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HEMOHOOOMEHHBIX B3aMMOJCHCTBUI MEX/y MaTpHLEH
Y NOJIIPU3YeMbIMU HOHaMH. Takasi 0COOEHHOCTh 3TOTO
Mmarepuana obecrieunBaeT MOJTyYeHHe
MOHOOOMEHHHKOB C Oosee BBICOKOH 3¢ (heKTHBHOCTHIO
M0 CPaBHEHHIO C HOHOOOMEHHUKAMH Ha ITOJIMMEPHBIX
HOCHTEJISIX. B TO *e BpeMs Heb3s1 3a0bIBaTh O TOM, UTO
MOHOOOMEHHHKH Ha OCHOBE CHJIMKAreias MOXHO
UCIONB30BaTh TONBKO B auamazoHe pH = 2 -+ 10.
Ecin paccmarpuBathb MIPUMEHEHHE TaKuX
HOHOOOMEHHBIX METEPHaJOB B XpoMaTorpaduu, TO
OHM MOTYT OBITh  HCIOJB30BaHbl  TOJBKO B
OJIHOKOJIOHOYHOM Bapuanre [5].

OnHako MIepPCIIEKTHBA pa3paboTku
NPUHLIMIHAIGHO HOBBIX MarepualioB Jaér Ooiee
IIMPOKYI0  BO3MOXXHOCTH  IIPUMEHEHHS HOHHOTO
oOMeHa, a TaKkXKe CO3[JaHWEe HOBBIX TEXHOJOTMH B
pasleNieHNN PacTBOPOB.

CTOYHBIX BOJ IPOMBIIUIEHHBIX Npeanpustuii - 2011 r.
// Bona: xumus u 3xoJorus, - Ne 5 ctp. 40-45.

2.CmupaoBa E.E., Kucens A.B., «[loHOOOMeHHas
xpomarorpadus. Odmme cBeeHus u noHsTus» - 2019
r. // MexnyHapoaHblii HayuHbd xypHain «BECTHUK
HAVYKW», Ne 3 (12) T.3, - C. 80 — 89.

3.Pohl C.A. Recent Developments in Ion-
Exchange Columns for Ion Chromatography // LC-GC
Eur. 2013. V. 31. P. 16-22.

4 KomerioB C. W., AneckoBckuii B. Bb.
Cutkareins. €ro CTPOGHHE W XMMHUYECKHE CBOMCTBA.
Tocxummspar, JI., 1963.

5.Meroapl  monmydeHUst  BBICOKOA((EKTHBHBIX
HETIO/IBM)KHBIX ¢a3 IS aHHOHOOOMEHHOM
xpomarorpadun / A. B. 3atupaxa, A.C.Yxens, A/l
Cwmorenkos, O.A. llnuryn // BectHuk MockoBckoro
yauBepcurera. Cep. 2, Xumus. - 2018. - T. 59, Ne 1. -

C.3-19
Cnucok Jureparypsl
1.Hoiiman Tedan. IIpumenenue
MOHOOOMEHHBIX CMOJI ISl BOJOTIOITOTOBKH M OUHCTKH

YJIK: 621.391
I'PHTH: 28.21.15, 28.29.03

CONTROL OF THE DYNAMICS OF A COMPLEX SYSTEM

DOI: 10.31618/ESU.2413-9335.2019.5.69.498

Ismailov Bahram lIsrafil

PhD, docent, Department of Instrumentation Engineering,
Azerbaijan State Oil and Industry University,

Baku, Azerbaijan Republic,
orcid.org/0000-0002-5815-1253

VIPABJIEHUE TUHAMHUKOM CJOXKHOM CUCTEMBI

Hcemaiinoe baxpam Hcepaghun

K.m.n., ooyenm ragpedpwr “IIpubopocmpoumenvras Urnowcenepus”,
Asepbatioscanckuii I'ocyoapcmeennwiti Ynueepcumem Hegpmu u Ipomviuinennocmu,
baxy, Asepbatioscancrkasn Pecnybauka.

