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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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DEVELOPMENT OF STRUCTURAL SCHEMES AND OPERATION
ALGORITHMS FOR THE AUTOMATIC CONTROL SYSTEM
OF A MULTIFUNCTIONAL ENERGY COMPLEX

Abstract. Among the promising automatic control systems, logical-dynamic control systems that change both
the structure and parameters of the control device using switches formed on the basis of a certain logical algorithm
have proven themselves well. The use of logical algorithms as part of MACS subsystems for complex technical
objects makes it possible to increase the static and dynamic accuracy of control due to purposeful qualitative and
quantitative changes in the control signal. This approach will give the control system fundamentally new properties
that allow to fully take into account the nature and dynamics of the movement of the control object. When
developing existing logical control algorithms, the issues of their application for multi-connected and multi-
functional objects control were not considered. Common to existing logical algorithms is that when switching the
structure and/or changing parameters, only the dynamics of its own subsystem is taken into account, which is
unacceptable in the case of multi-connected dynamic object control, since cross-links have a significant impact on
the quality of control. Thus, the problem of synthesis of logical algorithms for multi-connected objects control is an
actual theoretical and applied problem. Despite the considerable amount of research conducted in this area, the
application of logical algorithms for complex multidimensional objects control is not sufficiently considered, and
there is no unified design concept for this type of MACS, taking into account the required quality of functioning in
various operating modes. In this regard, there is a need to synthesize algorithms for logical multi-connected control
that form control signals in order to coordinate the actions of all separate MACS subsystems in accordance with new
external conditions and operating modes. The problem under consideration determined the purpose of this work and
the research objectives.

Key words: structural scheme, algorithm, model, multifunctional energy complex, automatic control system,
object, automation, research methods.

Introduction. Automation of various technological processes and industries, in the modern digital
world, is very relevant in all industrial circles and areas, and this is one of the decisive factors in
increasing productivity and improving working conditions in heavy industrial conditions. All existing and
under construction industrial facilities are equipped with technical and software automation at one level or
another. The development and widespread implementation of computer technology opens up new
opportunities for control of various objects and allows the use of new technologies, including in automatic
regulation systems (ARS) and automatic control systems (ACS). It becomes quite realistic to automate the
control process, using the professional knowledge and experience of a specialist in the relevant field for
the operation of the object in various conditions and technological modes. This formulation allows to
speak about the creation of qualitatively new systems for the automation of energy complex facilities.
Such systems are based not on a complex mathematical description, but on a management strategy
developed on the basis of the production experience of a specialist in the relevant field [1].
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The main functional blocks of ACS, elements of structural schemes. Information aspect of control.

The object of the research is the MFEC control systems operating in conditions of unpredictability
and changing external environment. MFEC - as a control object is non-stationary - during its operation,
changes in the dynamic parameters of both energy subsystems and cross-links are possible, which is
caused by a change in operating modes or changes in external conditions of functioning [1]. Such
parametric changes lead to a significant change in the dynamics of transient processes in all subsystems,
which cannot be fully compensated by linear controllers. For complete and adequate control of such a
complex technical object, it is required to develop automatic control systems in the class of multi-
connected ACS, which are a set of subsystems interconnected through natural cross-links in the control
object and interacting with each other in order to achieve a common goal of functioning.

The proposed algorithms for creating an ACS controller for maintaining the level are not highly
specialized and can be used in almost any field of technology, and the outlined methodological
foundations allow to create an ACS using fuzzy logic to maintain any parameter, taking into account the
specifics of a particular unit.

The subject of the research is the control processes of technological complexes, the peculiarities of
their dynamics, methods and technical means of implementing control algorithms based on the theory of
fuzzy sets.

The goal of the work is to increase the efficiency of using energy-saturated objects by introducing
automation systems, creating control algorithms using fuzzy logic methods, researching new capabilities
of the ACS and solving practical problems in choosing the structure and parameters of such systems.

