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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.
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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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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.

References 

1.	 Kaczmarz, S. (1993). Approximate solution of systems of linear 

equations†. International Journal of Control, 57 (6), 1269–1271. 

doi: https://doi.org/10.1080/00207179308934446 

2.	 Raybman, N. S., Chadeev, V. M. (1966). Adaptivnye modeli v 

sistemah upravleniya. Moscow: Sovetskoe radio, 156.



71

Abstract and References. Mathematics and cybernetics – applied aspects

34.	 Papoulis, E. V., Stathaki, T. (2004). A Normalized Ro-

bust Mixed-Norm Adaptive Algorithm for System Identi-

fication. IEEE Signal Processing Letters, 11 (1), 56–59.  

doi: https://doi.org/10.1109/lsp.2003.819353 

35.	 Arenas-García, J., Figueiras-Vidal, A. R. (2005). Adaptive com-

bination of normalised filters for robust system identification. 

Electronics Letters, 41 (15), 874. doi: https://doi.org/10.1049/

el:20051936 

36.	 Wagner, K. T., Doroslovacki, M. I. (2008). Towards analyt-

ical convergence analysis of proportionate-type nlms algo-

rithms. 2008 IEEE International Conference on Acoustics, 

Speech and Signal Processing. doi: https://doi.org/10.1109/

icassp.2008.4518487 

37.	 Price, R. (1958). A useful theorem for nonlinear devices having 

Gaussian inputs. IEEE Transactions on Information Theory,  

4 (2), 69–72. doi: https://doi.org/10.1109/tit.1958.1057444 

38.	 Feuer, A., Weinstein, E. (1985). Convergence analysis of LMS 

filters with uncorrelated Gaussian data. IEEE Transactions 

on Acoustics, Speech, and Signal Processing, 33 (1), 222–230.  

doi: https://doi.org/10.1109/tassp.1985.1164493 

39.	 Gladyshev, E. G. (1965). On Stochastic Approximation. Theory 

of Probability & Its Applications, 10 (2), 275–278. doi: https://

doi.org/10.1137/1110031 

DOI: 10.15587/1729-4061.2019.182039
DEVELOPMENT OF INFORMATION TECHNOLOGY 
ELEMENTS FOR DECISIONMAKING SUPPORT 
AIMED AT RESTRUCTURING PRODUCTION AT 
VIRTUAL INSTRUMENTMAKING ENTERPRISES  
(p. 53-62)

Andrii Sobchak
National Aerospace University «Kharkiv Aviation Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-0006-6240

Liudmyla Lutai
National Aerospace University «Kharkiv Aviation Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-1822-8938

Mykola Fedorenko
National Aerospace University «Kharkiv Aviation Institute», 

Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-8651-7892

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 
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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 IAP 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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