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Abstract. The crisis of the system of professional development and personnel
training in the energy sector exists not only in Ukraine but also all over the world.
The article describes the concept of development and functioning of the industry
system of personnel training in the energy sector of Ukraine. The importance of
using modern web-oriented technologies to improve the skills of operational and
dispatching personnel in the energy sector of Ukraine is substantiated. The meth-
ods of distributed power system operating modes modelling are presented. De-
velopment and software tools for the construction of distributed simulating sys-
tems and particular features of cloud technologies application for the creation of
a virtual training centers network in the energy sector, as well as the ways to
automate the process of simulating scenarios development are described. The ex-
perience of introducing remote training courses for energy specialists and remote
web-based training simulators based on a comprehensive model of the energy
system of Ukraine is presented. An important practical aspect of the research is
the application of software and data support for the development of personnel
key competencies in the energy sector for rapid recognition of accidents and, if
necessary, accident management. This will allow them to acquire knowledge and
practical skills to solve the problems of analysis, modelling, forecasting, and
monitoring data visualization of large power systems operating modes.
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1 Introduction

In the developed Energy Strategy of Ukraine till 2035, one of the most important goals
is integration into the EU energy space and strengthening of global ties [11]. The United
Energy System (UES) of Ukraine integrates a large number of technological equipment
distributed throughout the country intended for the generation, storage, transportation,
distribution and use of energy. Highly qualified personnel must manage the operational
management of power equipment. Insufficient staff qualification and lack of readiness
to quickly eliminate emergency situations lead to major accidents and enormous mate-
rial costs to restore energy supply [3].

It shall be noted that a considerable number of problems have accumulated in the
Ukrainian energy sector now, and the main one is the lack of a single policy in the field
of personnel education and training. The structure of the energy management system of
Ukraine does not imply an organization, which could be responsible for the develop-
ment of standard curricula and academic programmes for professional training of per-
sonnel, scientific and methodological and information support of the personnel training
system, introduction of new technologies and best practices, achievements in science
and technology. None of the organizations basically solves the tasks of providing the
necessary level of qualification of the energy sector personnel, improving its efficiency
and quality, quality control of general and special training of the personnel or testing
personnel knowledge. At the same time, personnel development is one of the key tasks
of the power industry leaders. The proper solution to this problem will increase produc-
tivity and ensure reliable, safe and accident-free equipment operation.

At present, the training and development of energy professionals are aimed at:

1. professional development for the formation of key competences in order to recognize
the conditions of cyber threats, emergencies, and methods of their rapid elimination,
which involves the application of theoretical and practical methods related to the
processes of generation and distribution of energy, characterized by interdiscipli-
narity [5];

2. development of the ability to use information and communication technologies, in-
troduce them to the latest developments, systems, software tools helping simulate
and forecast the conditions of a complete power failure and develop the skills to use
these tools in further professional activity;

3. training highly qualified and professional “industry elite” dispatchers capable of
solving scientific problems and issues regarding the optimization of large power sys-
tems operating modes, as well as solving practical tasks of the digital transformation
of the industry [4, 5].

The training and professional development system for energy industry personnel
should be automated and remote to the extent possible, involving the use of training
systems, cloud technologies and augmented reality [7, 8], to make it interesting and
effective.



2 Literature Analysis and Problem Statement

Various causes of emergencies at energy objects are discussed scientists V. Artemchuk
[20], B. Choi [10], K. Jeong [10], A. latsyshyn [20], V. Kovach [20], J. Moon [10],
F. Paraschiv [27], O. Popov [20], M. Spada [27], et al. Design of mathematical and
software tools for assessing the impact of fuel and energy enterprises on the economic
component of the country and the environment [21, 22]; theoretical methods and prac-
tical tools for mathematical and computer simulation in the energy sector researchers
1. Blinov [2, 14], O. Kyrylenko [14], A. Zaporozhets [33, 34], et al. The problems of
creation and diagnostics of power equipment and simulating systems for the energy
industry are described in [33, 34]. The problems of distance and blended learning of
specialists in different fields have been the subject of study by scientists: V. Kukha-
renko [12], S. Lytvynova, [24, 28], S. Semerikov [17, 18], O. Spirin [28], T. Vakaliuk
[16], et al. The features of power engineering and ecology specialists training and pro-
fessional development in the field of energy and ecology have been investigated re-
searchers E. Avetisyan [3], V. Gurieiev [3, 4, 5, 30], A. latsyshyn [13], V. Khoziyev
[19], Y. Kutsan [13], V. Okhotin [19], V. Samoylov [26], O. Sanginova [3, 4, 5], et al.
However, it is important to analyze and summarize the existing experience of using
training systems to enhance the skills and training of energy professionals.