In order to achieve the goal of the work, the following tasks were set and solved:

- there was carried out the analysis of tasks arising in the control of dynamic objects; studied the
technical base, methods and tools used to solve the tasks;

- there were synthesized the structure and control algorithm of the MFEC system, carried out a
detailed analysis of the influence of the parameters of the system itself and external conditions on the
dynamics of the control system;

- there was investigated the possibility of using the apparatus of fuzzy logic for the synthesis of
control algorithms, revealed the features of the dynamics of these systems;

- there was synthesized an adaptive control algorithm for automatic adjustment of system parameters
to changing external conditions;

- there was considered the possibility of implementing diagnostic algorithms for control systems to
warn about possible accidents and proposed algorithms for conducting diagnostic tests;

- there was developed a methodology for creating control algorithms based on fuzzy logic and for
choosing the parameters of a fuzzy controller;

- based on the analysis of domestic and foreign experience, there was generalized and concretely
implemented the approach to the creation of an automatic control system in the hopper of the hydraulic
classifier of a mining dredger using the theory of fuzzy sets;

- there was showed the effectiveness of the selected algorithm.

The theoretical and methodological basis of the work consists of approaches and tools of the theory
of nonlinear dynamical systems, the theory of fuzzy sets and a computational experiment.

Structural scheme of the investigated class of MACS of complex technical objects. In this work,
the P-canonical structure is chosen as the considered class of MACS. With the chosen structure, the
interaction between the set of one-dimensional ACS is carried out through natural connections in the
control object. Let us consider in more detail the selected structure of object description as a multi-
connected control object. Let elements with transfer functions Wii(s), (i = 1,2) be the main ones, and
elements with transfer functions Wij(s) (i #J, 1, j = 1,2) - communication elements. Figure 1 shows the P-
canonical structure on the example of a two-connected object, where ui(s) (i = 1, 2) are control signals that
are input relative to a multiply connected control object, yi(s) (i = 1, 2) are output signals from a multi-
connected control object.
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Figure 1 — P-canonical structure on the example of a two-connected object

P-canonical multi-connected objects are described by the following formula:
[M(—‘]} _ [ 1 (s) ’12{5]}[ th (”'}}
ya(s) Way(s) Wals)] ua(s)

Y(s) = W(s)U(s).

This structure makes it possible to more clearly assess the influence of cross-links on the dynamics of
the subsystem and to form a control signal adequate to the current state of the entire MACS [2].

Research methods. The considered method defines an object using the individual characteristics of
the subsystems and the characteristics of the connections between them. Multi-connected automatic
control systems (figure 2), in which all connections between subsystems are carried out through a
multidimensional object, are described by the following equations:

{Y(f} = W{-)},{p}[ll(rh F("}]n
U(r)=Wpgr (PIG(" )-Y(z }]-

where G(t), Y(t), U(t), F(t) — vector of the set, controllable, and disturbing coordinate, &(t) — own control
error vector, p — differentiation operator.

or in a generalized form:

F(1)
Linear Multi-connected
controller control object
G(1) &(1) U(r) M Y(1)
Weer(p) Wovip)

Fugure 2 — Structural scheme of MACS

As an individual characteristic of a subsystem, there is used such a characteristic of a diagonal
element of a multi-connected control object, which would fully reflect the studied properties of this
element of the MACS. An example of such a characteristic is the transfer function of the subsystem in the
control mode:

Yi(s) _ Wegrii(s)Woyii(5)

D;(s)=—7"= : .
Gi(s) 1+ Wegr (s)Woyii(5)

— g4 ——
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where for each i-th subsystem, Wprgrii(s) — the transfer function of the linear controller, Woyii(s) — the
transfer function of the control object

In the general case, the connection between a group of subsystems is characterized using the
determinants of matrices of the corresponding dimensions |[Woyij(s)yij||, where yij - a discrete function:

This characteristic reflects the integral connection between a group of subsystems. In general case,
the function H(s) characterizes both the sign and the magnitude ("strength"), as well as the nature of the
connections in the group of subsystems that are connected by this multi-connected connection element. An
important feature of this approach is that when describing cross-links between subsystems, their number
does not matter. The work gives preference to a systematic approach to describing MACS based on
decomposition into subsystems and multidimensional communication elements between them.

Mathematical model of the investigated class of MACS of complex technical objects. Another
important aspect of the creation of MACS is the way of creating a mathematical model of a multi-
connected control object, which describes the dynamics of its transient processes. One of the very first
ways to describe MACS is based on the description of the behavior of the system under study in the state
space, which are expressed as a system of differential equations in the Cauchy form. In the context of this
approach, for a description in a dynamic system, there is created a matrix mathematical model that
includes matrices of input control parameters (Bnxr), of output parameters (Cmxn), of a system (Anxn)
and of a direct connection (Dmxn).

