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Abstract. The article substantiates the need to apply training and retraining programs for personnel for 

permanent work in the Arctic using digital technologies, namely VR / AR / MR technologies. The 

geopolitical features of the Arctic zone, difficult climatic conditions do not allow directly practicing the 

development of professional competencies and, therefore, require the introduction of a multi-stage system 

of personnel training using technologies of approximate reality. Such requirements for the personnel 

training system predetermine the need to search for relevant digital technologies that can create conditions 

that are as close as possible to the conditions of professional activity in hard-to-reach Arctic regions. When 

forming a personnel training / retraining system for oil and gas enterprises, in addition to the specified 

specific working conditions, it is also necessary to take into account the sectoral features of oil and gas 

enterprises, which also forms a number of functional requirements for the selection of relevant digital tools, 

the main of which for personnel training can be considered immersive technologies. Based on the above, the 

paper analyzes the use of immersive technologies by oil and gas enterprises, a comparative analysis of the 

directions of using immersive technologies in personnel training at oil and gas enterprises, identifies the 

positive and negative aspects of using VR / MR / AR technologies.  

1 Introduction 

The urgency of solving the issues of training and 

retraining of personnel for these regions is explained by 

the acceleration of the development of the Arctic 

territories. According to the monitoring data of the 

Ministry of Education and Science of the Russian 

Federation [1], the need for personnel is 25 thousand 

people annually. Strengthening the research activities of 

educational institutions in the field of solving problems 

of the development and development of the Arctic region 

is also recognized as a very urgent issue. Currently, 

Arctic programs are being implemented in thirty 

educational organizations, six of which are located in the 

Arctic zone of the Russian Federation. As a result, by 

2024 an education system will be built that will be 

consistent at all levels, and it will also include the 

identification and support of talents in the fields of 

mathematics and computer science, the training of highly 

qualified personnel who will fulfill the new requirements 

for key competencies of the digital economy, the 

implementation of programs retraining for professions in 

demand in the digital economy, as well as promising 

educational projects. However, at present, a huge 

number of highly qualified personnel are employed in 

the Arctic territories, and their additional education 

outside of production will not be profitable for many 

enterprises. That is why the development of training 

programs for personnel, including those aimed at 

acquiring digital competencies on the job, is a paramount 

task in the development of the Arctic spaces. 

Thus, the new socio-economic and technological 

conditions for the development of these territories 

require the development and implementation of new 

conceptual approaches to the formation of training 

programs for personnel, including adaptation programs 

that are aimed at obtaining employees of key 

competencies of the digital economy. 

The aim of the work is to analyze the possibilities of 

using digital technologies in the development of on-the-

job training programs for personnel in the oil and gas 

complex. 

Work tasks: analysis of the use of digital 

technologies in the development of training programs 

and retraining of personnel; identification of relevant 

technologies for personnel training for oil and gas 

enterprises located in remote areas; identification of 

positive and negative aspects of using digital 

technologies in training personnel at oil and gas 

enterprises. 

2 Existing Literature 

Currently, there is a huge number of works in the 

scientific literature that are devoted to the analysis of 

digital technologies in the digital transformation of 

business [2-9]. Nevertheless, most of the works are of a 

general nature and do not take into account either the 
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sectoral or climatic characteristics of production. A large 

number of works are devoted to the development and 

management of the socio-economic development of the 

Arctic territories [10-15]. 

There is a number of analytical studies of 

manufacturing companies on the implementation of 

digital technologies [16-25], but at the same time, the 

reports do not pay attention to the issues of personnel 

training using digital technologies, most of the reviewed 

reports contain information on the use of IoT, big data, 

artificial intelligence and digital twins ... 

Currently, in the context of the development of the 

digital economy, an increase in the level of production, 

including in the oil and gas industry, is possible, among 

other things, through the introduction of immersive 

technologies into the production process. The 

development of new competencies by employees and the 

improvement of their qualifications with the help of 

digital technologies will make it possible to find new 

solutions in such pressing issues as the exploration and 

production of hard-to-recover oil, the construction of 

offshore fields, and the transportation of oil from the Far 

North. 

