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The object of research is the process of sustainable develop-
ment of territorial units on the example of the regions of Ukraine. 
The concept of sustainable development has become a leading 
development strategy for most countries in the world. One of 
the biggest challenges is the availability of complete and veri-
fied data for sustainable development assessment models. The 
method used to calculate the index of sustainable development, 
developed in the World Data Center for Geoinformatics and 
Sustainable Development of the National Technical University 
of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute». This 
methodology is based on calculating the metric of the index of 
sustainable development based on measurements of the qua lity 
of life of the population and the components of the safety of  
living for individual countries and regions. For the application 
of the methodology at the regional level, it was suggested to use 
information on the night lighting of the territory received by 
means of remote sensing of the Earth from satellites. The cha-
racter and cohesiveness of the connection between the brightness 
of night lighting and indicators of sustainable development are 
studied. It is established that the most significant link exists bet-
ween indicators of the economic development index, the index 
of influence on climate change and night lighting of the regions 
of Ukraine. Based on geographic information analysis of ArcGIS 
software, ESRI has applied statistical zoning tools that provide 
opportunities for statistical processing of satellite images within 
the regionally or regionally allocated areas.

On the basis of the mathematical apparatus of the intellec-
tual data analysis, a global and local regression analysis of the 
relationships between the revealed indicators was carried out. 
Consideration of the cramped nature of this connection in the 
territorial section revealed areas with varying degrees of close 
ties, which is explained by the peculiarities of the socio-economic 
development of the territories. Due to this, it is possible to obtain 
the calculation of similar indicators at more detailed territo-
rial levels, corresponding to separate regions or cities of regional 
significance.
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The object of research is the processes of identification and 
classification of objects in computer vision tasks. Currently, for 
the recognition of images, the best results are demonstrated by 
artificial neural networks. However, learning neural networks 
is a poorly conditioned task. Poor conditioning means that even  
a large data set can carry a small amount of information about  
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a problem that is being solved. Therefore, a key role in the syn-
thesis of parameters of a specific mathematical model of a neural 
network belongs to educational data. Selection of a representa-
tive training set is one of the most difficult tasks in machine 
learning and is not always possible in practice.

The new combined model of image recognition using the 
non-force interaction theory proposed in the paper has the fol-
lowing key features:

– designed to handle large amounts of data;
– selects useful information from an arbitrary stream;
– allows to naturally add new objects;
– tolerant of errors and allows to quickly reprogram the be-

havior of the system.
Compared to existing analogues, the recognition accuracy of 

the proposed model in all experimental studies was higher than 
the known recognition methods. The average recognition ac-
curacy of the proposed model was 71.3 %; using local binary pat-
terns – 59.9 %; the method of analysis of the main components –  
65.2 %; by the method of linear discriminant analysis – 65.6 %. 
Such recognition accuracy in combination with computational 
complexity makes this method acceptable for use in systems ope-
rating in conditions close to real time. Also, this approach allows 
to manage the recognition accuracy. This is achieved by adjusting 
the number of sectors of the histograms of local binary patterns 
that are used in the description of images and the number of  
image fragments used in the classification stage by the introfor-
mation approach. To a large extent, the number of image frag-
ments affects the time of classification, since in this case, it is 
necessary to calculate the matching of the system actions in each 
of the possible directions in pairs.

Keywords: computer vision systems, image analysis, object 
recognition and identification.
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The object of research is the processes of beneficiation of 
iron ore in the conditions of a mining and processing plant. Iron 
ore beneficiation factory near parallel to existing production 
lines or concentration sections. One of the key characteristics 
that determine the operating mode of the grinding apparatus is 
the crushing of ore, directly related to its strength. But unlike 
other parameters, the problem is with constant monitoring of 
the strength value. The determination of this parameter requires  
a laboratory study of the technological ore sample from the con-
veyor of the beneficiation section. The specifics of the working 
conditions of the beneficiation section complicate the monitor-
ing of the strength parameter by installing a hardware sensor 
directly on the conveyor. Therefore, it is proposed to determine 
it by forecasting. Based on Big Data information technologies, 
using the accumulated statistical data, it is possible to forecast 
data between the technological samples.

