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MATHEMATICAL MODELS OF INFORMATION PROCESSING
AND MANAGEMENT SYSTEMS

Abstract. The modern scientific and technical revolution is accompanied by the rapid penctration of digital and
computer equipment into technical systems for various purposes, which opens up prospects for the implementation of
increasingly complex and efficient information processing and control algorithms. This led to an increase in interest
in the theory of linear non-stationary systems (LNS), which, firstly, provides models of modern complex control
objects and information transfer channels, and, secondly, is the theoretical basis for the synthesis of non-stationary
systems with significantly richer potential than stationary systems. A similar situation is observed simultancously in
various fields of theory and technology, including automatic control, the theory of information processing systems,
radio engineering, the theory of pattern recognition, etc.
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INTRODUCTION

At present, one of the main problems in modeling information-processing systems is the no
stationarity of information transmission channels, which manifests itself in a random or relatively “fast”
change in the parameters of these systems over time. In this regard, a promising direction for solving
problems of analysis and synthesis of non-stationary information processing systems is the construction of
their models in the class of non-stationary modulation systems (M-Systems). M-Systems correspond to
many real technical systems, such as systems with quadrature decomposition of signals, communication
channels with random parameters, Keynes models, etc.

An essential feature of such models is the separation of inertial and inertia less signal transformations,
and only inertia-free transformations determine the non-stationarity of the system as a whole. Separating
non-stationary systems, M-Systems in the class allows us to significantly simplify the mathematical
description of these systems by representing them in the form of parallel (MR), sequential (MB) and
parallel serial (MRB) structures.

MAIN PART

The concept of a model approach. Increases the variety of models used. A computer technology has
been used to be a computer technology. The number of simulated objects is not analog, but it is discrete or
combined (combined digital) systems. This requires a digital form. In this case, it is in the form of a
transition to simulation modeling. In fact, the simulation algorithm is a direct description. It has been
found that it is not necessary to express the information. In addition, from a methodological point of view,
it is preferable to describe all links of M-Systems. In this case, we are talking about a discrete (digital)
form.

The computer systems are currently used in computer control systems. Processes [1-6]. The
requirements for quality control are determined. He also gave an opportunity to provide new opportunities
for information technology.
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1GOs,

- Parallel computing and supercomputers;

- Cloud computing and technology;

- Embedded computing and systems.

It is obvious that you are not in the first place. In the case of a small group of people, it is not a
problem. What is the difference between information systems management specialists.

Nevertheless, it should be noted that the use of modem computer technologies in any variant when
creating control systems is primarily determined by the need to provide the required functionality, which
is achieved on the basis of formalized (mathematical) approaches at the research design stage. The main
objective of the whole complex of works that are performed at this stage is to form mathematical models
of control devices or control laws that provide the desired dynamics for systems operating in all possible
navigation modes.

The involvement of modemn information and computer technologies in the field of marine ship
management is carried out within the following six generalized interrelated areas:

- Mathematical modeling of existing or developed elements and the control system as a whole,
including the marine environment;

- Computer modeling in accordance with the constructed mathematical models and criteria for the
quality of functioning;

- Analysis of the structural, dynamic, functional and other properties of the system as a whole and its
individual elements;

- Synthesis of algorithms for the functioning of the system and its individual variable components in
the form of their mathematical models;

- Support of operation algorithms and information flows in the system in real time;

- Algorithmic and software of test benches and training complexes for training crews and
maintenance personnel working with the control system.

For cach of these arcas there is a well-defined ideology of actions aimed at achieving the best results
when using information and computer support.

For the issues under consideration, a special role is played by digital control and signal processing
systems based on modern computer elements. Obviously, for such systems, the use of modern information
and computer technologies significantly suppresses all other approaches within the above directions. This
is due to the obvious specifics of modeling, analysis, synthesis and implementation of digital systems.
Note that the principal feature of the use of computers in control systems is that they simultancously serve
as both an object and a tool for resecarch and design, as well as a basic element for implementing
synthesized digital control algorithms.

