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This paper deals with the adaptive suboptimal control of linear, discrete-time,
time-invariant, minimum phase, scalar plants in the presence of nonstochastic
bounded unmeasurable disturbances whose upper and lower bounds, which may
be asymmetric, are assumed to be unknown a priori. Additional assumption is that
an order of the difference equation describing the plant is known a priori. The dis-
tinguishing feature of the problem stated in this paper is that neither bounds on the
unmeasured disturbances, nor bounds on an allowable region to which the un-
known plant parameters belong are assumed to be known a priori. To solve this
problem, adaptation procedures for the point and membership set estimation are
utilized. The standard recursive procedure with adjustable dead zone is employed
in order to derive the point estimates of unknown plant parameters together with
the point estimate of time-invariant disturbance component. The size of this dead
zone depends on the previous point estimate of the bounds on the time-varying
disturbance component and also on a fixed suboptimality index chosen by the de-
signer. The estimates generated by the point estimation procedure are directly ex-
ploited to derive the adaptive control law. The main idea advanced in this paper is
that, instead of unknown a priori membership set of these parameters, their peculi-
ar hypothetical a posteriori membership sets are designed via the use of the meas-
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ured system’s signals together with the current point estimate of bounds on the
time-varying disturbance component. Contrary to the usual membership set esti-
mation approach, this set is updated if only it is discovered that the unknown pa-
rameter vector does not belong in reality to this set. To this end, a remarkable
property of the point estimation procedure is utilized. Such an approach makes it
possible to reconstruct this set and to update the previous estimate of the bounds on
the time-varying disturbance component. The finite convergence of the adaptation
procedures and also the ultimate boundedness of system’s signals are established.
To demonstrate an efficiency of the adaptive controller and support the theoretical
study, simulation results are presented.

Keywords: adaptive control, point estimation, membership set estimation, dis-
crete-time, nonstochastic disturbance.

Introduction

The problem of a perfect performance of modern control systems with parametric
and nonparametric uncertainties remains an actual problem from both theoretical and
practical points of view. Within the framework of this scientific problem, novel ideas
have been advanced in recent work [1] dealing with the model predictive control ex-
tended last time in the modern control theory [2]. An essential progress has been
achieved by many researches using adaptive control approaches presented in [3-5]. Im-
portant theoretical results have been reported in numerous papers and generalized in
several books including, in particular, [6-9]. Some practical application of these adap-
tive control approaches for a manufacturing systems with uncertainties has been pre-
sented in [10].

There are exist stochastic and nonstochastic approaches to the adaptive control
design in the presence of unmeasurable external disturbances. The nonstochastic
approach has been advanced by V.M. Kuntsevich who studied methods for the so-
called membership set estimation of unknown plant parameters in his book [11] and
also by V.A. Yakubovich dealing with the traditional point estimation of these pa-
rameters in the book [12, chap. 4]. Their works have been extended for over last
two decades in [13, 14]. Recent results achieved in this scientific field can be found
in the papers [4, 15].

A distinguishing feature of the disturbances considered in the works above men-
tioned is that they have no probabilistic nature [12, p. 137]. Namely, their sequences do
not have any stochastic characteristics such as the expected value, variance and others.
Nevertheless, it is known [12, item 4.2.1] that, in contrast to stochastic case, the exact
identification of a plant subjected to unmeasured nonstochastic disturbances is impossi-
ble, in principle, even when the asymptotic behavior of a plant to be controlled is con-
sidered. One of the areas which attracts an attention of the adaptive control community
up-to-date remains the rejection of arbitrary bounded nonstochastic disturbances.
Meanwhile, traditional techniques for rejecting random disturbances based on stochastic
approaches become here unacceptable.

