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Mathematical modeling

Solution of the problem of set theory on the basis 
of algebra of predicates and predicate operations

page 4–7

The mathematical tools of algebra of predicates and predicate 
operations to solve the problems in the set theory are applied 
in the article. The basic concepts of algebra of predicates and 
predicate operations, their types and formulas are considered. 
The quantifier algebra of predicate operations, which is complete 
and plays an important role in the description of operations on 
predicates, is considered. The basic identities and laws of quan­
tifier algebra of predicate operations are considered. With the 
help of quantifier algebra of predicate operations describes the 
concept of linear logical operator and Galois mapping, which are 
usable with the capture of data quantifiers in an empty domain. 
The basic concepts of set theory are described. The proper inter­
pretation of the language of algebra predicates and predicate ope­
rations received operations of union, intersection, complement, 
difference, symmetric difference and inclusion of sets. Some 
problems of set algebra are solved by means of sets of algebra 
of predicates and predicate operations. The advantages of using 
these tools to solve the problems of algebra of sets are marked.

Keywords: algebra of predicates and predicate operations, set 
algebra, set operations.
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Study of the double rebuilding effect of the 
nonstationary longitudinal wave in rod with 
rectangular cross section

page 8–11

The article investigates obtained by the author new effect of 
a dual modification of non-stationary wave in a rod with rectan­
gular cross section. The dynamics of rod is described by derived 
earlier improved one-dimensional dynamic equations of the 
longitudinal deformation. This equations were got basis on strict 
mathematical algorithm (so-called non-minimal simplification of 

the three-dimensional dynamic equations of the theory of elas­
ticity) — «asymptotic-group» analysis.

On the solutions of mentioned equations were built graphs 
of the longitudinal wave distribution in the rod. Analysis of them 
allowed to describe tridimentionality of the process. At the same 
time the transfer of three-dimensional state of strain to one-
dimensional classic case followed by arising of the appropriate 
quasifronts is studied.

Also must pay attention to the fact that all wave fronts 
velocities are the same as in the problems of theory of elasticity.

Keywords: asymptotic-group, dynamic load, wave front, qua­
sifront, non-stationary wave.

References

1.	 Babakov, I. M. (1968). Teoriia kolebanii. M.: Nauka, 559.
2.	 Vekua, I. N. (1937). K voprosu rasprostraneniia uprugih voln 

v beskonechnom sloe, ogranichennom dvumia parallel’nymi 
ploskostiami. Tr. Tbilissk. Geofizich. In-ta, Vol. 2, 23–50.

3.	 Slepian, L. I. (1972). Nestatsionarnye uprugie volny. L.: Su­
dostroenie, 376.

4.	 Shamrovskyi, O. D., Veselov, A. I., Lymarenko, Yu. O. (2008). 
Dyskretna model poshyrennia nestatsionarnoi podovzhnoi  
khvyli v pruzhnomu sterzhni. Novi materialy ta tekhnolohii  
v metalurhii ta mashynobuduvanni, 1, 98–102.

5.	 Shamrovskii, A. D., Egarmina, L. N. (2009). Vyvod dinami­
cheskih uravnenii prodol’noi deformatsii sterzhnia pri pomosh­
chi dvoinogo uproshcheniia uravnenii teorii uprugosti. Novi 
materialy ta tekhnolohii v metalurhii ta mashynobuduvanni, 2, 
111–115.

6.	 Shamrovskii, A. D., Egarmina, L. N. (2010). Modelirovanie ras­
prostraneniia prodol’noi volny v sterzhne s pomoshch’iu utoch­
nennyh dinamicheskih uravnenii. Novi materialy ta tekhnolohii v 
metalurhii ta mashynobuduvanni, 2, 139–145.

7.	 Timoshenko, S. P. (1967). Kolebaniia v inzhenernom dele. M.: 
Nauka, 444.

8.	Shamrovskii, A. D. (1997). Asimptotiko-gruppovoi analiz  
differentsial’nyh uravnenii teorii uprugosti. Zaporozh’e:  
ZGIA, 169.

9.	 Skrypnik, I. A., Shamrovskii, A. D. (1995). Dvumernoe mode­
lirovanie trehmernyh prodol’nyh voln v ploskom sloe. Mate
maticheskoe modelirovanie fiziko-matematicheskih polei i intensi-
fikatsiia promyshlennogo proizvodstva. Zaporozh’e, 43–50.

