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The result of this research is the proposed to mathemati-
cal apparatus and a procedure for constructing adaptive algo-
rithm based on Z-approximation of functions. A given study 
is required to improve approaches to constructing algorithms 
that change their performance in response to changes in in-
put information. This, in turn, significantly improves results 
in solving the problems that can be implemented using such 
an algorithm. For example, solving nonlinear problems, de-
scription of complex surfaces, search for information.

It has been shown that the solutions derived in the 
current study are in agreement with the application of the 
same algorithms for separate groups of functions used for 
approximation. These functions are used when constructing 
a direction to search for and provide an opportunity to build 
a model of error in Z-approximation using the initial or final 
approximations.

The definition of Zm-approximation has been given as 
the approximation with a multiple interval reduction that 
simplifies recurrent formulae and is a feature of the pre-
sented approach. The proposed methodology and the basic 
algorithm make it possible to directly determine a series of 
common and hyperbolic functions using Zm-approximations 
and parallel computing. Based on the research results, an 
adaptive algorithm has been presented to calculate arctg x as 
a function inverse to tg x.

The above can be used when constructing an adaptive 
search algorithm in the arrays of unstructured or poorly 
structured information. Such a search is employed for books 
and textbooks, uploaded to the Internet in formats jpeg, pdf, 
or as fragments of the specified formats. In this case, based 
on the adaptive algorithm, a special model is constructed, 
which can be implemented according to several variants with 
a change in direction.

Keywords: search algorithm, process distribution, recur-
rence record, residual, approximation.
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Optimization of the stock management process is asso-
ciated with the search for a forecasting model, a method for 
generation of a forecasting time series, a model of logistic 
operation, determining a reasonable level of reserve stocks 
and establishing the optimization criterion.

Successful solution to the optimization problem in gene-
ral can be achieved only if the whole complex of local man-
agement problems is successfully solved. In this case, the 
method of generation of a cointegrated time series of demand 
forecasting is the central element of the technology of opti-
mal stocks management. This relates to the fact that probabi-
listic nature of demand is the main factor reducing efficiency 
of management in systems of this class.

It was shown that the proposed method for improving 
management efficiency can be used in any economic system 
due to the possibility of construction of a single logistic ope-
ration model.

The proposed approach is based on formation of a time 
series specifically designed to solve the problem of forecas-
ting the demand in stocks buffering systems. Such a series 
contains both information on sales volumes and data related 
to consumer demand.

Since consumer activity is ahead of the process of phy-
sical consumption of products, it becomes possible to use 
anticipatory markers in forecasting problems.

The study of operational processes using a verified indi-
cator of efficiency has confirmed the hypothesis of presence 
of anticipatory markers within the framework of the formed 
forecast time series.

It has been established that the maximum management 
efficiency can be achieved in the case of a lower construction 
accuracy of the forecast model. This is due to the fact that 

the logistic operation model takes into account the costs of 
movement of products and their valuation at the operation 
input and output.

Keywords: demand forecasting, operational forecasting, 
cointegrated demand series, resource usage efficiency.
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The conducted studies established the prospect for en-
hancing the performance of computing components, spe-
cifically, combinational 16-bit adders, based on the use  
of the principles of computation of digital signals of an acyc-
lic model. 

The application of an acyclic model for the synthesis of 
16-bit parallel adders is designed for:

– the process of sequential (for lower bits) and parallel 
(for all other bits) computation of the sum and carry signals. 
Thanks to this approach, it becomes possible to reduce even-
tually the complexity of the hardware part without increas-
ing the circuit depth;

– fixation (planning) of the adder circuit depth before its 
synthesis. This makes it possible to use the logical structure 
of transitive carry, which ensures the optimal adder circuit 
depth and does not increase its complexity.

Utilizing an acyclic model for the construction of 16-bit 
parallel adders is more beneficial in comparison with the ana-
logs by the following factors:

– the lower cost development, since an acyclic model 
determines a simpler structure of a 16-bit adder; 

– application of the latest developed logical structures 
of transitive carry, which makes it possible to decrease the 
delay of sum and carry signals, area, power consumption and 
to increase overall efficiency of 16-bit adders of binary codes.