In general, for multi-connected stationary dynamical systems, the linearized equations of state in the
Cauchy normal form have the following form:

{X{I}: AX(t)+ BU(r),
\Y(t)=CX(t)+ DU(z),

where X(t)1xn —vector of states, U(t)1xr — vector of control (input) coordinates, Y(t)1xm — vector of
controlled (output) coordinates. The state space is determined by the smallest set of phase coordinates that
fully characterize the investigated complex technical object at any moment of time [5].

This approach makes it possible to develop unified methods for developing control algorithms
regardless of the physical nature of the control object. However, the use of this approach in practice is
mathematically complex and requires significant computational resources. Moreover, the abstractness of
the vector of states and the difficulty of measuring lead to the loss of "physicality." All MACS parameters
are mixed, and it is problematic to analyze the influence of the parameters on the MACS stability margins [5].

However, despite all the positive qualities, these control means are also characterized by significant
disadvantages, which include:

- small variation of the parameters of the configured regulator, which does not allow to ensure the
required quality of operation in all modes of operation,

- limited possibilities of applicability in MACS due to the fact that parametric changes in the control
system can not always compensate the qualitative changes in the control object,

- the need to comply with the adequacy of the reference model and the presence of significant a priori
information about the control object.

All of this greatly complicates the synthesis and subsequent analysis of such systems, which leads to
a rather high complexity of the application of this approach in engineering practice. Also, adaptive control
systems imply preliminary parameterization of the object. But often a priori information is not enough to
create a model of an object with an accuracy of a parameter, since the dynamics of an object is nonlinear,
which greatly complicates the creation of an accurate mathematical model of an object. In connection with
the above problems, it becomes expedient to use robust control methods, which not only allow
maintaining the stability of the MACS within certain limits, but are also characterized by less sensitivity to
changes in the parameters of the control object compared to optimal systems [7].
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Neural network control systems are characterized by a number of properties that make it possible to
create highly efficient ACS on their basis:

- the ability to train n example and to generalize data,

- the adaptation to structural and parametric changes, both of the control object and the external
environment,

- the possibility of synthesis of regulators that form a control signal based on nonlinear laws, as well
as the high stability of its structure [10].

Results of the study of the effectiveness of MACS with a double logic control algorithm. In
modern MACS, complex multidimensional technical objects in different modes of operation undergo
significant changes in the properties and parameters of a multi-connected control object, which lead to a
change in the quality of control. Let us consider a homogeneous three-connected ACS without logic
controllers, the structural scheme of which is shown on figure 3.

Multi- Y(1)
dimentional

linear controller

Multi-connected |
control object

Figure 3 — Structural scheme of the investigated MACS

In the study of homogeneous MACS, it is proposed to use an individual characteristic of a subsystem,
reflecting its properties in the control mode, and a multidimensional communication element, reflecting
the strength and nature of cross-links between subsystems. Since the considered MACS is homogeneous,
the individual characteristics of all subsystems are identical to each other and have the following form:

(< Woy,; (s }H'}'E; i [-“' )
(s)=—2 . -
l + l’j’ oV (.'!' F’i”;:m,r'” (.'!' }

where Woyii(s), Wrerii(s) — transfer functions of the control object and linear regulator as part of the i-th
subsystem, respectively. As a control object as part of the autonomous i-th subsystem, let us consider the
serial connection of the aperiodic link and the oscillatory link, which is described by the following given
transfer function Woyii(s):

=123,

KH.U

T el e . j:=l|2,3,,
(Tyes + 1!*’ ovS + 280y Toys + ]J

rt’)}'“ (‘} =

where Tum —time constant of the actuator, Kywm — transfer coefficient of the actuator, Toy — time constant of
a multi-connected control object, oy — damping coefficient of a multi-connected control object. In the
design mode, the actuator does not change the amplitude of the control signal (Kum = 2), but is
characterized by inertia (Tum = 0,1 sec.). The control object is characterized by significant inertia (Toy = 1
sec.) And a high damping coefficient ({oy = 0.9). Thus, in the design mode, the parameters of the control
object have the following preset values: Kum = 2, Tum = 0.1 sec., Toy = 1 sec., oy = 0.9. A multi-
connected control object in the design mode is characterized by the presence of both stabilizing and
destabilizing connections. The multidimensional connection element Koy, corresponding to this nature of
cross-links, in the design mode, is described by the following given matrix:

