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The paper concerns the linear differential game
of approaching a cylindrical terminal set. We
study the case when classic Pontryagin’s condi-
tion does not hold. Instead, the modified consid-
erably weaker condition, dealing with the func-
tion of time stretching, is used. The latter allows
expanding the range of problems susceptible to
analytical solution by the way of passing to the
game with delayed information. Investigation is
carried out in the frames of Pontryagin’s First
Direct method that provides hitting the terminal
set by a trajectory of the conflict-controlled pro-
cess at finite instant of time. In so doing, the
pursuer’s control, realizing the game goal, is
constructed on the basis of the Filippov-
Castaing theorem on measurable choice. The
outlined scheme is applied to solving the prob-
lem of pursuit for two different second-order
systems, describing damped oscillations. For
this game, we construct the function of time
stretching and deduce conditions on the game
parameters, ensuring termination of the game at
a finite instant of time, starting from arbitrary
initial states and under all admissible controls of
the evader.
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Introduction. A number of efficient methods for making
decision under conditions of conflict and uncertainty are
created in the theory of dynamic games. They are origi-
nated in fundamental works of R. Isaacs [1],
L.S. Pontryagin [2], N.N. Krasovskii [3], L. Berkovitz [4],
A. Friedman [5], O. Hajek [6], B.N. Pshenitchny [7] and
their disciples and based on various mathematical ideas
respective to availability of information to opposing sides
in the course of game There exists a wide range of me-
chanical, economical and biological processes which can
be described by dynamic systems of various kinds, in par-
ticular, by the ordinary differential, difference, difference-
differential, integral, integro-differential, partial differen-
tial and fractional equations, depending on the process
nature [8-11]. Any disturbance, counteraction or uncer-
tainty readily leads to game situation. The book [12] con-
tains various applications of the game methods to solving
real problems.

The deciding factor in study of dynamic games is avail-
ability of information on current state of the process, its
prehistory or various kind discrimination of the counter-
part that results in the problems of pursuit-evasion by
position or in the class of stroboscopic, quasi-
or g -strategies.

It was shown that the dynamic game of pursuit with
variable information delay is equivalent to certain perfect-
information game with the changed dynamics and termi-
nal set [13], [14]. On the one hand, it opened up possibili-
ties for application of classic methods to analyze the
games with delay of information. On the other hand, it
made feasible solving problems which are not susceptible
for analysis by known methods.

Pontryagin’s condition [2] underlying the First Direct
method was developed to solve the linear differential
games of pursuit. It reflects an advantage of the pursuer
over the evader in control resources in terms of the game
parameters. However, there is a number of cases in which
this condition does not hold, e.g. the problems of soft
meeting (simultaneous coincidence of geometric coordi-
nates and velocities of objects), pursuit problems for
oscillatory processes or different inertia systems etc
[15-17].
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Analysis of Pontryagin’s condition, performed by Nikolskij in [15], enhanced its understanding and
contributed to its modification [18]. Establishment of close relation of the modified condition with the
transition from the original game with perfect information to an auxiliary game with delayed information
[19] gave impetus to the development of efficient approach to solving the pursuit games for which
Pontryagin’s condition does not hold [20-21]. This approach is usually referred to as the principle of time
stretching.

The essence of the time stretching principle lies in the abandoning fresh information about the current
control of the evader for the pursuer. It is assumed that information about behavior of the evader arrives
with delay, being function of time. In essence, the transition is made from the original game with complete
information to the game with the same dynamics and the terminal set, yet with special kind information
delay. This delay is a function of time, decreasing as the game trajectory approaches the terminal set and
vanishing as it hits the target. The central idea of the time stretching principle consists in introduction of
certain function, called the time stretching function, in which terms the time delay is expressed in explicit
form. The obtained game with delayed information is analyzed on the basis of its equivalence to the per-
fect-information game with the changed dynamics. An important point is that Pontryagin’s condition for
the latter involves the time stretching function.

The time stretching principle proved its efficiency in solving the problems of soft meeting in various
cases of second-order dynamics, for which formula for the time stretching function is deduced in explicit
form, in their number, for oscillatory processes and in the case of different-kind dynamics of the players
[21]. Simple conditions on the games parameters insuring feasibility of the pursuit termination were
inferred.

This approach was also applied to analysis of the dynamic games of pursuit, described by a system of
general form encompassing a wide range of the functional-differential systems [22]. In particular, the time
stretching principle was specified for the integro-differential game and detailed analysis of specific case of
such game was made.