The technological process of ore beneficiation in the condi-
tions of a mining and processing plant is systematically analyzed. 
The generalized structure of the classification model is presented, 
which, based on the accumulated statistical data of the benefi-
ciation section based on the current parameters of the section, is 
able to determine the parameters of incoming raw materials. The 
unknown parameter is determined using the counterpropaga-
tion neural network, which combines the following algorithms: 
a self-organizing Kohonen map and a Grossberg star. Their com-
bination leads to an increase in the generalizing properties of the 
network. The training sample is formed as a result of clustering 
the statistical data of the beneficiation section and selecting the 
cluster to which the current status of the section works.

The presented forecasting algorithm, based on a combination 
of clustering methods and the use of a predictive neural network, 
allows the specialist to more quickly receive recommendations 
for making decisions regarding the behavior of the object com-
pared to obtaining laboratory test data.

Keywords: classification model, computer support system 
for solutions, neural network, ore beneficiation, clustering of 
statistical data.



ABSTRACTS AND REFERENCES: INFORMATION TECHNOLOGIES

48 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 3/2(47), 2019

ISSN 2226-3780

References

1. Kupin, A. I. (2009). Uzghodzhene intelektualne keruvannia sta-
diyamy tekhnolohichnoho protsesu zbahachennia mahnetytovykh 
kvartsytiv v umovakh nevyznachenosti. Kryvyi Rih: Kryvorizkyi 
natsionalnyi universytet, 926.

2. Goncharov, Yu. G., Davidkovich, Yu. G., Geyzenblazen, B. E. 
(1968). Avtomaticheskiy kontrol’ i regulirovanie tehnologicheskih 
protsessov na zhelezorudnyh obogatitel’nyh fabrikah. Moscow: 
Nedra, 277.

3. Skorohodov, V. F., Hohulya, M. S., Biryukov, V. V. (2010). 
Sozdanie ehffektivnyh tehnologiy i tehniki obogashcheniya 
mineral’nogo syr’ya s primeneniem metodov vychislitel’noy gi-
drodinamiki. Gorniy zhurnal, 12, 79–84.

4. Ding, J., Chai, T., Wang, H. (2011). Offline Modeling for Product 
Quality Prediction of Mineral Processing Using Modeling Error 
PDF Shaping and Entropy Minimization. IEEE Transactions on 
Neural Networks, 22 (3), 408–419. doi: https://doi.org/10.1109/
tnn.2010.2102362 

5. J schke, J., Skogestad, S. (2011). NCO tracking and self-opti-
mizing control in the context of real-time optimization. Journal 
of Process Control, 21 (10), 1407–1416. doi: https://doi.org/ 
10.1016/j.jprocont.2011.07.001 

6. W rth, L., Hannemann, R., Marquardt, W. (2011). A two-layer 
architecture for economically optimal process control and opera-
tion. Journal of Process Control, 21 (3), 311–321. doi: https:// 
doi.org/10.1016/j.jprocont.2010.12.008 

7. Lu, L. (2015). Iron Ore. Mineralogy, Processing and Environmen-
tal Sustainability. Elsevier, 666. doi: https://doi.org/10.1016/
c2013-0-16476-8 

8. Wills, B. A., Napier-Munn, T. (2006). Wills’ Mineral Processing 
Technology. Elsevier, 456. doi: https://doi.org/10.1016/b978-0-
7506-4450-1.x5000-0 

9. Ghosh, A., Sharma, A. K., Nayak, B., Sagar, S. P. (2014). In-
frared thermography: An approach for iron ore gradation. Mi-
nerals Engineering, 62, 85–90. doi: https://doi.org/10.1016/ 
j.mineng.2013.12.002 

10. Nevedrov, A. S., Oleynik, A. G. (2011). Ob instrumental’nyh 
sredstvah opredeleniya ehffektivnyh rezhimov obogashcheniya 
mineral’nyh rud. Informatsionnye resursy Rossii, 5, 35–38.