Ky Kin Ky
Koy =| Ky Ky Kyl
Ky Ky Ky
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where Kij — cross-links transfer coefficient from the j-th subsystem to the i-th subsystem. In the
design mode, the elements of the multidimensional connection element Koy have the following values:
K11 =K22=K33=1,K12=-04,K13=0.5,K21=0.7, K23 =-0.3, K31 =0, 5, K32 =-0.6. As a linear
regulator in the i-th subsystem, let us consider a given isodromic link with the following transfer function
WPETTi(s):

J'{.:I'J‘l:'f':l (5}: KPEJ" i= 1., 21 34.

where for each i-th subsystem Kpgr - the transfer coefficient of the linear controller, TPEI" - the forcing
constant of the linear controller.

Let us synthesize the parameters of a linear regulator that provides the required stability margins (by
the amplitude Orpes > 6, by the phase @rpes > 50°) and control quality (regulation time t <10 sec.,
overregulation & = 0%) in each subsystem, taking into account the influence of cross-links in MACS.
Since the studied MACS is homogeneous, it is advisable to use the generalized characteristic of a multi-
connected communication element, which is described and determines the nature and strength of cross-
links communication between a group of subsystems:

It can be seen that in the design mode, a local stabilizing negative feedback is formed between the
first and second subsystems (h12> 0), however, in the studied system as a whole, a destabilizing positive
feedback is formed (H2 <0, H3 <0).

Based on the obtained characteristics H2 and H3, we create a characteristic connection equation that
allows to estimate the stability margins in MACS [5]:

D(x,H)=1+3"  Hx' =1-0]15x% -0,15x* = 0.

Investigation of stability margins for both closed and open systems are discussed in detail in [27].
The roots x;(j = 1,2,3) of the characteristic connection equation allow to evaluate the stability of the
system by the amplitude-phase frequency response of the closed system, and the modified roots x;*(j =
1,2,3) - by the amplitude-phase frequency response of the closed system.
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The value of the roots xi and modified roots xi* are presented in table.

Roots xi and modified roots xi* of the studied MACS in the design mode

Root | x, Modified roof , x;*
1,6 1.6 2,66 2,666
-1,3-j1,57 e 20,7-0,2 ﬂu??»e"”'*
-1,3+71,57 e -0,7+j0,2 [}.?3er|f1"-

Let us calculate the parameters of the linear controller that provides the required stability margins
both by the phase and by the amplitude relative to the calculated modified roots. In order to do this, we
calculate the parameters of the linear controller, which provides for each subsystem the phase stability
margin ¢ =7y —90° , where y — the smallest argument among the modified roots xi* (in the context of the
example under consideration: y = 164 °).

The graphs of transient processes Y(t) in the investigated MACS in the design mode without a logic
controller are shown on figure 4. The simulation results show that the synthesized linear regulator
provides the required quality of control as part of the investigated MACS in the design mode.
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Figure 4 — Graphs of transient processes Y(t) in the investigated MACS in the design mode without logic algorithms

However, there is some "deflection" in the dynamics of the output coordinate due to the presence of
an oscillatory link, as well as some difference in the tempo of the subsystems. Based on the simulation
results, it can be concluded that the proposed logical controller corrects the dynamics of the output
coordinates and approves the rates of each subsystem while maintaining the required performance. Thus,
in the design mode, MACS, both without logic controllers, and with them, ensures the specified perfor-
mance indicators.

The discussion of the results. Based on the results of simulation, it has been established that the
proposed logical control algorithm, due to the formation of additional connections between subsystems,
allows stabilizing the characteristics of the studied MACS with parametric changes in the cross-links of a
multi-connected control object and ensuring high quality control at (H2 <0, H3> 0), (H2> 0, H3> 0).

The scientific novelty of the evaluation results of the effectiveness of the MACS with a double
logical control algorithm is to confirm the effectiveness of using the proposed logical control algorithm as
part of the MACS with parametric changes, the presence of pure delay and the action of various distur-
bances by the method of simulation.