An analysis of the possibilities of using immersive 

technologies in personnel training is presented in [26-

30]. 

In [31], the author rightly believes that virtual or 

augmented reality is capable of making revolutionary 

changes not only in the technology of hydrocarbon 

production. For example, the technology of the so-called 

"seamless data transfer" will allow any employee to have 

access to expert advice while working. 

Currently, immersive technologies are being 

introduced into almost all business processes and are 

becoming an important component, including the HR 

sphere. Such technologies increase labor productivity 

and optimize work processes in companies. VR 

technology within the framework of immersive learning 

has a significant list of advantages over traditional 

methods: [28, 32] main advantages: 

1. Staff involvement. Unlike the traditional approach, 

immersive learning tools allow you to train specifically 

and point-wise. The boundaries between theory and 

practice are blurring. The bottom line is that the skills 

you need are learned faster and better. 

2. A realistic environment is created that is as close 

as possible to the real one. With the help of VR, the user 

works out his interaction with objects and other people 

in real time. The technology makes it possible to most 

fully simulate situations that a user can get into, program 

several scenarios for the development of events, and play 

various scenarios. 

3. Reduced operating costs. Working time is used 

efficiently: training is carried out when it is convenient 

for all parties, and not when access to the installation / 

facility becomes available. Any operations can be 

repeated without restrictions until the necessary skill is 

mastered. 

4. Learning through experience and mistakes. The 

student has the opportunity to make mistakes and see the 

results of his actions, while neither himself nor the 

attitude is damaged. 

5. Better analysis of results. Immersive learning 

collects a variety of user data - behavior, eye tracking, 

heat maps, and gesture tracking. Management can 

analyze learning experiences and test results using 

automatic reports embedded in the training software. 

The use of immersive technologies in personnel 

training will allow you to go through the training path 

without loss and without danger to the life of each 

individual employee. 

3 Results 

Virtual reality (VR) technologies are a 3D environment 

created by a computer that a person can interact with 

using special devices. This technology fully conveys 

visual and audio information content, evokes emotions 

and makes it possible to gain practical experience in 

situations close to real ones, which is very important 

when training personnel of oil and gas companies in 

remote Arctic territories. Unlike VR, augmented reality 

(AR) technologies do not create a full-fledged three-

dimensional space, but only superimpose elements of 

virtual reality on the image of the real world. Thus, 

combining the real and the virtual makes it possible to 

obtain a unique user experience without immersion in 

the digital environment. In mixed reality (MR) 

technologies, virtual objects are "drawn" to the present, 

forming a synthesis of the digital and real world. Based 

on this, it can be argued that mixed reality is a 

combination of augmented and virtual reality. 

Thus, the use of VR / AR / MR technology allows 

reengineering of existing business processes for oil and 

gas enterprises and transforming the value chain into 

digital form. 

The leading trends in the use of VR / MR / AR 

technologies in the oil and gas complex are [33]: 

Conducting training programs. Oil and gas education 

is one of the main areas where virtual reality has become 

widespread. VR technology allows you to create 3D 

walkthroughs in real-world locations, including oil and 

gas assets. It assists in delivering training programs 

using immersive 3D models to help improve 

understanding of various systems and processes used in 

industry. 

Simulation of oil and gas operations. VR provides the 

user with an immersive experience when it creates 3D 

simulations of real-world environments. Simulation of 

real-world scenarios provides data on important 

parameters of oil and gas operations, which can be useful 

for preliminary assessment of the effectiveness of 

various processes. VR allows companies to create a 

digital twin to replicate the performance of an oil field, 

refinery, or any other operating unit on a virtual 

platform. This helps to minimize the risks and costs 

associated with implementing a new process in oil and 

gas operations. 

Analysis of the surface of oil fields. VR plays an 

important role in the creation of 3D images of 

underground geological structures. VR can simulate 

underground reservoirs, structural faults and other 

geological formations to create 3D digital models. This 
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technology helps geologists, geophysicists and engineers 

better understand topography to identify potential 

hydrocarbon reserves and accurately plan drilling 

operations. 

