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Abstract
The article discusses such modern methods and tools of artificial intelligence as applied to solving some 
problems of the Russian shipbuilding market. Researching cases present an example of an algorithm for 
experimental model of artificial intelligence and its mathematical formalization under environments of 
forecasting the dynamic development indicators of Russian shipbuilding industry.  The article shows 
that the use of modern data mining methods and tools is in demand from the point of view of solving 
a wide class of applied problems, such as modeling the economic environment and business activity, 
trends and tendencies in various markets of developed and developing countries in the context of the 
cyclical nature of the world economy as a whole. In addition, such methods and tools are characterized 
by a high demand on the part of society in terms of developing (designing) experimental models for 
analyzing the evolutionary processes and functioning of complex socio-economic systems, which in-
clude high-tech sectors of the Russian industry, determining effective directions for the development 
of such systems. The article provides an example of an initiative research project that illustrates the 
formulation of a specific applied economic problem and its possible solution using methods and tools 
of artificial intelligence.
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Аннотация
Рассмотрены вопросы, связанные с применением методов искусственного интеллекта и ког-
нитивных технологий в задачах моделирования управляемых динамических систем. Пред-
ставлен обзор результатов решения некоторых задач когнитивного моделирования. Изучены 
аспекты построения и исследования когнитивных моделей с применением различных инстру-
ментов искусственного интеллекта. Охарактеризованы особенности применения нейронных 
сетей, эволюционных алгоритмов, объектно-ориентированных языков программирования, 
многоагентных архитектур в задачах когнитивного моделирования. Дано описание областей 
применения искусственного интеллекта и когнитивных технологий в задачах моделирования 
динамических систем. Рассмотрено методическое обеспечение для исследования траекторной 
динамики систем интеллектного управления. Предложен подход к построению динамических 
когнитивных карт для моделирования маятниковых систем с применением интеллектуальных 
технологий. Разработан обобщенный алгоритм стабилизации маятника с применением нечет-
ких когнитивных карт. Рассмотренный подход позволяет синтезировать модели перевернутого 
маятника с учетом различных физических эффектов и решать ряд задач управления маятни-
ковыми системами. Полученные результаты могут быть использованы при проектировании и 
совершенствовании управляемых технических систем. 
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I. Introduction

Summarizing the results of modern research by authoritative sci-
entists-economists shows that shipbuilding is a complex non-lin-
ear dynamic production and economic system, the development of 
which is a subject to the objective laws of economics as a field of 
scientific knowledge [1; 2]. 
Under the digital transformation environments due to high-tech 
industries, as well as large-scale digitalization of industrial enter-
prises, the question of the need to use new methods and tools in 
economic research in development of Russian shipbuilding is on 
the agenda [3; 4]. Artificial intelligence (AI) as an interdisciplinary 
area of   research, along with structuring and in-depth analysis of 
metadata (data mining, big data), can act as a significant help under 
the process of solving applied economic problems for all industries 
and complexes [5; 6].
It seems that modern methods and tools developed within the 
framework of these areas of scientific research are of interest from 
the point of view due to solving a wide class of applied problems, 
such as modeling the economic situation and business activity, 
trends and tendencies on various markets of developed and devel-
oping countries under the context of the cyclical global the econo-
my as a whole.
In addition, modern methods and tools developed within the frame-
work of the above areas of scientific research are characterized by 
high demand from society in terms of developing (designing) ex-
perimental models for analyzing the processes of evolution and 
functioning due to complex socio-economic systems, which include 
high-tech sphere of  Russian industry, including the determination 
of effective directions for the development of such systems.
For the purposes of the study, we will give an example of an ini-
tiative research project that illustrates the formulation of a specific 
applied economic problem and its possible solution using artificial 
intelligence methods and tools.

II. Brief annotation of an initiative research 
project for the application of data mining 
under the civil shipbuilding environments
1. Research topic: “Development of scientific ideas about civil ship-
building as a non-linear dynamic production and economic system”.

2. The purpose for research is to develop the theory and method-
ology of economic and mathematical modeling of processes occur-
ring in civil shipbuilding, as well as to develop (design) an experi-
mental model that allows the management of high-tech shipyards 
to make a better assessment due to dynamics of economic activity 
indicators in conjunction with market conditions and forecast.

