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Abstract—Features of development models and modeling of stabilization systems of ground vehicle
equipment are considered. Features of the optimal synthesis procedure for the system of the considered
type are mentioned. The main goal of the research is to study the design features of the stabilization
system with the digital control unit. Two approaches to the discretization of a system with the digital
control unit are given. Appropriate block-diagrams are represented. Analysis of sampling methods and
appropriate software is given. Possible program realizations of transfer functions in a model of the
digital control unit are discussed. Features of representation of digital filters unit are proposed.
Modelling of the stabilization system with the digital control unit was carried out. Simulation results are
represented. Transient processes on the angular rate with different ways of sampling are given. Results of
the comparative analysis of different sampling ways are shown in the tabular form. The obtained results
can be useful for designing control systems of the wide type.

Index Terms—Digital control unit; digital filter; discretization; ground vehicle equipment; stabilization

system.
I. INTRODUCTION

The creation of new perspective systems for
stabilization of ground moving vehicles is
increasingly important. The development of such
systems requires the applying methods of analysis
and synthesis. A significant number of such methods
are focused on linear systems. It should be noted that
the results of simulation of a linearized model
coincide with the results of simulation of a more

accurate and complex nonlinear model in many IL

situations.

Also, the process of creating a model focused on
a real system is quite complex and can lead to errors
comparable to the errors of linearization [1].

The first method of A. M. Lyapunov can be taken
as a theoretical basis for the possibility of using
linear models for the synthesis of control systems.

According to this method, the stability of a
nonlinear system can be researched as a first linear
approximation under the condition of smooth linear
characteristic [2].

It should be noted that the widely developed
apparatus of software tools for analysis and
synthesis of designing optimal systems (Control
System Toolbox, Robust Control Toolbox) is based
on linear time-invariant models.

Using this approach, it is necessary to satisfy the
technical requirements for the system with some

margin taking into consideration unaccounted
nonlinearities.

Extensive use of computing tools is a modern
trend in the design of control systems of a wide class
in general and stabilization systems in particular.
These reasons condition the need of developing
models and simulation of stabilization systems with
a digital control unit. At the same time some features

are need.

ANALYSIS OF PREVIOUS STUDIES AND PROBLEM
STATEMENT

Approaches to the parametric optimization of
control systems of moving vehicles are represented
in many textbooks and papers, for example [3].

Theoretical ~ fundamentals of  calculating
procedures for optimal synthesis of robust aircraft
control systems based on the mixed H,/H,

approach are given in [3], [4]. This approach takes
into consideration requirement to both robust
performance and robustness of the synthesized
system at the same time.

The algorithm of the synthesis of the systems
assigned for stabilization of measuring-observation
equipment operated on ground vehicles [5]. The full
mathematical description of the stabilization system
of ground vehicle equipment is represented in [6].
Analysis of the basic linearities of this mathematical
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description and approaches to linearization of the
model are given in [7].

Features and results of simulating stabilization
systems of ground vehicle measuring-observation
equipment with continuous control unit are
represented in [8]. Software for simulation of
stabilization ~systems of ground measuring-
observation equipment were researched in [9].

Ways of discretization of continuous control
systems are described in many publications, for
example, [10]. The possibilities of modern computer
technique for discretization of continuous systems of
the wide class are researched in [11]. Development
of the stabilization system with a discrete control
unit requires researching new approaches and
specific research.

The goal of this article is determination of
approaches to simulation of the stabilization system
of ground vehicle equipment with a digital control
unit and representation of simulation results based
on these approaches.

III. FEATURES AND RESULTS OF SIMULATION
OF STABILIZATION SYSTEM WITH DIGITAL
CONTROL UNIT

The problem of parametric optimization of
systems of motion control of the wide class in
general and stabilization system in particular
requires using quality criteria in three aspects.
Firstly, solving this problem requires forming the
objective function. Secondly, optimization problems
of the studied type require using a penalty function.
Thirdly, a feature of these problems is the necessity
of analysis of the obtained results with using various
quality criteria.

