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The problem of visualization by ray tracing of spatial
curves specified by interpolation points and smoothed by the
method of spherical interpolation was solved. The method of
spherical interpolation was developed mainly for interpola-
tion of a triangulated surface with the purpose of further
visualization of this surface by the method of ray tracing. This
method is universal and enables the construction of flat and
three-dimensional smooth curves drawn through arbitrarily
set points. The paper presents analytical relationships for real-
ization of each stage of construction of a spatial curve by this
method. To visualize a spatial curve, an iterative process (IP)
was developed for calculation of a point in the projection ray
(PR) closest to some point of a mathematical spatial curve.
To establish correspondence of the curve point to a pixel in
a computer monitor screen, position of this point was deter-
mined relative to the space region bounded by the pyramid
of pixel visibility. The proposed TP has a potential of wide
parallelization of computations. An algorithm for constructing
points of a spatial curve was developed with its step coinciding
with the step of the iterative calculation process, which allows
one to perform visualization algorithm and plot a curve point
in a single pass of the IP. To this end, the point in the PR and
the direction vector of the curve lie in the same plane per-
pendicular to the interpolated segment in each iteration step.
This approach enables determination of the directing vector
modulus for the subsequent stage of this iteration step. The
proposed interpolation algorithm is based on the simplest al-
gebraic surface, sphere, and does not use algebraic polynomials
of the third and higher degrees. The results of the studies were
confirmed by simulation of the visualization process using the
Wolfram Mathematica software package. The problem of com-
bining new methods for constructing smooth geometric shapes
of spatial curves defined by straight lines and the method of
ray tracing which on the whole will increase realism of the
synthesized scenes in computer graphics was solved.
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A set of methods for the pre-forecasting fractal time series
analysis to determine the levels of persistence of chaotic informa-
tion flows in the well-drilling control system is proposed. Based
on this methodology, the values of the Hurst exponent H, fractal
dimension D, spatial dimension n and correlation measure C are
obtained for six time series. Since the Hurst exponent H for all
the signals is greater than 0.5, the conclusion about a chaotic
nature of the studied time series is made. However, the dynam-
ics of these signals will not change and it can be predicted that
it will evolve in the same direction as in the past. This allows
using the obtained results for forecasting and early detection of
deviations of the drilling process from the norm. Since the oil and
gas well drilling process is a complex stochastic process proceed-
ing in conditions of a priori and current uncertainty under the
influence of immeasurable disturbances, calculation of the Hurst
exponent H contributes to solving the forecasting problems in
the automated support system of decision-making regarding
well-drilling process control.

Keywords: persistence, Hurst exponent, time series, fractal
dimension, sequential R/S analysis.
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The analysis of trajectories in the phase space of the systems
of ordinary differential equations has been made. Classification
of phase trajectories has been developed.

Synchronization in Réssler systems, coupled by the scheme
“main-controlled” system, has been studied. In the controlled
system, variables in the right —hand side are replaced by func-
tions of time, which are solutions to the main system.

The analysis of processes in nonlinear systems was made by
means of replacement with the help of synchronization matrix
and transfer to the linearized system of variables equal to the
difference of phase variables of the main and controlled systems.
As a result of this analysis, there have been set the values of the
synchronization matrix elements in which there occur different
types of synchronization: complete, phase and topological. It
is shown that even in the absence of communication between
Réssler systems in the difference space of phase variables of the
main and controlled systems with nonlinear dynamics, there
occurs topological synchronization and there is formed an at-
tractor with low spatial complexity that is an open trajectory of
limited values. The criterion for the absence of synchronization
of nonlinear systems is the unlimited growth of the difference of
phase variables.

Keywords: Rossler system, attractor, solutions of ordinary
differential equations, matrix synchronization, complete, phase
and topological synchronization.
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We developed and analyzed an economic-mathematical
model of duopoly of industrial enterprises-manufacturers with
similar nomenclature of products taking into account innovation
activity in the field of technologies. It is assumed that enterprises
are the links in supply chains, that is, in addition, we examined
delivery of the finished goods to the points of consumption. In
contrast to the micro-economic theory of the firm, here price
competition is investigated at the operational level, that is, when
making up plans for the output of products and their delivery to
destination points. Innovation activity implies that enterprises
invest part of their profit into improvement of the technological
process, and, in this case, production expenses of enterprises are
the assigned decreasing functions of the investments indicated.
In line with the classical theory of the firm, it is considered
that the demand function in each point of delivery of finished



goods linearly depends on the summary volumes of these goods,
delivered from both enterprises. Optimality criterion for sup-
ply chains of both plants is the maximum of summary profit,
obtained from the sale and delivery of finished products to the
points of consumption taking into account expenditures for in-
novative solutions.

We found equilibrium solutions of duopoly by Cournot and
Stackelberg. Numerical illustration of the obtained results is
given. The obtained results could be used in the process of joint
development of marketing, logistic and innovation strategies of
enterprises.

