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Introduction

Tracking systems are one of the main elements of technological processes in mechanical engineering,
energy, metallurgy, transport and other industries. The vast majority of control theory methods were created
and tested in relation to such systems. The theory of automatic control has come a long way from the simplest
systems to modern robust digital controllers capable of providing high control accuracy under conditions of
disturbances in a wide frequency range. Solving the problem of ensuring high accuracy of tracking systems is
hindered by two main factors, namely, the presence of elastic elements in mechanical transmissions from the
executive engine to the working body, which necessitates the presentation of the model of the engine-working
mechanism system as a two-, three- and multi-mass [1], and a load with a nonlinear characteristic, which causes
difficulties in the implementation of smooth movement of executive mechanisms [2]. Such tracking systems
form a class of systems with interval uncertainty of part of the parameters, which leads to the need to consider a
whole class of systems whose parameters are in a given area instead of one system [3]. A characteristic feature
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of this class of tracking systems is also the uncertainty of the parameters of external disturbances [4-6]. In addi-
tion, there are many possible modes of operation of tracking systems, which indicates their multi-purpose us-
age. Another feature of the considered class of tracking systems is the presence of restrictions on state and con-
trol variables, which do not allow to achieve the high control accuracy [7-9].

The presence of many different control goals leads to the need to set appropriate requirements for the
quality criteria of controlled processes [10]. As a rule, certain requirements are put forward when the system
works in transient processes with small movements. The quality criteria of transient processes are the time of
first adjustment, time of adjustment in general, re-adjustment, etc. In transient processes with large dis-
placements, the same criteria for the quality of transient processes as for small displacements are used, but
their values may differ significantly.

In addition, in stable modes when processing or compensating harmonic and random signals, as well
as when moving at low speed, own criteria for the quality of control systems are used. Thus, the next feature
of the problems of synthesis of the control system under consideration is the multicriteria assessment of the
quality of controlled processes.

A characteristic mode of operation of many control systems is the elimination of random influences,
or the compensation of random external disturbing influences of a wide range of frequencies. Recently, the
theory of stochastic robust control has been found under intensive development [9—10]. At the current stage,
the basis of this theory is the methods of minimizing the anisotropy norm, which is an effective indicator of
system quality in the presence of uncertainties in the description of the control object. Stochastic robust con-
trol systems have a number of advantages. First of all, they are robustly stable, that is, they maintain stability
when the parameters of the control object change within the limits. Secondly, they are significantly less sen-
sitive to changes in the parameters of the control object compared to optimal stochastic systems, despite the
fact that the dynamic characteristics of stochastic robust systems may slightly differ from the corresponding
characteristics of optimal stochastic systems. In view of this, the issue of designing control systems with un-
certain parameters of the control object, which work under random and disturbing influences, is relevant. A
significant increase in the accuracy of control of multi-mass electromechanical systems with uncertain pa-
rameters is possible with the use of special control algorithms, including robust methods that maintain their
efficiency in the event of uncertainty of the parameters of the control object and external influences.

The aim of the paper is to develop a method of multicriteria optimization of stochastic robust con-
trol of the tracking system in such a way that the synthesized system meets all requirements during its opera-
tion in different modes.

Synthesis of stochastic robust control

The central problem of modern theory and practice of robust control is the creation of systems capable
of functioning effectively in conditions of uncertainty of parameter values, and possibly of the structure of the
control object models, as well as under influences that disturb control signals and have measurement obstacles.
At the current stage of the development of the theory of automatic control systems, there is a need to find such
control in conditions of incomplete, unclear and imprecise knowledge of the characteristics of the control object
and the environment in which this object functions. This need arises due to the fact that the practice of design
and operation of the control systems by industrial objects showed that systems synthesized according to the
criteria of modular and symmetric optima, as well as according to the quadratic quality criterion, are sensitive
both to changes in the parameters of the control object, input characteristics, disturbing influences, and the
structure and parameters of the control object model used in control circuits.

