i, t)

(@;, u;) i=1

n4-1
(Z a;=1,0,>0, u,ieU(t),izi,...,nqLi)

=1
where the operation sup is performed all (o;, u;) satisfying the conditions enclosed
within the parentheses,
Assuming the opposite and using the theorems of measurable sampling, we find the
measurable set T C [#,, t,;], mes T = § > 0 , and the measurable functions %z (2),
up 0, teT,i=1, ..., n+ 1, for which

n-41
eu >0, uumel), o=t teT
i=1
and the inequality
5 3.9
2, Qg (8) H (2 (1), 0,7 (1), g () 1) >
1—:t+1 . .
2 Qi (t) H (xko (t)l .‘pke (t); Usk (t), t), teT
holds. i=]1

Let g = T belony to the set of points of approximative continuity [10] of the func-
tion

n4-1
h(t) = Z e () H (z,° (1), b, (1), uy (1), 8) —
i=1
n+1
3 oyt H (=, (1), b, (1), v, (1), 1), t&T
i=1

which, by virtue of the Denjou theorem [10] has a complete measure on T. Consider a
family of controls {af (#), ugt (8, i =1, ..., n+ 1}, to St b, 82> 0, admissi-
ble in the problem (1. 5), (1. 6),(3.4) and obtained by almost impulsive variation of the
optimal control {a;;° (2), u;,° (0, i =1, ..., n+ 1}, 8 St < ¢ in the interval "
(to) = zp (:oz) o {(aik O uy (1), t T,
. , = ° °

(atk ( ik (aik (1), Uik ), tE ¢, tikl\Te
Let T,=1[0,0 4 &) () T be a trajectory of the system (1, 5) with the initial condition
25 (1), to St < ¢y corresponding to the control (3, 10), It can easily be shown that

i=1,...,ﬂ+1 (3-10)

1k
l a;ks () — x,.° () | XX 2ecp (2) exp (cl S u, () dt) . 0y, (3.11)
fo

By virtue of (3. 11) and the choice of the point 6, the formula (3, 5) defining the func-
tional increments yields, for a; (£) = a;;5(t), u; () = u*(®), i =1, ., n + 1, t, <

t<typ, the following relation s
n+1

a7 = —e| D @O (= O 4, (9),

i=
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b1
wig (), 0)— 3 (0) H (27 (8), b, (0). uyy? (0), 8]+ 0(e)
PES

which at fairly small e contradicts the optimal set {z,° (%), ¢;,° (@), uik’\(t), i=1,

< n 1}, tg <t <ty in the problem (1, 5),(1. 6),(3.4). Thus the inequality (3. 9)
is invalid, and this proves the validity of (3. 8),

To complete the proof of the theorem, we must show that (3, 8) implies that the con-
dition of maximum (3, 2) holds for almost all ¢ €& Ty = {t € [t,, t3,) : @y (1)
Oy,
}We assume that (3, 2) does not hold forsome t& Ty, i {1,...,n + 1}.

Then, using the conditions governing the weighing coefficients a;, i =1, ..., n 4 1,
we can write
n+1 o
D @ () H (2 (1), 0, (8), wir (8), )< sup H (2 (8), %™ (1), %, 1) <
f==1 w=U (1)
71
sup }“ i (27 (£), i° (1), us, t)
(@, uy) i=1

This contradicts (3, 8) and thus completes the proof of Theorem 3, 1.

4, Conjugate cones and generalized derivatives, ,In order to formu-
late the fundamental result, we introduce the concept of a cone K {€) conjugated at
the point ¢ & G to an arbitrary nonempty closed set (G of a finite~dimensional space,
We also introduce the associated concept of a generalized derivative (D -derivative)
D (z) foran arbitrary function ¢ (z) of afinite number of real variables, semi-continuous
from below. We consider the following sets for any point s of a finite-dimensional space:

M@ ={(€G6:ps=p0) P =1p:p= (4.1

v(s—2), 26 M(s), vy >0}
We shall call the cone K (€) conjugated at the point e & G to the set G, a closed
cone of the form Ks@)=N U PG 4.9
8>0 s—ef<d

At the point s — ¢, the cone (4. 2) is an envelope of the cone P (s) , semi~continuous
from above in the Kuratovski [8] sense, It can be shown that for smooth and convex sets
G the concept of a conjugate cone (4, 2) can be reduced, respectively, to the usual con-
cepts of a normal, and a normal cone in the sense of the convex analysis [11]. The nor~
mal cone becomes, in the Clarke's sense [12], the convex closure of the cone X (e).