Unfortunately, the problem of approach in geometric coordinates for second order systems dropped
out of our consideration. Here we try to fill this gap by considering linear systems describing damped os-
cillations. To begin with, we provide description of the above mentioned approach as applied to the linear
differential game.

1. Principle of time stretching in the linear differential game
Let the dynamics of conflict—controlled process be defined by the linear system of differential
equations

2(t)=Az(t)—u(t)+v(t), z(0)=1z,. (1)

Here zeR", A is a quadratic matrix of order n. Controls u and v are picked by the players at each
instant of time from the compacts U and V , respectively.

We will analyze the game, standing on the pursuer side (u) which goal is in a finite time to bring a

trajectory of the system (1) to the terminal set M, under any admissible control of the evader (v). The

goal of evader is, with help of its control choice, to avoid a trajectory of the process from meeting the
terminal set at the finite instant of time or, if it is impossible, to maximally postpone this meeting.
It is assumed that set M, has a cylindrical form:

M, =My +M, 2
M, — being a linear subspace in R" and M — a convex compact from the orthogonal complement to M,

in R". It is assumed that z, ¢ M,,.
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Let © be the operator of orthogonal projection from R" onto L, n:R" — L. Then, hitting the termi-
nal set (2) by a trajectory of (1) at the instant t is equivalent to fulfillment of the inclusion nz (t) eM.

To achieve his goal the pursuer applies counter-controls, that is at each current instant of time he con-
structs its control on the basis of instantaneous control of his counter-part. In so doing, the players choose
their controls in a way their realizations in time be Lebesgue measurable functions [23]. We denote by
Qy, Qy the sets of Lebesgue measurable functions taking their values in U and V , appearing as the
sets of all admissible controls of the pursuer and the evader, respectively.

In what follows, the operation of geometric subtraction * by Minkowski is applied [2].

Definition 1. X# ={z:z+Y < X} = mY(X—y), XcR", YR
ye

Also, in the sequel the notion of Aumann’s integral of set-valued mapping is used [24].
Definition 2. Let F(t) be a measurable mapping, F:[t;, T]— P(R”), where P(R”) is a set of all

closed subsets of the space R". By Aumann’s integral of set-valued mapping F(t), usually denoted by
T
I F (t)dt, is meant the union, taken over all its measurable selections f (t), f(t)e F(t):
t
T
f (t)dt.

f()eF (o
At the heart of Pontryagin’s First Direct Method is condition of the same name [2], [9].

It reflects an instantaneous advantage of the pursuer over the evader in control resources expressed
through the game parameters.

Condition 1 (Pontryagin’s). Set-valued mapping W (t)=ne"U #re”V has non-empty images at all
t>0.

In the cases of failure of Pontryagin’s condition, an approach is proposed consisting in abandoning of
fresh information on evader’s control available to the pursuer. To be specific, passage is made from the
original game with complete information to the game with the same dynamics and the terminal set, yet
with special kind information delay which is decreasing as the game trajectory approaches the terminal set
and turns into zero at the moment when the game trajectory hits the target. The game with delayed infor-
mation is analyzed on the basis of its equivalence to the perfect-information game with the changed
dynamics and terminal set [19-20]. The central idea of investigation consists in introduction of special
function — the function of time stretching, in which terms the time delay is expressed.

Definition 3. By the function of time stretching we name a non-negative monotonically increasing

function of time I(t), te[0,400), 1(0)=0, I(t)>t, t>0, which can have no more than countable
number of discontinuities and all discontinuities are of the first order, absolutely continuous on the inter-

vals of its continuity, and such that  sup I(t)<+w, where A is a set of the discontinuity and
te[0,+oo)\A

non-differentiability points of I(t).