A stochastic approach to H, — optimization of automatic control systems based on the use of the
quality criterion of the stochastic norm of the system. This norm quantitatively characterizes the sensitivity
of the system output to random input disturbances, the probability distribution of which is not exactly
known. The concretization of this approach was obtained by combining the concept of the stochastic norm of
the system and the anisotropy of the average signal [9-10], which leads to a special option of the stochastic
norm — the anisotropic norm.

Average anisotropy is a characteristic of the spatial-temporal coloring of a stationary Gaussian sig-
nal, which is closely related, on the one hand, to the information-theoretic approach to the quantitative de-
scription of chaos using the Kolmogorov entropy of the probability distribution, and on the other hand, to the
principle of finite isotropy dimensional Euclidean space.
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The anisotropic norm of the system characterizes its sensitivity to input Gaussian noise, the average
anisotropy of which is bounded from above by some integral parameter. The synthesis of anisotropic control-
lers is related to the minimization of the anisotropic norm of the objective vector of robust control. In this
case, a combination of the stochastic norm of the system and the average anisotropy of the random signal is
used, which leads to one of the options of the stochastic norm, which is called the anisotropic norm. The
problem of determining the anisotropic norm of the control system is reduced to solving the Riccati and
Lyapunov equations, and the problem of synthesizing the system that minimizes the anisotropic norm — to
the synthesis of two Riccati equations, the Lyapunov equation, and one algebraic equation.

Similarly, the state equation, the objective vector E(t) and the vector of the measured output )7(1‘)

are written in the standard form, which is accepted in the theory of robust control

Zl—fz Ax(¢)+ Byit)+ Byi(¢); (1)
2(t)= C\%(t)+ D, wlt)+ Dyii(t) ; ()
(¢) = C%(t)+ Dyyii(e) + Do (2). 3)

where W(t) is the vector of external disturbances.

When describing the system in the state space in the form of matrices 4, B, C and D, the anisotropic
norm of the objective vector is determined by the expression [9—-10]
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where P e R™" ; G is the control gramian that satisfies the Lyapunov equation
P=(4+BL)P(A4+BL) +BYB". (5)
The matrices X and L are determined by the Riccati equation with respect to the matrix R € R™"
R=A"RA+qC'C+L"Y7'L, (6)
where
1
L=5(B"Ra+¢D"C); S =(1, - B"RB—gD"DJ .

The anisotropic norm of the signal, that is, the numerical sequence, and the anisotropic norm of the
system, firstly, are calculated according to different formulas, and secondly, have different physical meaning.
The average signal anisotropy is zero if the discrete sequence is Gaussian "white noise" with a unit covari-
ance matrix. The anisotropic norm of the system does not characterize the anisotropy of discrete sequences at
the input and output of the system, but the equal sensitivity of the system on average to random input se-
quences with an average level of anisotropy. Moreover, the anisotropic norm of the system at zero anisotropy
a=0 of the input discrete sequence is equal to the norm of the system />, and at infinite anisotropy a— of
the input discrete sequence — to the norm of the system H,..

Thus, if the value of the anisotropy of the input discrete system is within 0<a<oo, then the value of
the anisotropic norm of the system is limited by the values H, and H.,, of the system norms.

At zero mean anisotropy of the input signal, the synthesis of the optimal controller that minimizes
the anisotropy norm of the system is reduced to the solution of two Riccati equations. Such an optimal ani-
sotropic regulator corresponds to an optimal regulator that minimizes the dispersion of the output signal, and
is actually a linear-quadratic regulator.

With zero average anisotropy of the input signal, which corresponds to a signal of the "white noise"
type, the anisotropic controller is an optimal stochastic controller that minimizes the norm H,.

With an infinite average input signal anisotropy corresponding to a fully determined deterministic
signal, the anisotropic controller is an optimal deterministic robust controller that minimizes the norm. With
the average anisotropy of the input signal in the range of 0<a<co, the anisotropic control occupies an inter-
mediate position between the controls that minimize the norms A, and H.,.
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Control of the system in the presence of external disturbances is considered as a differential game
between two players - nature and the regulator. The optimal strategy of the first player, the regulator, is to
obtain optimal control, and the optimal strategy of the second player, nature, is to obtain the "worst" distur-
bance in the form of parametric uncertainty of the control object [9-10]. In addition, each of the players
knows the optimal strategy of their opponent. The second player implements their optimal strategy as fol-
lows: to create the "worst" perturbation, nature takes a copy of the system and organizes its own memory
without feedback, which allows it to obtain information about the internal state of the closed system, which
is formed by the internal state of the system and the internal state of the controller.