The adaptive optimal control of the linear discrete-time systems without a pure delay
in the presence of arbitrary bounded disturbances with known bounds has originally been
proposed in the paper [16]. To establish the asymptotic properties of the adaptive closed-
loop control system, the Key Technical Lemma reported in [17, p. 181] is utilized. The
adaptive suboptimal controller for rejecting nonstochastic bounded disturbance has been
proposed before by V.A. Yakubovich together with his disciple V.A. Bondarko utilizing
their Frequency Theorem [12, sec. 4.2]. It turns out that adaptive optimal and suboptimal
controls based on the point estimation without the membership set estimation are possible
if only the time delay is absent even when bounds on the disturbances are known.
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The method for adaptive robust control of the systems with bounded disturbances
whose bounds are unknown has been developed by G. Feng in [18] who has estab-
lished the ultimate boundedness of all signals in the closed-loop control system, as-
suming that a lower bound on the high frequency gain of the open-loop system and al-
S0 its sign are known a priori. However, no suboptimality of his adaptive controller
has been achieved. To cope with the absence of knowledge concerning the bounds on
these disturbances, V.A. Bondarko devised the adaptive suboptimal control algorithm
using a remarkable property of the finitely convergent estimation procedure examined
in [12, chap. 2]; see [19]. In order to implement this algorithm, certain knowledge of
a priori bounded membership set of unknown plant parameters was needed. The
adaptive suboptimal feedback controller for the first-order nonlinear plant in the pres-
ence of bounded disturbances with unknown bounds is designed in [13]. Fruitful ideas
of this paper have been extended in [14], where the problem of adaptive suboptimal
control of the first-order plant with two unknown parameters and unmodelled dynamics
is studied. One of the basic assumptions introduced in [13, 14] is that some constraints
on the allowable values of unknown parameters are known a priori. A disadvantage of
the works [13, 14, 18, 19] is that the bounds on the disturbance are assumed to be sym-
metric. This disadvantage has been overcome in [20]. Unfortunately, some a priori
knowledge of the membership set is also required to implement this algorithm.

A common feature of the works above mentioned is that they require certain
a priori information about a bounded membership set of unknown plant parameters.
Difficulties that may arise in practice are how to get suitable estimates of the
bounds on admissible parameters which will not be conservative and simultaneous-
ly to guarantee that each unknown parameter will lie within corresponding bounds.
To the best of our knowledge, the existing works do not provide an answer to this
question.

This paper proposes a new adaptive suboptimal control method to deal with ar-
bitrary bounded disturbances having unknown bounds in the absence of any infor-
mation about a priori membership set of unknown parameters. Its original version
was presented in [21] at 22nd IFAC World Congress which was held in Yokohama
(Japan) in July 2023.

1. Problem statement

Let the system to be controlled be a linear discrete-time, time-invariant single-input
single-output system with no pure delay described by

Yo+ g +---+aYin =Dl +bale n +v (B = 0), @
where y;, u; and v; denote the scalar output, input (control) and unmeasurable dis-
turbance, respectively, at time instant t. Using the backward shift operator q_1 defined
by q_lxt =X _1, rewrite (1) in the form

A@ )y, =B@ Hug +v;, 6
where A(q_l) and B(q_l) are the polynomials of the order n given as
A =1+aqt+...+a,qg ", B ) =bgt+...+b,g™".

The following assumptions about the system (2) are made:
Al) the integer n is known a priori;
A2) the system (1) is the minimum phase plant;

A3) the coefficients of A(q_l) and B(q_l) are unknown;
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A4) the disturbance v; represents the so-called nonstochastic but bounded varia-
ble [11, 12] defined by

—0 < gmin SV < gy <0 Vit 3
with possibly asymmetric lower and upper bounds, i.e., —&min # Emax;
A5) €nin and g5, are unknown a priori.
An illustrative example of nonstochastic bounded disturbance v; with asymmetric
bounds is depicted in Fig. 1 below.

Via
€max
// N Lol kN
s N h
’, \ \ _
_/: N e I g ,'.,__ ___\.‘____V
tit-\ &_ 7 L >
A :
_._/
€min

Fig. 1
Remark 1. Note that the open-loop minimum phase system (2) may be unstable, in

principle. Besides, A(q_l) and B(q_l) may not be relatively prime, i.e., the pole-zero
cancellation is valid. See [12, item. 4.2.1].
Denoting by yO a desired output of the system (1), the regulation problem when

y0 = const will be considered. To this end, introduce the ultimate performance index

J(u,v)=limsup|y® -y, |

t—x

depending on the control sequence u:={u}=uy,U,,... generated by some controller
and on the disturbance sequence v:={V;}=W, V5, .... Itis clear that

J%v) = inf J(u,v) = inf limsup|e|
uel

0 UEly  tom

where [, is the standard notation of the space of any bounded sequence, characterizes
the optimal asymptotic behavior of the output error

& =y -y @)
for a given disturbance sequence v.
Definition [19, 20]. The closed-loop control system is said to be suboptimal with a
suboptimality index & >0 if the requirement

limsup|e |< sup 0w +6 (5)

t—0 V:Vi € [€mins €max]

is satisfied for any positive 6.