Due to this, the possibility of obtaining optimal values 
of structure complexity and the depth of the adder circuit 
is ensured. In comparison with the analogs, it provides an 
increase in quality of indicator of 16-bit acyclic adders, such 

as power consumption, chip area by 15–27 %, depending on 
the chosen structure, and performance by 10–60 %. 

There are some grounds to argue about the possibility of 
enhancing the performance of computing components, spe-
cifically, 16-bit adders of binary codes by using the principles 
of computation of digital signals of an acyclic model.

Keywords: optimal performance of acyclic adders, Ling 
Adder, Kogge-Stone Adder, Knowles Adder.
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The methods for calculation of recurrence plots in space 
with a scalar product were developed. They enable examining 
the properties and features of the vector of states of dynamical 
systems of various complexity in natural and social spheres.  
A new scientific result is the development of scientific-me-
thodical apparatus to calculate recurrence plots of vectors 
of states of systems in metric spaces expanded on the basis 
of scalar product. Two methods for calculation of recurrence 
plots for vectors of states of complex dynamic systems, which 
are highly informative, moderately complex and universal in 
dimensionality of the studied space of states, were proposed. 
In practice, the proposed methods can be used to calculate 
and compare recurrence plots of states of the studied systems 
in metric spaces of different dimensionality without additio-
nal normalizing. The functionality of the proposed methods 
was verified based on experimental observations of concentra-
tions of formaldehyde, ammonia and carbon monoxide in the 
atmosphere of an industrial city. It was established that at the 
values of angular size of the area of 10° and 30°, the proposed 
method for calculation of recurrence plots is more informa-
tive, less complex and invariant relative to dimensionality of 
the space of states. It was shown that the methods for calcu-
lation of recurrence plots in space with scalar product make 
it possible to use them if there are short-time intervals of the 
absence of observations. It was experimentally determined 
that in some cases of parameters, the results of computation 
of recurrence plots based on the developed methods coincide 
with the results obtained when using the known methods. 
This indicates a more general nature of the proposed methods.

Keywords: recurrence plots, state vector, atmospheric 
pollution, complex dynamic systems.

References

1.	 Pospelov, B., Rybka, E., Meleshchenko, R., Gornostal, S., 
Shcherbak, S. (2017). Results of experimental research 
into correlations between hazardous factors of ignition of 
materials in premises. Eastern-European Journal of Enter-
prise Technologies, 6 (10 (90)), 50–56. doi: https://doi.org/ 
10.15587/1729-4061.2017.117789 

2.	 Manuca, R., Savit, R. (1996). Stationarity and nonstation-
arity in time series analysis. Physica D: Nonlinear Pheno-
mena, 99 (2-3), 134–161. doi: https://doi.org/10.1016/
s0167-2789(96)00139-x 

3.	 Webber, C., Marwan, N. (Eds.) (2015). Recurrence quantifi-
cation analysis. Understanding Complex Systems. Springer. 
doi: https://doi.org/10.1007/978-3-319-07155-8 

72

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 3/4 ( 99 ) 2019



4.	 Marwan, N., Webber, C. L., Macau, E. E. N., Viana, R. L. 
(2018). Introduction to focus issue: Recurrence quantifi-
cation analysis for understanding complex systems. Chaos: 
An Interdisciplinary Journal of Nonlinear Science, 28 (8), 
085601. doi: https://doi.org/10.1063/1.5050929 

5.	 Recurrence plots and cross recurrence plots. Available at: 
http://www.recurrence-plot.tk

6.	 Pospelov, B., Andronov, V., Rybka, E., Meleshchenko, R., 
Gornostal, S. (2018). Analysis of correlation dimensiona-
lity of the state of a gas medium at early ignition of ma-
terials. Eastern-European Journal of Enterprise Techno-
logies, 5 (10 (95)), 25–30. doi: https://doi.org/10.15587/ 
1729-4061.2018.142995 

7.	 Takens, F. (1981). Detecting strange attractors in turbu-
lence. Lecture Notes in Mathematics, 366–381. doi: https://
doi.org/10.1007/bfb0091924 