It should be emphasized that the requirement on function I(t) be continuously differentiable [18]
essentially narrows the scope of its applications.
Condition 2. There exists a function of time-stretching | (t) , such that
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W, (t) = ne®U =l (t)ne'(t)A\/ =0 Vt>0. (3)
Theorem 1. Let the differential game (1), (2) meet Condition 1 and let for the given initial state z,
there exist a finite instant of time t;:
I(t)-t t
=t (z9)=minyt>0:x e' Az, - f el -0 49 m[M +J'W1(6)d9}t® : 4)
0 0
Then the game, starting at the initial state z,, can be terminated at the time instant I(tl) under all
admissible controls of the evader.
To this end, on the half-interval [0,7,), 15 =1 (t,)—t;, we set control of the pursuer equal to u™ (6)

and on the interval [tg, o +1] it is built in the form of a measurable solution of the equation
re (1 +0) =
=1 (t,—0)me O (1 (1)~ 1(t,-0))~ oy (& - 0), Be[0]. )
Control u™ (6), 6€[0,7y), and measurable selection w,(6), 6€[0,t;], of the set-valued mapping
wl(e) are determined by Condition 1 and relationship (4). It should be noted that a measurable solution of
(5) exists by the Filippov-Castaing theorem on measurable choice [25].

Using formula (5) and the relationships (3), (4), one can deduce that nZ(to +1 (tl)) =m, meM [20].
Therefore, at the moment | (tl) the pursuer brings a trajectory of the original game (1) to the terminal set
M, for all admissible control of the evader. Thus, at the finite moment of time 1(t;) the game is termi-
nated. In so doing, on the interval [,y +1 ] the pursuer builds its control relative to the evader’s control
at the following moment of time in the past

I(t)—1(t, —0) =70 +0—(1(t, —0)—(t, -0)). (6)

This testifies that on the interval [ty,to +1 ] the pursuer constructs its control in a way as if infor-
mation on its counter-part behavior is available to with the time delay |(t, —6)—(t, —6) that at the mo-
ment 1(t,) turns into zero.

2. Approaching of two controlled oscillatory motions. Problem statement
Let us consider differential game, which dynamics is described by two linear differential systems of
second order:

K+ 20 %+7,°x=pu, xeR", |u|<1 x(0)=x, Xx(0)=%,, @)
y+20y+y,°y=ov, yeR" V<L y(0)=yo, y(0)=Y. (8)
Here X, y, are geometric states of the pursuer and the evader, respectively, u and v are their controls,
parameters p, ¢ — force coefficients, h, v, v,,p, 5 >0.
Goal of the pursuer is to achieve coincidence of geometric states of the objects at some finite instant
of time t,i.e. x(t)=y(t).
In the absence of controls influence (u=0, v=0) each of the systems (7), (8) defines free oscilla-
tions of a linear system in the presence of viscous friction [26]. The parameter y; defines the natural angu-
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lar frequency of oscillations. Here we consider the case of low viscous friction, namely, when yiz > hiz,
where h,, i=12, is the amplitude of the system oscillations. Behavior of each of the systems (7), (8),

is determined by the roots of its characteristic equation s2 + 2hs +y? =0. The damped angular frequency

of oscillations of the system with viscous friction is defined by parameter o;, o, =~/Yi2 —hi2 [26].

Thus, systems (7), (8) describe damped oscillations.
We consider the case when

W >0y, 9)
With the help of substitution of variables
X=X X=X Y1=Y, Yo=Y
we reduce the systems of equations of second order (7), (8) to the first order system for the variable

2=(%, %y, Y1, Y, ), under the initial condition z(0) =2z, =(Xo, %9, Yo, o), Z€R*".
In so doing, the terminal set transforms into a linear subspace of R*":
M ={(x1,x2,y1,y2), X1, X, Y1, Yo € R i = yl} .

Dynamics of the state variable z(t) in R*" is described by a system of equations of the form (1),

where
(@] E (@] (0]

—y?E -2hE O o)
0 0 0 E
0 O —y3E -2h,E

Here E and O are the unit and zero nxn matrices, respectively.
The sets of control U and V take the forms:

U=(0 ps 0 0),v=(0 0 0 o3),

where by S, S eR", is denoted the ball of unit radius centered at the origin.

A=

The orthogonal complement to M in R*" appears as a subspace of R*":
L ={(X1,X2, Y1, Y2)’ X1, X, Y1, Y2 €R™ 1 X =—Y1}-
The operator of orthogonal projection from R*" on L is defined by the matrix
n=(E O -E 0).
We see that the geometric coordinates of objects coincide at the moment t if and only if ©z(t)=0.
Now we proceed to finding fundamental matrices e i=12, of systems (7), (8), respectively.
To this end, we solve the following equation
K+ 20X +7,°x=0, x(0)=xg, X(0)=%,.
It is known from the theory of differential equations that solution of the above equation has the form
X(t)=Ce™ +Cpe™, X(t)=Cise™ +Cys,e, 5, =—h, Fioo. (10)
To find constants C;, C, we set t =0 into the formulas (10) and obtain:
X =Cp+Cy, X9 =G5 +C58,
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whence it follows:

