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Abstract. In the paper, the authors consider the problems and prospects of the 

digitalization of education for industry 4.0 in our country. The digital transfor-

mation of the Russian industry has been developing actively in recent years 

against the background of very limited financial resources, weak investment ac-

tivity, and ambiguous business conditions. The Russian industrial enterprises as-

sociate an increase in their market share with the introduction of digital technol-

ogies in production. Most likely, in the near future, the main factor of economic 

growth and competitiveness will not be capital, but human potential. Given the 

accelerating development of technology, the state and entrepreneurs themselves 

need to pay increased attention to the growth of knowledge employed in the coun-

try's economy as a whole and at enterprises, in particular, their constant adapta-

tion to new skills and approaches, as well as the expansion of competencies in 

various contexts. 
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1 Introduction 

The adopted program "Digital Economy of the Russian Federation" defines a system 

of specific measures implemented until 2024. Every three years, the Russian Govern-

ment approves a three-year operational plan, in which the action plans are regularly 

updated. 

The paper's aim is to make research on the trends and prospects for the digitization 

of education for industry 4.0 in the Russian Federation. It can be divided into tasks: 

1) to describe the trends in the introduction of elements of Industry 4.0 in our coun-

try; 

2) to describe the prospects of digitalization of education for Industry 4.0 in the Rus-

sian Federation: 
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3) to suggest a mathematical model of the effectiveness of the educational process 

using digital technology. 

2 Main content. Development trends of the digitalization of 

education for industry 4.0 in Russian Federation 

In the paper, there were used a variety of research methods to solve this problem, such 

as analysis, synthesis, mathematical modeling, expert evaluation. Theoretical and ap-

plied studies on the research topic [1–20], as well as official statistics, were studied. 

The ecosystem of the digital economy of the Russian Federation can be ensured by 

achieving the following indicators by 2024: 

– creation of at least 10 national leading companies 

– operation of at least 10 successful industry digital platforms for the main subject 

areas of the economy; 

– introduction of more than 500 successfully operating small and medium-sized en-

terprises in the field of digital technologies and platforms for the provision of digital 

services. 

High-tech enterprises should develop “end-to-end” technologies based on digital 

platforms, work in the global market and form around them a system of “start-ups” 

(research teams and industry enterprises) ensuring the development of the digital econ-

omy. 

In Russia, the analog of the German program "industry–4.0" is formed by the Gov-

ernment technological track "TechNet" national technological initiative (NTI), which 

is designed to serve the expected in the 2025-2035 industrial revolution. 

It is assumed that industrial digitalization in Russia in 2020-2035 will be abrupt and 

will affect the engineering processes, production management technology, affecting the 

very structure of production. It is expected that the implementation of the TechNet pro-

ject in Russia will be accompanied by an increase in production efficiency. Thus, ac-

cording to the Ministry of industry and trade of Russia, labor productivity in the econ-

omy should increase by 30% by 2024, and the share of machinery and equipment in 

Russian exports should increase from 8 to 13%. 

The program "Digital economy 2024" will also contribute to the growth of labor 

productivity. 

Russia, in our opinion, is far from the last place in the speed of introducing digital 

technologies. 

The cumulative growth of the digitalization of production in our country is about 

30% per year. This is higher than the world average (15% per year). State initiatives - 

the state program "Digital Economy" stimulates the market. Also, the development of 

the relevant infrastructure is accelerated due to the widespread introduction of industrial 

Internet, the Road Map of TechNet, which is dedicated to the implementation of IT 

systems for managing industrial production while creating future factories, and due to 

the development of the business community. 
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The restraining effect has depreciation of production assets, lack of standards and 

underdevelopment of regulatory requirements. In addition, due to budget constraints, it 

is not always easy for enterprises to find an opportunity to invest in high-tech projects. 

In addition, there are many players in the IT market today who offer road maps but 

do not have solutions that have been tested in real industries. Providers are trying to 

attract investment to develop finished products. But the lack of a sufficient number of 

industrial solutions confuses customers, which, in turn, inhibits investment in digitali-

zation of production. 