The first player, the regulator, behaves in a similar way. In an attempt to predict the optimal strategy
of the second player, it evaluates the "worst" input based on the information it receives from observing the
output of the system. If we assume that the "worst" signal has arrived at the input, the controller organizes
dynamic feedback at the output, which provides the maximum coefficient of reduction of this interference.

In general, the synthesis problem of a robust anisotropic regulator and a robust anisotropic observer
are minimax problems, and their solutions are the corresponding saddle points in the parameter space. In this
case, it is necessary to find the "best" controllers and observers, with the help of which the anisotropic norms
of the target vector of the closed system and the observer's error vector are minimized according to the gains
of the controller and the observer.

To ensure robustness, these controllers and observers must be found for the "worst" cases in which
the anisotropic norms of the closed-loop objective vector and the observer error vector are maximized ac-
cording to the uncertainty vector of the output control object model and the noise vector in the measurement
of the system output vector. Necessary conditions for the corresponding minima and maxima of these saddle
points in the space of parameters and signals are the four Riccati equations [9-10].

The first Riccati equation is related to the search for the "worst" input of the system — the maximiza-
tion of the anisotropic norm of the closed system using the input vector to implement the "worst" case using
the vector of parametric uncertainty of the models of the original control object and external influences

Y =A'YA, +L'TIL, +Q, (7)
where
L =T1"F'YA; 1=T—F'YF, .
The second Riccati equation is related to finding the "worst" signal in the synthesis of an anisotropic

observer that maximizes the anisotropic norm of the closed system with respect to the signal vector to im-
plement the worst case of uncertainty of the signal of the measurement noise vector of the output signal

R=A'RA, +qC'C +L"Y7'L, (8)
where
T T T 1
L=Y(B"Rd, +qD’C,); = =(1,,~B'RB,)".

The third Riccati equation is related to the synthesis of an anisotropic observer, which minimizes the
anisotropic norm of the observer's error vector from the observer's gain matrix

S = 4,,SA" + BBI — AOAT 9)
where
©=C,\SCh+DD" ; A=(4,5C +BD" Jo.
The fourth Riccati equation is related to the synthesis of an anisotropic controller that minimizes the
anisotropic norm of the objective vector of the closed system using the gain matrix of the controller

T=A'TA +C/C,—~N"¥N, (10
where
¥ = BITB, + D4D,,, N =—¥"(BIT4, + D},C, ).
The use of stochastic robust regulators, which are synthesized according to a mixed criterion that in-

cludes norms H, and H., allows to obtain systems with sufficiently high dynamic characteristics with low
sensitivity to changes in the parameters and structure of objects. However, the issue of choosing the toler-
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ance parameter, which characterizes the relation between norms H, and H,, is resolved on an intuitive level.
The closer the system is to the optimal norm, the more sensitive it is to changes in the parameters and struc-
ture of models of control objects and external influences. The closer the synthesized system is to the optimal
one according to the norm H.,, the less accuracy it has, because it shows excessive "caution" and is designed
to work in the most unfavorable conditions.

One of the correct approaches to the justified choice of a mixed criterion, which includes norms H,
and H., is the construction of anisotropic regulators. In the stochastic approach to control synthesis, the sto-
chastic norm of the system is used as a criterion for the system optimality.

The distribution principle in the problem of mixed robust control does not imply independence of the
Riccati equations. Unlike classical optimization problems, the problem of evaluation synthesis and the prob-
lem of synthesis of an optimal static regulator in the form of feedback cannot be solved independently of
each other. This generalized distribution principle allows to interpret the obtained results from the point of
view of the differential games theory.