11. Morkun, V., Tron, V. (2014). Automation of iron ore raw mate-
rials beneficiation with the operational recognition of its variet-
ies in process streams. Metallurgical and Mining Industry, 6, 4–7.

12. Hart, J. R., Zhu, Y., Pirard, E. (2011). Particle size and shape 
characterization: current technology and practice. Advances in 
the Characterization of Industrial Minerals, 77–127. doi: https://
doi.org/10.1180/emu-notes.2010.emu9-4 

13. Andreev, S. E., Perov, V. A., Zverevich, V. V. (1980). Droblenie, iz-
mel’chenie i grohochenie poleznyh iskopaemyh. Moscow: Nedra, 415. 

14. Werbos, P. J. (1989). Backpropagation and neurocontrol: a re-
view and prospectus. International Joint Conference on Neural 
Networks. doi: https://doi.org/10.1109/ijcnn.1989.118583 

15. Haykin, S. (1994). Neural Networks. A comprehensive foundation. 
New York: Macmillan, 696.

16. Zhang, B., Muhlenbein, H. (1993). Evolving optimal neural 
networks using genetic algorithms with Occam’s razor. Complex 
systems, 7 (3), 199–220.

17. Goldberg, D. E. (1989). Genetic Algorithms in Search, Optimiza-
tion, and Machine Learning. Massachusetts, 432.

DOI: 10.15587/2312-8372.2019.175020

SEARCH FOR IMPACT FACTOR CHARACTERISTICS  
IN CONSTRUCTION OF LINEAR REGRESSION MODELS

page 20–25

Geche Fedir, Doctor of Technical Sciences, Professor, Head 
of Department of Cybernetics and Applied Mathematics, Uzh-
horod National University, Ukraine, e-mail: fgeche@hotmail.com, 
ORCID: http://orcid.org/0000-0002-4757-9828 

Mulesa Oksana, PhD, Associate Professor, Department of Cyber-
netics and Applied Mathematics, Uzhhorod National University, 
Ukraine, e-mail: mulesa.oksana@gmail.com, ORCID: http://
orcid.org/0000-0002-6117-5846

Hrynenko Viktor, Postgraduate Student, Department of Cyber-
netics and Applied Mathematics, Uzhhorod National University, 
Ukraine, ORCID: http://orcid.org/0000-0002-4606-0792

Smolanka Veronika, Postgraduate Student, Department of Cy-
bernetics and Applied Mathematics, Uzhhorod National Univer-
sity, Ukraine, e-mail: veronika.smolanka@uzhnu.edu.ua, ORCID: 
http://orcid.org/0000-0002-8380-1967

The object of research is the task of constructing a linear re-
gression model that arises in the process of solving the problem of 
predicting the values of a dependent variable on a set of indepen-
dent factor characteristics. This task often arises in the process of 
analyzing indicators of economic activity of enterprises. The pro-
cess of constructing a regression equation adequately reflects the 
relationship between factor attributes and the resultant attributes, 
is a multi-stage and time-consuming procedure. Important in this 
case is the stage of choosing the most influential factor characteris-
tics. The adequacy of the regression model and the effectiveness of 
the analysis of the activities of enterprises depend on the effective-
ness of this stage and the correct choice of a system of attributes. 
A number of methods and algorithms are proposed in scientific 
sources for choosing the most influential factor attributes. Some of 

them are based on correlation and regression analysis, but there are 
a number of heuristic methods. Studies have shown that the use of 
various methods for selecting the most influential factor attributes 
for solving specific problems, in the general case, leads to different 
results. Moreover, a feature of most methods is their computa-
tional complexity or instability about the conditions of use. The 
main criterion for the effectiveness of factor selection algorithms is 
the adequacy of the constructed regression model.

