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RECOMMENDATIONS FOR IMPROVING MANAGEMENT 
APPROACHES AT PJSC GAZPROM ENERGOHOLDING BASED 

ON THE RESULTS OF THE ANALYSIS OF PRODUCTION ASSETS

Armashova-Telnik G. S.
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Abstract. In the article, the directions of development of  PJSC "Gazprom 
energoholding" are formed based on the results of the analysis of production 
assets, recommendations are proposed for the sectors of activity, taking into 
account the specifics of the operation of the enterprise. The need to strengthen the 
management aspects in terms of the management of production funds of energy 
sector enterprises is justified.

Keywords: effective management, production funds, Gazprom Energoholding, 
development of the energy sector

Introduction
Modern economic circumstances dictate new conditions to enterprises in vari-

ous fields of activity, including in the field of energy saving; in order to ensure 
competitiveness and take a solid market position, enterprises and companies need 
not only to quickly adapt to innovations, but also regularly monitor and control 
their own activities, and develop strategies aimed at improving operational effi-
ciency. The rational use of fixed assets also plays an important role in the effective 
operation of the enterprise, since this factor is reflected in a variety of indicators 
that form the total profit from the enterprise (cost, profitability, etc.). It should 
also be noted that the effective use of fixed assets contributes to the acceleration 
of their turnover, as a result of which the risk of physical and moral deterioration 
of goods is minimized; in addition, the effective use of the organization's fixed 
assets indicates the high quality of the products sold, since in the conditions of 
modern market competition, it is high-quality products that are in great demand of 
the population, meet the needs of the consumer and, as a result, are quickly sold. 
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The fixed assets of the enterprise are the most important element of the production 
process; the availability, condition and efficiency of the use of active and passive 
funds directly affects the final financial result of the company. Rational use of 
fixed assets is reflected in the production of more products and contributes to the 
achievement of maximum profit by the company, in addition to this, the cost of 
products sold and the labor intensity of the production process are reduced. 

The purpose of the study is to establish the optimal directions for the devel-
opment of the activities of PJSC "Gazprom energoholding" through the rational 
management of fixed assets - the most important element of the effective activities 
of the organization, reflecting the production capacity, the technical level of the 
organization.

As part of the analysis of the management processes of the company's fixed 
assets using the example of PJSC "Gazprom energoholding", let us consider what 
contributes to an increase in the rate of return on assets:

1. Carrying out repair work of existing equipment;
2. Complete replacement of old equipment with modern;
3. Increase of the shift ratio and the use of production areas;
4. Increase in the volume of active fixed assets of the organization;
5. Intensive use of active and passive funds of the organization.
6. Use of innovative technologies in the organization and implementation of 

the production process;
7. Formation of a favorable climate for the staff of the organization;
8. Reducing the time spent on training on new equipment;
9. Reducing equipment downtime.
At the moment, more and more adapted enterprises appear on the Russian 

market that use innovative technologies in their activities and can compete with 
PJSC "Gazprom energoholding", so it is especially important for the company in 
question to direct its efforts to improve the efficiency of using fixed assets. PJSC 
"Gazprom energoholding" has a sufficient number of both active and passive fixed 
assets, and indicators (composition, movement and efficiency of fixed assets are 
within the normal range). However, there is no tendency to increase the indicators 
of capital productivity, capital intensity and capital-labor ratio. 

Materials and methods
The main threat to be minimized by PJSC "Gazprom energoholding" is the 

possible appearance on the market of new competitors using innovative equip-
ment in their activities [2]. It is the innovative technology that can ensure an in-
crease in product productivity, improve the quality of products sold, and accord-
ingly, this factor should be taken into account when developing recommendations 
for improving the use of fixed assets at PJSC "Gazprom energoholding". The list 
of measures to improve the efficiency of using fixed assets at PJSC "Gazprom 
energoholding" is presented in table 1.
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Table 1 – Measures to improve the efficiency of using fixed assets by PJSC 
"Gazprom energoholding"

Measure Result
Annual preventive maintenance of 
existing equipment

Extending the life of machinery and equipment, 
reducing the spendings on new equipment

Introduction of innovative equipment 
into the production process

Minimizing the risk of new competitors 
appearing on the market, increasing the 
company's production capacity, producing more 
products with less labor costs

Use of land plots Providing more labor productivity
Renting company vehicles Increase in product costs, additional profit
Decrease in the residual value of 
fixed assets Reduction of taxation % on real estate

Professional development of the staff Rapid mastering of new equipment by employees

In addition, within PJSC "Gazprom energoholding", preventive measures are 
very rarely carried out for equipment and machinery, which leads to rapid wear 
and tear, breakdowns, as a result, the company's active funds are not used ratio-
nally; within the framework of this graduate work, it is recommended to carry out 
annual or semi-annual prophylaxis in order to maintain the equipment in proper 
condition [4].

Results and discussion
The introduction of innovative equipment is necessary for PJSC "Gazprom en-

ergoholding" in order to maintain its leading market position. As a result of the use 
of innovative equipment in the production process, the productivity of employees 
will increase, which will affect the increase in production and the receipt of greater 
profits by PJSC "Gazprom energoholding". For the rapid development of innova-
tive equipment by the working staff, it is recommended to send employees on a 
mandatory basis for advanced training, which will allow the use of new equipment 
in the production process as soon as possible. PJSC "Gazprom energoholding" 
owns several unreported land plots, it is recommended to use these facilities in 
order to expand the company and increase production capacity [1, 3]. Also, PJSC 
"Gazprom energoholding" does not use the entire volume of active funds in its 
activities, namely, vehicles are often idle and not used by the company, as a result, 
active funds are not used in the production process, and the company invests fi-
nancial resources in them. In order to eliminate this problem, it is recommended to 
lease these active funds. In addition to the above measures, it is recommended to 
reduce the residual value of the main active and passive funds of PJSC "Gazprom 
energoholding", this measure will affect the reduction of the tax rate paid by the 
company in question for real estate.



12

“Science and innovations 2021: development directions and priorities”

International scientific conference

Also, in the process of researching international and Russian experience in 
fund management, an unfavorable tendency was revealed for Russian companies, 
including energy companies, to enter the shadow economy; in order to eliminate 
this goal, it is necessary to amend the tax system at the legislative level, since a 
wide range of different types of taxes and high tax rates provoke companies to 
hide income and the volume of fixed assets. Recommendations for minimizing and 
eliminating the problems of the Russian taxation system are reflected in table 2.

Table 2 – Problems of the Russian taxation system and ways to minimize them
The problem of the 

taxation system of the 
Russian Federation

Solving the identified problem

Instability and 
unpredictability of the 
tax system

Revision of tax legislation in order to minimize or completely 
eliminate the identified contradictions; Elimination of 
ambiguities and inaccuracies of the current tax legislation 
of the Russian Federation, development of additional 
clarifications of the taxation system

High level of taxation, 
the presence of many tax 
rates and types of taxes

Integration of tax liabilities, simplification of the taxation 
system, Minimization of the tax burden

Increase in the number 
of benefits

Restructuring the taxation system, simplifying the taxation 
system through the integration of tax deductions and their 
legislative consolidation

Insufficient stimulation 
of the economic sector

Developing tax incentives

Controversy of tax 
legislation

The introduction of digital technologies in this area in order 
to automate all processes and centralized storage of all 
tax documents, as a result, this innovation will ensure the 
availability and transparency of the taxation system, and also 
reduce the time to find the necessary information, in addition, 
there will be no need to request the necessary documentation 
from business entities of the Russian Federation

Failure to meet the 
expectations of taxpayers 
and their interests

Orientation of the tax system to the needs of the constituent 
entities of the Russian Federation

Practical use of the fiscal 
type of taxation

Reforming the taxation system in accordance with the 
international systems of economically developed countries

Tax evasion of business 
entities

Improvement and strengthening of control over objects 
of taxation, introduction of innovative technologies in the 
field of taxation in order to prevent, monitor and control all 
taxation processes
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The developed measures to optimize tax legislation and the taxation system in 
the Russian Federation are advisory in nature, however, their implementation in 
practice will simplify many taxation processes, ensure the satisfaction of the popu-
lation and entrepreneurs with the current taxation system, minimize the risk of tax 
evasion, as a result, the economic level of the Russian Federation will increase. 
[1]. As of 2021, many cities of the Russian Federation are going through a process 
of digital transformation, which is natural, since the bulk of state investments and 
finances are invested in cities. The processes of digital transformation are accom-
panied by the creation of more comfortable living conditions for the population, 
the introduction of innovative technologies, and an increase in the quality of life 
of society. The trend towards an increase in the population of cities contributes, 
accordingly, to an increase in demand for the consumption of various goods and 
services, for the use of electricity and other resources. Along with this, there is an 
infrastructural transformation of cities, due to the growth of the world economy 
and competition, which imposes additional requirements on the existing mecha-
nisms for the use of resources [7]. 

The introduction of innovative technologies into all processes of the enterprise 
allows to increase the comfort of work, since the lack of capacity is reduced, many 
processes are automated, and information is stored centrally. To date, many coun-
tries have managed to implement the Smart City in everyday life, and have also 
highlighted a number of advantages: optimization of the transport system, energy 
efficiency, automation and simplification of many intra-system processes (pay-
ment of bills, booking tickets), and improved living standards. A striking example 
of the introduction of smart technologies (Smart technologies are technologies 
that were previously based on information and knowledge, which are transformed 
into procedures based on interaction and exchange of experience) in Russia, can 
be considered the functioning of the electronic reception of citizens (any resident 
of the Russian Federation can write to Internet reception, after considering the 
application/complaint, the letter is sent to the appropriate structure (prosecutor's 
office, court, bailiffs, education department, etc.), where a decision is made re-
garding the appeal). The electronic reception has greatly simplified the life of the 
population, saved the time that previously residents had to stand in queues, all 
documentation began to be stored centrally, in electronic form, which reduced the 
time to search for the necessary certificate, application. It is also important to note 
the fact that digital technologies not only simplify life, but also act as a guarantor 
of security (for example, the technology of face recognition, fingerprints, protects 
various social groups from the leakage of personal information). According to the 
opinion of many domestic authors, including L.S.Kiseleva, there are several prob-
lems in the implementation of innovative technologies. The first problem is that all 
innovations can be perceived as a narrow task of introducing a "next" information 
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system, as a "next" electronic document flow. However, it is important to under-
stand that automation is not a one-time task, it is a concept that contributes to the 
transformation of many processes [8]. It should be noted that the digitalization 
process seems to be not only a measure of necessity, but is also inevitable in the 
21st century. Every year, the flow of various information increases, respectively, 
for rational use, all information must be structured. The practical application of 
automation is reflected positively not only in individual areas of activity, but also 
has a positive effect on the economy as a whole.

Based on this trend, it seems rational to introduce innovative technologies and 
products into the scope of activities of PJSC "Gazprom energoholding" in order 
to automate the processes of structuring information, monitoring and controlling 
indicators of financial results and the volume of fixed assets. Also, it should be 
noted that automation will solve many of the company's problems, including the 
problem of taxation and reporting, and will allow the company manager to make 
informed decisions. Together, these measures will affect the efficiency of the use 
of fixed assets by PJSC "Gazprom energoholding", a tendency for capital intensi-
ty, capital-to-labor ratio and capital productivity will be formed, the company will 
take a different market position for many years, minimize the risk of new competi-
tors appearing on the market, as a result of which PJSC "Gazprom energoholding" 
"will be able to achieve the main goal that practically all modern companies set 
themselves - getting the maximum profit from their own activities.

Conclusion
Thus, the active and passive funds of the organization, regardless of its field 

of activity, reflect the level of competitiveness of the organization, its stable mar-
ket position, respectively, it is especially important to conduct regular financial 
analysis of indicators for the reporting period. Financial analysis is carried out 
in stages, based on the accounting documentation of the enterprise. Distinguish 
between external and internal financial analysis, while the internal analysis of the 
financial results of the organization seems to be more complete for many auditors. 
The basis of the informative base for the analysis of the composition, movement 
and efficiency of fixed assets is the accounting statements for the reporting period, 
the statutory documentation of the organization, etc. When conducting financial 
analysis, many indicators of an organization are examined, such as profitability, 
liquidity, capital productivity, capital-labor ratio; if in the process of analysis de-
viations of these indicators from the norm are revealed, the auditors, together with 
the head of the organization, develop measures to optimize the use of fixed assets.

Companies and enterprises of the electric power industry have a significant 
impact on the economy of the state, form the trust of international relations, con-
tribute to the long-term nature of international treaties, respectively, the head of a 
company in this field of activity, through the structural departments of the orga-
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nization, must monitor, control and manage all processes of the organization (or-
ganizational processes, selection personnel, motivation of employees, timely pay-
ment of taxes, indicators of financial results, the effectiveness of the use of fixed 
assets and much more). It is important to understand that the provision of the pop-
ulation with electric power resources depends on the management decisions of the 
organization. The fixed assets of the organization, being movable and immovable 
property, form the cost of goods and services sold and are reflected in the financial 
position of the company. The effectiveness of the use of fixed assets guarantees 
the achievement of the organization's goals and objectives, the implementation of 
plans. At the moment, in the Russian Federation there are many legislative acts 
regulating the activities of organizations in the electric power industry, respec-
tively, each enterprise in this area must carry out activities in strict accordance 
with the legislation, regulatory legal acts of the Russian Federation. Summarizing 
the above, we state that PJSC "Gazprom energoholding" is the undisputed leader 
in the electric power industry throughout Russia. The well-coordinated work of 
all structural divisions and the professionalism of the employees affected the ef-
ficiency of the company's functioning, its competitiveness and stable position.

Analysis of the composition, movement and efficiency of the fixed assets of 
PJSC "Gazprom energoholding" showed that the company in question is suffi-
ciently provided with fixed assets, at its disposal are various buildings, inventory, 
equipment [9]. The indicators of the efficiency of the use of fixed assets are within 
the normal range, however, no significant growth was observed over the period 
under review.

At the same time, the efficiency of the use of fixed assets is due to the growth 
of all indicators, respectively, the company PJSC "Gazprom energoholding" 
should direct its efforts to increase these indicators. As a result of the study, it was 
revealed that PJSC Gazprom energoholding possesses a sufficient number of both 
active and passive fixed assets.

The main threat to be minimized by PJSC "Gazprom energoholding" is the 
possible appearance on the market of new competitors using innovative equip-
ment in their activities. As it was revealed during the analysis of the efficiency 
of the use of fixed assets by PJSC "Gazprom energoholding", preventive mea-
sures for equipment and machinery are very rarely carried out within the company, 
which leads to rapid wear and tear, breakdowns, as a result, the active funds of the 
company are not used rationally; within the framework of this thesis, it is recom-
mended that annual or semi-annual preventive maintenance is carried out in order 
to maintain the equipment in proper condition.

The introduction of innovative equipment is necessary for PJSC "Gazprom en-
ergoholding" in order to maintain its leading market position. As a result of the use 
of innovative equipment in the production process, the productivity of employees 
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will increase, which will affect the increase in production and the receipt of greater 
profits by PJSC "Gazprom energoholding". For the rapid development of innova-
tive equipment by the working staff, it is recommended to send employees on a 
mandatory basis for advanced training, which will allow the use of new equip-
ment in the production process as soon as possible. As of 2021, many cities of the 
Russian Federation are going through a process of digital transformation, which 
is natural, since the bulk of state investments and finances are invested in cities. 
The processes of digital transformation are accompanied by the creation of more 
comfortable living conditions for the population, the introduction of innovative 
technologies, and an increase in the quality of life of society. The trend towards 
an increase in the population of cities contributes, respectively, to an increase in 
demand for the consumption of various goods and services, for the use of electric-
ity and other resources. Along with this, there is an infrastructural transformation 
of cities, due to the growth of the world economy and competition, which imposes 
additional requirements on the existing mechanisms for the use of resources. The 
introduction of innovative technologies into all processes of the enterprise allows 
to increase the comfort of labor activity, since the lack of capacity is reduced, 
many processes are automated, and information is stored centrally.

Based on this trend, it seems rational to introduce innovative technologies and 
products into the scope of PJSC "Gazprom energoholding" activities in order to 
automate the processes of information structuring, monitoring and control of in-
dicators of financial results and the volume of fixed assets. Also, it should be 
noted that automation will solve many of the company's problems, including the 
problem of taxation and reporting, and will allow the company manager to make 
informed decisions.

PJSC "Gazprom energoholding" owns several unreported land plots, it is rec-
ommended to use these facilities in order to expand the company and increase 
production capacity.

Also, as part of the analysis of the composition, movement and efficiency of 
PJSC "Gazprom energoholding" fixed assets, it was revealed that the company in 
question does not use the entire volume of active funds in its activities, namely, 
vehicles are often idle and not used by the company, as a result, active funds are 
not used. in the production process, and the company invests in them financial 
resources. In order to eliminate this problem, it is recommended to lease these 
active funds.

In addition to the above measures, it is recommended to reduce the residual 
value of the main active and passive funds of PJSC "Gazprom energoholding", 
this measure will affect the reduction of the tax rate paid by the company in ques-
tion for real estate. Also, in the process of researching international and Russian 
experience in fund management, an unfavorable tendency was revealed for Rus-
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sian companies, including energy companies, to enter the shadow economy; in 
order to eliminate this goal, it is necessary to amend the tax system at the legisla-
tive level, since a wide range of different types of taxes and high tax rates provoke 
companies to hide income and the volume of fixed assets.

Together, these measures will affect the efficiency of the use of fixed assets 
by PJSC "Gazprom energoholding", a tendency for the capital intensity, capital-
to-labor ratio and capital productivity indicators to grow, the company will take a 
different market position for many years, minimize the risk of new competitors on 
the market, as a result of which PJSC "Gazprom energoholding" "will be able to 
achieve the main goal that practically all modern companies set themselves - get-
ting the maximum profit from their own activities.
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In the conditions of modern digital transformation of the economy, intelligent 
information technologies used to select optimal solutions to the problems are par-
ticularly relevant. The activities of the management of commercial companies are 
related to the need to make decisions of various complexity daily. Today, an im-
portant factor in improving the efficiency and normal functioning of the company 
is the rational organization of management and planning processes. This allows 
you to improve management and improve the quality of the managerial decisions, 
and also provides an information base for a promising analysis of situations.

One of the main problems when creating an information environment is the 
choice of a knowledge representation model. It is the model of knowledge presen-
tation that defines the architecture, the capabilities and properties of the system, as 
well as the methods of acquiring knowledge of the intellectual system. Currently, 
a number of basic models of knowledge presentation and their modifications are 
known - this is a presentation using the facts and rules, calculus of predicates, as 
well as neural, semantic networks, frames [6, p. 183].

Machine support algorithms for managerial solutions can be used in many ar-
eas, as a rule, where the automation of solving challenges is necessary for which 
the knowledge and experience of a person is customary. To date, neural networks 
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are widely used. Neural networks are one of the directions of research in the field 
of artificial intelligence, based on trying to reproduce the human nervous system. 
Namely: the ability of the nervous system to learn and correct errors, which should 
allow to simulate, although it is sufficiently rude, the work of the human brain.

Historically, there are three main directions in modeling artificial intelligence 
systems [5, p. 39]:

As part of the first approach, the object of research is the structure and mecha-
nisms of human brain, and the ultimate goal is to disclose the secrets of thinking. 
The necessary stages of research in this direction are the construction of models 
based on psychophysiological data, conducting experiments with them, nomina-
tion of new hypotheses regarding intellectual activity mechanisms, improving 
models.

The second approach as an artificial intelligence considers the second ap-
proach. Here we are talking about modeling intellectual activity with the help of 
computing machines. The purpose of the work in this direction is to create algo-
rithmic and software for computing machines, which makes it possible to solve 
intellectual tasks not worse than a person.

Finally, the third approach is focused on the creation of mixed man-machine, 
or, as they say interactive intelligent systems, at the symbiosis of the possibilities 
of natural and artificial intelligence. The most important problems in these studies 
are the optimal distribution of functions between natural and artificial intelligence 
and the organization of the dialogue between man and the machine.

Solving specific tasks is preceded by the preparation of data for the neural 
network. In practice, it is a preprocessing of data that is the most time-consuming 
element of neural network analysis. Moreover, the use and design of the basic 
principles and methods of predicting data is even more important than the de-
velopment of actually neural network algorithms. The process of solving applied 
tasks, including the presentation of knowledge for the neural network, the prepara-
tion of the data is fully laid on the developer's shoulders.

The knowledge is understood as stored information or models used by man or 
machine for interpretation, prediction or reaction to external events [11].

Questions of knowledge include, in particular, the following: what information 
should be stored and how to present this information physically for its subsequent 
use. Thus, based on the nature of the knowledge, the method of their representa-
tion is determined by the goal. Regarding real applications "Intellectual" systems 
can be argued that the success of the solution depends on the good idea of   knowl-
edge. This also applies to neural networks as a separate class of intelligent sys-
tems. The form of representation of the input signals may be different. This leads 
to the fact that the development of acceptable neural network solutions becomes a 
creative process [3; 7; 14; 16].
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In today's information flow, it is very difficult to take the right decision to 
consider a certain question. Neural technologies are used in solving such tasks 
in which there is no clear algorithm, accurate actions or formal rules that allow 
you to obtain the desired result without any difficulty. Decision making is a task 
that does not have certain rules. In solving this issue, it is important to make the 
right choice that it is often very difficult. The managerial solution is a choice that 
the manager must do in the process of implementing the management functions 
and solving specific organizational tasks. This decision is designed to ensure the 
promotion of landmarks, goals. Therefore, the most effective is the choice that will 
be implemented and will make the greatest contribution to the achievement of the 
ultimate goal [2].

In essence, the management decision is a creative, volitional action of a man-
agement entity, which is based on the knowledge of objective laws in the field of 
operation of a managed system and analysis of information on its operation. This 
action consists in choosing a goal, program and methods of the team's activities to 
resolve the problem or change in the goal [9, p. 45]. 

In the conditions of occurring changes in production and technologies, people, 
their intellectual capital, knowledge and professional competence become the 
main resource for organizational development. In the modern information econo-
my, such assets of the company as knowledge are of particular value. According 
to the Japanese organization theorist Ikudziro Nonaki, for the economy, where we 
can only say about uncertainty, knowledge is the only correct source of reliable 
competitive advantage [13].

As knowledge is the main asset of the company, they must be used as much as 
possible to improve the welfare of the company. Analysis of the evolution of in-
ternal corporate management systems shows that data processing preceded infor-
mation systems, and the successor of the latter was the Knowledge Management 
system. Knowledge management as a system involves an integrated approach to 
finding, collecting, evaluating, restoring and disseminating all company informa-
tion assets. These can be databases, documents, policies, procedures, as well as 
knowledge and experience of individual employees. For timely adoption of op-
timal solutions in a rapidly changing market, it is vital not only to have, but also 
reasonably use all the knowledge gained in the company.

According to the professor of e-business and knowledge management in the 
Syracuse of the University of Yogish Malhotra, knowledge management contrib-
utes to the setting and solving the right tasks, instead of the right solutions of the 
tasks themselves [4].

Knowledge management intersects with strategic management where it is 
about long-term conservation of competitive advantages. The task of knowledge 
management is to expand the powers of the organization and the creation of pre-
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requisites for the company's successful activity. In this interconnection, knowl-
edge management is understood as a certain business concept, according to which 
the organization is considered as a set of knowledge, where knowledge is resourc-
es that need to be managed.

But knowledge management system is not the last link in this chain. In mod-
ern conditions, the company's management must predict the coming processes, to 
warn all possible troubles and be aggressive. The management approach must be 
bold and creative, so as not to limit the intracorporate management processes by 
the framework of knowledge management systems.

The future of knowledge management systems are legitimately associated 
with super-sufficient solutions [8]. When classifying the processes occurring in 
the Company, allocate the corresponding types of managerial solutions [15]: 

- the processes of using the existing potential for the production of products, 
performing work and services and, accordingly, tactical decisions regarding the 
use of the available potential of the production base;

- processes of creating, building and upgrading the potential of the company 
and, accordingly, the strategic most important decisions regarding the processes of 
formation (creation, replenishment, changes) of the potential;

- processes that ensure the creation and development of the company's repro-
duction base itself and, accordingly, super-strategic solutions that determine the 
potential for the development of the reproductive base.

For the life of the company as a whole, the system and decision-making mech-
anisms are important. It is from these components that the company depends on 
which funds will be allocated for development.

The basic principle of economic reforms of successful Western countries is 
the validity of the decisions made. This principle is implemented through scenario 
calculations of the effects of decisions made, including using economic and math-
ematical models working on the principle of "what will happen if ...".

One of the promising instruments for a quantitative assessment of the actions 
of the government currently actively used abroad is a new class of economic and 
mathematical models - computable models of general equilibrium, known in for-
eign literature as Computable General Equilibium Models (CGE Models). This is 
a new direction in the applied economy, which allows you to find approaches to 
solving a wide range of human behavior modeling problems in a socio-economic 
environment [1]. Sophisticated economic and mathematical models are offered 
(agent-oriented models) of economic entities of the macro level and micro-level 
agents with a large set of certain properties whose behavior is limited rational. 
The ultimate goal of the process to create such models is to track the influence 
of fluctuations of agents acting on the micro level, on the macro level indica-
tors.



23

“Science and innovations 2021: development directions and priorities”

International scientific conference

The state of modern control is not a prolongation of what was once or was 
already used in solving certain problems, but a completely new intellectual, infor-
mational and moral phenomenon [10]. The following key management trends are 
distinguished (fig. 1.) [12].

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

K
ey

 tr
en

ds
 o

f m
od

er
n 

m
an

ag
em

en
t 

Failure to standardize in favor of flexible mechanisms and institutions 

Intellectualization of management, the transformation of knowledge to the main 
resource, the creation of knowledge repository 

Base of management solutions - intelligent capital 

Sharp "compression" time as a management resource 

A sharp increase in the role of intangible assets in acquiring the organization of 
sustainable competitive advantages 

Adaptability, flexibility and transition from hierarchical to flat adhocratic and 
design structures 

Reducing the life cycle of technology, aging the prerequisites for the transition to 
the "molecular economy" 

The transition to the latest organic model models - trainee, intellectual and virtual 

IT progressive intellectualization, trend of transition to molecular devices 

Innovative behavior 

The relevance of the formation of a culture of knowledge economy and 
environment favorable to disseminate knowledge 

The desire for intellectual leadership 

Fig. 1. Key trends of modern management

Researchers, breaking up a business into four areas: processes and technolo-
gies, product, organization and strategy, believe that it is in this order that most 
companies will begin to use the capabilities of adaptive technologies [10, p. 291].
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Thus, the introduction, application and development of neural network tech-
nologies to manage the work of a specific company can lead to improved pro-
ductivity and reduce the timing of the self-sufficiency of funds spent on the de-
velopment of information technologies for supporting management and planned 
solutions.
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The formation of a new regional paradigm should be built taking into account 
the functioning of the life support system, the characteristics of its development.

Considering life support as an objective process related to significant stable 
relationships that have a direct impact on human life, his reproduction, the forma-
tion of conditions for existence and activity, it becomes necessary to determine the 
patterns of life support of the population, its characteristics.

As such patterns we put forward:
- the life support of the population living in the territory is the basis for the 

development and functioning of regional systems;
- the formation of life support for the population of the territory is a reflection 

of the internal conditions and relations arising in the regional system, as well as 
the result of the influence of external factors and connections of the large system, 
which can be represented by the world community, and the life support system of 
the population living in the territory, determined by the peculiarities of regional 
formation, the specifics of the regional economy, the forms and methods of its or-
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ganization, as well as the conditions for the development of the regional economy.
The principles of forming a new regional paradigm for sustainable develop-

ment of territorial systems include system-wide and specific principles.
The need to take into account the first group of principles is due to the consis-

tency and general purpose of territorial entities, and it is obvious that the entire 
system is built depending on the target setting. We classify the principles of sus-
tainability, efficiency and complexity as specific principles [1].

Sustainable regional development presupposes the observance of the triad, 
consisting of economic and social development and the preservation of the condi-
tions of ecological balance within the boundaries of the territorial system. 

The second specific principle is the principle of efficiency. It essentially stipu-
lates one of the main conditions for the successful functioning of territorial sys-
tems, their competitiveness.

The third specific principle is the principle of complexity, according to which 
all regional systems, including the sphere of life support, should be built taking 
into account the use of the economic potential of the region, seeking to obtain a 
possible result through the involvement of regional resources in the turnover.

The construction of a life support system, in which the well-known system-
wide principles of the formation of regional systems and the selected specific prin-
ciples operate, determines the rationality of such a construction, contributes to the 
improvement of this process.

Highlighting the patterns and principles of the formation of regional systems 
makes it possible to determine the assessment of their functioning. It is proposed 
to use the criteria formulated in accordance with the presented principles. Sustain-
ability, efficiency and complexity are considered as criteria for such an assess-
ment.

The economic situation in Russia largely depends on how the socio-economic 
performance of regional systems is formed, which are a reflection of the main rela-
tions and connections of the limited space of the territory.

The regional system is being formed in the field of combining economic, social 
and environmental spheres, which also applies to life support.

The subsystems of the regional system are the economy of the region, societ-
ies, the natural environment. 

The spheres of economy, societies and ecology, combined in one territory, are 
conditionally distanced from each other.

The division of the problems of the regional economy into social, economic 
and environmental does not mean that the solution of social problems is assigned 
to societies, economic - to the economy of the region, and environmental - to the 
ecological environment of the region [2].

The solution of these problems is interdependent and progress in solving one 
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of them makes it possible to come closer to this and, conversely, any deterioration 
of the situation in any of the spheres inevitably leads to an aggravation of the situ-
ation in the other two.

In Russia as a whole, there is a relatively stable balance of social, economic 
and environmental parameters, although in some regions there is an inconsistency 
in the levels of social and economic activity and ecological balance. 

In terms of the level of efficiency, positive trends have recently emerged, 
which are mainly associated with an increase in social and economic parameters 
of life support, which, to a certain extent, are influenced by the level of functioning 
of regional systems.

The construction of a life support system in a territory in which the well-known 
system-wide principles of the formation of regional systems and the highlighted 
specific principles of sustainability, efficiency and complexity operate, makes it 
possible to  cope successfully with the mission, formulated in the goal of the life 
support system.

Moreover, the rationality of such a construction is determined by specific prin-
ciples, since each of them contains relative criterion parameters for the formation 
of the system, which must be guided by in the process of life support. 

Failure to fulfill the condition of sustainability leads to a crisis of the regional 
system, thereby making its functioning problematic.

The imbalance of sustainability due to the economic component does not pro-
vide funds for the maintenance of the social and environmental spheres. The eco-
logical imbalance, as a rule, has social consequences and is resolved at the expense 
of the economic component.

Social imbalances undermine the conditions for social stability and, ultimate-
ly, can affect adversely economic growth. Consequently, adherence to the prin-
ciple of sustainability of regional life support is mandatory in the functioning of 
regional systems, since it contains the factors of stable regional development.

The exclusion of the principle of the effectiveness of regional life support is 
tantamount to the denial of objectively effective economic laws and patterns.

The prevailing realities indicate the aspiration in any type of economic ac-
tivity, in production, in entrepreneurship, to improve performance, increase ef-
ficiency, and increase the return on investment.

That is why, in market conditions, the development of the life support system 
is based on relations of economic interest.

In modern conditions, increasing the efficiency of the functioning of regional 
systems underlies their survival and competitiveness [3].

Ignoring the principle of complexity means denying the importance of a fuller 
use of the resources of the region, including the internal regional resources of life 
support.
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In our opinion, the involvement of regional resources in the economic turnover 
should be based on the principles of their complex application, and only such use 
of them is justified.

At the same time, these needs are divided according to the characteristics iden-
tified in accordance with the definition of sustainability (social needs, economic 
needs and the observance of ecological balance).

Social needs include social protection, health care services, education and 
training services, cultural services, physical education services, etc.

Economic needs embody the material security of the population, which is char-
acterized by its income, wages, pension and others.

Compliance with the ecological balance is ensured by environmental protec-
tion measures, the operation of treatment facilities, etc.

The structural elements of the system, linked into a single reproductive process 
in the region, which is a constantly renewed process of life support, participate in 
the exchange process, the production process and the distribution process.

The diagram shows the circuit, the change in the phases of reproduction: 
• exchange,
• consumption,
• production,
• distribution.
In the process of life support, the satisfaction of the needs of the population, 

the restoration of the used labor resource in economic activity is transformed into 
the viability of the entire population and the working capacity of the employed 
population, which are subsequently switched to economic activity.

The continuity of the reproduction process implies the continuity of the entire 
life support system in the region. Otherwise, the lack of stability in the functioning 
of the entire life support system violates the constancy of regional reproduction, 
undermines the potential of the region.

The lack of the necessary social, economic and ecological balance, the lag of 
the individual components of this triad means the depression of regional systems.

First of all, it is necessary to develop and improve the legislative and regula-
tory framework for the development of the country's regions, which provides for 
overcoming the depression of small cities in Russia.

According to this, a complex of special legislative and regulatory documents 
for the rational development of regional systems is needed.

Along with this, a number of regulations and documents should be adopted to 
develop measures for withdrawing depressed regions, which include small towns, 
from the current state and providing conditions for economic recovery in these 
regional systems.

Apparently, it is necessary to develop special documents on depressive small 
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towns, for example, to define conceptual provisions for the withdrawal of small 
towns from the state of depression in order to provide a mechanism for overcom-
ing depressiveness, depending on the specifics of the development of these cities.

To create conditions for the revitalization of economic activity in crisis re-
gions, it is necessary:

• determination and assessment of their economic potential,
• taking into account the financial base for the development of these regions,
• analysis and assessment of the degree of involvement and use of regional 

resources in the economic turnover, an attempt to design the use of all regional 
opportunities in the future.

In this regard, the development of forecast options and scenarios of the future 
can become an important tool for getting out of the state of depression in small 
towns.

The involvement of forecasting methods in assessing the choice of ways to 
overcome the crisis of small towns will allow developing a system in which mea-
sures of state support for depressed regions of the country can be provided by 
including sources of functioning, budgetary and extra-budgetary funds, and here 
the opportunities and participation of local financial resources, initiatives of en-
trepreneurial structures operating within the considered regional formations are 
determined. 

In this regard, it is necessary to take into account possible sources of funding 
for measures to overcome depression, to determine the most favorable course of 
events, to know the directions leading to an undesirable result and, moreover, to 
provide steps to avoid this.

The search for opportunities for enhancing economic activity using the exist-
ing potential and involving new resources of the regions, apparently, should be 
directed towards expanding the scale of small business use. Moreover, there is a 
positive experience of this kind both in our country and abroad [4].

First of all, in solving this issue, it is necessary to promote the development 
of entrepreneurial initiative carried out within the framework of the rule of law.

For this purpose, work should be carried out on the formation of programs that 
provide the basis for the socio-economic situation in the region, consider the most 
promising directions for the development of its economy, identify possible adjust-
ments to the economic complex. It is the adjustments of the economic complex 
that clarify the need to create or build up socio-economic structures with a focus 
on increasing the level of complexity of the region's economy, which increases the 
return on the used regional resources.

To  support the regions actively, including small towns, measures are being de-
veloped that directly relate to the development of regional labor markets, increase 
the level of employment of the able-bodied population.
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These may include activities that require certain capital investments, which is 
associated with an increase in investment attractiveness, namely:

• the creation of new enterprises and the opening of new jobs;
• development of small private business;
• implementation of regional projects;
• increase in unemployment benefits;
• ensuring the mobility of the labor force, the formation of a competitive 

employee;
• training and retraining of personnel necessary in modern conditions, dictated 

by the demand for labor, including training in the skills of independent individual 
entrepreneurship;

• raising public awareness of job vacancies.
Thus, the regional development of the life support of the regions justifies the 

need for tactical approaches to solving the main task of building a perfect model 
of sustainable development in Russia, where the solution of the problems of so-
cio-economic development of regions, overcoming the structural imbalances of 
territorial entities and getting them out of the state of depression is of particular 
importance. The development of directions for support and giving them an im-
pulse for self-development is associated with the improvement of the spheres of 
life support of the regions.
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Abstract. The article examines the legal basis of constitutional law and 
guarantees of electoral rights to direct expression of the will of the people on the 
basis of universal, equal and direct suffrage by secret ballot of Finnish citizens 
and permanently residing foreigners included in the voter lists. In the municipal 
elections in Finland on 13 June 2021, a total of 268 convictions were handed down 
to elected politicians during the period 2016-2021 for committing crimes under 
the Finnish Criminal Code. In the previous municipal elections in 2017 in Finland, 
elected politicians were found guilty in 301 criminal cases between 2012 and 
2017. Despite the fact that the comparison shows an improvement in the criminal 
statistics of the deputies elected in 2021, as well as a decrease in the severity 
of the crimes committed, it is necessary to amend the legislation prohibiting the 
participation in elections for persons sentenced to imprisonment for committing 
serious crimes. The article emphasizes the important role and participation of the 
Finnish media in the investigation and disclosure of public data on the crimes of 
parliamentary candidates and elected politicians and leading government officials 
in state and municipal bodies.

Legal democracy in Finland needs effective legal mechanisms capable of 
preventing abuse and criminalization of public authorities, the legitimacy of 
which is based on public confidence. By creating these legal mechanisms, the 
legislator must establish increased requirements for the reputation of candidates 
for public office so that voters have no doubts about the moral and moral and 
ethical qualities of the elected representatives of government and the legality of 
their actions as carriers of public authority.

Keywords. Constitutional rights, international law, legal democracy, 
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criminalization of public power, passive suffrage.

The first restrictions on universal suffrage were introduced in the Parliamen-
tary Charter of the Grand Duchy of Finland in 19061, when several groups of the 
population were deprived of the right to vote. The ban applied to those in military 
service who were under guardianship who had not paid state tax in the previous 
two years, transferred their property to creditors (in force until 1928), convicted 
of vagrancy in the previous three years (in force until 1972) and those who were 
found guilty in the sale and purchase of votes during elections during the preced-
ing elections six years (was abolished in 1976).  

Analyzing the history of Finnish legislation, it should be noted that the Crimi-
nal Code of the Grand Duchy of Finland in 1889 provided for punishment for the 
loss of civil confidence. Thus, those sentenced to imprisonment as an additional 
punishment were sentenced to indefinite or fixed terms (from 1 to 15 years) for the 
loss of civil confidence. A person who lost civic confidence did not have the right 
to vote or run in municipal and provincial elections. The convicted person could 
not be appointed to a state or municipal office or be elected a member of municipal 
councils. Loss of civic confidence was also recorded in church records and in the 
register of civil registration and was noted in the certificate of service. The Law 
on the Abolition of Additional Punishments, which entered into force on 1.7.1969, 
abolished punishment for the loss of civil confidence2.

The first law on elections to the Grand Duchy of Finland did not include a ban 
on the participation in elections of those previously convicted of crimes commit-
ted, only obliged the election commission to carefully check the electoral lists, 
mark voters who did not have the right to vote and delete them3.  

In modern Finland, the procedure for the preparation and conduct of municipal 
elections is determined by the Electoral Law (Vaalilaki, § 11. 10.4.2015/410) in 
accordance with the general principles established by the Constitution4 defining 
constitutional rights and guarantees of electoral rights to the direct expression of 
the will of the people on the basis of universal, equal and direct suffrage by secret 
ballot of registered Finnish citizens and permanent residents on the basis of a 
valid residence permit. In January 2016, the law on municipal elections came into 
force5. In the context of the fight against coronavirus and the measures taken in 

1Suomen Suuriruhtinaanmaan Valtiopäiväjärjestys. 26/1906. Annettu Pietarhovissa, 20 p:nä 
heinäkuuta 1906. Kustantaja Yrjö Weilin, Helsinki. 1906. 

2Laki eräiden lisärangaistusten poistamisesta 10.1.1969/1. URL: https://finlex.fi/fi/laki/
ajantasa/1969/19690001. 

3Suomen Suuriruhtinaanmaan Vaalilaki. Annettu Pietarhovissa, 20 p:nä heinäkuuta 1906. https://
www.finlex.fi/fi/laki/alkup/1906/19060026024.

4Finnish Constitution. Article 14. The right to vote and the right to participate in public life. 
5Kuntalaki 10.4.2015/410. URL: https://www.finlex.fi/fi/laki/ajantasa/2015/20150410.
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accordance with the Emergency Situations Law, the Law on the postponement of 
the 2021 municipal elections was adopted on March 28, 20216.

According to the Constitution, state power in Finland belongs to the people, 
which is represented by Parliament. According to article 14 of the Constitution, 
every Finnish citizen who has reached the age of eighteen has the right to vote in 
national elections and in referendums. The exercise of human and civil rights and 
freedoms should not violate fundamental rights, everyone is equal before the law 
(Article 6), the state guarantees equality of human and civil rights and freedoms 
regardless of gender, age, origin, language, religion, beliefs, opinions or other 
characteristics.

The constitutional provisions relate to article 25 (b) of the International Cov-
enant on Civil and Political Rights,7 by virtue of which every citizen must have, 
without any discrimination and without unreasonable restrictions, the right and the 
opportunity to vote and be elected in genuine periodic elections held on the basis 
of universal and equal suffrage by secret ballot and ensuring the free expression of 
the will of voters, and Article 3 of Additional Protocol No. 1 to the Convention for 
the Protection of Human Rights and Fundamental Freedoms, which, proclaiming 
the right to free elections, provides for the obligation of the state to hold elections 
at reasonable intervals by secret ballot in conditions that ensure the free expression 
of the will of the people in the choice of legislative bodies8.

Active suffrage to elect and passive to be elected to government bodies and lo-
cal self-government bodies are an element of the constitutional status of the voter 
and an element of the public-law institution of free elections in the formation of 
independent public authorities designed to guarantee human and civil rights and 
freedoms.

According to the Constitution, the right to stand for election is a fundamental 
right and public authorities are obliged to ensure the realization of fundamental 
and human rights. At the same time, the presence of a criminal record is not a basis 
in Finland to prohibit the exercise or restriction of the passive electoral right of 
citizens previously sentenced to imprisonment. The consequence of this was the 
participation in the municipal and parliamentary elections of a significant number 
of previously convicted candidates for deputies, including for attempted murder, 
sexual crimes against minors, robbery, extortion, the use and sale of narcotic and 
psychotropic substances, theft and other economic crimes, which is incompatible 

6Laki vuoden 2021 kuntavaalien siirtämisestä 256/2021.URL:https://www.finlex.fi/fi/laki/
alkup/2021/20210256.

7International Covenant on Civil and Political Rights. Adopted on December 16, 1966 by resolution 
2200 (XXI) at the 1496th plenary meeting of the UN General Assembly. URL: http://www.consultant.
ru/document/cons_doc_LAW_5531/.

8Protocol No. 1 to the Convention for the Protection of Human Rights and Fundamental Freedoms. 
Paris, March 20, 1952, as amended on May 11, 1994) ETS N 009. URL: http://www.echr.ru/documents/
doc/2440801/2440801.htm.
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with the activities of elected deputies in the management of state affairs in govern-
ment bodies and in municipal authorities.

In accordance with the provisions of section 4 of the Law on Parties (10/1969) 
and section 9 (2) of the Law on Associations (503/1989), the names of candidates 
from party lists are entered on the electoral lists. Party lists of candidates are ap-
proved at a meeting no later than 31 days before the start of the elections. 

The conducted research shows that the parties do not check the criminal histo-
ry or information about the preliminary investigation of suspicions of criminal of-
fenses of the candidates for deputies and is based only on the information provided 
by the candidates. In order to ensure the legal safety of voters, journalists conduct 
their own investigations based on the materials of the decisions of the courts and 
the preliminary investigation. But, unfortunately, voters learn reliable information 
about the criminal past of candidates for deputies after the publication of electoral 
lists from the media, when it is no longer possible to make changes. The crimes 
committed by candidates for deputies, especially grave ones, undoubtedly affect 
the voters' assessment of the candidate's reputation for an elective public office 
and determine the degree of public confidence in the institutions of representative 
democracy, including confidence in the inviolability of the supremacy and legal 
democracy in Finland.

The UN Convention against Corruption and Transnational Organized Crime, 
as well as the Council of Europe Criminal Law Convention on Corruption, em-
phasizing the threat these phenomena pose to the stability and security of society, 
democratic institutions and the rule of law, oblige the state to prevent relevant 
crimes, in particular by introducing in relation to persons with a criminal record, 
restrictions for a certain period (taking into account the severity of the danger of 
the crime committed) of the right to hold a public office in government bodies, 
including those formed on the basis of electivity.

The topic of participation of convicted parliamentary candidates, basic guaran-
tees and protection of electoral rights and the right to participate in a referendum is 
a subject of controversy among legal scholars in Finland, as well as an investiga-
tion by journalists with the publication of detailed materials of criminal cases of 
MPs on party lists.

Thus, in the municipal elections in Finland on June 13, 2021, in the period 
2016-2021, a total of 268 convictions in criminal cases were handed down to 
elected politicians. 

In the previous 2017 municipal elections in Finland, elected politicians were 
found guilty in 301 criminal cases between 2012 and 2017. 99 politicians were 
sentenced to prison terms or suspended sentences. The degree of intoxication of 
2.5 ppm of alcohol or more was recorded in seven politicians, and the maximum 
alcohol level of 3.25 ppm was recorded in the Finnish politician in 2017. 
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According to the information provided to journalists by the Ministry of Justice 
of Finland to the Parliament of the country, out of 2,468 candidates, 125 have been 
convicted of various crimes over the past eight years. Between 2012 and 2019, 
candidates already had 173 criminal convictions for 74 different crimes. The most 
frequent violations during this period were road safety (26), bodily harm (23), 
driving by a driver in a state of intoxication (29), fraud (8). 

The list of candidate crimes also includes five serious crimes in the field of 
accounting and four serious crimes related to the illegal circulation and sale of 
narcotic drugs or psychotropic substances9. 

For example, the Pirate Party of Finland candidate Kim Holviala, who received 
536 votes in the 2019 parliamentary elections, was sentenced to 3.5 years in prison 
on 11.2.2019 for aiding in a serious crime related to drug trafficking, while await-
ing a review of the case. at the court of appeal at large. On 13.1.2020 the Court of 
Appeal issued a sentence of imprisonment for a term of 4 years. 

Parliamentary candidate Sami Salonen was sentenced to 3 years and 6 months 
in prison for attempted murder and threats of murder or grievous bodily harm. The 
maximum punishment among female candidates to Parliament was determined by 
the county court for Minna Engström for a period of 1 year and 4 months condi-
tionally for a serious economic crime, and additionally issued a ban on entrepre-
neurial activities until the end of 202110.

Between 2016-2021, the number of accusations against candidates for deputies 
of the True Finns party increased from 530 in 2017 to 675 in 2021. The largest 
number of all 228 charges against candidates from all parties of beating or other 
violent actions that caused physical pain, 101 politicians from the True Finns party 
were brought against, as well as 84 grave charges for driving under the influence 
of alcohol. fraud 32, violation of accounting 31, in violation of traffic rules 31 
related to illegal drug trafficking 13, in large-scale fraud 11, under articles for pos-
session of firearms and ammunition, in 7 thefts, in bad faith of a large-scale debtor 
6, abuse of office 6, embezzlement 5, sexual acts against minors 2, robbery on an 
especially large scale 1 and other charges of crimes provided for by the Finnish 
Criminal Code.

56 convicted politicians from the "True Finns" party made up 41% of the list of 
all candidates for deputy. Next on the list are 15 candidates for deputies from the 
SDP, 14 from the Center Party, 12 from the Coalition Party, 7 from the Left Union 
and 7 from the "Green Union" party11.

9Marko-Oskari Lehtonen. Eduskuntaan pyrkii 125 rikoksesta tuomittua ehdokasta - IL selvitti 
tuomiot: tapon yritys, vapaudenriisto, huumerikoksia. 3.4.2019.

10Jilkine V.A. The phenomenon of corruption, its origin in the Grand Duchy of Finland and the 
level in modern Finland. Materials of International Conference. August 15, 2019. Beijing, China 2019, 
pp. 69-77.

11Tuomo Pietiläinen. Helsingin Sanomat. HS selvitti: Perus suomalaisten ehdokkaat saaneet rikos-
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For example, when the branch of the Green Union party in Tampere announced 
the start of a preliminary investigation on suspicion of organizing prostitution of 
a candidate for deputy, the Chairman of the Green Union party and the Minister 
of the Interior Maria Ohisalo on May 27, 2021, tweeted that the candidate hid 
from party information. According to the law, it is no longer possible to remove 
a candidate from the list at this stage, but the "Green Union" stopped his election 
campaigning and the candidate does not enjoy the confidence of the party12.

An MP from the "True Finns" party of the Vantaa branch committed a drug 
offense in February 2020 by ordering cannabidiol and cannabidiolic acid capsules 
of hemp juice from the Netherlands. Jiri Keronen of the "True Finns" party was 
convicted in 2018 of drug use and was sentenced to a fine.

Tomi Teuvo Ilmari Hämäläinen, 31, from the list of "True Finns", in January 
2018, the Turku Court of Appeal upheld a county court sentence of two large 
theft and unintentional concealment of a crime. According to the court's verdict, 
in 2015 and 2016 Hämäläinen robbed an apartment and stole a firearm. The court 
noted that the thefts were carefully planned and sentenced to imprisonment for one 
year, one month and 15 days.

Johan Kristian Engström, elected as a reserve member of the Pyhäjärvi Mu-
nicipal Council, was sentenced in 2019 to a one-year suspended sentence for com-
mitting large-scale theft and two petty thefts. According to the court's verdict, 
Engström illegally entered the apartment and stole 62,000 euros in cash. Engström 
was also convicted of two counts of stealing wine from the Alko store.

From the general electoral list, four candidates for deputies of municipal coun-
cils received court convictions for crimes of a sexual nature against minors under 
the age of sixteen and for violations of the sexual inviolability of minors.

A candidate from the list of the "True Finns" party received a suspended sen-
tence of 1 year and 10 months. The county court found the 62-year-old candidate 
Raimo Kalevi Helenius guilty of a serious crime of sexual abuse of a minor, insult, 
embezzlement and forgery in March 2017. Helenius confirmed that he concealed 
the verdict from the True Finns party.

Two True Finns candidates received suspended prison sentences for sex of-
fenses against minors, and a Coalition Party candidate was fined in 2018 for sexual 
exploitation of a minor.

In November 2018, MP candidate Markku Tapio Niemi was sentenced to 1 
year and 8 months in suspended prison and 70 hours of forced labor for sexual as-
sault and coercion of an adult. The candidate hid the court's verdict from the party, 
but after the publication of information in the Helsingin Sanomat newspaper, Ni-
emi announced his refusal to run, but after the approval of the lists by the election 
syytteitä selvästi eniten – Hakukone kertoo, mistä rikoksista syytteitä on nostettu eri puolueiden 
ehdokkaille. 2.6.2021.URL: https://www.hs.fi/politiikka/art-2000007981496.html.

12Maria Ohisalo. 27.5.2021. URL: https://twitter.com/mariaohisalo/status/1397986007258218498.
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commission, the candidacy can no longer be withdrawn13.
One of the elected reserve deputies was twice convicted by a court decision of 

drunk driving under aggravated circumstances14.
The chairman of the Coalition Party from Vantaa municipality Markus Aarnio 

and candidate for parliament in 2021 was sentenced in October 2017 by a court to 
4 months in prison for driving under the influence of 3.25 ppm alcohol15. 

An analysis of Finnish electoral regulations allows us to conclude that it is 
necessary to amend the legislation prohibiting the inclusion of candidates with 
convictions of the courts on the electoral lists of municipal elections. In conclu-
sion, the important role and participation of the Finnish media in the investiga-
tion and disclosure of public data on the crimes of parliamentary candidates and 
elected politicians and leading government officials in state and municipal bodies 
should be emphasized.

The court decisions made with publication in the media did not prevent the 
politician and civil servant Pekka Tiainen from running in the municipal elections 
in 2021, 2012 and 2008, in the presidential elections in 1992, in the parliamentary 
elections in 2007 and 2011, and in the 2009 European Parliament. On 18.4.2008 
the Helsinki Court of Appeal sentenced Pekka Tiainen, former adviser to the Min-
istry of Employment and Economy, the Ministry of the Interior and the Ministry of 
Social Affairs and Health, to pay damages in the amount of 1.2 million euros. By a 
decision of the Helsinki Court of Appeal in March 2017, Pekka Tiainen was found 
guilty of financial crimes and sentenced to four months in prison16.

Legal democracy in Finland needs effective legal mechanisms capable of pre-
venting abuse and criminalization of public authorities, the legitimacy of which 
is based on public confidence. By creating these legal mechanisms, the legislator 
must establish increased requirements for the reputation of candidates for public 
office so that voters have no doubts about the moral and moral and ethical quali-
ties of the elected representatives of government and the legality of their actions 
as carriers of public authority.