Remark 2. In contrast with [12], the expression (5) defines the suboptimality index
in the additive but not in multiplicative form, and it is here essential.

With assumptions A1) to A5) in mind, the problem is to design the adaptive subop-
timal controller guaranteeing the achievement of the control goal (5) for any positive &
chosen by the designer.
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2. Optimal nonadaptive control (ideal case)

Suppose, for the time being, that the coefficients of A(q‘l) and B(q_l) are
known. To derive the optimal control satisfying the requirement

limsup|e |< sup 30w, (6)

t—>o0 V: Vi € [€min s Emax ]

write the variable v; in the following form:

where V and ¥; are the time-invariant and the time-varying components of v, respec-
tively. Due to (3) they are given as

V = (egmin +&max)/ 2-

|V |<et=0,12,... (®)
with
€= (&max —€min) ! 2- 9)

Next, substituting (7) into (1) and shifting the indices of y; and u;, one obtains

Year +3Ye +- -0 Vensa =BiUe +BaU_nyg +V + Vg (10)

Following the standard steps in deriving the optimal control of the discrete-time
systems in the presence of bounded disturbances taken, e.g., from [12], one puts

- _ 0
—a Yt~ 8 Ve g1 H DU DUy +V =Y
to get the control law
Up = by Ty% + @Y +...+ 80 Ve_nya —Bolp g — bl g V1. (11)
By virtue of (10) and the constraints (8), this control law yields
|y -y |<e vt
implying that the optimality requirement (6) rewritten as

limsup|e |<  sup 30w,

t—o0 VG e[—e, €]
will be achieved with supg. )< JO(W) <&, where (4) has been utilized.

3. Main result

Basic ideas. Return to the true situation when the components of the 2n-dimen-
sional vector 6" =[a,...,a,,by,...,b,] and also the (2n+1)-dimensional extended

vector ' :[GT, V] are unknown. According to the so-called certainty equivalence
adaptive control principle [17], replace unknown 6 by some updated estimate

etT =[ay(t), ..., ay(t), by(t), ..., b, (t), V(t)] which will be found later. Then from (11),
the adaptive control law in the form

Uy = b (O0Y® + @y (O) Yy +... 480 () Ye_ns1 —ba (OUp 1 ... =By OU_nys —V(O]  (12)

can directly be written.
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Further, recalling that the upper bound, & on {{;} defined in (9) remains unknown
(since gy, and g, are unknown), a current estimate, ¢; of & will be exploited to
devise the adaptive algorithm for updating both the parameter estimate vector
0t « R2™ and scalar &;.

Define some strip S; in the (2n+1)th Euclidean space of extended vectors

T ~ ~
0 =[al,...,an,b1,..., bn,\7] as

-
S ={0:1y; -0 ¢4 |<g}c R2n+l, (13)

where @1 :[cptT_l,l]:[—yt_l,...,—yt_n, U_g,---» W_p,1] denotes the extended re-
gression vector. It follows from (10) together with (8) that S; will contain the unknown
vector 01 =[6T, V] if SUPte 0, o) | Vi | < &

It turns out that two different cases shown in Fig. 2 are possible. In the case depict-
ed in Fig. 2 left, a current estimate ¢, of unknown upper bound & on the absolute value
of the disturbance ¥ is not less than its true value €. Then the unknown extended pa-

rameter vector § will belong to the strip defined by the expression (13). However, in
the other case depicted in this figure right when g, <¢, the unknown expended parame-

ter vector 6 may not belong to this strip.

- {e} P WH St )
T T\T‘ ‘T‘T 71 J))))
I'T‘I‘\ /(T'T n 1 {6}

Fig. 2

Now, consider some intersection written in the recursive form

Q=1 NS (14)
as depicted in Fig. 3, a, b.