Mathematical model of the tracking system

The simplest model of the tracking system is a model of a two-mass electromechanical system, the
diagram of which is shown in Fig. 1. At the same time, the kinematic connection from the drive motor shaft to
the working body shaft is presented in the form of two moments of inertia of the motor and the working body,
connected by a nonlinear elastic element. In addition, the presence of a nonlinear dependence of dry friction as
a function of speed is taken into account on the shafts of the drive motor and the working body [11-14]. De-
spite the widespread use of AC drives, DC drives continue to be used in tracking systems due to their signifi-
cantly lower cost compared to AC drives.

A mathematical model of a nonlinear
electromechanical tracking system, taking
into account the models of executive motors
and sensors as objects of a robust control sys-
tem with the state vector x(¢) is written in the

Vinotn kel
p’+2fap+af

¥
o x, ?H 1
» gy

standard form of the state equation 2
dx(t) M, {
—t= 11 s
o =/ O.u@,0000), (1D - =
%]

where u(f) is the control; w(?) and n(?) are
vectors of the external signal and parametric
disturbances; f'is the nonlinear function. Fig. 1. Diagram-model of a two-mass electromechanical system

Mathematical model (11) takes into account nonlinear frictional dependences on the drive motor
shafts, rotating parts of the gearbox and plant, the gap between the teeth of the driving and driven gears, con-
trol restrictions, current, torque and speed of the motor, as well as the moment of inertia of the object.

The measured output vector of the output system

9(0) =Y (x(0), (), u(?)) (12)

is formed by various sensors that measure the angle, speed and acceleration of the object [3].
The objective vector of robust control

z(x(),u(), ()= Z(x(t),u(),n()) (13)

where Z nonlinear function is introduced.

Multicriteria synthesis of anisotropic regulators

The dynamic properties of the nonlinear tracking system are determined by the mathematical model of
the control object (11), measuring devices (12) and synthesized anisotropy regulators (7)—(10). Tracking sys-
tems are installed on a moving base. There are separate measuring systems for supporting and disturbing influ-
ences. Therefore, tracking systems are systems with two degrees of freedom with a combination of open-loop
and closed-loop control principles. To calculate the control, information about reference and disturbing influ-
ences is used to obtain a minimum of errors in working out the set influences and compensation of disturbances
by the system. The conditions of invariance of such systems are reduced to the minimization of the norms of
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the transfer functions of the system error according to standards and disturbing influences. Tracking systems
have different requirements for their operation in different modes [1-3]. Certain limitations are imposed on the
quality of transient processes — the time of the first adjustment, the time of adjustment in general, readjustment,
etc. The variance of the tracking error is also limited. Constraints on state and control variables must be met.
And one more requirement for tracking systems is the limitation of the error of working out the parameters and
the compensation of disturbing influences in the form of harmonic signals of one frequency or several charac-
teristic operating frequencies, as well as a range of operating frequencies in which certain conditions should be
met. For tracking systems, the characteristic mode of operation is movement at low speeds or the implementa-
tion of small movements, for this mode, the smoothness of movement is set in the form of appropriate criteria.
The reasons for the non-smooth movement of the working body at low speeds are the presence of nonlinearities
of the "dry friction" type in drives and working bodies and elastic elements between the executive motor and
the working body, which leads to jerky oscillations of the moving parts of the drive and the working body,
which is accompanied by stops and disruptions of moving parts in relation to the position of stops [9—10].

The dynamic characteristics of the synthesized system, which includes a nonlinear object (11)—(12),
which is closed by an anisotropic robust controller (10) and an anisotropic robust observer (9), are deter-
mined by the control system model, the parameters of measuring devices (12) and the objective vector (2).
For the correct value of the objective vector (2), we introduce a vector of unknown parameters, which are
matrices, with the help of which the objective vector (2) is calculated.

A multicriteria game is considered

J(R.G.)=[/,(R.G.n). /5 (R.G)....., (R.Gm)]" (14)

in which the components J(R, G, n) of the game vector J (R, G, 1) are separate quality criteria put forward for
the operation of the tracking system in different modes. The first player is a vector of matrix elements, with the
help of which the objective vector (2) is calculated, and its strategy consists in minimizing the vector of game
payoffs (14). The second player is the uncertainty vector of the system control object model (1), and its strategy
is to maximize the same payoff vector of the game (14).