13Tuomo Pietiläinen. Neljä kuntavaali ehdokasta tuomittu lapseen kohdistuneista seksuaali-
rikoksista – tekijät ehdolla perussuomalaisten ja kokoomuksen listoilla.28.5.2021. URL: https://www.
hs.fi/politiikka/art-2000008008507.html.

14Tuomo Pietiläinen. HS. Kunnan valtuustoihin valittiin yli 30 ratti juopumuksesta tuomittua 
– HS selvitti uusien kuntapäättäjien tuomioita. 18.6.2021. URL: https://www.hs.fi/politiikka/art-
2000008053571.html.

15Tuomo Pietiläinen. Kovimpia tuomioita seksuaali rikoksista saaneet jäivät valtuustojen 
ulkopuolelle. HS. 13.6.2021.

URL: https://www.hs.fi/politiikka/art-2000008051176.html.
16Tuomo Pietiläinen. Kovimpia tuomioita seksuaali rikoksista saaneet jäivät valtuustojen 

ulkopuolelle. HS.13.6.2021. URL: https://www.hs.fi/politiikka/art-2000008051176.html.
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Abstract. This article is devoted to the study of the legal status of foreign 
innovative scientific and technical organizations in the field of the military-
industrial complex. It has been proven that the American DARPA (Defense 
Advanced Research Projects Agency) is the flagship of world scientific thought 
in the defense industry. The structure and main directions of DARPA research 
are revealed. It has been substantiated that the key research results have been 
created in such areas as robotics, biomedicine and network technologies. The 
legal status of the Defense Technologies Agency (Agency) as a key subject of legal 
relations in the sphere of the defense industry of Ukraine has been substantiated. 
An approximate structure of the Agency, the key directions of its activities until 
2030 and the foundations of the organizational and legal status of the Agency 
are proposed. It has been proven that DARPA studies have a dual purpose: their 
results are applicable both in the military and in the civilian sphere, in particular 
in the fight against the SARS-CoV-2 coronavirus. Also analyzed the legal status 
of other similar foreign organizations, in particular in Israel (MAFAT), France 
(DGA) and Australia. 

Keywords: public-private partnership, Military-Industrial Complex, DARPA, 
Defence Technologies Agency, organizational structure

The draft of the Strategy for the development of the Ukrainian military-indus-
trial complex provides that one of the most important goals of the state military-
industrial policy is the establishment of a legal entity for the implementation of 
innovative projects and the development of critical technologies in accordance 
with the best world practices - the Agency of Defense Technologies. At the same 
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time, there is no clear understanding of the features for the legal status of this or-
ganization, the procedure for the formation of management bodies, financing and 
the structure of this organization. (Uruskyi 2020)

The main purpose of this article is to study the legal status of foreign innova-
tive scientific and technical organizations in the defense industry and to develop 
optimal ways in order to solve the relevant problems for Ukraine.

In 2021, Ukraine plans to establish the Defense Technologies Agency (Agen-
cy), the prototype of which will be the American DARPA (Defense Advanced 
Research Projects Agency) - the Office of Advanced Research Projects of the US 
Defense Department). It is assumed that the Agency will be controlled by both the 
Ministry for issues of Strategic Industries and the Ministry of Defense of Ukraine. 
In addition, the National Academy of Sciences of Ukraine represented by the Sec-
tion for Applied Research will be responsible for the innovative scientific and 
technical part of the Agency. A part of the property complex and personnel of the 
Central Scientific Research Institute of Arms and Military Equipment under the 
Ministry of Defense of Ukraine is also supposed to be allocated for the establish-
ment of the Agency. (NISS 2020).

DARPA (Wikipedia 2021a) was founded in 1958 in response to the launch of 
the first artificial Earth satellite in the USSR. DARPA was tasked with keeping US 
military technology advanced. DARPA operates independently of conventional 
military research institutions and reports directly to the leadership of the Defense 
Department. DARPA has approximately 240 employees (approximately of which 
140 are technicians); the organization's budget is about $ 3 billion. These numbers 
are approximate, as DARPA focuses on short-term programs (2-4 years), carried 
out by small, specially selected cooperatives of contractor companies.

The structure of the Agency consists of 7 divisions (Burenok, Ivlev, Korchak 
2009):

1) Adaptive Execution Office (AEO) - research in the field of building adap-
tive platforms and architectures, including universal software platforms, modular 
hardware, multifunctional information systems and development and design tools;

2) Defense Scientific Office (DSO) - research in the field of fundamental phys-
ics, new technologies and devices based on new physical principles, energy, new 
materials and biotechnology, applied and computational mathematics, medico-
biological means of protection, biomedical technologies;

3) Innovations in information technology (I2O) - information monitoring and 
control systems, high-performance computing technologies, data mining, pattern 
recognition systems, cognitive machine translation systems;

4) Microsystem Technologies Office (MTO) - technologies of electronics, 
photonics, micromechanical systems, advanced architecture of integrated micro-
circuits and algorithms for distributed data storage;
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5) Strategic Technologies Office (STO) - communication systems, tools of 
protecting information networks, instruments of electronic warfare (EW), resis-
tance of systems to cyberattacks, systems for detecting camouflaged targets based 
on new physical principles, energy conservation and alternative energy sour-
ces;

6) Tactical Technologies Office (TTO) - modern high-precision weapons sys-
tems, laser weapons, unmanned weapons based on air, space, land and sea plat-
forms, advanced space monitoring and control systems;

7) Biological Technology Office (BTO) - research in the field of engineering 
biology, including omix technologies, synthetic biology, metabolic engineering, 
gene therapy (including the artificial human chromosome), and applied aspects of 
neuroscience.

Most of DARPA's new research programs are aimed at solving the problems 
of enhancing the interaction of robots and people, as well as information environ-
ments and people - for performing joint operations. (Klabukov, Alekhin, Nekhina 
2014)

The clearest example of the effectiveness of this approach was the initiative 
project of Local Motors together with DARPA, created on the basis of a vibrant 
community of engineers, designers, drivers and mechanics, passionate about the 
idea of jointly designing the image of the automotive industry of the future. The 
basis of the software toolkit is the original method of multi-stage selection of ideas 
and rationalization proposals for the collective formation of the future appearance 
of vehicles, as well as the implementation of the main stages of the product life 
cycle in accordance with the concept of "digital production".

Developers from all over the world responded to the first open competition 
to create a dream vehicle. Local Motors later entered into an agreement with the 
Manufacturing Technology Association (MTA) to supply the first 3D-printed car. 
The premiere of this car took place in early September 2014 at the exhibition in 
Chicago. At the moment, it is known for sure that the original vehicle was created 
specially for the needs of urban transport. The use of 3D printing in this concept 
car will also demonstrate the importance of using greener digital manufacturing 
technologies to create machines that are durable, safe, fast, convenient and eco-
nomical in accordance with the real needs of people.

In early April 2014, DARPA announced the establishment of a new structural 
unit - the Department of Biological Technologies. Its task is to put biology at the 
service of national security. Its priority is to improve the survival rate of seriously 
injured servicemen. According to the US Army Institute for Surgical Research, 
blood loss is the leading cause of death on the battlefield. Especially relevant is 
the development of drugs administered orally in case of severe internal bleeding, 
which increase blood clotting and make it possible for the victim to be hospi-
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talized. The program for the development of advanced prostheses is completely 
transferred under the control of the new department. It was launched back in 2006 
and is called promisingly - “Revolutionizing Prosthetics”. Developments in the 
field of prosthesis control using a neurointerface - i.e. the efforts of thought have 
made great strides in recent times. Achievements in the technology of cortical 
microelectrodes have made the connection between the nervous system and cy-
bernetic parts of the body so strong that complex combinations of movements are 
available for a robotic prosthesis, which differ little from the mobility of biological 
limbs. However, neuroscientists are working to get the signal in both directions 
- so that the prosthesis is not only controlled by the mind, but they send tactile 
signals back to the nervous system themselves, causing a sensation of genuine 
physical touch. In order to increase the survival rate of soldiers with the help of 
rehabilitation methods, research is being conducted in the area that traditionally 
arouses tremendous interest and many questions - the study of the characteristics 
of the neural work of the brain. By answering the fundamental questions related to 
functional maps of the brain, it will be possible to restore memory lost as a result 
of traumatic brain injury, remove or relieve post-traumatic stress disorder, and 
normalize behavioral functions. The listed basic research will be used in order to 
create a portable implant placed in the brain of a military man, which will record 
the entire volume of memories. In the event of severe brain injury, the implant will 
restore memories. Of particular interest is the fact that the results of brain studies 
are planned to be used not only to restore lost abilities, but also to improve the 
existing, unimpaired, qualities of a serviceman. Hippocampus stimulation will be 
used to improve cognitive skills so important on the battlefield, such as memory, 
learning new skills, and decision making.

In 2020-2021, the DARPA Accelerated Molecular Discovery (AMD) program 
is developing new systematic approaches that accelerate the discovery and op-
timization of high-performance molecules to realize the capabilities of the De-
fense Department. This includes simulants and drugs needed to counter emerging 
threats, coatings, dyes and special fuels needed to improve performance. AMD 
Systems will provide end-to-end computing and experimental tools to design, de-
tect, validate, and optimize new molecules, interactively learning more efficient 
and effective molecular detection techniques that improve performance in national 
security applications (DARPA 2021).

AMD executives are partnering with the Walter Reed Army Research Institute 
(WRAIR) to apply artificial intelligence (AI) techniques to accelerate drug dis-
covery to combat SARS-CoV-2. Through this program, the National Center for 
the Advancement of Translational Sciences (NCATS) and WRAIR provide MIT 
and SRI with expertise in medicinal chemistry and in vitro AI prediction testing to 
validate and inform models.
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Researchers at the Massachusetts Institute of Technology are focusing on de-
veloping new artificial intelligence algorithms that specifically address the lack of 
data inherent in the study of a new virus, and are looking to apply such methods 
to identify synergistic combination therapies in the future. They recently posted 
on a blog post about the results of their model trained to predict antiviral activity 
against COVID-19 and efforts to develop machine learning tools that will help 
identify molecules with therapeutic effects against disease.

AMD specialists at SRI International are developing artificial intelligence tools 
that incorporate the expertise of chemists, in addition to the knowledge gained 
from the data, to discover analogues of existing therapeutic agents with efficiency 
against SARS-CoV-2. They also recently published data on their efforts to use 
machine learning models to identify virus inhibitors.

DARPA's Make-It program automates small molecule detection and synthesis 
to advance the field of synthetic chemistry beyond traditional batch and intuition-
based capabilities. Make-It develops artificial intelligence-based approaches to 
planning and optimizing synthetic routes combined with fully automated synthesis 
techniques that include algorithms for process automation and control, intercon-
nected fluid modules for continuous synthesis, and in-line characterization and 
purification. Researchers are also working on methods to rapidly explore the vast 
parameter space associated with synthesis, which until now has been minimally 
hand-selected. Make-It seeks to provide the basic technologies needed to trans-
form synthetic chemistry into information-driven science, accelerating the pace of 
chemical innovation and small molecule production (Shakhtman 2012).

DARPA employees create a suite of flexible manufacturing capabilities for the 
scalable and sustainable production of critical medicines.

On Demand Pharmaceuticals (ODP) specializes in fine chemicals and active 
pharmaceutical ingredients (APIs), and their technology is based on small chemi-
cal production devices that were developed in the DARPA Battlefield Medicine 
and Make-It programs. Their efforts are jointly funded by DARPA and HHS under 
the CARES Act, and FDA Commissioner Dr. Stephen Hahn and DARPA Director 
Dr. Peter Highnam visited the company on December the third.

SRI International is developing an approach that makes it easy to scale phar-
maceutical manufacturing from laboratory to production scale in one step.

Virginia Commonwealth University is also developing tools for the analysis 
and optimization of chemical manufacturing in the United States to ensure that 
existing land-based process flows can be quickly redistributed to critical APIs 
when needed (Jones 2009).

DARPA's activities reflect the fact that while the Agency's mission and philoso-
phy have remained unchanged for decades, the world around DARPA has changed 
dramatically - and the speed with which these changes have taken place has in-
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creased in many ways. These changes include some remarkable and even amazing 
scientific and technological advances that, if having being used intelligently and 
purposefully, can not only ensure continued US military superiority and security, 
but also accelerate social and economic progress. At the same time, the world is 
undergoing some deeply troubling technical, economic and geopolitical shifts that 
pose a potential threat to US supremacy and stability. These conflicting trends of 
unprecedented opportunity and growing threat - and how they can be expected to 
impact US national security needs ten or more years from now - have profoundly in-
fluenced DARPA's latest definition of its strategic priorities for the next few years.

DARPA program portfolios are built from the bottom up: DARPA program 
managers identify and propose new programs that they believe promise revolu-
tionary change. This is important for several reasons. An effective DARPA pro-
gram manager is the person closest to critical challenges and possible technologi-
cal capabilities in their arena, and personal inspiration and commitment to a new 
idea is the spark needed to ignite a big fire. But ideas also come from the top 
down, sometimes from the DARPA leadership, and often from the military ser-
vices themselves, which DARPA is ultimately called to serve.

Today DARPA focuses its strategic investments in four main areas (Popova 
2010):

1) Rethinking Complex Military Systems: in order to help accelerate the 
development and integration of revolutionary military capabilities in a rapidly 
changing modern landscape, DARPA is working to make weapon systems more 
modular and easily upgradeable and improved; ensure superiority in the air, at 
sea, on land, in space and in cyberspace; improve position, navigation and time 
(PNT) regardless of the global positioning satellite system; and strengthen protec-
tion against terrorism;

2) Overcoming the flow of information: DARPA is developing new ap-
proaches to obtaining information from massive datasets with powerful tools for 
working with big data. The agency also develops technologies to ensure the reli-
ability of data and systems through which critical decisions are made, such as 
automated cyber defense capabilities and methods for establishing fundamentally 
much more secure systems. In addition, DARPA addresses the growing need for 
privacy at various levels of need without sacrificing the national security value of 
having adequate access to network data;

3) Using biology as a technology: in order to leverage the latest advances 
in neurobiology, immunology, genetics and related fields, DARPA established 
its Biological Technology Division in 2014, giving new impetus to the Agency's 
portfolio of innovative biology-based programs. DARPA's work in this area in-
cludes programs to accelerate progress in synthetic biology, anticipate the spread 
of infectious diseases, and master new neurotechnologies;
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4) Expanding technological frontiers: DARPA's core business has always 
been to overcome seemingly insurmountable physical and engineering barriers, 
and, once demonstrating the resolve of these daunting challenges, to apply the 
new capabilities made available by these breakthroughs directly for national se-
curity needs. Maintaining momentum in this important specialty, DARPA works 
to reach new opportunities by applying advanced mathematics; invention of new 
chemicals, processes and materials; and the use of quantum physics.

Defense Science and Technology Australia is an affiliate of the Australian 
Department of Defense that researches and develops technologies for use in the 
Australian defense industry.

The organization is the lead agency of the Australian Government responsible 
for the application of science and technology to safeguard and protect Austra-
lia and its national interests. She supports Australia's defense by exploring fu-
ture technology for defense assets, providing advice on the acquisition of mili-
tary equipment, the development of new defense capabilities and the expansion 
of existing systems. Led by the Chief Defense Scientist, the organization has an 
annual budget of $ 400 million and has over 2,300 employees, mostly scientists, 
engineers, IT professionals and technicians (Wikipedia 2021d).

Conclusions
Taking into account the above, we consider it expedient and necessary to re-

form the innovation industry of the domestic MIC by the following actions:
1. Establishment of the Defense Technologies Agency as the central execu-

tive body of Ukraine, responsible for the implementation of the state innovative 
military-industrial policy and the organization of scientific research in the defense 
industry of Ukraine. Controllability - the Ministry for issues of Strategic Indus-
tries and the Ministry of Defense of Ukraine, direct subordination - the Cabinet of 
Ministers of Ukraine. The advantages of this option also lie in the fact that when it 
is implemented, there are good opportunities for staffing the Agency with highly 
qualified personnel. The latter can be selected among the employees of structural 
subdivisions of the Ministry of Defense of Ukraine, the Ministry for issues of 
Strategic Industry, the General Staff of the Armed Forces of Ukraine, the National 
Academy of Sciences of Ukraine and scientific research institutions subordinate 
to them. If necessary, the Agency can include small units, staffed with specialists 
in certain types of weapons, military and special equipment, inherent exclusively 
to individual components of the defense forces.

2. One of the priority tasks of the Agency should be considered to carry out 
a comprehensive audit of the results of research and development works at state, 
and, by their consent, private enterprises of the defense industry of Ukraine and 
scientific institutions regarding the creation of innovative models of weapons and 
military equipment and their implementation in the development and production 
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of military-technical equipment.
3. The organizational and legal form of the Agency is a joint stock com-

pany, the authorized capital of which is formed by the Government of Ukraine 
represented by the Ministry for issues of Strategic Industry and the Ministry of 
Defense on parity terms. This will allow attracting not only shareholders-partners, 
but also shareholders-investors to the implementation of innovative projects in the 
military-technical sphere using public-private partnership models by means of the 
principle “use it or lose it” (Sina Bruna 2013), as well as using the Triple Helix 
Model, that is, more active and wider interaction of state authorities with private 
structures and scientific institutions.

4. Approximate structure of the Agency:
Department for the development of samples of robotics and automation of pro-

cesses in the defense industry of Ukraine; department of innovative projects in 
the field of military weapons and military equipment (small arms, military equip-
ment, UAV design, etc.); department for the construction, repair and equipment 
of military armored vehicles; department for the production and repair of aircraft; 
directorate for the production and modernization of missile and space technology 
and anti-aircraft missile systems; department for Biological, Medical, Information 
and Digital Technologies; department of International Cooperation.

5. Financing of the Agency's activities: State budget + all sources not prohib-
ited by law. Particular attention should be focused on attracting investment through 
the implementation of public-private partnership projects, and, accordingly, a wid-
er involvement of private enterprises in the implementation of relevant projects.

6. Management of the Agency: appointed and fired by the decision of the 
Cabinet of Ministers of Ukraine on the proposal of the Minister of Defense of 
Ukraine and the Minister for issues of Strategic Industries of Ukraine.

7. The main direction of the Agency's activity is the prevention and elimina-
tion of “threats to the future”, taking into account the fact of the Russian Federa-
tion's military aggression against Ukraine (following the example of the European 
Defense Agency).

8. Contractual cooperation with higher educational institutions, in par-
ticular with the Kiev Polytechnic Institute of Sikorsky, including with the aim of 
forming the staff of the Agency and introducing advanced scientific and technical 
developments in the MIC of Ukraine.

TYPICAL TECHNOLOGICAL PRIORITIES OF THE DEFENSE 
TECHNOLOGY AGENCY OF UKRAINE FOR THE PERIOD UP TO 2030

1. Human technologies: biological protection against previously unknown 
pathogens; therapy of neurotrauma of the central nervous system; fundamental 
mechanisms of slowing human aging; computer-aided design systems for living 
beings.
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2. Robotics technologies: highly efficient vehicles for the delivery of person-
nel and cargo; autonomous operations of robots (underwater, ground, air); power 
supply for long-term autonomous actions; navigation in conditions of electronic 
countermeasures; robotic transport for air and water space, rough terrain and pub-
lic roads.

3. Network technologies: processing of structured and unstructured data of 
huge volumes and significant variety to obtain human-readable results; software 
implementation of the concept of "systems of systems»; gamification of control of 
operations in the combat space.

4. Technologies for integrating human and robot capabilities for action in 
the real world: development of robotics to reduce physical stress on humans; au-
tomatic means of monitoring and correcting of health; expanding the capabilities 
of sense organs through the use of electronic sensory systems;

5. Integrated network technologies for transforming the real world 
through the interaction of humans and robots: management of the configura-
tion of the cohnectome of the human and animal brain; a single combat space with 
a universal protocol for conducting militant operations; autonomous resource-in-
dependent robotics and supporting infrastructure.
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Introduction
In the context of globalization and integration, the development of commu-

nication means, transparency of borders and other technical capabilities enhance 
the transnational nature of crime and, accordingly, determine the need for legal 
assistance between states. 

The effectiveness of legal aid in criminal cases with foreign elements some-
times depends on the timely and quality execution of letters rogatory. According 
to paragraph 3 of art. 9 of the Covenant on Civil and Political Rights and art. 5 of 
the European Convention for the Protection of Human Rights and Fundamental 
Freedoms, everyone who is arrested or detained has the right to trial within a rea-
sonable time or to release pending trial. 

Purpose of the study – to analyze international acts and national legislation 
of individual states and identify elements that affect the timing of letters rogatory 
and develop proposals to improve the speed of execution.

Materials and methods- the research analyzes the scientific works of lead-
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ing scientists, international acts on human rights, the provision of legal assistance 
between states, the legislation of the Republic of Azerbaijan and the Russian Fed-
eration. Methods such as analysis, synthesis, historical, comparative jurisprudence 
were used.

Results and discussion. Despite the fact that the Criminal Procedure Code of 
the Republic of Azerbaijan (hereinafter referred to as the CPC RA) and other legal 
acts do not contain the concept of "reasonable time", but contains separate provi-
sions related to ensuring the speed of court proceedings. Article 8.0.3 of the CPC 
also refers to the tasks of criminal proceedings as prompt disclosure of crimes, 
comprehensive, complete and objective clarification of all the circumstances as-
sociated with criminal prosecution.

Letter Orders in the RA are executed in accordance with the CPC and the 
Criminal Legal Assistance Act, and are executed in the manner prescribed by the 
RA legislation. Therefore, the CPC's requirement for prompt crime detection also 
applies to the execution of letters rogatory.

According to art. 62 of the Chisinau Convention, orders are executed within 
the time period provided for by the legislation of the requested party and, upon 
agreement of the competent institutions of justice of the parties, can be extended.

Bilateral agreements of the RA on legal assistance and legal relations in civil, 
family and criminal cases when regulating the procedure for the execution of let-
ters rogatory, provide for the notification of the institution from which the order 
originates, about the time and place of execution of the order, by the institution of 
justice to which the order is addressed.

But in practice, time passes before the requested side receives the request and 
the requesting side receives a response. Some more problems associated with the 
procedural terms of legal proceedings also affect the timing of the execution of 
letters rogatory of foreign states. 

The CPC provides for procedural deadlines for the execution of individual in-
vestigative and judicial actions. The CPC does not use the term "reasonable time", 
but art. 48 CPC is dedicated to ensuring the promptness of prosecution proceed-
ings and, accordingly, prosecution proceedings must be started and completed 
within the time frames stipulated by the CPC in such a way that the timely receipt 
and examination of evidence is ensured; the persons did not wait for an excessive-
ly long time to be charged, to consider the case and to restore the violated rights.

Violation of procedural terms, according to art. 10.5 CPC, the execution of 
procedural actions and the adoption of decisions, entails their recognition as in-
valid, unenforceable.

One of the ways out of the situation of violation of procedural deadlines is to 
extend them, the scope of which is determined by law. For example, the term of 
the preliminary investigation may be extended according to the complexity of the 
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criminal case by the corresponding higher prosecutor on the basis of a reasoned 
request from the investigator and the submission of the prosecutor in charge of the 
procedural direction of the preliminary investigation, etc. 

When considering the issue of extending the period of preliminary investiga-
tion, a higher-ranking prosecutor must verify the legality and validity of the peti-
tions and representations; evaluate the activities of the investigator and prosecutor. 

By the Decree of the President of the RA dated January 19, 2006, № 352, the 
Supreme and Appellate Courts were recommended to organize the study of the 
case law of the European Court of Human Rights (hereinafter the ECHR) and take 
them into account in judicial practice. Therefore, Azerbaijani law enforcement 
practice should take into account the requirement of the European Convention 
for the Protection of Human Rights and Fundamental Freedoms (hereinafter the 
European Convention) and precedents related to the right to a trial within a reason-
able time. 

Despite the absence in the legislation of a special indication on a reasonable 
time frame for a trial, there are separate departmental acts regulating the applica-
tion of a reasonable time frame in court proceedings. The Plenum of the Supreme 
Court of the RA dated March 30, 2006, № 5, clarified that when administering 
justice, courts must take into account the right to a fair and public hearing of a 
case within a reasonable time by an independent and impartial court established 
by law. The purpose of determining a reasonable time limit is to protect the parties 
in the civil proceedings, as well as the accused in the criminal proceedings, from 
undue delay, and to achieve the effectiveness of justice. When calculating these 
time limits in relation to criminal cases, the "reasonable time" covers both the 
time frame for the preliminary investigation and the time frame for the trial before 
sentencing. The "reasonable time" in each case should be determined depending 
on the nature, complexity of the particular case, the applicant's behavior in con-
nection with the process.

The nature of a particular case is its qualitative indicator and "as you know, the 
nature of the social danger of a crime is determined by the object, the content of 
the damage, the form of guilt and such methods of action (inaction) as violence, 
deception, group, use of official position" [9, p.107].

The practice of the ECHR has determined the criteria for assessing the "rea-
sonable time" for the consideration of the case. These include the complexity of 
the case; the behavior of the court and the parties to the case - the authority, the 
behavior of the applicant himself, the significance of the case for the applicant. 
ECHR in the case of Fedorov and Fedorova v. Russia dated October 13, 2005 
indicated that "28. The Court reiterates that the reasonableness of the time frame 
for the consideration of the case must be assessed in the light of the circumstances 
of the case on the basis of the criteria established in the jurisprudence of the Eu-
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ropean Court, in particular: the complexity of the case and the conduct of the ap-
plicant and the relevant state authorities [2]. 

In the judgment in Kormacheva v. Russia on 29 January 2004 "51. The Court 
reiterates that the unfoundedness of the lengthy proceedings must be assessed in 
the light of the circumstances of the case and the criteria established by the court's 
case-law, in particular, the complexity of the case, the conduct of the applicant 
and the relevant authorities, and what exactly was the subject of the applicant's 
dispute [8].

The ECtHR recalled that the "reasonableness" of the length of the proceedings 
must be assessed in the light of the circumstances of the case and with reference 
to the following criteria: the complexity of the case, the actions of the applicant 
and the relevant authorities, and the relevance of the subject matter to the ap-
plicant. For example, the judgment of the Grand Chamber of the ECHR in the 
case "Comingersoll S.A. v. Portugal" states that "19. The reasonableness of the 
time limit for the consideration of the claim is determined in the light of the cir-
cumstances of the case with reference to the criteria set out in the case-law of the 
European Court, in particular the complexity of the case, the behavior of the ap-
plicant and the relevant state authorities, as well as the importance of the dispute 
for the applicant [4].

When assessing the reasonableness of the duration of the trial, the ECHR 
proceeds from the criterion of compliance and sufficiency of the motives of the 
judicial authorities. The existence of compelling reasons to suspect the arrested 
person of committing a crime is a sine qua non condition for the lawfulness of the 
detention, but after a while this is no longer enough; the Court must then determine 
whether the rest of the judicial authorities' motives justify the deprivation of lib-
erty. If these reasons are found to be "appropriate" and "sufficient", the Court will 
also take into account whether the national authorities exercised "due diligence" 
during the procedure. Therefore, the decisive factor in assessing the reasonable-
ness of the proceedings is the behavior of the judicial authorities in this case [10].

The legislation of the RA contains requirements for ensuring the speed of 
criminal prosecution and the relevant departmental acts governing the application 
of a reasonable time in criminal prosecution, and these provisions also apply to 
the execution of letters rogatory from foreign states. And in some cases, special 
departmental acts are adopted, detailing a reasonable time frame for the execu-
tion of letters rogatory. For example, the order of the Attorney General of the RA 
dated 14.02.2007 № 10/13 provides for the execution of letters rogatory within 10 
(ten) days. In exceptional cases, in connection with the execution of the request, in 
cases of the need for numerous and complex actions, this period can be extended 
by the corresponding Deputy Prosecutor General, taking into account the conclu-
sion of the Department, up to one month. 
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When extending the term, the criminal procedural legislation of the RA uses 
the terms "complexity" and "special complexity" of a criminal case. The legislator 
does not disclose the essence of these concepts. In practice, the ECHR developed 
criteria for the complexity of the case - the presence of public (public) interest, 
the presence of serious grounds to suspect the arrested person of committing an 
offense; an unexpected and unforeseen increase in the volume of the case materi-
als, the number of investigated episodes, the conduct of complex examinations, 
the summoning and interrogation of a large number of witnesses, and some other 
circumstances.

The practice proceeds from the fact that it is not possible to give a closed list 
of criteria for determining the "complexity" and "special complexity" of the case. 
The criteria depend on the corpus delicti and the circumstances of the criminal 
case.

The criminal legislation defines the criteria for classifying crimes into crimes 
that do not pose a great public danger, less serious crimes, serious crimes and 
especially serious crimes. Sometimes one can agree with the equating of complex 
criminal cases and serious crimes, for which an extended period of consideration 
is determined. But, proceeding from the practice and the number and volume of 
procedural actions in the case of grave crimes and in the case of less grave crimes, 
etc., we consider this equalization to be incorrect. But, we believe that it would be 
appropriate, at the level of the Supreme Court, in whose authority, according to 
Art. The Law "On Courts and Judges" of June 10, 1997 № 310-IG is included "in 
accordance with Article 131 of the Constitution of the RA, gives explanations to 
the courts on issues of judicial practice" giving explanations to the courts on the 
complexity and special complexity of the case. 

One of the criteria for assessing the "reasonable time" for the consideration of 
the case is the behavior of the court and the parties to the case - the authority, the 
behavior of the applicant himself. We agree with K.V. Volynets is that "...it is nec-
essary to take into account not only the behavior of the applicants (who in criminal 
proceedings are most often the accused), but also of other persons involved in 
criminal proceedings, since often the process of considering a case is delayed due 
to the dishonesty of other participants - victims, witnesses, defenders and even 
public prosecutors"[1, p.183].

V.M. Polukhin identifies subjective and objective criteria for assessing the 
reasonableness of the term. Objective criteria for assessing the reasonableness of 
the term of criminal proceedings include the legal and actual complexity of the 
criminal case, the sufficiency and effectiveness of the actions of the court; the total 
duration of the criminal proceedings. Further, he proposes to reveal the essential 
features of the "legal and factual complexity of a criminal case" [16].

According to Ryabtseva E.V. the principle of the reasonableness of the crimi-
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nal process lies in the need for subjects to be within the boundaries excluding the 
possibility of abuse of subjective rights, and to correlate their actions with the 
goals of criminal law models of behavior of participants, the rights, freedoms and 
legitimate interests of others, as well as society and the state [12].

Urban V.V. argued by the fact that the content of the principle of a reasonable 
time frame for criminal proceedings is made up of two interrelated elements: the 
requirement to carry out criminal proceedings within a reasonable time, which is 
implemented both in the legislative setting of time limits in criminal proceedings, 
and by the law enforcement officer in the course of his procedural activities, and 
legal proceedings within a reasonable time, the guarantees for the implementation 
of which is a combination of preventive, compensatory and other remedies [21, 
p.23].

A reasonable time period includes the period from the moment the criminal 
prosecution starts until the moment it is terminated or a conviction is issued, tak-
ing into account such circumstances as the legal and actual complexity of the 
criminal case, the behavior of the participants in the criminal proceedings, the 
sufficiency and effectiveness of the actions of the court, the prosecutor, the head 
of the investigative body, investigator, head of the inquest unit, body of inquiry, 
inquirer, carried out for the purpose of timely implementation of criminal prosecu-
tion or consideration of a criminal case, and the total duration of criminal proceed-
ings. In the Court's opinion, a "reasonable time" in criminal matters is calculated 
from the moment when "charges are brought". This can happen before the case is 
referred to a court, for example, from the date of detention, from the date on which 
the person in question was officially notified that criminal prosecution would be 
carried out against him, or from the date of the commencement of the preliminary 
investigation and, finally, the total duration. trial in the case and non-execution of 
a judicial act.

Thus, we are also talking about a reasonable period of criminal prosecution, 
including the stages of initiating a criminal case, carrying out a preliminary in-
vestigation, considering a criminal case on appeal, when the court can make a 
completely new decision against a person, including completely exempting from 
criminal prosecution. 

The function of a prosecutor arises from the need to protect the constitutional 
rights of a person and citizen, to carry out criminal prosecution and to supervise 
the legality of decisions taken by the preliminary investigation bodies.

We agree with V.A. Sementsov, A.P. Sheremetyev. in the fact that "The cal-
culation of a reasonable period of criminal proceedings should begin with the 
detection of signs of a crime and end with the termination of criminal prosecution 
or entry into force" [18, p. 174].

Art. 48. The CPC ensures the promptness of the criminal prosecution in such 
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a way that the criminal prosecution must be initiated and completed by an inquiry 
officer, investigator, prosecutor or court within the time limits provided for by 
this Code. The law requires that any criminal case from the moment of initiation 
must be sent to the court along with the indictment within the time frame, or the 
criminal prosecution must be terminated. Ensuring the speed of proceedings under 
the Azerbaijani legislation covers the pre-trial process and the trial of the case. The 
stipulated CPC provision encourages the investigator, investigator and judge to 
complete the process within the stipulated time frame and guarantees the right of 
the accused, the victim, to a reasonable time for the proceedings. But, on account 
of the violation of ensuring the speed of criminal proceedings, article 48.4 of the 
CPC directly defines only cases of keeping a person under arrest during pre-trial 
proceedings over a period of time, for which he has the right to receive monetary 
compensation for moral damage suffered. The issue of compensation is resolved 
regardless of the decision adopted in the case, in the manner of civil proceedings. 
From the analysis of article 48 CPC it appears that the law leaves other cases of 
violation of ensuring the speed of proceedings in the criminal prosecution out of 
the spotlight.

One of the criteria for non-violation of the CPC's provision on ensuring the 
speed of criminal proceedings is the indication of article 146.3 of the CPC that the 
collection of evidence in its entirety should not lead to an extension (delay) of the 
preliminary investigation or trial.

Ensuring the promptness of criminal proceedings does not apply to the prin-
ciples or conditions of criminal proceedings provided for in Chapter II of the CPC, 
and therefore the requirement of article 9.2 of the CPC that violation of the prin-
ciples or conditions of criminal proceedings in the cases established by this Code 
may lead to the invalidity of the completed Proceedings on criminal prosecution, 
to the cancellation of decisions taken in its course, or to the conclusion about the 
lack of probative value of the collected materials, does not apply to it. There is 
another requirement of the CPC in article 125.2, according to which it is unaccept-
able to accept as evidence in a criminal case information, documents and things 
obtained with the deprivation or restriction of participants in criminal proceedings 
of their legally guaranteed rights in violation of constitutional human and civil 
rights and freedoms or other requirements of this Code that should or may affect 
the validity of this evidence. The law, in connection with the violation of speed, 
connects the inadmissibility of accepting in the form of evidence in a criminal case 
information, documents and things obtained in violation of ensuring the speed of 
production, with the influence and the possibility of influence of these violations 
on the validity of evidence. If violations related to the speed of criminal proceed-
ings cannot affect the reality, they are allowed. Another problem is the validity of 
the evidence. The CPC does not define criteria for the validity of evidence. Ac-
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cording to art. 145 CPC each piece of evidence should be assessed according to 
its belonging, feasibility, reliability. And all the evidence collected in the criminal 
prosecution, in their totality, must be assessed to resolve the prosecution on the ba-
sis of their sufficiency. Here, the law also does not require an assessment of reality. 

The new philosophical encyclopedia defines reality as an objective reality, as 
an actually existing being that realizes certain historical possibilities; the concept 
is also used in the sense of true being, in contrast to appearance. In philosophy of 
the 16-18 centuries reality is interpreted as a set of material bodies that exist ob-
jectively in space and time and are clearly given in perception [13].

Based on the above concept, the validity of evidence can be defined as existing 
objectively in space and time and visually data in perception. According to art. 
125.1 CPC validity acts as a criterion for the admissibility of evidence. Here we 
are talking about no doubt about the validity of the evidence. According to this ar-
ticle, other criteria for the admissibility of evidence are the absence of doubt about 
the source of education and the circumstances of obtaining evidence.

Let's return to the violations related to the speed of criminal proceedings, 
which cannot affect the reality. Based on the above concepts of reality, we mean 
violations that exist objectively in space and time and visually data in perception.

Azerbaijani legislation does not provide for the right of the accused, the victim 
and other participants in the criminal process to apply to the prosecutor in charge 
of the procedural investigation and the chairman of the court and other instances 
in case of violation of the promptness of the criminal prosecution. 

International acts and national laws of some states allow the use of a hearing 
in the mode of videoconferencing only for receiving interrogations and mainly for 
obtaining testimony. We believe that for the speed of execution of letters rogatory, 
the use of videoconference in a face-to-face confrontation between a witness, a 
victim, a suspect and an accused, both among themselves and in any combination 
of them, is a promising area of   legal assistance between states between all possible 
and requires its legislative decision at the level national legislations.

Conclusion
Summarizing the results of the research, we come to the conclusion that in 

order to accelerate the execution of letters rogatory in the order of legal assistance 
between states in criminal cases, which are mainly regulated by the domestic leg-
islation of the requesting country, a legislative solution is required for the issue of 
execution of letters rogatory in a short time. Legal aid between the member states 
of the Council of Europe requires both the application of the criterion of reason-
ableness in criminal proceedings and to letters rogatory in criminal matters. We 
believe that in order to apply common concepts, to simplify mutual understanding 
in the provision of legal assistance between states in the context of the integration 
of legal systems and legal systems of states, including, it would be advisable to re-
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name article 48 of the CPC to "Reasonable time frame for criminal proceedings", 
which will provide for criteria for a reasonable period of proceedings, based on 
the precedent law of the European Court of Human Rights, and the right of par-
ticipants in criminal proceedings to appeal in case of violation of the provision of 
speed at the pre-trial stage and at the stage of the trial. A reasonable time frame for 
criminal proceedings is one of the guarantees of the effectiveness of legal proceed-
ings, the violation of which also entails a violation of such a fundamental right as 
the right to a fair trial. We believe that in order to further improve legal assistance 
between states in criminal matters, it is necessary to provide in bilateral treaties on 
legal assistance between states and special provisions related to specific deadlines 
for the execution of letters rogatory or direct appeal to domestic authorities carry-
ing out letters rogatory from foreign judicial authorities, with the obligatory pres-
ervation of the supervision of the domestic central authority or the use of video 
conferencing during admission and confrontation.
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Abstract. This article clarifies the criminological characteristics of criminals 
in the field of family and domestic relations. The study is based on the study of 
materials from 441 criminal cases initiated on the territory of the Moscow region, 
a survey of convicts on the basis of these crimes in the period 2018-2020. The 
study was carried out in two classifications. The first classification is based on 
the totality of relations that make up the family and domestic sphere, the second 
classification is based on the study of the types of the offender in accordance with 
the specifics of the criminal act. The author proves that a differentiated approach 
is needed for the objectivity of criminological research. 
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offender, motives of family-domestic crimes, family-domestic conflict.

Introduction
Crimes in the family and domestic sphere occupy a significant place in the 

total mass of crime. However, in the Criminal Code of the Russian Federation, 
they are not separated into a separate category. As a rule, crimes in the family and 
everyday life in the Criminal Code of the Russian Federation are considered in the 
general structure of crimes in the sections devoted to crimes against the person, as 
well as against public safety and public order (sections 7 and 9). It is obvious that 
a wide range of types of criminal acts committed on family and domestic grounds 
does not allow them to be considered at the legislative level as a separate type. The 
choice of any form of violence as the predominant way of resolving interpersonal 
conflict in the family testifies to persistent tendencies of degradation of the insti-
tution of the family as the basis of human life, devaluation of values   and moral 
degeneration.

Purpose of the study – to establish the criminological characteristics of crimi-
nals in the field of family and domestic relations. The study of the personality of 
a family and domestic criminal is the basis of a system of preventive measures.
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Materials and methods
The article examines as key indicators that allow a comprehensive study of 

the personality of a family and domestic offender: gender, age, level of education, 
social status, psychophysiological indicators such as alcoholism or drug addiction, 
convictions, motive of the crime and the specifics of the conflict that provoked 
the crime. With regard to crimes in the field of family and domestic relations, the 
study of the specifics of the personality of a typical criminal can be carried out 
within the framework of two classifications. The first classification assumes, as the 
main feature, to consider the totality of relations that make up the family and ev-
eryday life. These relationships are classified as follows: family and domestic (re-
lations between relatives), communal and domestic (relations between neighbors), 
leisure and domestic (relations between friends and acquaintances), production 
and domestic (relations between colleagues, colleagues). The second classification 
is based on the study of personality types of the offender in accordance with the 
specifics of the criminal act. In this study, the second classification is presented by 
the study of the personalities of criminals who committed intentional attacks on 
life (Articles 105, 106, 107, 108, 109, 110.1 of the Criminal Code of the Russian 
Federation), health (Articles 111, 112, 113, 114, 115, 116, 117 , 118, 119, 125 
of the Criminal Code of the Russian Federation), sexual inviolability and sexual 
freedom (Articles 131, 132, 133, 134, 135 of the Criminal Code of the Russian 
Federation), human property (Articles 158, 159, 161, 162, 163, 164, 165, 166, 167 
of the Criminal Code of the Russian Federation). 

The study was based on the study of materials from 441 criminal cases initi-
ated in the Moscow region, a survey of those convicted of these crimes in the 
period 2018-2020. 

Results and discussion
Within the framework of the first classification, it was possible to establish 

that in the array of crimes in the sphere of family and domestic relations, criminal 
acts in the leisure and domestic sphere dominate (35.4%), then in the family and 
domestic (29.0%), communal and domestic (24.5%) and production and domestic 
(11.1%) spheres. The generalized portrait of a person who has committed a crime 
in the leisure and domestic sphere is as follows: this is a man (in 79.5% of cases) 
18-29 years old (55.1%), less often 30-49 years old (21.8%), with a predominant 
main general level of education (34.6%), in most cases without a permanent source 
of income (48.7%). A crime, as a rule, is committed in a state of alcoholic (73.1%) 
or narcotic (25.0%) intoxication. Less than half of the respondents (45.5%) have 
a criminal record. The most widespread crimes committed by criminals in the lei-
sure and domestic life are crimes against health (64.7%), against sexual inviolabil-
ity and sexual freedom (17.3%), against life (10.3%). The main motives for crimes 
are motives of self-affirmation (30.1%), hostility (17.9%) and hostility (16.0%). 
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The provoking factors are conflict, aggressive behavior of a criminal (36.5%), an 
immoral lifestyle (34.6%), an acute, sudden conflict (25.0%). 

The offender in the family and domestic sphere is a man (61.7%), but the share 
of women is also high in this group - 38.3%. In general, as noted by A N Vary-
gin, D Yu Yakovlev [7], N A Grishko [3], in the family and domestic sphere, the 
share of female criminals is much higher than in the general structure of crime in 
general and violent crime. particular. The age of a family offender is most often 
30-49 years (53.9%). The main general education dominates (37.5%). Most often 
a criminal is either a worker (32.0%) or without a permanent source of income 
(26.6%). The majority of criminals were in a state of alcoholic (71.1%) or nar-
cotic (23.4%) intoxication at the time of the crime. More than half of the crimi-
nals (51.6%) had a criminal record. The most common crimes are crimes against 
health (75.8%), against property (11.7%), against life (10.9%). The motives for 
committing crimes against relatives are jealousy (39.1%), a desire to assert them-
selves (30.5%), and also to preserve relationships (22.7%). The provoking factors 
of crimes against relatives are long-term conflict (41.4%) and hostile behavior of 
the aggressor (21.9%). 

A communal and domestic offender is a man (82.4%) aged 30-49 (70.4%). 
According to the indicator "education" for this category of criminals, the dominant 
level is not distinguished. The same situation is observed in terms of the "social 
status" indicator, with the exception of students who are not represented in this 
category (0.9%). Most of the domestic crimes were committed by persons who 
were not intoxicated with alcohol or drugs (75.9%). Most of the criminals had 
no criminal record (88.9%). A communal and domestic criminal most often en-
croaches on the health of citizens (76.9%), property (12.0%), life (11.1%). There 
were no crimes against sexual inviolability and sexual freedom among communal 
crimes. The motives of communal and domestic crime are most often hostility 
(21.3%), hostility (18.5%), revenge (15.7%), hatred (12.0%). A communal and 
domestic crime in most cases was caused by a long-term conflict (45.4%), aggres-
sive behavior of a criminal (25.9%). 

A criminal in the production and domestic sphere is a man (89.8%) aged 30-49 
(75.5%), who, as a rule, has a secondary vocational education (73.5%). Persons 
from this category are in most cases workers (87.8%). Alcohol or drug intoxi-
cation, as well as a criminal record, are not typical for industrial and domestic 
crime. Industrial and domestic crimes are most often crimes against human health 
(75.5%), his property (14.3%), rarely life (10.2%). The motives of industrial and 
domestic crimes are hostility (36.7%) and self-interest (30.6%). The conditions 
for the formation of criminal intent are aggressive behavior (51.0%), long-term 
conflict (38.8%). 

Within the framework of the second classification, in the course of an empiri-
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cal study, it was found that, from the criminal-legal point of view, crimes against 
human health (72.1%), his life (10.7%) and property (10.7%) dominate in the 
structure of domestic crime. %), as well as sexual inviolability and sexual freedom 
(6.6%). Among the murderers, men predominate (61.7%), but the proportion of 
women is the highest (38.3%). This conclusion is consistent with the data obtained 
as a result of the dissertation research of P A Fedorov & V S Kharlamov [2, p. 
120]. The dominant age of the offender is 30-49 years (68.1%). In terms of educa-
tion, there are no peaks among family killers. Approximately the same picture is 
observed when using the indicator "social status". About half of the murders were 
committed by persons under the influence of alcohol (51.1%) or drugs (19.1%). 
Most of the murderers had no criminal record (74.5%). The most common motives 
for murders in the family and everyday life are self-affirmation (31.9%), jealousy 
(25.5%), an attempt to maintain the old relationship (23.4%). The killer is formed 
as a result of a state of prolonged conflict (51.5%), also provokes the individual to 
kill the victim, a sudden stressful situation, an acute conflict (36.2%). 

A person who has committed a crime against the health of another person is 
usually a man (79.9%), although the proportion of women in this category is still 
high (20.1%). The age of a typical criminal is 30-49 years (43.7%) or 18-29 years 
(39.3%). This category of criminals most often has secondary vocational edu-
cation (32.7%) or basic general education (31.8%). The share of criminals with 
incomplete basic general education is also high (23.0%). In terms of social status, 
criminals in this category are most often workers (29.9%) or without regular in-
come (28.6%). More than half of these crimes were committed by convicts in a 
state of alcoholic (54.7%) or narcotic (17.0%) intoxication. Previous convictions 
were recorded for 39.6% of criminals. The motives of criminals-aggressors in the 
family and everyday life are hostility (18.6%), self-affirmation (17.0%), hostility 
(16%), revenge (13.8%) and jealousy (13.8%). The determinants of violent crimes 
in the family and everyday life are aggressive, hostile behavior of the offender 
(36.5%) and long-term conflicts with the victim (31.8%). 

Only men aged 30-49 years old (62.1%) were rapists in the sample. In terms of 
education, criminals with secondary vocational education (41.4%) or only basic 
general education (37.9%) predominate. According to the indicator "social status", 
3 dominant categories of citizens were identified: without a permanent income 
(37.9%), workers (27.6%), students (20.7%). Almost half of sexual crimes were 
committed while intoxicated (48.3%), a fifth - drug intoxication (17.2%). Most of 
the rapists had no criminal record (89.7%). The motives for rape in the family and 
everyday life are exclusively motives for self-affirmation (96.6%). In most cases, 
this crime is the result of the abuser's immoral lifestyle (58.6%). 

Criminals who have committed criminal offenses against property are both 
men (51.1%) and women (48.9%). The age of such a criminal in most cases is 30-
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49 years (57.4%), less often - 18-29 years (25.5%). The education of such a crimi-
nal is either the level of basic general education (40.4%) or the level of secondary 
vocational education (38.3%). More than half of all criminals in this category are 
persons with a variable source of income (57.4%) or workers (23.4%). Most of the 
criminals were in a sober state at the time of the crime (46.8%), 38.3% were under 
the influence of alcohol, 14.9% were under the influence of drugs. Most of the 
criminals had no criminal record at the time of the crime (70.2%). The motives of 
criminals in this category are exclusively self-interest (96.4%). As a rule, crimes 
against property in the family and everyday life are the result of the criminal's im-
moral lifestyle (48.9%). 

In the context of the investigated problematics, the specific characteristics of 
the personality of the family and domestic criminal from the substantive point of 
view is the motivation of the crime, from the procedural point of view - the nature 
of the conflict that caused the commission of the crime. The last thesis reflects the 
specifics of domestic crime in comparison with the determinants of most crimes 
(K A Myasnikova [5], P A Fedorov, B C Kharlamov [2]). 

In its most generalized form, the motives of crimes in the sphere of family 
and domestic relations are interpreted as the need of the offender to end or change 
the relationship with the victim by causing him harm. In scientific sources, there 
are two approaches to determining the specific motives of domestic crimes. The 
criminal-legal approach appeals to the motives that determine specific types of 
crimes: selfish, selfish-violent, violent [6]. 

However, it should be noted that this approach is too straightforward when 
studying the motives of a limited range of crimes. A more promising psychologi-
cal approach, according to which the motives of family and domestic crimes are 
considered hostility, revenge, hatred, hostility, jealousy, self-affirmation, main-
taining relationships, self-interest, defensive motives [1, 4]. The specificity of the 
conflict that provokes an individual to a family and domestic crime is quite fully 
considered in the work of K A Myasnikova. The author identifies a long-term con-
flict, conflict behavior of a criminal, an immoral lifestyle of a criminal, an acute 
conflict resulting from a stressful state of a criminal as the types of family and 
domestic conflicts [5]. 

Conclusion
As can be seen from the analysis of the personality of the family and domestic 

criminal, for the objectivity of criminological research, a differentiated approach 
is needed to identify significant correlations. In general, the following signs have a 
statistically significant value. First, despite the fact that men dominate in the array 
of family and domestic crime (76.2%), the proportion of women, compared with a 
similar correlation in the context of general crime, is quite high (23.8%). The most 
frequent age of family and domestic offenders is 30-49 years (49.0%). The study 
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of the level of education and the specifics of the employment of convicts makes it 
possible to draw a conclusion about the low social status of the offender. There is a 
high probability of his alcoholism or drug addiction at least at the time of the crime 
(69.2%). As a rule, the dominant motives are self-affirmation, hostility, jealousy, 
hostility. A provoking factor in the commission of a domestic crime is a long-term 
conflict with the victim, as well as the aggressive, hostile behavior of the offender.
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Abstract. This article deals with the social adaptation of children with hearing 
impairments. We propose a solution to the problem of social adaptation of 
hearing-impaired children through the development of their coordination.

We carried out a pedagogical experiment on the development of coordination 
abilities in hearing-impaired boys, and analyzed the influence of the development 
of coordination abilities on social adaptation.
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Introduction
The self-fulfillment and the development of a child directly depend on the 

level of his/her socialization. Socialization is defined as a process during which 
the social norms transmitted by society are assimilated and then retransmitted by 
a person throughout his or her life.

Socialization also provides an individual with the qualities, behavioral pat-
terns, and values   necessary to live in society. This process is two-way: society 
transfers the rules and norms of interpersonal communication, social behavior in 
certain social roles, and a person should take an active part in assimilating this 
information. If one of the parties does not fulfill its function for any reason, the 
process will be disrupted [2, p. 68]. 

Hearing loss and deafness are physical problems affecting socialization. Vy-
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gotsky called these “social slips” since a physical disability provokes a social dis-
ability [9, p. 83]. 

The main task of teachers working with children with hearing impairments is 
to do their utmost so that such a child does not feel “defective” or “not like every-
one else.” Modern society can help treat blindness, deafness, and dementia both 
with the help of progressive medical technologies and social education [1, p. 47]. 

In Russia, hearing-impaired and deaf people are defined as a special segment 
of the population requiring individually organized work and educational condi-
tions, education in special institutions, or within a framework of inclusion. Conse-
quently, the socialization of such children lies in uniting them with society so that 
they can successfully acquire social norms and values.

Socialization is a set of many conditions, but one of the most important is prep-
aration for an independent life as a full member of society. This is possible with 
the normalization of relations in the child’s family, and pedagogical interaction 
with teachers. We should not ignore the fact that the development of the cognitive 
activity and personality of such children generally differs from the development of 
healthy children. Deaf and impaired-hearing people have psychological peculiari-
ties of perception and response, which need to be taken into account when arrang-
ing education, interaction, and social integration [3, p. 10; 6, p. 152].