Within the framework of formalized approaches, the desired elements of the designed system, or
rather, their mathematical models, most often, are formed as the results of solving various optimization
problems [7]. This essentially distinguishes modern design ideology from classical approaches, where
optimization methods were usually used only as an auxiliary tool, which makes it possible to widely use
computer technologies with a significant improvement in the quality of design solutions.

In particular, at present, various approaches are widely used, based on I-theory, which allow
minimizing the matrix “gains” of elements of projected systems, which are represented by norms in the
corresponding Hardy spaces. The theory of H2 and H-optimization [8 - 10] is very popular, associated
with solving a wide range of problems in the field of synthesizing feedbacks, simplifying mathematical
models of objects, ensuring robust stability and quality, etc.

Discrete models of the dynamics of motion control systems

The dynamics of marine moving objects are usually represented by nonlinear systems of ordinary
differential equations.

x = Fin( + Fhd((t) , D

Where the vectors are x =" xp} ¢E12, V=E3, and y = {s, yu, y2} ¢E3
Respectively, the state, the linear and angular velocities of the MPO are determined, and the vector xp
£ E - its movements and angles of rotation. The vector § £ Et represents the control actions on the MPO,
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whose motion occurs under the influence of forces and moments Fin, Fhd of inertial and hydrodynamic
nature, as well as specially distinguished external forces and moments {G (G).
The mathematical model (1) is supplemented by the equations of the dynamics of the drives

S=Fs(t, S, and), 2)
Where and £ Et is the vector of control signals, as well as the equations of meters

Y =Fy (t, x, 8), 3)

Where y £ EP is the vector of measured dynamic variables.
If the mode of stabilization of MPO is considered during its longitudinal motion at a constant speed,
linearization of equations (1-3) is usually performed, reducing it to

x=Ax+B8+W"),8=u,
"> (4)
Y = Sh,

Where x £ En is the MPO state vector, which determines the deviations from the equilibrium position,
A, B, C, and H are matrices with constant components.

Mathematical formalization of the corresponding substantive problems is proposed to be based on the
theory of optimization, setting quality functionals on the motions of discrete models of the systems under
consideration.

On the example of stabilization of a given course, a new approach to the synthesis of digital filters,
included in the multi-purpose structure of control laws, is proposed in the work. In contrast to the
currently used methods, it is based on the non-standard task of minimizing the intensity of control of a
ship moving in conditions of sea waves.

Simulation is used if experiments with real objects, systems is impossible or too expensive. The main
difference of modeling from other methods of studying complex systems is the possibility of optimizing
the system before its implementation.

Distributed information management systems (I & C) are multifunctional interconnected sets of
stationary and mobile clements distributed in space with developed technical means for receiving,
transmitting and processing information. Regardless of the type and purpose of such systems have the
following characteristic features [1].

Distribution. ISCs are located on large arcas from regional to global scales and include a large number
of controlled, controlling and combined elements.

The mobility of the elements. The elements of the system can be stationary, mobile or moving. The
movement of elements is carried out continuously or periodically along deterministic or stochastic
trajectories.

Availability zones. The implementation of functional interactions between moving and stationary
(mobile) elements of distributed ILEs is possible, as a rule, only when the moving element is located in the
zone of accessibility ("visibility") of the fixed (mobile) element. The accessibility zone is determined by
the mutual arrangement of elements in space and the types of technical means used.

Speed performance. The need for the operational development of control actions determines the high
requirements for the execution time of the corresponding functions by the elements and the system as a
whole.

Inadmissibility of loss of information. For distributed I & C systems, as a rule, an important condition
is the inadmissibility (strict limitation) of loss of information of certain types. This requires special
measures to analyze and control the completeness of the transmitted, processed and received information.

Vitality. In some cases, the functioning of the systems of the class under consideration proceeds under
conditions of adverse impacts, which leads to a violation of the regular modes of operation of individual
clements and the system as a whole.

Typical examples of distributed information and control systems are: automated aircraft control
systems (ACS LA), satellite communication systems, operational services management systems, etc.
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An example of a digital course management system

The proposed approach to digital filtering as part of the multipurpose control law (7), (8) will be
illustrated by the example of a stabilization system for the course of a transport vessel with a 6000t
displacement.