3 The Aim and Objectives of the Study

The purpose is to analyze and to summarize the experience of using simulating systems
to improve the qualification and professional training of energy specialists, describe
further directions of improving the system of professional development of personnel in
the energy sector of Ukraine.

Tasks of the research:

1. To generalize the experience of applying simulating systems and substantiate the
conceptual foundations of training and professional development system for special-
ists in the field of energy of Ukraine.

2. To identify the features of simulating systems development for energy.

3. To consider the principles of the development of objects and scenarios of simulating
systems and identify the main directions of modernization of the system of training
and professional development of specialists in the energy sector.

4 Research Results

4.1  Conceptual Foundations of Developing a Training and Professional
Development System for Energy Sector Specialists in Ukraine

In the strategy of reforming the State Enterprise National Energy Company “Ukren-
ergo” (SE NEC “Ukrenergo™) [29], professional staff development is one of the im-
portant elements of the strategy. It is planned to develop a corporate automated



knowledge and test database within the framework of the long-term personnel profes-
sional development system implementation. Its main reason is to develop training pro-
grams within the context of training centres, to implement game training and assess-
ment methods during 2019-2020, and to refocus training on competency development
and innovations, as well as practical improvement of technical skills by 2026.

It is important to plan state policy in the field of personnel training and professional
development for a long period, to identify the sources of funding people responsible for
providing all preparatory work, including the implementation coordination and moni-
toring.

The scientists of G.E. Pukhov Institute for Modelling in Energy Engineering of NAS
of Ukraine, which have significant achievements in the energy sector, propose to de-
velop a system of personnel professional development in the energy sector by integrat-
ing all educational institutions of the country carrying out energy research and provid-
ing energy-related education services into a new scientific and educational cluster in
collaboration with other higher educational establishments and institutions [3].

The purpose of the proposed concept of the energy professionals training system is
to organize a blended classroom and remote form of training and simulation applying
information and communication technologies for the mandatory sustainable formation,
verification, and control of key competences of the operational and dispatching staff of
the energy sector of Ukraine. The competences to be mastered or developed by the
personnel of the energy industry ensure the continuous reliable operation of the equip-
ment and modes of operation of the UES and electric energy associations (EEA). They
relate to the processes of dispatching control, organization of safe conditions of electri-
cal equipment operation, recognition of accident causal factors and scenario analysis,
formation and development of skills of quick emergencies elimination, techniques
(rules) of regular and emergency switches at substations, in electric networks, etc. [3].

An analysis of the international experience of personnel training in the energy in-
dustry confirmed that the outlined competencies of staff can be formed solely with the
help of full-featured simulators.

Currently, in Ukraine and in the EU, there are a large number of unresolved issues
related to continuous education and professional development of UES and EEA per-
sonnel. Therefore, this problem requires further research and involvement of the world's
best educational standards and learning technology.

In Ukraine, the issues of professional training of employees are regulated by the
Laws and other guiding documents [6, 15], the obligations to maintain the proper level
of staff competence are imposed on the management (employers' organization) of en-
ergy enterprises of all levels of the existing management hierarchy. However, practice
shows that the capabilities of state-owned enterprise heads are now very limited by the
amount of public funding. The existing system of professional development of energy
personnel in Ukraine is based on the outdated intramural form of study as a part of
compulsory training, once every three years 2-3 weeks long. In Ukraine, the most im-
portant component of operational and dispatching personnel development, which is a
simulating system, is missing. This fact very much hinders the formation and develop-
ment of the required staff qualification, for example, within the context of recognizing
the conditions of occurrence and elimination of various accidents [3].



To date, the cost of business trips (travel, food and lodging) far exceeds the cost of
training itself. These conditions of professional development make it difficult to form
full-fledged homogeneous groups, adequate content of the educational and methodo-
logical base, and the use of effective methods of training and simulating system. There
are also problems with the recruitment and training of instructional staff involved in
professional development.

At present, an important trend for the social development of the world countries is
the use of various information and communication technologies, in particular, virtual
simulators in all fields of production activity, especially in the energy industry. In the
energy sector of different countries European Network of Transmission System Oper-
ators for Electricity has created and successfully used a large number of electronic train-
ing systems and simulators. However, the major drawbacks of these systems are their
narrow scope. Therefore, it is important to design and upgrade existing simulating sys-
tems, in particular, to develop their browser-based and mobile versions to use within
the context of distance learning.