3. Tasks to be solved in case of research:
to generalize the existing research approaches for displaying so-
cio-economic processes and systems in the form of mathematical 
models based on the fundamental provisions of nonlinear dynamics 
as an interdisciplinary field of scientific knowledge;
 to analyze modern applied economic and mathematical models 
that formalize the approaches of nonlinear dynamics to the display 
of socio-economic processes occurring in sectors and complexes of 
the economies of developed and developing countries;

to formulate and to substantiate a number of theoretical and meth-
odological provisions that allow developing existing scientific ap-
proaches to the construction of economic and mathematical models 
used in the economic practice of shipyards to improve the process 
of predicting the dynamics of  key indicators in conjunction with 
market conditions and forecast;
to develop a simulation economic and mathematical model that 
provides better forecasting of the dynamics of key indicators of 
the development of shipyards (an artificial intelligence model that 
constructs a trainable artificial neural network to solve the applied 
economic problem – the formation of more accurate forecasts for 
key indicators of the development due to shipyards);
to testt the proposed simulation economic and mathematical model 
in the conditions of actually functioning shipyards and give an ana-
lytical interpretation of the results obtained.

4. The uniqueness (novelty) of the ongoing research project lies 
in the reconstruction (construction) of a trainable neural network 
of artificial intelligence correlated with its biological counterparts 
(the human cerebral cortex, containing about  neurons, each of 
which is connected on average with  others neurons, generating 
about  interconnections) to solve an important applied economic 
problem – more accurate forecasting of key indicators of the devel-
opment of shipyards.
The degree of complexity of the algorithms for the functioning of a 
neural network is so high that the implementation of calculations 
can be provided exclusively by high-performance computing and 
highly efficient methods of organizing computer calculations (par-
allel computing and/or other methods adequate to solve the prob-
lem posed, used under the applied theory of algorithms).
Successful implementation of research work within the frame-
work of the project requires the use of a unique infrastructure 
for high-performance computing – the supercomputer complex of 
Lomonosov Moscow State University, namely the supercomputers 
“Lomonosov” and “Chebyshev” as unique systems of the highest 
performance range in Russia and over the world. 

5. Expected results of research
The research involves the formulation and solution of an applied 
problem – the design of a more advanced simulation economic and 
mathematical model in comparison with existing analogues for pre-
dicting key indicators of the development of shipyards – an artificial 
intelligence model.
It is assumed that the construction of the original model will be 
based on the synthesis of a new neural network configuration, 
based on the known types of neural networks of artificial intelli-
gence by increasing the number of network neurons, the density of 
connections between neurons and the number of layers of neurons 
in the network, as well as introducing several types of synapses 
(connections between neurons) for the purpose of increasing the 
efficiency due to the neural network.
The constructed artificial intelligence model will be in demand un-
der the modern economic practice of civil shipbuilding, as it will 
allow to obtain more accurate forecasts for dynamics of key indi-
cators due to development of shipyards, thanks to such character-
istics as multifactorial, complex geometry, multivariance, and a high 
degree to accuracy of calculations.



101DIGITAL TRANSFORMATION OF TRANSPORTS. P. Kirilchuk, 
D. S. Knyazeva

Vol. 18, No. 1. 2022          ISSN 2411-1473          sitito.cs.msu.ru
Modern
Information
Technologies
and IT-Education

III. Mathematical formalization of methods 
and algorithms for constructing an artificial 
intelligence model due to solving the ap-
plied problem under the civil shipbuilding 
environments
Mathematical formalization of methods and algorithms for con-
structing an artificial intelligence model due to solving the applied 
problem is presented below.
A. Choice of architecture (type) of artificial intelligence 

neural network
The choice of the architecture of the neural network in accordance 
with the features and complexity of the set practical economic task 
with the degree of accuracy (error) specified by the expert. 
The choice is made on the basis of already existing neural network 
architectures, the effectiveness of which has been proven at the 
theoretical level (mathematically), as well as practically (under the 
real economic practice of economic entities): multilayer perceptron, 
Hamming network, Word network, Hopfield network, Kohonen net-
work, cognitron, neocognitron [7-13].
If the task set cannot be reduced to any of the known types of artifi-
cial intelligence neural networks, it is necessary to carry out a set of 
works to synthesize a new neural network configuration. Under the 
process of designing a new neural network architecture, the follow-
ing basic rules should be followed [14-16]:
network capabilities increase with an increase in the number of 
network neurons, the density of connections between them and the 
number of layers;
the introduction of feedbacks (synapses) between neurons, along 
with an increase in network capabilities, raises the question of the 
dynamic stability of the network (for the successful operation of 
such a network, dynamic stability conditions must be met, other-
wise the network may not converge to the correct solution, or, hav-
ing reached the correct value of the output signal at some iteration, 
after several iterations, get away from such a value);
the complexity of the algorithms for the functioning of the network, 
the introduction of several types of synapses (connections between 
neurons) enhances the power of the neural network and at the 
same time significantly increases the requirements for efficient 
hardware implementation of calculations (the need for high-per-
formance computing and the choice of effective methods for orga-
nizing computer calculations, such as parallel computing , or other 
methods adequate to the solution of the problem, which are used 
under the applied theory of algorithms.