Synthesis of system resistant to disturbances can
be based on minimization of the H_ -norm of the

matrix transfer function of the closed-loop control
system. It is known also approach, which is based on
minimization of the H,-norm of the matrix transfer
function of the closed-loop system that characterizes
the accuracy of the system. It should be noted that,
from the point of view of implementing calculation
algorithms, H_ -optimization is more complex in
comparison with H, -optimization. This is caused by
the necessity of using a search procedure. Methods
of synthesis based on minimization of H,-norm
provide the high accuracy of the synthesized system
but such a system stays sensitive both to external
disturbances and parametrical disturbances of the
stabilization plant. Application of the H_-norm
allows providing system stability to the external
disturbances in conditions of structured and non-

structured parametric uncertainties. Optimization by
ecach of approaches has definite advantages. But
optimization by the mixed criterion provides
combination of the above-mentioned advantages [3],
[4]. In this case, the synthesized system will be
characterized by the optimal quality in conditions of
functioning under influence of disturbances.

Researching stabilization systems with digital
control units is of great importance due to the
widespread application of digital computing devices
in modern control systems in general and
stabilization systems in particular.

In such a system, a digital control unit is based
on the computer or microprocessor. The stabilization
plant is considered to be continuous. At the same
time, the digital control unit of the stabilization
system implements a law of stabilization and control
of stabilization plant angular motion. Hence, a
continuous stabilization with a digital control unit
represents a hybrid system. There are two
approaches to researching such a system [12].

In the first case, to research a system, it is
necessary to transform a model as a single discrete
mathematical description of both the stabilization
plant and the digital control unit.

In the second case, researching a continuous
system and, respectively, synthesis of continuous
stabilization laws is carried out. Further
transformation of continuous laws into discrete is
implemented. Moreover, research of dynamics of the
obtained continuous-discrete system is necessary.
The second approach is called “a method of
continuous models” [12]. It is convenient to use the
second approach for solving problems of the
synthesis of digital stabilization systems having
analog prototypes.

It should be noted that the development of
methods of researching modern control systems in
general and stabilization systems, in particular, is
impossible without using means of automated
design. Usually, the process of designing complex
control systems at early phases of development
requires using two types of mathematical models
such as linear and non-linear. Linear models are
necessary for carrying out procedures of analysis
and synthesis of the designed system. Non-linear
models allow us to simulate stabilization processes
similar to functioning real systems. Furthermore,
non-linear models provide checking results of
appropriate procedures of analysis and synthesis.

As is stated in [13], MATLAB is the most
qualified tool for simulation of the system of the
researched type. The linear models in MATLAB can
be developed based on of Control System Toolbox,
Robust Control Toolbox. Nonlinear models can be
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created using Simulink. Taking into consideration
these features, it is possible to develop a technique
of creating stabilization system with digit control
unit. This technique includes following steps.

1) Determination of basic principles of
developing stabilization system with the digital
control unit is implemented. Having the experience of
previous developments, it is advisable to determine
the principles of synthesis of a stabilization system
with a continuous control unit with its subsequent
conversion into digital control unit.

2) Parametric or structural and parametric
optimization of the linear stabilization system with
the digital control unit based on procedures of the
optimal synthesis with discretization of stabilization
plant is carried out. The used software includes
Control System Toolbox and Robust Control
Toolbox, which are components of MATLAB.

3) The analysis of performances of the
synthesized digital stabilization system taking into
consideration nonlinearities inherent to real systems
is performed. The analysis is carried out based on
the continuous stabilization plant with simulation of
analog-digital and  digital-analog conversion
processes using Simulink Toolbox of the system
MATLAB. At this step, simulation of basic
autonomous tests using the non-linear model of the
synthesized stabilization system taking into
consideration nonlinearities inherent to real systems.

The development of stabilization systems based
on the continuous prototype is of great importance
for devices of the researched type. Such an approach
allows us to use previous achievements in the
creation of stabilization systems of ground vehicle
equipment. Moreover, in some cases, it is necessary
to create digital filters on the basis of continuous
analogs. To solve this problem, it is proposed to
develop the mathematical model of the stabilization
system with the continuous control unit by means of
transfer functions, for example, using known
analytic dependencies for separate electrical
schemes. This process is sufficiently difficult. The
correctness of the analytic representation must be
checked by appropriate tests using the tested bench.
In this case, it is convenient to use modern systems
of simulating electronic devices, for example,
Electronics WorkBench or MultiSIM, which allow
us to determine logarithmic amplitude-frequency
characteristics of transfer functions of electrical
schemes. Further, it is necessary to compare the
obtained characteristics with similar characteristics
of transfer functions obtained in an analytical way,
for example, by means of MATLAB. After the
representation of the continuous control unit in the
form of the mathematical model on the basis of

transfer functions, it is possible to implement
conversion in the discrete unit by means of
z-transform using MATLAB software. The choice of
the method and period of discretization is
implemented on the basis of the necessary accuracy
of conversion that can be estimated by the degree of
coincidence of logarithmic amplitude-frequency
characteristics of discrete transfer functions with
similar characteristics of continuous transfer
functions. It should be noted that the digit transfer
function of the integrator. In this case, it is
convenient to use the bilinear transform, which is
sufficiently accurate.