S 1 . -h+oi 1 .
S-S S-S 201 20i
C,=— it Xo + 1 )'(Oz_h__wlxo+ 1_)'<0.
S5 —9; S5 —9; 2mi 201

We substitute the obtained expressions for C; and C, into formulas (10).

x(t) :(_hl tloy Xo — 1 - )'(oje(hlmli)t +£_r‘h — ol Xo + 1 . )'(Oje(r“‘*’li)t,

20y 20y 20y 20y
(1) (—h —hy + oyl B 1 o | (-h-oi)t
X(t)=(-h mll)[ 2o Xo 200 xoje +
B A~ ol 1 . (—hy+oi )t
+( hl+c01|)[ 2o XO+20)1i xoje :

Then we have

oit  —oit oyit —oyit ogit L —oit
x(t)=e™ hle I S Xo + € € %o |,
pLo 2 20l

X(t)= et {(—(hf +@12) sin (olt)xo +[—%sin oyt +cosaolt]>'<0}

it —oit oit _ —oit
Taking into account the formulas cos ot :T’ sin ot :T’ from the above expres-
i

sions we infer that

x(t) —e Nt ([isin ot +c050)1tjxo +sinmgt- XO]
0

x(t)=e™ ((_(hf +w12) sin (olt)xo +[—%sin oalt+cos<nlt]>'<0].

Thus, the fundamental matrix e of the united system has the form

A
e | © © .
0 e

Here
_ht hi . —hit Sin(’oit
e | —Lsinw;t+coswjt |E e —E
; o
oA , ,i=12. (11)
_h oo _h h .
e hit (—Y—'SlnwitJE g Mt {——'smmiucomit]E
(Di (Di

In view of the formulas (11), the set W (t) looks as follows

W (t) = e [sin ant| S+ —e M [sinw,t[S.
! ®3
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For the game in study, Pontryagin’s condition takes the form
Condition 3. The set-valued mapping W (t) has non-empty images on the whole semi-axis [0,+x),
ie. W(t)=Q vt=0.
One can observe that Condition 3 is provided by the following inequality
L et lsinyt| -~ ™ fsinw,t| >0 V>0,
51 3
It should be noted that this inequality can be fulfilled only periodically in time and under very strict

conditions on the parameters of systems (see, for example, [16].). Thus, Pontryagin’s condition does not
hold here.

3. Application of the principle of time stretching to solve the problem in study

Here we derive conditions on the game parameters insuring feasibility for the pursuer to achieve its
goal at a finite instant of time. To this end, we apply the principle of time stretching, outlined in the
previous section.

In what follows, we specify Condition 2 for the game in study and construct an appropriate function

I (t), which meets this condition. In the case under study the set-valued mapping W, (t) has the following
form.

W, (t) = e [sin oyt Sgx—— i (t)e ™ (1) [sine, I (t)[So- (12)
0y 3
Condition 4. There exists function of time stretching I(t), such that

W (t)=@ vt=>0.
Condition 4 can be reduced to the relationship which should hold on the whole semi-axis [0,+oo) :

P e sin eyt -1 (t)e ™'Y [sine, I (t)[=0, vt=0. (13)
0y 97)
Now we proceed to constructing the time stretching function | (t) , such that
[sine, | (t)|=[sinet], t[0,+e). (14)

We shall do it step by step, beginning from the half-interval {01] Let us take advantage of the
0y
relationship (14) and set
1(t)="Lt, te{o,l)
®y 0y
One can see that I(t) meets all requirements imposed on the function of time stretching, because

1(0)=0, I(t)>t for t>0 and I'(t)zﬁ. Moreover,
)

[sinw, | (t)|=[sinayt| =sineyt >0, te{o,ij .
0y

Upon substitution | (t) = 2Lt into relation (13) we obtain the inequality
97)
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_h, 2Lt
P e sinayt| -2 e for [sinet|>0. (15)
0, Wy 0
The latter yields the relationship
—h, Lt
Pt OO o e 5 (16)
0y 0 0
Let us assume that the following conditions on the game parameters are fulfilled
O @2 (17)
b by
(o)
P2 (18)
)