B. B. Artificial Intelligence Neural Network Training
An artificial neuron is an integral part of the simulated neural net-
work. The structure of an artificial neuron consists of three types 
of elements: multipliers (synapses), an adder, and a nonlinear con-
verter. Synapses communicate between artificial neurons, multiply 
the input signal by a number characterizing the strength of the con-
nection (the weight of the synapse).
The adder performs the addition of signals coming through syn-
aptic connections from other artificial neurons and external input 
signals. The non-linear converter implements a non-linear function 
of one argument – the output of the adder. This function is the ac-
tivation function or transfer function of an artificial neuron. An ar-

tificial neuron as a whole implements a scalar function of a vector 
argument.
Mathematical model of a neuron:
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IV. Data mining and its application under 
the civil shipbuilding sphere 
The use of data mining and neural network models allows solving a 
wide class of applied industry problems in Russian civil shipbuild-
ing (Figure 1).

Data mining of prices for materials and equipment, credit load, vol-
atility of exchange rates, labor productivity and the level of depre-
ciation due to fixed assets allows shipyards to form more accurate 
forecasts of such key indicators of economic activity as output, cash 
flows, financial performance, internal rate of return for investment 
projects, providing their production and economic development 
under the medium and long term planning horizons.
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V. Conclusion

The use of methods and tools of artificial intelligence, along with 
hardware implementation of calculations, a formalized infrastruc-
ture for high-performance computing (Lomonosov Moscow State 

University supercomputer complex), allows to significantly im-
prove management skills and provide a qualitatively new level of 
formation due to quantitative estimates for the prospective devel-
opment of Russian shipyards as complex of nonlinear dynamic pro-
duction and economic systems.

6

789

References

[1]  Severin R. An approach to digitalization at Russian high-tech shipbuilding enterprises. Aktualnuye nauchnuye isledovanuya v sovre-
mennom myre = Actual scientific research in the modern world. 2021; (4-5):207-209. Available at: https://www.elibrary.ru/item.
asp?id=46280878 (accessed 27.02.2022). (In Russ., abstract in Eng.)

[2]  Marchenko S.S., Marzhokhov A.V. Prospects for the development of domestic civil shipbuilding. Nedelja nauki Sankt-Peterburgskogo 
gosudarstvennogo morskogo tehnicheskogo universiteta = Science Week of the St. Petersburg State Marine Technical University. 
2020; 1(3-1):1-51. (In Russ., abstract in Eng.) doi: https://doi.org/10.52899/9785883036070_75

[3]  Taranov A., Skulyabin M., Alekseev Y. Digitization of KSRC activities: approaches and fields. Trudy Krylovskogo gosudarstvennogo 
nauchnogo centra = Transactions of the Krylov State Research Center. 2019; Special Edition 2: 233-238. (In Russ., abstract in Eng.) 
doi: https://doi.org/10.24937/2542-2324-2019-2-S-I-233-238



103DIGITAL TRANSFORMATION OF TRANSPORTS. P. Kirilchuk, 
D. S. Knyazeva

Vol. 18, No. 1. 2022          ISSN 2411-1473          sitito.cs.msu.ru
Modern
Information
Technologies
and IT-Education

 
F i g. 1. Applied use of neural networks under Russian civil shipbuilding environments Source: compiled by the 

authors based on a generalization [21-33] 
 

Data mining of prices for materials and equipment, credit load, volatility of exchange rates, 

labor productivity and the level of depreciation due to fixed assets allows shipyards to form more 

accurate forecasts of such key indicators of economic activity as output, cash flows, financial 

performance, internal rate of return for investment projects, providing their production and 

economic development under the medium and long term planning horizons. 