10.	 Skrypnik, I. A., Shamrovskii, A. D. (1995). Graficheskoe mode­
lirovanie volnovyh protsessov v plastinah i obolochkah. Tez. dokl. 
Mezhdun. prakt. konf. Sovremennye problemy geometricheskogo 
modelirovaniia. Melitopol’, 164.

Mathematical modeling of chemical reactions 
in microreactors

page 11–15

In this paper it is conducted a review of published data on the 
use of microstructural reactors for the optimization of chemical 
processes and reactions, a detailed description of which is pos­
sible with the use of modern methods and modeling tools.

Microreactor is a miniature reactor apparatus having di­
mensions in the submillimeter range. Chemical reactions in the 
microreactor are carried out in one or a plurality of parallel chan­
nels, the channel diameter is not more than the mean free path of 
the molecules in the gas phase reactions. The advantages of the 
microreactors may include a large surface area contact between 
the phases, laminar flow (and reducing energy costs and increas­
ing residence time), high radial diffusion coefficient, simplifying 
scaling and enhanced characteristics of safety selectivity of pro­
cesses occurring in them.
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On the basis of established technical and economic advan­
tages of microsystem devices it is proved the feasibility of their 
implementation in production.

Keywords: microreactor, structural reactor, microchannel, 
kinetics, modeling.
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To the problem of building a mathematical model 
of one-dimensional object
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Methods of mathematical modeling of one-dimensional ob­
ject using the method of least squares approximation and Cheby­
shev polynomials are investigated. Object is eight-stage centrifu­
gal filter. The aim of the article is the building the mathematical 
relationship of aerodynamic drag depending on the gas flow. Ap­
proximating procedures of polynomial coefficients determination 
and calculation of residual variance in the system of Mathcad are 
developed. The influence of the degree of the polynomial degree 
on the accuracy of the results is analyzed. The obtained values of 
the residual variance indicate coincidence of results using both 
methods. From obtained results it can be argued that the investi­
gated approximation methods give the same results, and to build 
approximating polynomial for the communication of parameters 
for input and output of object can be used both methods. If com­
pared in terms of simplicity of constructing an algorithm method 
of least squares is simplest for implementation.

Keywords: mathematical modeling, Chebyshev polynomials, 
approximation, method of least squares.
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Investigation of interpolation algorithms for 
computer identification of dynamic models on 
experimental data

page 22–26

Despite the large number of developed algorithms of iden­
tification of dynamic models of transient, still little attention 
was paid to the computer implementation of iterative methods 
for the problem of identification of the transfer function for the 
transient response based interpolation algorithms approxima­
tion. This article provides an analysis of variational and inter­
polation algorithms for solving the problem of identification of 
an aperiodic transient object with a self-leveling, it is developed 
a set of programs that implements the algorithm of variational 
modeling in modern MATLAB system through combination of 
symbolic mathematics and calculations. The selected algorithm 
allows providing a certain amount of independence of members 
in terms of approximating the number of interpolation points. 
The article describes the software system, and describes the 
results of test examples that show a large approximation error 
in the initial part of the transition process. The obtained results 
can serve as the basis for the creation of combined iterative 
interpolation algorithm in the study of transient stability of 
dynamical systems.

Keywords: interpolation, transfer function, transient process, 
stable dynamical system.
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Mathematical and computer modeling of seismic 
processes based on a soliton approach
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In this paper we consider a mathematical model of seismic 
process, taking into account the role of solitary waves as a shocks 
«trigger». Methods of forecasting are based on evaluating trajec­
tories of individual solitons and clarification of shocks probabil­
ity. We allocate among the entire set of shocks individual subsets 
caused by the same soliton and construct of hypothetical trajec­
tory of the solitons. The probability of a shock can be verified 
taking into account the soliton components of seismic process. 
The information system for the analysis of soliton component 
seismic processes was developed. We show the effectiveness of 
soliton approach and the possibility of its application to the 
analysis of seismic processes in several regions of the Earth by 
using this information system.

Keywords: soliton, solitary wave, earthquake, dynamic  
system.
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Determination of passenger path choice model 
parameters in the cities

page 32–36

On the basis of statistical processing of the results of the 
questionnaire survey it is developed a passenger path choice 
model in transit. The factors taken into account in the model: the 
parameters of transport service, the level of fare indicators that 
characterize the socio-economic conditions of the population. 
Processing of the results of the questionnaire survey allowed us 
to determine the parameters of the passenger path choice model. 
The model is based on the generalized transportation cost at 
alternative paths. It was found that the change in the proportion 
of traffic flow distribution at alternative paths with sufficient 
adequately describes the evaluation function with nonlinear 
elasticity. Parameters of passenger path choice model which were 
identified can be used to solve problems in passenger flow fore­
casting in urban transit network.