The implementation of the proposed Concept will be effective if we summarize the
accumulated experience with the energy experience of the European Union countries
and determine the membership of the main implementing organizations. The next step
is to propose and agree with the SE NEC “Ukrenergo” a pilot project of an electronic
simulating system by 2022, as well as to envisage the possibility of involving the Eu-
ropean experts to the proposed concept of implementation.

4.2 Aspects of the Development of Simulating Systems for Energy Specialists
Training

We agree with [25], that simulating systems for energy specialists training should be
aimed at developing competencies and should be based on modern training technolo-
gies, including distance learning. An important component of the quality of staff train-
ing is the content of training programs, methodological support and a system of assess-
ment of the quality of employee training.

The system of quality assessment of personnel training in the energy sector must
necessarily include tools for measuring the level of knowledge, the ability to solve real,
non-standard tasks, complicated by conflicting requirements, often in the context of
incomplete or insufficient information, the ability of workers to synthesize and analyze
situations arising in their professional activity.

In order to support high-level thinking and create the conditions for independent
learning, simulating systems should provide staff with the ability to control employees'
intrinsic motivation to learn, as well as the potential to create complex tasks that allow
new information to be linked to the old one, find a place to personalize the experience,
get acquainted with the experience of fellow professionals. Thus, these principles of
organization of simulating systems training base guarantee personnel individual pro-
fessional development, contribute to the acquisition of new knowledge and skills, affect
the social improvement of staff, including the professional level and confidence in their
knowledge [3].



Nowadays, blended and distance learning, which is a modern trend and has a signif-
icant impact on cost savings, should be used to enhance the skills of energy profession-
als. Blended learning combines classroom and e-learning technologies and is based on
the application of information and communication technologies. The advantage of
blended learning is that specialists can combine professional activities and learn at their
own pace without wasting time.

An important element of distance learning is a distance-learning course. A distance-
learning course should be designed to motivate students to work independently and
actively interact with the system, to monitor the process and progress of learning.
Therefore, the development of distance training courses for simulating systems applied
by energy specialists requires high-quality teamwork of specialists - methodologists
and experts in the energy sector - as well as the comprehensive application of didactic,
technical and electronic training and control tools [19, 30].

The authors of this article and specialists from Scientific Production Enterprise LLC
Infotech [9] have already developed a number of distance learning courses for distance
learning and training of operational and dispatching staff in cooperation with the SE
NEC “Ukrenergo”, PJSC Kyivoblenergo and Center for the professional development
of managers and specialists of the Ministry of Energy and Coal Mining of Igor Sikorsky
Kyiv Polytechnic Institute: “Simulation System and Emergency Response Drill Using
Full-Featured Web Mode Simulator”, “Methods of On-line (Real-Time) Process Opti-
mization of Operating Modes of the Unified Electric Power System of Ukraine”, “Au-
tomated Preparation of Switch Cards at the Substations of the SE NEC “Ukrenergo”,
“Creating Emergency Response Drill Using HSC RS ++7, “Designer-Editor of a Full-
Featured Web Mode Simulator to Create Routine and Emergency Response Drill”.
These distance learning courses are designed to form and support operational and dis-
patching staff stable skills in eliminating accident initiation and progression at substa-
tions, as well as system and intersystem complete power failure in the power grids of
the Ukrainian UES. Also, these distance learning courses have already been introduced
into the educational process of educational institutions, which are subordinated to the
SE NEC “Ukrenergo” and the advanced training centre of the Ministry of Energy and
Coal Mining of Ukraine.

We believe that it is advisable to conduct a staff professional development process
using blended and distance learning technologies in approved virtual research and train-
ing centers. Virtual training centers will upgrade the existing personnel training system
in the energy sector, taking into account the new electricity market model [32], maxi-
mum possible staff qualification quality, and save human and financial resources.

4.3 Virtual Centers for Training, Assessment, and Simulation System for
Energy Professionals

When developing a network of virtual research and training centers for training person-
nel in the energy sector, it is necessary to fully employ all elements of the existing
infrastructure of the personnel training system: material, technical, educational and
methodological bases and teaching staff integrating it into a single information envi-
ronment. Creating a comprehensive environment will allow using all the experience



gained from the existing vocational simulating system in the energy sector and adapt
the training programs to the needs of energy companies, the state and other stakeholders
[3].