Using the concept of a conjugate cone, we shall now define the [ -derivative for an
arbitrary function ¢ (z), z & R», semi~continuous from below and assuming values
on the extended straight line (— oo, o] Let us denote by £ = epi ¢ = {(z, n) €
R™*1: u > @ (2)} the supergraph of the function ¢ (z) which is a closed set in R"*1.

We shall call the D -derivative D¢ (z) of the function ¢ : R® — (— o0, oo} at
the point x, ¢ (z) < oo semi~continuous from below, a set of the form

Do (@) = {v&E R™: (v, —1)E K (z, ¢ (7))} (4.3)

where Kg (z, ¢ (z)) is the cone (4. 2) conjugated to the supergraph £ = epi ¢ (C R*"!
at the point (z, ¢ (x)).
Thus the I} ~derivative of the function semi=-continuous from below on R™, is a multi~
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valued mapping of the space R™ onto the set of its closed subsets, In the case of smooth
functions ¢ (z) , the set (4, 3) consists of a single point and the meaning of the D -deri-
vative becomes that of the classical analysis, If @ (z) is convex on R~ then the D-
derivative (4, 3) coincides with the subdifferential d¢(z) in the sense of the convex ana-
lysis [11]. The generalized Clarke's gradient [12] can be obtained using the construction
(4. 2) in which the conjugate cone Ky (z, ¢ (z)) is replaced by its convex closure, i, e,
by the cone normal in the Clarke's sense.

We note that the sets K (¢) and D¢ (x) can become convex even in the simplest
cases, For example,for ¢ (z) = — | 2|, £ & R, we have D¢ (0) = {—1; 1}.

5§, The fundamental result, We shall formulate and prove the fundamental
result of this paper, namely, the maximum principle in the problem of the time optimal
response with nonsmooth (nonfunctional) constraints,

Theorem 5, 1, Let the assumptions (a) —(c) hold, Then the problem (1,1)—(1,4)
has no generalized solution {2° (1), &, (), 4" (), i =1, ..., n 41}, t, <t K
t,°, which would satisfy, for almost every ¢ & [t,, ,°] the maximum principle

H (@ ®),%° (1), u® (1), t) = Selbp(t)]'{ @ @), @),u, 8, i=1,.,n+1 (5.

where $° (8), {, < ¢ < t,° is the corresponding, absolutely continuous trajectory of the
system (3, 1) with the boundary conditions (transversality conditions)

W° (1), —¥° (1) € K @ (1), 2 (1), [$° (G P + ° ()P =1 (5D
Proof, Consider a sequence of trajectories x;° (t), £y < t < t3; optimal in the
approximating problems (1, 5), (1. 6),(2, 1), and the corresponding sequence of conjugate
trajectories Py~ (), tg << £ < by satisfying the conditions (3,1)—(3.3) A = 1, 2, ...
(Theorem 3, 1 guarantees the existence of such functions), We shall assume that the func-
tions z,° (t), and P (1), k& = 1, 2, ... are prolonged continuously to the whole inter-
val [¢,, ¢,°]. From the condition (3, 3) it follows that

[0 @) P+ [0 G ff =1, k=1,2,... (5.3)

In analogy with the proof of Theorem 2, 1, we can conclude that the sequence {;’ (t)},

to < t < t,° is relatively compact in the space C lty, t,°]. Let us isolate from the
sequence” {z;° (1), ¥ Ohit, <t <’ k=1,2,...,auniformly convergent
subsequence the limit {z° (£), ¥° (£))} of which is a function absolutely continuous on
ey, .°1.