It is evident that, under these conditions, inequality (16) is fulfilled and Condition 4 holds on the

half-interval {OEJ Using similar considerations, we build the function of time stretching on the next
0y

half-interval {iﬁj :
0

|(t)=&t+1,te[l,2—nj.
Wy 0 0 O

And, finally, continuing the construction in analogous way, we obtain the formula of time stretching
function on the entire time semi-axis [0,+oo) :

! (t):S—zH(k 4)%, te{(k —1)m£1,ki} L k=12,..... (19)

It should be emphasized, that constructed function of time stretching I(t) has discontinuities at the
points Kk , k=1,2,.... Nevertheless, it meets all requirements of Definition 3.
Oy

Using the previous reasoning we come to the following conclusion. If conditions (9), (17), (18) on the
game parameters are fulfilled then for the time stretching function (19) Condition 4 holds true. Thus, the
first assumption of Theoreml concerning existence of the appropriate time stretching function, is fulfilled.

We now show that for all initial states of the conflict-controlled systems (7), (8) there exists a finite
moment of time t;, such that the assumption (4) of Theorem 1 holds true. Therewith, the set-valued

mapping W, (t) and the time stretching function I(t) are given by the formulas (12), (19), respectively.
To begin with, we prove existence of the moment t;, defined by the formula

t
ez, « [w; (6)de. (20)
0

Let us set control of the pursuer u®(0)=0, 0e[0,7)), where ty=1(t)—t. Then, t, is the first
moment t, at which the following inclusion is fulfilled:
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- i X
(ehzt[h_zsincozHcoswzt], MJKVOJ_ efht(ﬁsinmlucoswltj, sin (01'[][ 'oj
O] 3 Yo ! = o

t
e [w; ()do. (21)
0

As time t grows, the vector, standing at the left-hand of the inclusion (21), does not leave certain ball

rS, rSeR", of radius r, centered at the origin. From previous considerations there follows that the set,
standing at the right-hand side of the inclusion (21) has the following form
o

t t 0
Jwi(e)de= [ %e‘“ﬁ—@%mﬂze “o2 " lsin,0]d0-S .
0 0

By virtue of conditions (9), (17) and (18), Wy (t) contains the set

t
8] (¢ ~h0 |
o ——— [|e T [sine6do-S,
(0312 wzzjg | |

t
_ {%L/wl
Wl(t):%[%_iz} ST e Msinwod0-5.
W 0 k=1 0

Here by the sign [.] is denoted the integer part of a number. It is easy to show that the set VVl(t)

presents itself the ball
o o, )| /oy

As t — +oo this ball tends to the ball of infinite radius centered at the origin. Therefore, at some finite
moment of time t, the set W (t) absorbs the ball rS and the inclusion (20) holds true.

Hence, both assumptions of Theorem 1 are fulfilled. From this theorem there follows that the pursuer
can achieve meeting with the evader at the finite moment of time 1(t,), for arbitrary initial states and all

admissible controls of the evader. In so doing, the pursuer constructs its control on the basis of control of
the evader in the past.

Conclusion

On the basis of equivalence of the linear differential game of pursuit with variable delay of
information to certain perfect information game we substantiated the time stretching principle to study
linear game problem of pursuit with complete information, for which classic Pontryagin’s condition,
reflecting an advantage of the pursuer over the evader in control resources, does not hold. The time-
stretching modification of Pontryagin’s condition, forms a basis for the time stretching principle. The
definition of the time stretching function, introduced in the paper, made it feasible to expand the range of
problems susceptible to analytical solution, in particular, at the account of the oscillatory systems. Using
the time stretching principle we deduced sufficient conditions for guaranteed meeting at a finite instant of
time of the objects, performing damped oscillations. They have forms of simple relationships for system
parameters and make it feasible to achieve the game goal, under arbitrary initial states of the players and
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for all admissible controls of the evader. The time-stretching principle offers promise as an efficient tool
for probing complicated problems of conflict counteraction of moving objects.
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ONE GAME PROBLEM FOR OSCILLATORY SYSTEMS

Ksenia I. Rastvorova,
student, The National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute".

YIAK 517.977
I'.1I. Yukpiii 1 *, K.I. Pacteoposa ?
IIpo oaHy irpoBy 3a1a4y AJisi KOJUBHUX CHCTEM

 Inemumym xibepuemuxu imeni B.M. I'nywixoea HAH Ykpainu, Kuis
2 Hayionanvnuil mexuiunuii ynieepcumem Yrpainu «Kuiscoxuii nonimexuiunuii incmumym imeni Izops Cikopcbkozon
N I .