ABSTRACT

The article is devoted to the analysis and control of the development of dynamic processes in
multidimensional chaotic systems. The research scheme is presented and the rationale for the methods used is
given. According to the research algorithm, on the example of interactions of a system consisting of interconnected
objects, the features of controlling their dynamics in the framework of the Open System are shown. The results of
analytical and numerical modeling of the system behavior during interaction in the interference field and the
possibility of controlling its dynamics are presented in graphical form. As an example, in the identified areas of
interest of the researcher, the results of calculations of informative parameters, such as Poincare diagrams, Tsallis
entropy, Lyapunov exponents, stability indices, fractal dimension are shown. The main informational and dynamic
characteristics of the process under study allow us to visually evaluate its behavior and choose an impact control
strategy that is satisfactory to the researcher.

AHHOTAIIUA

HpezlnaraeMaﬂ BHUMAaHUIO CTAThA IMMOCBANICHA BOIIPOCAM aHAIM3a U YIIPABJICHUA PA3BUTUEM JUHAMHUYCCKUX
IMPOUECCOB B MHOTOMEPHBIX Xa0THIYCCKUX CUCTEMAX. Hpe}ICTaBHeHa cXema HCCJ’IG}IOBaHI/Iﬁ " 1aHO 000CHOBaHUE
WCTIONB3YEMBIX MeTOZi0B. COIIacHO alNTOpUTMY HCCIEIOBAaHUS, Ha TPUMEpPEe B3aWMOJECHCTBUN CHUCTEMBI,
COCTOSIIEeH M3 B3aMMOCBS3aHHBIX OOBEKTOB IMOKAa3aHBI OCOOCHHOCTH YIPABICHUS WX AWHAMHUKOH B paMKax
OtkpeiToii  Cuctembel. B rpaguueckoit ¢opme mnpeacTaBieHsl pe3yiabTaThl  aHAIUTHKO-YHCIEHHOTO
MOJACIUPOBAHUA MNOBECACHUA CHUCTEMbI IPU B3aHMOIleI710TBPIPI B IIOJIE TIOMEX M BO3MOXKHOCTH YIIPABJICHUS eé
HHHaMHKOﬁ. B xauectBe npuMepa, B BbIACIICHHBIX obnacTax HUHTEpECa MCCIICA0BATCIIA, [MOKA3aHbl PE3YJIbTAThI
BBIYHCIICHUH HH(bOpMaTI/IBHBIX napaMeTpoB, TAKUX KaK AUArpaMMbl HyaHKape, OHTpONUA I_Iammca, IIOKa3aTc/In
JlsmyHoBa, TIOKa3aTeny CTAOMIBHOCTH, (QpakTanbHas pasMepHOCTb. OCHOBHbIE HWH(MOPMALMOHHBIE H
JAUHAMHWYCCKUEC XAPAKTCPUCTUKU HUCCIICAYEMOTI'O MPOoLEcCa MO3BOJISIIOT HaM BU3YyaJIbHO OLICHUTDL €ro IMOBEACHUC U
BBIOpATh YJOBIIETBOPSIONIYIO UCCIICIOBATENS CTPATETHIO YIIPABIICHHUS BO3ACHCTBHEM.
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Predicting the dynamics of complex systems is an
urgent problem related to the assessment of its
evolution. The interaction of objects in the Open
System leads to an increase in chaotic processes, as a
result of which one can observe a state of dynamic
chaos in it. The phase portrait of the processes under
study allows us to present the parameters of a dynamic
system and to trace the change in their behavior caused
by the influence of control actions, mutual influence,
noise effects, etc. [1-5].

Control of the development of chaos in nonlinear
dynamical systems is of practical importance. The
process of influencing a system with a chaotic character
is based on the phenomenon of the sensitivity of chaotic
systems to small disturbing influences, as a result of
which a new system can be obtained with parameters
satisfying the intended purpose [6].