 
V. Conclusion 
The use of methods and tools of artificial intelligence, along with hardware implementation 

of calculations, a formalized infrastructure for high-performance computing (Lomonosov Moscow 

 

input layer 

hidden layer 
 

output layer 
 

INPUTS FORECAST 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 – prices for materials & equipment ; 

2 – credit load; 

3 – depreciation rate for fixed assets; 

4 – labor productivity; 

5 – exchange  rate volatility; 

6 – output; 

7 – profit (losses); 

8 – cash flows; 

9 – internal rate of return 

F i g. 1. Applied use of neural networks under Russian civil shipbuilding environments Source: compiled by the authors based on a generalization [21-33]

6

789

[4]  Mayorova K., Mamadzharova T. The relevance of the introduction of digital technologies in the shipbuilding industry of the Russian 
Federation. Nedelja nauki Sankt-Peterburgskogo gosudarstvennogo morskogo tehnicheskogo universiteta = Science Week of the St. 
Petersburg State Marine Technical University. 2019; 1(1):1-32. Available at: https://www.elibrary.ru/item.asp?id=42198900 (ac-
cessed 27.02.2022). (In Russ., abstract in Eng.)

[5]  Gorin E.A. Digital technology in the national shipbuilding. Bulyeten nauki i praktitki = Bulletin of Science and Practice. 2017; 
(11):236-242. (In Russ., abstract in Eng.) doi: https://doi.org/10.5281/zenodo.1048457 

[6]   Dmitriev N.D. Digital Transformation of Shipbuilding. Strategii biznesa = Business Strategies. 2017; (10):15-18. Available at: 
https://www.elibrary.ru/item.asp?id=42405077 (accessed 27.02.2022). (In Russ., abstract in Eng.)

[7]  Hopfield J. Neural networks and physical systems with emergent collective computational abilities. Proceedings of the National 
Academy of Sciences of the United States of America. 1982; 79(8):2554-2558. (In Eng.) doi: https://doi.org/10.1073/pnas.79.8.2554

[8]  Fukushima K. Neocognitron capable of incremental learning. Neural Networks. 2004; 17(1):37-46. (In Eng.) doi: https://doi.
org/10.1016/S0893-6080(03)00078-9

[9]  Fukushima K. Neocognitron for handwritten digit recognition. Neurocomputing. 2003; 51:161-180. (In Eng.) doi: https://doi.
org/10.1016/S0925-2312(02)00614-8

[10]  Specht D. Probabilistic neural networks. Neural Networks. 1990; 3(1):109-118. (In Eng.) doi: https://doi.org/10.1016/0893-
6080(90)90049-Q

[11]  Specht D. A General regression neural network. IEEE Transactions on Neural Networks and Learning Systems. 1991; 2(6):568-576. 
(In Eng.) doi: https://doi.org/10.1109/72.97934

[12]  Schløler H., Hartmann U. Mapping Neural Network Derived from the Parzen Window Estimator. Neural Networks. 1992; 5(6):903-
909. (In Eng.) doi: https://doi.org/10.1016/S0893-6080(05)80086-3

[13]  Specht D. The General Regression Neural Network – Rediscovered. Neural Networks. 1993; 6(7):1033-1034. (In Eng.) doi: https://
doi.org/10.1016/S0893-6080(09)80013-0

[14]  Iiduka H., Kobayashi Y. Training Deep Neural Networks Using Conjugate Gradient-like Methods. Electronics. 2020; 9(11):1809. (In 
Eng.) doi: https://doi.org/10.3390/electronics9111809 

[15]  Podvalny S., Mugatina V., Vasiljev E. Application of Faceted Neural Networks to Solving the Pattern Recognition Problem. In: Kravets 
A.G., Bolshakov A.A., Shcherbakov M.V. (eds.). Cyber-Physical Systems. Studies in Systems, Decision and Control. Vol. 350. Springer, 
Cham; 2021. p. 237-247. (In Eng.) doi: https://doi.org/10.1007/978-3-030-67892-0_20 

[16]  Parkhomenko S.S., Ledeneva T.M. Scheduling in volunteer computing networks, based on neural network prediction of the job exe-
cution time. International Journal of Parallel, Emergent and Distributed Systems. 2019; 34(4):430-447. (In Eng.) doi: https://doi.or
g/10.1080/17445760.2018.1496435

[17]  Cybenko G. Approximation by superpositions of a sigmoidal function. Mathematics of Control, Signals and Systems. 1989; 2(4):303-
314. (In Eng.) doi: https://doi.org/10.1007/BF02551274

[18]  Kitova O.V., Kitov V.A. Neural Networks and Algorithms for Modern IT Systems. International Journal of Advanced Trends in Comput-
er Science and Engineering. 2020; 9(4):5796-5801. (In Eng.) doi: https://doi.org/10.30534/ijatcse/2020/237942020

[19]  Kozhevnikova T., Manzhula I. Simulation Modeling Using Neural Networks to Control Complex Technical Systems. In: Mottaeva A. 
(ed.) Technological Advancements in Construction. Lecture Notes in Civil Engineering. Vol. 180. Springer, Cham; 2022. p. 149-158. (In 
Eng.) doi: https://doi.org/10.1007/978-3-030-83917-8_14 