Sports and physical education affect the formation of the child’s personality. 
Sports and physical exercise are social situations. These help to develop life expe-
rience and build a system of social guidelines and attitudes.

Culture can be developed only if a person makes cultural achievements and 
develops him- or herself as a social being, analyzing and improving the previous 
culture. If this process is reduced to a spiritual or purely moral component, and 
all aspects and possibilities of physical culture and sports, physical development, 
and education are ignored and neglected, the process itself will be impoverished 
and disrupted.

Hearing impairment is accompanied by the following physical development 
disorders [7, p. 17]:

– the impairment of physical cognitive processes (speech, attention, thinking, 
imagination, and memory),

– disfunction of the vestibular system,
– delayed mental and motor development,
– postural disorders and uneven physical development,
– disfunction of internal organs,
– respiratory diseases,
– the impairment of balance, coordination, spatial and temporal orientation, 

precision in movements, etc. 
It has been proven that hearing children are 1–3 years ahead of non-hearing 
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children in their psychophysical development.
Regular physical education of children with hearing impairments allows them 

to develop thinking, attention, memory, space mental capacity, improve posture, 
etc.

These shifts in the development of the child also affect the level of his or her 
socialization, significantly improving it compared to those who are not engaged in 
physical activity [5, p. 180].

Hearing impairment is a big obstacle for cognition and the exploration of the 
environment, and can also lead to intercurrent diseases. Significant differences be-
tween normally hearing children and children with hearing impairment are physi-
cal inactivity and asthenia. Children’s physical development is slower in growth, 
in the development of the chest circumference, in body weight, and muscle weak-
ness.

Developmental pediatricians have not ignored the motional sphere of deaf and 
impaired-hearing children. There are numerous studies in this field allowing us 
combine educational activities and physical education. During clinical studies of 
deaf and hearing-impaired schoolchildren, certain features of their physical devel-
opment, health in general, and the state of the vestibular and visual apparatus were 
identified. The dependence of their state on sports or physical exercise was also 
noticed [8, p. 6].

Pedagogical observations and biomedical studies have revealed several mo-
tional activity disorders in deaf schoolchildren [10, p. 107]:

– low development of vital abilities (strength, speed-strength, endurance, etc.),
– poorly developed spatial orientation,
– poorly maintained dynamic and static balance,
– tentative movements, lack of coordination,
– the slow formation of motor skills,
– deficiencies in fine motor skills and in the spatiotemporal characteristics of 

movement,
– reflexes and movement initiation and continuation were slow. 
All these disorders in the motor sphere of deaf children are interconnected, 

because they have common causes, for example, insufficiently developed speech 
functions, the general nature of the hearing defect, the reduced volume of informa-
tion from the outside world, and the state of the motor analyzer.

Physical exercises selected and designed for the development of the vestibular 
apparatus improve the stability of the vestibular system to various influences and 
irritators.

Studies confirm the mutual influence of motor and sound analyzers; with a 
long absence (or degradation) of auditory information, there is a significant de-
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terioration in the perception of space and the coordination of movements. The 
reason that the lack of auditory information is accompanied by a slowdown in the 
perception of space is that hearing plays an important role in the processing and 
analysis of incoming information on movements (duration, speed, etc.) [4, p. 39].

As a deaf or hearing-impaired child grows older, spatial orientation improves 
because the motor analyzer takes over some of the spatial orientation functions, 
which helps to compensate for the insufficiently developed vestibular system.

Children with severe hearing impairments have specific coordination disabili-
ties. They are manifested in the reduced ability to feel rhythm and to maintain 
balance, reduced spatial awareness, a reduced ability to separate the parameters 
and trajectories of movement, and reduced vestibular stability. These abilities are 
formed over a long period and with difficultly compared to children without hear-
ing impairments.

Modern society faces problems in the education, training, socialization, and 
development of children with hearing impairments. These can be alleviated with 
the application of physical education so that the socialization of such children 
occurs in the same way as that of their healthy peers. It is in our hands to change 
“children with limited health capacities” into children with increased needs.

Purpose of the research: to prove the connection between the development of 
coordination abilities of children with hearing impairments and the improvement 
of socialization and adaptation.

Research hypothesis: the purposeful development of coordination abilities in 
children with hearing impairments will have a positive effect on social adaptation.

Research organization and methodology
We carried out a pedagogical experiment to determine the influence of the 

development of coordination on the socialization of children with hearing im-
pairments. The study involved 44 7–9 y.o. boys with hearing impairments. Two 
homogeneous groups were formed balanced for the level of their coordination, 
hearing impairment, and social adaptation. The study was based on a methodology 
for investigating the degree of socialization of the children’s personality devel-
oped by Rozhkov. 

The pedagogical experiment lasted for six months. Coordination was tested 
according to four indicators, using pre- and post-tests. The test results were pro-
cessed by the mathematical statistics methods.

The experimental methodology of the development of coordination abilities 
included two-hour gymnastics classes three times a week:

1. Exercises on gymnastic apparatus: floor exercises; pommel horse; rings; 
parallel bars; crossbar.

2. Exercises to develop flexibility: epee; gymnastic bridge; leg swings to the 
sides; arm twists with a broom handle.
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3. Exercises to maintain balance: maintaining balance on a gymnastic balance 
beam; “horizontal position on one leg” balance; hand balance.

4. Dynamic exercises while maintaining balance: swings on parallel bars; 
swings on the horizontal bar and rotations; swings on the rings; leg swings with 
hand support.

The exercises were selected taking into account the boys’ physical fitness. This 
includes the selection and use of exercises according to the technical complexity 
and the degree of load corresponding to the development level of the trainees’ 
motor abilities, as well as supervision and assistance in performing technically 
complex exercises on the gymnastics equipment.

Research results
After the experiment, the level of coordination in the experimental group be-

came higher than that of the subjects of the control group. The results in all four 
tests characterizing coordination abilities in the children of the experimental group 
improved:

 - In the dynamic balance test “walking on a gymnastic beam”, the experimental 
group improved by 17%; the result of the control group remained at the same level.

 - In the test “three forward rolls”, the experimental group improved by 10%; the 
result of the control group remained at the same level.

 - In the accuracy test “goal ball” the experimental group improved by 11.5%; the 
result of the control group remained at the same level.

 - In the accuracy test “3x10 shuttle run” the experimental group improved by 
12.5%; the result of the control group remained at the same level.

The results show that the level of coordination abilities in the subjects of the 
experimental group became higher than in the subjects of the control group for all 
of the tests. 

We then tested the level of social adaptation of hearing-impaired boys before 
and after the experiment. After the coordination experiment, the level of social 
adaptation in the experimental group improved as compared to the subjects of the 
control group. Before the experiment, there was an approximately equal level of 
social adaptation in both groups (1.9 points in the control group and 2.0 points in 
the experimental group). These data indicate the low level of the children’s social 
adaptation. After the coordination experiment, the social adaptation of the control 
group remained almost at the same level (2.0 points), while in the subjects of the 
experimental group, the result was 2.8 points. A level higher than two points is 
interpreted as a normal (but not high) level of social adaptation for children.

Teachers working with the children from both groups also noted that the chil-
dren of the experimental group became more confident and sociable. 

Findings
We found a relationship between the indicators of coordination and socializa-
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tion of children with hearing impairments. Due to the development of coordina-
tion abilities with gymnastics exercises, social adaptation improved in the experi-
mental group with hearing impairments as compared to the control group.

Conclusion
Physical education and sports have a positive effect on the socialization of 

children, which is connected with the specifics of communication and the relation-
ships between people during sports and physical exercise. Classes aimed at the 
development of coordination help to improve the motor sphere of children with 
hearing impairments and increase their movement precision. The development of 
coordination also improves the smoothness of movement.

This experimental study indicates a significant influence of the development of 
coordination on the socialization of children with hearing impairments. Children 
who showed a higher level of motor coordination had better social relations with 
their peers and felt more confident. This proves our assumption that the develop-
ment of coordination abilities has a positive effect on the social adaptation of 
children with hearing impairments.
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In a situation of uncertainty of the future and competitive processes, the leading 
countries will be those countries that know how to make a key stake on the person 
himself and the development of his potential. Education plays a leading role in this. 
The place of Russia in the world by 2050 is determined by the level of quality of 
conditions, process and content of education in preschool educational institutions, 
schools, in organizations of secondary and higher vocational education, in the field of 
continuing education in 2018-2024. In this regard, IK Shalaev, from the point of view 
of management theory, anticipated the importance of attention to a person, his ability 
to correlate the goals of the organization and his own.

The development by I.K.Shalaev of the model of the object and subject of man-
agement of an educational institution, the design of the law of the tree of management 
goals, the definition of measurable parameters of the executing and control programs, 
the establishment of qualimetric principles for assessing the quality of education and 
the effectiveness of management of an educational institution contributed to the de-
velopment of a methodology for attestation of a teacher and head of an educational 
organization.

The process of integrating target-programmed (rationalistic) and motivational 
(behavioral) approaches in management practice into the metasystem - motivational 



75

“Science and innovations 2021: development directions and priorities”

International scientific conference

target-oriented management (MTOM) - has actualized attention to the innovative 
component of management science. The drivers of innovation in education today are: 
the Internet, digital technologies, competition and rapid development of economic 
sectors, the challenges of the consumer society, technology startups in education. The 
progressive development of education under the applied conditions can be ensured 
by those who are themselves ready to change, initiate or carry out innovative activi-
ties. As one of the development priorities of the Russian Federation for the period up 
to 2024, "ensuring the global competitiveness of Russian education, the entry of the 
Russian Federation into the top ten countries in the world in terms of the quality of 
general education" [4] is designated, which further actualizes the problem of resource 
support for the professional development of an education manager conditions of the 
knowledge economy.

The managerial competencies of a modern education manager in the MTOM logic 
represent three areas: management of their own performance, management of team 
activities, management of thinking. Today, the focus of management theory is on the 
issues of organizational culture, leadership, corporate governance, readiness to initi-
ate and/or carry out innovative activities, which is the essence of the new management 
paradigm. The concept of "pedagogical management" is actively used. The pecu-
liarities of pedagogical management include the uniqueness of the subject, products, 
tools, and the result of labor. The activity of the subject of management is the subject 
of labor of the education manager. The product of labor is information about the edu-
cational process. The tool of labor is represented by word, speech. The result of labor 
lies in the level of training, education and development of the object of pedagogical 
management [5].

Comparison of the concepts of "pedagogical management" and "management" 
became the subject of analysis in the works of V. I. Bondar, K. Ya. Vazina, L. A. 
Veretennikov, Yu. A. Konarzhevsky, VS Lazarev, M. M. Potashnik, V. P Simonova, 
T. I. Shamova. The analysis is based on such methodological approaches as:

- functional: determination of the structure and number of functions in school 
management as a social-pedagogical system (V. I. Bondar, Yu. A. Konarzhevsky, B. 
C. Lazarev, M. M. Potashnik);

- socio-psychological: determining the role of the personality factor in the man-
agement of the pedagogical system (A. I. Naumov, T. I. Shamova);

- cybernetic: defining the role of information, organizational cycles, structure and 
specifics of the process of making managerial decisions (V.P.Simonov, V.A.Yakunin).

According to V.P. Simonov, pedagogical management is a process, an activity-
based, dynamic system that is in constant development. This system is controlled and 
self-improving under the influence of a manager-teacher [7]. The structure of peda-
gogical management includes a triad of levels. At the first level, the tasks of managing 
the activities of the teaching staff are concentrated. At the second level, the teacher's 
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activities are managed. The third level of pedagogical management is focused on 
managing the student's activities.

The professional level of management presupposes an awareness of three funda-
mental management tools. First, the organization, the hierarchy of management, in 
which the impact on a person is carried out using the functions of motivation, plan-
ning, organization and control of activities, distribution of material wealth. Secondly, 
the culture of management as values, social norms, behavioral features developed and 
accepted by the society, organization. Thirdly, market relations, which are based on 
the purchase and sale of products and services, on the balance of the interests of the 
seller and the buyer. Each of these tools involves addressing key categories: need/de-
sire to change the current situation (motivation) in accordance with the desired result 
(goal), consistently performing certain actions (program).

The report of the Center for Strategic Research and the NRU "Higher School of 
Economics" focuses on the quality of human capital, technological modernization of 
education, social sustainability and digital transformation [3]. An important element 
of human capital is intellectual capital as the ability to generate and master innova-
tions, the economic projection of creative activity, since it is intellectual capital that 
determines the quality of transformations in the economy and social life, the solution 
of new technological problems. Technological modernization will ensure the person-
alization of education, a different nature of the interaction of participants in educa-
tional relations.

Ensuring social sustainability allows us to meet the challenges of a consumer 
society, when the generation of workaholics has been replaced by a generation that 
does not always strive to conquer new heights. The need for social sustainability is 
explained by another challenge of our time: the family and school have ceased to 
be monopolists in education. The mechanism for the development of social sustain-
ability is the creation and development of an educational system. The components of 
the educational system are conceptual ideas, goals, activities, subjects of this activity, 
relations that arise between them in the process of activity and the process of manag-
ing this system. From the standpoint of the need for a person with developed critical 
and systemic thinking, who is capable of constructive interaction, creativity, the need 
for a person who is flexible and ready for changes, with developed emotional intel-
ligence, who is able to search and manage information, the question arises: what are 
the formats of educational, work activities will be in demand, which of them will 
become the leading, most significant, defining development? The understanding of 
the need for digital transformation is due to a change in the channels for transferring 
social experience. Online services and instant messengers are added to the traditional 
methods of verbal transmission of social experience from generation to generation, 
through print sources, literature, art.

From the point of view of IK Shalaev, the setting of innovative goals in the mis-
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sion of an educational organization as internal motivators for self-actualization of 
subjects of education management is one of the factors of increasing the efficiency 
of education management [8]. The need for active innovative practice of the educa-
tion manager is dictated by the transformation of the anthropological basis on which 
education is built: the image of the person himself. The transformation is caused by 
the new state of society: from the economy of skills and rules we have come to the 
economy of knowledge ("economy of services", "creative economy", "knowledge 
society", "production of innovations"). In the knowledge economy, humans play a 
major role rather than technology. The knowledge economy is characterized by: a 
system for the production of knowledge in demand, a knowledge management sys-
tem. Knowledge and human capital are the main drivers of development. The mecha-
nisms for developing the infrastructure of the knowledge economy are: ensuring the 
availability of information sources, interaction between producers and consumers of 
knowledge, organizing the activities of innovation parks, professional associations, 
exhibition and marketing activities. The sources of innovation processes will be: intu-
ition, experience, directives, consumer opinion, the needs of the teaching staff of the 
region, country, scientific achievements.

E. Rogers defines innovation as an object, idea or action that is perceived by the 
consumer as new and offers a classification of the subjects of innovation [1]. The first 
group includes "innovators" (2.5%) - they are always open to new things, absorbed 
in innovations, are characterized by some adventurism, and intensively communicate 
with local groups. The second group is made up of “early implementers” (13.5%), 
who follow the innovators, but are more integrated into their local association. By 
exercising influence, they often become opinion leaders. Appreciated as reasonable 
implementers. The third group is the "preliminary majority" (34%). They need signifi-
cantly more time to make a decision than the leading groups. The group of the "late 
majority" (34%) treats innovations with a significant degree of skepticism; neverthe-
less, they begin to master them sometimes under the pressure of the social environ-
ment. The hesitant group (16%) is guided by traditional values. The decision to adopt 
an innovation is given to them with great difficulty [1].

The education manager's understanding of the importance of innovation is largely 
determined by the answer to the question: a person for an organization or an organi-
zation for a person? If personnel is understood as a cost factor, an educational orga-
nization is characterized by: coercive relations, cost minimization, a short planning 
period, only a quantitative analysis of results, an inflexible and dependent nature of 
the relationship. In a situation where personnel is classified only as a "resource", the 
concept of expediency of actions, cost optimization, a longer period of planning ac-
tivities, a qualitative assessment of performance results, a flexible autonomous nature 
of relations arises. In the case when the personnel is perceived as a process, the team 
realizes the expediency of actions, a program for the development of costs is devel-
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oped, a long period of planning activities, the effectiveness is represented by quantita-
tive and qualitative characteristics, while the quantity turns into quality. Relationships 
are characterized by flexibility and mobility, a balance between independence and 
team commitment.

At different stages of adopting an innovation, there is a logic behind the actions of 
an education manager. At the stage of denial, the team can be focused on the previous 
level of activity, since it experiences a lack of information. At the stage of denial, the 
team should be given some time to adapt, the opportunity to orient itself regarding the 
future development of the organization. At the stage of resistance, irritation phenom-
ena may arise, which are due to the inevitability of changes. A significant role for the 
positive dynamics of changes in this situation will be played by "feedback", the ability 
of managers to listen to colleagues. The research phase demonstrates agreement with 
the need for change. The team is developing new directions and forms of activity. It 
is important to support the development of the process, to help determine priorities. 
At the stage of involvement, creative groups appear, goals are set, and activities are 
coordinated, therefore, particular importance is given to the joint nature of developing 
long-term goals, constructive interaction to create updated symbols and rituals.

The quality of innovation activity, the degree of involvement in it or the presence 
of experience in innovative practices affect the segmentation of the educational sys-
tem and strategies. With a low threshold of innovative activity, the use of innovative 
ideas, an educational organization mainly solves the problem of ensuring social se-
curity. Of the innovative areas, the digital format of education is mainly used. Social 
adaptation programs are key. The mass segment is represented by niche strategies that 
are shared, tested, and implemented by the majority. The trajectory of the organiza-
tion's development is selected from the already "promoted" ones. There is training 
in a team, there is a mentoring system. Along with the traditional ones, the author's 
pedagogical technologies are used. Social networks are used to support the educa-
tional process, there is a wide range of partner programs. The leaders of new practices 
are characterized by the identification of a key success factor, a unique advantage. 
Individual (asynchronous) educational trajectories are being implemented, there is a 
practice of a flexible system for assessing educational results and results of profes-
sional activity. The teaching staff is characterized by a culture of experiment, flexible 
architecture of education and a strong partner community.

The student's path to 2030 will be determined by the effectiveness and optimal 
use of innovative practices, when the teacher, in relation to the majority, can act as a 
navigator of the educational space. The student can choose a role model ("the hero's 
path"), in the conditions of which the picture of the world is formed, intellectual 
development is carried out, social, managerial skills are formed, and states are con-
trolled. Another path of the student is independent choice, correction of the goal, 
inclusion in teams, in accordance with the tasks of development, social order. Process 
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quality indicators: involvement and "flow", personal portfolio of competencies, cre-
ative portfolio, assessment by participants of educational relations, social partners.

An analysis of existing practice, research on the topic allows us to conclude that a 
checklist as a qualitative analysis can serve as a tool that can stimulate awareness of 
the importance of innovation:

- existing trends in economic and social development;
- the effectiveness of the technologies and forms of education used;
- performed roles;
- the formats used in the educational space;
- key events that have already taken place or may take place;
- current and potential regulations;
- directions and quality of interaction with real and promising partners;
- the nature of partnerships;
- threats and opportunities.
The most important sign of a good company is the management of personnel 

development from the standpoint of a conscious attitude (motivation) to the planned 
results (goal) and provision of content as a way of productive movement towards 
the goal (program). Involvement in innovative activity is the optimal resource for 
working out the components of motivational program-targeted management of pro-
fessional education manager development.
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Abstract. The article examines the topical issue at this stage of the 
implementation of the principle of continuity at different stages of mathematical 
education in the study of natural numbers and ordinary fractions. The authors 
put forward as key positions the scientific approach in the presentation of the 
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The implementation of the idea of   continuity at different levels of mathemat-
ics education is today an urgent problem, the solution of which is aimed at the 
research of many teachers, mathematicians, methodologists. The modernization of 
the school mathematics course meets the modern requirements of the development 
of science, the introduction of mathematics in the most diverse areas of knowl-
edge. At present, not only in our country, but also in many countries of the world, 
intensive searches are being carried out for ways to improve school teaching in 
mathematics, which would bring it closer to the modern level of development of 
mathematical science. The task of such teaching mathematics is:

– not the transfer of ready-made knowledge, but in the organization of students' 
activities to master the system of knowledge, methods of analysis and general-
ization of educational material based on practical experience, knowledge gained 
during the period of informal learning (from everyday life, communication with 
adults, programs of additional educational institutions);
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– systematic assimilation of knowledge, skills, skills, subject competences for 
the use of mathematical representations and concepts in the process of presenting 
information about the features of surrounding objects, the course of development 
of any phenomenon in quantitative and spatial terms;

– creative use of the acquired knowledge in solving theoretical and practical 
problems;

– "the formation of the ability for continuous mental activity, the foundations 
of logical thinking, spatial imagination, mathematical speech and argumentation, 
the ability to distinguish between justified and unfounded judgments" [1, p. 28].

In accordance with the Model Program in Mathematics that meets the require-
ments of the new standards, you attach particular importance to mathematics 
as a subject in the mental development of the subject of study. The purpose of 
mathematical development is "the formation of the ability for intellectual activity 
(logical and sign-symbolic thinking), spatial imagination, mathematical speech; 
the ability to build reasoning, choose argumentation, search for information; un-
derstand the meaning of quantities and how to measure them; the development of 
interest in mathematics, the desire to use mathematical knowledge in everyday 
life"[6].

The solution of the indicated tasks and goals of teaching mathematics lies in:
– difficulties associated with the specifics of the subject of mathematics, its 

logical and psychological foundations of design, which requires the cognitive side 
of education, which is a powerful means of developing younger schoolchildren 
and a strong, faithful internal support of the present, original, not copied mastery 
of knowledge, skills, and abilities;

– on the peculiarities of perception, thinking, memory of schoolchildren (not 
only their acquisition of knowledge, but also the mastery of techniques and meth-
ods of obtaining them, requiring mental effort and adequate application);

– on the diversity of the current state of pedagogical science and practice, char-
acterized by the variability of concepts, technologies, methodological and meth-
odological systems and approaches;

– implementation of the idea of continuity at different levels of mathematics 
education.

How can a teacher understand the merits and demerits of this or that, often 
compulsory for the leadership of an educational institution, training program, how 
to learn to consider all issues of the program of mathematical education in inter-
relation and continuity?

Of course, first of all, we are witnessing a new stage in the development of 
mathematical education, which is determined by the rejection of a uniform, uni-
tary system of schooling. However, already between elementary and basic school, 
new contradictions arise more and more often, connected with the problem of 
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continuity and continuity in teaching mathematics. The essence of these contradic-
tions is as follows. As you know, fundamental scientific research on the problem 
of the relationship between learning and development was carried out in dignitar-
ies on younger students. This led to the fact that the primary school has a funda-
mental psychological and pedagogical base for the implementation of the ideas 
of developing education at the methodological level. However, these ideas have 
not yet received proper development in the mathematics course of 5-6 classes. 
Secondary school methodologists see the solution to the problem of continuity 
between primary and secondary schools in the creation of a unified concept of 
mathematical education, the main principle of which is the priority of the devel-
opmental function, based on the scientific presentation of all formed mathematical 
concepts from the initial stages of education. However, declaring the priority of 
the developmental function of teaching, one must not forget that it is in the pri-
mary grades that the ability to learn should be formed, on the basis of which all 
subsequent mathematical education will be built.

Thus, the Concept for the Development of Mathematical Education in the Rus-
sian Federation states that "the initial stage of teaching mathematics has two main 
goals: internal (didactic) - preparing students for continuing education - and ex-
ternal (pragmatic) - the formation of mathematical literacy" [5]. Some authors, 
highlighting the external goal as a priority, argue that the content of elementary 
mathematics education should be "relatively closed" [2, p. 31]. In other words, the 
pragmatic goal - the formation of mathematical literacy - corresponds to the thesis 
about the sufficiency of primary education for a person's everyday life.

In this concept, teaching in grades 5-6 is also assigned a preparatory role, 
where it is already a question of the functional literacy of students. The closest 
to this concept is the statement of M.V. Lomonosov that "mathematics should be 
studied for that reason, that it puts the mind in order."

Summarizing the experience of teachers, as well as their own experience in 
mathematical training at different levels of education, we note that in order to 
characterize the concept of continuity in the framework of mathematical edu-
cation, training must be considered as a process of the formation of a person's 
personality through mastering the basics of mathematical knowledge, skills, ex-
perience of mathematical activity. To characterize the continuity in teaching, an 
integrated, systematic approach is needed, which reflects: the logic of constructing 
the main content and methodological lines of the course, taking into account the 
relationship and development of the concepts studied by schoolchildren.

We will offer key positions for the implementation of continuity in the study of 
natural numbers and fractions at the initial and basic stages of training. In modern 
programs and textbooks, the method of studying natural numbers and fractions is 
carried out within the framework of the concept presented by N.B. Istomina [4], 
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the main goal of which is to develop students' thinking in the process of assimilat-
ing mathematical content. The fundamental key of this concept is also in the study 
of natural numbers and fractions in grade 5, as well as rational numbers in grade 
6. Thus, the main directions of the methodology for studying natural numbers in 
primary grades received their further development in the study of natural numbers 
and fractions in grade 5.

Let us characterize the teacher's activities aimed at the implementation of con-
tinuity in the mathematical education of schoolchildren.

An elementary school teacher, realizing that the cognitive development of a 
junior schoolchild takes place in the joint educational activity of him and his stu-
dents, should be guided not by the type of thinking already mastered by the child, 
but by the new emerging type - by conceptual, theoretical thinking, because only 
in this case, learning will be truly developmental.

The traditional elementary course of mathematics with all its content is aimed 
at the intellectual development of younger students and has great opportunities for 
the successful organization of developmental education. Like most other initial 
courses in mathematics, it is largely based on the use of a number system built on 
the basis of the set-theoretic approach [3, p. 59]. Therefore, the teacher, in order 
to focus on the formation of theoretical thinking in junior schoolchildren in the 
process of teaching the elementary course of mathematics, it is necessary to know 
well the theoretical foundations of this number system, to see and use the possi-
bilities of their application in the further educational process.

There are two independent approaches to constructing the set of non-negative 
integers - axiomatic and set-theoretic.

In a high school mathematics course, with the axiomatic construction of a set 
of non-negative integers, the concept of relations "more", "less" is introduced on 
the basis of the addition operation, already well studied by this time [2, p. 81]. As 
you know, in the traditional initial course of mathematics, this relation is consid-
ered earlier than addition. Therefore, consider the second approach to constructing 
a set of non-negative integers.

In the set-theoretic construction of the set of non-negative integers, the con-
cepts "more", "less" are defined on the basis of a comparison of the sets represent-
ing the numbers under consideration. If these sets are not of equal cardinality, then 
the numbers under consideration are not equal, since they define different classes 
of equipotent finite sets. This requires the introduction of new concepts of compar-
ison on the set of non-negative integers - the concepts of "more", "less" [4, p. 81].

Let us give a brief statement of the quantitative theory of non-negative inte-
gers, on the set-theoretical basis of its construction, which is the theoretical basis 
of the relations "more", "less".

Definition. A correspondence between elements of non-empty sets X and Y is 
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a subset of the Cartesian product of the sets X and Y.
Definition. Let X and Y be non-empty sets. A bijection from a set X to a set 

Y is a correspondence f between elements of the sets X and Y, which has the fol-
lowing properties: a) to each element of the set X there corresponds some element 
of the set Y; b) different elements of the set X correspond to different elements of 
the set Y; c) each element of the set Y corresponds to some element of the set X; 
d) different elements of the set Y correspond to different elements of the set X. 
Designation: f: X ↔ Y.

Definition. Non-empty sets X and Y are called equipotent if there is a bijection 
from the set X to the set Y. Notation: |X| = |Y|.

Definition. Let X and Y be finite sets. There are as many elements in the set 
X as in the set Y, if X is equal to Y. The set X has fewer elements than in the set 
Y (or in the set Y there are more elements than in the set X), if X is equivalent to 
some sub-set of the set Y, provided that this subset is not equal to the set Y itself.

If on the elements of the set of finite sets M we consider the relation of equal 
cardinality ~ (tilde): ~ � M x M and ~ = {(x, y)| |x| = |y|}, and X, then, being an 
equivalence, it splits the set M into classes of equally powerful sets. Each class 
is assigned a name and a symbol to record it. For example, a class containing an 
empty set is assigned the name "zero" and the character to write it "0"; the class of 
equally powerful sets containing a set consisting only of the element d - the name 
"one" and the symbol 1, and so on.

Definition. Let M be a set whose elements are finite sets. On M, the ratio of 
equal power "set X is equal to set Y" is given.

A non-negative integer is the name of the class of the partition of the set M 
by the equivalence relation. A natural number is a non-zero non-negative integer.

From the last definition it immediately follows that N0 = N U{0} (N – is the 
designation of the set of natural numbers).

Definition. A representative of a non-negative integer p is a set that is an ele-
ment of the class p of the partition of the set M by the equivalence relation (M/~ ). 
Designation: capital letter of the Latin alphabet with subscript p.

Definition. A non-negative integer p is called the number of elements of the set 
X if the set X is a representative of the number p. Designation: n(X).

It's obvious, that 
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a natural series.
Designation: (N, <). For example, (N, <) = {1, 2, 3, 4, 5, 6, …}.
Definition. Let p be an arbitrary natural number. A p-segment of a natural num-

ber series is a set of all natural numbers, ordered by the relation "less than", each 
of which is less than or equal to p.

Designation: Np. Np = {1, 2, 3, 4, …, p}.
For example: N1 = {1}, N2 = {1, 2}, N7 = {1, 2, 3, 4, 5, 6, 7}.
Definition. A count (or numbering) of elements of a finite set A is a bijection 

of a set A onto some p-segment of a natural series; in this case, the image of an 
element is called its number.

Example. Count the elements of a set X = {a, b, c, d, e}.
Solution. Consider  f = {(a, 1); (b, 2); (c, 3); (d, 4); (e, 5)}.
Since 
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Solution. Consider  f = {(a, 1); (b, 2); (c, 3); (d, 4); (e, 5)}. 

Since 5: NXf  , then f – numbering of elements X by definition. 

For convenience, it is customary to write the number with a subscript in the numbering. For 

example, (d, 4)   d4 and f = {a1, b2, c3, d4, e5}. 

Note that the content of the elementary course in MEC "School of Russia" is based on the 

use of mainly a numerical system, in the construction of which a set-theoretic approach is used. 
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studying the relationship "less", "more" on the set of non-negative integers in the 
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In accordance with this interpretation, the basis of the concept of relations 
"more", "less" on the set of non-negative integers is the ratio of equal power of 
finite sets. Let's remind him. One number is less than the other, if there is a rep-
resentative of the first number, which is a subset of some representative of the 
second number, and the representatives of the numbers are unequal sets.

Preparatory work for the formation in students of the concept of the relation-
ship "more", "less" (and at the same time the relationship "equal") on the basis of 
such an interpretation begins already in the pre-number period, at the very begin-
ning of their study of the initial course of mathematics. This work is carried out on 
the basis of practical actions with various groups of objects. This approach makes 
it possible to use the experience previously accumulated by students and from the 
very beginning to teach in close connection with life and in the implementation of 
the principle of continuity.

Note that the ability to compare two numbers based on this method, that is, 
characterizing the comparison results with the words "more", "less", "equal", is 
one of the main requirements for the mathematical training of students graduating 
from the first grade. Using the example of studying the numbers of the first ten, 
younger students get acquainted with various ways of comparing numbers, one of 
which is based on comparing the corresponding groups of subjects. The main task 
of these lessons is "to teach junior schoolchildren to establish a mutually unam-
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biguous correspondence between the objects of two sets". Its solution is closely 
related to the formation of an idea of   quantity among junior schoolchildren. It is 
not excluded that the majority of students will turn to the counting of subjects, but 
the focus of children should be various methods of establishing a one-to-one cor-
respondence [7, p. 19].

When organizing work on the formation of the concepts under consideration, 
subject, graphic and symbolic models are used. Therefore, in the process of this 
work, teachers' instructions for the most part will have to reflect precisely the 
stages of the modeling process and rely on the theoretical foundations of these 
concepts. Obviously, in this case, in order to formulate clear, concise and correct 
instructions, the teacher needs to know well the relevant theoretical material of the 
university course in mathematics.

Naturally, the instructions and instructions of the teacher for younger students 
cannot contain the terms of the university course in mathematics. But the teach-
er should be able to express their essence correctly in a language accessible to 
younger schoolchildren. He can do this only if he knows the theoretical basis of 
the concepts used well enough.

The basis of the concepts "more", "less" is the ratio of equal power of finite 
sets. And the concept "less" for non-negative integers can be expressed as follows: 
one number is less than the other, if in the set, the number of elements of which 
is equal to the first number, there are so many elements in the part of the set, the 
number of elements of which is equal to another number. For example, for a set 
A (a set of circles) and a set B (a set of rectangles), shown in Figure 1, it is true 
that sets A and B are not equal in power and, since from set B one can select a part 
in which there are the same number of rectangles, how many circles are in set A, 
then the number 4 (the number of circles) is less than the number 5 (the number 
of rectangles).
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Thus, the teacher must organize the educational process, the purpose of which is to form in 

younger schoolchildren the concepts of comparison relations, and hence the concepts "less", 

"more", so that younger students use a one-to-one correspondence between elements of sets or ele-

ments of one set and part of the elements of another set. Let us recall that they were trained to de-

liberately establish such a correspondence between subjects already in the pre-number period of 

studying the traditional elementary course in mathematics. Therefore, in the study of the relation-

ship "more", "less" in the center of attention of students should be various methods of establishing 

one-to-one correspondence, and not recounting the subjects of each group. Establishment of a one-

to-one correspondence between object aggregates is possible in various ways, the methodology of 

working with which the teacher must master. 

The method of superimposing objects of one set on objects of another: consists in the fact 

that objects of one set are superimposed on objects of another. This method is used at the very be-

ginning of acquainting students with the use of one-to-one correspondence between object popula-
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Thus, the teacher must organize the educational process, the purpose of which 
is to form in younger schoolchildren the concepts of comparison relations, and 
hence the concepts "less", "more", so that younger students use a one-to-one corre-
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spondence between elements of sets or elements of one set and part of the elements 
of another set. Let us recall that they were trained to deliberately establish such 
a correspondence between subjects already in the pre-number period of studying 
the traditional elementary course in mathematics. Therefore, in the study of the 
relationship "more", "less" in the center of attention of students should be various 
methods of establishing one-to-one correspondence, and not recounting the sub-
jects of each group. Establishment of a one-to-one correspondence between object 
aggregates is possible in various ways, the methodology of working with which 
the teacher must master.

The method of superimposing objects of one set on objects of another: consists 
in the fact that objects of one set are superimposed on objects of another. This 
method is used at the very beginning of acquainting students with the use of one-
to-one correspondence between object populations to compare their numbers and 
requires direct action with objects.

But, since one of the goals of learning is to teach younger students to perform 
many actions, including the action of comparing the number, indirectly, in the 
mental plane, it is necessary to further use in learning methods that contribute 
to the advancement towards this goal. These methodists include the following 
methods.

The way of arranging objects of one set under objects of another set. This 
method is widely used at the stage of familiarizing younger students with the con-
cepts of "less", "more", "equal" and requires direct action with objects. But since 
the one-to-one correspondence established with its help must be recognized as a 
set of pairs: an element of one set is an element of another set, then when it is com-
pleted, students develop imagination, which, undoubtedly, is an advance towards 
the specified goal.

For example, figure 2 is considered, the problem is posed: what is more (less) 
circles or squares?
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After completing the task based on the method of establishing correspondence 
between the sets of objects under consideration, figure 3 is obtained:
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If the sets shown in Figure 4 are considered, and a correspondence is estab-
lished between them, then the correspondence model presented in Figure 5 is ob-
tained, which helps students realize that there are more squares than circles, and 
there are fewer circles than squares.
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The next method - the method of forming pairs, is the connection of each object of one set 

with each object of another, without placing the objects one under the other. This way of pairing is 

already based on the imagination of younger students. For example, Figures 6, 7. 
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textbook are enough. In addition to the tasks of the textbook, the teacher can propose a system of 

specially designed tasks that allow you to move from the stage of materialized actions to a graphic 

or figurative model of establishing relations "less", "more" on the set of objects under consideration. 

In building a methodological system for teaching the comparison of natural numbers in high 

school and further expanding the range of numbers under consideration, a high school teacher needs 

to build a teaching system so that students have the opportunity to independently acquire new 

knowledge on the basis of already formed methods of activity. Only in this case, the system of 
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The task of the teacher, when studying the concepts of the comparison relation, 
is to force younger students not to use the recount of objects for the answer, but to 
concentrate their attention on establishing a one-to-one correspondence between 
the sets under consideration.

Psychologists say that, taking into account the patterns of thinking in the learn-
ing process, when acquainting a student with any action that he needs to master, he 
(the student) is first introduced to the performance of actions on the corresponding 
material objects. And then, distracting from the properties of objects that are un-
necessary in this case, they help to move from actions with material objects to ac-
tion with their substitutes, free from all properties, except for those that are needed 
in this case. In other words, go to the stage of materialized action, which is some 
kind of graphic system, figurative or symbolic model, on which, or with the help 
of which, the student performs the assimilated action.

In order to carry out such a transition in the initial courses, a variety of tasks 
presented in the textbook are enough. In addition to the tasks of the textbook, the 
teacher can propose a system of specially designed tasks that allow you to move 
from the stage of materialized actions to a graphic or figurative model of establish-
ing relations "less", "more" on the set of objects under consideration.

In building a methodological system for teaching the comparison of natural 
numbers in high school and further expanding the range of numbers under con-
sideration, a high school teacher needs to build a teaching system so that students 
have the opportunity to independently acquire new knowledge on the basis of 
already formed methods of activity. Only in this case, the system of mathematical 
education will be of a developing nature, and, therefore, meet the requirements of 
the FSES and be based on the principle of continuity of all stages of mathematical 
education.
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Abstract. This article provides an astronomical analysis of the philosophical 
points of view of the Russian scientist A.F. Losev, American scientist, Henry M. 
Shepard, Russian scientist Yu.S. Offense and Greek philosophers about the place 
and time of the appearance of the orgastic cult of Dionysus of Thebes, the son of 
Zeus and Semele, characterizing the system of patriarchy against the background 
of the former social relations of matriarchy. The parallels in the Rig Veda and 
the Avesta are shown. The author's position on the astronomical reasons for the 
change in mythological and religious concepts is given.

Keywords: Indo-Europeans, Mother of the World, Serpent, Dragon, sun gods, 
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The creation of this article was based on familiarization with a number of 
works by Henry M. Shepard, an American scientist from Philadelphia, a graduate 
of the University of Copenhagen, who for many years has been studying the issue 
of the causes and place of origin of the cult of Dionysus, its educational functions 
and immortality. In his articles, H.M. Shepard covers a wide semantic field of 
research of ancient Greek and modern philosophers. 

In the article "Is Dionysus a Greek God? Purcari roots"[20] Henry Shepard 
notes that on the territory of Greece, even in the pre-Greek period, Achaean in-
scriptions indicate that the Achaeans knew a god with that name. Greece knew 
several Dionysos. Non divided them into three: 1) Dionysus, the son of Perse-
phone, and called the first Dionysus or Zagreus, 2) the son of Zeus and Semele 
(the goddess of the vine) from Theban myths or the later Dionysus, 3) Dionysus-
Iacchus, the son of Theban Dionysus and the aura. The first, according to A.F. 
Losev goes far beyond the borders of Greece [11, p. 145]. Today, there are five 
hypotheses for the origin of Dionysus and his cult: Thracian-Phrygian (Eurip-
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ides, Apollodorus, Strabo, Cicero, K. Müller, L. Preller, Fr. Welker, E. Rode, R. 
Taylor-Perry, L. Fernell and others.), Aegean (O. Group, K. Kerenyi, M. Nilsson, 
B. Otto, Viach. I. Ivanov), Middle Eastern (V. Burkert, R. Taylor-Perry, M. Es-
tour, I. Dyakonov, V. Yaylenko), Egyptian (Herodotus, Plutarch), indian (Quintus 
Curtius Rufus, Diodorus of Siculus, Hesychius, Hyginus) [20]. 

Henry Shepard refers to modern research by Yu.S. Obidina "Dionysus serves 
the mysteries older than himself" [14]. Tracing the evolution of ideas about death 
and the afterlife in the archaic and classical eras, signs of the transformation of 
a complex of moral values   and a cardinal transformation of a person at the end 
of the Eneolithic era with: 1) the emergence of Indo-Europeans, 2) the transition 
from matriarchy to patriarchy, 3) the origin of the cult of personal immortality, are 
found, the form of which, in contrast to this worldview in the Paleolithic, became 
the orgaistic cult of immortality with the features of the future Dionysus, which 
V.I. Ivanov called "Pro-Dionysism", and it happened in the territories of the for-
mation of the Indo-Europeans [20]. 

In addition to the dedicated H.M. Shepard and Yu.S. Obidina problems, the 
author of this article considers it necessary to conduct an epistemological and 
astronomical study of the causes of their occurrence. What could have happened 
in the territories of the formation of the community of Indo-Europeans at the end 
of the Eneolithic and what could have so evolutionarily influenced the minds of 
people of that time, as a result of which there was a departure from the former gods 
of matriarchy to a new patriarchal orgaistic cult of the immortal Dionysus?

Formation of figurative thinking.
The ability to think appeared in Nomosapiens, a Homo sapiens at the next stage 

of evolution, which prepared the human brain to create abstract forms of thinking. 
A person constantly observed nature and the sky above his head and pondered, in 
much the same way as we are now watching TV, reading books, thinking, look-
ing for answers to our questions on the Internet. And, as an inquisitive thinking 
creature, Nomo sapiens had a need to understand how and what happens, to draw 
conclusions - this is an inherent property of an intelligent being. Even if a person 
was engaged in physical labor, all the same, new information was deposited in his 
subconscious, waiting for an opportunity to be explained. Paying attention to the 
sky, a person experienced an "intellectual shock", discovering the celestial centers 
of rotation: the Pole of the Ecliptic - next to the "head" of the constellation Dragon 
and the Pole of the World, which sometimes manifested itself as the Pole Star. 
This is not exactly the shock that K.G. Jung, when he spoke about the emergence 
of human consciousness as a result of some kind of catastrophe [21, p. 85]. Di-
sasters have happened to animals, but only a person has the ability to be aware of 
what is happening and to search for ways to abstractly express information about 
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what is happening. At the next evolutionary stage, the human brain turned out to 
be ready to discover the properties of abstract thinking.

When ancient people created mythical images, they put in them the structure 
of real laws and forms of the movement of the sky, only they explained these 
phenomena not yet in our modern scientific astronomical language, but by images, 
into the behavior of which the structure of the corresponding concrete celestial 
phenomenon was embedded. Therefore, ancient archetypes have a clear astronom-
ical structure, recognizable even after millennia. This can be traced to myths and 
legends that preserve traces of thousands of years of knowledge, even if the source 
of this knowledge is forgotten. Fairy tales were passed on orally, every evening 
to children before going to bed. Looking at the night sky, the storyteller showed 
the habitat in the sky of a certain image. And this oral knowledge is infinite as 
long as their carriers are alive. Of course, the priests were most concerned with 
this when the division of labor took place. The priests, on the other hand, created 
figurative forms of the perceived, as our scientists now clothe the phenomena of 
nature in laws. Astronomical scientific knowledge took shape much later, but it 
owes its basis to the knowledge that was tracked down thousands of years earlier 
by ancient people in the form of precise astronomical structures in the images of 
gods and heroes. 

Tracking the lunar cycles in Eurasia has been carried out for a very long time, 
as we are told by archaeological finds on mammoth bones or stones, with holes in 
a certain calendar sequence, for example, at the Achinsk site in Siberia, created 18 
thousand years ago [1]. If the cycle of the Moon's revolution was known, it means 
that the center around which this movement took place along the Ecliptic was 
known, i.e. Pole of the Ecliptic next to the "head" of the constellation Draco. Since 
ancient times, the lunar cycle has belonged to the fertile cult of the Mother of the 
World, which is responsible for the dual real life cycles of birth and death, similar 
to how the rising and setting of the moon and planets relative to the horizon were 
observed as they moved along the Ecliptic. 

Formation of matriarchy
For the first time a figurine, emphatically feminine, dating back about 230 

thousand years ago, was discovered in the Golan Heights near Lake Ram in Israel 
[15].

Later, on the territory of Eurasia, we meet with the divine cosmic images of the 
Mother of the World in the form of small plastic on the Russian Plain in Kostenki 
near Voronezh, 45-30 thousand years ago. One of those buried at the Kostenskov 
site-14, dated 37 thousand years ago, had a mitochondrial haplogroup U2 (now 
this haplogroup is distributed mainly in Northern India and the Kama region) and 
a Y-chromosomal haplogroup C1 [9]. Haplogroup C1 is the oldest haplogroup of 
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the peoples of Asia, who were the first to leave Africa [4].
Also, Paleolithic Venus on the territory of Eurasia were discovered in Germany 

about 40 thousand years ago, in Moravia about 31-27 thousand years ago, in Aus-
tria about 30-27 thousand years ago; in France about 26-24 thousand years ago, in 
Belgium about 26 thousand years ago, in the Czech Republic about 25 thousand 
years ago, in Italy about 25-20 thousand years ago, in Russia at the Siberian site 
of Malta in Irkutsk Oblast about 26-24 thousand years ago, in Russia in Bryansk 
Oblast (Khotylevo 2) about 23 thousand years ago, in Slovakia about 23-22 thou-
sand years ago, in Russia at the Siberian site of Bureti about 23-22 thousand years 
ago, in Switzerland 13-12 thousand years ago , in Chatal Huyuk in Turkey 10-7.5 
thousand years ago, in China 8-7 thousand years ago, in the Vinca culture in Ser-
bia 8-7 thousand years ago, in Ukraine in Timkovo 7 thousand years ago, on the 
island of Malta in The Mediterranean Sea 6.5-5.5 thousand years ago, in Romania 
7 thousand years ago, in Ukraine in Tripoli 7-5 thousand years ago, in Hungary 7 
thousand years ago, in Romania near the village of Cucuteni 6.5 thousand years 
ago, in Bulgaria 6-5 thousand years ago, in Egypt about 6.5-5.5 thousand years 
ago, in Pakistan 5-4 thousand years ago, in Turkmenistan 5 thousand years ago, in 
Uzbekistan 4.5 thousand years ago, in Japan 4.5 thousand years ago [15].

Observations of the sky centered at the Pole of the Ecliptic in the image of the 
Mother of the World contributed to the predominance of matriarchy in the ancient 
system of social relations. The path of the Moon and the planets deviates by a dif-
ferent number of degrees in either direction from the exact position of the Ecliptic 
line, so the Pole of the Ecliptic was not represented as a point in the sky, but as a 
certain area near the "head" of the constellation Draco. The name of the constella-
tion has been known in Greek tradition since the 2nd century BC, but only in the 
Greek tradition? 

The image of the Serpent and the Dragon, as one of the central divine symbols, 
is now widely known in Eurasia, as well as among the Maya Indians in North 
America, and most likely belongs to the Proto-Indo-European tradition. Images 
of Snakes and Birds in the form of small plastic were found at an ancient Siberian 
site, in the Malta burial. A boy from Malta lived, according to calibrated radiocar-
bon data, about 24 thousand years ago. Research has shown him to be similar to 
Europeans and American Indians. So, the Y-chromosome haplogroup R-M207 * 
of the boy MA-1 suggests that his line separated from the trunk of a tree leading, 
among other things, to modern Europeans, at its very base, and the mitochondrial 
haplogroup U resembles that of extinct hunters and collectors of the Paleolithic, 
who inhabited Europe at that time. The nuclear genome of MA-1 is similar to 
the autosomal genetic signatures of the Afontova Gora-2 sample with Y-chro-
mosomal haplogroup Q1-F903 (17 thousand years ago) from Afontova Gora in 
Krasnoyarsk. It coincides by 37% with the DNA of South Asians, 34% - with the 
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DNA of Europeans, 26% - with the DNA of the Indians, 4% -  with the DNA of the 
inhabitants of Oceania. Samples MA-1, AG-2, and AG-3 from the Baikal region 
had a common origin and were grouped in the Mal'ta Cluster [12]. The first of the 
ancestors of the American Indians about 25-20 thousand years ago could cross the 
Bering Bridge to the American continent and then several times the Altai tribes 
migrated in waves along the Bering Bridge until it collapsed about 12 thousand 
years ago [7].

Cosmic symbols are tenacious, because they were observed daily by ancient 
people in the sky. The divine images of the Serpent and the Bird, as Proto-Indo-
European symbols among the Altai tribes, were also preserved among the Ameri-
can Indians. They portrayed their sun god Quetzalcoatl as a Bird holding a Serpent 
in its beak (Fig. 1)
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Fig. 1. Indian symbols of the Snake and Quetzalcoatl [2, p. 96, 97]. 

 

The Chinese also have similar images of the Serpent-Dragon (Fig. 2), whose nation was 

formed from numerous tribes, including the Altai ones [16]. 

 
Fig. 2. Chinese symbols of Dragons [8, p. 24]. 

 

The bends of the Indian Serpents and the Chinese Dragons are directed in the same direction 

- as they are located in the starry sky in the constellation of the Dragon. Above the "head" of the 

constellation Draco is the star Vega, alpha of the constellation Lyra, one of the brightest stars in the 

northern hemisphere of the sky, which was near the Pole of the World 14 thousand years ago. these 

were images of the Pole Star Vega, alpha Lyra, next to the "head" of the constellation Draco. The 

constellation Lyra up to the 17th century was drawn by the Eagle holding Lyra (Fig. 3). Together 

with the migrating people, these images steadily passed into the cultural traditions of kindred 

peoples. In particular, one of the images of Zeus was the Eagle. 

 
Fig. 3. Image of the constellation Lyra on the map of Jan Hevelius. [10] 
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which was near the Pole of the World 14 thousand years ago. these were images 



96

“Science and innovations 2021: development directions and priorities”

International scientific conference

of the Pole Star Vega, alpha Lyra, next to the "head" of the constellation Draco. 
The constellation Lyra up to the 17th century was drawn by the Eagle holding 
Lyra (Fig. 3). Together with the migrating people, these images steadily passed 
into the cultural traditions of kindred peoples. In particular, one of the images of 
Zeus was the Eagle.

 
 

Altai tribes, were also preserved among the American Indians. They portrayed their sun god 

Quetzalcoatl as a Bird holding a Serpent in its beak (Fig. 1) 

           
Fig. 1. Indian symbols of the Snake and Quetzalcoatl [2, p. 96, 97]. 
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Fig. 3. Image of the constellation Lyra on the map of Jan Hevelius. [10]

The emergence of elements of patriarchy
It is known from astronomy that, as a result of the solar-lunar Precession, the 

Earth's axis of rotation, pointing to the Pole of the World, describes circular mo-
tions like the rotation of a whirligig around the Pole of the Ecliptic for 26 thousand 
years, and, sometimes, falls on the stars, which at such a moment become station-
ary, the so-called Pole Stars. What does it mean to suddenly see a fixed star against 
the background of the rest of the rotating, already familiar, sky? A stationary star 
looks perfect compared to other moving stars. The visible center of rotation of the 
sky made it possible to refine calendar calculations, combined solar-lunar calen-
dars appeared, radiant-associative thinking developed, geometric signs appeared 
that characterize the structure of an astronomical phenomenon. In the northern 
sky, the Pole stars appeared: 

50 (24) thousand years ago – with the Polar Star Gamma Cephei,
48 (22) thousand years ago – with the Polar Star Beta Cephei,
46 (20) thousand years ago – with the Polar Star Alpha Cephei,
44 (18) thousand years ago – with the Polar Star  Alpha Cygni (Cygnus "tail"),
42 (16) thousand years ago – with the Polar Star Delta Cygni  (Cygnus "wing"),
40 (14) thousand years ago – with the Polar Star Vega, Alpha Lyrae,
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38 (12) thousand years ago – with the Polar Star Iota Hercules,
35 (9) thousand years ago – with the Polar Star Tau Hercules,
31 (5) thousand years ago – with the Polar Star Alpha Dragon, 
26 thousand years ago and in our time – with the Polar Star Alpha Ursa Minor.
We do not assert that in every appearance of the Pole Star at the Pole of the 

World, the ancient people created exactly geometric signs and calendars, but new, 
as a rule, solar gods appeared necessarily, because in those days it was believed 
that the sun revolves around the earth, i.e. around the Pole of the World. 

Knowledge accumulated gradually. At first, these were images comparable 
to well-known natural phenomena, which were realistically depicted in the form 
of people, animals, birds. Then, when realistic images were no longer enough 
to explain the structure of the phenomenon, signs appeared that characterize the 
structure of such a phenomenon: circles, crosses, spirals, holes, etc. At first, many 
peoples had only legends about chaos, dimensionless and formless universal sub-
stance, i.e. the sky has not yet been divided into constellation images, the names 
of the luminaries and planets have not yet been given. Following this, in many 
legends, the World Duck appeared, which gave birth to the World (Earth with the 
Pole of the World). Most likely, the image of the Duck in the Indo-European tradi-
tion arose during the standing of the Polar Stars in the constellation Cygnus about 
44-42 or 18-16 thousand years ago. 