A mathematical model of a ship moving at a constant speed of V = 8 m / s in the presence of sea
waves with an intensity of 5 on the Beaufort scale is the following system of linear difference equations:

In[k+1]=anin[k] +al2a[k] +L15 k] +~d[k],
Alk+1]=a2lin [k] +a22a[k] +12 5 [k d [K], (20)
[[k+1]=Ta[k] +[[kL. 5 [k + 1]="Ti [k] + 5 [k]. v [k] = [[K].

Here in - the angle of drift, and - the angular velocity of the course, f - yvaw angle, 5 - the angle of
deviation of the vertical rudders. For the period of discreteness T = 1, we have the following values of the
coefficients:

An=0.955,a12=0.560,a21 =0.0267, a22 =0.592, h1 =—0.0132, h2 =—0.00742, / = —0.0648, / = —
0.00456.

The desired quality of development of team corrections for the course provides the following basic
control law:
And =to 1 in +to 2 a+ k3f+ k05 + vy, 20

Where k 1 =0912, k=6.11, k3 =-2.22_k0 =-0.339, V = 3.44. For this law, we have the eigenvalues
of the matrix Ac: z1 =0.658, z2 =0.757, = 0.870, = 0.922.
Form an asymptotic observer

z1[k+1]=allz1[x]+al2Z2 [x] +" 5[] +a1(y [x] -Z3 [£]), 22 [k +1] =
21z 1[k]+a22Z2 [k]+ b2 5 [x] + 22 (v [&] -Z3 [K]), 22)

23 [k +1] = Tz2 + 23 + d3 (for z3), where g1 = 0.0335, g2 = 0.00446, g3 = 0.0944.

For these coefficients, the matrix A — gc¢ has the eigenvalues z1 =0.560, ~, 3=0.946 + 0.0183 /.

The equations of the stabilizing control law for the observer's output (22) without a filter are
And=tolgl+to2g2+to3g3+to05+vy. (23)

A mathematical model for the formation of control loops has been built, taking into account the
choice of optimal values of the controlled parameters of control objects and means of observation. The
algorithm of the solution is described in the general case with the implementation of the optimal
distribution at each step of the search for the optimal values of the controlled parameters.

The problem of optimizing the functioning of the systems of the class under consideration is closely
related to the tasks of a formalized description of the functioning processes, procedures for collecting,
processing and analyzing the relevant characteristics of the elements and their interrelationships affecting
the quality of control of the system as a whole.

CONCLUSION

In the process of developing and improving distributed I & C systems, there are complex problems of
evaluating the effectiveness of their functioning (in terms of the listed and other characteristics) with
different structural options, adverse effects, schedule changes and element trajectories, emergency
situations, various management strategics, etc.

One of the most convenient means of mathematical modeling used in analyzing the functioning of the
systems of the class in question are simulation models that describe the structure and behavior of the
system as a program for a PC and allow machine experiments to obtain the necessary data on the
functioning of the elements and the system as a whole. Certain time intervals. This paper describes a
simulation model designed to solve these problems in the aircraft control system and to carry out machine
experiments.

— 269 =——



Reports of the National Academy of sciences of the Republic of Kazakhstan

YK 004.43
K.E. Ken:xe0aeBa

«Kapxsr akagemMusacs»y AK
AKIAPATTHIK JKOHE BACKAPY KYHWEJEPIHIH MATEMATHKAJIBIK MOJAEJJIEPI