Keywords: industrial enterprises, optimal output plan, sup-
ply chain, innovation activity, competition, duopoly, equilibrium
solutions by Cournot and Stackelberg.
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A transportation problem of linear programming with inter-
mediate centers was considered. For cases where throughputs
of intermediate centers are not specified, a problem of calculat-
ing rational distribution of the total throughput in order to
minimize the average value of total transportation costs has
been stated. Several options of constructing the method for
solving the problem were proposed. The first option implements
the iterative procedure of successive improvement of the initial
distribution of throughputs of the centers by the Nelder-Mead
method. Increase in speed of this method was achieved using
the duality theory. The second option is based on a preliminary
solution of the problem of finding optimal routes for all pairs
“supplier-consumer” taking into account a possible intermediate
center. In this case, the usual two-index transportation problem
of delivering products from the system of suppliers to the sys-
tem of consumers arises. The optimal plan of this task contains
necessary data to calculate required throughput for each of the
intermediate centers. Advantage of this method consists in the
possibility of its effective propagation for solving problems with
a multilayered structure of intermediate centers.

Keywords: transportation problem with intermediate cen-
ters, calculation of throughputs of intermediate centers.
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A generalized method for developing partially formalized
objects identification fuzzy models by direct rule generation based
on experimental data is formulated. Models built according to this
principle have the intrinsic ability to operate in accordance with
the observation data. Under the condition of the initial experi-
mental data set being representational enough, they may not even
require additional tuning of the membership functions parameters.

Still, systems developed based on experimental data are of-
ten redundant, and may require corrections of the input feature
set magnitude. An approach for modifying the number of model
inputs is proposed. It allows to do so without the model losing its
capability to adequately reflect the subject area.

In order to develop a fuzzy logic system, which would reflect
the subject area in an adequate manner, an optimization crite-
rion is proposed, measuring the increase in mutual information
reflecting from a fuzzy logic system’s inputs to its outputs. Under
the condition of maintaining the system’s capability for adequate
decision making, a sequence of steps required for developing a
type-2 fuzzy logic system, optimal according to the considered
criterion, is shown.

This paper provides justification for type-2 fuzzy sets be-
ing appropriate for use in mathematical models dealing with
uncertain input data. The justification is performed theoreti-
cally, based on information theory considerations, and confirmed
experimentally.

The proposed method enables solving applied problems of
identifying multidimensional objects, such as an environmental
system.

Keywords: type-2 fuzzy logic system, type-2 fuzzy sets, in-
terval membership function, optimization criterion.
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The work considers the queuing system of the G/M/1/K
with the Weibull distribution. The model for self-similar traffic
was created within the Matlab Simulink software environment.
Restoration of the self-similar traffic was obtained with the
help of the spline approximation using linear and cubic splines.
In this research, it has been discovered that the obtained self-
similar traffic is characterized by “bursts”, “pulsations”, and the
long-term dependence between arrivals. Linear and cubic spline
approximations have been suggested to restore traffic. The ap-
proximations with the linear and cubic splines were used to
restore smoothly changing self-similar traffic.

The obtained results of the self-similar traffic restoration
allow planning buffer capacities for NGN networking devices
at the stages of design and further operation in order to avoid
network overloads, excessive time delays and jitter for the case
of packet traffic with bursts.

The wavelet approximation is recommended for the accurate
restoration of the self-similar traffic.

Keywords: self-similar traffic, Weibull distribution, queuing
system, restoration, spline functions.

References

1. Vorobiyenko, P. P, Nikityuk, L. A., Reznichenko, P. 1.
(2010). Telecommunication and Information Networks. Ky-
iv: SMMIT-KNIGA, 640.

2. Krylov, V. V., Samohvalova, S. S. (2005). Theory of tele-
graphic and its applications. Sankt-Peterburg: BXV-Peters-
burg, 288.

3. Sheluhin, O. I, Tenyakshev, A. M., Osin, A. V. (2003). Frac-
tal processes in telecommunications. Moscow: Radioengi-
neering, 480.

4. Sheluhin, O. 1., Osin, A. V., Smolskii, S. M. (2008). Self-
similarity and fractals. Telecommunication applications.
Moscow: PHISMATLIT, 368.

5. Strelkovskaya, 1. V., Popovskii, V. V., Buhan, D. Y. (2008).
Comparative methods of approximation in the results of
recursive evaluation of the state of network elements and
their modes. Telecommunication systems and technologies:
Applied radio engineering, 2, 15-16.

6. Popovskii, V. V., Strelkovskaya, 1. V. (2011). Accuracy of
filtration procedures, extrapolation and interpolation of ran-
dom processes. Problems of telecommunications, 1 (3), 3—10.

7. Ageyev, D. V,, Kopyliev, A. N. (2010). Information streams
modeling in multiservice network NGN for parametrical syn-
thesis problem solving. Radio electronics, Computer science,
Control, 2, 48-52.