The payoff vector of the game (14) is calculated by modeling the original nonlinear system (11)—(12),
which is closed by the synthesized anisotropic robust controller (10) and the anisotropic robust observer (9), in dif-
ferent modes of operation with different input signals and for different values of the tracking system parameters.

In such a closed-loop tracking system with two degrees of freedom, the stochastic robust control is cal-
culated based on the object state vector, but the open-loop forward control is calculated based on the state vec-
tor of the task models and the state vector of the disturbance models. In addition, feedback and open control are
calculated simultaneously on the basis of the iterative solution of the system of four connected Riccati equa-
tions (7)—(10), the Lyapunov equation (5) and the determination of the anisotropy norm of the system by the
expression of the special form (4), which are numerically solved using the method of homotopies, which in-
cludes vectorization of matrices and iterations according to Newton's method.

The solutions of the vector game (14) are calculated from Pareto optimal solutions [3] based on the
multi-swarm stochastic metaheuristic optimization algorithm of Archimedes [15]. The number of particle
swarms is equal to the number of components of the vector game (14). In fact, these heuristic algorithms are
a first-order random search algorithm, since it uses only the velocity of the particle - the first-order derivative
of the scalar objective function or the gradient of the vector objective function. To increase the search speed,
not only the speed is used, but also the acceleration of the change of the objective function. In this case, the
acceleration of the swarm particles is found as changes in velocities on neighboring iterations.

Special nonlinear algorithms of stochastic multi-agent optimization are used to find a solution to a multi-
criteria game from Pareto optimal solutions taking into account preference ratios. The application of the Ar-
chimedes algorithm [15] to calculate the solution of the vector game (14) made it possible to significantly reduce
the time of calculating the solution of the vector game, which is very important, because the calculation of the
components of the game's payoff vector is related to the iterative solution of a system of four connected Riccati
equations (7)~(10), the Lyapunov equation (5) and the determination of the anisotropy norm of the system by the
expression of the special form (4), which are numerically solved with the help of the homotopy method, which
includes vectorization of matrices and iterations according to the Newton method, and with simulation of system
operation in various modes and under various external influences, which requires significant computing resources.
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Results of computer modelling

The dynamic characteristics of synthesized robust systems of stochastic control with a two-mass
electromechanical tracking system are considered. Fig. 2 shows implementations of random processes of
state variables of a two-mass electromechanical system with a typical controller, and Fig. 3 — implementation
of random processes of the same state variables of the system with a stochastic robust regulator. The results
of the synthesis showed that the use of robust regulators made it possible to reduce the error of adjusting the
rotation speed of the mechanism by approximately two times.

Due to the application of the synthesis of stochastic robust control of a two-mass electromechanical
tracking system with two degrees of freedom with anisotropic regulators, it was established that the use of
synthesized regulators made it possible to increase the accuracy of electromechanical system control by re-
ducing the time of transient processes by 3—5 times.
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Fig. 2. Implementation of state variables in a system with a typical regulator:
a — engine rotation speed; b — moment of elasticity; ¢ — mechanism rotation speed
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Fig. 3. Implementation of state variables in a system with an anisotropy controller:
a — engine rotation speed; b — moment of elasticity; ¢ — mechanism rotation speed

Results of experimental studies

To conduct experimental studies, a two-mass electromechanical tracking system stand, shown in
Fig. 4, was developed.

Fig. 5 shows the diagram of the stand control system.

The first motor M1 is controlled from the converter C1 using the position regulator PR of the first
motor M1 based on the signal from the PS1 or PS2 position sensors of the first or second motors.

The second motor M2, controlled by the converter C2, creates a load moment. To simulate a random
load moment, a random signal from the random signal generator RSG is fed to the input of the second con-
verter C2 through the shaping filter SF.

mechanical plant

Fig. 4. The stand of the two-mass electromechanical tracking system Fig. 5. Scheme of the stand control system
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At the stand, experimental studies of the dynamic characteristics of a two-mass electromechanical
system with typical regulators and with synthesized anisotropy regulators were carried out. As an example,
experimental implementations of random processes of variable states of the motor shaft rotation angle con-
trol systems with a typical regulator and an anisotropy regulator are shown in Fig. 6 and Fig. 7.

