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A problem of development of a method of optimal control of
operation of natural gas superchargers by a criterion which both
minimizes fuel gas consumption and takes into account power of
nitrogen oxide emissions into atmosphere has been formulated.
Technical conditions of gas pumping units, restrictions on tech-
nological parameters and the requirement to provide a planned
indicator of gas pumping by a group of parallel-operated super-
chargers were taken into consideration.

Technical condition of each unit or its assembly is assessed
based on certain attributes. If observation of such attributes is
made for a certain period of time, a set of attributes is obtained.
Using an artificial neural network of Kohonen type, the set
of attributes (images) is divided into three classes. A certain
number of points is assigned to each class. This number char-
acterizes technical condition of the class. The number of points
assigned determines utilization of each supercharger. This is
taken into account when limiting overall performance of the
supercharger group.

Formalized record of the optimal control problem contains
dependences that are approximated by a polynomial of a speci-
fied order. This results in an empirical model whose structure is
determined using an apparatus of genetic algorithms.

For a series of reasons (errors in measuring technological
parameters, errors in measurement methods, external effects,
limited scope of experimental material, etc.) identification of
values of empirical model parameters is based on inaccurate in-
formation. Therefore, parameters of empirical models are treated
as fuzzy quantities. Based on the adopted concept, a formalized
record of the problem of optimal control of operation of natural
gas superchargers was obtained.

Implementation of the study results will help save fuel gas
and reduce nitrogen oxide emissions into environment.
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An algorithm is proposed for solving the price optimization
problem using inverse calculations. The algorithm includes two
stages: solving the problem of unconditional optimization and
solving the inverse problem using inverse calculations while
minimizing changes in the arguments of the function. In this
case, the solution of the inverse problem can be performed
repeatedly within a given number of iterations to sequentially
approach the set value of the constraint, and to determine the
increment of the arguments, the values of the elements of the
gradient/anti-gradient vector of the constraint function are
used. To take into account the influence of the arguments on the
change of the objective function, its second partial derivatives
are used. Five options of the price optimization problem are con-
sidered, which nonlinear programming tasks with one restriction
are. The revenue of the enterprise, the deviation of demand from
the volume of production, the deviation of the sought price from
its current value are considered as the objective function. It is
shown that the solutions obtained in this way are consistent with
the result of using classical methods (Lagrange multipliers, pen-
alties), and the results are also compared with solving problems
using the MathCad mathematical package. The advantage of
the method is a simpler computer implementation, the ability to
obtain a solution in fewer iterations compared to known meth-
ods. The method can also be used to solve other problems of the
presented type with the following requirements for the objective
function and restrictions:

1) partial derivatives of the objective function of the first
order — linear one-dimensional functions;

2) the restriction has the form of equality;

3) the constraint is linear or the constraint is quadratic, and
the partial derivatives of the first order of the constraint function
are one-dimensional linear functions.

The article may be useful for specialists making decisions
in the field of pricing policies of organizations, as well as the
development of optimization models of economic facilities and
decision support systems.

Keywords: inverse calculations, price optimization, qua-
dratic programming, gradient method, inverse problem.

References

1. Kunz, T. P, Crone, S. F, Meissner, J. (2016). The effect of data
preprocessing on a retail price optimization system. Decision
Support Systems, 84, 16-27. doi: https://doi.org/10.1016/
j.dss.2016.01.003

2. Reisi, M., Gabriel, S. A., Fahimnia, B. (2019). Supply chain
competition on shelf space and pricing for soft drinks: A bi-
level optimization approach. International Journal of Produc-
tion Economics, 211, 237-250. doi: https://doi.org/10.1016/
jijpe.2018.12.018



10.

1.

12.

13.

14.

15.

16.

17.

. Theysohn, S., Klein, K., Vélckner, E, Spann, M. (2013). Dual
effect-based market segmentation and price optimization. Jour-
nal of Business Research, 66 (4), 480—488. doi: https://doi.org/
10.1016//j.,jbusres.2011.11.007

. Krasheninnikova, E., Garcia, J., Maestre, R., Fernandez, F.