The study analyzes the process of constructing multiple 
linear regression models. Its main steps are determined and basic 
concepts and calculation formulas are given. The authors propose 
an algorithm for selecting the most influential factor attributes in 
constructing linear regression models. A feature of the proposed 
approach is that it is based on the properties of particular cor-
relation coefficients. The application of the developed algorithm 
allows to reduce the computational complexity of the process of 
selecting factor attributes in comparison with known algorithms.

An experimental verification of the developed algorithm for 
the task of building dependencies between different performance 
indicators of two enterprises in the form of multiple linear regres-
sion is performed. As a result of the calculations, one or two influ-
ential features are selected from a system of 17 factor attributes 
for each indicator. The equations of multiple linear regression 
constructed in this way have a reliability that exceeds 90 %.

Keywords: multiple linear regression, partial correlation coef-
ficients, factor attributes, model adequacy.
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In the work, as a research object, a protective device of a 
domed form is used which is used by pyrotechnic units to localize 
an emergency situation in the event of an explosion inside a small 
hazardous object. It is noted that one of the most problematic 
places of its application is the development of recommendations, 
implementation of which should ensure the prevention of the 
development of an emergency event up to a level of emergency 
on such priority effects as the number of victims and the number 
of victims. It is shown that the definition of such recommenda-
tions, providing localization of the consequences of an emer-
gency in the case of an explosion of a small explosive object inside  
a specialized protective device, requires the obtaining of a math-
ematical model of localization of the focal point of an emergency. 
This model should provide an assessment of the strength of the 
technical means of localization of fragments and become the basis 
for the correction of existing operational procedures in the case 
of its application by pyrotechnic units. In the course of the study, 
the Eulerian-Lagrangian approach is used, which would allow 
obtaining a mathematical model of localization with the help of 
a dome-shaped form of the consequences of emergency situations 
in the event of an explosion inside a small-sized dangerous object. 
In practice, a mathematical model is implemented in a finite ele-
ment packet using the library of the ANSYS/AUTODYN com-
puter system. This allows not to create an actual new package of 
applications every time, as was done before to describe similar 
models. Due to this, an assessment of the strength of the techni-
cal means of localization of fragments is provided. In comparison 
with similar well-known models, the developed mathematical 
model allows to estimate the size of the minimum thickness of 
the protective device. It allows to withstand the explosion of a 
small-sized explosive object and to determine the minimum mass 
of the protective equipment taking into account the operational 
capabilities of the combat calculation of the pyrotechnic unit.

Keywords: protective device, mathematical model of explo-
sion localization, strength of technical means, ANSYS package.
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The object of research is the foreign experience of the dual 
form of education. One of the most problematic places is the ef-
fective transfer of the dual form of education to countries with  
a lack of experience in the implementation and functioning of 
this type of education. The difficulty of transferring dual educa-
tion lies in the long-term formation of a model in the countries of 
origin. Characteristic features of dual learning models were ob-
tained as a result of the influence of local factors and conditions 
of the countries of origin. The complexity of the transfer also 
lies in the formalization of the assessment data of the potential 
of the country of implementation. To solve this problem, fuzzy 
logic methods are best suited. The advantage of using a fuzzy 
logic apparatus is the ability to formalize the data of complex 
systems, converting qualitative indicators into quantitative ones 
and vice versa. Method of fuzzy inference of the Matlab software 
environment is used.

In this paper, an analysis of the prerequisites for the intro-
duction of dual education in Ukraine is carried out. The analysis 
of the foreign experience of dual education is carried out. As  
a result, factors are identified and grouped into three subsystems 
(economic, political, cultural and educational) to assess the po-
tential for introducing dual education in Ukraine.