Further, when Vega, alpha Lyrae became the Pole Star about 14 thousand 
years ago, deities appeared with the symbols of the Eagle, Lyra, Turtle (the lyre 
was made from the shell of a turtle) - Quetzalcoatl, Zeus, based on the common 
Proto-Indo-European tradition. In the ancient Greek tradition, the constellation 
Lyra was depicted as an Eagle holding a lyre. Zeus was a thunderer, most likely 
related to the Precession of the Pole of the World itself, as the father of many sons, 
the prototypes of the Pole Stars. It is possible that Kronos, the father of Zeus, also 
belonged to a more ancient figurative concept of the Precession, since he also had 
many sons, whom he swallowed, which could be a figurative representation of the 
fact that the Polar Stars disappeared for a while from the Pole of the World. 

Further, there is the myth of the birth of Zagreus, the son of Zeus from Perse-
phone, who was sacrificed annually as a calendar symbol, perhaps the birth of the 
mythical Zagreus dates back to 12 thousand years ago, when the Pole Star was an 
iota of Hercules. Zagreus in the Achaean tradition, or the First Dionysus, the son 
of Zeus, appeared against the background of absolutely undivided thinking at the 
stage of early matriarchy, but with the idea of dividing the worldview so far only 
into the donor (Zeus) and the victim (Zagreus) with an emphasized relationship 
between father and son [11, p. 150]. The undivided worldview took the form of 
worshiping only the ecliptic gods with an obscure center at the Pole of the Ecliptic 
next to the "head" of the Dragon. They were realistic, dual gods, with all the ad-
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vantages and disadvantages, good and evil at the same time, like the movement of 
the Moon and planets along the Ecliptic, with their rising and setting above the ho-
rizons. The worldview was holistic and not divided. The appearance of an ideally 
immobile Pole Star in another celestial center, at the Pole of the World, forced us 
to look for other, ideal, gods. As a result, the worldview was divided into realistic 
(materialistic) and idealistic gods, who found themselves in eternal combat. 

As a child, Zagreus, like his father, threw lightning and peruns, but the titans, 
representatives of the Pole of the Ecliptic, tore it up and ate it, they did not have 
time to eat only the heart that Athena saved. The heart of Zagreus was taken to 
Zeus, probably symbolically in the Precession area, for the conception of new 
solar gods. It is believed that Zeus swallowed his heart or had his heart sewn into 
his thigh, which gave the second birth to his son - the second Dionysus through 
Semele, the goddess of the vine. The second Dionysus was the founder of the cult 
of winemaking. Winemaking historically arose in the Neolithic era 10-3 thousand 
years ago, i.e. when the Pole Stars were the tau of Hercules or the alpha Dragon. 
Hercules was also the son of Zeus, and most likely belonged to the Pole Star 
tau Hercules 10-9 thousand years ago, when bows and arrows appeared. In his 
12th feat, Hercules, in search of the gardens of the Hesperides, came to the north, 
where Atlas held the Sky, apparently at the Pole of the World. Atlas knew where 
the apples of the Hesperides were, but did not say, and went for them himself, 
persuading Hercules to temporarily hold the sky. Why did Atlas not tell Hercules 
where the gardens of the Hesperides are, but went for apples himself? Because 
the myth was specially created in order to inform descendants that the tau star of 
the constellation Hercules 9 thousand years ago for some time became Polar. Of 
course, the myth was written much later, after the passage of time and the realiza-
tion of this phenomenon.  

Then the second Dionysus could symbolize the Alpha Dragon, the Pole Star of 
the 3rd millennium BC, as well as Indra among the Hindus, Thoth among the Egyp-
tians, Mercury among the Romans. Then, everywhere in the Northern Hemisphere 
of the Earth, new solar gods appeared both in Eurasia and in North America, since, 
despite the lack of contacts between people on these continents, the northern sky 
was the same for everyone. Local geniuses discovered changes in the sky and gave 
names to new gods who brought ideas of geometric and mathematical knowledge 
based on accurate calculations regarding the seen celestial center at the Pole of the 
World, manifested by the North Star. At the behest of the new time, the old gods of 
the Pole of the Ecliptic, next to the "head" of the constellation Dragon, the center 
of the ancient lunar observation system, with its dual characteristics (like the ris-
ing and setting of the moon, planets on the Ecliptic), receded into the background, 
giving way to ideal gods, as it was considered, with the solar characteristics of the 
Pole of the World. The Rig Veda describes how the new sun god Indra, together 
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with other sun gods dives, defeated the Serpent Vritra by hitting him with a vajra 
lower back (the alpha Dragon in the constellation is located below the back, often 
symbolized by the phallus) and from there new waters flowed, obviously a new 
grid of astronomical coordinates in the image of a spoked wheel:

"Indra's heroic deeds now I want to proclaim:
Those, the first that the thunderer did.
He killed the serpent, he drilled (channels) for the waters,
He cut the bowels of the mountains… [18, I.32.1].
"Enraged like a bull, he chose soma, 
He drank soma squeezed out in three vessels.
Generous grabbed a projectile - vajra.
He killed him, the first-born of serpents ... [ibid, I.32.3].
Legless, armless he fought against Indra.
He hit him on the back with a club.
The ox wanted to become the bull's opponent.
Vritra was lying scattered in different places ... [ibid, I.32.7].
Among the non-stopping, non-calming
The body is hidden by the waterways.
The waters flow through the secret place of Vritra ... [ibid, I.32.10].
Indra is the king of the moving (and) resting,
Hornless and horned, thunderer.
It is he, as a king, who rules the nations.
Like a rim - spokes (wheels), he embraced them all ”[ibid, I.32.15].  
Indra is the lord of Svarga, paradise. Probably among the Hindus, Swarga 

mythologically symbolized the Precession - the place where the Pole Stars, their 
children, appeared. Also among the Slavs, Svarog was the father of many so-
lar gods and could also symbolize the Precession. Among the Greeks, Zeus was 
the father of the sons of the serpent fighters and could symbolize the Precession. 
Among the Egyptians, the god Thoth was the son of the god Ra, and then the god 
Ra could also symbolize the Precession. Awareness of the phenomenon of the 
Precession, as the appearance and disappearance of the Pole Stars, probably arose 
a long time ago and in the language of myths this was expressed by the nature of 
the birth and death of the gods.

The cult of the second Dionysus in Greece, as well as the cult of Indra among 
the Hindus, is marked by orgaistic characteristics. Also, like the cult of Osiris in 
Egypt, the cult of Yaril among the Slavs, the cult of Mercury (Hermes) among the 
Romans. The appearance of the North Star Alpha Dragon at the border of the  IV-
III  millennium BC coincided with the appearance of the Indo-Europeans in the 
historical arena, the development of metallurgical production, with the transition 
from the Neolithic to the Bronze Age. There was a transition from matriarchy to 
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patriarchy, which was greatly facilitated by the characteristics of the gods, sym-
bolizing the star of the Alpha Dragon. Pillars were installed everywhere, often 
in the form of a phallus, most likely designed to track the daily and annual time: 
during the day by the sun's shadow, at night by the rotation of the constellations 
around the top of the pillar. At the top of the pillar, a wheel with spokes dividing 
the sky into sectors could be installed, as described in the Rig Veda (see above). 
The most ancient track from a wheel with spokes was found in Sintashta [5, p. 204, 
Fig. 107] and it dates back to 2026 BC based on the bones of animals buried near-
by [13]. Sintashta and Arkaim, whose settlement plans are made in the form of a 
wheel, are the South Ural monuments of the Andronovo culture [6, p. 32, Fig. 6.I]. 
Archaeologists attribute them to the Indo-Iranian community for genetic studies 
of human remains. The descendants of the Andronovites dispersed to all directions 
of the world, including to India and Iran, about which the ancient written sources 
of the Rigveda and the Avesta narrate. The ancient Iranian Avesta says: "... Yima 
made Var the size of a run (horse) on all four sides ”[3, p. 80]. The horse's run on 
all four sides represented the rotation of the Ursa Major constellation around the 
Pole of the World [16, p. 59-61, Fig. 20.21; 19, p. 31] (Fig. 4). The second Diony-
sus was brought up in Nisa. Henry Shepard places the country of Nisa in Thrace, 
on the Lower Dniester (Nistra) and sees Indo-European roots in this myth, which 
originated in the Proto-Anatolian period from the area of the Andronovo culture 
(South Urals, Siberia) and united the ancestors of the future Nisean Hittites [20].

 
 

              
Fig. 4. The location of the constellation Ursa Major on the plan of Arkaim and on the contour of the 

horse in Terekty-Aulie [6, p. 32, Fig. 6.I; 16, p. 59-61, Fig. 20.21; 19, p. 31]. 

 

The spoked wheel at first could have been an astronomical instrument, but later it began to 

be used in light chariots for the fastest crossing of the vast steppe. Also, as an astronomical 

instrument, according to the principle of "wheel in wheel in wheel", the Mayan Calendar was 

created in North America, but the wheel did not find use in everyday life, perhaps because the area 

was dominated by impenetrable jungle. From the III millennium BC refined calendars, schematic 

signs on ceramics and in rock paintings began to appear, traces of which are found in the places of 

residence of Indo-Europeans, matriarchy finally began to be replaced by patriarchy. The names of 

the new solar deities were different, but their characteristics in the Indo-European tradition were 

similar - they were thunders, snake-fighters - the victors of Serpents and Dragons.  

But over time, the Polar Stars left the Pole of the World, showing emptiness in the same 

place. Perhaps this phenomenon was reflected in the mythological traditions of the periodic birth 

and death of Zagreus, as well as the oblivion of his name, about which A.F. Losev [11, p. 145-146]. 

The inferiority of the gods, who ceased to be ideal, appeared, as Yima in the Avesta became sinful 

in many ways. The names of the former gods became secret, like Yahweh among the Jews, or 

Zagreus among the ancient Greeks. The myths trace the traditions of the sacrifice of the gods - 

Kronos swallowed his children, Zeus allowed his son Zagreus to be sacrificed. 

A.F. Losev notes "...that the philosophical awareness of the mythology of "being torn apart" 

in Greece is associated with the Orphic, that is, not earlier than VI century BC and continued by the 

Neoplatonists, i.e. ends its evolution together with the end of all ancient philosophy. Only 

philosophy itself is new here, and not myths and speculations that go back to time immemorial... 
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Fig. 4. The location of the constellation Ursa Major on the plan of Arkaim and 
on the contour of the horse in Terekty-Aulie [6, p. 32, Fig. 6.I; 16, p. 59-61, Fig. 

20.21; 19, p. 31].

The spoked wheel at first could have been an astronomical instrument, but later 
it began to be used in light chariots for the fastest crossing of the vast steppe. Also, 
as an astronomical instrument, according to the principle of "wheel in wheel in 
wheel", the Mayan Calendar was created in North America, but the wheel did not 
find use in everyday life, perhaps because the area was dominated by impenetrable 
jungle. From the III millennium BC refined calendars, schematic signs on ceram-
ics and in rock paintings began to appear, traces of which are found in the places of 
residence of Indo-Europeans, matriarchy finally began to be replaced by patriar-
chy. The names of the new solar deities were different, but their characteristics in 
the Indo-European tradition were similar - they were thunders, snake-fighters - the 
victors of Serpents and Dragons. 

But over time, the Polar Stars left the Pole of the World, showing emptiness 
in the same place. Perhaps this phenomenon was reflected in the mythological 
traditions of the periodic birth and death of Zagreus, as well as the oblivion of his 
name, about which A.F. Losev [11, p. 145-146]. The inferiority of the gods, who 
ceased to be ideal, appeared, as Yima in the Avesta became sinful in many ways. 
The names of the former gods became secret, like Yahweh among the Jews, or 
Zagreus among the ancient Greeks. The myths trace the traditions of the sacrifice 
of the gods - Kronos swallowed his children, Zeus allowed his son Zagreus to be 
sacrificed.

A.F. Losev notes "...that the philosophical awareness of the mythology of "be-
ing torn apart" in Greece is associated with the Orphic, that is, not earlier than VI 
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century BC and continued by the Neoplatonists, i.e. ends its evolution together 
with the end of all ancient philosophy. Only philosophy itself is new here, and 
not myths and speculations that go back to time immemorial... This philosophi-
cal theory of the myth of being torn apart is such a wonderful document of Greek 
and universal human culture that it is impossible not to dwell on it" [11, p. 149]. 
K. Jaspers called the VI century BC "Axial time", when science and philosophy 
were born in ancient Greece. And we will note that this was the time of the middle 
between the positions of the Pole Stars: the Alpha Dragon in 2800 BC and alpha 
Ursa Minor in 2100 AD, when the star is closest to the Pole of the World. In times 
without the polar stars ideally standing in the center of the sky, the ancient Lunar 
ecliptic religions were restored or new dual religions appeared according to the 
type of rising and setting of luminaries above the horizon (Taoism, Zoroastrian-
ism), or scientific realistic (materialistic) philosophical concepts were formed.

In the Greek tradition, the gods of Olympus most likely referred to the circum-
polar picture of the northern starry sky, where both celestial centers of rotation are 
located next to any of the Polar Stars on the Precession loop, symbolized by the 
hero-snake-fighter and the thunderer. The same place is described in the Rig Veda 
as two World Mountains, Meru (with the sun gods dives at the Pole of the World) 
and Mandara (with the old gods asuras at the Pole of the Ecliptic). The same place 
is described as Paradise in the Bible with the Tree of good from evil, guarded by 
the Serpent (Pole of the Ecliptic) and the Tree of Life (eternal Life), as the ideal 
point of the Pole of the World, to which the axis of rotation of the Earth points. 
The same place Iriy is a paradise in Slavic mythology.

Our task is to understand why this or that myth, this or that ancient creation 
has a certain structure, what epistemological idea was the basis. If there is an 
astronomical basis in our scientific understanding, then we are dealing with an 
astronomical structure and can calculate to what time and epoch the investigated 
area of knowledge may belong. 
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Abstract. The article examines the relevance of the application of the 
transcendental ideas of the ethics of I. Kant in the modern understanding of the 
essence of law. When considering the idea of natural law, the question of the 
ontological status of the norms and prescriptions of natural law is considered, as 
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which immanently contains the basic legal values of I. Kant's ethics.
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Introduction
Currently, the transcendental ideas underlying the ethics of I. Kant are be-

coming increasingly relevant in connection with the return to the idea of   natural 
law. For more than two centuries (from the Enlightenment to the end of the XX 
century), the consideration of the essence of law, primarily as a positive right, 
prevailed for more than two centuries, led to a crisis in legal consciousness, the 
way out of which many researchers see in the return to the idea of   law, to the idea 
of   justice, the content of which is Kant considered, first of all, freedom as a tran-
scendental idea preceding any possible apperception of the subject of cognitive 
activity. When considering the idea of   natural law, the question of the ontological 
status of the norms and prescriptions of natural law necessarily arises, but, first of 
all, the question of the source of natural law inevitably arises. 

Purpose of the study – to reveal the application of the transcendental ideas of 
the ethics of I. Kant in the modern understanding of the essence of law.

Research objectives:
• explore the philosophical paradigm of I. Kant in the analysis of state and law 

in German classical philosophy;



106

“Science and innovations 2021: development directions and priorities”

International scientific conference

• consider the moral and practical teaching of I. Kant, which regulates the 
activities of the subject in complex legal education processes;

• to determine the role of the subject in the application of the transcendental 
ideas of the ethics of I. Kant in the modern understanding of the essence of law. 

Philosophical paradigm of I. Kant in the analysis of state and law
In ancient philosophy, nature or a pre-established order, the harmony of nature 

was recognized as the source of natural law. 
In medieval philosophy, the source of natural law was the will of God, and 

the interpreters of such a will was the Catholic Church in the person of the Pope.
In the era of the Enlightenment, the laws of nature, which can be comprehend-

ed by man with the help of reason, are considered as the source of natural rights. 
This historical period is associated with the emergence of civil society in its mod-
ern understanding, which approved and ensured the existence of democratic forms 
of government in modern times. In addition, the ontological status of natural law 
was substantiated by the theory of social contract, which assumed the recognition 
of citizens of their natural rights based on mutual obligations between citizens and 
the state represented by the ruler.

The definition of rationality as the basis for natural law in the works of J. J. 
Rousseau, G. Grotius, J. Locke, paved the way for I. Kant to substantiate the tran-
scendental ideas of freedom, law, justice, duty, morality, and law.

The political and legal theory of the German philosopher Immanuel Kant 
(1724-1804) is the logical conclusion of theoretical research in the field of state 
and law of the Enlightenment [1]. Having criticized the theory of natural law, I. 
Kant formulated a new philosophical paradigm in the analysis of state and law, 
laying the foundation for German classical philosophy. His views were set forth in 
the works: "Critique of Pure Reason", "Critique of Practical Reason", "Criticism 
of the Ability of Judgment", "Towards Eternal Peace", "Metaphysics of Morals". 
The essence of Kant's philosophy consists in denying the possibility of cogni-
tion of an objective world independent of the cognizing subject ("things in them-
selves"). He explains the knowledge of the world as the process of combining 
our sensations with the so-called pure forms inherent in human cognitive ability, 
namely, the forms of space and time, categories of reason (which includes causa-
tion) and ideas of reason, which give the highest generalization to our knowledge. 
This knowledge is objective only insofar as it is generally obligatory for the hu-
man race. But it cannot pretend to know things in themselves.

The content of his "Metaphysics of Morals" or ethics, where I. Kant draws 
a clear line between the laws of nature and the laws of freedom, is a moral and 
practical doctrine that regulates the activity of the practical mind of the subject, in 
which he opposes the world of phenomena to the world of "things in themselves."

Man, according to the teachings of the thinker, belongs to two worlds. As an 
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empirical being, he is in the world of phenomena, therefore, is subject to the law 
of causality and therefore not free. But at the same time, he is a "thing in itself." 
In this respect, he is free, and his actions are subject to the law of freedom. Ac-
cording to the teachings of Kant, morality does not depend on any external rea-
sons, feelings and authority. The moral law is the command of duty for the sake 
of duty itself, and since this law does not depend on the above conditions, it is 
unconditional, and the moral will is autonomous. The command of the moral law 
is expressed in the so-called categorical imperative. This is an unconditional and 
obligatory requirement of the will, independent of external influences; he calls 
such a will "pure."

In his philosophy, the role of human reason, namely, practical reason, is im-
manently inherent in the subject and manifests itself in the form of freedom of 
arbitrariness in relation to the object. I. Kant, identifying the laws of freedom, 
considers their a priori (that is, pre-experienced) character (inherent in the special 
nature of man) a necessary condition for their existence - reasonable awareness as 
independence from sensual impulses, as well as "the ability of practical reason to 
be practical for itself," is expressed in his understanding of the maxim of an act, 
that is, such an arbitrary act that can be recognized as a universal law.

The indicated laws of freedom of arbitrariness, as the highest law and deter-
mining grounds, set the form in which practical reason is considered as the ability 
to create principles or maxims of arbitrariness in the form of an imperative of 
prohibition or command.

I. Kant calls such laws of freedom moral, and, depending on the scope of their 
application, if they concern only external actions, he calls them legal, and if they 
determine the grounds for actions, then ethical. And thus, those laws, the obliga-
tory nature of which can be cognized by reason without external legislation, I. 
Kant calls natural laws; positive laws refers to those laws, the binding of which 
cannot be found without external confirmation in legislation. Positive laws must 
be preceded by a natural law in order to substantiate and confirm the authority of 
the legislator [10]. 
Moral and ethical doctrine of I. Kant, regulating the activities of the subject 

in complex legal educational processes
The highest meaning of man is the so-called maxim according to I. Kant, he 

believes that the maxim is the subjective principle of action, which each subject 
accepts for himself. The objective basis of duty is considered to be a direct indica-
tion of practical reason how to act.

Kant called the categorical imperative the law of moral freedom, which he op-
posed with a hypothetical imperative - a rule for achieving a specific goal. A moral 
person, the philosopher believed, cannot be guided by hypothetical or conditional 
rules that depend on external circumstances [1].
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Kant proposed several formulations of the categorical imperative (moral law), 
one of which is given as an example [4, p. 204]:

"... Act so that you always treat humanity both in your own person and in the 
person of everyone else the same way you treat the goal, and never treat it only 
as a means."

In Kant's doctrine of law, there is an opposition between the legal and moral 
behavior of the subject. When a person's behavior is consistent with the legal 
norm, regardless of the motives of the act, then it can be considered legal, permis-
sible. A person's awareness of his internal duty is the moral law inside, therefore 
Kant considers law to be a regulator of behavior, for which the subjective side of 
an act, its motives, is indifferent. Law is characterized by coercion, and it cannot 
be applied in the field of morality, the laws of which are based on a free inner 
consciousness of duty. Kant distinguishes between natural and positive law. He 
divides law into public and private, and the latter is based on natural law. 

The real right is defined by him as the result of the initial acquisition, which 
gives the absolute right to the thing. At the same time, he believes that the object 
of private law can be not only a thing or action of a person, but also the person 
himself. So Kant explains the relationship between husband and wife in marriage 
and the relationship between parents and children, and he requires the complete 
subordination of women to men.

Kant considers the source of natural law or moral-practical law both our own 
reason and "Divine will", by which he understands "the idea of   a moral being, 
whose will is law for all."

Thus, in the philosophy of I. Kant, natural law necessarily precedes positive 
law or written law, and also indicates its broader content as a concept.

The role of the subject in the application of the transcendental ideas of the 
ethics of I. Kant in the modern understanding of the essence of law

Kant's doctrine of law became the basis for the idealistic trend in legal science 
- normativism (pure theory of law), which gives the rule of law a character that is 
absolutely independent of the laws of development of social life.

The essence of state law, according to Kant, is determined not by the happi-
ness of citizens, but by their law. According to Kant, only the rule of law allows 
individuals to unite and guarantee everyone civil freedom and obliges citizens to 
observe only universal legal norms: “So, the general legal law says: act outwardly 
so that the free manifestation of your arbitrariness is compatible with the freedom 
of everyone, in accordance with by the general law ... "[3].

However, the development of the guiding will of reason by I. Kant in under-
standing the essence of law, as well as the further fundamental development of the 
idea of natural law, as well as the idea of freedom, morality, law, undertaken by 
G.F.V. Hegel did not stop the dominance of legal positivism, which questioned 
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the truth of natural law and reduced the understanding of the essence of law to 
written state laws.

Among the reasons behind the predominance of legal positivism when con-
sidering the essence of law are the following: an attempt to establish the rule of 
law instead of the rule of government; the natural-legal idea, according to which 
everyone must obey the law established in the state, which has roots in antiquity, 
including in the philosophy of Plato; the attribution of transcendental ideas that 
make up the content of natural law to "judgments about what should be" in the 
spirit of D. Hume's agnosticism, which are not verifiable.

The refusal to recognize the ontological status of the idea of natural law re-
vealed the limitations of positive law, which was expressed in its inability to take 
into account all the diversity of social relations and respond in a timely manner to 
their changes.

In this regard, along with the normative direction, a sociological and psycho-
logical direction appears in the philosophy of law, which, along with the legisla-
tive sources of law, takes into account sociological, psychological, cultural, and 
economic factors. In addition, the principle of equalizing and distributive justice, 
introduced into the doctrine of natural law by Aristotle, is still used, despite its 
natural-legal nature and all the efforts of the positivists to "etch" natural-law ideas 
from the doctrine of positive law.

Kant believes that the question "What is law?", Addressed to the lawyer, is akin 
to the question "What is truth?", Addressed to the teachers of logic. What follows by 
right (quid sit iuris), i.e. what the laws say or say in one place or another at one time or 
another, he can still indicate; but whether the right (recht) is what they demand, and 
what is the universal criterion on the basis of which one can generally distinguish 
between legal and non-legal (iustum et iniustum) - this remains a mystery to him, 
if he does not abandon the indicated empirical principles even for a while and does 
not look for the source of these judgments in the mind alone (even if the laws men-
tioned served him as a good guide for this), in order to establish the basis for possi-
ble positive legislation. A purely empirical doctrine of law is a head (like a wooden 
head in Phaedrus's fable), which may be beautiful, but, alas, brainless [5, p. 304].

The role of the subject in complex legal education processes at any historical 
stage is key (political subjects, civil society actors) or society as a whole [9,10,11].

"A legal norm is always objectified (finds its external expression) in three 
forms: in the form of a legal relationship, within the framework of which the cor-
responding rule of behavior is implemented; in the form of the legal consciousness 
of the participants in this relationship, evaluating it as something normal, should 
be, and in the form of a legal text, oral or written, that fixes its content"[2,12,13]. 
This approach corresponds to the legal tradition of the hypertrophied role of the 
state in legal education.
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Conclusion
Law is conceived by Kant as a regulator of people's behavior, for which the 

subjective side of an act and its motives are indifferent. Law is characterized by 
coercion, and it cannot be applied in the field of morality, the laws of which are 
based on a free inner consciousness of duty. Kant distinguishes between natural 
and positive law. He divides law into public and private, and the latter is based on 
natural law. Kant's doctrine of law became the basis for an idealistic trend in legal 
science - normativism (pure theory of law), which gives the rule of law a character 
absolutely independent of the laws of development of social life.

The refusal to recognize the ontological status of the idea of natural law re-
vealed the limitations of positive law, which was expressed in its inability to take 
into account all the diversity of social relations and respond in a timely manner to 
their changes. In the philosophy of I. Kant, natural law necessarily precedes posi-
tive law or written law, and also indicates its broader content as a concept. 

The emerging crisis of legal consciousness in modern society forces us to re-
consider the essence of the understanding of law and return to the doctrine of 
natural law, albeit in a slightly different way. As one of the reasons for such a 
crisis, one can single out a kind of disappearance of justice in the individual legal 
aspect, when it was replaced by ideas of social and corporate solidarity, economic 
expediency, the principle of maximum utility, and it was declared that in a number 
of cases social justice is present immanently in any legal system. However, in fact, 
such a substitution was expressed in the priority of the state interest over the inter-
ests of the individual, which leads to a deficit of legal literacy in the social environ-
ment, a violation of the value perception of the legal sphere, de-actualization of 
law as a regulatory principle, deformation of legal consciousness, and a violation 
of trust in social institutions. 

Modern studies prove the axiological aspect of social norms in legal genesis, 
as a criterion of proper behavior, which allows us to consider law as a value identi-
cal to the idea of law, which immanently contains the basic individual legal values 
- the transcendental ideas of the ethics of I. Kant, which are relevant in understand-
ing the essence of law and are in demand. 
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Abstract. Modern Russian social science is in crisis because it is fragmented 
and highly specialized. Today, knowledge, split into many disciplines not 
related to each other, generates a flow of poorly integrated information. Such 
dismemberment is a brake on the process of integrating social science disciplines 
into a single whole, since all of them, for the most part, explore a common object 
- the evolution of societies at different periods of world history. World-system 
approach, big data and the concept of historical global adaptation by actual 
paradigms capable of combining a set of elements into an integral and general 
picture of the development of societies of various levels of complexity within the 
framework of the general movement of historical evolution from primitiveness to 
modern times.
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Introduction
Social science in Russia is increasingly fragmented. In other words, we know more 
and more about less. Since the days of F. Braudel and I. Wallerstein, who tried to 
process the growing volume of new data, the situation has worsened, giving rise 
to an even greater flow of information on world problems. The proliferation of 
ridiculously narrow studies in sociology, political science, and history in Russia 
has led to a situation where the analysis of the evolution of human communities 
has overshadowed the description of the little things. For global generalizations 
accumulated by «scientists-ants» an approach is needed that brings together the 
results of their research. In the current conditions, it can be world-systems analy-
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sis, historical globalization and work with big data through the GDELT Project.
In other words, world-systems analysis, although it certainly needs some kind 

of reformation, is suitable for describing modernity, and historical globalization, 
perhaps, at least somehow unifies the data on precapitalist civilizations. 

Before I. Wallerstein: F. Braudels world

The vague outlines of what in the 1970s I. Wallerstein would call world-systems 
analysis can already be traced in the studies of F. Braudel in the 1940-1950s of the 
XX century. Нistory was studied from a positivist standpoint, and the scientist's 
professional craft consisted in masterly mastering dead languages, reading written 
sources and working on miniature, usually political topics without intruding on 
related disciplines. It was a descriptive story-story, whose adherents only meticu-
lously reconstructed a chain of chronological events.

Initially, F. Braudel himself taught in the spirit of positivism, however, a ten-
year stay in Algeria allowed him to see his native France «inside out» look at it 
from the opposite side of the Mediterranean Sea. He suddenly felt, and then be-
came convinced in practice, that the history of his country is only a part of more 
global world processes. F. Braudel once confessed «I think that these pictures, this 
Mediterranean, as if seen «from the other side», had a great influence on my his-
torical views» (Brodel, 1982). Fascinated by the Mediterranean, he chose the XVI 
century analysis of this particular region as the topic of his dissertation.

Returning home in 1932, F. Braudel taught at the Lyceum Condorcet, but two 
years later he was offered a place at the University of Sao Paulo and he left for 
Brazil. If Algeria forced him to think in world categories of historical time, then 
in Brazil F. Braudel faced the coexistence of multi-structure: European culture, 
«introduced» by the Spaniards and the Portuguese, coexisted here with the local 
Indian. It was through this motley interdependence of peoples that the historian 
saw the coexistence of different civilizations and the process of their influence on 
each other - a problem that eventually took a primary place in his research. «It was 
Brazil that allowed me to arrive at a concept of history that I would not have had 
if I had stayed within the Mediterranean» (Brodel, 1982).

Arriving in France, F. Braudel in the summer of 1939 year and began to write 
a dissertation on the Mediterranean era of Philip II. He did not work for a long 
time, the war began and he was drafted to the front. A year later, F. Braudel was 
captured and sent to a camp in Mainz. In captivity, he continued to work and, more 
importantly, it was at this time that his approach to history was finally formed, 
where «the fate of mankind is decided on a much deeper level. To choose a long-
term scale for observation means to be, as it were, in the place of God the Father 
and to find refuge there» (Brodel, 1982). Such globalism, the broadest erudition 
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and contempt for event history, henceforth, will become a key feature of F. Brau-
del's works.

After his release from captivity, he, having finalized the dissertation, present-
ed it to the members of the Academic Council of the Sorbonne, who eventually 
awarded him the degrees of Doctor of Humanities. The study of the Mediterranean 
thus revolutionized the historical science of the time. Fundamentally new ideas 
of F. Braudel were: 1) the concept of historical duration la longue duree; 2) a call 
for the integration of the social sciences; 3) introduction of the concept of «world-
economy» (economie-monde).

The concept of time, or temporality, is one of the most important components 
of F. Braudel's approach to history. What is longue duree? The fact is that F. 
Braudel considered the event history to be dust, foam on water, hiding deeper 
structures. Some of them, for example, geography, climate, geology, changed, in 
his opinion, slowly, and their restructuring did take centuries. These structures are 
inactive. In other words, longue duree is a time of long duration, when there is a 
slow transformation of the environment (Brodel, 1958; Blim, Coffi, 2014; Lee, 
2018). Along with fading history, F. Braudel distinguished moyen duree - con-
junctural time, lasting decades and hundreds of years. This includes economic 
and social change. The last time, according to F. Braudel, is eventful time (courte 
duree). This is the time of a diplomat and a politician, lasting from several years 
to several days - a kind of moment. F. Braudel, although he gave priority to a long 
time, forming the geographical and social space of human history, nevertheless, 
he called for taking into account all three temporal forms when analyzing the past.

F. Braudel's approach destroyed all sorts of frameworks separating the hu-
man sciences from each other. Interdisciplinarity helped him combine the achieve-
ments of each of the disparate disciplines for a more complete description of world 
development. This idea, like the concept of longue duree, will later be modified by 
I. Wallerstein in relation to capitalist economie-monde.

In fact, F. Braudel already laid some foundations of the world-systems analy-
sis, which was a negative reaction to the outdated organization of knowledge of 
the XIX century, whose reflections, to one degree or another, are inherent in the 
science of the XX century, when history was in charge of the past, and economists 
(the market) mastered the present, political scientists (state) and sociologists (civil 
society). Studies outside the Western world have been monopolized by anthropol-
ogy and orientalism.     

Modernization Theory

Until 1945 year, such a paradigm, based on highly specialized and fragmented 
disciplines, was justified and the researchers did not touch on related problems, 
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however, due to the change in the post-war geopolitical situation, the growth of 
the number of universities and the accumulation of scientific information, a differ-
ent approach was needed. In an increasingly complex and interdependent world, 
the division of knowledge into industries did not justify itself. So, thanks to new 
research, a paradigm shift took place, when, in the 1960s, scientists began to revise 
the mechanistic model of the universe by I. Newton. Its basis is invariance, while 
the new approach assumed an explanation of the variability of the world, i.e. why 
some countries are prosperous while others are poor.

In the social sciences of the XX century, modernization theory, dependence 
theory and Marxism competed for the right to explain the evolution of the world. 
The idea of   modernization became popular in American research in the mid-1960s. 
Its dominance was attributed to the global leadership of the United States in the 
post-war world due to technological, political and military expansion. Prosperity 
and stability have now become the key characteristics of American society, which 
was set as a reference example for the «underdeveloped» peoples of Asia, Africa 
and Latin America.

It was believed that their development can be described by analogy with the 
biological evolution of organisms, i.e. from primitive forms to complex ones. In 
other words, it was evolutionary theory and functionalism that influenced the pro-
visions of modernism, which was expressed in the use of dichotomous construc-
tions «social differentiation», «social system» and focusing on the adaptation of 
«primitive» societies to constantly changing environmental conditions.

Interest in the countries of the Third World was largely associated with the 
growth of nationalism and revolutionary movements that broke out there after de-
colonization, which led to the desire of previously enslaved societies to participate 
in geopolitics. As a result, their development began to occupy a significant place 
in the consciousness of the elites of the USA and the USSR. A side effect of this 
problem is the accumulation of scientific information about new entrants to the 
global arena. Fortunately, the American government and private foundations have 
contributed to the expansion of research in this area.

The theory of modernization, therefore, is an ethnocentric, American, view 
of the world, representing a multifaceted process of change in all areas of human 
thought and activity. The unit of analysis here, as a rule, is the nation state, where 
each component - industrialization, political development, technological progress 
- leads to the transformation of another.

While collecting information about the former colonial societies, supporters 
of modernism faced the question «What is a traditional society?» For example, S. 
Huntington stated «Modernization and tradition are asymmetric concepts. What 
does not correspond to the present is traditional» (Tipps, 1973). Naturally, he un-
derstood the United States as the ideal of modernity. In general, the term «tradi-
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tional» was formulated as the opposite of the concept of «modernity», and «tradi-
tionalism» ended after the contacts of the backward states with the technological 
West.

In this respect, the most widespread version of modernization was the concept 
of the Harvard sociologist T. Parsons. He identified the following types of human 
evolution: 1) primitive; 2) advanced-primitive; 3) intermediate; 4) modern. The 
primitive type is characterized by social homogeneity. Religious relations form 
the basis of interpersonal ties, and members of society have statuses prescribed 
to them, depending on age and gender. An advanced-primitive organization is di-
vided into the simplest subsystems (political, religious, economic), and success in 
people's lives depends more on personal qualities. In intermediate systems, writ-
ing appears, due to which the process of accumulating information and storing it in 
human memory begins. Religiousness ceases to form values   and ideals. Modern, 
i.e. European society, which emerged in Ancient Greece, is characterized by: 1) 
the decisive role of the market economy; 2) the rule of law; 3) social stratification 
due to the commercial, scientific, cultural success of a person (Parsons, 1991).  

Another American scientist, W.W. Rostow, developed a theory of five stages 
of economic development: 1) traditional society, which include agricultural col-
lectives under the rule of feudal lords; 2) a transitional society, where central-
ized states and commerce are emerging, national self-awareness is growing; 3) the 
stage of «shift», characterized by industrialization leading to economic and politi-
cal transformations; 4) the stage of «maturity» associated with the scientific and 
technological revolution and urbanization; 5) the stage of «high consumption», 
whose basis is the transformation of the production of mass goods into the most 
important sector of the economy (Rostow, 1960).

T. Parsons and W.W. Rostow thus viewed the process of social evolution as 
exclusively one-line. In addition, the theory of modernization considers the peak 
of development of the United States and the West with their values, ignoring alter-
natives in the form of, for example, the modernization of China, the USSR, Korea, 
Taiwan, achieved not by borrowing the principles of a free market, the rule of law 
and protection of private property, but «from above» those thanks to the strength-
ening of dictatorial regimes there.

The next paradigm is the concept of «core / periphery» expressed by R. 
Prebisch - Executive Secretary of the non-governmental organization ECLA (Eco-
nomic Commission for Latin America) - and, as a result, borrowed by I. Waller-
stein to describe the modern world-economy. R. Prebisch's views on capitalism 
are reflected in a series of lectures (1945-1949) under the general title «The Crisis 
of Kensian Political Economy». He believed that Keynes's theory could not ex-
plain the cyclical model of the development of world capitalist economies, as a 
result of which R. Prebisch introduced the concept of the relationship between the 
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states of the center and the periphery (fourth lecture, 1949), which could indicate 
the problem of prosperity of some and stagnation of others.

The dynamic theory of the center-periphery assumed the following division of 
the world economy: the periphery specializes in the supply of raw materials to the 
center in exchange for the goods it produces. The core has the ability to issue a 
reserve currency, which forms the basis of monetary circulation in the periphery, 
which leads to a situation when the imports of peripheral countries are paid for 
in the currency of the core state. The key idea of   the proponents of this approach 
is that the «undeveloped» states of the periphery are poor because most of their 
resources flow to the core powers.

In the USSR, comprehension of the development of the Third World countries 
began, as in the United States, after the war. Two features were present here: 1) N. 
Khrushchev's speech at the Twentieth Congress of the Communist Party (1956), 
where the idea of   progress was assumed in the spirit of the same modernization 
theory, with the only difference that his model was the USSR, not America; 2) the 
concept of the Asian mode of production (AMP) - a structure that existed in the 
East and is based on power-property.

It was the AMP that caused confusion in the Marxist sequence of modes of 
production, which brought the one-line process of history from the primitive sys-
tem to communism. However, if some countries have passed the AMP, and others 
have not, then Marx's universalism, created for western societies, is false and does 
not explain the reason for the prosperity of some and the decline of other regions.

World-System Analysis

World-systems analysis has become the next paradigm for the analysis of the 
world. F. Braudel's approach was limited because focused on the study of capital-
ism from the XIV to the XVIII centuries, without touching on modernity, which 
will be analyzed by I. Wallerstein, who tried to break down the barriers between 
the social sciences and to rectify the situation in which researchers write on ridicu-
lously narrow topics, avoiding the issues of power and social conflicts in world 
history. However, the main goal of I. Wallerstein was the desire to prove the in-
consistency of the theory of modernization, whose alternative was the world-sys-
tem analysis.

Before moving on to its main provisions, it is important to recall that a signifi-
cant role in the intellectual development of I. Wallerstein belongs to M. Weber, 
who explained why the European world economy did not transform into a world 
empire. The reason lay in the capitalist foundation of the modern world system, 
fueling the competition between states to attract transnational capital. In other 
words, each state sought to attract freely circulating capital, and this latter dictated 



118

“Science and innovations 2021: development directions and priorities”

International scientific conference

the conditions on which it agreed to «serve», and capitalism persists until the na-
tional state gives way to the world state.

In addition to the legacy of M. Weber, I. Wallerstein relied on the concept 
of the core-periphery, put forward by the developers of ECLA. He borrowed the 
idea of   the death of capitalism as a system from D. Schumpeter, who insists that 
capitalism has nurtured the seeds of its own destruction at birth. The sociologist's 
concept of worlds-systems was an analogy of K. Polanyi's three economic mod-
els - interchange, redistribution, market - which corresponded to mini-systems, 
worlds-empires and worlds-economies of I. Wallerstein. To analyze the cycles 
of the rise and fall of the world economy, he used the research of K. Bücher, G. 
Schmoler, I. Kondratyev. The «Annales school» represented by F. Braudel and 
also Marxism with the ideas of the class struggle played a significant role on I. 
Wallerstein. As a result of the generalization and revision of the above-mentioned 
material, I. Wallerstein, in contrast to modernism, which asserted the one-line 
nature of social evolution, introduces the concept of world-system from now on 
without considering a single state as a unit of analysis.

What is a world-system? Let's make a reservation - the world in I. Wallerstein's 
version does not cover the planet, as it seems at first glance, but is an autonomous 
political and economic zone that combines the principle of globality and consis-
tency. That is why I. Wallerstein wrote this term through a hyphen. His worlds are 
territories with large and small populations, capital and labor movements. 

There are several historical systems: mini-systems are characteristic of primi-
tive societies that economically operate on the basis of interchange. World-empires 
are systems for the redistribution of luxury goods over long distances under the 
control of elites through their military power and political power. Only with the 
genesis of the European world-economy in the long XVI century (1450-1640) did 
the formation of a market-type capitalist system begin, when the center turned out 
to be north-western Europe with strong state power, an increase in production spe-
cialization and monopolization; Eastern Europe and Spanish America became the 
periphery; semi-periphery became Mediterranean (Wallerstein, 1974). From 1730 
to 1840  India and the Ottoman Empire fall into the capitalist zone (Wallerstein, 
1979) since 1750 Africa (Wallerstein, 2000) and Asia (Majid, 2000; Chew, 2014). 

Thus, I. Wallerstein's analysis focuses on the networks of interaction of such 
«worlds» and erases the line of boundaries between them, going over individual 
states in order to identify the general laws of the evolution of the world system. 
Hegemony is a key factor in the stability of the world system, where leadership is 
ensured by the country's dominance in production, finance, minimal use of mili-
tary force (which, nevertheless, exists), imposing its culture on the world. So, 
from 1450 to 1650 it belonged to Holland, from 1750 to 1900 – Britain, and since 
1945 – the United States. 
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In fact, the capitalist world-system was not the first in a row, but it turned out 
to be the only surviving and lasting success of the global economy, which divided 
the ecumene into a core (Europe, the USA, Japan), a semi-periphery (Russia, the 
countries of Eastern Europe and south- East Asia), periphery (states of the Third 
World). Nevertheless, I. Wallerstein predicted the loss of geopolitical influence 
for America. Systems are finite. They go through cycles of birth, transformation 
and decline for a longue duree, meaning their extension. Thus, modern capitalism, 
like any system, will eventually die (Wallerstein, 2000; Mitrovich, 2007; Kuacker, 
2014). 

Further. I. Wallerstein called economics, political science, and sociology to 
interdisciplinarity. It, in his opinion, constitutes a single political, economic and 
socio-cultural space. The scientific barriers, erected by the liberalism of the XIX 
century that dominated the humanities, turned out to be incapable of synthesis, 
since the state, market and society were thought of as irrelevant categories of so-
cial reality. 

I. Wallerstein's approach is not a theory, but a paradigm. The theory is based 
on empirical confirmation of logical inferences. Theories are volatile because in 
the light of new data, they undergo transformation, leading either to the refuta-
tion of the theory, or to the formation of a new one. This is, first of all, relevant 
for archaeologists due to the discovery of materials that have not been introduced 
into scientific circulation, leading to a revision of established assumptions or the 
creation of a new theory that would otherwise interpret the previous one. On the 
contrary, a paradigm is a conceptual scheme that pushes to the forefront of sci-
ence previously unnoticed or completely unconscious aspects of social reality that 
improve understanding of the relevant phenomena and processes. In addition, the 
gains achieved are being introduced into a paradigm to find new gaps. When new 
questions and problems no longer arise within a paradigm, it falls out of use (para-
digm shift). In other words, world-systems analysis, in general, is not a theory, but 
a set of approaches that share key aspects of early versions of the analytical view 
of the world and, due to their flexibility, bring something relevant to the paradigm. 

Historical globalization

By the end of the XX century, the capitalist system became planetary, giving rise 
globalization, which, in fact, was not something new, but was the fundamental 
phenomenon of the world system. Globalization should not be understood as a 
mere phenomenon of modernity, since the exchange of technologies, goods and 
cultural ideas that form networks of links between civilizations has existed since 
ancient times. This is a natural process. 

Of course, the world has become truly global only today. But the origins of 
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globalization, I think, are associated with the agrarian revolution and the fate of 
people who built the world's first cities in the river lowlands of the Ancient East. 
Thus, A.G. Frank singled out the Afro-Eurasian World-System with a duration of 
5000 years, which arose in the zone of the Fertile Crescent in the 4th millennium 
BC. In his opinion, before the ascent of Europe, the primacy in the World-System 
was replaced by the civilizations of the Fertile Crescent, then Macedonia, Rome, 
the Ottoman and Persian empires, China (Frank, 1993). 

A.G. Frank identified five most important features of the World-System: 1) 
the trade of civilizations, which forms a network of interdependent contacts; 2) 
the accumulation of capital by civilizations; 3) the core-peripheral structure is a 
key feature of the world system; 4) the world system is characterized by the ri-
valry between rising and declining hegemons; 5) economically, the World-System 
develops thanks to long cycles of ascending and descending phases (Frank, 1993; 
Frank, Thompson, 2005).  

Other specialists, K. Chase-Dunn and T. Hall, accepted I. Wallerstein's con-
cept of the capitalist world-economy, but considered it one of the many global 
systems that existed before the XVIth century (Chase-Dunn, Hall, 1991; Chase-
Dunn, 1994). Their typology is as follows: 

Systems of consanguinity 
A: Stateless, classless societies: 
1. Hunters, gatherers, pastoralists 
2. Bigmen distributing the surplus product that appeared as a result of the tran-

sition from early primitiveness to late In: Chiefdoms.
II. Systems dominated by tribute (cities, states) 
A: Primary world systems (Mesopotamia, Egypt, India, China, pre-Columbian 

America) 
B: Primary empires formed as a result of the conquest of autonomous states 

(Sumer and Akkad, Egypt of the Old Kingdom, Zhou, Teotihuacan, Huari) 
C: Multicenter world systems consisting of empires, states and peripheral re-

gions (Middle East, India, China, Mesoamerica, Peru) 
D: Systems where trade is known, but tributary dominates (Afro-Asian world-

system, including the regions of Rome, China, India) 
III. Capitalist world-system 
A: European capitalist economy of the 17th century 
B: The modern global world system (Chase-Dunn, Hall, 1993).

They also developed the concept of core/periphery, subdivided into: 1) core / 
periphery differentiation; 2) the hierarchy of the core of the periphery. Within the 
framework of the first aspect, societies of different levels of complexity interacted 
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within the boundaries of the same world system, while the second case indicates 
the existence of political, economic, military domination of some civilizations of 
the world system over others. 

However, the most original design in this respect is T. Barfield's scheme, 
where the periphery (nomadic empires) systematically used the agrarian center 
(China), extracting surplus product from there. Remarkable is the fact that in the 
event of a core crisis, the periphery also fell into decay. In summary, the example 
of the nomads shows that the core/periphery differentiation and their hierarchy 
were radically opposed (Barfield, 1989; Kradin, 2016).

Today, in general terms, it is clear that the predecessor of the capitalist world 
order was probably the Afro-Eurasian world system, which was born in the Mid-
dle East. Already in the V– IV centuries BC. here trade in obsidian, metals, leather 
and textiles is recorded, which reached the Ist millennium BC. Large scale and has 
absorbed the territory of the Indian Ocean basin from the east coast of Africa to 
Indonesia, Southeast Asia and China. In this space, the leading role was played by 
Persian, Arab and Indian merchants who traded in luxury goods, building materi-
als and food. 

Another canal that connected medieval Europe with India through the sea 
trade in spices was opened by the crusaders in the XI–XIII centuries, and in the 
XIII–XIV centuries. Along with ocean trade, a land corridor was formed that ran 
through the possessions of the nomadic empires of Eurasia and contributed to the 
unity of Europe, East and Asia. The most important role in such integration was 
played by the Mongols - intermediaries in the exchange of goods and technolo-
gies in various zones of the world system. Thus, 300 years before the leadership 
of the West, looking at the world from a height, there is a tendency for "ecumene 
compounds" or archaic globalization. 

One of the key periods for the Afro-Eurasian world system was the XV cen-
tury, when the Ottoman Empire rose in Western Asia, which blocked the Levan-
tine spice trade by the XVI century and «accelerated» the Europeans' search for 
a sea route to India. The great geographical discoveries also played a significant 
role, as a result of which the Afro-Eurasian world system was transformed into 
a planetary-capitalist one, which gave rise to the phase of modern globalization. 

It is also quite possible that the Afro-Eurasian world system was the result of 
the unification of the three world systems of the Iron Age, which continued in the 
world from the end of the II to the beginning of the I millennium. What I talking 
about? After death in 1200 BC. world systems of the Bronze Age period from 
1200 BC. at the beginning of the Ist millennium BC. turned out to be a gaping 
failure of world «perestroika». The old way of life has died, but the contours of 
the new order have not yet emerged. In the eastern Mediterranean, the rise of semi-
peripheral civilizations (Cyprus, phoenician policies) took place for a short time, 
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which eventually lost their influence, giving way to three systems: western, Indian 
and eastern, which formed the Afro-Eurasian world system. Thus, the Western 
world system, which arose between 1000 and 850 BC., covered Egypt, the Levant, 
Anatolia, Assyria, and the Mediterranean. The center of the Indian world system 
by the VIIth century became Magadha - the most powerful of the sixteen polities 
of the Ganges and Gandhara valley, controlling the iron trade in the region. India 
was connected with western Asia by a land route - through Bactria, northern Iran - 
and a sea route - through the Persian Gulf. Thanks to «via the Yunnan», China was 
also included in the interchange network, whose world system, centered in Chu, 
in the Yangtze river valley, in the VIIt–Vth centuries was connected with Central 
Asia by the Yunnan - Burma - India road. From about 350 BC the integration of 
the above three world systems takes place and by the Ist millennium BC. global 
exchange networks are established between them

Africa and Eurasia were linked to each other at the dawn of human history. 
Homo Sapiens appeared in Africa 300,000 years ago and has spread throughout 
the world as a result of migrations caused by climate change. A sharp warming 
of the climate in the Holocene era allowed the development of land connections 
between Africa and Eurasia through Arabia and the Sahara, which was then still 
a flourishing land with lush vegetation, rivers and swamps. However, 5000 years 
ago, due to the cooling, the Sahara turned into a desert, disrupting the communica-
tion routes of Africa and Eurasia. Thanks to the domestication of the horse and the 
invention of the chariot in Eurasia, a military revolution began 4,500 years ago, 
which led to the conquest of territories by Central Asian societies from Egypt in 
the southwest to the Yellow River basin in the east. Horses were also known in 
Africa, but did not make such a furor as in Eurasia due to the rampant epidemics 
in the region, which were carried by the tsetse fly. In the Ist millennium BC. ties 
between regions are reviving again. Largely due to the fact that the camel was 
domesticated in Eurasia - a desert shuttle that facilitated travel from Eurasia to the 
Sahara and Arabia, and sea trade along the Red Sea linked Egypt with East Africa 
and India. Thus, Eurasia, penetrating deeper and deeper into Africa, gradually be-
came its core, and that half-periphery. For clarity, see the image of the main routes 
of communication between regions. 

Of course, the periods of regional integration were replaced by epochs of rup-
ture, mostly due to climate change, but over time, the unity of this world system 
was restored. In addition, in the Ist millennium Afro-Eurasia was a global world-
economy that linked the Mediterranean, East Africa, Arabian Peninsula, South 
Asia, Southeast Asia, Central Asia, Ceylon and China into a single pre-capitalist 
space. 

Globalization, as indicated above, took many forms long before the XX cen-
tury. It did not appear ex nihilo, but turned out to be a natural consequence, his-
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torical logic, of the development of the world from antiquity to modernity. In fact, 
interest in it came out of the American world history, which sought to discover 
connections between local civilizations of the past in the long term. Thus, the 
search for the origins of globalization in the «darkness of the ages» yields certain 
results that allow one to look at this process differently. 

Globalization is a phenomenon that is by no means limited by modernity. 
Moreover, if we talk about the globalization of modern times, then it will turn 
out to be the last process of a series of world unions, which have been recorded 
since the rise of the first megacities of antiquity (Uruk, Babylon, Huari, Cahokia, 
Delhi, Jericho, Damascus, Byblos, etc.), which required interregional networks 
and exchanged technologies, ideas, human resources, and goods, destroying the 
isolation of civilizations. The forms of interaction were different: trade, conquest, 
migration. Of course, archaic globalization did not yet cover the globe, but it made 
people strive for regional cooperation. Thus prehistoric North America, Europe, 
the Aegean Basin, Eurasia and the Ancient East in different historical periods, 
were zones of pre-capitalist world systems.  