Testing and verification of processes. VR is used to 

improve the efficiency of inspection and maintenance 

through data-driven modeling. This technology helps 

integrate historical data with real-time information to 

identify service requirements and guide technicians to 

the tasks that must be completed to prevent impending 

disruption. This includes step-by-step instructions for 

finding the defective part and repairing or replacing it, 

which minimizes the time required for maintenance 

work. 

Product design and manufacturing. VR offers new 

opportunities in product development. Digital designs 

that are modeled with 3D rendering are checked for 

results even before they reach the production stage. VR 

integrated with 3D printing can develop multiple 

prototypes at fast speed. VR technology reduces lead 

times for critical oil and gas equipment development by 

accelerating the product design process. 

Disaster management using virtual reality. Field 

technicians in the oil and gas industry operate in harsh 

environments and are exposed to hazardous gases and 

chemicals. VR has the potential to train employees in 

emergency response by simulating real-world scenarios. 

A digital twin with VR. Connected devices and the 

Internet of Things (IoT) are transforming oil and gas 

operations across the value chain. Companies are 

connecting sensors to equipment and infrastructure to 

gather as much data as possible about plant performance 

to improve visibility and decision making. The digital 

twin is one such use case for the IoT that allows 

companies to visualize an enterprise in an immersive 

environment using virtual reality. It reproduces 

production processes in a virtual world and helps to 

identify potential problem areas and develop plans to 

overcome them. 

It should be noted that currently, few companies use 

immersive technologies due to their high cost or 

complexity. Nevertheless, these technologies will 

become increasingly cheaper, which means that in the 

coming years they will also conquer the oil and gas 

market. 

But, as the analysis performed [17-25] has shown, 

today a number of oil and gas companies are actively 

using the following VR technologies in their work: 

• Design, analysis of geological exploration data, 

data accounting in the development of an oil and gas 

field. 3D visualization of an object allows you to 

accurately visualize an array of information. Collective 

projection centers of virtual reality are engaged in its 

development. 

• 3D seismic increases the likelihood of drilling for 

oil, thereby reducing the risk of dry drilling. The cost of 

equipment and 3D-modeling pays off after drilling one 

or two wells at the location suggested by the system. 

• For such reconnaissance tasks as photogrammetry 

and remote sensing of the earth, 3D stereovisualization is 

actively used. The method enables employees from 

different departments to quickly assimilate a large 

amount of information about the field, conduct analysis 

and make the best decision, while reducing the 

likelihood of error. 

• Interactive devices for displaying 3D models, the 

use of technology in video conferencing allow to 

combine the efforts of specialists of different levels at 

the same time. And 3D presentations with an effective 

and understandable three-dimensional picture are clear 

and intuitive even for non-specialists, potential 

shareholders and investors. 

Only a few of the Russian companies have already 

begun to actively rebuild production and business 

processes in order to gradually carry out a complete 

digital transformation. There are 27 smart fields 

operating in the country, the largest vertically integrated 

oil companies are developing their own technological 

strategies. 

For the first time in its history, PJSC LUKOIL has 

applied digital technologies in production. The test site 

was the Kokuyskoye field in the Perm region. The 

system monitors the production process and the 

operation of pumping equipment. PJSC "Surgutneftegas" 

has significantly reduced costs by implementing the In-

Memory application system in the company, which helps 

to keep automated accounting of products, calculate 

prices, and promptly provide employees with important 

information. In 2017, PJSC Gazpromneft-Khantos 

opened a MCC - a production control center. At the heart 

of the MCC is the “Digital Twin” complex, which trains 

itself. The program selects the optimal operating mode 

of the equipment, predicts emergency situations and 

proposes measures to prevent them. 

Based on the analysis of the use of immersive 

technologies by Russian enterprises, as well as taking 

into account the industry specificity of oil and gas 

enterprises, it is possible to propose the main directions 

for using VR / AR / MR technologies in training 

personnel at oil and gas enterprises (Table 1). 