The simulation results shown in the study provide an answer 
to the question of the feasibility of implementing the dual form 
of education and assessing this potential of Ukraine. The data 
obtained as a result of modeling indicate the feasibility of intro-
ducing dual education in Ukraine. This is due to the fact that 
the fuzzy modeling method showed that the integral estimate 
belongs to the mean of the output term. Among the positive 
factors that influenced this result, it is worth noting the level of 
government spending on GDP and the level of prestige of voca-
tional education.

The advantage of research is a quantitative assessment of the 
potential of transfer of the dual form of education in Ukraine, 
which is also important from the point of view of the interna-
tional discourse of transfer of the dual form of education. The 
paper formalizes the model of the country’s potential for the 
introduction of dual education.

Keywords: dual education, vocational education, fuzzy logic, 
integrated assessment, fuzzy inference system.
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The object of research is the process of recognizing the areas 
of scanned documents images. The paper proposes a hierarchical 
approach to the segmentation of scanned documents images. 
This approach is an image of a scanned document in the form of  
a multi-level structure. At each level of the structure, images con-
taining structural regions are highlighted. Objects of the lower 
level strictly correlate with a certain area of the image of the up-
per level: areas of the photo and graphics correspond to the image 
containing the illustrations, and areas of text and background 
to the image containing both the text and the background at 
the same time. Using a hierarchical approach, it is possible to 
perform processing separately for each image area, namely: 
first, the areas of illustrations are highlighted on the original 
image of the scanned document using the analysis of connected 
components. Thus, the first level of the hierarchy consists of 
an image containing illustrations and an image containing text 
with a background. Then the areas of illustrations are divided 
into photos and graphics by splitting the areas of illustrations 
into blocks, and text areas are separated from the background 
using processing in the neighborhood of each pixel. Thus, the 
second level of the hierarchy is represented by images contain-
ing homogeneous areas: photos, graphics, text and background. 
The hierarchical approach to segmentation has reduced the pro-
cessing time by an average of 80 times. The reduction in image 
processing time was due to the fact that at each level and in turn, 
in a separate part of the hierarchical structure, it was possible 
to take into account the structural features of a uniform image 
area corresponding to this level. And also choose the signs of 
identification of these areas with high computational efficiency, 
the use of which also reduced the processing time of the scanned  
document.

Keywords: hierarchical approach, scanned documents, image.
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The object of research is the sustainable development of 
IT enterprises. One of the most problematic places is the speci-
fication of the subject area, taking into account the specific 
activity of the IT enterprise. Today, there is a certain amount of 
research in the field of sustainable development, however, given 
the specific nature of the IT enterprise, namely that its main asset 
is software development, there are no researches related to the 
analysis of the sustainable development of IT enterprises. That is 
why, above all, the question arises in the representation of know-
ledge about the subject area. As a result, it is important to develop 
a model that displays the domain objects and the links between 
them. Such a tool is ontologies, which are a formalized represen-
tation of domain knowledge. The paper discusses the problem of 
building an ontology for a subject area of sustainable development 
of an IT enterprise, which includes the following steps:

– justification of the use of ontologies for domain modelling;
– a brief description of the basic steps of building an ontology 

in accordance with the IDEF5 standard.
The collection and source analysis for the formation of verbal 

subject domain specifications. It should be noted that the de-
veloped ontology includes three types of representation: verbal, 
graphic and analytical. Within this paper, only two representa-
tions (graphical and analytical) are given. The IDEF5 Schematic 
Language (SL) was used to graphically represent the onto logy, 
which includes several types of ontology diagrams. In the 
framework of our study, we used the Composition Schematics, 
which is a mechanism for graphically representing the composi-
tion of ontology classes. For analytic representation, predicate 
calculations were used, because with increasing and refining the 
ontology of the subject area, this mathematical apparatus ensures 
the reliability of the results. The developed ontology involves 
refinement and expansion in accordance with the requirements of 

projects where this ontology will be used, for example, to develop 
an expert system for solving problems of the subject area.

Keywords: sustainable development, subject area ontology, 
IDEF5 standard, predicate calculus.
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