It is advisable to develop a network of virtual training centers in analogy with enter-
prise cloud computing. Virtualization is the main cloud computing technology and al-
lows the creation of a single infrastructure of centers for personnel training, assessment
and simulation system. Software tools developed to design, construct, and maintain a
training facility of energy personnel simulating systems should support cloud architec-
ture, virtualization, and blended and distance learning.

Nowadays, e-learning is widely used, therefore the software is being updated. There
are several types of software products:

1. Copyright software. These are electronic textbooks, didactic materials, application
software training packages and other elements of distance learning courses.

2. Content Management Systems. These include software products that support mul-
tiple users in a shared environment and are designed to create and modify digital con-
tent, such as text data, audio and video, program code, and more. The most well-known
education-targeted content management systems with Ukrainian localization are Dru-
pal and Joomla!

3. Learning Management Systems (LMS). LMS software is focused on learning ac-
tivities management. The administration, documentation, tracking, and reporting func-
tions are aimed at creating learning and development materials, and tasks such as
providing training content to specific users at the right time, controlling the use of train-
ing resources, organizing interaction with the teacher, individual users and groups are
automated. LMSs have the robust protection mechanisms required to deploy a distrib-
uted network of virtual training centers, can be synchronized with enterprise resource
planning and personnel management systems. According to the research [1], the leaders
are Blackboard, Canvas and Moodle software. Saba Software, SuccessFactors Learn-
ing, Voniz Inc., SumTotal Systems, Docent, WBT Systems, Click2Learn, and IBM are
actively promoting their LMS products in the corporate market. Prometheus, Asnova-
tor, Collaborator, and EDUGET worth mentioning among the products of the Ukrainian
market.

4. Learning Content Management Systems (LCMS) are widely used in corporate
computer networks. Unlike LMS, such systems focus on content management tasks,
not the learning process, and are focused not on managers and students, but on content
developers, methodological layout specialists, and project management executives.
LCMS is based on the concept of presenting learning content as a collection of reusable
learning objects with their target audience and specific context of use. Learning content
management systems have only been actively implemented over the last few years, so
the LSMS market is not mature enough, but the companies such as SAP (SAP Learning
Solution), Oracle (iLearning and PeopleSoft Enterprise Learning Management) con-
sider this type of e-learning not only as an infrastructure but also as part of the corporate
IT infrastructure [3].

The LMS and LCMS systems discussed above have many things in common, as with
the market expansion, LCMS developers are adding LMS-specific features and vice
versa. LMS and LCMS have different goals: the main task of LMS is to automate the



administrative aspects of learning, and LCMS is focused on managing the content of
learning objects. The common features are the following: both systems manage the
content of the courses and track the learning outcomes, the built-in tools can manage
and track the content to the level of the learning objects. At the same time, LMS can
manage and track blended learning outcomes that combine E-content, classroom activ-
ities, virtual classroom meetings, and other resources.

Based on the analysis of the existing open-source LMS/LCMS systems, according
to the software selection criteria, Moodle (Modular Object-Oriented Dynamic Learning
Environment) was chosen as the instrumental simulating environment of the virtual
training systems in energy sector [16]. The Moodle system is designed to create quality
distance courses; it is used in 100 countries around the world by universities, schools,
companies, and independent teachers. In terms of functionality, Moodle successfully
competes with well-known commercial learning management systems, such as Canvas
and Blackboard, at the same time it differs from as it is distributed in open source,
which makes it possible to localize it considering the features of a particular educational
project. Moodle integrates easily with other systems; in particular, it allows download-
ing packages such as SCORM, IMS or AICC as an archive and add them to the course.
Additional packages extend Moodle capabilities: for example, an IMS package can be
used to present multimedia content and animation.

A competency-based approach to training and professional development of person-
nel, implemented on the basis of virtual technologies, will allow the staff of not only
the energy sector but also of other branches of the economy of the country to master
the most important competencies and independent assessment of the level of profes-
sional training. Also, the problem of possible loss of experience, skills, and knowledge
of retired staff will be solved through the remote involvement of retired senior special-
ists - to develop scenarios of emergency response drills and training exercises, partici-
pation in distance courses, expert discussion of predicted emergencies triggering
events, their types, and elimination measures, etc. [3].

The development and implementation of distance learning courses are aimed not
only at working energy professionals but also at undergraduate and graduate students,
who will be provided with all facilities and opportunities of e-learning and training
(based on common models of large UES and EEA and use of modern modeling tools).