Industrial Internet of Things is an integral part of Industry 4.0. According to inter-

national experts, the global IoT market in 2019 will amount to $ 445 billion, including 

equipment, sensors, sensors, robotic systems, platforms, software, and services. 

The Russian market IoT last year amounted to 93 billion rubles, but by 2020 should 

grow to 270 billion rubles. According to our estimates, by 2019, 1.3 million units of 

equipment in mechanical engineering and 0.6 million units in other industries will be 

connected to the industrial Internet in Russia. The volume of the market of artificial 

intelligence in the industry in monetary terms by 2021 will be about 25 billion rubles, 

and the industrial Internet of things only in mechanical engineering will exceed 35 bil-

lion rubles. 

The domestic business has changed its attitude towards innovation. Large Russian 

enterprises have clear KPI for the digitalization of production. 

There is an illustration of various options for forecasting the development of the 

industrial Internet of Things in the Russian Federation in the coming years (fig. 1) 

A recent study by the Ministry of Industry and Trade of the Russian Federation has 

shown that 63% of industrial enterprises associate an increase in their market share with 

the introduction of digital technologies in production. A number of enterprises already 

have a positive experience in implementing such projects. 

For example, the enterprise for the production of gearboxes and transmissions man-

aged to increase the load up to 20%, thanks to reliable information on the operation of 

the machines. At the same time, the savings amounted to more than 120 million rubles 

in the framework of the investment program. There are already thousands of such ex-

amples in our country, each with its own effect. There were cases when it was possible 

to save € 4.7 million or more when purchasing new machines, because thanks to the 

monitoring of the machine park with the help of specialized software, it became clear 

that there are enough operating capacities. 

The business realized that digital solutions allow for low capital costs, thanks to the 

optimization of production processes, to get more effective now than complete mod-

ernization. By connecting existing equipment to IoT and its monitoring, it is possible 

to find new capacities for greater productivity and save hundreds of millions of rubles 

when purchasing new equipment. 
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Fig. 1. The various options for forecasting the development of the industrial Internet of Things 

in the Russian Federation in the coming years (billion rubles). 

3 The prospects of digitalization of education for the industry 

4.0 in Russian Federation 

The innovative way of development is the transition to intellectual work, creating a 

new, previously non-existent. Today, Russia faces a unique challenge in its history-to 

form a full-fledged innovative class that will be able to ensure the post-industrial de-

velopment of the country. The state is required to provide the tools that will help the 

generation entering into active life to generate ideas and implement them. Such tools 

can be Augmented Reality (AR) and Virtual Reality (VR), with the help of which stu-

dents can be told what to think and to create is really cool and fashionable. In addition 

to education, people should also be interested in modernization and involved in it, and 

this will happen if the following sentiments are formed: people should want to prove to 

the world that their nation is worth something; there should be a consolidation of the 

national elite; modernization should be based on people’s own strength and faith in it; 

patriotism and pride for the country should be cultivated. 
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The guidelines of activity of management entities digitalization of education and, con-

sequently, the functioning of the centers need to be:  

─ consistency as a reflection of the relationship and interaction of all elements of the 

system of program staffing; complexity as the consideration of all aspects of staffing 

(economic, financial, legal, political, etc.); 

─ coordination and synchronization of concurrent processes of management of differ-

ent age groups;  

─ coordination and synchronization of concurrent processes of control of management 

entities (public, public-private, public management of program staffing); 

─ coordination of processes of operational and strategic staffing management (i.e. 

“simultaneous solution of the tasks of catching-up and rapid development);  

─ continuity in the implementation of processes of the “education”, “upbringing”, “tal-

ent development” as key elements of the system of staffing; 

─ succession results in the management of age groups of the population based on the 

ideology of “Life-Long Learning”. 

Here are some examples of training for industry 4.0 in our country. 

The fund of development of the industry and VTech group of companies developed 

the platform for training of employees by means of virtual reality (VR). The program 

allows teaching far off the staff of the enterprises to work with the difficult equipment, 

its assembly and debugging, to check their knowledge and also to fulfill skills of be-

havior in working situations. 