[20]  Lee H., Chen C., Huang T. Learning efficiency improvement of back-propagation algorithm by error saturation prevention method. 
Neurocomputing. 2001; 41(1-4):125-143. (In Eng.) doi: https://doi.org/10.1016/S0925-2312(00)00352-0

[21]  Yakushin Y., Bereza A., Dmitrienko N. Neural network model for forecasting statistics of communities of social networks. Modern 
Science. 2020; (5-1):494-499. Available at: https://elibrary.ru/item.asp?id=42847053 (accessed 27.02.2022). (In Eng.)

[22]  Yemelyanov V., Yemelyanova N., Chernyi S., Varadarajan V. Аpplication of neural networks to forecast changes in the technical con-
dition of critical production facilities. Computers & Electrical Engineering. 2021; 93(C):107225. (In Eng.) doi: https://doi.
org/10.1016/j.compeleceng.2021.107225

[23]  Otsokov K.A. Using Artificial Neural Networks in assessing the cost of Construction Projects. International Journal of Advanced Trends 
in Computer Science and Engineering. 2020; 9(3):3191-3195. (In Eng.) doi: https://doi.org/10.30534/ijatcse/2020/109932020

[24]  Peña-Ayala A. Educational data mining: A survey and a data mining-based analysis of recent works. Expert Systems with Applica-
tions. 2014; 41(4-1):1432-1462. (In Eng.) doi: https://doi.org/10.1016/j.eswa.2013.08.042

[25]  Istratova E., Sin D., Strokin K. A Comparative Analysis of Data Mining Analysis Tools. In: Pattnaik P.K., Sain M., Al-Absi A.A., Kumar P. 
(eds.). Proceedings of International Conference on Smart Computing and Cyber Security. SMARTCYBER 2020. Lecture Notes in Net-
works and Systems. Vol. 149. Springer, Singapore; 2021. p. 165-172. (In Eng.) doi: https://doi.org/10.1007/978-981-15-7990-5_16 

[26]  Smyth P., Pregibon D., Faloutsos C. Data-driven evolution of data mining algorithms. Communications of the ACM. 2002; 45(8):33-37. 
(In Eng.) doi: https://doi.org/10.1145/545151.545175

[27]  Wang W. Optimization of Intelligent Data Mining Technology in Big Data Environment. Journal of Advanced Computational Intelli-
gence and Intelligent Informatics. 2019; 23(1):129-133. (In Eng.) doi: https://doi.org/10.20965/jaciii.2019.p0129

[28]  Kotenko I., Saenko I., Branitskiy A. Machine Learning and Big Data Processing for Cybersecurity Data Analysis. In: Sikos L., Choo K.K. 
(eds.). Data Science in Cybersecurity and Cyberthreat Intelligence. Intelligent Systems Reference Library. Vol. 177. Springer, Cham; 
2020. P. 61-85. (In Eng.) doi: https://doi.org/10.1007/978-3-030-38788-4_4



104 ЦИФРОВАЯ ТРАНСФОРМАЦИЯ ТРАНСПОРТА С. П. Кирильчук, 
Д. С. Князева

Том 18, № 1. 2022          ISSN 2411-1473          sitito.cs.msu.ru

Современные 
информационные 
технологии 
и ИТ-образование

[29]  Tsyrelchuk I.N., Mamatova N.M., Abdul-Azalova M.Y. Optimization of business processes via Big Data. Proceedings of the VI Interna-
tional Conference on BIG DATA and Advanced Analytics. Bestprint, Minsk; 2020. No. 6-1. p. 96-104. Available at: https://libeldoc.
bsuir.by/bitstream/123456789/39047/1/Tsyrelchuk_Optimization.pdf (accessed 27.02.2022). (In Eng.)

[30]  Bova V.V., Kureichik V.V., Scheglov S.N., Kureichik L.V. Multi-level Ontological Model of Big Data Processing. In: Abraham A., Kovalev 
S., Tarassov V., Snasel V., Sukhanov A. (eds.). Proceedings of the Third International Scientific Conference “Intelligent Information 
Technologies for Industry”. IITI’18 2018. Advances in Intelligent Systems and Computing. Vol. 874. Springer, Cham; 2019. p. 171-181. 
(In Eng.) doi: https://doi.org/10.1007/978-3-030-01818-4_17 