4.4 Creation of Objects and Scenarios of Simulating Systems

A computer simulator for operational and dispatching personnel of the EEA and UES
of Ukraine is a training tool that provides staff with the opportunity to adequately sim-
ulate the specified operating modes and operating conditions of equipment in the train-
ing process. It is vitally important for the formatting key competencies, in particular,
recognition of conditions and causes of accidents, as well as the formation of stable
skills for the rapid elimination of accidents [3].

In the published work [23], a computer training system is defined as a set of com-
puter simulators modeling different functions of real equipment of EEA and UES with
high accuracy in normal and emergency situations aimed at the personnel educational



process as a part of virtual research-educational centers (RECs). An important compo-
nent of the computer training system is a simulation complex.

Currently, virtual technologies are not sufficiently involved in the development and
use of mathematical, topological, information and computer models of simulating
methods in distributed web-oriented environments [4, 5]. Such environments are often
referred to as cloud computing, whose main purpose is to provide users with specific
services [31]: OasS, laaS, Paas, etc.

Developing full-featured mode simulators for energy professionals (see Fig.1), in-
cluding management staff, is a complex scientific and technical task. The simulating
system includes certain subsystems: management of distributed databases; modeling of
operating modes of power systems; visualization of simulation results; human-machine
interface and automated system for creating scenarios of regular and emergency simu-
lation [3]. The latter subsystem should ensure the rapid creation of emergency response
drills, using materials of investigation or anticipation of accidents. The list of such sce-
narios that will form the methodological basis of the training facility of the personnel
simulating system.
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Fig. 1. An example of work full-featured mode simulators for energy professionals [9].

The published work [3] analyzes the existing approaches to the creation of training
scenarios and the development of an automation system for the design of emergency
response drills for remote web-oriented training simulators. The offered system of au-
tomation is intended for the organization of full training and methodological support of
the personnel training process preparation both in the conditions of training centers and
directly at workplaces. It is important to use a blended form of training around the clock
for the operation and dispatching staff. The system of automated emergency response
drills creation is realized taking into account features of the distributed environment of
the power systems.



The main issue related to the simulating scenario design technology is the degree of
completeness of the operational situations set that forms the basis of any personnel-
training program. The experience of staff operational activity implies the importance
of the instructor and training staff’s personal experience when planning the training
program. It is important to take an individual approach to staff training that allowing
individually selecting content and planning a training program. The main difference
between the proposed approach and the one described above is that the head of the
simulation or training independently offers the conditions of the accident-triggering
event. This allows focusing on the formation, control, and support of staff critical think-
ing skills and the ability to predict accident sequence. The generation of different pos-
sible or predicted options of situations greatly complements the algorithmic approach.

The publication [26] suggests a pedagogical scenario method of constructing simu-
lation tasks based on the application of situational modeling methods. According to this
method, the simulating complex and the object model - EEA and UES are used only at
the development stage. The focus of the method is to create and use a model of person-
nel production activity according to job descriptions in the process of EEA and UES
dispatch control. The scenario-simulating a pedagogical scenario method structure is
formed as follows. After selecting the name, purpose, and task of the training task
(TrT), a library of simulating procedures is created using the simulating complex (see
Fig.2). The model of the operational and dispatching personnel activity is formed with
the help of job descriptions, which regulate the required set of operations of dispatching
control and are used as the object control model. It is advisable to use this method when
designing the complex system and inter-system emergencies in terms of development
and ways of elimination. Also when a possible alternative emergency development can
lead to unexpected results in terms of the physical existence of the simulation modes.

The methods and algorithms of the formation of regression models of trunk electric
grid (TEG) modes are developed, the ways of their use for the management problems
solution within the process of carrying out the TrT of simulating systems (see Fig.3).
This allows obtaining the results of simulation of different EEA and UES operational
modes in the pace of time and with a comfortable reaction time required for the proper
training. Comparative assessment of the first- and second-order regression models use
for simulation of the modes allowed offering a convenient methodology for developing
and organizing training systems and TrT models. This facilitates the work with the de-
sign and use features for the industry experts who have no programming skills. Switch-
ing programs can be written in the form of formal logical system for switching such as
“run”, “disable”, “scan” and so on. This allows creating a task mini database to check
the conditions of the performed or proposed operations in the form of a simple rule “if
something happens or is completed, the result will be the following”, which is then used
to create emergency training scenarios and forms of routine switch cards [3].
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Fig. 3. An example of a large power systems scheme for constructing a TrT system.