New specialized virtual services immerse people in the virtual world with realistic 

3D models of mechanisms, equipment or vehicles. Also, the platform uses augmented 

reality technology. With its help, in the course of training, virtual objects are superim-

posed on a picture of the real world: hints and 3D models. A ready-made industrial 

solution has already been developed and has proven to be effective for learning. This is 

a VR simulator for drivers of electric trains in the Central suburban passenger company. 

 It is possible to give "Rosatom" as the implemented examples of the use of technol-

ogies of virtual reality. The tool which would allow optimizing the construction process 

was necessary for them for effective construction of energokblok of nuclear power sta-

tion: carry out detailed modeling of the plan of works, change the sequence of actions 

depending on the diagram of deliveries of contractors and subcontractors and minimize 

risks and effects of delays. 

The system of virtual reality like VE CADWall consisting of the big flat screen and 

several projectors outputting the seamless image in 3D - a format in scale 1:1 became 

such a tool. The system of interactive interaction provides tracking of movement of the 

person before a virtual scene, and the suit and gloves of virtual reality allow it to interact 

with virtual objects: fulfill build processes, ensuring coordination, collecting and inter-

changeability of details. Besides, the system of Aerospace Forces for holding confer-

ences and meetings in the headquarters of construction was integrated into a VR system. 

At the moment the system is used by Rosatom for service and control of the process of 

construction of the NPP and also for training of personnel and the presentations. 
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One more example — the first center of virtual reality in the field of domestic ship-

building which appeared in. Already for three years, he allows solving such problems 

as:  

design and verification of working technologies in the course of the creation of prod-

ucts;  

working off of technologies of mounting/dismantling of the equipment in ship rooms 

with use of electronic dummies; 

the analysis of optimality of placement of pipelines, elements of ventilation systems 

and the equipment in ship rooms; 

evident representation to customers of results of works (including planning and ar-

rangement solutions of ship-building productions);  

"virtual walks" on models of products, objects, and productions; rendering engineer-

ing services to the third-party enterprises and organizations for the analysis on techno-

logical effectiveness of products and to the execution of a complex of calculations. 

As the best domestic and foreign experience shows, practice-oriented training based 

on the regular implementation of technical projects of increasing complexity is a suc-

cessful direction of training technical specialists who can independently think, generate 

constructive ideas, make decisions and seek their execution. Within the framework of 

such an ideology of training for Industry 4.0, students acquire the necessary teamwork 

experience in production, the practice of presenting and defending their own ideas, and 

responsibility for decisions made. 

4 The mathematical model of the training process  

for Industry 4.0 

The purpose of the application of mathematical methods in the analysis of train-ing 

processes for Industry 4.0 is to describe the processes and patterns of this type of train-

ing, identify factors and phenomena affecting the process of developing a student's 

knowledge and developing effective learning management technologies based on the 

results obtained. 

When describing didactic processes that are continuous functions of time, analytical 

dependencies are used, using, as a rule, the differential, probabilistic, and statistical 

relations of the parameters studied. In them, the estimated values can be the speed of 

transmission, assimilation, and forgetting of educational information, a change in the 

state of the level of professional training of the subject of training, etc.  

Therefore, the system of equations describing the growth of knowledge in the pro-

cess of such preparation is as follows: 

{

𝑑𝐿

𝑑𝑡
= 𝐾(𝐿𝑚𝑎𝑥(𝑡) − 𝐿)

𝑑𝐿
𝑚𝑎𝑥(𝑡)

𝑑𝑡
= 𝛿𝐿𝑚𝑎𝑥(𝑡)

                    (1) 

Here L is the current amount of student knowledge,𝐿𝑚𝑎𝑥 - the amount of knowledge 

that must be mastered in order to become a specialist in a given profession, k, 𝛿 – are 
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the growth rates of knowledge of a student and a professional in a given profession, 

respectively. 