8. Sharkovsky, S., Grab, E. (2011). Modeling Self-Similar
Traffic in Networks. Proc. of the 52 International Scientific
Conference, 19-23.

9. Grab, E., Sharkovsky, S. (2013). Real-Time Estimation of
Traffic Self-Similarity Parameter in Simulink with Wavelet
Transform. Electronics and Electrical Engineering, 19 (3),
88-91. doi: 10.5755/j01.eee.19.3.3702

10. Millan, G., Lefranc, G. (2013). A Fast Multifractal Mod-
el for Self-Similar Traffic Flows in High-Speed Comput-



er Networks. Procedia Computer Science, 17, 420-425.
doi: 10.1016/j.procs.2013.05.054

11. Kostromitsky, A. 1., Volotka, V. S. (2010). Approaches to
modelling of the self-similar traffic. Eastern-European Jour-
nal of Enterprise Technologies, 4 (7 (46)), 46—49. Available
at: http://journals.uran.ua/ecjet/article/view/3013/2816

12. Rikli, N.-E. (2012). Self-similarity and stationarity of in-
crements in VBR video. Journal of King Saud Univer-
sity — Computer and Information Sciences, 24 (1), 7-16.
doi: 10.1016/j.jksuci.2011.09.003

13. Tomic, 1., Maletic, N. (2014). Comparison of models for self-
similar network traffic generation. X International sympo-
sium on industrtial electronics, 266—269.

14. Jeong, H.-D. J., Pawlikowski, K., McNickle, D. C. (2003).
Generation of self-similar processes for simulation studies of
telecommunication networks. Mathematical and Computer
Modelling, 38 (11-13), 1249-1257. doi: 10.1016,/50895-
7177(03)90127-0

15. Zavyalov, Yu. S., Kvasov, B. L., Miroshnichenko, V. L. (1980).
Methods of spline functions. Moscow: Science, 352.

16. Strelkovskaya, 1., Solovskaya, I., Severin, N., Paskalenko, S.
(2016). Approximation of self-similar traffic by spline-func-
tions. 2016 13th International Conference on Modern Prob-
lems of Radio Engineering, Telecommunications and Com-
puter Science (TCSET). doi: 10.1109 /tcset.2016.7451991

17. Strelkovskaya, I. V., Solovskaya, 1. N., Severin, N. V. (2016).
Modeling of self-similar traffic. Proceedings of the 4rd In-
ternational Conference on Applied Innovations in IT (IC-
AIIT-2016), 61-64.

18. Strelkovskaya, 1. V., Solovskaya, I. N., Severin, N. V., Pas-
kalenko, S. A. (2016). Research of self-similar traffic by
spline-functions. Modern information and electronic tech-
nologies, 104—105.

DOTI: 10.15587 /1729-4061.2017.105294

SYNTHESIS OF OPTIMAL CONTROL OF
TECHNOLOGICAL PROCESSES BASED ON A
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OF THE FINAL STATE (p. 51-63)
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A method is proposed to establish control of technological
processes that would be optimal in terms of speed and final state
on the basis of analyzing the solution of a system of stochastic
differential equations (SDEs), which is a mathematical model
of a controlled process. The results of the numerical model-
ing have proved that, being sufficiently simple, the proposed
method helps obtain solutions that are completely consistent
with the results obtained using the Pontryagin maximum
principle for the speed problem. It has been shown that such
an approach to the search for optimal control of technological
processes opens up additional opportunities in solving the task
of retaining the parameters of the technological process within
a given area. Two alternatives of the control implementation
are proposed and justified, differing in the principle of selecting
control switching times.

It has been shown that the determining factor for the choice
of optimal control is the initial state of the system, described by
the position of the phase space point characterizing the actual
initial state relative to the final state line. If the final state is
described by the equation of the straight line, it is proposed to

reduce it to its normal form and to calculate the corresponding
deviation of the point of the preceding state from this straight
line, which uniquely determines the sign of control. It has been
proved that the problem of finding the optimal control of techno-
logical processes must be preceded by the problem of obtaining
a mathematical description of the final state, based on the con-
struction of regression equations in which the output variable
can be the quality of the finished technological product.

It is proposed to obtain a multialternative parametric de-
scription of the final state for the search for optimal control
of the technological process using a ridge analysis. It has been
shown that each of the alternatives represents a set of suboptimal
values of the output variable, which provides optimal values of
the output variable describing the quality of the finished tech-
nological product in the chosen sense. Due to this approach,
it is possible to synthesize the optimal control in terms of the
speed and final state of technological processes in conditions of a
multialternative description of the final state of the technologi-
cal system.

Keywords: optimal control of technological processes, Pon-
tryagin’s maximum principle, speed, final state line, multialter-
native description of the final state, ridge analysis.
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