Conclusions. In the course of the conducted scientific research, the purpose of which is to improve
the quality of multi-connected control of a complex technical object based on logical algorithms, all the
tasks were solved and the following results were obtained:

1. Developed the research concept and structure of MACS with a two-channel logic controller based
on the decomposition method. The proposed concept consists in the integration of a linear controller that
implements linear control laws and a two-channel logical corrector that analyzes both the nature of
subsystems and the influence on their dynamics of cross-links in order to improve the quality of control of
a multi-connected object in off-design modes. On the basis of the proposed concept, the structure of a two-
channel logic controller has been developed as part of the i-th subsystem of the MACS, which forms the
main correcting signal for controlling its own subsystem (based on the analysis of its current state and
dynamics) and an additional coordinating signal (based on a comparative analysis of the dynamics of all
subsystems as part of the MACS). The scientific novelty of the proposed concept of creating an MACS
structure with a two-channel logic controller is the formation of a control signal ui*(t) based on the
integration of the main signal ui(t) for controlling its own subsystem and an additional coordinating signal
i(t), which takes into account the influence of cross-links.

2. Conducted the synthesis of a double logical algorithm for controlling the subsystem as part of the
MACS. In the context of solving this problem, there was developed a logical algorithm for controlling an
autonomous subsystem as part of a multi-connected control object, which generates a correcting error
€i*(t) based on the analysis of both the current state and the predicted dynamics of its own i-th subsystem
based on control error signals €i(t) and its derivative €i'(t), respectively. Also, a logical algorithm for the
control of the subsystem was developed, taking into account the influence of cross-links, which forms an
artificial coordinating connection ui(t) based on the signal yi'(t) obtained on the basis of a logical
comparative analysis of the dynamics yi'(t) of its own i-th subsystem with the dynamics of yj' (t) of other
j-th subsystems. The scientific novelty of the double logical algorithm lies in the correction of the
dynamics of the subsystems together with the formation of additional artificial cross-links for the
coordination of all subsystems of the MACS.
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F. II. Kaneimoeros!, A. K. Toiiro:xunosa!, W. Wojcik?

'M. ToinbimGaes aTeiaars Kazak Keiik joHe TEIeKOMMYHUKALUIAp akaneMuscol, AnMarsl, Kasakcran;
2JT106MH TeXHUKAIBIK YHUBEpCUTeTi, [Tosbiia

KOII®YHKIIMOHAJJIbI SHEPTETUKAJBIK KEIIEHHIH ABTOMATTBI BACKAPY )KYWUECI
KYMBICBIHBIH AJITOPUTMJEPI MEH K¥PbIJIBIMJBIK TUAT'PAMMAJIAPBIH JTAMBITY