 Solving the lower equation of the system (1) describing the development of scientific 

knowledge, we obtain: 

𝐿𝑚𝑎𝑥(𝑡) = 𝐿𝑚𝑎𝑥(𝑜)𝑒𝛿𝑡   (2) 

Substituting solution (2) into the upper equation of system (1), we obtain the equation 

for the dynamics of student knowledge: 

𝑑𝐿

𝑑𝑡
= 𝐾(𝐿𝑚𝑎𝑥(𝑜)𝑒𝛿𝑡 − 𝐿) = −𝐾𝐿 + 𝐾𝐿𝑚𝑎𝑥(𝑜)𝑒𝛿𝑡         (3) 

We transform the solution (3) L in the form: 

𝐿 = 𝑒−𝑘𝑡𝑥(𝑡)  (4) 

Substituting (4) into (3), we obtain the equation for x (t): 

−𝐾𝐸−𝑘𝑡𝑥 + 𝐸−𝑘𝑡 𝑑𝑥

𝑑𝑡
= −𝐾𝐸−𝑘𝑡𝑥 + 𝐾𝐿𝑚𝑎𝑥(𝑜)𝑒𝛿𝑡(5) (5) 

Or: 

𝑑𝑥𝑑𝑡=𝐾𝐿𝑚𝑎𝑥𝑜𝐸𝛿+𝑘𝑡 (6) 

The solution of equation (5) is: 

𝑥 = 𝑥(𝑜) +
𝐾𝐿

𝑚𝑎𝑥(𝑜)

𝛿+𝑘
(𝐸(𝛿+𝑘)𝑡 − 1) (7) 

Substituting (6) into (4) we obtain the learning dynamics L (t): 

(𝑡) =
𝐾𝐿

𝑚𝑎𝑥(𝑜)

𝛿+𝑘
(𝐸𝛿𝑡 − 𝐸−𝑘𝑡) + 𝑥(𝑜)𝐸−𝑘𝑡 (8) 

When t = 0, (7) is: 

𝐿(𝑜) = 𝑥(𝑜) (9) 

Substituting this result in (7), we get 

𝐿(𝑡) =
𝐾𝐿

𝑚𝑎𝑥(𝑜)

𝛿+𝑘
(𝐸𝛿𝑡 − 𝐸−𝑘𝑡) + 𝐿(𝑜)𝐸−𝑘𝑡 (10) 

Formula (10) describes how the growth rate of a student’s knowledge required to master 

a given profession will change. After the considerable time has passed, this process can 

be described as follows: 

𝐿(𝑡) ≈
𝐾𝐿

𝑚𝑎𝑥(𝑜)

𝛿+𝑘
𝐸𝛿𝑡 (11) 



24 

5 Conclusions 

Based on the opinions of the leaders of large and medium-sized industrial enterprises, 

it can be concluded that the digital transformation of the Russian industry has been 

developing actively in recent years against the background of very limited financial 

resources, weak investment activity, and ambiguous business conditions. Of course, the 

level of immersion of the enterprises of the processing complex into digitalization pro-

cesses is not yet deep, but progress is obvious. It is necessary to pay attention to the fact 

that due to the rapid changes occurring in the world today in the area of introducing 

information technologies, economic agents should be strategically focused on the avail-

ability, training, and retraining of qualified personnel in this field. If a company wants 

to become a business leader in its type of economic activity, it needs to learn how to 

work based on the concept of targeting highly competent personnel. Today, highly qual-

ified specialists are the most valuable asset for a business. 

Most likely, in the near future, the main factor of economic growth and competitive-

ness will not be capital, but human potential. Given the accelerating development of 

technology, the state and entrepreneurs themselves need to pay increased attention to 

the growth of knowledge employed in the country's economy as a whole and at enter-

prises, in particular, their constant adaptation to new skills and approaches, as well as 

the expansion of competencies in various contexts. Obviously, in the foreseeable future, 

there will be an explosion of productivity in the world as a result of a wave of new 

technologies. It is productivity that is today the most important factor determining long-

term economic growth and improving the quality and standard of living of the popula-

tion. The state, for its part, apparently needs to help businesses by focusing on an in-

crease in centralized financial investments in human capital - education, health care, 

and science. 
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