It follows from this that the world-systems analysis and the approach of histor-
ical globalization are applicable not only to modernity, but also to archaic societies 
(Edens, Kohl, 1993; Stein, 1999; Algaze, 1997; Kristiansen, 1999; Oka, 2008; Al-
len, 2012; Ling, 2014; Kardulias, 2016; Willson, 2016). It may be objected that the 
approach of I. Wallerstein is suitable for describing capitalism, which is limited 
to a 500-year cycle. In general, it is, but there are many examples of regional inte-
gration, demonstrating the complexity of the world system already in the Bronze 
Age in Southwest Asia, whose economies could easily move from the core to the 
periphery. This fact allowed the latter to maintain autonomy and eliminate some of 
the exploitation and lack of knowledge characteristic of the modern world system. 
In addition, it was the periphery of barbarism that had a significant impact on the 
development of the main regions. 

Understanding the principles of work of the world-system analysis and histori-
cal globalization, it is possible, albeit in the most general form, to discern in world 
history a certain phenomenon of the integration of regions towards ever greater 
interaction on the several levels: Local level of the IV millennium BC, represented 
by pre-state forms of simple and medium complexity. The beginning of the agrar-
ia1n revolution. Regional level fell on the period from the second half of the 4th 
millennium BC. to the first half of the Ist millennium BC. At this stage, the early 
states and the first empires emerged in the world. Economically, the second stage 
of the agrarian revolution begins. Continental connections (second half of the Ist 
millennium BC–XV century) between the regions existed from 490 BC. Until 
1492 year, mature states were formed here along with empires. The final stage 
of the agrarian revolution. Intercontinental or oceanic level (late XV century - 
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early XIX), and industrialization begins in production, discovery of new parts of 
the world through geographical discoveries, colonialism.  Global networks were 
established at the beginning of the XIX century and exist until XX century. The 
genesis of supranational structures (Crozier, Huntington, Watanuki, 1973) and the 
completion of industrialization. Planetary level (started in the last third of the XXI 
century). At this stage, the strengthening of supranational structures is recorded, 
erasing state sovereignty, as a result of which the latter begins to search for new 
ways of political integration. If the states don’t find the way out a further path out 
of this situation may be the collapse of national states, the collapse of the capitalist 
system and increased regionalization in the form of a rise of regions-economics.

     
The GDELT Project (Global data events language and tone)

The modern world requires the ability to work with big data. However, as usual, 
a significant part of russian specialists prefer to stay within the narrow framework 
of their topics, which in turn stimulates the uncontrolled growth of micro-studies 
that are poorly consistent with each other.

An example of working with big data is The GDELT Project led by Kalev 
Leeataru. From 1801 to 2005 GDELT digitized all available information for seven 
countries - China, Russia, Japan, Germany, France, USA, UK. The main criterion 
for assessing was the question of how well the development of these countries 
corresponded to the corridor of opportunities that was determined by the empirical 
generalizations of big data? It turned out that the listed countries besides Russia 
corresponded to the existing corridors of opportunities, and the Russian history 
«broke out» from it. Conclusion: there is no single, universal approach to the de-
velopment of complex systems. The path traversed by the West, in fact, is not 
universal, but unique.

Intersen's destiny project. By 2008 year, GDELT had digitized all available re-
search on large countries, and by 2013 year was taken under the wing of the CIA. 
All publications on the analytical and predictive part of world development have 
disappeared not only from scientific journals, the Internet, but also the Darknet. 
All that can be found now, for the most part, old developments, while new ones 
are applied to practical use. Despite this, even now, GDELT is showing a very 
successful example of working with big data. 

The principle of work of GDELT with large amounts of information is very 
interesting. The project identifies three units of research: events, situations and 
transformations. Events, single actions of one or several subjects, are the basic 
units of analysis. Events always take place within a situation, causing it to change. 
Situations are extended during the action, united by the unity of the subjects' ac-
tions, the point of application of efforts and the existing conditions. Transforma-
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tion is the transition from one situation to another. Overall, it is a good language 
for studying the historical functioning of any system, both pre-capitalist and capi-
talist. 

Such an analysis is good for a general understanding of systems, but it should 
be borne in mind that for a deeper analysis it is important to remember that in dif-
ferent systems there are patterns that are not in another. For example, power and 
property are different in different civilizations. Therefore, applying the technique 
of analyzing large systems, it is necessary to analyze both general and specific is-
sues without diving into any of them. This is a kind of a view from above, taking 
into account general trends and individual characteristics of particular historical 
systems.

Conclusion
The familiar world is changing. Not only it image is transformed, but also the 

basis. From now on, the most important task of the social sciences should be the 
desire to track the most important trends in global evolution. A kind of analysis 
of the changes in the world from the dawn of history to the present day. This can 
be helped by world-systems analysis, historical globalization which, on the basis 
of big data, for example, GDELT Project, will be able to describe the changing 
global reality. From now on, the Cartesian dismemberment of the whole into ele-
ments does not meet the needs of a modern, global order, since does not cover 
the entire spectrum of socio-economic, political and technological changes in the 
world system, focusing on its individual aspects: the market, civil society, policy. 

Moreover, two questions are still relevant: «when?» and «where?» globaliza-
tion started. Probably, its origins are hidden under the shadow of the past capable, 
I think, to explain the features of the globalization process of our time.
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information generation "Net gen" is carried out.

Keywords: digital socialization, generation “Net gen”, information 
preferences.

Introduction
According to the annual report on the state of the digital environment from 

Global Digital 2021, in January 2021, 4.66 billion people worldwide use the In-
ternet, which is 7.3% more than last year, and 53.6% of the world's population use 
social networks. ... We see how the virtual world has been added to the space of 
the real world, which every year plays an increasing role in the life of every per-
son. All this leads to changes in the conditions of human socialization. On the one 
hand, expanding its resource, on the other hand, it forces one to be in a constant 
situation of uncertainty and the search for personal boundaries.

In our country, out of 145.9 million inhabitants, 124 million are active Internet 
users. 

Don Tappscott, studying the impact of the penetration of digital technologies 
into life, identifies the following norms that have formed among people of the 
Internet generation [1, p. 73]:

1. Freedom. The Net Gen (as Tappscott calls them) have been given the free-
dom to choose what to buy, where to work, and who to be through the Internet. 
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They do not strive to find a job immediately after receiving an education, to which 
they will give their whole life. They are open and ready to experiment. Young 
people today tend to avoid traditional office space and tightly regulated work 
schedules. And many tech giants like Google and Intel are striving to create the 
most comfortable work environment for the next generation of their employees.

2. Customization. Young people strive to do everything for themselves. When 
they buy various goods, they change them in order to express themselves in their 
things. Today you can see a lot of young people with different stickers, stickers, 
pins and badges.

3. Skepticism. The Net Gen motto is "Trust but Verify." This norm is especially 
important in the digital space, where there is a lot of false information. Therefore, 
representatives of this generation, who were familiar with the digital environment 
from an early age, adapted to it by checking the incoming information.

4. Tolerance. Net Gen representatives strive to be honest, considerate of the 
world's problems and concerns of others, and to honor their commitments. How-
ever, Professor Jean Twenge disagrees with this norm, highlighted by Tappscott, 
who calls the younger generation "the I generation" and believes that this is the 
most narcissistic generation in history.

5. Cooperation. With the advent of digital technologies into our lives, it has 
become easier to communicate, find like-minded people and unite with them in 
groups to work on a common cause.

6. Speed. Young people today are online almost all the time. At any moment 
they can receive messages on the phone, and they immediately answer. If they 
need to find some information, then the search process will not take them long. 
The ability to quickly navigate a situation young people can transfer to any field 
of activity.

7. Innovation. Today's world is constantly evolving. New technologies appear 
every year. The Net Gen representatives, who are most densely integrated into the 
digital environment, strive to keep up with the progressing world, actively seeking 
new information. The drive for innovation is also associated with the drive for cus-
tomization. Young people want to adjust everything for themselves and therefore 
come up with something new.

All these norms look like positive consequences of living in the digital space, 
but attention should also be paid to the negative impact of digital technologies. 

Modern users who receive information, mainly from digital sources, are char-
acterized by a superficial style of information processing, rapid switching of atten-
tion, which in turn can lead to a violation of the formation of important educational 
skills: logical analysis, critical thinking and reflection [2, p. 50] .

Purpose of the study
One of the main tasks is to study the way a person adapts to a new reality. We 
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see how much young people differ from people of the older generation, and we 
are interested in how these changes take place, how the digital socialization of the 
younger generation takes place.

Digital socialization is mediated by the technosystem. The technosystem in-
cludes human interaction with both living (peers) and non-living (electronic de-
vices, programs, applications) its elements. The use of more complex tools (ele-
ments of a technosystem) by a person in the process of socialization may require 
the development of more and more complex cognitive processes, which means 
a more complex person to interact with the outside world [3, p. 72]. Digital so-
cialization is an important part of traditional socialization and is the process of 
mastering and appropriating a person's social experience, which was acquired in 
the context of the virtual and real world. The result of digital socialization is the 
formation of a digital personality of a person, which today is an integral part of a 
real personality.

One of the important aspects of digital socialization is the formation of infor-
mation preferences - that is, the choice of the most suitable and reliable sources for 
a person to find the necessary information. 

The formation of information preferences is significantly influenced by such 
factors as: reference group, categorization in the process of forming a group identi-
ty, leading human activities, territorial position, as well as age, interests and values. 

Our earlier study of information preferences [4, p. 90] showed that today the 
most preferred sources of information for representatives of younger and older age 
groups is the Internet, and people spend about two hours a day searching for the 
information they need. 

It was also found that young people prefer social networks and information 
sites, while older people spend more time on news sites. 

Informational preferences affect the behavior of people, the construction of 
their lifestyle. The issue of information preferences turned out to be especially 
relevant to us in the situation of the COVID-19 pandemic, when there was a lot of 
information about this disease in various sources, and sometimes the information 
was rather contradictory.

An empirical study of the information preferences of young people and adults 
during the Covid-19 pandemic.

Objective of the study: comparative analysis of information preferences of rep-
resentatives of young and mature age groups during the covid-19 pandemic

Study sample. The study involved 167 people, including 89 at the age from 18 
to 25 years old and 78 at the age from 45 to 60 years old. 

Materials and methods
The respondents were asked to fill out a questionnaire to identify information 

preferences during the covid-19 pandemic.
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Results and discussion
During the covid-19 pandemic, the new disease was talked about from various 

sources of information. We were interested in how our respondents learned about 
the coronavirus. The results are shown in the diagram below.

Source of information on coronavirus (18-25 years old)

Fig. 1. Source of information on coronavirus (18-25 years old)

Source of information on coronavirus (45-60 years old)

Fig. 2. Source of information on coronavirus (45-60 years old)

It can be seen that the main source of information about the coronavirus dif-
fers in different age groups. So, young people learned about a new disease, mainly 
from the Internet and social networks, and adults received this information more 
through television. In addition, young people have such a source of information as 
"streaming video", while mature people do not use this source.
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It is also worth noting that in both age groups, almost a quarter of the respon-
dents received information about the coronavirus from personal communication. 

It was important for us to find out which sources of information the surveyed 
respondents trust. 

Trust in information sources (18-25 years old)

Fig. 3. Trust in information sources (18-25 years old)

Trust in information sources (45-60 years old)

Fig. 4. Trust in information sources (45-60 years old)

On this issue, we have obtained quite interesting results that illustrate the dis-
crepancy between different age groups. Thus, young people most of all trust infor-
mation received from the Internet, and only a quarter of respondents from this age 
group trust personal communication.
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For mature people, there are three main sources of information that are most 
trusted: the Internet, television and personal communication. Such a higher level 
of trust in information obtained from personal communication can be justified by 
the fact that people of mature age either have more competent acquaintances, or by 
the fact that they are less confident in themselves and in the information that they 
have found on their own, so it is easier for them to trust other people whom they 
consider to be more competent in this matter.

All respondents actively monitored the spread of coronavirus in the world and 
we were interested in what sources they used to search for up-to-date information 
about the situation with the coronavirus. 

Sources of relevant information (18-25 years old)

Fig. 5. Sources of relevant information (18-25 years old)

Sources of relevant information (45-60 years old)

Fig. 6. Sources of relevant information (45-60 years old)
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The results obtained are similar to those of the previous question. The Internet 
stands out among young people, followed by social networks and personal com-
munication. For people of mature age, television and the Internet are approxi-
mately at the same level and, with a slight lag, personal communication follows.

In the midst of the covid-19 pandemic, there was a lot of different informa-
tion from different sources. Along with useful and reliable information, a lot of 
fake news about a new disease, its spread and possible consequences got into the 
information field. We asked the respondents a question about whether they got to 
such news or viewed them. In both age groups, the majority of respondents (90% 
in both groups) answered negatively to this question.

Many famous people spoke about the situation in the world, who shared their 
opinions and attitudes towards the coronavirus and the precautions that were taken 
in many countries. In this regard, we were interested in how important the opin-
ions of famous people about the pandemic were for our respondents.

The importance of the opinions of famous people

Fig. 7. The importance of the opinions of famous people

The results obtained show us that for young people the opinion of famous 
people is generally not important. It can be assumed that they themselves form an 
individual opinion about the current situation and independently decide whether 
to take precautions or not. For the majority of mature people (56%), the opinions 
of famous people turned out to be an important indicator.
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Through our research, we obtained data on the preferred sources of informa-
tion about the coronavirus and the sources that are most trusted by our respon-
dents. But it was also important for us to find out how the respondents disseminate 
information about the coronavirus among their friends, relatives and, possibly, 
among other people through a blog.

Ways to disseminate information

 
Fig. 8. Ways to disseminate information

Representatives of both age groups prefer personal communication as the main 
way of disseminating information. There is a slight discrepancy in the second 
most popular way of disseminating information: young people prefer instant mes-
sengers and social networks, while mature people prefer live communication by 
phone.

The choice of information sources, even in critical conditions, is largely due to 
how the process of digital socialization of people took place. 
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Abstract. Global climate change and the impact of these changes on the 
environment, ecology, economy at the end of the twentieth century, became one of 
the main problems of human life. Since climatic changes are not synchronous in 
time and space, regional studies are necessary fragments in building an overall 
picture of climate change.

The purpose of this article is to assess changes in the precipitation regime in 
the North Caucasus region for the periods 1961-2019 and 1976-2019 for different 
climatic zones.

 It was found that in all climatic zones of the North Caucasus region, both 
an increase and a decrease in seasonal and annual precipitation were observed, 
mainly these trends are statistically insignificant. In all climatic zones, with the 
exception of the alpine one, in the period 1976 to 2019, a negative trend in the 
amount of precipitation was observed, which increased in comparison with the 
entire observation period.

Keywords: North Caucasian region, climatic zone, modern period, 
precipitation amount, trend, rate of change.

Introduction
Climate is a generalization of weather changes in a given area of   space at a 

given time interval. To characterize the climate, a statistical description is used in 
terms of averages, extrema, indicators of variability of the corresponding values   
and the frequency of occurrence of phenomena for a selected period of time. The 
most important and popular climatic variables used to estimate climate change are 
air temperature at the surface of the earth and precipitation.
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Atmospheric precipitation in the form of rain, snow and hail are common 
natural phenomena. Abundant atmospheric precipitation increases the likelihood 
of floods, avalanches, rockfoils, mudflows, landslides, landslides, contributes to 
the accumulation of a critical amount of water in mountain lakes and unexpected 
breakthrough of dams, river overflow, destruction of roads, power lines, buildings, 
destruction of farmland [1].

According to the results of the forecast [2] in the XXI century, the amount of 
precipitation on the territory of Russia, as a whole, will increase, and the most sig-
nificant in the winter. The distribution and intensity of future precipitation changes 
are highly seasonal.

Purpose of the study - to establish the nature of the change in the precipitation 
regime in different climatic zones of the North Caucasus region for the observa-
tion period 1961-2019 and for the period of modern warming 1976-2019.

Materials and methods
According to climatic characteristics, the North Caucasian region can be divid-

ed into 4 zones depending on the height above sea level: plain, foothill, mountain 
and high-mountain.

The flat zone occupies most of the region's territory and stretches from its 
northern borders to the south, to the Terek River. Plains are territories with a slight 
elevation difference (up to 200 m), they are low-lying up to 200 m, elevated from 
200 to 500 m and higher than 500 m, such plains are called plateaus.

The foothill zone (500-1000 m above sea level) is located to the south and 
stretches in a small strip from northwest to southeast. The mountainous zone is 
located at an altitude of over 1000 and alpine at an altitude of over 2000 m above 
sea level. The physical and geographical characteristics of the meteorological sta-
tions in the North Caucasus region are shown in Table 1.

Table 1 - Physical and geographical characteristics of meteorological stations in 
the North Caucasus region

№ n/n Weather stations Longitude (°N), 
Latitude (°E)

Height above 
the sea level, 

(m a. s. l.)

Plain stations (< 500 m a. s. l.)

1 Prokhladnaya (Kabardino-Balkaria) 43.46° N; 44.05° E 198

2 Izobil’nyi (Stavropol region) 45.22° N; 32.42° E 194

3 Makhachkala (Dagestan) 42.59° N; 47.31° E 173

4 Mozdok (Republic of North Ossetia 
- Alania) 43.44° N; 44.39° E 126
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5 Derbent (Dagestan) 42.04° N; 48.17° E 30

6 Izberg (Dagestan) 42.34° N; 47.45° E 21

7 Kizlyar (Dagestan) 43.51° N; 46.43° E -17

Foothill stations (500–1000 m a. s. l.)

8 Kislovodsk (Stavropol region) 43.54° N; 42.43° E 819

9 Vladikavkaz (Republic of North 
Ossetia - Alania) 43.21° N; 44.40° E 680

10 Buinaksk (Dagestan) 42.49° N; 47.07° E 560

11 Stavropol (Stavropol region) 45.03° N; 41.58° E 540

12 Cherkessk (Karachay-Cherkessia) 44.17° N; 42.04° E 526

13 Nalchik (Kabardino-Balkaria) 43.22° N; 43.24° E 500

Mountain stations (1000–2000 m a. s. l.)

14 Teberda (Karachay-Cherkessia) 43.45° N; 41.73° E 1280

15 Akhty (Dagestan) 41.28° N; 47.44° E 1054

High-mountain station (> 2000 m a. s. l.)

16 Terskol (Kabardino-Balkaria) 43.15° N; 42.30° E 2144

To study changes in the precipitation regime, averaged values, anomalies and 
trends for calendar seasons and the year as a whole were used.

The time series were investigated by the methods of mathematical statistics 
and supplemented by linear trends characterizing the trend of the value under con-
sideration for the periods 1961-2019 and 1976-2019. Average values and norms 
of annual and seasonal precipitation were calculated for each climatic zone and 
the region as a whole.

Results and discussion
In different climatic zones of the North Caucasus region, climate change can 

vary significantly. Figure 1 shows the course of annual precipitation amounts ac-
cording to data from 16 m/stations in the North Caucasus region. Figure 1 shows 
that changes in the precipitation regime in different climatic zones are not syn-
chronous. The greatest amount of precipitation is observed in the high-mountain-
ous zone, and the least in the lowland zone.
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Figure 1 - The course of annual precipitation totals according to data from 16 
m/stations of the North Caucasus region

To study changes in the precipitation regime, as in previous works [3, 4], we 
used averaged values   and trends for calendar seasons and the year as a whole.

The time series were investigated by the methods of mathematical statistics 
and supplemented with linear trends characterizing the trend of the value under 
consideration for the periods 1961-2019 and 1976-2019. Average values   and 
norms of annual and seasonal precipitation were calculated for each climatic zone 
and the region as a whole.

Throughout the North Caucasus region in the period from 1961 to 2019 there 
was a statistically insignificant increase in annual precipitation. Table 1 shows 
the averaged values   of precipitation amounts and their climatic norms in differ-
ent climatic zones and on average for the region for the periods 1961-2019 and 
1976-2019.

Table 2 shows that in all climatic zones in the period 1976-2019 the excess of 
the climatic norm is higher than in the period 1961-2019.

Table 2 - Climatic norms and annual precipitation for the periods 1961-2019 
and 1976-2019 in the North Caucasus region

Climatic zones Plain Foothill Mountain High-
mountain

Average for 
the North 
Caucasus

Climatic norm (1961-
1990), mm 405 631 576 936 637
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Average annual 
precipitation, 1961-2019, 
mm

416 640 594 969 655

∆P exceeding the 
climatic norm 11 9 18 33 18

Average annual 
precipitation, 1976-2019, 
mm

421 642 605 983 662

∆P exceeding the 
climatic norm 16 11 29 47 25

Table 3 shows the summary characteristics of the linear trend (slope b (mm/  
10 years) and contribution to the total variance D (%)). The slope b characterizes 
the rate of change of the meteorological parameter, and the strength of the trend, 
its significance, describes the value of the contribution to the total variance (D,%). 
Table 3 shows that in all climatic zones, both an increase and a decrease in season-
al and annual precipitation were observed, these trends are mainly statistically in-
significant. In the plain zone, from 1976 to 2019, there was a slight decrease in the 
growth rate of annual precipitation amounts from 5.4 mm/10 years to 5.32 mm/10 
years. Winter and spring seasons, the growth rate has increased, the autumn and 
especially summer season (from -3.2 mm/10 years for the entire period to -4.45 
mm/10 years in the modern period) is characterized by a decrease in precipitation. 
All trends are statistically insignificant, with the exception of a steady increase in 
winter precipitation. In the foothill zone, the growth rate of annual precipitation 
amounts in the modern period decreased compared to the entire observation period 
and amounted to 0.93 mm/10 years, the trend is statistically insignificant. This is 
due to the strengthening of the negative trend in summer precipitation amounts 
and a decrease in precipitation in the autumn season. In the mountainous zone, 
there is also a tendency towards a decrease in annual precipitation amounts to 6.55 
mm/10 years. The main contribution to this change is made by the winter season, 
where the growth rate decreased from 1.34 mm/10 years to 0.042 mm/10 years, 
summer and autumn seasons, where the growth rate has a negative trend (-2.25 
mm/10 years and -0.66 mm/10 years respectively). In the mountainous zone, only 
the spring season is characterized by an increase in the amount of precipitation 
(from 5.5 mm/10 years for the entire period to 10.01 mm/10 years in the modern 
period). At the high-mountain meteorological station Terskol, the growth rate of 
annual precipitation totals was 15.25 mm/10 years (D =1.36%), which is lower 
than the annual precipitation totals for the entire observation period. In the winter 
season, there was a negative trend in the change in the amount of precipitation, 
and in the modern period the growth rate was -3.02 mm/10 years. Spring and sum-
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mer seasons are characterized by a slight increase in the growth rate of seasonal 
precipitation amounts.

Table 3 - Comparative estimates of the rate of change in the amount of 
precipitation in different climatic zones of the North Caucasus region for 1961-

2019 and 1976-2019
Season Year Winter Spring Summer Autumn

years 1961-
2019

1976-
2019 

1961-
2019

1976-
2019 

1961-
2019

1976-
2019 

1961-
2019

1976-
2019

1961-
2019

1976-
2019 

Plain zone
b 5,4 5,32 2,69 5,21 1,53 2,27 -3,2 -4,45 5,2 3,12
D(%) 2,26 1,12 4,6 9,62 1,2 1,64 2,9 3,0 5,8 1,08

Foothill zone
b 1,1 0,93 8,82 2,47 3,0 7,27 -4,4 -7,95 2,5 -0,34
D(%) 0,05 0,01 0,6 2,87 2,0 6,04 1,4 2,75 1,5 0,01

Mountain zone
b 10,36 6,55 1,34 0,042 5,5 10,01 0,2 -2,25 4,3 -0,66
D(%) 5,1 1,2 0,3 0,0 5,8 8,9 0,0 0,6 2,4 0,03

High-mountain zone
b 16,31 15,25 0,3 -3,02 9,1 12,89 -0,4 0,57 8,8 5,7
D(%) 2,9 1,36 0,0 0,25 3,8 3,52 0,0 0,01 2,6 0,66

Average values for the North Caucasus region
b 8,55 6,96 1,3 1,18 4,4 7,46 -1,9 -3,52 5,2 1,96
D(%) 3,3 1,38 0,4 0,23 4,3 5,57 0,7 1,3 4,4 0,35

b – the value of the slope of the linear trend (mm / 10 years), D(%) – the contri-
bution of the trend to the total variance. Bold indicates trends that are statistically 
significant at the 5% level.

In general, in the North Caucasus region, we can talk about a decrease in the 
growth rate, both in annual precipitation amounts and seasonal, with the exception 
of the spring season, where the growth rate in the modern period has increased to 
7.6 mm in 10 years. All trends are statistically insignificant.

Separately, I would like to note the change in the amount of precipitation in 
the summer season. In all climatic zones, with the exception of the alpine one, in 
the period 1976 to 2019, a negative trend in the amount of precipitation was ob-
served, which increased in comparison with the entire observation period. Only in 
the alpine zone, in which there was a negative trend in the change in the amount 
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of precipitation over the entire observation period, there was an increase in the 
amount of precipitation in the modern period, although this trend is statistically 
insignificant.

Since the plain and foothill zone of the North Caucasus region is the most im-
portant producer of agricultural products, a decrease in summer precipitation may 
negatively affect the production of agricultural products.

In contrast to the forecast given in [2], in the region under consideration, there 
is a tendency towards a decrease in annual and seasonal precipitation amounts in 
all seasons, except for spring.

Conclusion
During the study of changes in the precipitation regime in the North Caucasus 

region, both an increase and a decrease in annual and seasonal precipitation were 
observed.

In the plain zone of the North Caucasian region, an increase in winter and 
spring precipitation and a decrease in summer and autumn were observed, due to 
which there was a tendency to a decrease in annual precipitation as well.

In the foothill and mountainous zones in the winter, summer and autumn sea-
sons, as well as in the year as a whole, there was a decrease in seasonal precipita-
tion amounts in the modern period, compared to the baseline, in contrast to the 
spring season, characterized by their growth.

The alpine zone is the only zone where there is an increase in summer precipi-
tation. 

References

1. http://climatechange.igce.ru
2. Kattsov V.M., Kobysheva N.V., Meleshko V.P. et al. Assessment of the 

macroeconomic consequences of climate change on the territory of the Russian 
Federation for the period until 2030 and beyond. Proceedings of the GGO them. 
A.I. Voeikova, St. Petersburg. No. 563. 2011. Pp. 7-59.

3. Ashabokov B.A., Tashilova A.A., Kesheva L.A., Taubekova Z.A. Trends in 
precipitation regime and frequency of extreme values   in different climatic zones 
of southern Russia (1961-2011) Meteorology and hydrology. Number 3. 2017. Pp. 
18-28

4. Ashabokov B.A., Fedchenko L.M., Tashilova A.A., Kesheva L.A., Teunova 
N.V. Spatio-temporal climate change in the south of the European territory of 
Russia, assessment of its consequences, methods and models of agro-industrial 
complex adaptation. Monograph, Fregat LLC, 2020. 476 p.



144

“Science and innovations 2021: development directions and priorities”

International scientific conference

DOI 10.34660/INF.2021.67.58.017

PRIORITY AREAS FOR IMPROVING STATE POLICY TO 
SUPPORT SMALL AND MEDIUM-SIZED BUSINESSES IN THE 

RUSSIAN FEDERATION

Borisov Vladimir Konstantinovich
Candidate of Philosophical Sciences, Associate Professor
Fokina Alina Sergeevna
Student
Lomonosov Moscow State University 
Moscow, Russia 

Abstract. This article examines the application in the Russian Federation 
of specific mechanisms and instruments to support small and medium-sized 
businesses, which had a positive impact on the development of the USA economy, 
but taking into account the specifics of the economic, political and social spheres 
in Russia.

Keywords: small and medium business, government support, support program, 
economy, entrepreneurs, Russian Federation, USA

The development of the small and medium-sized enterprises (SME) sector is 
considered one of the important for socio-economic transformations not only in 
Russia, but also in other countries, since it is this area that has a tremendous im-
pact on the development of the country as a whole (unemployment, social tensions 
in the country, introduction of innovations and many other problems are solved 
mainly with the help of small and medium-sized businesses). 

However, despite this, Russian entrepreneurs continue to face many obstacles 
in various areas (legislation, taxation, obtaining loans, as well as administrative 
barriers), which complicates the development of small and medium-sized busi-
nesses. That is why it is necessary to modernize the existing government support 
(introduce new government measures that will be aimed at the development of 
small and medium-sized businesses, as well as determine the impact of existing 
measures), applying the positive experience of the USA.

State support for small and medium-sized businesses in Russia and the USA 
boils down to the following areas:
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1) Grants. This is a certain amount of money received by a businessman whose 
organization is under 2 years old. It is issued on the basis of an approved business 
plan to cover the costs of its implementation.

The maximum amount in the Russian Federation is 300,000 rubles. In this 
case, it is important to fulfill one condition. The entrepreneur himself contributes 
30-50% of the total project amount to the general budget, which is documented. 
The amount of the initial payment depends on the region of residence and business 
registration.

In the USA, the size of the grant depends on the organization, state, or other 
body that forms it as an incentive for a developing business.

2) Subsidy. If you need to grow your business on a large scale, you can apply 
for this kind of irrevocable help already with a decent period of activity. In this 
case, for the purchase of fixed assets, an amount is issued that covers from 50% to 
90% of their value. The maximum amount of such funds can be 10 million rubles.

Self-Employment Benefit. If you start your journey with the status of an of-
ficial unemployed, then a verified, confirmed business plan can bring you 58,800 
rubles. This amount is calculated based on the amount of the annual unemploy-
ment benefit. By the way, if you hire people like you in your business, you can 
apply for this benefit again.

3) Partial payment. By purchasing equipment or machinery under the contrac-
tual obligations of the bank, you can pay off part of the interest on the state pro-
gram. This is approximately 2.75 - 5.5% of their total. When collecting documents 
on monthly payments of contributions, upon presentation, an estimated refund is 
issued.

4) Repayment of 2/3 of the planned exhibition costs. If you grow your business 
by participating in special events, you can count on support. 

5) Agricultural organization. The development of this industry in Russia gives 
start-up entrepreneurs the right to cover the costs of purchasing grain, livestock, 
seeds.

In the USA, there is a corresponding policy of financial institutions aimed at 
lowering interest rates on lending to banks.

Based on the foregoing, we can conclude that support for small and medium-
sized businesses in Russia and the USA has basically different approaches, which 
consist of the fact that in the USA state support is of a complex nature, the nature 
of "institutions", and in Russia it is individual, according to type of isolated cases.

But despite this, in the USA there are a large number of measures aimed at 
supporting small and medium-sized businesses that should be applied in Russia. 
So, for example, due to the federal structure of the USA, on the territory of each 
specific state, the business support program is carried out in different ways and it 
is such an experience, taking into account regional characteristics, would be very 
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significant for the entire business support system in Russia.
There are no known small business loans or grants in Idaho, Nevada, West 

Virginia, and Wyoming. Only 26 states have (or have had) a statewide small busi-
ness loan, and only 17 states are implementing a grant-based government business 
support scheme. While all states have received some federal funding in the form 
of loans, some have received much more support than others. For example, 25.71 
percent of small businesses received a loan in North Dakota, while only 12.19 
percent received a loan in Maryland. The highest percentage of small businesses 
that received loans within the same state was 1.18 percent in Hawaii. The lowest 
was 0.56 percent in West Virginia. Small businesses in California are offered two 
government loans. The California Disaster Relief Loan Guarantee Program was $ 
50 million and guaranteed up to 95% of the loan for up to 7 years. The California 
Capital Access Program is run by the California Pollution Finance Agency and 
is aimed at small businesses that find it difficult to get funding. There are also 30 
other loans available in California cities and counties. Companies were also given 
an extension to filing their first quarter returns (extended through July 31, 2020) 
and access to sales and use tax incentive plans for small businesses.

Also, it is necessary to implement a program to encourage small businesses 
that create jobs in unused business areas or areas with low business activity, in the 
USA this program is called HUBZone business. On the basis of the program, small 
enterprises located in such zones are provided with preferences when accessing 
federal orders, which allows them to function and develop, attracting residents and 
creating jobs for them, which results in the overall development of territories and 
an increase in the level of well-being of the population.1

It must be implemented in poorly urbanized areas and rural settlements, in 
agricultural regions, as well as in federal districts, where there is a decrease in the 
growth of the number of small and medium-sized enterprises, such as the North 
Caucasus Federal District, the Far Eastern Federal District, the Ural Federal Dis-
trict, etc. This program should be combined with a regional business support sys-
tem. It is this interaction that will be most effective than if these measures are 
applied separately. 

Another program to be implemented in Russia is a program to support small 
and medium-sized enterprises owned by young people who are citizens of the 
Russian Federation. This is a large segment of the population that is able to gener-
ate new innovative ideas, is ready to implement them, but does not have financial 
capabilities for this, therefore, the state needs to pay attention and apply a number 
of measures aimed at supporting them.

1Musabirova D.A., Yushchenko N.A. Measures taken to support small business in accordance 
with the legislation on the contract system of the RF and the USA // Issues of Economics and Law. 
2018. №115. P.7-10.
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USA has a program 7a "Loan Guarantee Program", which can be applied in 
Russia. First, assistance is provided by commercial banks and lending institutions 
acting as an intermediary. Typically, this type of support is provided to new busi-
nesses in the market, as they lack the necessary characteristics in order to obtain 
borrowed funds. This program reduces risks for banks and other credit organiza-
tions, since the state assumes long-term obligations and spends significant funds. 
So, within the framework of the program, up to 85% of the total cost of the loan 
is guaranteed if it is less than 150 thousand dollars. For larger loans, the guarantee 
percentage is reduced to 75%, but this significantly affects the decision of banks. 
As for the warranty periods under this program, they vary significantly, but there 
are certain limits for fixed capital and for working capital. For working capital, 
the maximum guarantee period is 10 years, for the fixed capital of companies - 25 
years. This is due to the reduced risk for the fixed capital of organizations.

It is important to introduce the practice, which is being carried out in the USA, 
related to assessing the impact of not only new laws, but also existing ones, which 
are aimed at supporting small and medium-sized businesses. Since existing laws 
may contradict new ones, as well as how long it takes to begin to have a negative 
impact on the development of entrepreneurship in the Russian Federation.

Also, taking into account Russian realities, various state corporations that have 
close relations with political elites and budget funds could provide important sup-
port to small and medium-sized businesses.

In addition, it is worth noting that in Russia there are practically no non-prof-
it funds for supporting entrepreneurship, there are no various investment clubs, 
within the framework of which they could support small and medium-sized busi-
nesses.

Thus, based on the study, we can say that the USA's experience in supporting 
small and medium-sized businesses should be applied in the Russian Federation, 
but at the same time it is necessary to take into account the specifics of our coun-
try. All of the above measures can improve the state of state support, as well as 
ensure the development of the Russian economy.

References

1. Federal Law of 24.07.2007 N 209-FZ (as amended on 27.10.2020) "On the 
development of small and medium-sized businesses in the Russian Federation" // 
Russian newspaper. 2008. № 12. August 25.

2. Adamenko, A.A. State support as a tool for the development of small 
business / A.A. Adamenko, T.E. Khorolskaya, D.V. Petrov // Scientific and 
technical statements of the St. Petersburg State Polytechnic University. Economic 
sciences. – 2020. – V. 13. – № 3. – P. 57-67.



148

“Science and innovations 2021: development directions and priorities”

International scientific conference

3. Barseghyan, E.E. State regulation of small business in Russia / E.E. 
Barseghyan // Labor and social relations. – 2020. – № 1. – P. 18-26.

4. Mirzoyan, R.S. State support of small business / R.S. Mirzoyan // Student 
Bulletin. – 2020. – № 13-4 (111). – P. 69-72.

5. Musabirova D.A., Yushchenko N.A. Measures taken to support small 
business in accordance with the legislation on the contract system of the Russian 
Federation and the USA // Issues of Economics and Law. 2018. №115. P.7-10.

6. Department of Commerce // https://www.commerce.gov.
7. Small Business Innovation Research // https://sbir.nih.gov.
8. Small Business Regulatory Enforcement Fairness Act // https://www.sba.

gov/advocacy/small-business-regulatory-enforcement-fairness-act-sbrefa.
9. Small-Business Owners Say Candidates Fail to Address Issues. URL: 

http://www.gallup.com/poll/191336/small-business-owners-say-candidates-fail-
address-issues.aspx.

10. Women-Owned Small Business Federal Contracting program // https://
www.sba.gov/federal-contracting/contracting-assistance-programs/women-
owned-small-business-federal-contracting-program.



149

“Science and innovations 2021: development directions and priorities”

International scientific conference

DOI 10.34660/INF.2021.52.94.018

DYNAMICS OF THE CIRCADIAN RHYTHM OF DIASTOLIC 
BLOOD PRESSURE IN THE ACUTE PERIOD OF COMBINED 

SEVERE TRAUMATIC BRAIN INJURY

Muhitdinova Hura Nuritdinovna
Doctor of Medical Sciences, Full Professor
Center for the Development of Professional Qualifications of Medical 
Workers

Abstract. During the acute period of CSTBI, the correction of hemodynamics 
(hypotensive, according to indications of vasopressor therapy) ensured the 
stability of the indicator within the generally accepted standard values. All injured 
patients retained a tendency to instability of the vascular vasopressor response, 
which turned out to be the most significant in group 3 in patients over 61 years 
of age. The most pronounced daily changes in peripheral vascular tone were 
found in patients of group 3. The adaptive capabilities of peripheral vessels were 
comparatively more active in patients of group 1 up to 40 years old from 9 to 17 
days of the acute period of CSTBI.

Keywords: combined severe traumatic brain injury, circadian rhythm, diastolic 
blood pressure

Relevance. The most important goal of intensive care for patients with severe 
traumatic brain injury (TBI) is "... to maintain an optimal flow of oxygen-rich 
blood to the brain." Among the measures of intensive therapy, which are of great 
importance for the prevention of secondary ischemic attacks, there are primar-
ily the provision of external respiration function and the relief of hemodynamic 
disorders. Systemic BP is a critical factor in compensating for cerebral ischemia 
in severe TBI. The value of this factor is most pronounced in the first few days 
after TBI and in the immediate postoperative period. According to the authors, 
the decrease in cerebral perfusion pressure that occurred during antihypertensive 
therapy posed a real threat of cerebral ischemia. On this basis, many researchers 
have given up on lowering BP with TBI treatment. Moreover, recently, sympa-
thomimetics (epinephrine, dopamine, norepinephrine) have been widely used to 
increase BP. It is believed that they contribute to an increase in cerebral perfusion 
pressure without significantly affecting ICP [1-5]. Due to the lack of information, 
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we made an attempt to study and assess the dynamics of the circadian rhythm of 
diastolic blood pressure (DBP) in the acute period of combined severe traumatic 
brain injury (CSTBI). 

Purpose of the work: to study and assess the adaptive changes in the phase 
structures of the circadian rhythm of diastolic blood pressure in combined severe 
traumatic brain injury.

Material and research methods. The indicators of a comprehensive exami-
nation of 30 patients with concomitant severe traumatic brain injury (CSTBI) who 
were admitted to the ICU of the neurosurgical department of RSCEMA in the first 
hours after an accident - 28, catatrauma of 2 patients were studied. According to 
the testimony of 29 patients, on admission, invasive mechanical respiratory sup-
port (MRP) was started. Monitoring was carried out by complex hourly registra-
tion of parameters of body temperature, hemodynamics, respiration. Mechanical 
respiratory support was started with artificial lung ventilation (ALV) for a short 
time, followed by transfer to SIMV. The severity of the condition was assessed 
by scoring methods according to the scales for assessing the severity of combined 
injuries - the CRAMS scale, the assessment of the severity of injuries according 
to the ISS scale. On admission, impaired consciousness in 29 injured patients was 
assessed on the Glasgow Coma Scale (GS) of 8 points or less. Patients were con-
sidered in three age groups: group 1, 19-40 years old (13), group 2 - 41-60 years 
old (9), 3 - 61-84 years old (8 patients). Complex intensive therapy consisted in 
identifying and timely correction of deviations: MRP, after removing from shock 
anesthetic, anti-inflammatory, antibacterial, infusion therapy, correction of protein 
and water-electrolyte balance disorders, surgical, to the extent possible, early cor-
rection, syndromic, symptomatic therapy. 

Results and discussion.

Table 1
Assessment of the severity of the condition by age
Parameters group 1 group 2  group 3  

age in years 29.5±4.3 51.6±4.8 72.3±9.1
CRAMS, points 4.5±0.6 4.4±0.8 4.8±0.6
ISS, points 50.2±5.6 43.3±7.1 46.2±9.1
GS, points 7.3±0.5 7.9±1.3 7.8±1.5

It was found that with the most severe injuries in patients of group 1 (50.2±5.6 
points), the severity of the condition and impaired consciousness did not differ 
significantly from those in groups 2 and 3 (tab. 1).
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Table 2
Dynamics of the mesor of the circadian rhythm of diastolic blood pressure

Days group 1 group 2 group 3 
1 75.3±3.1 75.3±7.1 78.0±5.0
2 70.5±1.9 79.5±3.5 75.6±2.5
3 72.0±2.2 77.2±2.4 73.3±2.6
4 77.6±2.3 78.4±3.0 77.5±2.9
5 76.3±1.8 77.0±2.7 79.1±3.5
6 76.7±1.7 76.8±2.0 77.2±2.6
7 76.7±1.7 77.6±2.6 74.3±2.8
8 77.4±2.2 74.9±2.1 73.2±3.9
9 75.1±2.8 74.1±3.0 74.0±2.8

10 78.9±3.0 75.6±2.2 75.8±3.7
11 74.8±2.1 74.6±2.5 73.5±2.7
12 75.0±2.1 73.3±2.1 72.6±3.2
13 72.7±2.8 72.2±2.2 68.5±2.9
14 74.8±2.5 73.0±1.9 76.0±2.7
15 74.6±2.2 73.0±2.4 72.4±3.0
16 73.8±1.9 72.3±2.2 76.4±2.9
17 72.4±3.1 70.1±2.5 75.7±3.9
18 75.3±3.0 79.8±5.2 68.4±3.2
19 72.9±2.4 76.7±4.0 72.6±3.7
20 71.5±2.6 75.5±4.9 74.5±2.9
21 73.0±2.3 72.5±5.0 76.3±5.2
22 74.2±4.2 78.2±4.5 74.5±6.6
23 71.3±2.5 73.9±3.5 70.1±4.4
24 71.2±2.7 75.0±3.5 79.4±6.9
25 72.9±3.6 80.9±5.6 75.8±5.8

As shown in tab. 2, the index of the mesor of the circadian rhythm DBP did not 
differ from the normative values established in the studied age groups. During the 
acute period of CSTBI, the correction of hemodynamics (hypotensive, according 
to indications of vasopressor therapy) ensured the stability of the indicator within 
the generally accepted standard values.  
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Fig.1

During the acute period of CSTBI, the minimum value of the mesor of the cir-
cadian rhythm DBP was detected on day 2, amounting to 70 mmHg, the maximum 
on day 10 - 79 mmHg. We paid attention to 4-5 day periods of fluctuations. In 
group 2, the minimum value was noted on the 17th day - 70 mmHg, the maximum 
on the 25th day - 81 mmHg, fluctuations in the mesor of the circadian rhythm DBP 
are also represented by 4-5 day periods of fluctuations. In group 3, the minimum 
DBP level - 68 mmHg was detected on the 13th and 18th days, the maximum on 
the 5th and 24th days - 79 mmHg, respectively. Fluctuations were represented 
mainly by 5-day waves. It should be noted that the most significant vasoactive 
therapy was carried out in patients of group 3 with the introduction of both antihy-
pertensive and vasopressors. 

Fig.2
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Pronounced deviations from the mesor in the circadian rhythm of DBP were 
found in all injured patients on day 1. In group 1, the amplitude of daily fluctua-
tions was 12 mmHg, in group 2 - 13 mmHg, and in group 3 - 18 mmHg. Taking 
into account that the increase in the amplitude of daily fluctuations characterizes 
the stress response of the indicator, it can be imagined that on the 24th day (20 
mmHg), all the injured retained a tendency to instability of the vascular vasopres-
sor response, which turned out to be most significant in group 3 in patients over 61 
years old. The severity of daily fluctuations in DBP characterizes the instability of 
the peripheral vascular tone immediately after injury, the tendency to stabilize the 
DBP index on days 2-20 with intensive stress-limiting therapy and the progression 
of instability on the 25th day, despite MRP and vasoactive therapy, correction of 
volemic parameters, and other parameters of homeostasis. In group 1, waves with 
a period of fluctuations of 5-4 days prevailed, in group 2 - 4 daily periods, in group 
3 - 3-4 day periods (fig. 2). 

Fig.3

Of all the age groups studied, the most pronounced daily changes in peripheral 
vascular tone were found in patients of group 3 on day 1 - 26 mmHg, on day 3 - 40 
mmHg, 24 - 36 mmHg (fig. 3). The least pronounced DBP fluctuations were noted 
in the injured group 1 on day 1 17 mmHg, on day 26 - 13 mmHg (fig. 3).

During the first week of the acute period of CSTBI, the mean values of circadi-
an rhythms for the first 8 days in the 1st group characterized the tendency to spasm 
of peripheral vessels at 5 o'clock (78 mmHg), and the most significant decrease 
in peripheral vascular tone per day at 9-11 o'clock in the morning (73 mmHg ). 
In group 2, the DBP was 81 mmHg at 8 am, decreased at 12 noon to 75 mmHg. 
In group 3, the highest DBP values of 78 mmHg were observed at 13 hours, the 
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minimum at 24 hours was 73 mmHg (fig. 4). The greatest displacements of the 
acrophases of the circadian rhythm DBP were noted in group 1.

Fig.4

Fig.5

9-17 days of the acute period of CSTBI were characterized by the projection of 
the acrophase of the circadian rhythm DBP in group 1 at 23 hours (77 mmHg), in 
group 2 at 10 am (75 mmHg), at 8 am (76 mmHg) in patients of group 3. During 
the second week of the acute period of CSTBI, the most pronounced displacement 
of acrophase at night was revealed in group 1 (inversion of the DBP circadian 
rhythm) (fig. 5). Thus, the most active were the adaptive capabilities of circadian 



155

“Science and innovations 2021: development directions and priorities”

International scientific conference

biorhythms of peripheral vessels in patients of group 1 from 9 to 17 days of the 
acute period. 

Fig.6

From 18 to 25 days, acrophase DBP appeared at 10 am (76 mmHg), in group 
2 at 9 and 2 am (79 mmHg), in group 3 at 18 and 1 am (78 mmHg) (fig. 6). Vaso-
pressor tendency was most pronounced in patients of group 2 and the least signifi-
cant in group 1. The revealed features indicate the most unfavorable changes in 
DBP, possibly due to the compensatory direction of the changes.

Fig.7
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In the acute period of CSTBI, a reliably direct correlation between SBP and 
DBP was found in patients of group 3 (0.78), in group 1, 0.59, and in group 2, 
insignificant (0.38). The revealed features are possibly due to the effect of the 
prevailing vasopressor therapy, the most unfavorable condition, when an increase 
in cardiac output occurs only with an increase in vascular tone, that is, the effect of 
"centralization of blood circulation" was observed in group 3 (fig. 7). 

Fig.8

In group 1, the direct correlation between SBP and DBP was moderate in the 
first week, became significantly significant on days 9-17 and significantly de-
creased on days 18-25. In group 2, a weak direct correlation in the first week com-
pletely disappeared on days 9-17, a negative weak correlation appeared on days 
18-25. In patients of group 3, a strong direct relationship between SBP and DBP 
parameters was observed throughout the acute period (fig. 8). 
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Fig.9

As can be seen from fig. 9, during most of the acute period of CSTBI, a mod-
erate shift in acrophase prevailed, with a shift in the peak within daytime hours. 
Inversion (the most significant shift at 12 hours) was detected in groups 1, 2, 3 
during 34%, 26%, 36% of intensive therapy time, respectively.

Conclusions. In the acute period of CSTBI, hemodynamic correction (hypo-
tensive, as indicated by vasopressor therapy) ensured the stability of the mesor 
of the circadian rhythm DBP within the generally accepted standard values. All 
injured patients retained a tendency to instability of the vascular vasopressor re-
sponse, which turned out to be the most significant in group 3 in patients over 61 
years of age. The most pronounced daily changes in peripheral vascular tone were 
found in patients of group 3. The adaptive capabilities of peripheral vessels were 
comparatively more active in patients of group 1 up to 40 years old from 9 to 17 
days of the acute period of CSTBI.
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Abstract. Localization of a defect in the cervical region of the tooth requires 

special attention of a specialist due to the high humidity of this area and the risk 
of bleeding gums. The choice of means and methods of treatment depends on these 
factors.

The article describes an alternative method of isolating the gums with teflon 
tape and filling the defect with a photocurable composite. Compliance with the 
techniques and stages of working with the material allows us to provide high 
quality adhesion of the composite to tooth tissues and the optical properties of 
restoration, characteristic of natural enamel

Performance evaluation has being evaluated using optical systems and digital 
camera photography.

Keywords: photocurable, composite, ormocer, wedge-shaped, defect, 
aesthetic, restoration.

Introduction
The phrase «Aesthetic dentistry» has won recognition as a generally accepted 

branch of medicine, as well as a practical solution for specialists and the general 
public. At the same time, increased demands on the quality of restorations increase 
the doctor's responsibility for the work performed. The slightest errors and inac-
curacies in reproducing the volume and relief or light-color characteristics of the 
tooth in the constructions cause patient dissatisfaction.

Knowledge of the anatomy and histology of the tooth allows specialists to 
develop recommendations for the selection of materials and the subsequent mod-
eling of aesthetic restoration [1, 2].
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Light curing materials are widely used in therapeutic dentistry due to their pos-
itive properties: sufficient mechanical strength, good adhesion to enamel and den-
tin. The optical parameters of dental materials correspond to the tooth appearance 
[6, 7]. The preparation of the cavity and filling with composite in the vast majority 
of cases carried out in accordance with the indications, as well as instructions for 
use [5]. In this case, the treatment of teeth with non-carious lesions requires in-
creased attention, since the existing features of the location of defects can make it 
difficult to comply with the prescribed rules for performing manipulations [4, 8].

Therefore, localization in the cervical part contributes to increased humidity of 
the walls of the formed cavity and a significant risk of bleeding gums. Therefore, 
an important point when working with hydrophobic photopolymers is the high-
quality isolation of the work area from the ingress of biologic fluids (saliva, blood 
and gingival fluid). 

Rubber dam (or dental dam) is the most important tool for isolation. In some 
cases, in particular, when the patient refuses to use rubber dam (or dental dam), 
dentists use a teflon tape to isolate sound teeth from aggressive agents getting on 
them, whose positive properties are low friction coefficient, chemical inertness, 
insolubility in water and in organic liquids [ 3]. The material easily formes, can be 
stretched and adapted to a complex surface. For dental purposes, a 0.2 mm thick 
tape is most suitable. Due to its resistance to acids, the tape uses to protect adjacent 
teeth when etching of cavity walls. The described technique can use in cases of 
treatment of defects of the gingival region of the tooth.

Purpose of the study – in accordance with the foregoing, the aim of this study 
was to analyze the quality evaluation of isolating the working field and filling 
wedge-defects with a photocurable composite.

Materials and methods
Material and research methods were consistent with indications for the treat-

ment of wedge-defects (stripping). The preparation carried out with diamond burs 
of New Technology Instruments of medium and fine grain size. Futurabond U 
(VOCO) used as an adhesive system. The defect was filled with photocurable 
composite, which is a universal nanohybrid  ORMOCER restorative materials of 
Amira Fusion range (VOCO) and which is indicated for filling cavities of the I-V 
class when reconstructing of anterior teeth, shape and color correction to improve 
aesthetics. Thanks to innovative technology, Ormoker is characterized by low po-
lymerization shrinkage (1.25%) and stress compared to other filling composites. 
High inertness ensures biocompatibility and color tone stability. Admira is univer-
sal in application - it meets high requirements for anterior and posterior teeth; op-
timally matched color scheme provides compatibility when working with several 
colors.  Fluoride varnish Bifluorid 12 used to cover restored teeth.

Isolation of the working field carried out with Teflon tape, which allowed 
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minimizing the negative impact of gingival fluid. In addition, the tape protected 
adjacent teeth from acid gel and adhesive. Starting from the apex of the distal 
interdental papilla along the marginal gingival border to the apex of the mesial 
papilla, the tape gently pushes the instrument into the gingival sulcus (Fig. 1).