Keywords: transportation path, choice model, generalized cost 
of transportation, questionnaire survey, traffic flow distribution.
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Simulation and numerical analysis of dynamical 
systems with competitive interactions

page 36–41

The effects of the destabilization of competitive coexistence 
«populations» — actors described by a system of differential 
equations of Lotka-Volterra for three classes of objects: the eco­

nomic system «producer-mediator», the Keynesian model of the  
economy of several countries, and weak sinusoidal external 
influences on the rate of «reproduction». The stability of such 
systems is investigated. Numerical solutions are found at frequen­
cies of exposure close to the frequency of the unperturbed system.

Such systems are soft classical models of many real objects 
in environment, economy and other areas, and their studies are 
relevant.

It is known that the corresponding system of nonlinear equa­
tions, especially with the right part of the disturbed, generally 
cannot be solved. Numerical experiment revealed bifurcation 
when changing the amplitudes of n, and the period of the distur­
bance Ω . Trophic parameters of the unperturbed system do not 
lead to bifurcations for the classical Lotka-Volterra system.

The studies found that the variation of the amplitude (in the 
range 0–0,15) lead to the transition of the system of periodic 
motions to sustainable growth, and then to chaotic oscillations. 
So, bifurcation introduces asymmetry in the structure of the 
characteristic exponents, and with it the instability and «with­
drawal» of path to infinity. There are possible both monotonous 
and chaotic type.

Keywords: Lotka-Volterra model, model perturbations, sta­
bility problems, periodic solutions, attractor, limit cycle.

References

1.	 Volterra, V. (2004). Matematicheskaia teoriia borby za sushchest-
vovanie. Moscow-Izhevsk: Institut kompiuternykh issledova­
nii,  288.

2.	 Jost, C., Devulder, G., Vucetich, J. A., Peterson, R. O., Ar­
diti, R. (2005). The wolves of Isle Royale display scale-in­
variant satiation and ratio-dependent predation on moose. 
Journal of Animal Ecology, 74(5), 809–816. doi:10.1111/j.1365-
2656.2005.00977.x

3.	 Martyniuk, A. A., Nikitina, N. V. (1996). Haoticheskaia pote­
ria predelnogo tcicla v zadache Volterra. Doclady NAN Ukrai
ny,  4, 1–7.

4.	 Nikitina, N. V. (1997). O haoticheskoi potere ustoichivosti. 
Doclady NAN Ukrainy, 11, 61–65.

5.	 Hayashi, С., Kawakami, H. (1981). Bifurcations and the Genera­
tion of Chaotic States in the Solutions of Nonlinear Differential 
Еquations. Materialy 4-i Natc. kongr. «Teoregicheskaia i priclad-
naia mehanika». Varna, Sophia, 537–542.

6.	 Hoppensteadt, F. (2006). Predator-prey model. Scholarpedia, 
1(10), 1563. doi:10.4249/scholarpedia.1563

7.	 Sorokin, P. A. (2004). Modelirovanie biologicheskikh populiatcii 
s ispolzovaniem kompleksnykh modelei, vcliuchaiushchikh v sebia 
individuum-orientirovannye i analiticheskie komponenty. Dolgo­
prudnyi, 153.

8.	 Errousmit, D. K., Pleis, K. M. (1986). Obyknovennye different-
cialnye uravneniia. Kachestvennaia teoriia s prilozheniiami. Mos­
cow: Mir, 243.

9.	 Brauer, F., Castillo-Chavez, C. (2000). Mathematical Models 
in Population Biology and Epidemiology. Springer-Verlag, 201. 
doi:10.1007/978-1-4757-3516-1

10.	 Arditi, R., Ginzburg, L. R. (2012). How Species Interact: Altering the 
Standard View on Trophic Ecology. Oxford University Press, 112.

11.	 Gusiatneykov, P. P. (2006). Kachestvennye i chislennye metody  
v zadachakh optimalnogo upravleniia v modeliakh hishchnik-
zhertva i populiatcii lemmingov. Moskow, 101.

12.	 Nasritdinov, G., Dalimov, R. T. (2010). Limit cycle, trophic func­
tion and the dynamics of intersectoral interaction. Current Re-
search J. of Economic Theory, 2(2), 32–40.