The above-mentioned approach includes the
following sequence of operations.

1) Simulation of the electrical circuit diagram of
the electronic device, for example, by means of
Electronics Workbench.

2) Plotting logarithmic  amplitude-frequency
characteristics and phase-frequency characteristics
of the electronic device in system Electronics
Workbench, and analysis of the obtained results.

3) The analytical approximation of the electrical
circuit diagram of the electronic device by the
transfer functions.

4) Checking the obtained results by tests using
the tested bench with the following plotting
amplitude-frequency  characteristics  of  the
researched electronic device.

5) The choice of sampling period based on
Kotelnikov theorem and requirements to the
hardware of the stabilization system.

6) The choice of discretization method based on
requirements to accuracy of the continuous-discrete
transformation.

7) Transformation of continuous models of
electronic devices into digital by means of the
function c2d (MATLAB).

8) Representation of transfer functions of
separate units in the form of the digital filters.

9) Plotting logarithmic amplitude-frequency and
phase-frequency characteristics by means of
MATLAB.

10) Comparison of appropriate logarithmic
amplitude-frequency and phase-frequency
characteristics with the experimental results, and
correction of the obtained transfer functions.

Results of simulation of the stabilization system
with the digital control unit on the basis of a model,
which takes into consideration all the non-linearities
inherent to real systems, are represented in Fig. 1.

The discretization of phases of parametrical and
structural-parametrical optimization and analysis of
the synthesized stabilization system have some
differences, as it is shown in Fig. 2.
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Fig. 1. Results of simulation of stabilization system: (a) is the transient process on the angular rate 20 deg/s in
stabilization mode (translation angular rate); (b) is the transient process on the angular rate 20 deg/s in stabilization
mode (absolute angular rate); (c) is the transient process of the signal, which is given from operator console in the
tracking mode; (d) is the transient process of the small-signal, which is given from the operator console; (e) is the

transient process on the absolute angle for the given harmonic rate 0.22cos(5.02t+ 7t /2); (f) is the transient process on an
absolute angle for the given speed of translation 20 deg/s in the stabilization mode
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Fig. 2. Features of sampling stages of synthesis () and analysis (b) for stabilization system with the digital control
unit: CU is the computing unit; A is the actuator; SP is the stabilization plant; MS is the measuring system; ZOH is the

extrapolator of the zero-order; Tustin is the bilinear approximation; 7' is the sampling period

As follows from the structural schemes
represented in Fig. 2, in the first case, the
discretization of the stabilization plant is carried out,
in the second case, the stabilization plant is
continuous but processes of analog-digital and
digital-analog transformations are carried out. The
necessity to carry out discretization of the
stabilization system causes key problems. Firstly, it
is necessary to determine sampling time, secondly,
we must choose a method of discretization.

There are many approaches to solving the first
problem. The most widespread way is applying
Kotelnikov theorem. The sampling time of a
continuous system must satisfy the condition [14]

S =21,

where f, is the sampling frequency; f, is the
boundary frequency.

Numerical values of these frequencies can be
chosen using experimental results. Based on the
results of experimental tests carried out during the
development of prototypes of the created system, f,

is equal to 200 Hz. Hence, the period of sampling 7,

should be no less than 0.0025 s. The similar results
can be achieved by means of an approach
represented in [15]. In accordance with this
approach, the sampling period is chosen on the basis
of the desired bandwidth by the expression

o, =27f, = (6 - 25)Aw, = (6—25)27AY,,

where Af, is the bandwidth, which in this research is

equal to 400 Hz.
Hence,

s

! <T. ﬁL or 0.000625<7, <0.0025.
4Af, Af,

The above-mentioned suppositions lead to the
necessity to choose a value of 0.0025s as the
sampling period.

It should be noted that in terms of providing
accurate requirements for transient processes, it
would be even better to use a frequency of
0.00125 s, but this choice leads to some difficulties
in hardware implementation.