-0.005

Rl

01

(7Y .

e e
Fig. 6. Experimental implementations Fig. 7. Experimental implementations of the state
of system state variables with a typical regulator: variables of the system with an anisotropic regulator:
a— anchor current of the first motor; b — moment of elasticity; a— anchor current of the first motor; b — moment of elasticity;
¢ — rotation speed of the first motor; d — angles of rotation ¢ — rotation speed of the first motor; d — angles of rotation
of the shafts of the first and e — second motors of the shafts of the first and e — second motors
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As can be seen from these figures, the maximum deviation of the angle of rotation of the shaft of the
second motor in the control system with a typical regulator is A@,=0.55 rad, and in the control system with an
anisotropic regulator, the maximum deviation of the angle of rotation of the shaft of the second motor is
A@,=0.2 rad. Thus, the use of an anisotropy regulator in the motor shaft rotation angle control system with a
random change in the load moment makes it possible to reduce the adjustment error by more than 2 times.

The adequacy of the developed mathematical models and the correctness of the results of theoretical stud-
ies of the method of multicriteria synthesis of robust control of tracking systems were experimentally confirmed
on the developed experimental plant of a two-mass electromechanical tracking system with an elastic connection
between the executive element and the working body. It was established that with the help of stochastic robust
regulators, it was possible to increase control accuracy by reducing the time of the first adjustment of the experi-
mental plant of a two-mass electromechanical tracking system by 3.1 times compared to a typical regulator.

Conclusions

1. A multicriteria optimization method for stochastic robust control of a tracking system with two
degrees of freedom with anisotropic controllers is developed to increase accuracy and reduce sensitivity to
uncertain parameters of the control object.

2. The multicriteria optimization of the stochastic robust control of the tracking system with two de-
grees of freedom with anisotropic controllers is reduced to the iterative solution of the system of four coupled
Riccati equations, the Lyapunov equation and the determination of the anisotropy norm of the system by an
expression of a special form, which are numerically solved using the method of homotopies, which includes
vectorization of matrices and iteration according to Newton's method. The objective vector of robust control is
chosen in the form of a vector game solution. The winnings of this vector game are the quality indicators that
the system should achieve when working in different modes. The calculation of the winnings of this vector
game is related to the simulation of a synthesized tracking system with anisotropic controllers for different
modes of operation, with different input signals and object parameter values. The solution of this vector game
is calculated on the basis of the multi-swarm stochastic metaheuristic optimization algorithm of Archimedes.

3. Based on the developed method, stochastic robust control of a tracking system with two degrees
of freedom with anisotropic regulators was synthesized, and it was shown that the use of synthesized anisot-
ropic regulators made it possible to increase control accuracy and reduce the sensitivity of the system to
changes in object parameters compared to existing systems.
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BaFaTOKpI/lTepiaﬂbHa Ol'lTI/lMi3aIlifl CTOXACTUYHOI'O pOﬁﬂCTHOl‘O KEepyYBaHHA CUCTEMOIO CTCIKCHHSA
'B. I. Ky3nenos, ' I. B. Bosxyii, ' O. B. Bosiomxo, > T. B. Hikitina, > B. b. Ko6nasincbkuii

'THCTHTYT €HEpreTHYHUX MAIlMH i cucTeM iM. A. M. ITigroproro HAH Vkpaiuu
61046, Ykpaina, M. XapkiB, ByJ1. KomynaneHukis, 2/10

* baxMyTCBKHil HaBYaIBHO-HAYKOBHIT PO(eCiitHO-MeJaroriunmii iHCTUTYT
XapKiBChbKOTO HalliOHANBHOTO yHiBepcuTeTy iMeHi B. H. Kapasina,
84511, Ykpaina, M. baxmyr, Byn. Hocakosa, 9a