(2019). Reinforcement learning for pricing strategy optimiza-
tion in the insurance industry. Engineering Applications of
Artificial Intelligence, 80, 8—19. doi: https://doi.org/10.1016/
j-engappai.2019.01.010

. Gupta, V. K,, Ting, Q. U,, Tiwari, M. K. (2019). Multi-period

price optimization problem for omnichannel retailers accounting
for customer heterogeneity. International Journal of Produc-
tion Economics, 212, 155-167. doi: https://doi.org/10.1016/
1.iipe.2019.02.016

. Chen, R,, Jiang, H. (2017). Capacitated assortment and price

optimization for customers with disjoint consideration sets.
Operations Research Letters, 45 (2), 170—174. doi: https://
doi.org/10.1016/j.0r1.2017.01.009

. Chen, R,, Jiang, H. (2019). Capacitated assortment and price op-

timization under the multilevel nested logit model. Operations
Research Letters, 47 (1), 30-35. doi: https://doi.org/10.1016/
j.orl.2018.11.006

. Qu, T, Zhang, J. H,, Chan, E T. S,, Srivastava, R. S., Tiwari, M. K.,

Park, W.-Y. (2017). Demand prediction and price optimization
for semi-luxury supermarket segment. Computers & Indus-
trial Engineering, 113, 91-102. doi: https://doi.org/10.1016/
j.€ie.2017.09.004

. Gallego, G., Wang, R. (2014). Multiproduct Price Optimization

and Competition Under the Nested Logit Model with Product-
Differentiated Price Sensitivities. Operations Research, 62 (2),
450-461. doi: https://doi.org/10.1287 /opre.2013.1249

Choi, T.-M., Ma, C., Shen, B., Sun, Q. (2019). Optimal pricing
in mass customization supply chains with risk-averse agents and
retail competition. Omega, 88, 150—161. doi: https://doi.org/
10.1016//j.0mega.2018.08.004

Ferreira, K. J., Lee, B. H. A, Simchi-Levi, D. (2016). Analytics
for an Online Retailer: Demand Forecasting and Price Optimiza-
tion. Manufacturing & Service Operations Management, 18 (1),
69-88. doi: https://doi.org/10.1287 /msom.2015.0561

Caro, F, Gallien, J. (2012). Clearance Pricing Optimization for a
Fast-Fashion Retailer. Operations Research, 60 (6), 1404—1422.
doi: https://doi.org/10.1287 /opre.1120.1102

Harsha, P, Subramanian, S., Ettl, M. (2019). A Practical Price
Optimization Approach for Omnichannel Retailing. INFORMS
Journal on Optimization, 1 (3), 241-264. doi: https://doi.org/
10.1287/ij00.2019.0018

Salvietti, L., Smith, N. R. (2008). A profit-maximizing economic
lot scheduling problem with price optimization. European Jour-
nal of Operational Research, 184 (3), 900-914. doi: https://
doi.org/10.1016 /j.ejor.2006.11.031

Katsifou, A., Seifert, R. W., Tancrez, J.-S. (2014). Joint prod-
uct assortment, inventory and price optimization to attract
loyal and non-loyal customers. Omega, 46, 36—50. doi: https://
doi.org/10.1016 /j.omega.2014.02.002

Zaichenko, Yu. P. (2000). Doslidzhennia operatsiy. Kyiv: ZAT
“VIPOL, 687.

Trunov, A. N. (2014). The increasing of degree of completeness
for solution of financial and business problems in nonlinear

20.

21.

22.

23.

24,

programming with constraints inequalities. Journal of Compu-
tational Optimization in Economics and Finance, 243-253.

. Trunov, A. N. (2015). Modernization of means for analyses

and solution of nonlinear programming problems. Quantitative
Methods in Economics, 16 (2), 133—141.

. Gribanova, E. B. (2019). Reshenie zadachi optimizatsii tseny

s pomoshch’yu obratnyh vychisleniy. Modelirovanie, optimi-
zatsiya i informatsionnye tehnologii, 7 (3). doi: http://doi.org/
10.26102,/2310-6018,/2019.26.3.014

Li, B., Nguyen, V. H,, Ng, C. L., del Rio-Chanona, E. A., Vas-
siliadis, V. S., Arellano-Garcia, H. (2016). ICRS-Filter: A
randomized direct search algorithm for constrained nonconvex
optimization problems. Chemical Engineering Research and
Design, 106, 178-190. doi: https://doi.org/10.1016/j.cherd.
2015.12.001

El-Shorbagy, M. A., Mousa, A. A, Nasr, S. M. (2016). A
chaos-based evolutionary algorithm for general nonlinear pro-
gramming problems. Chaos, Solitons & Fractals, 85, 8-21.
doi: https://doi.org/10.1016 /j.chaos.2016.01.007

Mitsel’, A. A., Hvashchevskiy, A. N. (1999). Noviy algoritm resh-
eniya zadachi kvadratichnogo programmirovaniya. Avtometriya,
3,93-98.