8.	 Pospelov, B., Andronov, V., Rybka, E., Popov, V., Semkiv, O. 
(2018). Development of the method of frequency temporal 
representation of fluctuations of gaseous medium parameters 
at fire. Eastern-European Journal of Enterprise Technologies, 
2 (10 (92)), 44–49. doi: https://doi.org/10.15587/1729-
4061.2018.125926 

9.	 Adeniji, A. E., Olusola, O. I., Njah, A. N. (2018). Compa-
rative study of chaotic features in hourly wind speed using 
recurrence quantification analysis. AIP Advances, 8 (2), 
025102. doi: https://doi.org/10.1063/1.4998674 

10.	 Wendi, D., Marwan, N., Merz, B. (2018). In Search of 
Determinism-Sensitive Region to Avoid Artefacts in Re-
currence Plots. International Journal of Bifurcation and 
Chaos, 28 (01), 1850007. doi: https://doi.org/10.1142/
s0218127418500074 

11.	 Donner, R. V., Balasis, G., Stolbova, V., Georgiou, M., 
Wiedermann, M., Kurths, J. (2019). Recurrence-Based 
Quantification of Dynamical Complexity in the Earth’s 
Magnetosphere at Geospace Storm Timescales. Journal 
of Geophysical Research: Space Physics, 124 (1), 90–108.  
doi: https://doi.org/10.1029/2018ja025318 

12.	 Garcia-Ceja, E., Uddin, M. Z., Torresen, J. (2018). Clas-
sification of Recurrence Plots’ Distance Matrices with  
a Convolutional Neural Network for Activity Recognition. 
Procedia Computer Science, 130, 157–163. doi: https:// 
doi.org/10.1016/j.procs.2018.04.025 

13.	Neves, F. M., Viana, R. L., Pie, M. R. (2017). Recurrence ana-
lysis of ant activity patterns. PLOS ONE, 12 (10), e0185968. 
doi: https://doi.org/10.1371/journal.pone.0185968 

14.	 Ozken, I., Eroglu, D., Breitenbach, S. F. M., Marwan, N.,  
Tan, L., Tirnakli, U., Kurths, J. (2018). Recurrence plot ana-
lysis of irregularly sampled data. Physical Review E, 98 (5). 
doi: https://doi.org/10.1103/physreve.98.052215 

15.	Eroglu, D., Marwan, N., Stebich, M., Kurths, J. (2018). 
Multi plex recurrence networks. Physical Review E, 97 (1). 
doi: https://doi.org/10.1103/physreve.97.012312 

16.	Oberst, S., Niven, R., Ord, A., Hobbs, B., Lester, D. (2017). 
Application of recurrence plots to orebody exploration data. 
Conference: Target. At University Club, University of Wes-
tern Australia. 

17.	 Webber, C. L., Ioana, C., Marwan, N. (Eds.) (2016). Recur-
rence Plots and Their Quantifications: Expanding Hori-
zons. Springer Proceedings in Physics. doi: https://doi.org/ 
10.1007/978-3-319-29922-8 

18.	Birleanu, F.-M., Candel, I., Ioana, C., Gervaise, C., Serba-
nescu, A., Serban, G. (2012). A vector approach to tran-
sient signal processing. 2012 11th International Confe-
rence on Information Science, Signal Processing and Their 

Applications (ISSPA). doi: https://doi.org/10.1109/isspa. 
2012.6310462 

19.	Ioana, C., Digulescu, A., Serbanescu, A., Candel, I., Bir-
leanu, F.-M. (2014). Recent Advances in Non-stationary 
Signal Processing Based on the Concept of Recurrence Plot 
Analysis. Translational Recurrences, 75–93. doi: https:// 
doi.org/10.1007/978-3-319-09531-8_5 

20.	Pospelov, B., Andronov, V., Rybka, E., Meleshchenko, R., 
Borodych, P. (2018). Studying the recurrent diagrams of 
carbon monoxide concentration at early ignitions in pre-
mises. Eastern-European Journal of Enterprise Techno-
logies, 3 (9 (93)), 34–40. doi: https://doi.org/10.15587/ 
1729-4061.2018.133127 

21.	 Pospelov, B., Andronov, V., Rybka, E., Skliarov, S. (2017). 
Design of fire detectors capable of self-adjusting by igni-
tion. Eastern-European Journal of Enterprise Technolo-
gies, 4 (9 (88)), 53–59. doi: https://doi.org/10.15587/ 
1729-4061.2017.108448 