Table 1. Directions of using immersive technologies in 

training personnel at oil and gas enterprises 

Directions of use 
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assembly / 

disassembly, repair 

and maintenance of 

equipment 

VR    ++ ++ ++  

Trainings for 

practicing measures 

to prevent terrorist 

threats at the 

enterprise, on 

VR ++ ++

+ 

+ ++ ++
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++ ++

+ 
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behavior in extreme 

situations and 

liquidation of 

accidents 

Conducting training 

for employees in 

order to master new 

digital and other 

competencies 

Conducting training 

for employees in 

order to master new 

digital and other 

competencies 

AR ++ + + ++ + ++  

Overlay real-time 

data on real machine 

parts 

AR    ++ ++ ++  

Comparison of 

physical and virtual 

hardware versions 

AR ++ ++  ++   ++ 

View help videos and 

digital tutorials. 

Visualization of 

historical 

maintenance records 

and presentation of 

task 

recommendations 

AR ++

+ 

++

+ 

 ++ ++ ++ ++ 

Visualization of the 

infrastructure project 

from different 

perspectives 

Visualization of 

specific components 

and functions beyond 

the physical 

boundaries of the 

equipment 

AR   ++ ++ ++ ++  

Visualization of the 

"digital twin" to 

simulate a real 

environment 

VR

/ 

AR 

+   ++ + ++  

Preliminary design 

concept entirely 

created in VR 

VR +   ++ ++ ++ ++

+ 

Remote interaction 

between different 

locations in order to 

view the same design 

data and resolve 

conflict situations 

VR

/ 

AR 

++

+ 

  ++  ++ ++

+ 

Virtual inspection of 

the production site 

VR ++   ++ ++ ++ + 

Conducting training 

activities on labor 

protection in order to 

develop skills to 

prevent emergency 

situations 

VR   ++  ++

+ 

  

Introducing new 

employees to the 

VR ++

+ 

++ ++ ++ ++

+ 

+ ++ 

specifics of 

production 

(maximum 

immersion in a 

realistic environment) 

Organization of 

training events for 

students of 

specialized 

universities to 

undergo practical 

training, regardless of 

geography 

VR ++

+ 

++

+ 

+ ++ ++

+ 

++ ++

+ 

Conventions used in the table: 

+++ - High level of benefit 

++ - Medium advantage 

+ - Low level of advantage, but sufficient for practical use 

 

The analysis carried out confirms the idea that was 

expressed: immersive technologies in personnel training 

were obtained for the following categories of workers 

[34]. 

1. Workers involved in any mechanical operation. 

Immersion learning is more successful in cases that 

require first-person presentation, interactive practice, and 

tactile feedback from the operations performed. 

2. Employees whose work requires a high level of 

communication skills as well as empathy. Training on 

such simulators allows you to play the situation of 

emotional impact in advance and prepare the employee 

for a calm response to a potential client. This reduces the 

number of conflicts in the workplace, and also 

contributes to a more persistent emotional state of the 

employee. 

3. Employees whose activities are associated with a 

constant threat of dangerous situations. The use of 

immersive learning using VR allows you to replay 

emergencies at the training stage without any material 

loss. 

Personnel training using VR technologies is based on 

the "immersion" of the employee in a realistic working 

environment in which he needs to perform certain tasks. 

At the same time [35], four types of immersion can be 

distinguished: sensory, spatial, psychological and 

emotional. Based on this, it can be assumed that the 

effectiveness of training on VR simulators is due to the 

simulation of real situations in a digital environment, 

experiencing which a person experiences the same 

emotions and sensations as in real life. 

Quite often, for the development of these specific 

components of VR / AR solutions - content and 

scenarios - integrator companies outsource highly 

specialized specialists - graphic designers and 

programmers. At present, it may be economically 

unprofitable to have such specialists on the permanent 

staff of integrator companies, since ongoing projects do 

not yet generate a steady stream of needs from 

customers. The cost of projects depends on the type of 

project and the planned use of the VR / AR solution on 

an industrial scale. 

The cost of scaling a project to an industrial level 

depends on the specifics of the solution itself and the 
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deployment model. If industrial implementation involves 

an increase in the volume of VR / AR / MR applications 

content (an increase in the number of scenarios, 

complication of scenarios and visual models, etc.), then 

the cost of industrial implementation will increase in 

proportion to the number of these specific developments. 