AnnHoranus. [lepcriekTHBaNbl aBTOMATTHl OacKapy >KyHWenepiHiH imiHze Oenriiai Oip JOTHKANBIK alTOpPHTM
HETIi3IH/Ie KAJIINTACKAH aXBIPATKBIII aPKbUIbI 0acKapy KYPBUIFBICBIHBIH KYPBUIBIMBIH Ja, MapaMeTpliiepiH je
©3TepTeTiH JIOTUKAIBIK-THHAMHUKAIBIK, OacKapy Ky#esnepi skakchl TaHbUIAbL. Jlorukansik anroputMmaepai ABKXK imki
XKyHenepiniH Oeiri peTinae Kypaeli TeXHUKAJIBIK 00BeKTiIepre Konaany 0ackapy CUTHAJIBIHBIH MaKCaTTHI CaIlayibl
KOHE CaHIIBIK e3repyiHe OalIaHbICThI OaCKapyIbIH CTATUKAJIBIK XKOHE JHHAMHUKAIBIK JAQJIITIH apTThIpyFa MYMKIHIIK
Oepeni. by Tocin Gackapy kyHeciHiH TaOUFaThl MEH AMHAMUKACHIH TOJIBIFBIMEH €CKepyre MyMKIiHIIK OepeTiH Oac-
Kapy JKyieciHe NMPUHIMITHAIIIBI JKaHa KacueTtep Oeperi. KosaHbICTaFbl IOTHKAIBIK Oackapy aarOpUTMICPiH 93ip-
Jiey Ke3iHJe oJjlap/bl Kell 0aiIaHBICTBIPBUIFaH JKoHE KOI(YHKIMOHANIbI HBICAHIbl OacKapyFa KOJiaHy Macelelnepi
KapacTeIppliMaraH. KosaHbICTarbl JIOTHKAJIBIK aIrOPUTMIIEPIe TOH HOPCE — KYPBUIBIMJIBI aYBICTBIPY JKoHE/ HeMece
napaMeTpiiepli e3repTy Ke3iHAe TeK O3iHIIK IMKi KyHeHiH AWHaMuKachl eckepineni, Oyl ken OaiylaHBICKaH
JTUHAMUKAJIBIK OOBCKTIHI Oackapy »KaFmalbIHAA KOJIAHCHI3, OWTKEHI aliKac cintemenep Oackapy camachlHa alTap-
neIKTal acep erexmi. Ocpunaiiima GipHee OaiIaHBICTHIPEUTFaH 00BEKTIIEP i OaCKaPYABIH JOTHKAIBIK aJTOPUTMIEPiH
CHHTE3[IEy MAceleci ©3eKTi TeOPHSUIBIK JXKOHE KOJHaHOanmbsl Mocerne Oonbim caHamambl. OCHI camana >Kypri3iireH
3epTTEYyNEepIiH enoyip KeJeMiHe KapaMacTaH, KYpAewl KereimeMIi oObeKTinepai OacKapyIblH JIOTUKAJBIK ajro-
PUTMEPIH KOJJIAHY >KETKUIIKTI JNeHrelie KapacThIpbUIMaraH >KOHE TYPJl KYMBIC PEKHMIHAE KaKETTI KYMBIC
camachbiH Herisre aga oteipsil, ABKXK-HbBIH OCBI THIIHE apHaFaH OipbIHFail )KOOAJIBIK TY)KbIphIMIAaMa KOK. OchiFaH
baitnanbicTel ABKJK GapiibiK skeke imiKi KyHeIepiHiH SPeKeTTEPiH KaHa ChIPTKBI Karaaiaap MEH JKYMBIC PEXKHMIHE
colikec YHiecTipy yIIiH 0acKapy CUTHAJIapblH TYJbIPAThIH, JOTUKAIIBIK KOOEHTUIreH OailylaHbICThl Oackapy airo-
PUTMIEPiH cuHTE3/ey KaxeT 0omaibl. KapacThIpbUIbIT OTBIPFaH MACEIIe JKYMBICHIMBI3/IBIH MaKCAThIH aiKbIH Al bl

Tyiiin ce3mep: OJOK-cxeMa, IrOPUTM, MOJIENb, KON(YHKIMOHAIIBI DHEPreTUKAIBIK KEIeH, aBTOMATThl
Oackapy xyiieci, HpICaH, aBTOMAaTHKa, 3epTTey dJicTepi.

I'. II. Kanumoeros', A. 7K. Toiiro:xunosa!, W. Wojcik?

'Kazaxckas akageMus TPaHCIIOPTa M KOMMyHHUKanuid uM. M. TrHbImmacsa, Anmatsl, Kazaxcran
2JIr06MMHCKAN TEXHUYECKHH yHUBEpcHuTeT, [lombma

PA3PABOTKA CTPYKTYPHbBIX CXEM U AJITOPUTMOB PABOTbBI CUCTEMbI
ABTOMATHUYECKOTI' O YIIPABJIEHUS MHOI'O®YHKIIMOHAJIbHBIM
SHEPTETUYECKUM KOMIIJIEKCOM