Modeling based on the model of the stabilization
system taking into account the nonlinearities
inherent in real systems and the processes of analog-
to-digital and digital-to-analog transformations for
different sampling periods such as t; = 0.001 s,
T, = 0.0025 s, and 13 = 0.005 s has been shown that
the differences in the transient processes for
sampling periods t;, T, are not significant. And the
quality of transient processes of both these transient
processes is better in comparison with period 7s.
Therefore, it is convenient to choose the sampling
period 1, =0.025 s.

The sampling period of pulse-width-modulators
in the channel of control of the stabilization system
actuator is also equal to 1, =0.025s. This allows

us to decrease the influence of errors due to
information converting by means of synchronizing
frequency of renewing information in the digital
control unit and amplifier of the actuator control
channel.

In conditions of using such stabilization system
hardware as 16-bit ADC on the range of input
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control signals until 10V, the conversion of
information will be occurred with a sampling of
signals by an amplitude 0.3 mV or 0.0011 deg/ s (in
the range &35 deg/s).

Applying the representation of the plant model in
the discrete form by means of the function ¢2d , it is
possible to write the recurrent relationships of the
system as follows [9]

x(k+1)= Ayx(k)+Byu(k);
y(k) = Cx(k) + Du(k),

where x is the wvector of state variables;
A4,By,C,D are matrices of state, control,

measurements, and disturbances; u is the vector of
controls; y is a vector of measurements, here all
vectors and matrices are fixed at instants of time
kT, k=0,1,.., T, is the sampling period.

It is possible to use different methods for system
discretization and extrapolation. Control System
Toolbox implements some methods including
extrapolation of the zero (ZOH) and first (FOH)
orders, impulse-invariant discretization (IMP),
bilinear fractionally rational Tustin approximation
(TUSTIN) and with correction by frequency
(PREWARP), and method of reproduction of poles
and zeros (MATCHED) [4]. The last method can be
applied for one-dimensional systems only. During
approximation of the zero-order, signals are
approximated in the middle of the system sampling
interval by a constant equal to a value at beginning
of the sampling interval. During the extrapolation of
the first order, input signals are approximated by
straight-line segments in the sampling interval.

Robust Control Toolbox implements the
conversion of a continuous system into a discrete
system by the bilinear transformation. This can be
realized by seven methods. The most widespread
methods are bilinear transformation TUSTIN and
inverse methods of rectangles BWDREC.

The development of a discrete model of a
continuous system by extrapolator of the zero-order
is implemented in the following way. The discrete
signal u[k] enters the unit ZOH, which generates a

continuous signal u(¢) using extrapolation of every
discrete value by a constant level during one
sampling period wu(¢) =u[k] for kT <t<(k+1T,.
This signal enters the input of the continuous system
with transfer function H(s). System output y(¢) is
sampled with the period 7. As a result, the signal
y[k] is formed. More accurate transformation is the

bilinear Tustin approximation, which uses the
approximate relationship for exponent [4]

o 1+sT /2
1-sT. /2’

12

z=e€

which is used for determining the connection
between variables s and z for continuous and
discrete transfer functions. The continuous transfer
function is converted into discrete H,;(z)= H(s) by

means of substitution

z—1
z+1

2
s=—
I,

The Tustin method with correction uses the
following substitution

) z—1
tg(oT, /2) z+1

12

N

There are different forms of representing discrete
transfer functions both in the automatic control
theory and signal digital processing [4]. The
automatic control theory uses the variable z and
polynomials of the nominator and denominator are
arranged in order of decreasing degrees of these

polynomials. The variable z7' s used in signal
digital processing. This is caused by the simpler
technical implementation of this way of representing
the discrete transfer function in programming
computing devices. It is obvious that developing a
procedure of optimal parametric synthesis for the
discrete system must be carried out taking into
consideration real implementations of control units,
where the representation of transfer functions for

discrete controllers as a function of the variable z™'
is generally accepted.

In the general case, the control unit can include
both continuous and discrete units. For representing
the plant and continuous units of the discrete
controller, it is convenient to use z-transform of the
first type. Respectively, z-transform of the second
type can be used for representing units of the digital
part of the controller.

It should be noted that in the case of using
Control System Toolbox, representing transfer
function of a continuous unit into appropriate
transfer function in the form of the digital filter can
be implemented by means of two MATLAB
functions such as ¢2d (transformation of continuous
tf-models into discrete) and filt (creation of #f~model
in the form of the digital filter). The choice of the
method of discretization and extrapolation
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influences significantly on the accuracy
converting a continuous model into a discrete one.