Fig. 1. Gingival retraction with teflon tape

Results and discussion
The results of the study are in a clinical case.
A wedge-defect is localized in the subgingival region of the tooth crown 14 

(class V). Dentin pigmentation is noted.
The patient refuses the application of rubber dam. He signed an informed con-

sent to the restoration of the tooth with composite material using Teflon tape as an 
insulating agent.

Filling of teeth with class V cavities includes the usual stages of working with 
photopolymers, however, the increased humidity of the cervical region and the 
possibility of bleeding gums should be taken into account.

Planning the shape and topography requires special attention.  It is necessary to 
assess the severity of root deviation and gingival contour type in accordance with 
the symmetrical and adjacent teeth.  Based on odontoscopy, in this case, it planned 
to model a rounded gingival dome of the premolar without distal deviation.

The tooth was mechanically cleaned with Klint fluoride-free paste and a brush 
rotating at low revolutions. The paste was washed off with a stream of water. 
The choice of shades of the composite was made in accordance with the optimal 
requirements: the reference colors are compared with the cervical region of the 
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teeth, standing next to and symmetrically, to complete coincidence. The inscrip-
tions on the standards correspond to the marking of the photopolymer. The dentin 
corresponds to the color OA2, enamel – A2. Transparent layer – I.

The working field is isolated with Teflon tape, as the patient refuses to impose 
a rubber dam. For effective use, the tape was carefully laid along the surface to 
be protected and placed in the interdental spaces. Teflon is autoclaved at 121° C.

The preparation of the cavity was carried out in compliance with the following 
rules. The gingival wall was formed at an acute angle to the bottom of the cavity. 
All edges and corners of the cavity are rounded. Enamel processing is carried out 
with diamond burs of medium and then fine size (Fig. 2). Dentin necrotomy was 
performed with a round carbide bur.

Fig. 2. Dissection of defect walls
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Enamel bevel is created towards the equator, for which cylindrical and cone-
shaped burs of decreasing grain size are used. The bevel width is equal to the size 
of the defect. As a result of the preparation, a ledge is formed along the gingival 
margin, which helps to improve the adhesion of the filling, and in the direction of 
the equator - a smoothed surface, leveling the «filling-to-tooth» border.

Total acid etching of cavity walls was carried out. The effect of the gel on the 
enamel is 30 seconds and not more than 15-20 seconds on the dentin of the tooth. 
The gel was washed off with a stream of water, the surface is dried with an air gun, 
and the dentin is not overdried.

Gel-etched areas were treated with adhesive using a special brush: the resin is 
applied to the surface and rubbed in with light movements. Then it was distributed 
by an air stream, polymerized by the action of an LED lamp. Immediately after 
curing the adhesive bond, the cavity begins to fill with the composite in accor-
dance with the selected shades.

When filling the gingival region serves as a guideline for modeling the «clini-
cal neck» of restoration. An opaque layer of the OA2 composite was introduced at 
the bottom of the cavity, making up for the lost dentin. A part of the material was 
placed in the middle of the area close to the border with the gum, and then gently 
smoothed. The opaque layer cures within 40 seconds.

An enamel shade of the material forms a rounded periodontal contour and 
cervical bulge. To do this, a portion of the enamel composite was applied to the 
central gingival region of the tooth and smoothed from the center to the periphery, 
carefully rubbing to the borders of this zone.

When modeling the cervical bulge, the burnisher was positioned at an angle of 
30° in regards to the vestibular site. The enamel layer was polymerized under the 
influence of an LED lamp.

As a result, the opaque layer fills the volume of the cavity corresponding to 
the lost dentin, the main enamel tone covers the entire opaque material. The trans-
parent layer is evenly distributed with a layer of 0.5 mm, moreover, the gingival 
«filling-tooth» border is overlapped by the composite with some excess (in thick-
ness), which is ground during processing. Polymerization is carried out.

Immediately after inserting filling, it was processed: removal of the surface 
layer, porous due to its interaction with atmospheric oxygen; shaping and polish-
ing the surface to a shine similar to a tooth.

Preparation of the restoration begins with a fine- diamond burr of cylindrical 
shape with a pointed end, a thin layer of filling material is removed by moving the 
burr through the restoration surface in the mesio-distal direction. The subgingival 
region was emphasized with a thin bur (mosquito bite).

The vestibular surface was polished with disks, rubber heads, a brush and spe-
cial pastes. Processing, shaping, polishing of the restoration was carried out in a 
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humid environment in order to avoid heating the fillings and teeth.
The final stage of restoration is the processing of enamel around the filling with 

Bifluorid-12 varnish containing fluorine. The latter was applied with a brush in a 
thin layer, dried with an air stream. This measure improves the marginal fit of the 
filling, increasing the mineralization of enamel. (It was carried out after elimina-
tion of Teflon protection).

Examination of the vestibular surface of the tooth and the border with the fill-
ing using optical systems (magnifier, digital camera) shows the high quality of the 
restoration (Fig. 3). Long-term results indicate the effective work of the dentist 
with the rational isolation of the working field and the optimal choice of filling 
material.

Fig. 3. The work has been completed
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Conclusion
Aesthetic restoration of permanent teeth requires not only knowledge of the 

technique of working with composite materials, but also the proper use of auxil-
iary means, in particular, for isolating the working field. The use of Teflon tape 
allows ensuring cleanliness and dryness in the cervical region of the tooth in the 
treatment of wedge defects. A lightcurable composite having good adhesion to 
hard tissues, high strength, and optical parameters like enamel provides the ability 
to mimic the natural appearance of a tooth.

An alternative method of limiting the operative field using Teflon tape, as well 
as filling the cavity with a modified composite with minimal shrinkage and low 
polymerization stress, allows expanding the possibilities of restoration of teeth 
with defects localized in the gum region.
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Abstract. Changes in PBP in the circadian rhythm during the first week in 
group 1 (19-40 years old) occurred on average at 41.3±2.3 mmHg, in group 2 
(41-60 years old) - 51.3±0.9 mmHg, at 3 (61-85 years) - 50.5±1.3 mmHg, acute 
period of CSTBI. In the second group, in the first and second near-week periods, 
the average PBP was found at the level of 50.5±1.2 mmHg, 50.6±1 mmHg, from 
18 to 25 days of observation PBP was 55.4±1.4 mmHg, which reflected an upward 
trend in PBP in the third week of observation. The most pronounced range of daily 
PBP fluctuations was found in group 2. Revealed significant changes in PBP in the 
evening and night hours, pathological mixing of the acrophase of the circadian 
rhythm of PBP at night in patients of group 3.

Keywords: circadian rhythm, pulse arterial pressure, combined severe 
traumatic brain injury.

Relevance. Brain damage occurs not only at the time of injury, but continues 
over the next hours and days. The affected brain is very sensitive to: hypotension, 
hypoxia, increased intracranial pressure. Impaired perfusion of the brain leads 
to an acute deficiency of macroergs, massive release of excitatory amino acids 
(glutamate "excitotoxicity"), impaired permeability of cell membranes with the 
penetration of calcium ions into the cell, and the development of lactic acidosis 
in ischemic tissue. The starting pathophysiological mechanism in acute cerebral 
insufficiency, as the final link, is the formation of tissue hypoxia caused by mi-
tochondrial dysfunction. These processes are triggered even with short-term epi-
sodes of a drop in cerebral perfusion pressure, develop directly from the moment 
of injury and, in general, fade away by the end of the first day of ischemia. Further 
damage to the nervous tissue occurs by the mechanism of an increase in oxidative 
stress and local inflammation (from 2-3 hours after pathological exposure with a 
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maximum by 12-36 hours) and the progression of apoptosis. Currently, there are 
2 areas of urgent measures for acute cerebral insufficiency: restoration of cere-
bral perfusion and neuroprotective therapy.  Prolonged stress-protective therapy 
(SPT) with ganglion blockers, a- and b-adrenolytics, clonidine and dalargin has 
a pronounced protective effect on the brain and other functions of the victims. 
Both early (in the resuscitation phase) and late (in the treatment phase) arterial 
hypotension are inherently associated with a less favorable outcome. Prevention 
of hypotension is perhaps more important than medication to maintain blood pres-
sure [1-4]. 

Pulse blood pressure (PBP) characterizes the dynamic component of the pres-
sor action on target organs, and is also an indirect indicator of increased rigidity 
of large arterial vessels. Many researchers use PBP as an independent predictor of 
coronary complications; many have introduced this indicator into the list of stan-
dard indicators of daily blood pressure monitoring (DBPM). High PBP is an inde-
pendent risk factor for coronary atherosclerosis and left ventricular hypertrophy 
[5]. The lack of data in the literature on the informativeness of the PBP circadian 
rhythm in assessing the severity of hemodynamic deviations in CSTBI was the 
reason for studying the indicator in the dynamics of the acute period of CSTBI.

Purpose. To study and evaluate the results of PBP circadian rhythm monitor-
ing in the acute period of combined severe traumatic brain injury. 

Material and research methods. The indicators of a comprehensive exami-
nation of 30 patients with concomitant severe traumatic brain injury (STBI) who 
were admitted to the ICU of the RSCEMA neurosurgical department in the first 
hours after an accident - 28, catatrauma - 2 patients were studied. According to the 
testimony of 29 patients, on admission, invasive mechanical respiratory support 
(MRP) was started. Monitoring was carried out by complex hourly registration of 
parameters of body temperature, hemodynamics, respiration. Mechanical respira-
tory support was started with artificial lung ventilation (ALV) for a short time, 
followed by transfer to SIMV. The assessment of the severity of the condition was 
carried out by scoring methods according to the scales for assessing the severity 
of combined injuries - the CRAMS scale, the assessment of the severity of injuries 
on the ISS scale. On admission, impaired consciousness in 29 injured patients was 
assessed on the Glasgow Coma Scale (GS) 8 points or less. Patients were con-
sidered in three age groups: group 1, 19-40 years old (13), group 2 - 41-60 years 
old (9), 3 - 61-84 years old (8 patients). Complex intensive therapy consisted in 
identifying and timely correction of deviations: MCI, after removing from shock 
anesthetic, anti-inflammatory, antibacterial, infusion therapy, correction of protein 
and water-electrolyte balance disorders, surgical early correction to the extent pos-
sible, stress-protective therapy. 
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Results and discussion.

Table 1.
Circadian rhythm of the mesor of the circadian rhythm of pulse blood pressure 

in the acute period of combined severe traumatic brain injury (mmHg)
Days Group 1  Group 2  Group 3  

1 50.5±2.7 44.7±4.9 55.8±6.0
2 53.4±1.7 48.6±2.8 51.1±2.7
3 54.8±1.7 49.0±2.7 54.4±1.9
4 56.9±2.3 53.0±3.8 50.3±3.6
5 52.9±2.1 51.8±3.5 54.3±2.4
6 53.6±2.9 52.2±2.8 55.7±2.3
7 55.3±2.8 51.8±2.5 56.2±2.9
8 50.7±2.2 52.8±2.5 55.6±4.6
9 52.0±1.6 52.2±2.3 55.7±4.0

10 52.5±2.1 49.6±2.8 54.1±4.1
11 51.0±2.3 52.3±3.1 55.0±4.1
12 51.7±2.2 50.1±1.8 56.4±3.4
13 53.2±3.9 50.7±2.9 47.6±4.2
14 50.2±2.4 48.1±2.6 50.3±3.4
15 51.0±2.3 49.8±3.1 56.9±5.1
16 50.9±2.9 48.4±2.4 50.0±3.5
17 48.9±2.5 53.9±4.7 55.9±4.1
18 49.0±3.3 52.2±4.1 50.6±2.9
19 45.7±2.4 52.6±3.1 49.9±4.1
20 48.0±2.2 52.7±5.0 49.4±4.3
21 53.2±2.7 61.0±3.6* 50.2±4.6
22 53.9±2.5 55.6±4.3 53.9±7.5
23 51.7±2.5 54.0±4.2 52.8±5.1
24 53.3±2.5 55.1±3.2 55.8±3.7
25 48.9±3.2 60.2±5.9* 54.4±4.9

*-reliably relative to the indicator in 1 day

As shown in Table 1, the mesor of the circadian rhythm of PBP on day 1 did 
not differ from the generally accepted standard values (30-60 mmHg). During 
25 days of the acute period of CSTBI, an increase in the mesor of the circadian 
rhythm of PBP was revealed only in group 2 by 21 (36%) and 25 days by 34% 
(p<0.05).
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Dynamics of the mesor of the circadian rhythm of pulse arterial pressure in 
CSTBI (mmHg)

Fig.1

The tendency to an increase in the mesor of the circadian rhythm PBP was also 
observed in patients of group 3 and, to a lesser extent, group 2 in the first 12 days 
(fig. 1). While in group 2, there was a more pronounced tendency to increase the 
mesor of the circadian rhythm of PBP on days 17-25. The revealed hemodynamic 
feature of group 2 patients characterizes the occurrence of unfavorable changes, 
possibly requiring a more effective vasodalatory correction. This is confirmed by 
the tendency to an increase in the DBP mesor of circadian rhythm on days 18-25 
of the acute period of CSTBI, presented in the previous article.

Near-weekly mean PBP circadian rhythm in group 1 (mmHg)

Fig.2
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As shown in fig. 2, fluctuations in the PBP index in the circadian rhythm dur-
ing the first week in group 1 occurred on average at 41.3±2.3 mmHg, in group 2 
- 51.3±0.9 mmHg, in group 3 - 50.5±1.3 mmHg, that is, 10 mmHg lower (p <0.05) 
than in the second week and 9.2 mmHg lower (p <0.05) than in the third week of 
the acute period of CSTBI. The findings most likely characterize more effective 
stress-protective therapy during the first 8 days in traumatized patients of group 1.

Circadian rhythms in near-weekly PBP periods in group 2 (mmHg)

Fig.3

In the second group, in the first and second near-week periods, an average PBP 
was found at the level of 50.5 ± 1.2 mmHg, 50.6 ± 1 mmHg, from 18 to 25 days 
of observation PBP was 55.4 ± 1.4 mmHg, which reflected an upward trend in 
PBP in the third week of observation (fig. 3). The latter can be associated with the 
limitation of stress-protective therapy in patients of group 2.
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Daily fluctuations in average weekly PBP in group 3 (mmHg)

Fig.4

In contrast to the previous first two groups, in persons over 61 years of age 
throughout the acute period, the average daily indicators in 1, 2.3 weeks did not 
differ, amounting to 54.1±1.5 in 8 days, from 9 to 17 days – 53.6±1.1, from 18 to 
25 days 54.4±4.8 mmHg (fig. 4). Noteworthy are significant changes in PBP in 
the evening and night hours, which is most likely associated with pituitary-adrenal 
insufficiency, despite the ongoing hormonal, vasoactive corrective therapy.

Dynamics of the amplitude of daily fluctuations in PBP in the acute period of 
CSTBI (mmHg)

Fig.5
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As shown in fig. 5, the least significant changes in the amplitude of circadian 
rhythm PBP in the dynamics of the acute period were observed in patients of group 
1. Changes in the PBP amplitude occurred in waves with periods of fluctuations of 
7,6,5,5,4 days. That is, more active stress-protective therapy was accompanied by 
hemodynamic function (PBP) in the physiological weekly biorhythm. Thus, active 
stress-protective therapy contributed to the restoration of the physiological bio-
rhythm of PBP in the acute period of CSTBI as early as the first week after injury. 
A decrease in the about-week oscillation period in the following days to five days 
is most likely the result of the restriction of stress-protective therapy. More physi-
ological, I think, should be considered an increase in the duration of active stress-
protective therapy up to 25 days in the studied contingent of traumatized patients. 

The daily range of changes in pulse blood pressure (in mmHg)

Fig.6

The most pronounced range of daily PBP fluctuations was found in group 2 
(fig. 6). Thus, the maximum PBP fluctuations per day were -12.7±2.8 mmHg in 
group 1, 19.4±4.5 mmHg in group 3, and 61.6±4.7 mmHg in group 2 (p<0.05, 
respectively). The findings confirm the most pronounced hemodynamic instability 
in patients over 41 years old. 



172

“Science and innovations 2021: development directions and priorities”

International scientific conference

Duration and severity of PBP circadian rhythm acrophase shifts in%.

Fig.7

The normal projection of the PBP acrophase peak was 7% in group 3, 18% in 
group 2, and 27% in group 1. The longest inversion of the PBP circadian rhythm 
(23%) and the duration of moderate displacements (68% of the time) were found 
in patients of group 3 (fig. 7). 

Correlation Relationships of the PBP mesor with SBP and DBP mesors

Fig.8
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In all age groups, there was a strong direct correlation between changes in SBP 
and PBP and an insignificant one between DBP and PBP. 

Conclusion. Changes in PBP in the circadian rhythm during the first week in 
group 1 occurred on average at 41.3±2.3 mmHg, in group 2 - 51.3±0.9 mmHg, in 
group 3 - 50.5±1.3 mmHg, acute period CSTBI. The most pronounced range of 
daily PBP fluctuations was found in group 2. In the second group, in the first and 
second near-week periods, the average PBP was found at the level of 50.5±1.2 
mmHg, 50.6±1 mmHg, from 18 to 25 days of observation PBP was 55.4±1.4 
mmHg, which reflected an upward trend in PBP in the third week of observation. 
Revealed significant changes in PBP in the evening and night hours, pathological 
displacement of the acrophase of the circadian rhythm of PBP at night in injured 
people over 61 years old.
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Abstract. The relevance of our study lies in the fact that at the moment there 
is little information in the modern medical literature on the ophthalmological 
manifestations of the new coronavirus infection. This can be attributed to the short 
period of time from the appearance of SARS-CoV-2 in the human population, 
it's still insufficiently understood. Also, during the period in a pandemic, due to 
quarantine measures, high morbidity, the lack of the possibility of conducting 
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in-depth examinations of the ophthalmological profile, difficulties were noted in 
providing specialized assistance to the population. Retrospective and prospective 
collection of information on the course of ophthalmic diseases against the 
background of somatic polymorbidity in persons who have undergone a new 
coronavirus infection remains relevant, which will allow us to draw reliable 
conclusions about the effect of SARS-CoV-2 on the organ of vision and its adnexa 
under the conditions of a specific individual (personalized approach).

Keywords: new coronavirus infection, ophthalmopathies, polymorbidity

Introduction
The pandemic of the new coronavirus infection has established a number of 

problems associated with the difficulty in providing ophthalmic care to the popula-
tion and the poor knowledge of the effect of SARS-CoV-2 on the eye and its ad-
nexa. According to the results of some studies, the appearance of covid-associated 
conjunctivitis in both humans and animals has been proven, while the contact 
route of the virus entering the body is characteristic [4,5,6]. A characteristic fea-
ture of SARS-CoV-2 is damage to the vascular endothelium and the development 
of endotheliosis, in particular of the eyeball and the accessory apparatus of the eye 
[1]. As a result, blepharitis, phlegmon of the orbit, conjunctivitis, keratitis, lesions 
of the choroid (uveitis, neuroretinovasculitis), neuritis develop [2,3]. Also, the 
manifestations of endotheliosis can be considered thrombosis of the own vessels 
of the eye. The relevance of ophthalmological observation of patients who have 
undergone a new coronavirus infection remains relevant, since there is still not 
enough information on the course of eye diseases both during the clinical manifes-
tations of the infection and during the convalescent period [1,2,3]. Therefore, we 
believe that the data will be interesting and relevant for both ophthalmologists and 
doctors of other specialties. 

Purpose of the study – to establish the features of the somatic status and oph-
thalmological manifestations of the new coronavirus infection.

Materials and methods. 12 patients were under our supervision, of which 
men - 10 (83.3%), women - 2 (16.6%) with a new coronavirus infection, who 
received treatment in the ophthalmology department of an adult hospital SBHCI 
TO "Oblast Clinical Hospital № 2" February 2020 to May 202. Median age was 51 
years (range 18 to 70). The analysis of clinical, laboratory and instrumental data 
of patients was carried out depending on the period of the disease (incubation, pe-
riod of precursors, period of main manifestations, period of extinction and period 
of recovery). The structure of primary ophthalmic manifestations is presented as 
follows. The onset of ophthalmic diseases (it took from 7 to 14 days before the 
development of clinical manifestations) was noted in 25% (3/12) of patients. The 
onset of ophthalmic manifestations coincided with the development of the COV-
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ID-19 clinic in 33.3% of patients (4/12). Patients with eye damage after suffering 
a new coronavirus infection accounted for 41.6% (5/12), of which men - 33.3% 
(4/12), women - 8.3% (1/12), while the average number days from the diagnosis of 
COVID-19 to hospitalization in the specialized ophthalmological department was 
47.7 days (from 22 to 83 days). 

Results and discussion
The structure of ophthalmic nosologies in the analyzed group is presented in 

table 1.  

Table 1
The structure of ophthalmic masks depending on the periods of the course of the 

new coronavirus infection
Periods of infection

Nosology

Incubation
abs(%)

Clinical 
manifestations 

abs(%)

Reconvalescence
abs(%)

Bilateral optic
 neuritis 1(8.33%) - -

Thrombosis of
 the CRV branch 1(8.33%) - -

Corneal ulcer 1(8.33%) - 4(33.33%)
Keratouveitis - 1(8.33%) -
Iridocyclitis - 1(8.33%) -
Orbit phlegmon - 1(8.33%) -
Bilateral neuroretino-vasculitis - 1(8.33%) -
Bilateral panuveitis - - 1(8.33%)

A detailed analysis of the onset of ophthalmopathies in COVID-19 showed 
that they developed only in men, while bilateral damage to the optic nerve was 
noted at the age of 34, without the presence of concomitant somatic polymorbid-
ity, 14 days before the clinical manifestations of the infection. Retinal vascular 
pathology was detected 7 days before infection at the age of 59 years in a man 
with systemic atherosclerosis, grade II arterial hypertension, risk 3.  A corneal 
ulcer was diagnosed at the age of 60 years in 10 days, against the background of 
chronic blood pathology (mild congenital anemia). The manifestations of ophthal-
mopathies in combination with the clinical manifestation of coronavirus infection 
were accompanied by the development of phlegmon of the orbit in a 40-year-old 
man with a history of penetrating trauma of the lower eyelid, conjunctiva 3 days 
before the development of infection and the absence of somatic polymorbidity. 
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Damage to the retinal tissue and blood vessels was revealed in a young woman, 
aged 18 years, with the presence of ulcerative colitis, total lesion, severe debut 
with clinical improvement; chronic gastroduodenitis in remission, chronic mild 
anemia, reactive thrombocytosis. Pathology of the cornea and choroid of the eye-
ball was noted in a 34-year-old man without somatic polymorbidity, with a history 
of a second-degree corneal chemical burn within 7 days of the disease. An isolated 
lesion of the choroid, anterior section (iridocyclitis) was revealed in a 48-year-old 
man with a history of reactive arthritis of large joints five years ago. Ophthalmopa-
thies in the convalescent period of infection are represented by one total lesion 
of the choroid (panuveitis) and four changes in the fibrous membrane (corneal 
ulcers). The onset of panuveitis of fungal etiology in the patient was noted 81 days 
after the onset of clinical manifestations of the new coronavirus infection, while 
diabetes mellitus developed against the background of massive antibiotic therapy 
carried out in a single hospital. 

Somatic polymorbidity was systemic atherosclerosis, grade III arterial hyper-
tension, risk 4, mild chronic anemia. Corneal ulcers were diagnosed in three men 
and one woman (mean age 62.25 + 4.75 years) with a history of systemic athero-
sclerosis, stage II - III arterial hypertension, and type II diabetes mellitus was de-
tected in two cases. The disease developed on average 47.25 + 35.1 days after the 
beginning of the clinic for coronavirus infection.  Corneal lesions are character-
ized by: the depth of the lesion (up to ½ of the corneal stroma), slow regeneration 
of the process, a long stay in the ophthalmological hospital, on average 20.21 + 5.1 
days, and the threat of perforation. 

Clinical case. Patient R., 59 years old, on January 27, 2021, was admitted to 
the adult ophthalmology department SBHCI TO "OCH № 2" with complaints of 
decreased vision in the left eye that appeared 4 days before the visit. From the 
anamnesis it is known that the patient suffers from arterial hypertension, con-
stantly takes perindopril, cardiomagnet. He denies other chronic diseases. Local 
status upon admission: Visus OD = 0.2 s/k +1.75 = 1.0; OS = 0.1 s/k +1.75 = 0.5. 
OS is calm. TP is normal. The cornea and moisture of the anterior chamber are 
transparent. The anterior chamber is of medium depth. The pupil is medically 
dilated, round. The fundus reflex is pink. On the fundus: OND is pale pink, clear 
boundaries. The arteries are narrowed, the veins are dilated. In the course of the 
superior temporal branch of the CRV, multiple streak-like hemorrhages, exudate 
deposition (fig. 1). In the macular region, retinal edema. The periphery was unre-
markable. OD is calm. 
The patient is consulted by a therapist.

A comprehensive survey was carried out. The general analysis of blood re-
vealed lymphocytosis 40.8%, monocytosis 13.3%. According to the results of the 
coagulogram, a decrease in APTT to 24 cm was found. Biochemical blood test and 
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general urine analysis without abnormalities. Electrocardiography - sinus rhythm, 
77 beats. in min, incomplete blockade of the right bundle branch block. According 
to the USDG data of the vessels of the extracranial basin, no hemodynamically 
significant violations of patency were revealed. Conclusion USDG of vessels of 
the intracranial basin: a decrease in the velocity indicators of blood flow in the 
middle cerebral artery (MCA), posterior cerebral artery (PCA) on both sides. Lack 
of blood flow in both vertebral arteries (VA) at the transcranial level. Computed 
tomography of the chest: CT scan may correspond to presumably viral pneumo-
nia, CT-1. 
As a result of a comprehensive examination, the diagnosis was made: partial 
thrombosis of the superior temporal branch of the central retinal vein of the left 
eye. Initial age-related cataract in both eyes. Arterial hypertension stage II, stage 
2, risk 3 (high). NPS: Incomplete right bundle branch block. HSN-I. without spec-
ifying FC. The following treatment was prescribed: diuretics (mannitol 200 ml 
intravenously for 2 days, diacarb 250 mg 2 times a day orally for 4 days), para-
bulbar injections (dexamethasone 4 mg / ml 0.5 ml once a day for 7 days, heparin 
750 IU once a day 7 days), instillations of dexamethasone 0.1% 3 times a day and 
tropicamide 1% 1 time a day were prescribed. The patient also received drugs to 
control blood pressure (enalapril 5 mg 2 times a day, hydrochlorothiazide 12.5 mg 
in the morning). The treatment proceeded with positive dynamics. 
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Fig. 1. Data of optical coherence tomography of the fundus of the left eye of 
patient R. White arrow denotes streak-like hemorrhages along the superior 
temporal branch of the CRV. The black arrow indicates the location of the 

exudate

02.02.21 the patient began to worry about the increase in body temperature to 
37.1Co, deterioration of health, the appearance of a runny nose. A nasal and pha-
ryngeal swab was taken for a new coronavirus infection. The result was positive. 
For treatment, the patient was transferred to the infectious mono-hospital of the 
OCH № 1. Local status at checkout: Visus OD = 0.2 s/k +1.75 = 1.0 OS = s/d 0.1 
s/k +1.75 = 0.5 – 0.6. OS is calm. TP is normal. The cornea and moisture of the 
anterior chamber are transparent. The anterior chamber is of medium depth. The 
pupil is medically dilated, round. In the lumen of the pupil, the lens with initial 
opacities. The fundus reflex is pink. Fundus: OND is pale pink, clear borders. The 
arteries are narrowed, the veins are dilated. Along the course of the superior tem-
poral branch of the CRV, multiple streak-like hemorrhages at the stage of resorp-
tion, exudate deposits decreased. In the macular area, the retinal edema is less. The 
periphery was unremarkable. OD is calm. Recommendations of an ophthalmolo-
gist for further therapy for thrombosis of the branch of the central retinal vein: 
dexamethasone 0.1% 4 times a day for 2 weeks, nepafenac 0.1% 3 times a day for 
2 weeks, emoxipin 1% 4 times a day for 1 month. 

Thus, the presence of arterial hypertension in this patient, insufficient blood 
flow in both VA at the transcranial level, and a new coronavirus infection in the 
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incubation stage led to endotheliosis of the vessels of the eyeball, which, in turn, 
caused partial thrombosis of the superior temporal branch of the central retinal 
vein of the left eye. 

Conclusions
Our study has shown that men are more likely to be affected by eye damage 

with a new coronavirus infection. The risk of damage to the organ of vision is 
higher in patients with somatic polymorbility, or trauma to the eyeball, blood pa-
thology, chronic diseases of the gastrointestinal tract, diabetes mellitus. The debut 
of ophthalmic manifestations in coronavirus infection is represented by optic neu-
ritis, corneal ulcer, and thrombosis of the CRV branch. Damage to the nervous tis-
sue of the eyeball (optic neuritis, retinovasculitis) is typical for young patients and 
has a bilateral character. It can be the primary manifestation of a new coronavirus 
infection during the incubation period, or together with the manifestation of clini-
cal manifestations of the disease. Ophthalmic masks of COVID-19 convalescents 
are characterized by the presence of ulcerative processes of the cornea, located 
mainly in the optical zone, which makes it possible to judge the development of 
generalized endotheliosis of the eyeball vessels leading to a malnutrition of the 
cornea, a decrease in its regenerative capacity, long-term healing and the threat 
of perforation. Long-term use of antibacterial drugs as an etiotropic therapy for 
complications of a new coronavirus infection is fraught with the development of 
bilateral lesions of the choroid of the eyeball of fungal etiology.
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Abstract. The Internet book, "Force Majeure in Surgery" released with an 
international book mark - LAP LAMBERT Academic Publishing (Germany), 
2018, attracted the interest of even people far from medicine, not because it 
reflects purely medical issues in the practice of doctors, but also raise, if not 
strange, other topical issues related to another sphere of human activity and 
acting in the form of a complex tangle of this causal relationship. The material 
is systematized and studied for the first time from the standpoint of other 
humanitarian disciplines (psychosocial and issues of jurisprudence, ethics of 
deontology). This required a philosophical understanding, an assessment from 
the point of view of epistemology. This article contains excerpts from the book 
"Force Majeure in Surgery". The originality of the observations of the above-
mentioned book is that, from somewhere, not by chance, completely different 
phenomena are revealed, which are intertwined in the context of medical issues. 
But this is not all, the most interesting thing is that with the search for diagnostics, 
questions of jurisprudence or socio-psychological problems emerge, which are 
somehow caused by each other. Especially, in their genesis, some act as the main 
subject of search, while the other creates an accompanying background to the 
first. Sometimes, in this "bundle" of causation, the doctor himself is captured with 



183

“Science and innovations 2021: development directions and priorities”

International scientific conference

his desire to treat the patient, although his latent psychosomatic state does not 
allow him to adequately fulfill his holy mission. Errors are allowed. Sometimes the 
patient himself is disoriented by the diagnostic line of thought. In the end, on their 
basis, the question arises where it is necessary to understand from the standpoint 
of the epistemological discipline of philosophy. 

Keywords: Force majeure in surgery, situational diagnostics, epistemology, 
diagnostic circumstance in matters of jurisprudence, psycho-sociology in medical 
practice, ethics, deontology. Errors in surgery, government officials in the patient-
doctor relationship.

Prophylactic appendectomy
In the friendly team of the surgical department of one of the regional hospitals, 

a celebration has been outlined, which they decided to celebrate in a picturesque 
corner of the district. Everyone went there, except for the emergency brigade. 
They naturally remained in the department with great sorrow, which, unfortu-
nately, did not participate in this significant celebration. But they were determined 
to get there by any means as far as possible, completing their work. And suddenly 
2 patients with acute appendicitis come in a row. The surgeon quickly performed 
both operations and sighed with relief and thought that the time was not far away 
when he would join the merry gang. I was just about to take off my operating 
clothes and suddenly a nurse from the preoperative room knocks on the window 
and shows her index finger, saying that there is another operation and expressively 
showing that after that – "go Vasya".  She made this gesture so expressively, 
the surgeon was already amused that the old excitement took possession of new 
forces. "The third appendicitis" is completed with the same speed. Now you can 
"guln", saying, the surgeon was about to take off his robe. Suddenly the patient on 
the operating table in a trembling voice says: - "Doctor, will you excise my lipoma 
on the skin?" The surgeon, in the heat of the upcoming celebration, did not ask - 
what is the diagnosis? So, this time it was not necessary to "hang out" in full with 
fun. For the deed done, the answer had to be kept oh - oh - oh. Simple explanation: 
The surgeon's emotion completely clouded the doctor's mind. No wonder they say: 
the surgeon's knife should be controlled by the surgeon's head. Not an obsession 
with the surgeon: this is a symptom that will entail professional trouble. Consulta-
tion of the relevant specialists is required to the surgeon himself.  [1, 2, 4, 6].

"Stepping on a rake" or risk of involuntary
To a familiar dentist, a patient complained of unbearable pain in his teeth. 

He did not sleep with this problem for two days. The doctor carefully examined, 
diagnosed and explained to a friend-patient that the tooth, unfortunately, cannot 
be treated, it is necessary to remove it. Such a verdict was accepted with pleasure, 
demanded an immediate procedure even "without anesthesia." "This does not hap-
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pen in modern medicine," the doctor muttered and took up anesthesia. After he 
made a conduction block, the patient had an instant picture of an anaphylactic 
reaction to novocaine. Appropriate therapy was urgently carried out. The patient 
regained consciousness in 2-3 minutes. The medical staff got scared. Fortunately, 
the allergic reaction went away literally in 10-15 minutes without consequences. 
After this alarming procedure, the intensity of the pain in the aching tooth became 
even greater. The client began to demand the removal of a diseased tooth by any 
means. The nurse took another anesthetic drug (Lidocaine), from which there were 
practically no complications, into a syringe and put it on the doctor's table. Now 
the doctor began to inject the drug more carefully into the right place. And sudden-
ly the same reaction as the previous one. More pronounced this time than the first. 
The doctor dropped his hands, was in despair. Let’s repeat the same anti-shock 
measures again, thank God, it didn’t come to a serious complication. The question 
is what is the matter: it turned out that the doctor confused the syringe and injected 
the same novocaine in the first syringe. After all, the syringes were the same, and 
they lay side by side. As the saying goes, "here's a rake." However, the patient's 
intrusive demand is met by the target on the third risky attempt. The doctor should 
always be careful, such negligence could cost the patient's life. Situational state-
ment: 1. An attempt to provide medical assistance. 2. A sudden allergic reaction 
from an anesthetic drug (novocaine) from which the dentist lost his composure 3. 
There was a second anaphylactic reaction against the background of the first, as a 
result of an erroneous repetition of the injection of the same novocaine. It turns out 
that the doctor, in fear, confused the syringe with another anesthetic. The situation 
was brought about by the doctor's hysteria. Fortunately, the threatening condition 
has been eliminated. At the patient's insistence, the doctor's risky ordeal continued 
and achieved the desired success, fortunately. Yes, the doctor is not young, it is 
highly undesirable to follow the patient's lead, as we have seen. Here we must not 
forget about the categorical insistence of the patient, even in this critical condition. 
Comments: Unfortunately, the ending could have ended in death from anaphylac-
tic shock. This happens, while the quality of the medicine cannot be fully moni-
tored. The doctor was losing his composure. Panic. In this situation, a positive 
thought is not expected. For information, a very frightening anaphylactic reaction 
can be cited: Lyell's syndrome of an allergic nature. The chances of this fulminant 
disease are 30% of those affected. The risk in medical practice, in general, is ab-
solutely nonsense. Is it really possible in our new century to change something in 
the training of surgeons, changing teaching methods, and with this to improve the 
quality of Aesculapius? [5].

Unprofessional interference from high-ranking officials
The girl, 14 years old, was delivered to the surgical department at 23 o'clock. 

An hour and a half ago, dancing barefoot on the carpet, I felt a stabbing pain in my 
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foot. On the roentgenogram, between the 1st and 2nd metatarsal bones of the right 
foot, the shadow of a gramophone needle was found. 

The surgical team was busy performing urgent abdominal operations, and the 
surgeon in charge decided to hospitalize the patient and operate on her in the 
morning under fluoroscopic control. At 3 am the phone rang. The secretary of the 
regional committee, who turned out to be a friend of the girl's parents, demanded 
that the operation be performed immediately. [6].

The surgeon on duty, having completed the next operation, at 5 o'clock in the 
morning took the patient to the operating table, cut the skin over the supposed 
localization of the foreign body and did not find the needle. The operation was 
supposed to continue in the X-ray room. Introducing the patient in the morning 
to the head of the department, the surgeon on duty turned pale and barely audibly 
said: "This is not that leg!" The morning shift removed the needle and the girl was 
safely discharged. 

The surgeon was taken to the intensive care unit a day later with myo-
cardial infarction. A criminal case was opened against him, which 
did not reach the court, since the investigator proved that the medi-
cal error was committed due to overwork during the 19th hour of con-
tinuous work. The surgeon recovered, but did not return to his profession. 
The intervention of the "big boss" ended up with a myocardial infarction of the 
surgeon with subsequent dismissal. [3,4].

Unreasonable insult
The chief doctor of the regional hospital, he and the chief surgeon of the re-

gion, perfidiously entered a woman, the wife of a high-ranking government offi-
cial, and expresses her complaint with such indignation. She brought her daughter, 
a schoolgirl, to the surgeon's appointment with vague complaints of abdominal 
pain. The daughter was examined by an experienced admission doctor and an 
ultrasound examination was recommended for an ectopic pregnancy. Then the 
mother threw a tantrum, insulted the doctor. How can you think of this about a 
ninth-grader and be caught in such nonsense. The chief physician reassured the 
woman, examined the girl and suggested an emergency operation, which was per-
formed. During the revision of the abdominal organs, it was established that the 
doctor of the admission department was right … [6].

On coronavirus
Fresh example. The XXI century did not have time to begin The world is shud-

dering, and is concerned about the coronavirus-19 pandemic. Yes, history knows 
what a pandemic of viral-infectious etiology of microorganisms is, which claimed 
the lives of hundreds of thousands of people. At present, no one knew, the dormant 
known COVID-19 would take such a turn. People are shocked that there is no 
effective treatment for this infection. How to survive? Doctors realized that indi-
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vidual self-isolation from crowds, avoiding contacts, simply wearing an individual 
protective mask, as well as observing other non-burdensome protective measures, 
it is quite possible to protect yourself and your loved ones.  All over the world, 
starting with the heads of state and doctors, every day, if not hourly, the population 
was informed by the available mass media about the dynamics and statistics of the 
disease. To our deep regret, simple security measures were not followed, despite 
the intensified and convincingly visual notification of specialists. Accordingly, 
the results were very deplorable. As for the criminal silence, I give examples. In 
one and the other cases, in the family of two officials, of a fairly high rank, they 
had a party and from where they contracted the disease. The source was the wives 
of officials who had traveled to countries where the outbreak had just begun. The 
family members knew about this information, they invited guests in honor of the 
pilgrimage of the holy places. What a luxury. Such a stupid tendency exists in our 
area. As a result, some of the invited guests of the officials became infected. Most 
importantly, on the initiative of their husbands, officials, they deliberately partici-
pated and concealed, making an "anti-popular criminal deal" by making it secret. 
But they themselves were treated incognito. Fortunately, the focus was somehow 
eliminated by the efforts of doctors. Here is the other side of the medal of the elites 
respected by "us". 

The ethical component is one of the central ones in creating a rational model 
of public service. The regulation of the official behavior of officials at the moral 
and value level and the cruel control over their observance of high ethical stan-
dards is a necessary condition for a real improvement in the quality of public 
administration as a whole, as a result, an increase in the level of public trust in 
relation to it, which can be dreamed of by ordinary citizens, unfortunately. Obo-
lonsky A.V. Ethics and responsibility. E-mail abolonsky@hse.ru

In practical medicine, there are mostly kind and good sayings about surgeons. 
What we have demonstrated are the same errors, but they have their own peculiari-
ties, i.e. here they focus on the humanitarian problem of both the patient himself 
and his doctor. It is not competent to draw conclusions about the "chairmen" from 
our own bell tower, for this there is a supervisory body and, unfortunately, it is 
difficult to prove, but we will hide it with pain in our heart. To do this, I cite sepa-
rate opinions on this topic, from published works in the media. For example, in 
one author's article it is noted, “… today, we can confidently say that 80% of the 
country's population has deep disrespect for the authorities. Ludicrous laws and 
restrictions for the entire population of the country have already become the norm 
and it is very difficult to change this order of things. On the Top-life TV channel 
he writes: For officials, the law is not written: in this regard, everything can do 
whatever comes to mind! Laws for the people. The only hope is for good officials 
who are able (from a tightening) to correct or correct "bad laws" into "good" ones.
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To prosecute an official for violation of the rights and freedoms of a citizen in 
medical practice, as recognized by the lawyers themselves, is a complex and dif-
ficult issue. Well, this is when there is or is there anything criminally proving the 
relationship between patients and doctors in the provision of medical care. And 
when the main argument of motivation is the doctor's resentment, the violation of 
moral ethical standards is not tolerated, we are usually accustomed to seeing from 
the side of the doctor, but if it is not strange from the side of the patient's close 
people, what to do? It's easier for ordinary citizens, you can freely say what you 
think, if you are still brave. And if you run into the clerk, like in our example, you 
will remain silent, although cats scratch at heart. Your silent experiences, heart 
attacks and strokes only lead you to the grave ahead of schedule. 

At our discretion, one conclusion follows from this: both doctors and officials 
who work for the good of the people are not young people, experienced responsi-
ble ones and they intend to avoid such mistakes in their work, this is unambiguous. 
From their student days, they know the corresponding strict instructions, rules, 
even codes, while when a question concerns their own interests, at that moment, 
these postulates are forgotten, unfortunately. Here its own pragmatism seems to 
prevail! Individual psychology: self-preservation, self-respect? How to be?
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Abstract. The article presents the experience of introducing personalized 
medicine technologies into the clinical practice of a rehabilitation hospital. 
An innovative approach to the therapy of patients at various stages of medical 
rehabilitation using genotyping (to identify hereditarily determined features that 
determine the pathogenesis of the development of pathology, restorative potential, 
kinetics of drugs) makes it possible to assess the prognosis of the effectiveness 
and safety of medical interventions (including when prescribing pharmaceuticals) 
individually, taking into account the polymorphism of the candidate genes of the 
examined patient.
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Introduction 
Personalized medicine based on the determination of human genetic charac-

teristics is a promising trend in the management of a medical process based on 
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genotyping. This approach is used in modern algorithms for choosing diagnos-
tic, treatment, rehabilitation and preventive programs. Technologies for detect-
ing gene mutations, allelic variants of genes associated with a predisposition to 
common diseases, metabolic disorders, detoxification, to the characteristics of 
pharmacokinetics - make it possible to predict genetically determined risks of the 
implementation of multifactorial diseases in a patient, disruption of adaptation 
mechanisms when exposed to unfavorable environmental factors. The peculiari-
ties of the patient's genotype enable the doctor to determine the choice of biomark-
ers for the prevention of the development of pathology and complications, with the 
choice of adequate treatment to reduce the risk of iatrogenism [1, 2, 3]. 

Purpose of the study – determination of the polymorphism of allelic variants 
of candidate genes (protein products of which are involved in the regulation of 
homeostasis, adaptation, restoration of the body, in the processes of metabolism 
of xenobiotics) to assess the risk of developing multifactorial pathology and un-
wanted drug reactions - for adequate therapy and prevention of complications in 
the patient.

Materials and methods 
The object of the study is patients examined at different stages of rehabilitation 

treatment; methods - analysis of clinical and laboratory data, functional studies; 
genealogical analysis of family history; genotyping - molecular genetic study of 
patients' biomaterial using polymerase chain reaction (isolation, amplification - 
building up of the studied target gene fragments, detection of the results obtained); 
biomaterial - venous blood. The diagnostic panels used are various sets of single 
nucleotide gene polymorphisms (products of which are involved in the regulation 
of blood pressure, endothelial function, thrombus formation and thrombolysis, an-
giogenesis and revascularization, tissue sensitivity to hypoxia and toxic effects of 
endogenous and exogenous origin, maintaining homeostasis, metabolic activity, 
reparative regeneration, direction and strength of the immune response to allo- 
and autoantigens). Interpretation of identified gene polymorphisms (based on the 
use of published meta-analyzes on proven associations of genotypes with clinical 
manifestations, pharmacokinetics [4, 5] with an assessment of the contribution 
of the studied polymorphic variants of genes to the development of adaptive and 
pathological processes and responses to non-drug effects, biotransformation of 
pharmaceuticals in the body patient) with individual recommendations.

Results and discussion 
At the Central Clinical Hospital for Rehabilitation of the Federal Medical and 

Biological Agency of Russia, genetic counseling is carried out in the department 
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of personalized medicine for patients sent from outpatient appointments and from 
the hospital. Genotyping of patients is used to assess the rehabilitation potential, 
the choice of adequate pharmacotherapy, and preparation for surgical treatment 
[6, 7, 8]. This is a method for identifying individual biological characteristics of 
a patient (genetically determined molecular mechanisms of metabolic regulation, 
adaptive reactions, the risk of the formation of multifactorial diseases and comor-
bid conditions, complications, an unwanted response to anesthesia and medica-
tions). Cooperation with licensed laboratories that carry out the necessary molecu-
lar genetic studies of the biomaterial of patients allows obtaining genotyping data 
in order to prepare clinically meaningful interpretation of the results for patients 
and attending physicians. The choice of profiles for genotyping is carried out by 
a geneticist according to the history and clinical diagnoses of the patient, family 
history of multifactorial diseases (especially in cardiovascular pathology with a 
high risk of heart attacks and strokes: with arterial hypertension, with impaired 
hemostasis, lipid and carbohydrate metabolism). As part of the personalization 
of treatment, the pharmacogenetic characteristics of the patient are investigated 
(for drugs for long-term use - antihypertensive drugs, anticoagulants, antiplatelet 
agents, statins, non-steroidal anti-inflammatory drugs, etc.) - both for an adequate 
choice of the drug itself and for choosing its therapeutic dose [9, 10]. Also in 
demand are studies on the risk of developing cancer, endocrinopathies and os-
teoporosis, genetic testing for detoxification profiles, pro-inflammatory cytokines, 
metabolism for weight correction and the formation of individual programs of 
physical activity and nutrition, the choice and use of correctly dosed nutritional 
supplements, vitamins and micronutrients that optimize gene activity. The results 
of genotyping and subsequent genetic counseling, reflected in the conclusion of a 
geneticist, are important information for the patient and the attending physicians. 
The final genetic report presents the identified features of the patient's genotype. 
They can be regarded as individual predictors of insufficiency of adaptive-restor-
ative processes, predisposition to pathology, risk of complications and adverse re-
actions to treatment. Therefore, in the conclusion of a geneticist, an interpretation 
of the clinical significance of the results of genotyping is presented, on the basis 
of which the attending physician can reasonably choose: biomarkers for monitor-
ing the clinical, laboratory and functional state of the patient; the most effective 
and least toxic drugs, calculate their dosage (based on the metabolic rate); use the 
information received to prevent complications and improve the effectiveness of 
rehabilitation treatment. 

Conclusion: a personalized approach with the determination of the possibili-
ties of individual rehabilitation in patients of various profiles (neurological, car-
diological, orthopedic, therapeutic) allows doctors to carry out comprehensive 
rehabilitation treatment programs, taking into account the genetic determinism of 
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pathological and restorative processes. To choose, taking into account the patient's 
genetic characteristics, the most effective and safe options for drug therapy and 
non-drug technologies: adequate nutrition; motor mode; physiotherapy exercises; 
treatment with physical factors (balneotherapy, peloid therapy; low-frequency 
laser and magnetic therapy, ultratonotherapy, electro- and phonophoresis with 
various pharmaceuticals, etc.), as well as prescribe individual training programs, 
kinesitherapy, which reduces the risk of complications and increases the effective-
ness of rehabilitation. 
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Abstract. Obesity as a multifactorial disease is associated with 
hyperinsulinemia and insulin resistance, which lead to the development of 
atherogenic dyslipidemia. The increasing importance in understanding the 
mechanisms of obesity development is associated with an in-depth study of the 
functions of leptin produced by adipocytes.

Keywords: obesity, Kazakh population, carbohydrate metabolism, leptin, 
dyslipidemia.

Introduction
The problem of obesity in the modern world is becoming more and more urgent 

and begins to pose a social threat to people's lives. This problem is relevant regard-
less of social and professional affiliation, area of   residence, age and gender. Accord-
ing to the WHO, in 2016 1.9 billion of the world's adult population was overweight, 
600 million people were obese. It is predicted that 50% of the world's population 
will suffer from excess weight by 2025. In Kazakhstan, more than half of the pop-
ulation is overweight, and 23.5% of Kazakhstanis are completely obese. The im-
provement of diagnostic methods to a personalized approach is gaining relevance.
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Of particular interest is the analysis of the relationship between body mass 
index and indicators of insulin, leptin, dyslipidemia. This step is a necessary level 
of scientific and practical significance in the study of the nature of obesity, which 
is important for practical health care. 

At the same time, the issue of studying obesity taking into account ethnic char-
acteristics has not been sufficiently studied, especially among Asians. The ethnic-
ity of the patient is an important link at the present stage of developing a personal-
ized approach to the treatment and prevention of diseases. 

Purpose of the study
Study of the relationship between body mass index (BMI) and indicators of 

lipid profile, carbohydrate metabolism, leptin, insulin levels in blood serum in the 
Kazakh population.

Materials and methods
The study was carried out as part of the research work WKSMU named after 

Marat Ospanov, MRNTI 76.03.39,76.29.37. in accordance with the Declaration 
of Helsinki of the World Medical Association "Ethical principles of scientific and 
medical research with human participation" The study was approved by the Lo-
cal Ethics Committee of the WKSMU named after Marat Ospanov № 17 dated 
04.09.2019. The recruitment of patients was carried out by the method of random 
sampling, taking into account the age and sex composition of the population in 
public places, on the territory of Aktobe (Western Kazakhstan). Written informed 
consent was obtained from each participant to conduct the survey. Inclusion crite-
ria: ethnicity - Kazakhs, including grandparents, taking into account three genera-
tions; age 18 and over; the patient's ability to participate in the study. Exclusion 
criteria: a history of endocrine diseases (diabetes mellitus, thyroid and adrenal 
gland diseases), chronic decompensated diseases of internal organs, pregnancy, 
lactation. Anthropometric studies included the measurement of height, weight, 
waist circumference (WC) and hips circumference (HC) of the subject. Accord-
ing to the parameters of height and body weight, the body mass index (BMI) 
was calculated using the formula: weight (kg)/height in m2. BMI was assessed 
according to the WHO classification of overweight and obesity: norm 18.5 - 24.9 
kg/m2; excess weight - 25-29.9 kg/m2; obesity of the 1st degree - 30-34.9 kg/m2; 
obesity of the 2nd degree - 35-39.9 kg/m2; obesity degree 3 - 40 kg/m2 or more WC 
measurements were carried out using a tape measure from a point in the middle 
between the costal edge and the iliac crest along the mid-axillary line, the results 
were evaluated in centimeters (cm). Hip circumference (cm) was measured at the 
widest point around the greater trochanter.

The sample consisted of 159 patients, which was divided into 3 groups ac-
cording to BMI, which were randomized among themselves by age and gender. 
Venous blood sampling was performed in the morning on an empty stomach. The 
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leptin content was determined by enzyme-linked immunosorbent assay in blood 
serum (ng/ml). Lipid status includes determination of total cholesterol (TC), low 
density lipoprotein (LDL), high density lipoprotein (HDL), triglycerides (TG). 
TC was determined by the enzymatic (CHOD-PAP) method (mmol/l). LDL was 
calculated using the Friedwald formula (using TC, HDL and TG values) (mmol/l). 
In determining HDL, a homogeneous enzymatic colorimetric test (mmol/l) was 
used. When assessing the lipid profile data, we were guided by the NCEP/ATPIII 
Experts' Recommendations: For hypercholesterolemia, a TC level of ≥ 5.2 mmol/l 
was taken, a TG level of ≥ 1.7 mmol/l was referred to as hypertriglyceridemia. 
The atherogenic coefficient (AC) was calculated using the following formula: AC 
= (TC - HDL): HDL. Fasting glucose and insulin concentrations were determined 
using a reagent kit. Insulin resistance index (IR HOMA) - was calculated using the 
formula: IR HOMA = fasting glucose × fasting insulin/22.5.