13.	 Shcherbakovskii, G. Z. (1997). Vnutrennii mehanizm konkurentcii 
i konkurentnye sily. Moscow: Ekonomika, 178

14.	 Dai, G., Tang, M. (1998, February). Coexistence Region and 
Global Dynamics of a Harvested Predator-Prey System.  
SIAM Journal on Applied Mathematics, Vol. 58, № 1, 193–210. 
doi:10.1137/s0036139994275799

15.	 Zang, V. B. (1999). Sinergeticheskaia ekonomika. Vremia i pere
meny v nelineinoi ekonomicheskoi teorii. M.: Mir, 335.



abstracts and References

72 Технологический аудит и резервы производства — № 2/5(22), 2015

ISSN 2226-3780

16.	 Keins, J. G. (1993). Izbrannye proizvedeniia. M.: Ekonomi- 
ka, 430.

17.	 Lineinaia model’ ekonomiki s «nelineinymi» effektami. Available: 
http://socintegrum.ru/forum/viewtopic.php?t=34&start=0&p 
ostdays=0&postorder=asc&highlight=

18.	 Naumeiko, I., Alrefai W. (2014). Competition model in the «manu­
facturer — second-hand dealers» type systems. ScienceRise, 3(2(3)), 
15–19. doi:http://dx.doi.org/10.15587/2313-8416.2014.28094

Approximate solution of the Navier-Stokes 
equation for digonal ducts

page 42–50

This article presents the analysis of the pressure laminar 
flow in the digonal duct with the section formed by two equal 
arcs. Such ducts are used in soft film heat exchangers. In addi­
tion, they are formed in rocks for underground water. The first 
attempt was to perform the analysis similarly to flows in round 
pipes. This direction gives wrong parabolic velocity profile 
with a rib at the long axis of the digonal section. In addition, 
it causes pressure drop calculation results understated up to 
14,3 %. Therefore, to obtain adequate results we need to solve 
the Navier-Stokes equation. We propose a grid with unequal 
steps for this kind of section and solve the equation numerically. 
The convergence is very quick. For most of the tasks, it is enough 
to use a 4 × 4 grid. To integrate the profile in case of very quick 
convergence and a sparse grid the interpolation with the highest 
possible order is required. We introduce a new coordinate system 
to map the digonal section to a rectangle. We perform polyno­
mial interpolation of all nodes in the new coordinate system. The 
integration of this polynomial cause velocity field coefficient to 
converge on the 4 × 4 grid for most of the tasks (the error does 
not exceed 2,2 % compared to the 100 × 100 grid). We show pos­
sibility of pressure drop calculation with the same formula as for 
the round pipes with the error of no more than 2,86 %. However, 
we offer equations for more precise calculations of the pressure 
drop and velocity field coefficient.

Keywords: laminar flow, digonal duct, heat utilization, poly­
mer film, polymer heat exchanger, underground water.
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Information and control systems
Development of method for synchronous spark 
excitation of ultra-wideband antenna array 
elements

page 51–55

To test the effectiveness of screening facilities and equip­
ment to ensure information security simple compact generators 
of electromagnetic radiation is needed. For this purpose it is 
proposed to use spark generators-radiators of powerful ultra-
wideband microwave pulses. A new method to synchronize the 
array of spark generators-radiators is offered. This method allows 
to simplify the synchronization of the antenna array. The analysis 
of dependence an array factor on switching time of fuses and 
voltage distribution on the plates of strip radiators at the time of 
fuses breakdown is conducted. The results of mathematical mod­
eling parameters of the linear array of spark strip radiators are 
confirmed by experimental results. During the experiment the 
effect of coherent addition of pulses generated at the breakdown 
time of the spark gaps of strip radiators has been observed. As 
a result generator radiation directivity and power has increased. 

Keywords: ultra-wideband pulse generator, ultra-wideband 
antenna array, a high voltage pulse generator.

References

1.	 Grachev, K. P., Gritsov, N. N., Esakov, I. I., Khodataev, K. V. (1994). 
The spark microwave generator emitter high peak power. Tech-
nology and Electronics, 12, 2044–2049.

2.	 Shostko, I. S., Shostko, S. N., Avchinnikov, E. A., Gulak, V. P. (2002). 
Disc spark generator of microwave pulses of nanosecond duration. 
Applied electronics, 1(1), 104–107.

3.	 Shostko, I. S., Shostko, S. N. (2004). Phase grid spark emitters. Ap-
plied electronics, 2(3), 91–93.

4.	 Shostko, I. S., Shostko, S. N., Avchinnikov, E. A., Gulak, V. P. (2005). 
Experimental study of patterns of linear arrays spark emitters. Ap-
plied electronics, 2, 246–248.