Annotamus., Ka3ipri 3aMaHFBl FRUTBIMA-TCXHHUKATBIK, PCBOTIONHUSA MU(DPIBI KOHC KOMIBIOTCPIIIK TCXHUKAHBIH
SPTYPII MaKCaTTapFa apHAJIFAH TCXHUKAJBIK KYHEIepre TE3 €HYIMEH Oipre >kypemi, Oy akmaparThl oHACY JKOHE
OaKpLIAY ABIH ATOPUTMICPIH OAPBIHINA KYPACT SKOHE THIMII TYPAC ’KY3ETe aChIPYIbIH O0JIAIIAFsIH amaasl. by, ¢H
AIBIMCH, 3aMAHAYH KCHICHMI 0acKapy OOBCKTLICPiHIH MOJACBICPIH MKOHE aKMAPATTHl OCPY KAHATIAPHIH YCHIHATHIH
JKCITUTIK CTAIMOHAPIBIK eMec kyhemepaid (LNS) TeopHaChHA KbI3BIFY IIBLTBIKTHI ApPTTHIPABL, CKIHIIIACH, dIaCKalaa
Oati oneyeTi 6ap CTAMOHAPIIBIK EMEC JKYHEIepai CHHTE3ACY AiH TCOPHSUTBIK HETi31 OOIBIM TaOBIIAABI CTATHOHAPJIBIK
JKyienepre kaparaHma. OCBIHAAH JKaFgall TCOpPHA MCH TCXHOJOTHSHBIH OPTYPIL CANATapblHIA, COHBIH IIMiHIC
ABTOMATTAHABIPBUIFAH 0ACKapy, AKMAPATTHIK OHACY KYHEICPIHIH TEOPHACH, PAJHOTEXHUKA, YATIHI TAHY TCOPHICHI
JKOHE T.0.

Tyiiin ce3mep: MareMaTHKANBIK MOJCIBJACD, AKMAPAT, MAWJANaHYIIbI 3EpPTTEYICP, axaM KaOwuraay, Oaranay
daicTepi, akmapaTThl 6HACY.
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AQO «DuHAHCOBAT AKATCMISD,

MATEMATHYECKHWE MOJAEJHA CUCTEM OBPABOTKH HH®OPMAIINHN
" YIIPABJIEHUA

Annoramusi. COBPEMCHHAS HAYYHO-TCXHHYCCKAS PEBOJIOIMUA COMPOBOXKIACTCS OYPHBIM MPOHHKHOBCHHCM
mHQPOBOH U KOMIBIOTCPHON TEXHUKH B TCXHUYCCKUC CHCTEMBI PA3THYHOTO HA3ZHAYCHHS, YTO OTKPHIBACT MEPCIICK-
THBBI PCaTU3alui BCe 00Iee CIOKHBIX M dPPESKTUBHBIX AMTOPUTMOB 00pabOTKH WHMOPMALMH U YIPABJICHUA. ITO
00yCJIOBHIIO TMOBBIMICHHE HHTEPECA K TCOPHH JTHHCHHBIX HECTAITHOHAPHBIX CHCTEM, MATCMATHUCCKOMY MOICIHPO-
BAHHIO, KOTOPAsA, BO-TICPBBIX, MPEAOCTABIICT MOJCTH COBPEMCHHBIX CJIOXKHBIX OOBCKTOB YIPABICHUS U KAHAJIOB
nepenavd wHGOPMAIMH, a, BO-BTOPHIX, ABIHCTCA TCOPECTHUCCKOM OCHOBOM CHHTE3a HECTAIMOHAPHBIX CHCTEM,
00MAAOIMKX CYIECTBEHHO 00jce OOTATHIMH MOTCHIHMAILHBIMH BO3MOKHOCTSIMHM, UeM CHUCTEMBI CTAIIHOHAPHBIC.
IMomoOHas curyanms HAOMFOMACTCA OTHOBPSMCHHO B PA3MHYHBIX O0JIACTAX TCOPHH M TCXHHKH, CPCAH KOTOPBIX
ABTOMATHYCCKOC VIPABICHHUC, TCOPHSA CHCTEM 00paboTKn WH(POPMALWH, PATHOTCXHHKA, TCOPHA PACHO3HABAHHUI
00pa3oB U ap.

KmodeBnie Cj10BA: MATCMATHUCCKHC MOACTH, HHQOPMAMA, HCCICIOBAHAC IIOJTB30BATCIL, BOCHPHATHC
YENOBEKA, METOIbI OLICHKH, 00pab0oTKa HH(pOpMALIIH.
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