Statistical data processing. Comparisons of the two groups in terms of numeri-
cal indicators were carried out on the basis of the nonparametric Mann-Whitney 
test. Comparisons of three or more groups on numerical scales were carried out 
using the nonparametric Kruskal-Wallace method. To describe the quantitative 
scales, the mean and standard deviation in the form of "M ± S" were used. The 
statistical significance of different values for binary and nominal indicators was 
determined using the Pearson Chi-square test in the case of independent samples. 
Correlation analysis was carried out on the basis of Spearman's nonparametric 
rank correlation. The level of statistical significance was fixed at the error prob-
ability level of 0.05. Statistical data processing was performed using Statistica 10 
and SAS JMP 11 software packages.

Results. Table 1 shows the results of statistical analysis comparing the quanti-
tative indicators of the subjects in the three groups according to BMI.

Table 1. Clinical and laboratory characteristics (mean ± standard deviation)

Indicator
Body mass index (BMI) classification P level 

(df=2)Normal body 
weight

Excessive body 
weight Obesity

Anthropometry
Age, years 28.5 ± 8.0 44.2 ± 11.0 40.6 ± 12.8 0.0006
Height, cm 164.6 ± 7.7 165.8 ± 7.8 165.8 ± 9.7 0.8699
Weight, kg 56.7 ± 8.9 75.3 ± 7.3 102.1 ± 17.8 <0.0001
Waist, cm 72.3 ± 6.9 88.4 ± 7.6 106.6 ± 11.4 <0.0001
Hip, cm 92.9 ± 3.3 102.1 ± 4.1 119.4 ± 11.9 <0.0001
Waist/hip index 0.8 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 <0.0001
Waist/height index 0.4 ± 0.0 0.5 ± 0.0 0.6 ± 0.1 <0.0001
Body mass index 20.9 ± 1.8 27.3 ± 1.4 37.2 ± 5.6 <0.0001
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Lipid profile
Cholesterol 4.2 ± 0.7 4.8 ± 0.8 4.9 ± 0.9 0.0392
HDL 1.6 ± 0.3 1.3 ± 0.3 1.2 ± 0.3 0.0003
LDL 2.6 ± 0.8 3.4 ± 0.8 3.3 ± 0.8 0.0227
Triglycerides 0.7 ± 0.3 1.1 ± 0.4 2.0 ± 1.4 <0.0001
Atherogenic index 1.8 ± 0.8 2.9 ± 1.0 3.4 ± 1.1 <0.0001

Hormones
Leptin 10.6 ± 7.5 18.0 ± 20.5 30.5 ± 24.9 0.0010
Insulin 7.8 ± 5.2 14.2 ± 7.8 23.9 ± 17.1 <0.0001

In the lipid profile, all indicators are statistically significantly different be-
tween the three compared groups. The most significant differences were found 
in HDL in persons with BMI for the norm in relation to BMI with obesity (on 
average, 0.4; P = 0.0003); atherogenic index in obese individuals in relation to the 
group with normal BMI (on average by 1.6; P <0.0001); triglycerides with BMI 
of the obese group in relation to the group with BMI for the norm (on average by 
1.3; P <0.0001).

The level of hormones (insulin, leptin) was statistically significantly different 
between the three compared groups. The most significant differences were found 
for the leptin index in obese patients relative to those with normal body weight (on 
average, 19.9; P = 0.0010); ninsulin concentration in the obese group in relation to 
the group with normal body weight (on average by 16.1; P <0.0001).

Figure 1. Statistical scores for each BMI value for cholesterol score
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Figure 2. Statistical indicators for each value of BMI for HDL index

with BMI of the obese group in relation to the group with BMI for the norm (on average by 1.3; P 

<0.0001). 
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with BMI of the obese group in relation to the group with BMI for the norm (on average by 1.3; P 
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Figure 4. Statistical indicators for each BMI value for Triglycerides
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Figure 5. Statistical indicators for each BMI value for the atherogenic index
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Figure 6. Statistical indicators of BMI for Leptin

Figure 7. Statistical indicators of BMI indicators for Insulin
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Table 2. Mean ± root-mean-square deviations of the carbohydrate spectrum 
according to BMI

Indicator
BMI group

P level
(df=2)Normal body 

weight
Excessive body 

weight Obesity

Carbohydrate spectrum
Glucose 5.0 ± 0.7 5.5 ± 1.6 6.4 ± 3.1 0.0011
HOMA index 1.8 ± 1.6 3.5 ± 2.2 6.8 ± 6.2 <0.0001
Glycated hemoglobin 5.5 ± 0.4 6.1 ± 1.3 6.2 ± 1.6 0.0960

Based on table 2, figures 8.9, the most significant differences were found for 
fasting glycemic parameters in the obese group in relation to the group with nor-
mal body weight (on average by 1.4; P = 0.0011); HOMA index in the group with 
BMI more than 30 kg/m2 in relation to the group with BMI less than 30 kg/m2 (on 
average by 5.0; P <0.0001).

Figure 8. Statistical indicators of BMI for Glucose

Figure 9. Statistical indicators of BMI for the HOMA index
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Conclusion
The study investigated the relationship of BMI with parameters of lipid and 

carbohydrate metabolism, including the hormones insulin and leptin in the Ka-
zakh population. An increase in body mass index is associated with hormonal 
and metabolic risk factors. Adipose tissue is an endocrine organ that secretes a 
number of biologically active molecules - adipocytokines, including leptin. The 
imbalance between adipocytokines arising in obesity can lead to the occurrence of 
lipid and carbohydrate metabolism disorders, an increase in blood pressure and, 
consequently, to the formation of metabolic syndrome and its components. Adi-
pose tissue is recognized as a source of pro-inflammatory cytokines, which, along 
with adipokines, contribute to the development of insulin resistance, the progres-
sion of obesity, and, finally, to inflammation of adipose tissue [Kulikov D.I. et al., 
2013; Ouchi N. et al., 2011; Hirabara S.M. et al., 2012]. The results of the study 
show that assessing the relationship between leptin and insulin and understand-
ing the possible mechanisms of action can be used in clinical practice to assess 
the metabolic status of an obese patient. As a biomarker of obesity, leptin reflects 
the activity of adipocytes and carries information about risk factors for the con-
sequences of obesity and can be used to improve the efficiency of early diagnosis 
of obesity-associated diseases. In our prospective study, the identification of the 
relationship of pathogenetic factors of obesity in the Kazakh population showed 
that the content of leptin and insulin in serum correlates with BMI, the highest 
rates were observed with a BMI of more than 30 kg/m2. Leptin relationships need 
further study as potential markers for improved clinical outcomes in obesity. The 
data obtained showed associations of BMI with parameters of carbohydrate and 
lipid metabolism, along with which the HOMA index as an indicator of insulin 
resistance are important pathogenetic links of obesity.
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Abstract. Nowadays, the use of infrared thermography which working principle 
is by determining the thermal pattern of the skin is increasingly being applied as 
a diagnostic tool.  This technique may influenced by external factor particularly 
thermo-sensitivity. Review that describes thermo-sensitivity factors for conducting 
research through infrared thermography approaches is still limited. The aim of this 
article is to review a classification of the thermo-sensitivity factors that influence 
the application of infrared thermography in humans. The cooling and warming 
thermo-sensitivity area of human body is depend on the spot area. Certain body 
parts have higher sensitivity greater and smaller sensitivity values than the whole-
body average. Signals from the skin may be conveyed by thermoreceptors. The 
mechanism of thermoreceptors activity is related to thermoregulation and action 
potential. The other factors are the basic characteristics of the subject and are 
primarily related to age, sex, emotion, circadian rhythm, and medical history. In 
addition, the final group of potentially temperature sensitivity factors is thermal 
comfort that described as satisfaction of the mind in an environment. Based on 
this, there are four factors in thermo-sensitivity that can affect the application of 
infrared in human: the spot area; physiological factor, biophysical aspects, and 
thermal comfort.

Keywords: Infrared Thermography, Thermo-sensitivity, spot area; 
physiological factor, biophysical aspects, thermal comfort.

Introduction
One of method which working principle is by determining the thermal pattern 

characteristics is Infrared Thermography. Since infrared thermography capability 
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has been approved to detect many groups of diseases at once, the use of infrared 
thermography in humans is more intensive in its application as a diagnostic tool.  
As a non-invasive and low-cost technique, infrared thermography causes no dis-
comfort to the patient. Infrared thermography is completely safe and easy to oper-
ate.  Even for more frequent use, the security level is very safe.  This technique is 
also possible to use for pregnant women and children [1].

Working with infrared thermography requires accounting for many factors that 
can influence either the evaluation or the interpretation of the thermal images. 
One of the weakness of infrared thermography is that it takes into account several 
factors that can influence either the analysis or interpretation of thermal image 
[2]. Furthermore, human temperature sensing is not homogenous across the body. 
Individually differences in how people experience their thermo sensitivity [3]. 
Attempting to control for such a large number of factors may seem impossible, 
but simply being acquainted with this factor is an important step in many con-
texts. Moreover, review that describes thermo-sensitivity factors for conducting 
research through infrared thermography approaches is still limited. Therefore, the 
primary objective of this article is to propose a classification of the thermo-sensi-
tivity factors that influence the application of infrared thermography in humans.

Disscussion. 
Temperature sensitivity or thermo-sensitivity refers to the ability to detect 

changes in the temperature of the skin. These changes may involve either increases 
(warming) or decreases (cooling)-vice versa, relative to the adapted temperature 
level of the skin. The temperature-sensation system to serve primarily as an early 
warning system. Temperature sensitivity is important in protecting one's self from 
intense temperature that may cause damage to the body. Sensitivity to temperature 
allows a person to adapt to the temperature of her or his environment in order to 
maintain homeostatic [2]. Based on this, the group of potentially confounding fac-
tors in thermo-sensitivity that related to infrared thermography method are: The 
spot area, Physiological factors, Biophysical factors, and thermal comfort.

1. The spot area
In humans, skin temperature (Tsk) sensing is mediated by free nerve endings 

of the Aδ- and C-type classes (i.e., thermoreceptors) [4]. Selectively conveying 
warm and cold afferent inputs via the anterolateral spinothalamic tract to neu-
ral centers located in the insular and somatosensory cortices. When the physical 
stimulus is interpreted by the brain as "hot", the brain sends signals back to the 
body part in contact to withdraw away from the stimulus. The same response may 
be observed when the stimulus is perceived as "cold“. 
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Not Sensitive 

Figure 1. The Mapping of Cool and Warm Sensitivities across the Human Body 
[5]

Figure 1 shows the mapping of cool and warm sensitivities across the human 
body from both front and back views. In general, the back is more sensitive than 
the front (darker colors for back than front for both heating and cooling. The cool-
ing and warming coefficients show that the foot, lower leg and upper chest are 
much less sensitive, while the cheek, neck back, and seat area, are very sensitive 
to both cooling and warming [5].  There is clearly a large regional variation in 
thermal sensitivity for different body part. 

Table 1 shows that body parts like buttock, face, dorsum of hand, and belly 
have higher sensitivity coefficients greater than 1 while the foot, lower leg, and 
chest had smaller sensitivity values than the whole-body average. The coefficients 
for the neck is quite close to the whole-body average, but the back part of the neck 
is much more sensitive than its front part. [6]

Table 1. Sensitivity Coefficient of 15 different body parts
No AREA COOLING WARMING
1 Face 1.14 1.34
2 Neck back 1.00 1.24
3 Neck front 0.89 0.55
4 Chest 0.94 0.92
5 Belly 1.15 1.38
6 Back 1.17 1.16
7 Upper arm 1.20 1.17
8 Forearm 1.08 1.02
9 Hand palm 1.03 0.96
10 Hand dorsum 1.48 1.22
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11 Buttock 1.25 1.92
12 Thigh 1.10 1.16
13 Lower leg 0.87 0.82
14 Sole 5 0.44 0.40
15 Foot dorsum 5 0.64 0.50
16 Sole 7 0.59 0.38
17 Foot dorsum 7 0.63 0.60
18 Overall average 1 1

2. Physiological factor
Density of sensory innervation: thermal perceptions is rely on separate neu-

ral pathways involving thin myelinated or unmyelinated axons of the peripheral 
nervous system. Cold receptor endings lie within 0.15mm of the dermis, whereas 
warm receptor endings are buried more deeply, at 0.6mm. In addition to being 
closer to the surface, cold receptors are also three to ten times more numerous 
than warm receptors across the majority of body regions. Behavioral responses 
including thermal are depend on signals from peripheral thermosensors to initiate 
intracellular signaling pathways [7].

Sensory receptors become activated by stimuli in the environment by receiv-
ing signals. Signals from the skin may be conveyed by thermoreceptors [8]. These 
receptors display a constant discharge to their specific temperatures, and when an 
experience of the opposite temperature occurs, there is a sudden ceasing of recep-
tor discharge. Cold receptors mainly sense temperatures between 25-30°C. Tem-
peratures below this cause release of bursting discharges. In touching dangerously 
hot objects (greater than 45°C), there can be a brief sensation of cold due to the 
paradoxical firing of cold receptors. Warm receptors respond to the approximate 
temperature range of 30-46°C. Higher temperatures may result in the decreased 
firing of these receptors [9]. 

As a stimulus constantly excites the receptor consequently influencing the rate 
of action potentials. An action potential occurs when a neuron sends information 
down an axon, away from the cell body. The action potential is an explosion of 
electrical activity that is created by a depolarizing current. This means that some 
event (a stimulus) causes the resting potential to move toward 0 mV. When the 
depolarization reaches about -55 mV a neuron will fire an action potential which is 
known as threshold. If the neuron does not reach this critical threshold level, then 
no action potential will fire. [10].

Moreover, receptors can adapt to a constant, unchanging stimulus, if there is a 
change, whether loss of the stimulus or change in intensity, the receptor is able to 
respond. Researchers found that the human skin has a normal range of adaptation 
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temperature – from 29-37°C [11]. Different body parts have different temperature 
sensitivity levels; causing their respective thresholds to vary as well. Temperature 
threshold is the point at which one can tolerate the hotness or coldness of a stimu-
lus [12].

In fact, the mechanism of thermoreceptors are responsible for helping maintain 
homeostasis in the body and for allowing the body to best react to internal and 
external stimulus.  One of important type of homeostasis known as thermoregula-
tion. Thermoregulation, by definition, is a mechanism by which human maintain 
body temperature by tightly controlled self-regulation, no matter the temperature 
of their surroundings. Without thermoregulation, the human body would not be 
able to adequately function and inevitably [13]. 

Thermoregulation has three mechanisms: afferent sensing, central control, and 
efferent responses. Afferent sensing works through these receptors to determine 
if the body is experiencing either too hot or too cold of a stimulus. TRPV3 may 
be more responsible for detecting warm temperatures.  In contrast, for colder tem-
peratures, it is believed that TRPM8 ion channels are one of many receptors re-
sponsible. These receptors are capable of detecting temperatures from below 16°C 
to 26°C. The belief is that other undiscovered receptors also have a role in cold 
detection.[14] Next, the hypothalamus is the central controller of thermoregula-
tion. If the hypothalamus senses external temperatures growing too hot or too 
cold, it will automatically send signals to the skin. Lastly, efferent responses are 
carried out primarily by the body’s behavioral reactions to fluctuations in body 
temperature. Efferent responses also consist of automatic responses by the body to 
protect itself from extreme changes in temperature, such as sweating, vasodilation, 
vasoconstriction, and shivering [15][16].

When external environments are exceedingly warm, the heat is produced in-
side his or her body is typically transported to the blood. The blood then carries 
the heat through numerous capillaries that are located directly under the skin. Be-
cause the blood is near the surface, it can cool the person down. This cooled blood 
can then be transported back through the body to prevent the body temperature 
from becoming too high. Sweat is also a means by which the body cools itself 
down; it is created by glands to carry out evaporation at the topmost skin layer, 
the epidermis, to release heat. This describes vaporization, one of the four mecha-
nisms used to maintain core body temperature. Radiation is when the heat that is 
released from the body’s surface is moved into the surrounding air; convection 
occurs when cooler air surrounds the body’s surface, and conduction comes into 
play when a person is either triggered by cold water or uses an ice pack in relation 
to infrared thermography application-their internally generated heat is transferred 
to the cold water or the ice pack. This is another reason why it is very important to 
stay hydrated in the heat or during physical activity-not only to maintain adequate 
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intravascular fluid volume, but also to aid in conduction processes that cool the 
body down. When cold fluids are ingested, the heat is released into the fluid and 
excreted out of the body as sweat or urine [17].

3. Biophysical Aspects
The other group of potentially confounding factors in thermo-sensitivity that 

related to infrared thermography method are biophysical factors. Biophysical as-
pects are the basic characteristics of the subject and are primarily related to age, 
sex, emotion, circadian rhythm, and medical history. 

Age influences the structures, physiologic, functions of the nervous system, 
leading to age-related changes in thermal perception [18]. In humans adapted for a 
long time to various conditions-cold, heat, and physical exercise-directed changes 
in temperature sensitivity, women having a higher percentage of body fat than 
men, female sex hormones etc. woman’s body temperature is higher during ovula-
tion and pregnancy, and lower at the start of the menstrual cycle.[19]

Body temperature undergoes significant fluctuation over the course of a di-
urnal variation. It is usually at its lowest early in the morning and slowly climbs 
up after a person wakes up, reaching its peak late in the afternoon. This variation 
corresponds to the level of metabolic activity, which is lowest during sleep and 
slowly climbs up as the day progresses. Many pharmaceutical drugs, including 
several classes of antibiotics (cephalosporins, penicillins etc), methyldopa, phe-
nytoin, among others, are known to cause an increase in body temperature. [20]

4. Thermal comfort
The final group of potentially temperature sensitivity factors is related to infra-

red thermography method is thermal comfort. Comfort can be described as satis-
faction of the mind in an environment. In this satisfied environment, physical and 
mental productivity of human become higher. In general, thermal comfort occurs 
when body temperature is held within narrow ranges, skin moisture is low, and the 
physiological effort of regulation is minimized [21].

Body temperature increases in response to stressful situations. Stress hormones 
such as cortisol and adrenaline mediate this increase in body temperature. This in-
crease in temperature is an adaptive response of the body to deal with perceived 
threats. Adrenaline, which mediates the body’s “fight or flight” response, stimu-
lates increased heat production in the liver, in addition to driving other adaptive 
changes. The liver being one of the body’s largest and most metabolically active 
organs, has a notable impact on body temperature [20].
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Abstract. 20 years after the replacement of permanent steam with a deposit 
in typical chernozem, the content of the main organogenic elements increased: 
carbon by 43%, hydrogen by 31%, nitrogen by 25%. At the same time, the 
recovery of the organic carbon content occurs very slowly, at a rate of about 
0.05% per year, which must be taken into account when regulating the humus 
state of arable soils. The content of the main macronutrients - silicon, aluminum, 
iron, potassium, sodium, which form the basis of the mineral part of the soil, 
did not change significantly during this period. At the same time, in the upper 
part of the profile of the typical fallow chernozem, the content of some mineral 
elements, actively involved in the biological circulation of substances, increased. 
This primarily concerns such elements as phosphorus, chromium, lead, sulfur and 
zinc, to a lesser extent manganese, calcium and magnesium.

Keywords: typical chernozem, permanent fallow, fallow, macroelements, 
microelements.
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Introduction
At the end of the last century, significant areas of agricultural land in Russia 

were abandoned and turned into a fallow land. This phenomenon was observed 
in all natural zones, including the chernozem one. The total area of   former agri-
cultural lands that have passed into the category of fallow lands in Russia is more 
than 4.9 million hectares [1]. The overgrowth of former croplands with natural 
herbaceous vegetation is accompanied by a change in the biogeochemical cycle 
of substances underlying soil formation. This entails a change in the intensity and 
direction of elementary soil processes, which is reflected in the properties and 
regimes of soils. The study of the features of the functioning of soils withdrawn 
from active agricultural use is of scientific importance associated with the forecast 
of their development [2, 3]. Also, the study of fallow soils is promising for the de-
velopment of certain aspects of practical measures to increase the fertility of soils 
of old arable lands, in particular, improve their humus state.

To date, a certain amount of information has been obtained regarding the pe-
culiarities of changing soil properties during the transformation of arable land 
into fallow land. In most cases, there is an improvement in the physical properties 
of fallow soils in comparison with old arable soils, largely due to their better ag-
gregation [4, 5, 6]. In the soils of the fallow, the content of humus increases [2, 3, 
5, 6], while the proportion of non-humified organic residues in the composition 
of organic matter significantly increases [6]. Along with this, relatively dynamic 
physicochemical characteristics of soils change noticeably in the soils of fallow 
lands: the reaction of the environment, the sum of exchange bases, the content of 
water-soluble humus and mobile phosphorus, migratory forms of free carbonates, 
the activity of a number of enzymes [7-11].

In general, as the researchers note, the transfer of arable soils to a fallow state 
contributes to the restoration of their main features and properties to the level in-
herent in virgin zonal soils [3, 8]. 

The speed and completeness of the restoration of the characteristics and prop-
erties of agricultural soils left in the fallow to the indicators characteristic of their 
natural analogues will, apparently, largely depend on the initial state of the soils 
withdrawn from agricultural use. 

The direction and depth of changes in soil properties under the influence of 
agricultural use are largely determined by the level of correspondence between the 
nature of land use and the natural conditions of soil formation.

In areas occupied by crops of continuous sowing, especially perennial grasses, 
to some extent the natural process of soil formation is imitated. A much stronger 
anthropogenic impact on the soil is inherent in areas occupied by row crops. The 
strongest anthropogenic impact on the soil is observed in areas with pure fallow 
[12], under the influence of which there is a significant change in soil properties 
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and regimes up to the transformation of the mineralogical composition [13]. 
The least favorable situation for the restoration of the lost characteristics with 

the involvement of arable soils in the fallow will be inherent in soils of agricultural 
landscapes subjected to severe degradation, especially considering the fact that 
certain types of degradation can be irreversible [14].

The chemical composition is one of the fundamental properties of the soil and 
is its most important characteristic [15]. It was found that in the chernozem zone 
there are very significant changes in the chemical composition of soils under the 
influence of agrogenesis due to the transition of chemical elements from one com-
pound to another [16]. At the same time, certain types of chemical degradation are 
noted in chernozems that have been subjected to extensive agricultural use for a 
long time [17].

Therefore, the identification of the features of changes in the chemical proper-
ties of typical chernozem, which is the most important representative of soils in 
the chernozem zone as a result of the transformation of permanent steam into a 
fallow, is of scientific and practical importance.

Objects and Methods
Samples of typical chernozem were selected on the stationary field experiment 

of the Petrinsky support point of the Kursk SRI APP, which was laid in 1964. The 
following variants of the experiment were studied: permanent fallow (54 years). 
Plot size 296 m2. In 1998, 2/3 of the area of   steam was left for permanent fallow, 
and 1/3 of the area was set aside for a deposit, whose age at the time of sampling 
was 20 years. Samples were taken from a layer with a thickness of 0-20 cm. The 
content of C, H and N was determined on an automatic CHNS analyzer vario Mi-
cro cube in individual samples in 3 replicates and the average values   were found. 
The elemental composition was determined in mixed samples by an X-ray fluores-
cence method using a ReSPEKT substance composition analyzer. 

Research results
According to previously obtained data [5], under the influence of fallow depos-

its in the upper layer of chernozem with a typical thickness of 0-20 cm, the pH val-
ue decreased from 6.42 to 6.22 and the content of mobile phosphorus from 177.8 
to 97.0 mg/100 g of soil. At the same time, the content of exchangeable calcium 
increased by 1.9, and hydrolytic acidity by 1.03 meq/100 g of soil, the content of 
organophosphates increased by 50.9 mg/100 g of soil. The number of waterproof 
units increased from 7.60 to 60.5%. Aggregation of the soil mass contributed to a 
decrease in the content of water-peptized sludge from 3.81 to 1.82%. 

As a result of overgrowing of the fallow area with natural herbaceous vegeta-
tion, the scale of the biological cycle of substances and the amount of plant resi-
dues entering the soil changed, which was reflected in the content of organophilic 
elements (tab. 1).
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Table 1
Influence of replacement of permanent steam with a deposit on the content of 

organophilic elements in typical chernozem of Kursk Region, M± m∙t05, %
Option C H N

Permanent steam 2.43±0.17 0.81±0.13 0.24±0.04

Deposit 3.48±0.22 1.06±0.07 0.30±0.01

Under the influence of deposits in typical chernozem, the content of the main 
elements of organophiles increased: carbon from 2.43 to 3.48%, hydrogen from 
0.81 to 1.06%, nitrogen from 0.24 to 0.30%. Of the organophilic elements, the 
greatest increase was observed in the content of organic carbon, the amount of 
which increased 1.4 times, while the amount of hydrogen and nitrogen increased 
1.3 times. This is consistent with the increase in the humus content in the soils 
of the fallow, which has been repeatedly noted by many researchers [3, 4, 6, 9]. 
At the same time, mineralization processes are actively proceeding in the cher-
nozem of the deposit, which can be judged by the less noticeable increase in the 
content of hydrogen and nitrogen in comparison with carbon. Hydrogen and nitro-
gen, predominantly included in the composition of aliphatic compounds of newly 
formed humic substances, are actively utilized by microorganisms, while carbon, 
to a greater extent localized in the composition of stable cyclic compounds, ac-
cumulates in the soil. This is also evidenced by some narrowing of the H:C and 
N:C ratios during the transition from steam to reservoir from 0.33 to 0.31 and 0.10 
to 0.09, respectively. 

Apparently, at first, the enrichment of old arable soils with humus after their 
transfer to fallow occurs mainly due to stable cyclic compounds forming mol-
ecules of humic acids.

Some changes also occurred with the content of the main chemical elements 
composing the mineral part of chernozem (tab. 2).

Table 2.
The effect of replacing permanent steam with a deposit on the content of the 

main constitutional elements in the typical chernozem of Kursk Region, %

Option SiO2 Al2O3 Fe2O3 TiO2 R2O3 Na2O
SiO2/
R2O3

Permanent steam 68.36 12.62 4.14 0.76 17.52 0.84 7.81

Deposit 67.03 12.55 4.21 0.77 17.53 0.87 7.67
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In the chernozem of permanent steam, silicon oxide predominates, the content 
of which was 68.36%. In fallow chernozem, its amount tends to decrease and 
amounted to 67.03%, which may be due to the intensive consumption of silicon 
by perennial herbaceous vegetation and active involvement in the biological cycle 
of substances [18].

The content of other chemical elements that make up the basis of the mineral 
part of chernozem is noticeably lower and is within the following limits: Al2O3 
– 12.62-12.55%, Fe2O3 – 4.14-4.21%, Na2O – 0.84-0.87 %, TiO2 – 0.76-0.77, 
the R2O3 value is 17.52-17.53.  In general, as a result of the transformation of 
permanent steam into a deposit, the content of these chemical elements in typical 
chernozem practically did not change over 20 years, which may indicate the stabil-
ity of its mineral part. This can be evidenced by the practically unchanged value of 
the molecular ratio SiO2/R2O3. 

The content of some biophilic elements in the chernozem of permanent steam 
and deposits is shown in table 3. 

Table 3. Influence of the transfer of permanent steam to the deposit on the 
content of biophilic elements in the typical chernozem of Kursk Region, %

Option CaO MgO K2O P2O5 SO3
P2O5
SO3 

Permanent steam 1.09 1.30 1.89 0.19 0.28 0.68

Deposit 1.17 1.34 1.83 0.24 0.32 0.75

The transfer of permanent steam to the deposit has an ambiguous effect on the 
total content of the most important biophilic elements in the chernozem. The con-
tent of CaO is in the range of 1.09-1.17%,  MgO – 1.30-1.34%, and K2O – 1.89-
1.83. The content of these elements during the period when typical chernozem was 
in the state of the deposit practically did not change. At the same time, under the 
influence of the fallow in typical chernozem, the content of SO3 increased from 
0.28 to 0.32%, and P2O5 from 0.19 to 0.24%, which, apparently, is due to the accu-
mulation of these elements in the organic matter of the soil. At the same time, the 
accumulation of P2O5 in chernozem proceeds more intensively in comparison with 
SO3. This can be judged by the value of the P2O5/ SO3 ratio, which changed from 
0.68 in the chernozem of permanent steam to 0.75 in the chernozem of the deposit.

The content of trace elements in the chernozem of permanent steam and depos-
its is shown in table 4.
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Table 4. Influence of the transfer of permanent steam to the deposit on the 
content of trace elements in the typical chernozem of Kursk Region, mg/kg

Option Mn Cr Rb Zn Y Ga Pb
steam 6115 55 90 58 36 24 15

deposit 6656 123 94 66 36 25 21

Among the microelements in typical chernozem, Mn predominates, the con-
tent of which in vapor chernozem was 6115 mg/kg of soil, and in chernozem of 
fallow lands it increased to 6656 mg/kg of soil. The Cr content changed from 55 
mg/kg of soil in the chernozem of permanent fallow to 123 mg/kg of soil in fallow 
chernozem. A weakly pronounced tendency to an increase in the content in fallow 
chernozem is found in Rb, Zn and Pb, while the amount of Y and Ga remained 
unchanged.

Conclusions
1. As a result of the transfer of permanent steam to the fallow, the level of hu-

mus content of typical chernozem increased, which can be judged by the increase 
in the content of organic carbon, hydrogen and nitrogen, the amount of which in 
the soil of the fallow increased by 1.05, 0.25 and 0.06%, respectively.

2.The change in the biological cycle of substances contributed to the accu-
mulation in the upper part of the profile of chernozem and a number of mineral 
elements, of whichCr, P2O5, Pb, SO3 and Zn are most actively accumulated, to a 
lesser extent – Mn, Ca Mg
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Abstract. New p-methyl- and p-oxymethyl- phenylcyclopropyl methacrylates 
(MePhCMA and OMePhCMA) have been synthesized and studied their radical 
copolymerization with glycidyl methacrylate (GMA). New cyclopropane and epo-
xy-containing photosensitive copolymers have been obtained.  The relative activity 
of mo no mers and the parameters of Q and e have been determined by Alfrey-Price 
method. The copolymerization constants of the specified compound (MePhCMA 
and OMePhCMA) (r1) with glyci dyl methacrylate (r2), calculated by the Fineman-
Ross method, are: r1 = 0.63, r2 = 0.60 (–CH3); r1 = 0.62, r2 = 0.70 (–OCH3), 
respectively; the values   of the parameters Q and e: Q1 = 1.37, e1 = –0.90 (–CH3); 
Q1 = 1.35, e1 = –0.94 (–OCH3), respectively. The composition and structure of 
this copolymer have been established. Photochemical studies of the synthesized 
copolymer have been carried out. It was found that structuring proceeds due to 
the opening of the cyclopropane ring and epoxy groups, as well as the carbonyl 
group.

Keywords: microstructure, monomers, copolymerization, phenylcyclopropyl 
methacrylates, photosensitivity.

INTRODUCTION
Rapid increasing of information requires new type of materials to record, stor-

age and reproduce data. The polymers and copolymers containing various reactive 
groups possess valuable properties and possibility of crosslinking under action of 
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radiation which allows to prepare various materials used in microelectronics [1-3]. 
This is one of the main reasons for interesting of the researchers for the prepara-
tion of new types of the photosensitive polymers [4-8].

Polymerization of functionally substituted cyclopropyl styrene [9-11] is a 
well-known way of preparing such materials, and polymers made of cycloprapane 
compounds with functional groups are subjected to UV radiation cross-linking 
processes to form negative photoresists with high light sensitivity [12, 13]. Co-
polymerization of the cyclopropanes containing vinyl groups with other reactive 
monomers results polymers containing cyclopropane groups located in side part of 
macrochain is also well known [14, 15]. 

This work has been devoted to synthesis and investigate the copolymerization 
of phenylcyclopropyl methacrylates (MePhCMA and OMePhCMA)with glycid-
ylmethacrylate (GMA) and study of lithography properties of the copolymers pre-
pared on their basis with the aim of creation of new photosensitive copolymers. The 
choice of this monomer has been stipulated with large number and chemical nature 
of double bonds and presence of cyclopropane ring in combination with carbonyl 
group in the monomer which has influence on such important photolithographic 
parameters of resists as photosensitivity, adhesion, film-forming exc [16, 17]. 

The choice of this compound to copolymerize it with GMA has been stipulated 
by the presence of light absorbing carbonyl, cyclopropane and epoxide groups or 
double bond in the molecule. In the copolymerization of the studied GMAp-PhC-
MA system is an important task is choosing the conditions when the polymeriza-
tion is proceeded only by participation of vinyl group and the reactive fragments 
would be remained in the side chain without changes.

EXPERIMENT
The copolymerization of  MePhCMA and OMePhCMA with GMA was 

carried out in benzene solution in the presence of 0.5 % azobisisobutyronitrile 
(AIBN) (from total mass of monomers) at 70°C. The total concentration of the 
initial monomers was 1.0 mol/l, and a ratio of the initial monomers was changed 
as it is given in table 1. The copolymers of various composition have been isolated 
after 10-20 min by addition excess of MeOH to the reaction mixture. The resulting 
copolymers were re-precipitated twice from theirs benzene solution with methanol 
and sulphuric acid and dried in vacuum (15-20 Hg.mm) at 30°С until constant 
weight. The copolymers formed were white solids which are well soluble in aro-
matic and chlorinated hydrocarbons. Elemental analysis for С22Н28O5: Calculated: 
С, 70.96 %, Н, 7.52% . Found: С, 70.42%, Н, 7.83%; for С22Н28O6׃ С, 68.04 %, 
Н, 7.21%.  Found: С, 68.27%, Н, 7.04%.

The IR-spectra of the copolymers were registered on spectrometer “Agilent-
Cary 630 FTIR”,  NMR-spectra – on spectrometer “BrukerAFR-300 (80 MHz)” 
in solution of  euterated chloroform. 



219

“Science and innovations 2021: development directions and priorities”

International scientific conference

The photosensitivity of co-polymers was determined at various concentrations 
(4-13% solutions) with making a layer on the glass substrate in a dust-free medium 
with centrifuging at 2500·min-1. The photoresists were kept for less than 20 min 
for increasing of adhesion to the substrate before cutting on contour on contour of 
the procurement preventing the film detachment.

 Thickness of the prepared film-resists was measured by microinterferometer 
„LINNIKA”, which was proved to be 0.20-0.25 mkm after drying for 10 and 20 
min at room temperature and 30-35°С/10 Hgmm, respectively. The exposure of 
the procurements was carried out on a device with light point source through pho-
tomask with a DPT-220 mercury lamp (current intensity was 2.2 А, distance from 
source of radiation was 15 cm, mobile shutter rate of exponometer was – 720 
mm·h-1, exposure time was 5-20 s).

The development was carried out in a jet installation. As a developer diox-
ane and  sopropyl alcohol was used at ratio 12׃ at temperature of 18-25 °С. The 
photosensitivity is valuated on the basis of the completeness of photochemical 
polymerization (crosslinking). The photosensitivity – the inverse of the dose of 
UV-light absorbed means an UV dose necessary for transformation of photoresist 
to crosslinked (insoluble) state. Where

tE
1

H
1S

⋅
==

H –exposure (or dose of irradiation with UV light), J·cm
E – intensity, Wt·cm-2

t – irradiation duration, s
RESULTS AND DISCUSSION
During radical copolymerization of polyfunctional MePhCMA and OMePh-

CMA with GMA formation of reactive polyfunctional co-polymer showed in For-
mula 1 could be expected. Comparing of the IR-spectra of the copolymers formed 
with the spectra of the initial monomer (MePhCMA and OMePhCMA) showed 
that the deformation and valence vibrations of the vinyl group in the initial mono-
mer at 990 and 1640 cm-1 are disappeared.

The absorption bands characteristic for benzene and cyclopropane rings (1410-
1460 and 1500-1600 cm-1) and the absorption bands at 1720, 1030 and 1110 cm-1, 
referring to the carbonyl vibrations of the cyclopropyl ester fragment are remained 
unaffected. Availability of the characteristic absorption bands of epoxide groups 
in structure of the copolymers is confirmed by the absorption band at 830, 920 and 
1260 cm-1.

The IR-spectrum of  MePhCMA and OMePhCMA copolymer with GMA is 
presented in fig 1.

In the NMR spectrum (fig.2) of copolymer the resonance signals referring to 
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protons of benzene nucleus (δ = 6.80-6.95 ppm) and cyclopropane ring (δ = 1.50-
2.60 ppm) are clearly appeared. The protons of epoxide ring are characterized with 
signals at 2.10-2.20 ppm(–CH2–) and at 2.40 ppm (–CH–). As r1 and r2

 is less than 
1, in this system there is a tendency to alternation of links. According to the data of 
spectroscopy the copolymerization of  MePhCMA and OMePhCMA with GMA 
proceeds only due to opening of double bonds of the vinyl groups with mainte-
nance of the other reactive functional fragments of the both monomers. Thus, on 
the basis of the analysis of IR and NMR-spectra of the copolymers prepared by 
copolymerization of MePhCMA and OMePhCMA with GMA, the structure of 
copolymers is assumed as it is given in formula 1.

CCH2
n

CCH2
m

CH3

O COCH2 CH CH2

O

C-O CH2

O=

CH CH C6H4X
X
-
CH3

, -OCH
3

CH3

Formula 1.

The copolymerization was carried out at various ratios of the initial monomers. 
It has been revealed that the composition of forming copolymers depends on the 
composition of the initial monomer mixture. For estimation of polymerization ac-
tivity of  MePhCMA and OMePhCMA there have been calculated the values of 
relative activity constants of monomers by Fineman-Ross method [18] and the pa-
rameters Q-e by Alfrey and Praice method. The microstructure parameters of the 
copolymers were calculated by using the copolymerization constants on formulas 
[19]. The obtained data are presented in Table 1. The values of the relative activity 
constants (Table 1) evidence about greater reactivity of MePhCMA and OMePh-
CMA in comparison with GMA. The conjugation of the ester group causing redis-
tribution of electron density both in the monomer and in the radical formed from 
it, thus the energy necessary for appearance of transition state is decreased leading 
to the increase of reactivity of monomer. 

The calculated values of parameters Q1 and e1 during copolymerization with 
GMA indicate increased conjugation in monomer (MePhCMA and OMePhCMA) 
connected with influence of substituent – CH3, –OCH3 stipulating relatively high 
reactivity of monomer and more low reactivity of the radicals. In calculation of 
factor е1 it was chosen the negative mark based on the fact that the electron density 
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of double bond of vinyl group in MePhCMA and OMePhCMA should be less than 
in GMA, since the influence of substituent of MePhCMA and OMePhCMA leads 
to redistribute of density of double bond in the vinyl group changing polarity of 
the radical. 

An availability of the synthesized copolymer of the reactive groups of various 
chemical nature in links of macromolecule arouses interest for investigation of 
photochemical structuring of this copolymer, i.e. to crosslinking under action of 
UV-irradiation and such polymers showing as negative type photoresists. These 
polymers with properties of high light sensitivity, film-forming ability, good solu-
bility before irradiation, resistance to solvents, plasma and etchants after cross-
linking and good thermal stability, which are very important for photoresist. Due 
to availability of strongly absorbing light energy of groups (cyclopropane, glyc-
idyl, >С=О etc.) the synthesized copolymers are photosensitive and under the in-
fluence of UV-irradiation are subjected to the photochemical conversions leading 
to formation of crosslinked structures.

The influence of irradiation on photosensitive polymers has been investigated 
by measurement in UV-spectrum. The photoreactive fragments have been consid-
ered with various concentrations 15-150 mg in thin films. The absorption bands 
in the UV spectrum of polymers at 296 and 300 nm, respectively, are referred to 
π→π transitions. The intensities of absorption through various intervals of irradia-
tion were changed in the UV-spectrum of the copolymer with ratio 50.25:49.75 
(p-MePhCMA-co-GMA) and 48.72:51.28 (p-OMePhCMA-co-GMA) (fig.3)

During irradiation decrease or disappearance of photoactive fragments could 
be observed. The irradiation led to fast decrease of the absorption intensity at 296 
and 300 nm and to disappearance of the bands almost completely after 5 min ir-
radiation. It has been revealed that an increase of concentration of polymers raises 
a photocrosslinking rate due to large quantity of photosentive units.

In films of copolymer, a conversion rate of the photosensitive fragments de-
pends on composition of the light-sensitive links in the copolymer chain. The 
crosslinking rate grows with increase of cyclopropane and epoxy rings in the poly-
mer (fig.4). It could be concluded that after 40-80 sec. irradiation (transformation 
is 50-70 %), the polymer films become insoluble in organic solvents in which they 
were dissolved at room temperature to do irradiation experiments. Such behaviour 
is caused by formation of hard three-dimensional network due to intermolecular 
photoinduced cycloaddition of hanging units.

The three-dimensional structure during irradiation has a form of a loose net 
with large cells, which swells strongly during development and is compressed dry-
ing of the polymer layer, causing folds and wrinkles. The good results have been 
prepared in work with films of thickness 0.2-0.3 mkm. 

The process of 3D-structure evolution during irradtiation of the prepared cy-
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clopropane-ring containing copolymers has been followed by IR spectroscopy as 
well (fig.1). The intensity of the absorption bands characteristic for cyclopropane 
ring (1030-1035 cm-1), carbonyl group (1720-1725 cm-1), and epoxide ring (830, 
920, 1260 cm-1) were decreased with increasing of irradiation time and were com-
pletely disappeared ~ 5 min irradiation due to 3D-structure evolution with opening 
of double bonds and cyclopropane rings. 

The availability of cyclopropane ring, glycidyl, carbonyl groups in macromol-
ecules of the prepared copolymer allowed to create a material with high photosen-
sitivity. These copolymers have high photochemical crosslinking ability to create 
solid elastic layers with good adhesion to substrates and to prepare polymer films 
with low microdeficiency.
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PICTURE SIGNATURES
Figure 1. IR-spectrum of a polymer film of  p-methylphenylcyclopropylmeth-

acrylate (p-MePhCMA) copolymer with glycidylmetacrylate (GMA) : unirradi-
ated (1) and irradiated during the 10th (2), 15th (3) and 40th (4) seconds.

Figure 2. NMR spectrum of a copolymer of p-methylphenylcyclopropylmeth-
acrylate (p-MePhCMA) with glycidylmetacrylate (GMA) .

Figure 3. Change in the UV–spectrum upon irradiation of poly p-methylphe-
nyl–cyclopropylmethacrylate (p-MePhCMA) with glycidylmetacrylate (GMA), 
(from top to bottom, after the irradiation time t = 0;  50, 100, 150, 300 and 600 s).

Figure 4. Disappearance rate associated with cycloprophane and epoxy rings 
of poly  p-phenylcyclopropylmethacrylates with glycidylmetacrylate (GMA) , as  
thin film: (m1 and m2).

Тab.1. Copolimerization of p-CH3PhCMA (M1) and p-OCH3PhCMA(M1) with 
GMA (M2)

Composition 
of the initial 

mixture, mol. %

Composition of 
copolymers, mol. 

% r1 r2 Q1 e1 r1·r2

М1 М2 m1 m2

p-CH3PhCMA-co-GMA

10 90 14.32 85.68

0.6 
3±0.03

0.60 
±0.02

1.37 
±0.01

-0.90 
±0.02 0.378

25 75 30.07 69.93

50 50 50.25 49.75

75 25 70.59 29.41

90 10 86.21 13.79

p-OCH3PhCMA-co-GMA

10 90 12.29 87.71

0.62 
±0.03

0.70 
±0.02

1.35 
±0.01

-0.94 
±0.02 0.434

25 75 27.54 72.46

50 50 48.72 50.25

75 25 69.42 30.58

90 10 85.92 14.08
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Abstract. The article shows that the hardness of most stainless steels is 2-3 
times less than high-entropy coatings, which shows the prospect of their use as 
parts of various industrial structures. Microhardness of metallic glasses, which 
have a defect-free base, and do not differ from high-entropy coatings. An equation 
is obtained in the article, which shows that the destruction of the coating should be 
determined by the surface energy of the coating. It linearly depends on the hardness 
of the alloy and the destruction of the coating should decrease with decreasing 
surface energy without changing the mechanical properties of high-entropy 
coatings. Its decrease is also associated with the formation of nanostructures and 
the size dependence of the surface energy.

Keywords: microhardness, high-entropy coating, steel, surface energy, 
destruction of the coating, nanostructure.

Introduction
In high-entropy alloys, as a result of the effect of intense mixing, the entropy 

contribution increases, which stabilizes the formation of a solid solution with a 
simple structure [1-3]. Based on Boltzmann's hypothesis on the relationship be-
tween entropy and system complexity, the configurational change in entropy 
ΔSconf during the formation of a solid solution of n elements with equiatomic 
content can be calculated using the following formula:
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Introduction 

In high-entropy alloys, as a result of the effect of intense mixing, the entropy contribution 

increases, which stabilizes the formation of a solid solution with a simple structure [1-3]. Based on 

Boltzmann's hypothesis on the relationship between entropy and system complexity, the 

configurational change in entropy ΔSconf during the formation of a solid solution of n elements 

with equiatomic content can be calculated using the following formula: 

),nln(R)n/1ln(RSconf         (1) 

where R is the universal gas constant, n is the number of mixing elements. 

At n = 5, ΔSconf = 1.61R approaches the value of the melting entropy of most intermetallics 

(about 2R). However, it was later shown that a high entropy of mixing is not a necessary condition 

for the formation of a single-phase solid solution, but the very term for the name of such an alloy 

remains in use. We have also investigated high-entropy alloys and coatings obtained by mechanical 

alloying and magnetron sputtering of targets [4-7]. 

 

                             (1)

where R is the universal gas constant, n is the number of mixing elements.
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At n = 5, ΔSconf = 1.61R approaches the value of the melting entropy of most 
intermetallics (about 2R). However, it was later shown that a high entropy of mix-
ing is not a necessary condition for the formation of a single-phase solid solution, 
but the very term for the name of such an alloy remains in use. We have also in-
vestigated high-entropy alloys and coatings obtained by mechanical alloying and 
magnetron sputtering of targets [4-7].

Purpose of the study – let us experimentally investigate the microhardness 
of high-entropy coatings and propose a model that will allow us to explain the 
observed effects within the framework of the energy theory..

Materials and methods
High-entropy (HEА) coatings of the following composition were used as ob-

jects of research: TiNiZrCuCr, CrFeNiTiZrCu, TiFeCuAlSn, AlCrNiTiZrCu, Pb-
CrNiTiZrCu, CrNiTiZrAlCu, made by mechanical alloying [8]. Moreover, after 
annealing in a vacuum chamber, the samples became nanostructured. In fig. 1a 
shows, as an example, the samples under study, in Fig. 1b their SEM image, and 
in Fig. 1c diagram of the formation of nanostructured coatings [9].

а) b) 

с)

Figure 1 - Sputtered samples (a), REM samples (b), formation
nanostructured coatings [9].
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The roughness of the coating as an example, measured on a JSPM-5400 atomic 
force microscope (AFM) manufactured by JEOL, is also negligible (Figure 2) 
[10].

а)

b)

Figure 1 - Sputtered samples (a), REM samples (b), formation
nanostructured coatings [9].

The roughness of the coating as an example, measured on a JSPM-5400 atomic 
force microscope (AFM) manufactured by JEOL, is also negligible (Figure 2) 
[10]. 
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Figure 3 - Microhardness tester HVC-1000A

To determine the specific surface energy (surface tension) σ, we used the meth-
od described by us in [11]. The first method provides for the measurement of sur-
face tension by determining the dependence of the microhardness on the thickness 
of the deposited coating. The dependence of the microhardness of the deposited 
coating on its thickness is described by the formula:

 

The roughness of the coating as an example, measured on a JSPM-5400 

atomic force microscope (AFM) manufactured by JEOL, is also negligible (Figure 2) 

[10].  
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  h/d10  ,  (2) 

where μ is the microhardness of the deposited coating; μ0 - "thick" sample; h is the thickness of the 

deposited coating. The parameter d is related to the surface tension σ by the formula: 

 RT/2d  ,  (3) 

where σ is the surface tension of a massive sample; υ is the volume of one mole; R is the gas 

constant; T is the temperature. 

 
 а) b) 

Figure 4 - Dependence of microhardness on the thickness (a) and inverse thickness (b) of 

the CrFeNiTiZrCu coating on steel 20X13 [11] 
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where σ is the surface tension of a massive sample; υ is the volume of one mole; 
R is the gas constant; T is the temperature.
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а)                                                                   b)
Figure 4 - Dependence of microhardness on the thickness (a) and inverse 

thickness (b) of the CrFeNiTiZrCu coating on steel 20X13 [11]

As an example, consider the determination of the surface tension of the 
CrFeNiTiZrCu coating on steel 20X13. The results are shown in Figure 4. In the 
coordinates μ/μ0 ~ 1/h, the experimental curve is straightened in accordance with 
formula (2), giving the value h = 1.3 μm. For the CrFeNiTiZrCu coating on 20X13 
steel, the surface tension obtained is σ = 1.409 J/m2. This value confirms the wear 
resistance of the CrFeNiTiZrCu coating on steel 20X13.

Results and discussion
Using the above methods, a table of experimental values can be given.
Table 1 shows that pentaatomic alloys have high hardness, surface energy 

ranges from 1 to 1.2 J/m2. Hexaatomic alloys have slightly less hardness. Let us 
compare the hardness of stainless steels [12] with the hardness of high-entropy 
coatings from Table 1.

Table 1 - Experimental properties of high-entropy coatings (HEА) and metallic 
glasses (MS) [13] 

HEА μ, HV σ, J/m2 МS μ, HV

CrTiNiZrCu 890 1.149 Fe78Mo2B20 1015

TiFeCuAlSn 700 1.192 Fe40Ni40P14B6 640

CrFeNiTiZrCu 740 1.409 Fe78P13C7 760

AlCrNiTiZrCu 585 1.644 Fe78Si10B12 890

PbCrNiTiZrCu 560 1.387 Ni75Si8B17 860

CrNiTiZrAlCu 530 1.152 Co75Si15B10 910
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Table 2 - Hardness of stainless steels [12]
Steel μ, HV Steel μ, HV

12X13 121-187 08X17T 372
40X13 143-229 10X17H13M2T 200

08X18H10 170 12X18H10T 179

The hardness of most stainless steels is 2-3 times less than high-entropy coat-
ings, which shows the prospect of their use as parts of various industrial structures. 
For comparison, Table 1 shows the microhardness of metallic glasses, which have 
a defect-free base and do not differ much from high-entropy coatings [13]. What 
is the reason for this difference?

We will consider the question of the response of a subsystem of n electrons 
in high-entropy alloys to an external action during friction from the standpoint 
of nonequilibrium statistical thermodynamics. The electrons in the alloy will be 
considered as a system of non-interacting particles immersed in a thermostat. The 
thermostat is a metal alloy minus n "free" electrons. Quantum transitions during 
friction, caused by the interaction of a system of electrons with a thermostat, will 
be dissipative (with probability P), in contrast to the interaction during friction 
(with probability F). Dissipative processes lead to the fact that the secondary field 
(system response) is always less than the primary one, which causes the formation 
of heat during friction.

We will assume that the electron subsystem exchanges only energy with the 
thermostat during friction. Then the corresponding ensemble of particles will be 
canonical. In this case, the expression for the statistical entropy is:
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Approximating the logarithm in the first term on the right-hand side of (12) by 
the first term of its expansion in a series, and expressing the second term in terms 
of the Gibbs potential of the thermostat Gf, we obtain:
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Neglecting small terms and replacing the sum by an integral in (18) (which is true for the 

continuous spectrum of electron energies in the alloy), we obtain: 
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where ΔS is the change in entropy in the dissipative process; Em is the average value of the energy 

of the ground state of electrons during friction; Δt is the time of movement during friction. 

The response function of the thermostat + electrons system is: 
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where F is the probability of a quantum transition inducing a secondary field of electrons, and F = 

1/τ is the "radiative" lifetime of the electron system in an excited state during friction. 

From (20), we obtained the following formula for the destruction efficiency Ώ = η of a 

metal coating: 
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Equation (21) describes the destruction of the coating η proportional to k - the Boltzmann 

constant, the change in entropy ΔS and the time of motion during friction Δt, the work of friction 

forces Em = A = σ S, the concentration of electrons n near the Fermi level, surface energy σ, contact 

area S and vice versa is proportional to the relaxation time τ and the Gibbs energy G0 of the 

thermostat. 

For high-entropy coatings G0 = H-TS + PV → S ~ 2R and the destruction of the coating 

should decrease. The surface energy σ linearly depends on the hardness of the alloy: σ = α μ, α = 

const, and the destruction of the coating should decrease with a decrease in the surface energy. 

Its decrease is also associated with the formation of nanostructures and the dependence of 

the surface energy σ according to A.I. Rusanov. [15]: σ = К r → 0 at r → 0 (see Figure 1c). 