Results of the application of the extrapolator of
the zero-order and bilinear approximation for the

of

discretization of the stabilization system of ground

vehicle equipment are represented in Fig. 4.

Table I.

Results of comparative analysis of applying
different types of discretization are represented in

TABLE 1. RESULTS OF COMPARATIVE ANALYSIS OF DIFFERENT WAYS OF DISCRETIZATION

H2

H

oo}

AA, dB

A@, deg

Continuous model

0.3182

0.1261

59.4

91.1

Model discretized by ZOH method, 7,=0.00125 s

0.4670

0.1866

50.2

91.1

Model discretized by Tustin method, 7,=0.00125s

0.3281

0.1251

59.4

91.1

Model discretized by Tustin method, 7,=0.0025 s

0.3389

0.1263

59.4

91.1
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Fig. 3. Transient process of angular rate for continuous (solid line) and discretized (dash line) stabilization systems: (a)
is the discretization by the extrapolator of the zero-order; (b) is the discretization by bilinear Tustin approximation with
sampling period 0.0025 s; (¢) is the discretization by bilinear Tustin approximation with sampling period 0.00125 s
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Hence, the Tustin method is the most convenient
for the discretization of the system of the researched
type. With regard to the study of separate units, it
should be noted that the process of integration is the
most sensitive to the choice of the sampling method.
In this case, it is necessary to use a comparatively
accurate bilinear approximation.

Both continuous and discrete models can be used
at the stage of analysis of characteristics of the
synthesized stabilization system. Such an approach
allows simulating processes similar to ones, which
occur in a real system. The possibility of using
models of saturation, nonlinearity zone, analog-to-
digital converter, and pulse-width modulator
deserves the greatest attention. The feature of
discretization at this stage is the necessity to
simulate  analog-digital and  digital-analog
conversions. The analog-digital conversion can be
simulated in accordance with the scheme
represented in Fig. 4. Such an approach provides
both the sampling of signals in time and the fixation
of the definite signal level during sampling time.

s> [L D
In - . Cut
Quantizer Zain Fara-Order
Hald

Fig. 4. The calculating scheme of the analog-digital
transform

The inverse digit-analog conversion similar to
processes that occurred in a real system can be
implemented by means of Simulink Toolbox.
Simulation of the discretization process must take
into consideration such a device of a stabilization
system as a pulse-width-modulator. The model of
this unit can be represented by the formula

1 N100%
z N ’

max

| . .
where — s which takes into

z
consideration delay of the control unit; N is the
input signal of the digital control unit; N, is the

value of the maximum digital signal. The above-
mentioned formula allows determining a width of
the output impulse relative to the input signal.
Further, the control signal of the actuator is formed
on the basis of known voltage amplitude (27 V) and
the obtained sequence of impulses using MATLAB
function square.

The digital-analog conversion can be simulated
by the calculating scheme represented in Fig. 5.

an operator,

max

12:24
hu

Digital Clodk -

Mz

n Gainl Gain2’— +

Fig. 5. The calculating scheme of digital-analog
conversion

MATLAB
Function

MATLAB Feon

Modelling based on mathematical description
including the continuous plant model and the
discrete model of the control unit provides the
simulation of the researched system.

VII. CONCLUSIONS

The basic principles of simulation of the
stabilization system with the digital control unit
assigned for the stabilization of ground vehicle
equipment are considered.

The method of representing discrete units in
conditions of the presence of continuous prototypes
is given.

The main differences in the sampling of models
of the stabilization system at the stages of synthesis
and analysis of the obtained results are represented.

The effectiveness of the proposed approaches is
confirmed by the simulation results.
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0. A. Cymenko, O. O. Camwok, C. I'. €ropos. OcodnuBocTi MoaeJr0BaHHsA HU(PPOBOI cucTteMu cradimizamii
00/1aJHAHHSA HA3EMHOI0 PyXOMOro 00’€KTa