Annotanusi. Cpein TIepCIEeKTHBHBIX CUCTEM aBTOMAaTHYECKOTO YHPABJICHHS XOPOUIO 3apeKOMEHIOBAIN ceds
JIOTHUKO-AMHAMHUYECKUE CUCTEMBI YIIPABICHUS, U3MEHSIOIINE KaK CTPYKTYpY, TaK U MapaMeTpbl yCTPOUCTBA yIpaBiie-
HUSI ¢ IOMOIIBIO IIepeKiouaTeneii, coOpMUPOBAHHBIX HAa OCHOBE ONPEEIICHHOTO JIOTHYECKOTO anropuTMa. Memomns-
30BaHUE JIOTHYECKUX AITOPUTMOB B cocTaBe mojcucteM MCAY Ul CIIOXKHBIX TEXHUYECKHX OOBEKTOB IO3BOJISIET
MOBBICUTh CTaTHUYECKYIO W JTUHAMHYECKYI0 TOYHOCTH YNPAaBJICHHS 32 CUET LEJICHANIPABICHHOTO Ka4eCTBEHHOTO U
KOJINYECTBEHHOTO WM3MEHEHUs YIPABIAIOLIEro CUrHama. Takod MOIXoJ MpHUAACT CHUCTEME YIPaBICHUS MPUHIH-
MHaJbHO HOBBIE CBOWCTBA, ITO3BOJIIONINE B MOJHOW MEpE YUUTHIBATh XapakTep U IUHAMHKY OOBEKTa yHpaBIICHHMS.
ITpu pa3paboTke CYIIECTBYIOIMX JOTHYECKUX aJITOPUTMOB YIPABJICHHS HE PacCMATPHUBAIKMCh BOIPOCH MX IIPUMeE-
HEHUs JJIsl YIIPaBJIeHHs. MHOTOCBSI3HBIM ¥ MHOTO()YHKIMOHAJIBHBIM 00beKTOM. OOIINM sl CYIECTBYFOLIHUX JIOTUH-
YECKUX aJITOPUTMOB SIBJISIETCS TO, YTO TIPH NMEPEKIIOYEHUH CTPYKTYPBI M / MM N3MEHEHHH NIapaMeTpOB YUUTBIBACTCS
TOJILKO JJMHAMHKA COOCTBEHHOW IOJICHCTEMBI, YTO HEJOIYCTUMO B Clly4yae yIpaBJIeHUS] MHOTOCBS3HBIM JAWHAMUYEC-
KAM OOBEKTOM, NOCKOJBKY IEPEKPECTHBIE CBSA3M OKAa3bIBAIOT CYIIECTBEHHOE BIIMSHHME HAa KaueCTBO YHPABIICHHMS.
TakuM oOpa3omM, 3ajjauya CHHTE3a JIOTMYECKHX aJrOPUTMOB YIIPABIECHUS MHOTOCBSI3HBIMH OOBEKTaMHU SIBIISCTCS
aKTyaJIbHOH TEOpeTHYeCKOW W IpUKIagHOW 3amadeil. HecMoTpst Ha 3HauMTeNnbHBIH 00BEM HCCIEIOBAaHWH,
MIPOBOANMBIX B 3TOH 0OJACTH, NMPUMEHEHHE JIOTMYECKHX AITOPUTMOB YIPABICHUS CIOXXHBIMH MHOTOMEPHBIMH
00BEKTaMM HEZJOCTATOYHO PACCMOTPEHO, M OTCYTCTBYET €JMHAsI KOHIEIINS MPOeKTHpoBaHus faHHoro Tnna MCAY,
YUUTHIBaomas TpedyeMoe KadecTBO (JyHKIMOHMPOBAHMS B Pa3jIMUHBIX PEKUMAaX 3KCIUTyaTanuu. B cBs3u ¢ sTHM
BO3HHKAET HEOOXOAMMOCTh CHHTE3a AITOPUTMOB JIOTHYECKOTO MHOTOCBSI3HOIO YIPABIEHHS, (HOPMHUPYIOLIMX
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YIPaBJLIIONINE CUTHAIIBI 1711 KOOPIMHALIMN JeHCTBUI BCeX OTAENbHBIX mojacucteM MCAY B COOTBETCTBHU C HOBBI-
MH BHEIIIHHMH yCJIOBHSAMH U pexuMaMu paboTsl. PaccmarpuBaemas mpobiaema onpezeniia neib JaHHOKH paboThl U
3a/1a4u UCCIIEJOBAHNUS.

KiroueBble ¢cjioBa: CTPYKTYpHAsl CXeMa, allTOPUTM, MOJIE]Ib, MHOTO(YHKI[HOHAIbHBIA SHEPTeTUYCCKUIA KOMII-
JICKC, CUCTEMa aBTOMATHYCCKOTO PEryIMpOBaHUs, 00bEKT, aBTOMATU3AIINS, METOIbI HCJICIOBAHNS.
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