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Introduction 
The modern information society is distinguished by the extensive use of computer technology tools. 

The Russian Internet audience, the largest in Europe, exceeds 80 million users; 62 million of them are 
online every day. The commercial segment of the network is dynamically increasing. The volume of 
markets that are connected to the Internet is 16 percent of gross domestic product. The technology of 
remote access is actively used in the provision of state and municipal services, in 2014, more than a third 
of these municipal and state services were provided in an automated mode. The Internet is widely used to 
form a new technological basis of the domestic economy, in social sectors, in education, in healthcare [1]. 

The main objectives, which are incorporated in the program of the development of the digital econ-
omy in Russia until 2024, are: providing quick access to the Internet for every Russian, including resi-
dents of remote settlements; replacement of university diplomas and workbooks on development trajec-
tories, “smart cities” and even an automated system for making government decisions [2]. 

The use of automated design systems ensures high efficiency of professional activity in the context 
of increasing requirements for the scope of design work and the timing of production [3, 4]. 

However, professional activities in the information society can be dangerous and lead to economic 
losses. The damage resulting from the use of new information technologies is commensurate with the an-
nual growth of gross domestic product [5]. 

According to the experts of the American Institute of Project Management (PMI), the irreparable 
loss of organizations due to poor quality of project management amounts to $ 109 million for every  
$ 1 billion [6]. Approximately the same picture is observed with the fulfillment of complex and mega 
projects in Russia. Therefore, project management in practice implements not more than half of its ca-
pabilities. 

This situation is explained by the increased risks of economic, informational, psychological, di-
dactic and social nature. 

First, a class of new economic threats emerged, associated with the emergence of a large number of 
CAD systems, differing in functional and cost characteristics. For example, at the end of the last century, 
a number of CAD systems were developed and implemented at the Chelyabinsk Polytechnic Institute at 
the Department of Engineering Technology, covering the design of both route and operational processes 
on various machine tools, including automation of transaction normalization [7]. Similar CAD systems 
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were developed in the institutes of other cities. There was a problem of economically justified choice of 
CAD. 

Secondly, the process of introducing CAD (especially at the stage of trial operation) is accompanied 
by unreliable work, leading to distortion of information. New information threats appeared that require 
duplication of work of the technologist, both with the help of CAD, and in the traditional version, which 
leads to an increase in the labor intensity of the work. 

Thirdly, the process of implementing CAD is accompanied by a change in the structure of the en-
terprise and the duties of the staff. A new class of psychological threats emerged, related to the need for 
the staff to be ready to work with CAD. 

It is necessary to additionally take into account the threats that arise in the process of designing 
training in a practice-oriented education. On the one hand, the threat of didactic security increases due to 
the need to plan personal development trajectories for the training of personnel with different base com-
petencies and work experience for specific job responsibilities. On the other hand, the threat of social 
security is growing, because a dilemma arises: either learn or “goodbye” [8]. 

Education is planned to be rebuilt for the needs of the digital economy. For graduates and students 
of the system of general, professional and additional education for all specialties, requirements will  
be developed for the formation of the basic competencies of the digital economy. Together with them, 
the competence in the field of the digital economy will be changed by federal state educational standards 
for all levels of education. A mechanism will be created for individual profiles of citizens' competencies 
and trajectories of their development. In such analogues of workbooks, the results of the educational and 
labor activity of citizens and the results achieved by them will be recorded. A personal trajectory of de-
velopment will be established in educational institutions. With their help, the student can choose an in-
dividual way of forming the basic competences of the digital economy (formal, informal, informational). 
Personal trajectories will help in solving the problem of identifying talents at an early stage in the learning 
process. At the end of the educational institutions, personal trajectories will be transferred to the organi-
zations in which the graduate will work. In case of dismissal of an employee, his personal trajectory will 
be transferred to the next employer. Potential employers, educational institutions and other organizations 
will have the opportunity, with the consent of the citizen and subject to the requirements of legislation 
on personal data, to gain access to his personal trajectory [9]. 

It is planned to choose an organization that will be responsible for developing and testing the com-
petency model. Based on this organization, it is planned to create a group of experts from the business 
environment, the education system and government authorities. This group of experts will develop  
a model extensible structure of the competence model and a list of competences for the digital economy, 
define the core competencies [10]. 

 
1. Terms of reference  
There are different approaches to solving the problems of managing the implementation of compu-

ter technology. The first approach is based on the use of experience, the second – on the use of mathe-
matical models. 