In contrast to traditional methods for analyzing
complex processes, the nonlinear recurrence analysis
proposed by Poincare, as well as the obtained
recurrence diagrams, allow one to study and predict the
behavior of the system using discrete mapping [7-10].

In addition, the use of nonlinear recurrence
analysis allows, using a limited amount of data, to
adequately analyze the process and present it in the
form of a discrete recurrence diagram. The visual
features of the recurrence diagram are its topology,
texture and color palette of points located on the square
matrix — traces of the intersection of the process path
in phase space with the secant plane [8,9,11]. Such
attributes of the recurrence diagram allow, through
visual thinking, to interpret the nature of the process
under study, its development trend, to study in detail

the areas of interest, to reveal hidden features, etc.
[8,9,11].

An important informative indicator of chaotic
complex self-organizing systems is entropy. In the
study of transient and recurrent processes in
multidimensional chaotic systems of fractional order,
entropy oscillations [4,10,12] are of considerable
interest. Unlike traditional methods, the Tsallis entropy
is preferred for evaluating the results of interactions of
heterogeneous chaotic fractional systems. The core of
the issue is the thermodynamics of Tsallis, which leads
to a statistical physics not Boltzmann type: individual
particles with Boltzmann statistics + strong
interactions = new degrees of freedom with no
Boltzmann statistics + lack of interaction [13].

The proposed indicator has both theoretical and
practical significance for the description of complex
systems [14,15].

Tsallis entropy has the form [13]:

Sq == (Fing(P)) = (1= % B7)/(@ - 1) (1)

where §- measure is not extensiveness of the
system and can take a value: —oo: 400, i - systems
status number, P; - the probability of finding the system
in state i , 2} - summing over all states.

Let's consider the interconnected information
objects interacting within the framework of the Open
System. An example research scheme for studying the
behavior of interacting systems is presented in Figure
1.

/

~
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Figure 1. The structure of the study of the interactions of information objects, the management of their behavior,
state analysis and decision making.
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Presentation of interacting systems

As an example of interacting systems, the
following were chosen:

A - Chen’s hyperchaotic system following [16]:

Dgll = ay(x; — x1) + x4,

Dgzz =YX; — X1X3 + C1X,

D:?: = X1X; — byx3,

D;CI: = Xpx3 + dixy, (2)

whereq, = q, = q;3 = q, = 0.95, the
parameters are (a4, by, ¢;,dq,y) = (35,3,28,7).

B - Rabinovitch-Fabricant Fractional-order
Rabinovich-Fabrikant system following [17]:

system

X =x(03 — 1+ x12) + ¥y,

Xy = x,(3x5 +1—x2) +yx,, 3)
X3 = —2x3(x. x5 + ),

Xy = —3x3(02%4 + 8) +x2, )

where a = 0.14,y = 1.1,—-0.01 < § < 7650.
C - The four-dimensional integral-order
hyperchaotic fractional Liu system [18]:

d%x
P a(y —x),
Zng —kxz + bx + 9,
e _ dxy — ®
Ta = dxy —cz,
aey
are =

where a=10,b =40,c =2,5,d =4,h =
5k=1anda = 0.9.

As a control action, we apply fractional Levy
flight [19,20].

The mathematical model of fractional Levy traffic
will be expressed as [19]:

A=mt+ (M) Lo neo, (5)

where m > 0 — is the mean input rate, & is the
scale factor, and L, () is the fLm (fractional Levy
motion) process.

Classical chimeric states are paradigmatic
examples of partial synchronization schemes that arise
in nonlinear dynamics. The state of the chimera is an
intriguing and contradictory spatio-temporal state that
has been and is at the center of active research over the
past decade [21,22].

Research algorithm

Step 1. Figure 2 shows the resulting signal of
interactions and interactions of chaotic systems Chen,
Rabinovich-Fabrikant and Liu:

0 500 1000 1500
Figure 2. Signal of coupled systems.
Step 2. The effect of Noise and Control action is shown in Figure 3:
10 - .
5 =
0 | | =
0 500 1000 1500

Figure 3. Result of control and noise influence.