3]
o

Fig. 3
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It can be understood that if 8 e;_; and also § e S; then O = (see Fig. 3, @)

whereas if 6e_; but 8¢S, then © becomes empty (see Fig. 3, b) meaning that
the set of the inequalities

|07y | <o (k=ko ko +L .. t)
with respect to unknown 6 will be incompatible. With this fact in mind, put
g =g +0/2 (15)
if it is discovered that O =, and
& =& (16)
otherwise. It is clear that the increase of the estimates ¢ s of the upper bound on | % |
cannot be infinite, since € becomes nonempty if & >sup; g o) |V |-

To avoid the case € =(J, fixa ty >0, put g, =gy 3 =...=¢ 4on (k=01..)
and consider the intersection Q[k] of the 2n+1 strips S; defined in (13) at the time
instants t=t,,t, +1,...,t +2n as

Q[K]=S; NSy 3N...N Sy, 420 (17)

Obviously, the set Q[k] defined in (17) represents a convex bounded polytope iff

the vectors (I)tk yeees (T’tk+2n are linearly independent as illustrated in Fig. 4. Its Cheby-

shev center 6° and radius rad O are specified as follows:

0° =arg min  max ||e'—e" I,
0eQ Q”GQ

rad Q= max |6 ~h(|,,
i=1,.., N

where h{ is the notation of ith vertex of © and N is the number of these vertices, and
rad QO denotes the radius of Q, | - ||2 is the Euclidean vector norm.

Fig. 4
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One of the basic ideas advanced in this paper is to utilize the set Q[k] given
by (17) as some hypothetical a posteriori membership set of unknown 6 since Q[K]

may not contain 0 in reality if &, is sufficiently small. On the other hand, the condi-

tion 6 € Q[k] will be guaranteed via a sequential increase of &, fromatime t, to some

time t, 4 for k=0,1,.... (Such an approach will be described in the subsection below.)

Adaptive law. The adaptation algorithm is implemented via the following subse-
quent steps.

Step 1. Starting from k =0, fix some initial t=t;, put & =0/2, and find the
vertices h(l),...,h(N) of Q[0] using the measured vectors ¢; at t=tg,...,to+2n.
These vectors must be linearly independent to ensure the boundedness of Q[k]. To do
it, choose arbitrarily the initial control sequence Ui , Ut 41,.-- Uy 1on SO that the

Gram’s determinants I'y satisfy

It 20 for te[ty, ty +2n], (18)
where
~T~ ~T~
(Pto Pty e (pto Pty j
Tyoj=det| o j=L.2n,
~T~ ~T ~
Pr, Plo+i - Prys jPto+]

(Note that the requirement (18) defines the necessary and sufficient condition for the
linear independence of these vectors [22, chap. 9, item 3].)

Step 2. Compute the Chebyshev center etck+2n using, e.g., [23] and the radius
of OJk].

Step 3. Choose the initial estimate Ot +2n moving it to the Chebyshev center

9?k+2n, i.e., set etk+2n = efk+2n-

Step 4. Set x; =0 at t=t, +2n, where y, denotes an auxiliary variable deter-
mined below.

Step 5. Update 6t s using the adaptive estimation procedure with the adjustable
dead zone as

f(e, g_ ,80_ -
0 01—y L) g (19)
| &1 "2
at t >t +2n+1, where
e =g +8/2, (20)

e—¢ ife>§0,
f(e & 8°) =140 if [e|]<E (0<E<3?),
e+t ife<-g°

denotes the dead-zone function caused by the identification algorithm of [12, chap. 2]
and y; is the coefficient chosen free from
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O0<y' <y <y"<2 (21)
to ensure by (t) = 0.
Step 6. If t =t then calculate y; as follows:

fa if f(e, &g, 604) =0,
At = ) ) , _ (22)
Yt + (v —ve )& | —ea)” 1@y [2°  otherwise.

Step 7. Verify the condition
% < (rad Q[K])2 (23)

If (23) is violated then put y; =0 and increase k by 1 and instead of &_; the updated
& specified in (15) exploit, reconstruct O[k] using the same initial vectors @, given in
Step 1 with updated ¢; and return to Step 2.

Remark 3. It can be proved that the violation of (23) indicates that 6 ¢ Q[k] for
given €, - This remarkable fact makes it possible to discover indirectly that the inter-

section (17) is indeed empty without performing complex computations.
Convergence and ultimate boundedness analysis. A remarkable property of the
procedure (19)—(21) leading to (23) is given in the following lemma:

Lemma. If sup <o, o) |V [< & and 0o = 0°[k —1] then

~ -2
Dot @) e e 00 [Gea |, < (rad Qk-1)2

Proof. Follows from the features of adaptive estimation procedure established
in [12, chap. 2]. o

With this lemma, the ultimate properties of the adaptive controller proposed here is
summarized in next theorem.