Odintsov, B. E. (2004). Obratnye vychisleniya v formirovanii
ekonomicheskih resheniy. Moscow: Finansy i statistika, 256.
Gribanova, E. B. (2018). Methods for solving inverse prob-
lems of economic analysis by minimizing argument increments.
Proceedings of Tomsk State University of Control Systems
and Radioelectronics, 21 (2), 95-99. doi: https://doi.org/
10.21293,/1818-0442-2018-21-2-95-99

DOI: 10.15587/1729-4061.2019.181516

DEVELOPMENT OF THE METHOD OPERATIVE
CALCULATION THE RECURRENT DIAGRAMS FOR
NONREGULAR MEASUREMENTS (p. 26-33)

Boris Pospelov

Scientific-Methodical Center of Educational Institutions in the

Sphere of Civil Defence, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-0957-3839

Olekcii Krainiukov
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-5264-3118

Alexander Savchenko

National University of Civil Defence of Ukraine,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-1305-7415

Serhii Harbuz

National University of Civil Defence of Ukraine,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-6345-6214

Oleksandr Cherkashyn

National University of Civil Defence of Ukraine,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-3383-7803

Sergey Shcherbak

National University of Civil Defence of Ukraine,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-1133-0120



Thor Rolin

National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, Ukraina
ORCID: http://orcid.org/0000-0002-2312-6381

Viktor Temnikov

National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, Ukraina

ORCID: http://orcid.org/0000-0003-2137-0097

Researchers widely use methods for calculation of recurrence
plots based on measurement of dynamics of a vector of states in a
phase space for visual and quantitative analysis of the behavior of
complex dynamic systems in various fields. Such methods have
high potential capabilities. However, one cannot use them di-
rectly for the operative calculation of recurrence plots at the real
speed of measurements of a vector of states, taking into account
irregularity of measurements. One of the reasons is the lack of a
method, which would be capable of operative and reliable map-
ping of recurrence states of real systems in recurrence plots at
irregular measurements of a vector of states.

We propose a method for the operative calculation of recur-
rence plots at irregular measurements. Its base is a scientific analy-
sis of reasons for low reliability and impossibility of an operative
calculation of recurrence plots, as well as search and substantia-
tion of constructive methods for their elimination. Such methods
include: current calculation of recurrence plots; improvement of a
phase space by introduction of an operation of scalar product for
vectors of states; adaptation of a recurrence threshold to measure-
ment results. The base of a process of the current calculation of
recurrence plots is a use of only current and previous measure-
ments of a vector of states of the system. It is possible to reconcile
two key factors of low reliability of mapping of recurrence states
in diagrams related to uncertainty of a norm and a threshold of
recurrence in the proposed improved phase space.

The above has made possible to propose a threshold ad-
aptation method for conical regions of recurrence. It has been
proposed to use two adaptive thresholds with different angular
parameters of recurrence cones in the calculation to ensure reli-
able mapping of recurrence states in diagrams under conditions
of irregular measurement of a vector of states. We confirmed the
operability of the proposed operative method for calculation of
recurrence plots and illustrated it by an example with irregular
measurements of the real dynamics of a vector of states of dan-
gerous pollution in the urban atmosphere.

Keywords: recurrence plot, complex dynamic systems, ir-
regular measurements, atmospheric gas pollution.
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A problem on building the methodology for transforming
the implicit form of a model has been stated and solved, which
improves the efficiency of replacing complex nonlinear forms of
mathematical models to reducing them to a recurrent sequence
in the form of analytical expressions that allow quick express
calculations.

New explicit forms of the models have been proposed that
make it possible to use recurrent sequences for representing a
solution to the problem and forming an error estimation expres-
sion, as well as and additional information. Given the fact that
for many attributes the solution and an error estimation are
critical, the analyticity of expressions reveals new properties
and possibilities. Based on such factors as authenticity, accu-
racy, depth, materiality and completeness, the adequacy of the
model is represented by a single analytical expression that would
make it possible in future to simplify the process of comparison
through the use of quantitative methods. Representation of
transformations, according to which the connection between
the error of two consecutive approximations and dependence
on the approximation number was established, is predetermined
by the necessity to analyze convergence dynamics based on the
iteration number. Another variant, not less important, which
can characterize the dynamics of convergence is the connection
between an error of the first approximation and the arbitrary
approximation. Based on the overall expansion of the implicit
form of the model and the mean value theorem, the relationship
between the two consecutive errors or norms has been estab-
lished. Tt is demonstrated that if the error or a norm of error are
assigned, the estimates for the first and second derivatives would
make it possible to determine the boundary number of the itera-
tion starting from which the error is less than the assigned one.