Pospobreno bazamoxpumepianvhy onmumizayilo CMoxXacmuyHo20 podacmHo20 Kepysanhs 3 060MAa CHYNeHs-
MU C80000U CUCMEMOIO CIMENCEHHS 3 AHIZ30MPONIUHUMY PE2YISIMOPAMU O/ NIOSUWEHHST MOYHOCHI Tl 3HUNCEHHSL YyNi-
aueocmi 00 HegusHaweHux napamempis oo ’ckma. Taxi 06’ exmu po3mawio8ani Ha PyXomill OCHOBI, HA AKIll 6CMAHOGIEHT
oamuyuku Kymie, Kymosux weuokocmeu i Kymosux npuckopens. Iliosuuienns mounocmi kepyeamnHs 3 0860Md CMYNeHsIMU
€80000U BKIIOUAE KEPYBAHHSL I3 360POMHUM 36 SA3KOM I 3AMKHYMUM KOHMYPOM I KEPY8AHHS i3 NPAMUM 36 SI3KOM [ pO3i-
MKHEHUM KOHMYPOM 3a 00NOMO2010 8UKOPUCIAHHS 3a0al04ux ma 30ypylouux enaueis. bacamoxpumepianona onmumi-
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3ayis CMoXacmu4Ho2o pobaAcmMHO20 KePyBAHHS CUCTIEMU CIMENCEHHS 3 080MA CIYNEHAMU c80000U i3 AHI30MPONIIHUMU
pezyiamopamu 36e0eHa 00 IMepamusHo20 PIUEHHs CUCIeMU 3 YOMUPbOX N08 S3aHux pieHaHs Pikkami, pienauns JIs-
nYHO8A MA BUSHAYEHHS AHI30MPONIUHOI HOPMU CUCTEMU NO BUPA3Y CREYIATbHO20 8UTADY, AKULU YUCETbHO GUDIULYEMb-
Csl 34 OONOMO2010 MemMOOdy 20MOMONI, WO BKIIOYAE 6EKMOPU3AYI0 Mampuyb ma imepayii 3a memooom Hviomona.
Bexmop yini pobacmnozo kepysanms obuuciiocmocs 6 6uenadi pilents 6eKMOpHOL epu, 6eKMOpHI uepawii AKoi — ye
NpAMI NOKA3HUKU SAKOCMI, SIKUX MAE 00CAMU CUCIEMA 8 PI3HUX pedcumax it podomu. Po3paxyHox 6eKmopHux euepaulis
yiel epu noe’si3anuil i3 MOOENIOBAHHAM CUHINE3068AHOI CUCMEMU 3 AHI30MPORTUHUMU Pe2yIAMOPaMU Oisl PI3HUX PerCU-
Mig pobomu 3 PI3HUMU 6XIOHUMU CUSHANAMU | 3HAYEHHAMU napamempie 00 exma. Piwenns yiei ekmopHoi epu po3spa-
X08yI0mMbCs Ha 0CHOGT MHodcuHY [lapemo-onmumanoHux piuens 3 ypaxyeanHam OIHapHux 6iOHOWEeHb nepeas Ha OCHO-
8I Memaespucmu4Ho2o arzopummy bazamopoceoi onmumizayii Apximeoa. Ha ocnogi pesynsmamis cunmesy cmoxac-
MUYHO020 POOACMHO20 KEPYBAHHSL CUCIIEMU CIENHCEHHS 3 0B0MA CIYNEHAMU C80D00U 3 AHI30MPONIIHUMU Pe2yaAmOopa-
MU ROKA3AHO, WO BUKOPUCMAHHS CUHIME308AHUX PE2YNAMOPI6 00360UN0 NIOSUWUMU MOYHICIb KEePYBAHHS CUCMEMOIO,
SMEeHWUmMuU 4ac nepexionux npoyecie y 3—5 pasie, 3meHwumu oucnepcito NOMunox y 2,7 pasu, 3HUUMU 4ymaugicmo
cucmemu 00 3MIHU NAPaAMempie 00 ’€Kma y NOPIGHAHHI 3 MUNOBUMU PeYIANOPAMU.

Knrouoei cnosa cucmema, cmedicennst, cmoxacmuune pobacmue KepysanHs, 6a2amokpumepiaibHa onmumizayis.
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