The automation system of processes of design, editing, and creation of scenarios of
regular and emergency training is developed for research and training virtual simulating
centers. The proposed design system greatly speeds up the process of developing and



creating (editing) emergency training scenarios. The distributed simulating environ-
ment provides ample opportunities for effective use of the new modern electronic sys-
tem of work with personnel and allows to move to the development of uniform stand-
ards of personnel training and simulating system for the energy sector of Ukraine. The
combination of modern e-learning methods and tools of distributed virtual simulating
environment allows creating a new quality of the system of professional development
and training of specialists in the field of energy, including operational personnel of
substations and power systems.

The significant contribution to solving the described tasks by G.E. Pukhov Institute
for Modeling in Energy Engineering of the NAS of Ukraine, the Institute of Electrody-
namics of the NAS of Ukraine, the Data Processing Centre of the Main Technical Di-
rectorate, as well as the higher education institutions, such as the National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” shall be noted.

4.5  The Main Modernization Aspects of the Personnel Professional
Development and Training System in the Energy Sector

We agree with the statement [3] that the current crisis in the system of personnel pro-
fessional development and training in the energy sector exists not only in Ukraine but
also in the whole world. The main unsolved challenges of the current system of profes-
sional development in the energy sector are:

o there are no national standards for the vocational-technical training of personnel in
specific professions in the energy sector;

o the large number of the energy industry professions operating a variety of energy
equipment and the lack of its unification significantly limits the development of a
common approach (common professional development standards) to the creation of
modern and effective simulating systems and training of energy industry personnel
as a whole and requires considerable resources;

o practically all training and professional development programs applied in the respec-
tive industry-specific colleges are outdated and are usually focused on specific the-
oretical or practical issues, usually not relevant to the operation of EEA and UES
equipment, and are based on electrotechnical principles and not on EEA and UES
information models in general,

¢ there is no open general information and modeling environment for carrying out full-
fledged studies, analysis and forecasting of normal and emergency modes of opera-
tion of UES and EEA, including all existing levels of the management hierarchy as
awhole, in order to use the results of studies and calculations for simulating systems;

o full-featured mode simulators operating at the Ukrainian NPPs are the effective
means of professional development and training. However, they are quite expensive
and oriented, as a rule, to the simulation of specific NPP energy equipment, which
complicates the transfer and application of the learned skills to eliminate accidents
to other similar parts of large UES and EEA,;

o there are no appropriate simulators as well as an educational and methodological
framework for the operational and dispatching staff;



o the problem of losing the experience, skills, and knowledge of retiring staff. The
solution to this problem is possible through the remote involvement of retired spe-
cialists with extensive experience in developing scenarios of emergency training and
simulating exercises, expert discussion of predicted accidents triggering events;

o the lack of accessible open web-based resources for obtaining structured compe-
tency-based knowledge, including professional development and training of teachers
and instructors, with mandatory control of their level of competence;

o there is no proper operational and long-term psychophysiological examination (di-
agnostics) of the personnel, testing, system of vocational and social rehabilitation;

o there are no scientifically sound criteria for determining the level of reliability by
means of accessible verification (control) of key competences of the personnel,
providing the basic technological processes of generation, distribution, and con-
sumption of electric and thermal energy;

o there are no industry-specific standards of personnel professional development and
training in the energy sector;

o there are no procedures and criteria for real-time proficiency testing of staff using a
modern advanced training system and guaranteed by teachers' level of competence.

5 Conclusions

Today, the greatest challenge for the sustainable development of modern civilization is
the reliable operation of power systems to generate and distribute energy to consumers
of the right quality in the right volumes. In Ukraine, the main unresolved problems of
the current system of professional development of operational and dispatching person-
nel in the electric power industry are: unregulated legislative support; outdated material
and technical support; teaching and learning materials requiring updating and develop-
ment; the greater part of the staff are close to retirement age or already retired, therefore,
there is a need for young staff. The problems listed above cannot be effectively solved
only through the creation of new educational institutions, the training of additional
highly qualified teaching staff and the development of new training programs and train-
ing courses. Affordable and equal opportunities must be created for the continuous
training of personnel of all energy enterprises in the industry. The solution to these
problems is possible through the creation of a unified global corporate online network,
combining educational institutions and virtual centers and training facilities as well as
personnel professional development systems in a single unified structure with one main
management and responsible authority. This could also be implemented as part of the
development of an international virtual simulating center for innovative technologies
and energy personnel training.
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