[31]  Long C.K., Agrawal R., Trung H.Q., Pham H.V. A big data framework for E-Government in Industry 4.0. Open Computer Science. 2021; 
11(1):461-479. (In Eng.) doi: https://doi.org/10.1515/comp-2020-0191

[32]  Dezi L., Santoro G., Gabteni H., Pellicelli A.C. The role of big data in shaping ambidextrous business process management: Case 
studies from the service industry. Business Process Management Journal. 2018; 24(5):1163-1175. (In Eng.) doi: https://doi.
org/10.1108/BPMJ-07-2017-0215

[33]  Wang L., Wang G. Big Data in Cyber-Physical Systems, Digital Manufacturing and Industry 4.0. International Journal of Engineering 
and Manufacturing. 2016; 6(4):1-8. (In Eng.) doi: https://doi.org/10.5815/ijem.2016.04.01

Submitted 27.02.2022; approved after reviewing 14.03.2022; accepted for publication 21.03.2022.

About the authors:
Svetlana P. Kirilchuk, Head of Enterprise Economics Department, Institute of Economics and Management, V.I. Vernadsky Crimean Fed-
eral University (4 Academician Vernadsky Ave., Simferopol 295007, Russian Federation), Dr.Sci. (Economy), Professor, ORCID: https://
orcid.org/0000-0001-6888-1981, economika307@yandex.ru
Daria S. Knyazeva, Master degree student of Enterprise Economics Department, Institute of Economics and Management, V.I. Vernadsky 
Crimean Federal University (4 Academician Vernadsky Ave., Simferopol 295007, Russian Federation), ORCID: https://orcid.org/0000-
0003-2058-9468, darja.cnyazewa@yandex.ru

All authors have read and approved the final manuscript.

Cписок использованных источников

[1]  Северин Р. А. Подход к проведению цифровизации на российских высокотехнологичных судостроительных предприятиях 
// Актуальные научные исследования в современном мире. 2021. № 4-5(72). С. 207-209. URL: https://www.elibrary.ru/item.
asp?id=46280878 (дата обращения: 27.02.2022).

[2]  Марченко С. С., Маржохов А. В. Перспективы развития отечественного гражданского судостроения // Неделя науки Санкт-
Петербургского государственного морского технического университета. 2020. Т. 1, № 3-1. С. 1-51. doi: https://doi.
org/10.52899/9785883036070_75

[3]  Таранов А. Е., Скулябин М. А., Алексеев Ю. С. Подходы и направления цифровизации деятельности Крыловского 
государственного научного центра // Труды Крыловского государственного научного центра. 2019. Специальный выпуск 
2. С. 233-238. doi: https://doi.org/10.24937/2542-2324-2019-2-S-I-233-238

[4]  Майорова К. С., Мамаджарова Т. А. Актуальность внедрения цифровых технологий в судостроительную промышленность 
Российской Федерации // Неделя науки Санкт-Петербургского государственного морского технического университета. 
2019. Т. 1, № 1. С. 1-32. URL: https://www.elibrary.ru/item.asp?id=42198900 (дата обращения: 27.02.2022).

[5]  Горин Е. А. Цифровые технологии в отечественном судостроении // Бюллетень науки и практики. 2017. № 11(24). С. 
236-242. doi: https://doi.org/10.5281/zenodo.1048457

[6]  Дмитриев Н. Д. Цифровая трансформация судостроения [Электронный ресурс] // Стратегии бизнеса. 2017. № 10(66). С. 
15-18. URL: https://www.elibrary.ru/item.asp?id=42405077 (дата обращения: 27.02.2022).

[7]  Hopfield J. Neural networks and physical systems with emergent collective computational abilities // Proceedings of the National 
Academy of Sciences of the United States of America. 1982. Vol. 79, no. 8. P. 2554-2558. doi: https://doi.org/10.1073/pnas.79.8.2554

[8]  Fukushima K. Neocognitron capable of incremental learning // Neural Networks. 2004. Vol. 17, issue 1. P. 37-46. doi: https://doi.
org/10.1016/S0893-6080(03)00078-9

[9]  Fukushima K. Neocognitron for handwritten digit recognition // Neurocomputing. 2003. Vol. 51. P. 161-180. doi: https://doi.
org/10.1016/S0925-2312(02)00614-8

[10]  Specht D. Probabilistic neural networks // Neural Networks. 1990. Vol. 3, issue 1. P. 109-118. doi: https://doi.org/10.1016/0893-
6080(90)90049-Q

[11]  Specht D. A General regression neural network // IEEE Transactions on Neural Networks and Learning Systems. 1991. Vol. 2, no. 6. 
P. 568-576. doi: https://doi.org/10.1109/72.97934