Examples of the first approach include the experience of implementing a distributed information 
system in a multi-branch organization using the example of FSUE Russian Post [11] and information 
and measuring systems at Chelyabinsk CHPP-2. 

The second approach is based on comparing the actual state of the system with an estimate obtained 
using its mathematical model, which can be developed on the basis of theoretical laws or experimental 
data. To create mathematical models from experimental data, the methods of principal components 
and eigenstates are used [12], as well as multidimensional interpolation and approximation based on 
the theory of random functions [13]. For the development of a security system, model composition and 
evaluation of the effectiveness of recommended activities are used. 

Personal development trajectories are developed on the basis of a competence approach, which is 
widely used in the development of methodological training systems. 

However, the complexity of analyzing competences formulated in a natural language can lead to 
significant economic and didactic risks in solving a number of design problems in education. 

First, when designing personal development paths, it is necessary to take into account competencies 
that include both basic education and practical work experience. In addition, it is necessary to take into 
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account the requirements of employers, reflecting both professional standards and job descriptions. Studies 
in the field of vocational education showed that insufficient consideration of the basic competencies of 
students can lead to errors in the design of educational material, exceeding 20% of the training load [8]. 

Secondly, when developing thematic plans of disciplines for conducting simultaneous lecture clas-
ses for students of groups of different areas of preparation there may be risks of didactic nature, due to 
insufficient educational information for the formation of assigned competencies, and economic nature 
associated with the redundancy of educational information. 

Traditionally, these tasks are solved approximately both on the basis of experience acquired by trial 
and error, and on the basis of the classification of competences in educational standards [8]. 

However, the traditional approach cannot be fully used to design the development trajectories, since 
it, on the one hand, is very approximate and laborious, on the other hand, does not take into account  
the practical experience of work and the availability of appropriate certificates. 

A promising area for planning personal development paths is the application of network modeling 
methods. These methods are widely used in planning and managing the development of large national 
economic complexes, scientific research, design and technological preparation of production, develop-
ment of new types of products, construction and reconstruction, major repairs of fixed assets. Network 
modeling is based on the application of a model of a set of interrelated works aimed at achieving a spe-
cific goal [14]. 

The aim of the research is the network planning of personal development trajectories when imple-
menting computer-aided design systems on the basis of a competency model that requires reasoning. 

The subject of the study is level models of competences that take into account education, work  
experience, certificates and functional responsibilities. 

 
2. Construction of competency model 
Under the model of competencies we will understand a model that includes the amount of 

knowledge, skills and skills that are sufficient to fulfill the functional duties of a specialist in accordance 
with his job description. 

As a research object, a control system for the introduction of the automated design system by tech-
nological processes was chosen. Based on the analysis and generalization of the experience of introduc-
ing the system of automated design by technological processes, a level model of competences has been 
developed (Table 1). 

 
Table 1 

Level model of competences for work with systems of computer-aided design  
of technological processes (CAD TP) 

Option Education Experience, 
months Certificate Functional duties 

1.1 Average 6 Job description of  
the technician for working 
with CAD TP 

Preparation of technological  
documentation with the help  
of CAD TP 1.2 Secondary 

vocational 0 

2.1 
Secondary  
or secondary 
vocational 

12 Job description of  
the technologist on working 
with CAD TP 

Technological preparation  
of production with the help  
of CAD TP 2.2 Bachelor's  

or Specialty 6 

3.1 Bachelor's  
or Specialty 24 Job description of the leading 

technologist on working 
with CAD TP 

Optimization of technological 
preparation of production using 
CAD TP 3.2 Master's 

Courses 6 

4.1 Master's 
Courses 36 

Job description of the head 
of the department for work 
with CAD TP 

Leadership of the department for 
work with CAD TP; management 
control and task planning of  
the unit; staff motivation to achieve 
results 
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The application of the competency model allows you to manage development trajectories with  
the help of factors of education and work experience based on the methods of network modeling. 

The model satisfies a number of requirements that ensure the solution of the problem of planning  
an effective personal development trajectory. 

First, the model is sufficiently effective, since it takes into account all employers' requirements for 
education, work experience, certification and functional duties. 

Secondly, the model allows you to manage the parameters of education and work experience while 
moving to the next level of competencies. For example, a technician can be a person who has a secondary 
education and has passed a six-month probationary period or a person with a secondary vocational edu-
cation without having to submit requirements for work experience. 