5.	 Efremov, A. M., Koshelev, V. I., Koval’chuk, B. M., Plisko, V. V., 
Sukhushin, K. N. (2007). Generation and radiation of high-
power ultrawideband nanosecond pulses. Radiotekhnika i Elekt
ronika, 52(7), 813–821.

6.	 Chavka, G. G. (2012, September). Ultrawideband planar anten­
nas and antenna arrays. Proceedings of the 6th International Con-
ference on Ultrawideband and Ultrashort Impulse Signals. Sevas­
topol: Institute of Electrical & Electronics Engineers (IEEE), 
9–14. doi:10.1109/uwbusis.2012.6379719

7.	 Mesyats, G. A. (1974). Generation of high-power nanosecond 
pulses. M.: Sov. Radio, 256.

8.	 Burtsev, V. A., Kalinin, N. V., Luchinskiy, A. V. (1963). Electric 
explosion of conductors and its application in electro installations. 
M.: Energoatomizdat, 288.

9.	 Mesyats, G. A., Vorobyov, G. A. (1963). Technique for formation of 
high-voltage nanosecond pulses. M.: Gosatomizdat, 167.

10.	 Mick, J., Kregs, J. (1960). Electrical breakdown in gases. M.: Pub­
lishing Foreign Literature, 605.

Simulation of the braking system of car under the 
control of ABS in MATLAB SIMULINK

page 55–59

It is developed a mathematical model of the braking system 
of a car equipped with ABS by means of MATLAB SIMULINK. 
The results, which allow visually explore the basic physical 
processes associated with the exploration and development of 
existing and new control algorithms of ABS, are received. The 
article deals with a pneumatic braking system under the control 
of ABS, which is most common and installed on buses and trucks. 

Its modeling is performed on a graphical interface of MATLAB 
SIMULINK, and is essentially a means of visual programming.

This work allows us to estimate the correct approach to the 
study of the dynamic and technical parameters of the ABS and 
achieve clarity of the processes occurring during operation of 
the ABS.

The study found that this model in the first approximation 
can be used as the primary outcome correct approach to ma­
thematical modeling of the ABS.

The obtained results are important for the further improve­
ment of the primary model, namely, accounting for additional 
factors that affect the correct operation of the brakes of the 
car (road condition, accuracy of the sensors, dynamics of the car 
traffic, wheel drift during turn, etc.).

Keywords: braking system of car, ABS, MATLAB, SIMU­
LINK.
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Research of magnetic field in the working area of 
electric motor with permanent magnets

page 60–62

Available software packages for magnetic field parameters 
modeling in working area of electric motors have a number of re­
strictions. For instance, the choice of design conditions and their 
values is restricted. As a rule, mathematical model for calculation 
of magnetic field components is not affordable.

The computational algorithm based on well-known analyti­
cal methods of solving the direct problem of magneto statics with 
the usage of «secondary sources» method was proposed in this 
article.

The article contains developed mathematical model for de­
signing conditions of magnetic field parameters in the working 
area of electric motor with pole pieces. On the basis of the ma­
thematical model a new computational algorithm was proposed 
and specialized software was launched.

A number of experiments on magnetic field modeling in 
working area of engine was carried out. The obtained data al­
lowed to increase the calculations accuracy of the magnetic 
system of electric motors.
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Keywords: mathematical model, algorithm, electric motor, 
calculation of the magnetic field.
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Analysis of threats to personal data and their 
protect features

page 63–67

The analysis of threats to personal data and means to coun­
ter them are analyzed. The problems that must be implemented 
to protect personal data are considered. Shows Solutions to 
minimize threats to personal data are given. It is established 
that the perimeter of information system defended a greater 
extent than minimized the internal threats and external threats 
countermeasures implemented more widely than internal threats 
countermeasures. Classification of information systems is given. 
It is shown that only system for identifying and data leakage pre­

vention (DLP-system) is the only solution that prevents leakage 
of information outside of secure information space in real time 
based on data filtering or trappings that accompany the process 
of moving data. The architectural control system for information 
leaking over perimeter of secure information system is presented. 
It is shown that prevention of unauthorized leakage of personal 
data by networking channels requires the introduction of special 
systems of detection and blocking of this sending by network 
channels.

Keywords: information protection, personal data, threats, 
information security, systems, facilities, information.
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