Theorem. Let assumptions Al) to A5) be satisfied. Then the resulting closed-loop
control system including the plant (1), the control law (12) and the adaptation algo-
rithm described in Steps 1 to 7 has the following properties:

i) the adaptive estimation algorithm determined by (15), (16), (19)—(23) together
with (13) and (17) converges at a finite time;

ii) the system signals are ultimately bounded;

iii) the suboptimal control objective (5) is achieved.

Proof. Due to space limitation, details are omitted. o

4. A numerical example and simulations

To demonstrate the features of the proposed adaptive controller, the simplest first-
order system described by

Yt —2,4¥ 1 =U_1 +%%

was considered. (Although the instability is not inherent for many industrial plants to be

controlled, firstly, for open process control systems, A(q_l) was purposely chosen to

be unstable (as in [14]), in order to show that even in such a «bady» case, the adaptive
suboptimal performance can be achieved.) In this example, the suboptimality index was
chosenas 6 =0,1.
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Before going to simulation experiments, the parameters of sets Q[k] of vectors

0 =[4.,5] k=0,1,23 for g = 0,05; 0,1; 0,15; 0,2 were calculated and summa-
rized in the Table. These sets are depicted in Fig. 5, showing that Q[3] which contains

unknown 6 is an appropriate a posteriori membership set of this vector while
Q[0], @[1] and Q[2] are not.

Table
Ordinal number k Chebyshev center Radius of Q[k]
0 [- 2,28, 1,26] 0,092
1 the same 0,126
2 the same 0,181
3 the same 0,320

Results of the simulation experiment conducted for v €[-0,2,0,2] and yO =5

are given in Fig. 6. They show the behavior of the adaptive control system in this exam-
ple. It can be seen from Fig. 6, a that if the variable y, exceeds the square of the radius

of Q[K] designed at the time instant t=t, (k=0,1, 2, 3), then by virtue of the algo-
rithm determined by (15), (16), (19)—(23) together with (13) and (17) the variable y; is
reset to zero, whereas the current estimate of the bound on disturbance increases with-
out exceeding a certain threshold €+3/2=0,25 (Fig. 6, b). One observes that the
components of etT =[g(t), b(t)] jump moving toward the Chebyshev center 6° at the
same time instants t =t as shown in Fig. 6, ¢ and d.

by
6 Qo
Chebyshev center o[l]
Q[2]
1,4 Q3]
1,2
True parameter vector 6
b_l_ 1,0 b era vt
T T v T T =
-28 -24 -2,0 a
&

Fig.5
For comparison, the behavior of nonadaptive control system with the same plant
and fixed parameters of the controller specified by 6¢ (instead of unknown 0) is pre-

sented in Fig. 7. It turned out that this control system was also stable and its output error
remained bounded. However, one can observe that the performance of the adaptive con-
trol system is essentially better than in the nonadaptive case. Moreover, it is seen that
the suboptimality property of the proposed adaptive controller is ensured (Fig. 6, €).
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Conclusion

The adaptive suboptimal discrete-time closed-loop system containing the linear
uncertain scalar minimum phase plant subjected to nonstochastic bounded disturbances
with unknown bounds in the absence of any a priori information about the membership
set of its parameters is addressed in this paper. The asymptotical features of the adaptive
controller above proposed are established. They shed some light on the possibility of
achieving any suboptimality index utilizing the adaptive controller. In future, this cont-
roller can be improved via the use of additional ellipsoid estimation procedure in order