22.	Pospelov, B., Andronov, V., Rybka, E., Skliarov, S. (2017). 
Research into dynamics of setting the threshold and  
a probability of ignition detection by self adjusting fire 
detectors. Eastern-European Journal of Enterprise Tech-
nologies, 5 (9 (89)), 43–48. doi: https://doi.org/10.15587/ 
1729-4061.2017.110092 

23.	 Marwan, N., Carmenromano, M., Thiel, M., Kurths, J. (2007). 
Recurrence plots for the analysis of complex systems. Physics 
Reports, 438 (5-6), 237–329. doi: https://doi.org/10.1016/ 
j.physrep.2006.11.001 

24.	Mindlin, G. M., Gilmore, R. (1992). Topological analy-
sis and synthesis of chaotic time series. Physica D: Non-
linear Phenomena, 58 (1-4), 229–242. doi: https://doi.org/ 
10.1016/0167-2789(92)90111-y 

25.	Zbilut, J. P., Zaldivar-Comenges, J.-M., Strozzi, F. (2002). 
Recurrence quantification based Liapunov exponents for 
monitoring divergence in experimental data. Physics Let-
ters A, 297(3-4), 173–181. doi: https://doi.org/10.1016/ 
s0375-9601(02)00436-x 

26.	Thiel, M., Romano, M. C., Kurths, J., Meucci, R., Al laria, E., 
Arecchi, F. T. (2002). Influence of observational noise on 
the recurrence quantification analysis. Physica D: Non-
linear Phenomena, 171 (3), 138–152. doi: https://doi.org/ 
10.1016/s0167-2789(02)00586-9 

27.	Kondratenko, O. M., Vambol, S. O., Strokov, O. P., Avramen-
ko, A. M. (2015). Mathematical model of the efficiency of 
diesel particulate matter filter. Naukovyi Visnyk Natsional-
noho Hirnychoho Universytetu, 6, 55–61.

28.	Vasiliev, M. I., Movchan, I. O., Koval, O. M. (2014). Di-
minishing of ecological risk via optimization of fire-extin-
guishing system projects in timber-yards. Naukovyi Visnyk 
Natsionalnoho Hirnychoho Universytetu, 5, 106–113.

29.	Dubinin, D., Korytchenko, K., Lisnyak, A., Hrytsyna, I., 
Trigub, V. (2017). Numerical simulation of the creation of 
a fire fighting barrier using an explosion of a combustible 
charge. Eastern-European Journal of Enterprise Techno-
logies, 6 (10 (90)), 11–16. doi: https://doi.org/10.15587/ 
1729-4061.2017.114504 

30.	Semko, A., Rusanova, O., Kazak, O., Beskrovnaya, M., Vino-
gradov, S., Gricina, I. (2015). The use of pulsed high-speed 
liquid jet for putting out gas blow-out. The Internatio-
nal Journal of Multiphysics, 9 (1), 9–20. doi: https:// 
doi.org/10.1260/1750-9548.9.1.9 

31.	Kustov, M. V., Kalugin, V. D., Tutunik, V. V., Tarakhno, E. V.  
(2019). Physicochemical principles of the technology of 
modified pyrotechnic compositions to reduce the chemical  

73

Abstract and References. Mathematics and cybernetics – applied aspects



pollution of the atmosphere. Voprosy Khimii i Khimicheskoi 
Tekhnologii, 1, 92–99. doi: https://doi.org/10.32434/0321-
4095-2019-122-1-92-99 

32.	Vasyukov, A., Loboichenko, V., Bushtec, S. (2016). Identi-
fication of bottled natural waters by using direct conduc-
tometry. Ecology, Environment and Conservation, 22 (3), 
1171–1176.