From (2. 2), (3. 3),(5.3) and the definition of the conjugate cone K it follows direct-
ly that the limit functions z° (), ¥° (1), t, << t < ¢;°, satisfy the boundary conditions
(1. 3), (5. 2), Using the convexity of the set

n+-1
Q@ ¥, 0 ={(a R 9= Y af(z, u, 1),

n+1 n+1
qs = 2 aic?H(x, 1P, Ui, t)/axv (1.;>O, uiEU(t), 2! a; = 1}
i=1 i=1

and the conditions (a) — (c), we can show [8] that measurable functions «;° (¢), u;° (¢),
i =1,...,n -+ 1, can be found which satisfy, together with the limits z°(¢), ¢° (¢),
t, < t < ¢ ,the conditions (1. 5), (1. 6), (3. 1).
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Thus the set {2° (1), o;," (1), u;° (1), i ==4,...,0 4+ Ittt isa
generalized solution of the initial problem (1, 1) — (1.4). To complete the proof we must
show that the functions z° (¢), $° (t) u,” (#), i = 1, ..., n 4 1 satisfy, for almost
every I & (¢, t,] ,the’maximum condition (5, 1),

We introduce the notation

n1
lim b0 (6) = A () = sup D o (@ (0, ¥ (0, i, )
keroco (ay, u;) i=1
nﬁ;l
NSy =1, &;>0, U@, i=14,...,n4+1
=1
assuming that the whole sequence {z,° (1), ¥,° (1)}, ¥ = 1, 2, . . . converges uni-

formly on [t,, ¢} to the limit {z° (¢), ° (#)}. Using the relation (3. 8), we can show
that for almost every ¢ & [1,, zl"] we have
n+41
by (t) = 21 ap (8 H (2 (8), ¥ () wa” (8, 1), k=1,2,... (5.4)
1=
n+1
()= 3 o (OH @040, w0, 0
4
From (5.4) we can conclude, in analogy with the proof of Theorem 3, 1, that the control
{a. (@), u’ (), i=1,..., n-4 1} satisfies the maximum condition (5. 1) for al-
most every ' . .
tel;={slt,la ()0}, i=1,.., n+ 1.

We remove the last constraint by considering the set

V)= s U0 HEE O, ¥ @, 279 =sup H @, V), u, )}

From the conditions (a) — (c) it follows that the set V (f) is nonempty for almostevery
t € [ty, 1], and its graph Ty = {(u, 1) € Q X [t,, ,°], u & V (1)} isanana-
lytic (mod 0) subset of the space Q X [#,, ¢,°]. Using the theorem of measurable sam-
pling [6, 8] we find the measurable function u* () & V (1), t, < t < ¢,° and use it
to replace the controls u;° (1) on the sets {t,, £,°] \\ T,, i=1,...,n-+ 1. The
control set {o;° (£), u,° (1), i =1, ..., n-} 1}, <Lt L’ modxfxed in this
manner, satisfies the maximum principle (5, 1) for almost every f & [¢,, t,°] and
generates the same trajectories 2° (f) and ¢° (¢) by virtue of the systems (1, 5) and(3,1).
This completes the proof of the theorem,

From Theorem 5, 1 follows the maximum principle for the problem of the time opti-
mal response with smooth convex constraints, and the result due to Clarke [13] for the
similar problems of optimal control (with fixed time) in which the conjugated cone K
is replaced, under the conditions of transversality (5. 2), by its convex closure (normal
cone in the Clarke's sense), The Clarke's method consists of reducing the initial prob=-
lem (1. 1) — (1. 4) to the generalized biconvex Bolza problem which was investigatedin
{14] by the methods of convex analysis, Additional assumptions onthe "calmness” of the
initial problem arise in the course pursued by the above method, which are absent from
the approximation method proposed in this paper.

The proof of Theorem 5, 1 offers a glimpse into the possibility of obtaining the condi-
tion of the fundamental result (the condition of transversality (5. 2)) on account of arbi-
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trary nonempty contraction of the set /M (s) in the course of constructing the conjugate
cone (4, 1),(4.2).

13.

14,
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