Po3ristHyTO 0COOMUBOCTI PO3POOKH MOJEICH 1 MOJCTIOBAHHS CUCTEMHM CTaOii3alii o0agHaHHA HA3EMHHUX PYXOMHUX
00’€ekTiB. 3a3HaU€HO OCOOJMBOCTI MPOLEAYPH ONTHUMAJIBHOIO CHHTE3y CHCTEMH PO3IJIsIHYyTOoro Tuity. OCHOBHa MeTa
JIOCII/DKEHHSI — BHWBYEHHS MOXIIMBOCTI NPOEKTYBaHHsS CHCTEMH cralimizamii 3 1M(ppoBHM OJOKOM YIpaBIiHHS.
[IpexncraBneni ABa MiaXomu IO JAMCKpeTH3alii cucTeMy 3 IU(POBUM OJIOKOM YIPABIiHHS 1 JaHi BiINOBiAHI OJOK-
cxemu. JlaHO aHasi3 METOMIB AMCKPETH3allil i BiJIOBIIHOTO MporpaMHoro 3adesneueHHs. OOrOBOPIOIOTHCS MOMKIIUBI
MPOrpaMHi peaisalii mnepenaBalbHUX (QYHKIH B MOzei Ii(poBOro OJIOKY yIpaBIiHHS. 3apOIOHOBAHO OCOOIMBOCTI
nopanHs 1mppoBux ¢ineTpiB. [IpoBeneHo MopenmoBaHHsS cUCTeMH craliiizaimii 3 HUPPOBUM OJOKOM YIIPaBIiHHS.
[IpencraBneni pe3ynpTaTd MojentoBaHHsA. [IpencTaBieHi mepexifiHi NMPOLECH IO KYTOBUH IIBUAKOCTI 3 PI3HUMH
criocobamMu auckpern3anii. Pe3ynbTaTé NOpIBHSUIBHOTO aHaji3y pi3HUX CIIOCOOIB JUCKpeTH3alii NpecTaBieHi B
TabauyHid Gopmi. OTpUMaHi pe3yabTaTH MOXKYTh OyTH KOPUCHI NPHU MPOEKTYBaHHI CUCTEM YIPABIIHHS HIMPOKOTO
TUITY.
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0. A. Cymenko, A. A. Canwk, C. I'. EropoB. Oco0eHHOCTH MOeJIMPOBaAHNS M(PPOBOI CHCTEMbI CTAOWIN3ALMHU
000pyI0BaHUsI HA3eMHOT0 MOABH:KHOTO 00 BEKTA

Paccmotpensl  ocobeHHOCTH pa3pabOTKM MoAened W MOJEIHPOBAHMS CUCTEMBI CTaOMIW3alMUd  00OpYIOBAaHUS
HA3eMHBIX TOIBIKHBIX OOBEKTOB. (TMEUEHBI OCOOCHHOCTH WPOIECAYPHl ONTHMAJIbHOTO CHHTE3a CHCTEMBI
paccMatpuBaeMoro Ttuma. OCHOBHAs IeNIb HMCCIICAOBAHUS - H3YYCHHE BO3MOXKHOCTH IPOCKTUPOBAHUS CHCTEMBI
crabwin3anuu ¢ UGPOBBEIM OJOKOM ympaBieHus. [IpefcTaBicHBI NIBa IMOAXOAa K JUCKPETU3AIUH CHUCTEMBI C
IU(pPOBBIM OJIOKOM YIIPABJICHUS M JaHBI COOTBETCTBYIOIIME OJIOK-CXeMbI. J[aH aHaiu3 METONOB AMCKPETH3AIUU U
COOTBETCTBYIOIIEr0 MporpaMMmHoro obecnedenusi. OOCYXIAalOTCs BO3MOXHBIE IPOTPAMMHBIE —ITPEACTABICHUS
nepeaaTounblx (YHKIMHA B Moaenu ImdpoBoro OJioka ympaBieHus. [IpemiokeHbl OCOOCHHOCTH IPEACTaBICHUSL
mudpoBbiX (GuibTpoB. IIpoBemeHO MOJCTUPOBAHME CHUCTEMbI CTAOWIM3AalMU C HU(PPOBBIM OJIOKOM YIpPAaBJICHUS.
[IpencraBieHbl pe3yabTaThl MOACTUPOBaHUs. [IpencTaBieHbl IEPEXOMHBIC MPOIIECCHI IO YITIOBOM CKOPOCTH C Pa3HBIMU
crocobaMu  IUCKpeTH3anuu. Pe3ynbTaThl CPaBHUTENBHOI'O aHalM3a pa3jMYHBIX CIIOCOOOB  JHCKPETU3AIMU
MpeJCTaBlIeHb B TaOnuyHoi (opme. [TormydeHHbIe pe3yabTaThl MOTYT OBITH TOJIC3HBI MPU MPOCKTUPOBAHHHA CHCTEM
YIIPaBJICHHUSI ITHPOKOTO THIIA.
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