[12]  Schløler H., Hartmann U. Mapping Neural Network Derived from the Parzen Window Estimator // Neural Networks. 1992. Vol. 5, 
issue 6. P. 903-909. doi: https://doi.org/10.1016/S0893-6080(05)80086-3



105DIGITAL TRANSFORMATION OF TRANSPORTS. P. Kirilchuk, 
D. S. Knyazeva

Vol. 18, No. 1. 2022          ISSN 2411-1473          sitito.cs.msu.ru
Modern
Information
Technologies
and IT-Education

[13]  Specht D. The General Regression Neural Network – Rediscovered // Neural Networks. 1993. Vol. 6, issue 7. P. 1033-1034. doi: 
https://doi.org/10.1016/S0893-6080(09)80013-0

[14]  Iiduka H., Kobayashi Y. Training Deep Neural Networks Using Conjugate Gradient-like Methods // Electronics. 2020. Vol. 9, issue 11. 
Article number: 1809. doi: https://doi.org/10.3390/electronics9111809 

[15]  Podvalny S., Mugatina V., Vasiljev E. Application of Faceted Neural Networks to Solving the Pattern Recognition Problem // Cy-
ber-Physical Systems. Studies in Systems, Decision and Control; A. G. Kravets, A. A. Bolshakov, M. V. Shcherbakov (eds.). Vol. 350. 
Springer, Cham, 2021. P. 237-247. doi: https://doi.org/10.1007/978-3-030-67892-0_20 

[16]  Parkhomenko S. S., Ledeneva T. M. Scheduling in volunteer computing networks, based on neural network prediction of the job 
execution time // International Journal of Parallel, Emergent and Distributed Systems. 2019. Vol. 34, issue 4. P. 430-447. doi: 
https://doi.org/10.1080/17445760.2018.1496435

[17]  Cybenko G. Approximation by superpositions of a sigmoidal function // Mathematics of Control, Signals and Systems. 1989. Vol. 2, 
issue 4. P. 303-314. doi: https://doi.org/10.1007/BF02551274

[18]  Kitova O. V., Kitov V. A. Neural Networks and Algorithms for Modern IT Systems // International Journal of Advanced Trends in 
Computer Science and Engineering. 2020. Vol. 9, issue 4. P. 5796-5801. doi: https://doi.org/10.30534/ijatcse/2020/237942020

[19]  Kozhevnikova T., Manzhula I. Simulation Modeling Using Neural Networks to Control Complex Technical Systems // Technological 
Advancements in Construction. Lecture Notes in Civil Engineering; A. Mottaeva (ed.). Vol. 180. Springer, Cham, 2022. P. 149-158. 
doi: https://doi.org/10.1007/978-3-030-83917-8_14 

[20]  Lee H., Chen C., Huang T. Learning efficiency improvement of back-propagation algorithm by error saturation prevention method 
// Neurocomputing. 2001. Vol. 41, issue 1-4. P. 125-143. doi: https://doi.org/10.1016/S0925-2312(00)00352-0

[21]  Yakushin Y., Bereza A., Dmitrienko N. Neural network model for forecasting statistics of communities of social networks // Modern 
Science. 2020. No. 5-1. P. 494-499. 2020; (5-1):494-499. URL: https://elibrary.ru/item.asp?id=42847053 (дата обращения: 
27.02.2022).

[22]  Yemelyanov V., Yemelyanova N., Chernyi S., Varadarajan V. Аpplication of neural networks to forecast changes in the technical con-
dition of critical production facilities // Computers & Electrical Engineering. 2021. Vol. 93, issue C. Article number 107225. doi: 
https://doi.org/10.1016/j.compeleceng.2021.107225

[23]  Otsokov K. A. Using Artificial Neural Networks in assessing the cost of Construction Projects // International Journal of Advanced 
Trends in Computer Science and Engineering. 2020. Vol. 9, no. 3. P. 3191-3195. doi: https://doi.org/10.30534/
ijatcse/2020/109932020

[24]  Peña-Ayala A. Educational data mining: A survey and a data mining-based analysis of recent works // Expert Systems with Appli-
cations. 2014. Vol. 41, issue 4, part 1.  P. 1432-1462. doi: https://doi.org/10.1016/j.eswa.2013.08.042 

[25]  Istratova E., Sin D., Strokin K. A Comparative Analysis of Data Mining Analysis Tools // Proceedings of International Conference on 
Smart Computing and Cyber Security. SMARTCYBER 2020. Lecture Notes in Networks and Systems; P. K. Pattnaik, M. Sain, A. A. 
Al-Absi, P. Kumar (eds.). Vol. 149. Springer, Singapore, 2021. P. 165-172. doi: https://doi.org/10.1007/978-981-15-7990-5_16 