33.	Pospelov, B., Rybka, E., Meleshchenko, R., Borodych, P., 
Gornostal, S. (2019). Development of the method for rapid 
detection of hazardous atmospheric pollution of cities with 
the help of recurrence measures. Eastern-European Journal 
of Enterprise Technologies, 1 (10 (97)), 29–35. doi: https://
doi.org/10.15587/1729-4061.2019.155027 

DOI: 10.15587/1729-4061.2019.170516
ALGORITHMIZING THE METHODS OF BASIS 
MATRICES IN THE STUDY OF BALACE 
INTERSECTORAL ECOLOGICAL AND ECONOMIC 
MODELS (p. 45–55)

Volodymyr Kudin
Taras Shevchenko National University  

of Kyiv, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-5665-0868 

Andriy Onyshchenko
Taras Shevchenko National University  

of Kyiv, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-3194-1116 

Igor Onyshchenko
International Research and Training Center  

for Information Technologies and Systems under NAS  
and MES of Ukraine, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0003-3975-8946

Ecological-economic models (such as Leontiev-Ford) 
play a special role in solving the fundamental problems of 
long-term planning, taking into account the factor of envi-
ronmental management. On their basis, the task of justifying 
the magnitude of the costs of environmental protection can 
be implemented, considering the socio-economic effect and 
their distribution in the territorial-industry context.

Based on the proposed balance model, typical generaliza-
tions («extensions») of the model are highlighted, which, in 
general, increase its dimension, but do not «fall out» of the 
linear class. In particular, the issues of analyzing the impact 
on changes in the volume of gross sectoral issues as a result 
of changes in structural industry proportions are studied, 
corresponding to changes in the technological structure of 
the functioning of the ecological-economic system in the 
sectoral context.

In order to solve the problem, it was developed to use 
the algorithms of basis matrix method, which are equipped 
with the technology for determining solutions of the system 
of matrix linear equations in accordance with the changes 
and generalize the model. At the same time, changes may be 
experienced by individual elements or a group of elements, 
one or a group of rows (columns), in blocks of matrix subma-
trices. The proposed algorithms are implemented for the case 
of changes in the matrix of constraints of the original system 
without recalculation (again).

We considered various variants of changes in the model 
and their influence on the new solution in case of «pertur-

bation» in submatrices of the constraint matrix (group of 
elements forming a block) of the model. In particular, the 
variant with the «inclusion («exclusion») of new blocks of 
submatrices, that is an increase (or decrease) in the dimen-
sion of the original constraint matrix of mathematical model. 
Such models are provided by a linear system, in particular,  
a system of linear algebraic equations (SLAE).

Such an approach makes it possible to carry out direc-
tional changes in the model in order to achieve the desired 
proportions of the «useful» and «harmful» component in the 
production structure (as a solution to the problem).

Further development of the proposed theory makes it 
possible to proceed to the study of aggregation issues of 
the balance scheme «input-output», determining a specific 
corridor of permissible changes in order to achieve a target 
reference point for the volume of sectoral output.

Keywords: matrix systems, international environmental 
agreements, basis matrix method, matrix ecological-econo-
mic models.
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Many physical processes and phenomena in view of their 
complexity cannot be described analytically. In these cases, 
empirical modeling is applied. In this research, the method 
based on the genetic approach is used to construct empirical 
models of optimal complexity that have the form of a poly-
nomial of assigned power. Implementation of the developed 
method requires a multiple solution of the system of linear 
algebraic equations. Solution of the system of linear algebraic 
equations is found by reducing the corresponding matrix to 
the upper diagonal form with unities on the main diagonal. 

Analysis of the algorithm showed that the procedure of re-
ducing the matrix to the upper diagonal form has internal 
parallelism. Based on the created model of the computational 
process in the form of a Petri net, the strategy of construction 
of the parallel algorithm for solving the system of linear alge-
braic equations was developed. The essence of the strategy is 
that computations are performed on some parallel processors. 
One of them was assigned coordinating functions, and it was 
named master. Other processors – slaves are subordinated to 
the master. Division of computation volume is such that the 
number of rows of the matrix, which master operates is at 
least by unity more than the corresponding number of rows 
allocated to the servant. The effectiveness of the parallel al-
gorithm for the proposed strategy was evaluated based of the 
criterion of the total number of arithmetic operations. The 
proposed strategy is an integral part of the process of syn-
thesis of the empirical model of optimal complexity based on 
the genetic algorithms. Distribution of computational load 
between processors working in parallel (master and slaves) 
ensures the acceleration of the computational process by five 
times or more.

Keywords: empirical model, genetic algorithm, paral-
lelism, Petri net, the number of operations.
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