The Poincare diagram of the resulting signal of the
interactions of related systems and the influence of the

noise impact of Chimera and the corrective effect of
Levi flight on their dynamics are shown in Figure 4:
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Figure 4. Recurrence plot of the resulting signal.

Step 3. An example of the selection of areas of  features of the structure of the recurrence diagram -
interest by a decision maker on the characteristic  Figure 5:
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Figure 5. An example of the selection of areas of interest according to the characteristic features of the
recurrence diagram.

1050

Step 4. Calculation and demonstration of interest), such as - Tsallis entropy, Lyapunov exponent
informative parameters of the selected Al (areas of  and Stability indicator:
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Tsallis entropy:
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Lyapunov exponent:
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Figure 5. Calculation of informative parameters:
a, d, g-forAl-1, b, e, h—for Al-2, c, f, | — for Al-3.

Step 5. For each selected Al, we calculate the
fractal dimensions:

Dai-1 = 1.6275; Dai-2 = 1.5559; Dai.s = 1.6036.

The choice of control actions, as well as the
allocation of areas of interest for modeling the research
process is made by the researcher based on his
reflective choice [23].

Conclusion

The example of analysis of interactions of chaotic
systems presented in the article is accompanied by
visualization of the stages of the research and is aimed
at acquainting the reader with the possibilities of
numerical modeling.

The information component of the analysis of the
state of the system under study includes the Tsallis
entropy, Lyapunov exponent, stability index, fractal
dimensions, and can be supplemented by the
researcher.

The proposed approach to the analysis of the
behavior of interrelated objects allows, through the
assessment of the dynamic indicators of the new
structure, to make a decision on the choice of control
actions to obtain a mode satisfying the requirements of
the researcher.
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AHHOTAIUA

OTMC‘IGHO, 4YTO B YCIOBUAX ,Z[ByXCTyHGH‘IaTOfI CYIIKH, HCHOHBSyeMOﬁ B MAXTHBIX MPAMOTOYHBIX

3€PHOCYIINJIKAX, BO BTOPYIO CTYICHb (I/IHa‘le, - BO BTOpPYIO 30HY CYHIKI/I), NoCTynaeT 3€pHO C YaCTUYIHO
00e3B0’KEHHOH ITOBEPXHOCTHIO M OBBIIICHHOH, B CPABHEHNH C HAYaJIbHBIM 3HaUCHHUEM, TeMreparypoil. [loaromy
IIpyu ONMMCAaHUN KUHETHUKH HByXCTyHquaTOﬁ CYIIKHW BO3HHUKAIOT l'lp06J'IeMI)I C HUCIIOJIB30BAHUEM KHHECTHUYCCKHX
3aBUCUMOCTEH, UCIOJIb3YEMBIX JJIA ONMHUCAHUs OJHOCTyNeH4aTou cymku. [IpensoxkeHa u omucaHa Npoleaypa
MOJICIUPOBAaHUA KHHETHKH [BYXCTYIEHYAaTOM CymKkH 3epHa. llpuBeneHsl npumepsl (c rpadudeckum
COTIPOBOKJICHHEM) TPAKTHYECKON pealr3ainuy NpoIeaypbl MOJEIMPOBAHUSA, TOKA3aBIIeH JAOCTATOYHYIO IS
HWHXXCHEPHBIX paCuY€TOB HAACKHOCTD.

ABSTRACT

It is noted that in the conditions of two-stage drying used in direct-flow mine dryers, in the second stage
(otherwise, in the second drying zone), grain comes in with a partially dehydrated surface and an increased
temperature in comparison with the initial value. Therefore, when describing the kinetics of two-stage drying,
problems arise with the use of the kinetic dependences used to describe one-stage drying. A procedure for modeling
the kinetics of two-stage drying of grain is proposed and described. Examples are given (with graphic support) of
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