Thirdly, the model allows solving the problem in the optimization statement, because provides the for-
mation of a variety of options: 

1) 0 => 1.1 => 2.2 => 3.1 => 4.1; 
2) 0 => 1.1 => 2.2 => 3.2 => 4.1; 
3) 0 => 1.1 => 2.2 => 3.2 => 4.2; 
4) 0 => 1.2 => 2.1 => 3.1 => 4.1; 
5) 0 => 1.2 => 2.2 => 3.1 => 4.1; 
6) 0 => 1.2 => 2.2 => 3.2 => 4.1; 
7) 0 => 1.2 => 2.2 => 3.2 => 4.2. 
 
3. Network planning of personal trajectors of development 
The basis of the logical relationship is the technological and resource (time and cost) dependence of 

states. The network graph, which is a graphic representation of the network model of personal develop-
ment paths, is shown in Fig. 1. 

 

 
Fig. 1. Network diagram of development trajectories 

 
Arcs of the schedule set the work on the formation of competencies for the transition to the next 

level, determined by the corresponding vertex (state). Each arc of the network graph (ij) is assigned  
a number indicating the duration of the work, which is defined as the sum of the time necessary to obtain 
the required level of education and work experience (see Fig. 1). Here i and j denote the numbers of  
the initial and final events of the arc. 

The set of arcs, ordered in such a way that the final event of one of them is the initial event of  
the other, is called the development trajectory. The path of development is called complete if its begin-
ning coincides with the initial (zero) event, and the end with the final one. 

A large number of variants of complete personal development trajectories makes it possible for 
them to plan in an optimization formulation by the criterion of minimizing time or cost. To solve these 
problems, we use known methods for finding the shortest paths on a graph with given values of arcs. 
Table 2 shows the estimated duration of various versions of personal development trajectories. 

Analysis of the calculated data shows that the most effective in duration are the variants of trajecto-
ries 7 and 8 (150 months). 

The results of the research are used in the educational process of the South Ural State University 
and the Azerbaijan Technical University in training personnel for work with systems of automated de-
sign of technological processes. 

 



Богатенков С.А., Юсубов Н.Д.           Планирование персональных траекторий развития: 
               системы автоматизированного проектирования 

Вестник ЮУрГУ. Серия «Компьютерные технологии, управление, радиоэлектроника».  
2019. Т. 19, № 1. С. 139–145  

143

Table 1 
Calculation of interim costs in planning full trajectories  

of development 

Option Sequence levels Time, month 
1 0 => 1.1 => 2.2 => 3.1 => 4.1 168 
2 0 => 1.1 => 2.2 => 3.2 => 4.1 156 
3 0 => 1.1 => 2.2 => 3.2 => 4.2 156 
5 0 => 1.2 => 2.1 => 3.1 => 4.1 164 
6 0 => 1.2 => 2.2 => 3.1 => 4.1 162 
7 0 => 1.2 => 2.2 => 3.2 => 4.1 150 
8 0 => 1.2 => 2.2 => 3.2 => 4.2 150 

 
Conclusion  
The task of network planning of personal development trajectories in the control system for the in-

troduction of automated design systems by technological processes was solved. 
To minimize risks, a level model of competencies has been developed, taking into account educa-

tion, work experience, certificates and functional responsibilities. 
The process of building a competency model for the implementation of automated process design 

systems is described. 
The developed algorithm and the program allow solving the problem of network planning of per-

sonal development trajectories by the criteria of minimization of time and cost costs. 
The results of the research are used in the educational process of the South Ural State University 

and the Azerbaijan Technical University in training personnel to work with systems of automated design 
of technological processes. 
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Рассматривается задача планирования персональных траекторий развития при внедрении 
систем автоматизированного проектирования в условиях неопределенности и риска. Целью 
исследования является сетевое планирование персональных траекторий развития при внедре-
нии систем автоматизированного проектирования на основе модели компетенций, требующей 
рассуждений. Для минимизации рисков разработана уровневая модель компетенций, учиты-
вающая образование, опыт работы, сертификаты и функциональные обязанности. Описан 
процесс построения модели компетенций при внедрении систем автоматизированного проек-
тирования технологических процессов. Разработанный алгоритм и программа позволяют ре-
шать задачу сетевого планирования персональных траекторий развития по критериям мини-
мизации временных и стоимостных затрат. Результаты исследования используются в учебном 
процессе Южно-Уральского государственного университета и Азербайджанского техническо-
го университета при подготовке кадров к работе с системами автоматизированного проекти-
рования технологическими процессами. 

Ключевые слова: системы автоматизированного проектирования, персональные траек-
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