An example has been given for deriving an estimation for the
general model of the magnitude of a maximally possible error, the
boundary number of the iteration, starting from which the error
acquires a value less than the assigned one. A comprehensive
analytical assessment of adequacy based on a single expression
has also been derived.

Representation of informational attributes in the quantita-
tive form is predetermined by new opportunities that would
emerge due to the obtained tools for quantitative analysis.



Numerical modelling has been performed; the character of

dynamics of new informational indicators and attributes has
been examined. The data given for nine iterations demonstrate
efficiency and completeness of information to perform a quick
analysis and draw a conclusion. Based on the dynamics of
quantitative attributes for a relative error, as well as new ones,
proposed based on the results from implementing the model
transformation methodology, it has been shown that the pos-
sibilities emerge to run a quick analysis and draw a conclusion.
It was demonstrated that the introduced attributes expand the
informativeness of the methodology implementation for the
further representation of a nonlinear model in the form of a re-
current sequence.

Keywords: nonlinear vector-function, recurrent model, in-
formational attributes, analytical expressions, error estimation,
boundary iteration, adequacy estimation.
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The problem of identification of non-stationary param-
eters of a linear object, which can be described by the first-or-
der Markov model, with non-Gaussian interference is consid-
ered. The identification algorithm is a gradient minimization
procedure of the combined functional. The combined func-
tional, in turn, consists of quadratic and modular functionals,
the weights of which are set using the mixing parameter. Such
a combination of functionals makes it possible to obtain es-
timates with robust properties. The identification algorithm
does not require knowledge of the degree of non-stationarity
of the investigated object. It is the simplest, since information
about only one measurement cycle (step) is used in model
construction. The use of the Markov model is quite effective,
as it allows obtaining analytical estimates of the properties of
the algorithm.

Conditions of mean and mean-square convergence of the
gradient algorithm in the estimation of non-stationary param-
eters and with non-Gaussian measurement interference are
determined.

The obtained estimates are quite general and depend
both on the degree of object non-stationarity and statistical
characteristics of useful signals and interference. In addi-
tion, expressions are determined for the asymptotic values of
the parameter estimation error and asymptotic accuracy of
identification. Since these expressions contain a number of
unknown parameters (values of signal and interference disper-
sion, dispersion characterizing non-stationarity), estimates of
these parameters should be used for their practical applica-
tion. For this purpose, any recurrent procedure for evaluating
these unknown parameters should be applied and the result-
ing estimates should be used to refine the parameters included
in the algorithms. In addition, the asymptotic values of the
estimation error and identification accuracy depend on the
choice of mixing parameter.

Keywords: Markov model, gradient algorithm, mixing pa-
rameter, recurrent procedure, asymptotic estimate, identification
accuracy.
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This paper considers issues related to the re-structuring
of virtual industrial enterprises, in particular the prospects
for developing a virtual instrument-making enterprise (VIE).
Such enterprises operate by employing external geographi-
cally distributed resources and could be flexible in terms of
making a product demanded by market. We have proposed
elements of information technology (IT) to support decision
making on the organization of VIE operation. The IT elements
include models and structures for decision making, including
those aimed at the rational use of resources in the operation
of VIE. The purpose of the proposed IT is to solve a task on
supporting decision-making in the restructuring of production
processes at virtual instrument-making enterprises based on
market conditions. The need for re-structuring of production is
caused by difficult conditions of market economy for small and



medium instrument-making enterprises. A production program

is formed on the basis of the currently existing demand for dif-
ferent categories of articles included in the product range of
an enterprise, or correspond to the direction of VIE operation.
The IT elements include models for an informational-analytical
portal (IAP), as well as a block diagram for deploying and sup-
porting a unified knowledge space, at flexible re-structuring
of production according to market conditions. The TAP also
includes expert systems (ES). The designed IT for a decision-
making support to a VIE head would make it possible to
produce the product demanded in the market and profitable
in manufacture. IT could enable determining the number and
types of necessary resources according to the assigned criteria,
their distribution, taking into consideration a direction of pro-
duction re-structuring.

Keywords: resources, virtual instrument-making enterprise,
decision making models, market conditions, re-structuring,
mathematical models.
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