[26]  Smyth P., Pregibon D., Faloutsos C. Data-driven evolution of data mining algorithms // Communications of the ACM. 2002. Vol. 45, 
no. 8. P. 33-37. doi: https://doi.org/10.1145/545151.545175

[27]  Wang W. Optimization of Intelligent Data Mining Technology in Big Data Environment // Journal of Advanced Computational Intel-
ligence and Intelligent Informatics. 2019. Vol. 23, no. 1. P. 129-133. doi: https://doi.org/10.20965/jaciii.2019.p0129

[28]  Kotenko I., Saenko I., Branitskiy A. Machine Learning and Big Data Processing for Cybersecurity Data Analysis // Data Science in 
Cybersecurity and Cyberthreat Intelligence. Intelligent Systems Reference Library; L. Sikos, K. K. Choo. Vol. 177. Springer, Cham, 
2020. P. 61-85. doi: https://doi.org/10.1007/978-3-030-38788-4_4

[29]  Tsyrelchuk I. N., Mamatova N. M., Abdul-Azalova M. Y. Optimization of business processes via Big Data // BIG DATA и анализ 
высокого уровня: сб. материалов VI Междунар. науч.-практ. конф., Минск, 20-21 мая 2020 года: в 3 ч. Ч. 1 / редкол.: В. А. 
Богуш [и др.]. Минск: Бестпринт, 2020. С. 96-104. URL: https://libeldoc.bsuir.by/bitstream/123456789/39047/1/Tsyrelchuk_
Optimization.pdf (дата обращения: 27.02.2022).

[30]  Bova V. V., Kureichik V. V., Scheglov S. N., Kureichik L. V. Multi-level Ontological Model of Big Data Processing // Proceedings of the 
Third International Scientific Conference “Intelligent Information Technologies for Industry”. IITI’18 2018. Advances in Intelligent 
Systems and Computing; A. Abraham, S. Kovalev, V. Tarassov, V. Snasel, A. Sukhanov (eds.). Vol. 874. Springer, Cham, 2019. P. 171-
181. doi: https://doi.org/10.1007/978-3-030-01818-4_17 

[31]  Long C. K., Agrawal R., Trung H. Q., Pham H. V. A big data framework for E-Government in Industry 4.0 // Open Computer Science. 
2021. Vol. 11, issue 1. P. 461-479. doi: https://doi.org/10.1515/comp-2020-0191

[32]  Dezi L., Santoro G., Gabteni H., Pellicelli A. C. The role of big data in shaping ambidextrous business process management: Case 
studies from the service industry // Business Process Management Journal. 2018. Vol. 24, No. 5. P. 1163-1175. doi: https://doi.
org/10.1108/BPMJ-07-2017-0215

[33]  Wang L., Wang G. Big Data in Cyber-Physical Systems, Digital Manufacturing and Industry 4.0 // International Journal of Engineer-
ing and Manufacturing. 2016. Vol. 6, no. 4. P. 1-8. doi: https://doi.org/10.5815/ijem.2016.04.01

Поступила 27.02.2022; одобрена после рецензирования 14.03.2022; принята к публикации 21.03.2022.



106 ЦИФРОВАЯ ТРАНСФОРМАЦИЯ ТРАНСПОРТА С. П. Кирильчук, 
Д. С. Князева

Том 18, № 1. 2022          ISSN 2411-1473          sitito.cs.msu.ru

Современные 
информационные 
технологии 
и ИТ-образование

Об авторах:

Кирильчук Светлана Петровна, заведующий кафедрой экономики предприятия, Институт экономики и управления, ФГАОУ 
ВО «Крымский федеральный университет имени В. И. Вернадского» (295007, Российская Федерация, Республика Крым, г. Сим-
ферополь, пр. Академика Вернадского, д. 4), доктор экономических наук, профессор, ORCID: https://orcid.org/0000-0001-6888-
1981, economika307@yandex.ru
Князева Дарья Сергеевна, магистрант кафедры экономики предприятия, Институт экономики и управления, ФГАОУ ВО «Крым-
ский федеральный университет имени В. И. Вернадского» (295007, Российская Федерация, Республика Крым, г. Симферополь, пр. 
Академика Вернадского, д. 4), ORCID: https://orcid.org/0000-0003-2058-9468, darja.cnyazewa@yandex.ru

Все авторы прочитали и одобрили окончательный вариант рукописи.