to accelerate the adaptation process. The MIMO case will also be studied.
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Posrsimaerecst amanTBHE CyOONTHMANbHE KEPYBaHHS JIHIMHUMHE, JAUCKPETHUMH,
CTaliOHapHUMH, MiHIMAJIbHO-(Da30BUMH, CKAIPHUMU 00 €KTaMy 3a HasBHOCTI He-
CTOXAaCTHYHIX OOMEKEHHX HEBHUMIPIOBAHMX 30ypeHb, BEPXHS Ta HWKHSI MEXKI SKHX
MOXYTh OyTH acHMETPUYHHMH Ta BBaKAIOTHCS ampiopi HeBimomuMmu. JlonmaTkose
TIPHITYLICHHS TIOJSIFA€ B TOMY, IO TOPSIOK PI3HHIIEBOTO PIBHSHHSA, SIKE OIHCYE
00’€KT, anpiopi BimoMui. BiqMiHHOIO 0COOHMBICTIO TIOCTABIICHOI B CTATTI 33/1a4i € Te,
10 MEXI aHi HeBUMIPIOBAHUX 30ypEeHb, aHi JOMyCTUMOI 00JIACTi, 10 SKOT HANEKATh
HEBIIOMI MapamMeTpu 00’€KTa, He BBKAIOTHCA ampiopi Bimomumu. i BHpIMICHHS
i€l 3aa4i BUKOPUCTOBYIOTHCS AJIANTHBHI TPOIEIYPH TOYKOBOTO i MHOYKHHHOTO
ouiHroaHHs. CTaHIapTHA peKypeHTHa MPOLeAypa 3 PeryibOBAHOIO 30HOK0 HEUYTIIH-
BOCTI 3aCTOCOBYETHCS UISI OTPHMAHHS TOYKOBHX OIJIHOK HEBIIOMHX ITapaMeTpiB
00’eKTa pa3oM 3 TOUKOBOIO OIIHKOIO MOCTIHHOT KOMITOHEHTH 30ypeHHs. Po3mip wiei
30HH HEUYTJIMBOCTI 3aJIKHTh Bifl OMEPEIHBOI TOUKOBOI OLIIHKK MEX 3MiHHOI y 4aci
KOMITOHEHTH 30ypeHHs, a TaKOXK Bil (PIKCOBAaHOrO MOKa3HHWKA CYOONTHMAIBHOCTI,
BHOPAHOTo KOHCTPYKTOpoM crcteMH. OLHKH, OTPUMAaHI 32 JIOTIOMOTO0 MPOLIEAYPH
TOYKOBOTO OLIHIOBaHHI, 0€3M0CepeIHbO BUKOPUCTOBYIOTHCS [Tl OTPUMAHHS 3aKOHY
aJIANITHBHOTO KepyBaHHs1. [0JIOBHA i/iesl, BUCYHYTa B CTarTi, IIOJIATAE B TOMY, IO 3a-
MICTh HEBIZIOMOI anpiopHOi MHOKHHH HAJIGKHOCTI IMX IMApamMeTpiB BUKOPHCTOBY-
FOTBCSI IXHI CBOEPI/THI TIMOTETHYHI aroCcTepiOpHI MHOKHHH HAJIKHOCTI, PO3poOIeHi
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3a JI0NIOMOTOK0 BUMIPIOBAHUX CUTHAJTIB CHCTEMHM Pa3oM 3 IOTOYHOIO TOYKOBOIO OLiH-
KOO0 MEX 3MIHHOI Y Yaci KOMIOHeHTH 30ypeHHs. Ha BiqMiHy Bin 3BUUaifHOTO ITimXO-
Iy IO OLIHKK MHO>KMHH HAJIGKHOCTI Liel HaOip OHOBIIOETHCS JIUILIE TOAI, KOJIU BHUSB-
JISIETBCS, 10 HEBIZIOMHIT BEKTOp ITapaMeTpiB HACIPABIi He HAJICKWUTH Iil MHOMKHHI.
JU1s BOTO 3aCTOCOBYETHCS TIEBHA BIIACTHBICTH IPOLEAYPH TOYKOBOTO OLHIOBAHHSI.
Takwit miaxiz 1ae 3Mory peKOHCTPYIOBAaTH 10 MHOXUHY 1 OHOBUTH ITONIEPEIHIO OLTi-
HKY MeX KOMIIOHEHTH 30ypeHHs1, 3MiHHO] B 4aci. BcTaHOBIIEHO CKiHUEHHY 301KHICTD
MPOLIEAYpP aJIamTalii, a TaKoXX TPaHWYHY OOMEXCHICTh CHTHANiB cucteMu. s nme-
MOHCTpaIii epEeKTUBHOCTI aJallTUBHOTO PEryJITOpa Ta MiATPUMKHI TEOPETHIHOTO JI0-
CITIDKEHHS PETNPE3CHTOBaH1 pe3yIbTaTH MOJICTIOBAHHSL.

Ki1ro4oBi cjioBa: aganTHBHE KEpyBaHHS, TOUKOBE OLIHIOBAaHHSA, MHO>KUHHE OLli-
HIOBAaHHS, IUCKPETHUH Yac, HECTOXacTHYHE 30ypeHHsI.
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