The unconditional benefit from the use of immersive 

technologies in personnel training at oil and gas 

enterprises will improve various technological processes. 

In the oil and gas industry, there are several possibilities 

for applying virtual reality technology: 

1. To minimize the costs of payroll by conducting 

practical training for company personnel with minimal 

involvement of a trainer. It will allow you to increase the 

rate of training of company employees, both new and 

existing ones. 

2. It will allow, without loss of time and information, 

to carry out the so-called seamless transition of the 

employee to the work environment from the built 

environment. 

3. From the first minutes of work in the company, the 

employee is involved through simulation in the real 

working environment of the company. 

4. The student worker immediately joins the work, 

that is, he is, in fact, an active participant, which will 

help him in the future at work in the "field conditions". 

5. Allows to reduce the cost of personnel training. A 

large number of employees can be trained at one virtual 

station during a month. The cost of training will be 

cheaper than practical training. Workouts can be 

completed several times. 

6. The possibility of multiple trainings will increase 

the efficiency of the personnel by immersing in the work 

situation when problems arise. 

7. Training with the help of VR technologies will 

help avoid different interpretations of understanding of 

corporate standards and values in the company. This is 

possible because training throughout the geography of 

the company is carried out according to uniform 

corporate standards and requirements. 

Virtual reality centers are flexible systems that, 

depending on the configuration, can adapt to different 

functional requirements of companies, room sizes and 

other conditions. 

However, despite the wide functionality and 

prospects of using virtual reality technologies in 

teaching, VR technologies have a number of 

disadvantages [36, 37]: 

1. Virtual reality technologies are still associated 

with the gameplay, so students treat learning as a game - 

not seriously. 

2. VR is perceived differently by men and women, 

which is explained by the difference in the perception of 

the world. 

3. Not all students have the same level of digital 

skills, which can cause discomfort for the training 

participants. What's more, VR requires significant 

graphics power that conventional computers may not be 

able to handle. 

Unfortunately, the listed disadvantages of using 

virtual / augmented reality technologies hinder their 

widespread use and use in training personnel at industrial 

enterprises. 

4 Conclusion 

Immersive technologies are an effective tool for training 

employees and developing their soft-skills and hard-

skills. This is confirmed by a number of successful 

foreign and domestic practices of using virtual reality for 

educational purposes. VR simulators and simulations 

make it possible to increase employee involvement in the 

training process, reduce training costs, scale educational 

programs, etc. At the moment, not all Russian companies 

are ready to implement virtual reality technologies in 

employee training, for which there are a number of 

reasons, among which it is worth noting the following: 

insufficient level of digitalization of the enterprise, 

unpreparedness for large investments, and insufficient 

awareness of modern technologies. However, immersive 

technologies continue to evolve and become more and 

more accessible, which may lead to the digitalization of 

corporate education in general, and the wider use of MR 

/ VR / AR technologies in personnel training in 

particular. 

VR / AR technologies can be used by both highly 

professional specialists and workers. With the use of 

augmented reality, it will be possible to instantly receive 

diagrams and electronic instructions for the equipment of 

oil facilities, to warn of possible breakdowns without the 

need to use paper-based documentation. The employee 

can get acquainted with the video information displayed 

as a supplement to reality, graphic or textual 

information, to a certain physical object. These can be 

step-by-step instructions for repair, fixing indicators and 

characteristics of oil equipment, a description of its 

purpose. In addition, using augmented reality, you can 

determine at what stage the task is completed, receive 

data online, without interrupting the workflow. 

At the moment, augmented and virtual reality 

technologies are widely used in the media and 

entertainment industry, and are gradually being 

introduced into the field of corporate education. 

According to the Modern Media Research Institute 

(MOMRI), presented in the industry report "The Russian 

Virtual Reality Market 2016", 28% of VR projects for 

business belong to the Education and Training category, 

which is the leader in the B2B VR market. [38]. This 

indicates that high-tech public and private companies are 

using virtual reality technology to train their staff. 
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