Jlucmysanus: g.chikrii@gmail.com

Beryn. B poboti posrisigaerscs irpoBa 3amava mpo 30JIKEHHS KOH(IIKTHO-KEPOBAHOTO IPOLECY 3
TEPMIHAILHOK MHOXHHOK IWJIIHIPUYHOTO THIY y BUMAJKY JWHAMIKH, IO OMUCYETHCS CHCTEMOIO JiHIHHUX
JudepeHnialbHUX piBHAHB. [IpoBeaeHuit ananis poii kiacuuHoi ymoBH JI.C. IToHTpsriHa npu po3B's3aHHi Li€l
3a1a4i IpSIMUMH METOJIaMH, 30KpeMa OJTHONMEHHUM IMEePIIUM MPSIMHM MeToJ0M. JIOKJIaTHO TOCIIKYEThCS iT-
poBa 3a7a4a Ipo 30/1MKEHHS IBOX 3racalouiX KOIHUBaHb.

Mera po6oru. Ha Ga3i ekBiBaJeHTHOCTI JIiHIHHOT AudepeHIiabHOT TPH 13 3MIHHUM 3ali3HEHHAM iHOp-
Mauii rpi 3 NOoBHOW iH(opMali€l0 OOIPYHTYBAaTH NPHUHIMII PO3TATY 4Yacy JUIS BUpILIEHHS 3a/ad 3 IOBHOIO
iHpopMmamiero, A IKUX He BUKOHYETHCS yMOBA IIPO IepeBary HaJl CyNPOTHBHUKOM B pecypcax KepyBaHHS.
Po3mmpuTé MOHATTS (YHKIHI pO3TAry 4Yacy Ha KJIac PO3PHBHHUX (YHKIIH 3 METOI HOro MOJaibIIOro
BUKOPHCTAHHS IIPU BUPILICHHI CKJIaIHUX ITPOBUX 3a]ad.

Pe3yabTaT. 3acTOCOBYIOUM NPHHIMII PO3TATY 4acy, Ha 0a3i mepmioro mpsmoro Meroay [loHTpsrina
OJIEpKaHi J0CTaTHI yMOBHU 30/MKEHHS B JiHIMHUX IudepeHLianbHUX irpax, Aid SKMX He BUKOHAHAa yMOBa
MUTTEBOI TIepeBark B pecypcax kepyBaHHs. OjepikaHi JOCTaTHI yMOBH BUBEICHHS TPAEKTOPii KOHQIIKTHO-
KEPOBaHOI CHCTEMU Ha TEPMiHAIBHY MHOXXMHY B CKiHUYCHHMII MOMeEHT dacy. Lli yMOBM KOHKPETH30BaHi I
irpoBoi 3aa4i mpo 30JIMDKEHHS IBOX 3Tracal0uuX KOJIHMBaHb, TUHAMIKA SIKMX ONMUCYETHCS CHCTEMaMH JIHIHHHX
JudepeHniabHUX PiBHAHL Apyroro nopsiaky. IToOynoBanuii cnoci6 kepyBaHHS IepeciilyBadya Ha OCHOBI
iHpopMallii Mpo KepyBaHHS BTiKaua B MUHYJIOMY, 1110 3a0e3neuye HoMy 3yCTpid i3 CYMPOTHBHUKOM y CKiHUYCH-
HHUIl MOMEHT 4acy, ske O KepyBaHHsS OCTaHHIHM He 3aCTOCOBYBaB, Ta IPH JOBIIBHUX IIOYaTKOBHX CTaHaX Ta
HIBUKOCTSX CYIPOTHUBHHUKIB. [TpUHIMIT PO3TATY Yacy MiATBEPHB, 10 € ePeKTUBHIM 3acO00M MPU BHUPIIICHHI
3aj1ad4, 10 He MiJAITHCS JOCIIHKEHHIO KITACHYHUMH TPSIMUMH METOIaMH.

Kawuosi cioBa: audepeniiianbia rpa, 3MiHHe 3ami3HeHHs iHopMarlii, ymoBa [ToHTpsATiHA, TPHHITUTT
pO3TATY Yacy, pi3HUIL MHOXXHH 32 MiHKOBCHKUM, 3racaroyi KOJIMBaHHS.
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