Conclusion 

The method of mechanical alloying for obtaining high-entropy coatings is much cheaper 

than the method of metallurgy, which produces cast high-entropy ingots. The hardness of high-

entropy coatings is 2-3 times higher than the hardness of stainless steels, but it turns out to be 

similar to the hardness of metal glasses, which are also quite difficult to obtain. 
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Equation (21) describes the destruction of the coating η proportional to k - the 

Boltzmann constant, the change in entropy ΔS and the time of motion during fric-
tion Δt, the work of friction forces Em = A = σ S, the concentration of electrons 
n near the Fermi level, surface energy σ, contact area S and vice versa is propor-
tional to the relaxation time τ and the Gibbs energy G0 of the thermostat.

For high-entropy coatings G0 = H-TS + PV → S ~ 2R and the destruction of the 
coating should decrease. The surface energy σ linearly depends on the hardness 
of the alloy: σ = α μ, α = const, and the destruction of the coating should decrease 
with a decrease in the surface energy.

Its decrease is also associated with the formation of nanostructures and the 
dependence of the surface energy σ according to A.I. Rusanov. [15]: σ = К r → 0 
at r → 0 (see Figure 1c).

Conclusion
The method of mechanical alloying for obtaining high-entropy coatings is 

much cheaper than the method of metallurgy, which produces cast high-entropy 
ingots. The hardness of high-entropy coatings is 2-3 times higher than the hard-
ness of stainless steels, but it turns out to be similar to the hardness of metal glass-
es, which are also quite difficult to obtain.

We have shown experimentally and theoretically that the destruction of high-
entropy coatings is mainly determined by the surface energy, which is proportion-
al to the hardness of the coating. The surface energy for the coating decreases due 
to its nanostructural state, without significantly changing its physical properties. 
The destruction of high-entropy coatings is also reduced due to an increase in the 
entropy of the coating.
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Abstract. Multiferroics of rare-earth manganites RMnO3 attract a lot of 
attention due to the significant correlation of electrical and magnetic parameters. 
The replacement of rare-earth ions in RMnO3 with atoms of a different radius 
and / or valence leads to the appearance of new effects, such as colossal 
magnetoresistance and various thermomagnetic effects. These phenomena are 
usually associated with magnetic separation in the subsystem of magnetic moments 
- the formation of microregions of ferromagnetic ordering in an antiferro- or 
paramagnetic matrix. When studying this phenomenon, it is promising to use the 
methods of Mössbauer spectroscopy and electron paramagnetic resonance (EPR), 
which make it possible to register the presence of magnetic impurities in small 
amounts.

Strontium-substituted gadolinium ferromanganite Gd0.82Sr0.18Mn0.9Fe0.1O3 was 
prepared by ceramic technology. Its magnetic microstructure was investigated by 
the method of Mössbauer spectroscopy at temperatures of 100-300 K and EPR at 
temperatures of 100-340 K.

The data of Mössbauer and EPR measurements indicate the magnetic phase 
separation in the system of magnetic moments in strontium-substituted gadolinium 
ferromanganite. 
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Introduction
RMnO3 compounds are characterized by two types of crystal structures: hex-

agonal (ilmenite type) and orthorhombic (perovskite-like), depending on the ionic 
radius of rare earth elements R3+ [1]. In this case, the orthorhombic structure with 
the space group Pbnm is characteristic of "light" lanthanides (R = La – Eu). These 
materials, when hole doped with divalent cations with a large ionic radius ( (Ca2+, 
Sr2+, Pb2+) have colossal magnetoresistance (CMR), and some of them are fer-
roelectrics, and the ferroelectric properties are induced by magnetic ordering (R 
= Dy – Gd) [2]. Another family of compounds with a smaller ionic radius (from 
Ho to Lu) form a stable hexagonal structure with the space group P63сm at room 
and lower temperatures and also exhibit CMR and multiferroic properties [3]. The 
coexistence of ferroelectric order and magnetic ordering in RMnO3 with a hex-
agonal or orthorhombic structure gives a complex physical picture of interactions 
between charge, orbital, lattice, and spin degrees of freedom. The magnetically 
non-single-phase state in solid solutions R1-yAyMnO3, where R — are-earth cation, 
A — divalent cation, arises due to the frustration of magnetic moments caused 
by the competition of ferromagnetic and antiferromagnetic interactions, close to 
each other in magnitude. The maximum value of magnetoresistance (negative and 
`bipolar '[4]) is usually observed at temperatures close to the Néel temperature. 
Consequently, ferromagnetic clusters can exist in both antiferromagnetic and 
paramagnetic matrices. Such a magnetic phase separation was found in lanthanum 
and neodymium ferromanganites [5]. The aim of this work was to study the mag-
netic microstructure in strontium-substituted gadolinium ferromanganite by the 
methods of Mössbauer and EPR spectroscopy. 

Experimental methods
Strontium-substituted gadolinium ferromanganite Gd0.82Sr0.18Mn0.9Fe0.1O3 was 

prepared by ceramic technology from a mixture of oxides of gadolinium, manga-
nese, iron, and strontium carbonate. To increase the signal-to-noise ratio in Möss-
bauer measurements, iron oxide was enriched in the Mössbauer isotope 57Fe (≈ 
30%). X-ray structural analysis was performed on an MD-10 mini-diffractometer, 
and it was found that the sample is single-phase and has orthorhombic crystal sym-
metry (space group Pnma). 

The magnetic microstructure was investigated by EPR and Mössbauer spec-
troscopy. Mössbauer measurements were carried out on a standard WissEL spec-
trometer (Germany) in a CFICEV flow cryostat (ICE Oxford, UK). Mössbauer 
spectra were processed using the SpectrRelax program [6]. EPR spectra were ob-
tained on an EMXplus EPR spectrometer in the X-band (9.46 GHz). The tempera-
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ture dependences of the g-factor, resonance field, width and intensity of the EPR 
line were found at temperatures of 100-340 K.

Results and discussion
In the course of the experiment, the Mössbauer spectra of strontium-substituted 

gadolinium ferromanganite Gd0.82Sr0.18Mn0.9Fe0.1O3 were obtained at different tem-
peratures (T = 100-300 K) (figure 1). All spectra contain one quadrupole doublet, 
the isomeric shift of which corresponds to Fe3+ (tab. 1), as well as the superposi-
tion of two Zeeman sextets, which may indicate the stratification of the magnetic 
subsystem of the sample, similar to that observed earlier for ferromanganites of 
other lanthanides [7, 8].

With increasing temperature, the relative area of the doublet does not change 
(within the processing accuracy). The isomeric shift of the doublet in both sextets 
decreases with increasing sample temperature, remaining within the limits char-
acteristic of the Fe3+ ion [7, 8]. The decrease in the isomeric shift of these com-
ponents is due to the second order Doppler effect. Fig. 2 shows the temperature 
dependence of the isomeric shift of the doublet. The solid line shows the curve 
approximating the experimental data in the approximation of the Debye model, 
with a characteristic temperature, ƟD = 378±30 K.  The effective field Нeff of both 
sextets also decreases with increasing temperature, and for the second sextet it is 
approximately twice as fast as for the first one (Tab 1). The relative area of the 
"magnetic" structures behaves differently with increasing temperature: it grows 
in the first sextet and decreases in the second. It can be assumed that a magnetic 
phase separation is observed in the studied Gd0.82Sr0.18Mn0.9Fe0.1O3 sample, which 
leads to the appearance in the spectra of two sextets corresponding to the mag-
netically ordered phase. Stoichiometric gadolinium manganite GdMnO3 is an A-
type antiferromagnet with a low (44K) Neel temperature [9]. Antiferromagnetic 
ordering is realized in GdMnO3 due to the indirect exchange interaction in the 
Mn3+ sublattice. The replacement of some of the Gd3+ ions with Sr2+ ions leads 
to the appearance in the 3d-sublattice, along with Mn3+ cations, of Mn4+cations, 
which enter into kinetic feromagnetic exchange with trivalent manganese ions. 
As a result, regions of ferromagnetic ordering appear in the antiferromagnetic or 
paramagnetic matrix [5]. A 57Fe Mössbauer probe falling into this region exhibits 
a magnetic hyperfine structure in the spectra.
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Figure 1. Mössbauer spectra Gd0.82Sr0.18Mn0.9Fe0.1O3 at T = 100-300 K 
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Figure 2. Temperature dependence of the isomeric shift of the doublet 

 

Table 1. Mössbauer parameters for strontium-substituted gadolinium ferromanganite 

Gd0.82Sr0.18Mn0.9Fe0.1O3 at different temperatures 

T, K  IS, mm/s QS, mm/s R e la t i v e  a rea ,  
%  

H e f f ,  kE 

 

100 K 

Doublet 0.48 (0,01)* 0.66 (0,01) 62 (1)  

Sextet 1 0.39 0.12 11 512 (2) 

Sextet 2 0.48 0.16 27 489 

 

200 K 

Doublet 0.41 0.57 62  

Sextet 1 0.35 -0.01 14 490 

Sextet 2 0.41 0.26 24 447 

 

300 K 

Doublet 0.36 0.54 63  

Sextet 1 0.28 0.10 18 463 

Sextet 2 0.37 0.34 19 386 

 
* - the parameter determination error is indicated in brackets. 

 

 

 

Figure 2. Temperature dependence of the isomeric shift of the doublet

Table 1. Mössbauer parameters for strontium-substituted gadolinium 
ferromanganite Gd0.82Sr0.18Mn0.9Fe0.1O3 at different temperatures

T, K IS, mm/s QS, mm/s Re la t ive  area ,  % H eff,  kE

100 K
Doublet 0.48 (0,01)* 0.66 (0,01) 62 (1)
Sextet 1 0.39 0.12 11 512 (2)
Sextet 2 0.48 0.16 27 489

200 K
Doublet 0.41 0.57 62
Sextet 1 0.35 -0.01 14 490
Sextet 2 0.41 0.26 24 447

300 K
Doublet 0.36 0.54 63
Sextet 1 0.28 0.10 18 463
Sextet 2 0.37 0.34 19 386

* - the parameter determination error is indicated in brackets.

EPR spectra were studied for the Gd0,82Sr0,18Mn0,9Fe0.1O3 sample at tempera-
tures of 100-340 K (fig. 3). In the entire temperature range, the EPR spectrum line 
shapes were described by f. 1 [10].

           (1)

where P - the power of absorbed microwave radiation, B – the magnetic field, B0 
– the resonant field, ΔB – the absorption line width, α - the asymmetry parameter.
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Figure 3. Spectrum view of EPR Gd0.82Sr0.18Mn0.9Fe0.1O3 at T = 100-340 K

From the analysis of the EPR spectra of the ceramic sample Gd0,82Sr0,18Mn0,9Fe0.1O3, 
the temperature dependences of the absorption line width, resonance field, g-fac-
tor, and integrated intensity of the EPR line were obtained, which are shown in fig. 
5, 6, 7, 8, respectively. The EPR spectra in Gd0,82Sr0,18Mn0,9Fe0.1O3 ceramics were 
described using three lines L1, L2 and L3 (fig. 4), which coincides with the result 
obtained in Mössbauer spectroscopy (doublet and 2 sextets).   
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Figure 4. Temperature dependence of the absorption line width at T = 100-350 K

Figure 5. Temperature dependence of the resonance field at T = 100-350 K
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Figure 6. Temperature dependence of the g-factor at T = 100-350 K

Figure 7. Temperature dependence of the integrated intensity atT = 100-350 K
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The effective g-factor for the first line (geff ≈ 2) is practically independent of 
temperature, for the second line it varies from 3.64 at T = 100 K to 2.35 at 340 K, 
and for the third, from 6.16 (100 K) to 3.07 (340 K). The spins of iron and manga-
nese ions in gadolinium ferromanganites are related by isotropic exchange interac-
tion, which narrows the EPR line in the paramagnetic phase. It is also known that 
gMn and gFe ≈ 2. From this, it can be concluded that L1 with an effective g-factor of 
≈ 2 in the EPR spectrum under study is associated with manganese and iron ions 
in the paramagnetic state. However, we believe that L2 and L3, belong to ferromag-
netic clusters that are observed in a paramagnetic matrix at temperatures exceed-
ing the Néel temperature.  The integral intensity and linewidth of the second line 
signal have a maximum at 130 K, corresponding to the blocking temperature TB1 
[11]. As the temperature increases, the line width of the ferromagnetic signal (L2) 
decreases approximately 2.4 times from 1224 Oe at 130 K to 511 Oe at 340 K, 
and for the other (L3) – from 564 Oe at 100 K to 37 Oe at 340 K. The linewidth of 
the paramagnetic signal (L1) of the matrix increases from 1339 Oe to 1500 Oe in 
the range of 100-120 K and practically does not change at temperatures from 120 
to 160 K, and with an increase in temperature to 340 K it decreases by about 1.7 
times (to 861 E). A similar behavior of the magnetic subsystem was observed in 
ceramics Eu0.65Sr0.35Mn1-хFeхO3 [8].

Conclusions
As a result of the study of the magnetic microstructure of strontium-substituted 

gadolinium ferromanganite Gd0,82Sr0,18Mn0,9Fe0.1O3 мby the method of Mössbauer 
spectroscopy, one quadrupole doublet was detected, the isomeric shift of which 
corresponds to Fe3+, ions, and the superposition of two Zeeman sextets, which 
speaks of a superposition of two Zeeman subsystems of the magnetism. The EPR 
spectrum of Gd0,82Sr0,18Mn0,9Fe0.1O3 can be described by three lines, which cor-
relates with the results of nuclear gamma resonance. Two lines refer to ferromag-
netic clusters, which are observed in a paramagnetic matrix at temperatures above 
the Néel temperature, and the third is associated with manganese and iron ions in 
the paramagnetic state.
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Abstract. The article describes a forecasting method that allows you to 
determine the position of an object in the rating. The method is based on the 
theory of mathematical statistics without the use of artificial intelligence (neural 
networks). The proposed method is illustrated by a representative sample of 
Russian charts collected by the author from 1999-2020.

Keywords: data array, rating units, compression ratio.

Introduction
All existing forecasting methods are usually divided into intuitive and formal-

ized [1, 2]. Formalized methods are divided into domain models and time series 
models. In the modern world, neural networks related to time series models are 
increasingly used for forecasting [3]. But neural networks have a number of dis-
advantages: arbitrary assignment of weight coefficients, the absence of a theory 
for choosing a network architecture, the requirement to obtain an adequate result 
of a large amount of data, close to the general population of the phenomenon. 
Therefore, despite attempts at widespread use and aggressive advertising, neural 
networks are not an uncontested forecasting method [4, 5]. The article describes 
the forecasting method proposed by the author and is illustrated with examples 
based on the statistics of hit parades.

Purpose of the study - to develop a forecasting method that allows to de-
termine the position of an object in the rating based on a statistical sample of hit 
parades.

Materials and methods 
Statistical data of Russian hit parades from 1999 to 2020 collected by the au-

thor were used as a representative sample required for the statistical model (re-
search material). The theory of mathematical statistics is a research method. 

Results and discussion
Let's take the following designations: "song" is a set of places that a song has 
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visited during its time in the hit parade. From the point of view of mathematics, 
this is a set (array) of positive integers ranging from 1 to m, where m is the number 
of places in the hit parade. A song being in the hit parade can change its posi-
tions within the specified range. An example of representing a song in the form 
of an array in general form , where  – are the places visited by 
the song while in the hit parade, with  A number of parameters 
can be obtained from the recording of a song as an array of places it has visited. 
External parameters of the song: n - the number of weeks spent by the song in the 
hit parade. In terms of mathematics - the number of numbers in the array, peak (p) 
is the highest place the song has climbed to (the smallest number from the array). 
When recording the external result, the number of weeks spent by the song in the 
hit parade is indicated in brackets, as well as the peak of the song and the number 
of weeks spent by the song at the peak, thus np(n) - weeks in the hit parade, peak 
(the number of weeks at the peak).

Song rating.
A song's rating (S) is a function of the number of weeks a song has been on the 

charts and where the song has held: .
The rating is calculated using the main formula of the hit parade.
The main formula of the hit parade. 
Let's assume that 1 point is given for one week spent by a song in the last 

place of the charts, and m points are given for a week spent in the first place. The 
dependence of the rating on the place  – is linear, its graph will be 
a straight line passing through points (1;m) and (m;1) (see fig. 1).

Fig. 1. Dependence of the rating on the place in the hit parade
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The equation of the straight line in coordinates (m;S) will have the form

Angular coefficient k

Define b from the boundary conditions:

, 
The dependence of the rating on the place will look like

A song's rating is the sum of the ratings for the places the song has visited, i.e. 

Then the main formula of the hit parade is

.
The restriction imposed on the main formula of the hit parade: the position 

number  - is a positive integer, the number of weeks n - is also a positive 
integer. Accordingly, the song's S rating is also a positive integer.

Rating units.
1 point is the main and minimum unit of measurement. It is the rating of the 

song that held the last place in the hit parade for one week. In other words, 1 point 
= 1 week × 1 place. The song rating, calculated using the basic formula, is mea-
sured in points and is numerically equal to the area under the graph of the song's 
rankings, built in the form of a bar chart in coordinates (n;m). 

1 week of leadership (WL) - the rating of a song that stayed in the charts for 
one week in first place. 1 WL= m points.
The procedure for transferring the rating from points to leadership weeks.

1. The rating of the song in points is divided by the number of places in the hit 
parade m. 

2. Round off the resulting value to the nearest lower whole value, the resulting 
value will be the number of weeks of leadership without taking into account the 
"remainder" in points.
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3. Multiply the result obtained by the number of places in the hit parade m.
4. Subtract the resulting value from the result of the song in points - you will 

get the "remainder" of the result in points.
5. Write down the answer in the form of WL + points.
The rating of a song, expressed in weeks of leadership, allows you to deter-

mine the minimum number of weeks in which it can be recruited. If the rating of a 
song is equal to any number of WL without a "remainder" in points, this number 
is the minimum number of weeks required to gain this rating. If the rating is equal 
to any number of WL+ any number ("remainder") of points, the minimum number 
of weeks is equal to the number of WL+1. 

1 set (H) - the rating of the song that stayed in the hit parade for m weeks and 
visited each place once. It is the largest rating unit.

The rating of such a song is numerically equal to the sum of integers from 1 to 
m, and can be calculated using the arithmetic progression formula.

Relationship between rating units.

1 point<1 WL<1Н, 1 WL=m,points; 1 =m̅m,points; 
1Н=m̅WL

The complete result of the song.
 weeks in the hit parade,peak (number of weeks at peak),song rating.  

Example: song , . The outer result of the song is 10 
1 (2). The complete result of the song is 10 1 (2) 99. The rating of the song, ac-
cording to the main formula of the hit parade 

An example of calculating the rating of a song in different values: ;

; ;  in leader-

ship weeks ; 
; ; in sets 

The indirect parameters of the song, discussed below, can be obtained from the 
full result: Average score  – rating divided by the number of weeks spent by 
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the song in the hit parade

.

Average place  - is the sum of all places on which the song held, referred to 
the number of weeks spent by the song in the hit parade:

.

The average score and the average place of a song can take, in contrast to the rat-
ing and place, fractional values, i.e. when calculating the specified parameters, the 
restriction imposed on the main formula of the hit parade does not apply. At the 
same time, the average place and the average score, as well as the rating of the 
song, are positive values.

Compression ratio (k) - the ratio of the number of weeks spent by a song in the 
hit parade to the minimum number of weeks for which a rating of a given song 
can be gained:

.
How the compression ratio is calculated.
1. Divide the song's rating by the number of hits in the m.
2. Round the resulting value up to the nearest whole value. The result is the 

minimum number of weeks for which you can get this rating. In other words, to 
determine the minimum number of weeks, it is necessary to calculate the song's 
rating in leadership weeks (see above).

3. Divide the number of weeks the song spent in the hit parade by the value 
obtained in ex. 2. The resulting value is the compression ratio.

Compression Ratio Properties: The compression ratio is dimensionless by 
definition. In any hit parade, the minimum value of the compression ratio is equal 
to one, and the maximum value is equal to the number of places in the hit parade. 
That is, 1≤k≤m. In this case, the compression ratio can take fractional values.

Proof. The first critical case - the song stayed in the charts for n weeks in 
first place. The rating of such a song is  points. 
The minimum number of weeks for which you can get the mn points rating is: 

The second critical case - the song lasted n weeks at the last place of the charts. 
The rating of such a song  points. The song stayed 
on the charts for n = n weeks. The minimum number of weeks for which you can 
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score n points is .  Compression ratio .

The graph (fig. 2) shows the change in the compression ratio for a song that lasted 
n weeks at the last place of the charts for the case m=13. As can be seen from the 
graph, the compression ratio after a certain period T, measured in weeks, reaches its 
maximum value m. The number of the week at which the value of the compression 
ratio reaches its maximum can be determined by the formula , 
where .

Fig. 2. Changing the compression ratio for a song that lasted n weeks at the last 
place of the charts (m=13)

The "lower" value of the compression ratio changes with the "conditional" 
period . The number of the week in which the compression ratio falls to 
the "lower" value is determined by the formula . The 
"lower" value of the compression ratio corresponding to the week defined above 
is determined by the formula:

At the initial moment, when  and , the "lower" value of the 
compression ratio is minimal and equal to one

With an increase in the number of periods Z, the "lower" value of the compression 
ratio will also increase, each time, with each new period, approaching the maxi-
mum value of m:
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which once again confirms that the maximum possible compression ratio is nu-
merically equal to the number of places in the hit parade. If a song has been on the 
hit parade for n = mZ weeks, which corresponds to the compression ratio period, 
and its average score is expressed as an integer, the compression ratio can be de-
termined using the formula below. In this case, the compression ratio will be the 
maximum possible for a song that lasted any number of weeks n in one place  
of the hit parade:

The compression ratio of the set is in the range of . In this case, a 
set means a song that has visited all the places of the hit parade once. The external 
result of such a song is m 1(1). The rating of the set is numerically equal to the 
sum of integers from 1 to m. According to the formula of arithmetic progression

The minimum number of weeks for which you can get this rating is

Dial compression ratio

Since the number of hits in the hit parade lies within , it is neces-
sary to consider two critical cases.

First critical case   

Second critical case 

Thus, for any values of the number of places in the hit parade m, the compres-
sion ratio of the set lies within: 

Below (fig. 3) is a graph of the dependence of the compression ratio of a set on 
the number of places in the hit parade.
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Fig. 3. The compression ratio of the set from the number of places in the hit 
parade.

Example. The song "On my Moon" by the "Dead Dolphins" group stayed in the 
chart of the "Chartova Dozen" and scored . 

Average song score . The average song score is ex-

pressed as an integer, i.e. the rating of the song is equivalent to 13 weeks of being only 
in the fifth place of the charts, because .
The number of weeks spent by a song in the hit parade corresponds to the 
compression ratio period  Con-
sequently, the compression ratio of this song is the maximum possible for a 
song that lasted n weeks at one place in the hit parade, in this case - the fifth. 

.

Group parameters.
Group - a collection of songs. Peak of the group  – the highest place to 

which the songs of the group rose in the hit parade. The ceiling - the maximum 
score scored by the band's song. The ceiling is determined by the song and is mea-
sured in points. Annual ceiling – the maximum score scored by a song of a 
group within a year, and selected from all the years in which the group was pre-
sented in the hit parade. Factual ceiling  - the maximum score scored by the 
group's song in the entire history of the group's stay in the hit parade. Correlation 
between ceilings: . Ceiling difference - the difference between the actual 
and annual ceiling of the group: . Ceiling groups can 
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be classified as follows: groups with zero difference in ceilings; groups with non-
zero difference in ceilings. In turn, groups with a non-zero difference in ceilings 
can be divided into: single-ceiling groups - groups in which the annual and actual 
ceilings are determined by one song , 
two-ceiling groups - groups for which the annual and actual ceilings are deter-
mined by different songs . Groups with zero 
difference in ceilings are single-ceiling.

“Peak-to-ceiling” ratio. 
This ratio is represented in the form of the base R in the degree of difference be-
tween the peak of the song, which determines the group's ceiling in the hit parade, 
and the peak of the group. That is , where

.
If the peak of the group is equal to the peak of the song that defines the ceiling of 
the group, the difference between the peaks is zero, and this ratio is called "one-
to-one", since any number to the zero degree is one. If a  this ratio is “am-
biguous”. In this case, the value of the quantity  
The “peak-to-ceiling” ratio can also be - annual - in relation to the group's annual 
ceiling, actual - in relation to the actual group ceiling, within the considered year 
or other period.

Example. Group "Naive". The band's annual and actual ceilings are defined 
by the song "Memories of Past Love". The song held the charts in 2007 and 2008 
and scored 358 points: 245 points in 2007 and 113 points in 2008. The band's an-
nual ceiling 245 points. Actual group ceiling . Differ-
ence of ceilings  . The group is single-ceiling ( 

), as the annual and actual ceilings are determined by one song.
Example. Spleen group. The group's annual ceiling in the "Chartova Doz-

en" is determined by the song "My Heart", which scored 263 points and com-
pletely stayed in the hit parade within 2001. The actual ceiling of the group 
is determined by the song "Mayak", which was in the charts in 2007-2008 
and scored 270 points, of which 215 points in 2007 and 55 points in 2008. 

; the difference between the ceilings 
is . The group is two-ceiling 

, since the annual and actual ceilings are determined by different songs.
Annual rating parameters.

As a rule, the rating is calculated for the year.
1. The number of songs hitting the hit parade per year.
2. Average score of the year - the sum of the ratings of all the songs that hit 

the hit parade for the year, referred to the number of songs that hit the hit parade 
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for the year.
3. Overall score - a place in the hit parade, which corresponds to the average 

score.
4. Number of groups.
5. If the hit parade contains groups from different countries - the number of 

countries. In this case, the percentage of groups from different countries can be 
calculated.

 Items 2-5 can also be defined for the TOP (for example, TOP-13, TOP-20, 
TOP-10) of the hit parade.

The condition for the correct filling of the rating
If the table is filled in correctly, the sum of ratings (in points) of all songs that 

have been in the hit parade for a certain period is equal to the product of the set 
H for this hit parade by the number of Z programs released during the given pe-
riod. When calculating the number of programs released during the period under 
review, the final program, which summarizes the results of this period, should not 
be taken into account.

If the sum of the ratings is not equal to the given product, the rating is filled in 
incorrectly. The error can be found by the formula

From this error, you can find the place of the hit parade in which one is admitted, 
provided that the rating is checked after each new program entered into the archive 
and the errors are eliminated if they are found. Also, the place containing the error 
can be found using the formula below if the error does not exceed the number of 
places in the hit parade:

Example. For the "Chartova Dozen" hit parade (m=13) the set is H=91 points (it 
was determined earlier). In the event that 51 hits of the hit parade were released 
during the year, with the correct filling of the table, the sum of the ratings of the 
songs that have visited during the year should be equal to
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Comparison of results for different years.
Comparison can be made for any parameters - the number of songs, programs, 

average score, average TOP score. When comparing TOPs for different years, you 
can determine the record scores for different places at the end of the year. Record 
is the highest score for any place at the end of the year. Records are of two types: 
a fundamental record means that at the end of any other year the song would have 
taken a higher place than at the end of the year in which this song set a record, a 
non-fundamental record means that at the end of any other year the song would 
also have taken place as at the end of the year in which she set a record. The actual 
top of the hit parade is the rating of the song that took first place in the consoli-
dated rating in the entire history. The annual top of the hit parade is the maximum 
rating of a song within a year, or a record score for first place at the end of the year.

Example. The annual ceiling of the "Chartova Dozen" is determined by the 
song "Nobody" by the "Kukryniksy" group and amounts to 328 points. The actual 
ceiling is determined by the song "Dance of the Evil Genius" by the "King and the 
Fool" group and is 405 points. 
. The hit parade has two ceilings, because the annual and actual ceilings are de-
fined by two different songs. 

Conclusions
On the basis of the classical theory of mathematical statistics, using the ex-

ample of the statistics of Russian hit parades collected by the author, a method for 
comparing and predicting the position of an object in the rating is shown. 
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Abstract. To solve the problems of environmental pollution from road 
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toxic compounds in exhaust gases and carbon dioxide emissions CO2, which is a 
greenhouse gas. The advantages and problems associated with the use of alcohol 
fuels are considered.
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Today, the problem of atmospheric air pollution by harmful components of 
exhaust gases from cars is becoming more and more acute. It is typical for large 
megalopolises that the main share of pollution is accounted for by road transport. 
If in the mid-90s of the 20th century, 50% of pollution accounted for industrial 
enterprises and 50% for road transport, today the share of pollution from road 
transport already exceeds 80%. At the same time, the number of cars in the world 
has increased from 400 million units in the 90s to 1 billion 400 million today.

Much is being done today to reduce pollution. So back in the 90s, the EURO 
standards were adopted, which established the requirements for emissions up to 
the present time. Certain compositional requirements were adopted for fuel, in 
particular, sulfur almost completely disappeared from the fuel, the aromatics con-
tent was limited to 30%, and benzene to 1%. The injector is firmly incorporated 
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into the design of the car, paired with a catalytic converter, which made it possible 
to reach the level of EURO-3 and higher in emissions, but the measures taken are 
not enough. So, if you look at the EURO numbers, you can see that, in particular, 
for gasoline cars, the CO content decreased by 2.72 times. From 2.72 g/km for 
EURO-1 to 1 g/km for EURO-6. At the same time, since 1992, when the EURO-1 
standards were adopted, until today, the number of cars has increased by 3.5 times. 
Despite the toughness of the EURO norms, they are really, at best, only able to 
freeze emissions at the level of the 90s. 

Obviously, in these conditions, the requirements for emissions should be tight-
ened, but the manufacturers of automotive equipment today have already reached 
the limit beyond which it is impossible to reduce toxicity by traditional means. 
Therefore, the next step on the part of legislators may be limiting the content of 
carbon dioxide CO2. This compound is not toxic, but it belongs to greenhouse 
gases that destroy the azone layer of the planet and lead to climate change. To-
day, CO2 emissions are already limited for individual countries that have entered 
the Kyoto Protocol. In these conditions, limiting carbon dioxide in car emissions 
seems to be very real.

The end products of combustion of any heat engine are CO2 and H2O, and the 
better the combustion process is organized, the more of these compounds will be. 
Any conventional fuel (gasoline, diesel, compressed and liquefied gas) will invari-
ably emit CO2 and H2O.

According to the authors, the solution may be to use bioethanol as a fuel. It 
is believed that when burned in an engine, bioethanol releases about the same 
amount of CO2 as was absorbed by the plants from which alcohol was produced 
during their growth. Thus, the CO2 balance will be zero.

The idea of   using ethanol as a fuel or fuel component dates back to the 19th 
century. As a result, the use of alcohol began almost before the use of gasoline. 
It is believed that the idea of   using alcohol as a motor fuel was first announced in 
Paris in 1902, when 70 ethyl alcohol-fueled engines were introduced. Since then, 
this idea has been regularly discussed. In practice, this was realized in 1906, when 
the addition of alcohol to gasoline became the basis for the operation of public 
transport in Paris. Many were immediately attracted by the cheapness of the nov-
elty and its reduced fire hazard. Later, ethanol began to be used in Germany for 
conventional cars [1]. Since 1908, the Ford-T car has been produced for about 20 
years - the first mass-produced car in history, while it could run on gasoline, etha-
nol and a mixture of both types of fuel. Henry Ford considered the use of ethanol 
a promising direction for American farmers, since the raw materials for alcohol 
were mainly agricultural products and waste products [2].

Ethanol-containing fuels can be divided into 3 groups according to the con-
centration of ethyl alcohol: standard gasoline containing up to 5-15% (E5-E15), 
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medium ethanol fuels - from 20 to 40% (E20, E30, E40) and high ethanol fuels for 
special vehicles - from 50 to 100% alcohol (E85, E100, ED95). 

The first option, when the alcohol concentration is up to 15%, is interesting in 
that it does not require any changes in the design and engine adjustments. More-
over, the Technical Regulations of the Russian Federation for Gasoline [3] and the 
Technical Regulations of the Customs Union [4], which are, as it were, receivers 
of GOST R 51866 - 2002, also provide for the addition of ethanol up to 5%. It is 
believed that the higher the ethanol concentration, the higher the octane number of 
the fuel and the lower the toxicity of the exhaust gases. The next step in increasing 
the concentration of ethanol in our country was benzene according to GOST R 
52201 [5]. It provides for a 10% alcohol content. From a formal point of view, this 
is no longer gasoline, but it can be used as a motor fuel without any design changes 
or adjustments. In the US, they went further and started using 15% ethanol. This 
fuel is recommended for those cars, the production of which was started after 2001 
[6]. Today, 15% ethanol is the limit for alcohol that does not require redesign and 
engine adjustments.

The third option is of greatest interest from the point of view of realizing the 
potential advantages of alcohol - these are high-ethanol fuels with an alcohol con-
tent of 50 to 100% (E85, E100, ED95). The most important competitive advantage 
of ethanol over fossil fuels is its renewability and availability of raw materials. 
Bioethanol at this stage can be produced from any plant material. The world lead-
ers in the production of bioethanol are the USA and Brazil. In the United States, 
bioethanol is produced from corn, and in Brazil from sugar cane. Bioethanol has 
a positive energy balance, which, depending on the type of raw material, can vary 
from 1.24 to 8. That is, when ethanol is burned, several times more energy is re-
leased than is expended in its production. In this sense, it is an order of magnitude 
superior to gasoline or diesel fuel. Huge sums are spent on exploration, produc-
tion, transportation, oil refining, so the fuel balance of petroleum fuels is less than 
one [1,7]. This feature predetermines the relatively low cost of alcohol in compari-
son with petroleum fuels. 

An important advantage of alcohol fuel is its high octane number, which 
reaches 129.5 according to the research method and 101.3 according to the motor 
method, respectively [8]. It is clear that these characteristics will be realized as 
fully as possible when using 100% alcohol, as it actually happens in Brazil, where 
E100 alcohol fuel is widely used. In more northern latitudes, the use of E100 fuel 
becomes problematic, since alcohol evaporates worse than motor gasoline, then 
already at a temperature of +10°C, problems with starting the engine may arise. 
This problem is solved by adding gasoline or low-boiling hydrocarbon fractions 
to alcohol, as a result, such a "starting fraction" ensures engine start at low tem-
peratures. The most famous alcoholic composition is E85 alcohol fuel (in Russia 
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it is labeled as Ed75-Ed85 according to GOST R 54290-2010) [9]. This alcohol 
fuel is subdivided into summer and winter. Summer contains 74% ethanol and 17 
- 26% hydrocarbons and aliphatic ethers as a "starting fraction". Winter contains 
70% ethanol and 17 - 30% hydrocarbons and simple aliphatic ethers as a "starting 
fraction".

Poor volatility is not the only drawback of alcohol fuels. So alcohol has a 
calorific value of 30.6 MJ/kg versus 43.6 MJ/kg for gasoline, which means, other 
things being equal, the engine on alcohol fuel will develop less power with higher 
fuel consumption. This problem can be solved by stronger compression of the 
mixture, since alcohol has a much higher octane number than gasoline, it is able 
to withstand greater compression without detonation. The compression ratio when 
using alcohol can be 19 units [1] versus 10 for gasoline. If the antiknock potential 
of alcohol is fully realized, then the fuel consumption will be lower and the power 
will be higher than with gasoline, which leads to a higher efficiency when the en-
gine is running on alcohol. It is possible to increase the compression by increasing 
the ignition timing, but this is unlikely to allow you to get the maximum output 
from the engine. It must be borne in mind that alcohol is corrosive to metals, 
especially in the presence of water, as well as corrosive to rubber and plastic. It 
is hardly possible to solve all these issues by changing the adjustments and altera-
tions of universal cars, therefore, for high-ethanol fuels, only specialized vehicles 
with universal fuel consumption (FFV – flexiblefuelvehicle) are used. Such cars 
can run on both regular gasoline and alcohol, as well as any mixture of alcohol and 
gasoline. The main design features of such cars are as follows [10]:

1. The on-board computer regulates the fuel-air ratio in a wider range depend-
ing on the bioethanol content in the fuel. This is most important for FFV vehicles, 
since complete combustion for gasoline is achieved with an air-fuel ratio of 14.7:1 
(stoichiometric mixture), and for alcohol this ratio is 9:1.

2. The on-board computer adjusts the ignition timing over a wider range, de-
pending on the actual octane number of the alcohol composition. The effective 
pressure in the engine cylinders directly depends on this, which means the output 
power and fuel consumption.

3. Metallic and non-metallic materials in contact with fuel are highly resistant 
to bioethanol.

4. Increased fuel tank to maintain range.
5. The fuel pump and injection system have increased capacity to provide more 

bioethanol fuel, which has a lower heating value than gasoline.
6. The electrical connections of the fuel system are electrically isolated be-

cause bioethanol fuel has a higher electrical conductivity than gasoline.
Thus, the technical problems associated with the peculiarities of the use of 

bioethanol fuel in the design of FFV vehicles are completely solved. Of course, 
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this is associated with additional costs, however, obviously, they are so small that 
for most car brands the manufacturer sets the price at the level of base models [10].

To date, a number of technological problems associated with the use of bioeth-
anol fuels remain unresolved. And the main problem lies in the "starting fraction" 
of alcohol fuel. Traditionally, commercial gasoline was used for these purposes, 
then they tried to use narrow hydrocarbon fractions, including pentane, isopen-
tane, butane, isobutane and propane [11], to reduce the cost of the composition it 
was proposed to use low-quality gasolines and gasoline fractions, including by-
products of oil refining and even waste. For example, the low-octane fraction of 
direct distillation of oil or gas condensate [12], the gasoline fraction of the hydro-
cracking process [13], coking gasoline [14] and the like.

These and other hydrocarbon fractions have one common drawback - low 
phase stability, that is, under operating and storage conditions, there is a possibil-
ity of separation of the hydrocarbon part and alcohol. The presence of water in the 
fuel and a drop in temperature dramatically increase the likelihood of delamina-
tion. To avoid it, there are increased requirements for the strength of alcohol, as 
a rule, the moisture content in alcohol should not exceed 2%, that is, the ethanol 
content must be at least 98%. This degree of dehydration of alcohol requires ad-
ditional costs in its production. Certain difficulties arise when refueling cars, since 
moisture is often present in refueling containers. 

According to the authors, it is possible to increase the phase stability of alcohol 
fuel if, instead of hydrocarbons, some low-boiling ethers are used as a "starting 
fraction".
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Abstract. In the article the issues of research and assessment of the qualitative 
condition of agricultural lands, taking into account the peculiarities of their use in 
the Turkestan region are considered. The increase in the production of agricultural 
products primarily depends on how rationally and skillfully the land is used; also, 
the complete and correct use of the land has the most important conditions for 
increasing the production of grain, milk, meat and other products. Research and 
production work should be aimed at solving these problems. Therefore, to begin 
with, it is very important to analyze the condition of agricultural land resources 
and outline ways to improve their use, taking into account the qualitative condition.
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Introduction
The problem of rational use of lands extorts a wide range of activities. One of 
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the priority research and applied areas is the effective use of the potential of land 
resources. At the same time, the general goal is to maximize the yield of each 
plot of land, increase productivity, taking into account the bioclimatic potential of 
soils, while observing the environmental safety of production.

Assessment of the qualitative condition of lands, taking into account the pecu-
liarities of their use in the Turkestan region, depends on their qualitative condition 
and economic factors [1].

Therefore, in such a study, it is important to analyze the structure of the agri-
cultural land fund and the processes of economic evaluation.

Turkestan region possesses significant land reserves, which are extremely im-
portant in solving agricultural years, since the natural conditions allow it.

Among the regions of the Republic of Kazakhstan, the Turkestan region takes 
13th place in terms of the total area, and the administrative-territorial structure of 
the region includes 13 districts and 3 cities of regional subordination: Baydibek 
district, Zhetisay district, Kazygurt district, Keles district, Maktaaral district, Ord-
abasy district, Otyrar district, Sayram district, Saryagash district, Suzak district, 
Tolebi district, Tyulkubas district, Shardara district, c. a. Arys, c. a. Kentau, c. a. 
Turkestan. [2].

Results of the study of the land fund of the Turkestan region is 11609.5 thou-
sand hectares.

The entire land fund is located in natural areas characterized by warm climate. 
In the southern part, agriculture is possible under conditions of regular irrigation, 
and in the northern regions, rainfed agriculture is possible, which require compre-
hensive measures to preserve moisture in the soil, and semi-desert is used as arid 
low-productivity pastures for animal husbandry.

The distribution of the land fund by category for 2020 is shown in Table 14, 
Figure 1.

 
Table 1 - Distribution of the land fund by land category for 2020

No. Land categories Area, ha %
1 Agricultural land 4114,3 25,0
2 Lands of settlements 785,6 14,0

3 Lands for industry, transport, communications, defense 
and other agricultural purposes 99,7 0,4

4 Lands of specially protected natural areas 430,9 11,0
5 Forest lands 3010,3 18,0
6 Water fund lands 133,4 7,0
7 Reserve lands 3035,3 21,0

Total 11609,5 100
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As can be seen from the data in the table, the total structure of the region's land 
fund is 4114.3 thousand ha, land of settlements - 785.6 thousand ha, industrial, 
transport and communications, defense and other non-agricultural lands - 99.7 
thousand ha, lands of specially protected natural areas - 430.9 thousand ha, forest 
lands - 3,010.3 thousand ha, water fund lands - 133.4 thousand ha, reserve lands 
- 3,035, 3 thousand ha.

Figure 1. Distribution of the land fund by land category

The area of land of the special land fund (reserve land) is 3091.0 thousand ha, 
including laylands - 22.0 thousand ha, perennial plantations - 0.1 thousand ha, 
hayfields - 14.6 thousand ha, pastures - 2710.5 thousand ha.

Table 2 - Dynamics of the area of agricultural land in the Turkestan region for 
1991-2018 (million ha)

Region 1991 2005 2017 2018
Changes, ( + ,  -)

from 2018 to 
1991

from 2018 to 
2017

Turkestan region 11,5 4,4 4,1 4,1 -7,4 -
Total 11,5 4,4 4,1 4,1 -7,4 -

During the period of reforming agricultural enterprises in 1991-2005, the area 
of agricultural land in the region decreased by 7.1 thousand ha, but subsequently 
the area of land in this category decreased annually and its overall decrease, from 
2005 to 2018, amounted to 0.3 thousand ha [2].
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Figure 2. Dynamics of the area of agricultural land in the Turkestan region

Agricultural land in the districts of the region is characterized by a variety of 
soil and vegetation cover. The uniform part is characterized by a distinct latitudinal 
zoning, and in mountainous areas - vertical zoning, which in turn is characterized 
by soil vegetation cover within individual zones and altitudinal belts. The com-
position of agricultural land by type of land can be seen in Table 3 and Figure 2.

Table 3 - Composition of agricultural land by type of land in the context of the 
Turkestan region as of November 1, 2020 (thousand ha)

Region Total 
area

Total ag-
ricultural 

lands

Arable 
land

Peren-
nial 

plan-
tations

Lay-
lands

Hay-
fields

Pas-
tures

Gardens 
and ser-
vice al-

lotments

Turke-
stan 
region

11609,5 4114,3 863,4 28,4 101,2 69,5 2 
932,4 -

Total 11609,5 4114,3 863,4 28,4 101,2 69,5 2 
932,4 -

The total area of land in the Turkestan region is 11609.5 thousand ha, agri-
cultural land is 4114.3 thousand ha, including: arable land - 863.4 thousand ha 
(20.9%) (incl. irrigated - 462.60 thousand ha), pastures - 2932.4 thousand ha 
(71.2%), hayfields - 69.5 thousand ha, other lands 129.6 (3.14%) (many planta-
tions, laylands and other lands).
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Figure 3. Composition of agricultural land by type of land

When performing work on the economic assessment of land, base rates are 
used. Basic payment rates are necessary to prevent price imbalances for individual 
land plots when they are sold for private ownership or provided for land use by the 
condition, as well as to optimize taxation and rent.

In order to form a unified approach to the assessment of land plots on the terri-
tory of the Turkestan region and to ensure the comparability of its results, the basic 
standard for the cost of one hectare of agricultural land, approved by the Govern-
ment of the Republic of Kazakhstan, is used as the initial indicator for determining 
the cadastral value of a land plot [3].

The base rate of payment is determined by the income rental method using the 
following basic estimates:

- cost of gross production per hectare (estimated productivity);
- production costs per hectare (production costs);
- estimated rental income per hectare.
Taking into account the integral values   of the calculated correction factors, the 

basic standards of agricultural land determined at the first stage are differentiated, 
and the final cadastral (estimated) value of agricultural land is established.

The economic assessment of lands of administrative districts and cities of re-
gional significance is carried out by types of land in the context of the main types 
and subtypes of soils. On the territory of the Turkestan region, two zones of soils 
are distinguished: brown and gray-brown.

When conducting the economic assessment of lands, the data of land balances, 
materials of soil surveys, soil appraisal, and land inventory were also used [4,5].
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Correction factors to the basic rates of payment for agricultural land plots are 
established by paragraphs 2, 3, 4 of Article 11 of the Land Code and are applied 
depending on:

- quality condition;
- water cut (water supply);
- distance from the service center.
If there are several factors that increase or decrease the cadastral (estimated) 

value of agricultural land, the coefficients are multiplied. The total amount of the 
increase or decrease in the cadastral (estimated) value should not exceed fifty per-
cent of the base rates of payment.

Correction factors are calculated with an accuracy of two decimal places.
Correction factors to the base rates of payment for arable land are applied 

depending on the quality of the condition and distance from the service centers.
The qualitative condition of arable land in the Turkestan region is character-

ized by two indicators: reclamative condition and a slope of the surface.
The correction factor for the slope of the arable land is taken as a unit, since the 

value of its slope, in general, does not exceed 3 degrees.
The reclamative condition of the types and subtypes of soils is taken in ac-

cordance with their distribution by reclamation groups according to the method 
adopted by the example [II] are given in Table 4.

Table 4 - Distribution of agricultural land by reclamation groups 
as of November 1, 2020

Reclamation groups Area, thousand ha Share, in %

Total agricultural land
Of them:
Uncomplicated by negative signs
including degraded and stony ones 
that are completely suitable for 
agriculture
Saline
Solonetzic
Washed
Deflated
Exposed jointly to water and wind 
erosion
Waterlogged
Wetlanded
Others

4114,3

541,1
138,6
84,0
32,5
7,5
6,9
2,9
-

2,2
0,7
0,3

100

17,1

10,5
21,7
9,8
9,3
30,3

-

1,1
0,1
0,1
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Uncomplicated by negative signs, it occupies -4114.3 thousand ha or 17.1% 
of all agricultural land. In arable land, this group is -863.4 thousand ha, or -48.4% 
of its area. A significant area of   land (863.4 thousand ha) without negative signs 
affecting soil fertility cannot be used in agriculture due to insufficient atmospheric 
moisture, lack of water for irrigation and due to relief conditions. Of this group, 
there are 4114.3 thousand ha of undoubtedly suitable land for agriculture, of which 
863.4 thousand ha or 98.9% are in arable land.

Lands of reclamation group 1. “Uncomplicated by negative signs” are estab-
lished as lands with good reclamative condition and the application of a correction 
factor - 1.2 to them.

Table 5 - Cadastral value of arable land in the Turkestan region

Reclamation groups

Type, subtype 
of the soil (si-
erozem, light 

sierozem)

Correction factors

Cadastral 
(estimated) 

value, 
thousand 

tenge
area, 
thou-
sand 
ha

base 
rate, 
thou-
sand 

tenge/
ha

recla-
mative 
condi-
tion, 
К1

dis-
tance 
from 

service 
cen-
ters, 
К2

total (in-
tegral) 

coefficient 
К=К1*К2

1 2 3 4 5 6 7
I. Uncomplicated by 

negative signs 24,8 87,8 1,2 1,31 1,5 3266160

II. Stony weak, 
medium and strong

2,6              
-

87,8                 
-

0,9                         
-

1,31                      
-

1,18                     
-

269370,4                          
-

III. Saline weak, 
medium and strong

2,9                 
0,9

87,8                                
87,8

0,9                        
0,6

 1,31                           
1,31

1,18                           
0,79

300451,6                           
62425,8

IV. Solonetzic weak, 
medium and strong

0,2                  
-

87,8                  
-

0,9                               
-

1,31                    
- 1,18               - 20720,8                  

-
VIII. Waterlogged 0,4 87,8 0,6 1,31 0,79 27744,8

Total 31,8  526,8  5,1  7,86 6,62 3946873,4

Lands of reclamation groups II. “Stony”, III. “Saline”, ІV. “Solonetzic”, V. 
“Washed”, VІ. “Deflated”, ІХ. “Wetlanded” with a weak degree of negative signs 
are established as lands with a satisfactory reclamation condition, with a correc-
tion factor of 0.9. With the presence of these groups of negative signs in an aver-
age and strong degree*, they are defined as lands of unsatisfactory reclamation 
condition, with a correction factor of -0.6.
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Lands of reclamation groups VІІ. “Exposed jointly to water and wind erosion”, 
VIII. “Waterlogged”, X. “Others” are accepted as lands of unsatisfactory reclama-
tion condition, with a correction factor of 0.6.

The correction factor for the slope of the arable land is taken as a unit, since the 
value of its slope, in general, does not exceed 3 degrees.

For the distance of plots of arable land from service centers, depending on the 
quality of the roads, correction factors are applied in accordance with the subpara-
graph of the Land Code of the Republic of Kazakhstan [1, 8].

Service centers are considered to be the most closely located cities, towns, 
regional or district centers, which are the zone of gravitation to them of economic 
centers, where the main network of institutions and organizations of social, medi-
cal, cultural, household and other services for the population, sales markets and 
processing of agricultural products, bases logistics.

Rural settlements, which are the main place of residence of the population, 
where infrastructure facilities, points of primary processing of agricultural products, 
warehouses and other facilities are located, are taken as economic centers [5, 6].

Provided that the plots of arable land in the Turkestan region are evenly dis-
tributed throughout the territory of the administrative region, the weighted aver-
age correction factor for distance, taking into account the quality of the roads, is 
determined as the sum of the correction factors from each economic center to the 
service center divided by their number.

Table 6 - The cadastral value of the reserve land of the Turkestan region 

Reclamation 
groups

Type, subtype of 
the soil (sierozem, 

light sierozem)
Correction factors Cadas-

tral (es-
timated) 

value, 
thousand 

tenge

area, 
thou-
sand 
ha

base rate, 
thousand 
tenge/ha

reclama-
tive con-
dition, 

К1

distance 
from 

service 
centers, 

К2

total (in-
tegral) 
coef-

ficient 
К=К1*К2

1 2 3 4 5 6 7
I. Uncomplicated 
by negative signs 3 87,8 1,2 1,31 1,5 395100

II. Stony weak, 
medium and strong

0,3                         
0,2

87,8                             
87,8

0,9                    
0,6

1,31                           
1,31

1,18                             
0,77

31081,2                                      
13521,2

III. Saline weak, 
medium and strong

0,7               
0,6

87,8                        
87,8

0,9                          
0,6

1,31                        
1,31

1,18                      
0,79

72522,8                            
41617,2

IV. Solonetzic 
weak, medium and 

strong

0,2
0,1 

87,8
87,8 

0,8
0,5 

1,31
1,31 

1,17
0,67 

21081,2
3521,2 
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V. Washed weak, 
medium and strong

0,5
0,4 

77,8
77,8 

0,7
0,4 

1,31
1,31 

1,16
0,59 

52522,8
21617,2 

VІ. Deflated weak, 
medium and strong 0,2 87,9 0,7 1,31 0,80 7936,2

VІІ. Exposed 
jointly to water and 

wind erosion
2 67,8 1,0 1,31 1,3 295100 

VIII. Waterlogged 0,1 87,8 0,6 1,31 0,79 6936,4
ІХ. Wetlanded 

weak, medium and 
strong

0,5 77,8 0,7 1,31 1,17 21080,2 

X. Others 0,1 87,8 0,8 1,31 1,16 42522,6 

Total 8,9 1179,3 10,4 18,34 14,23 1026160,2

Reserve lands of the Turkestan region - according to land law, all lands not 
provided for ownership, possession, use and lease. They also include land, the 
right of ownership, possession and use of which has been terminated (in accor-
dance with land legislation). The cadastral value of the reserve land in the Turke-
stan region is 1026160.2 thousand tenge.

Table 7 - Cadastral value of other land in the Turkestan region

Indicators
Units of 

measure-
ment

Type, subtype of the 
soil (sierozem, light 

sierozem)
Total

1 2 3 4

1. Base rate of payment for pasture thousand 
tenge/ha 4,4 4,4 

2.General (integral) correction factor in 
the assessment of pastures units 1,31 1,31 

3.Base rate of payment for pastures, 
taking into account the correction factor

thousand 
tenge/ha 5,76 5,76

4. Base rate of payment for other land 
(50% of paragraph 3)

thousand 
tenge/ha 2,88 2,88

5. Area of other land thousand 
tenge/ha 33,8 33,8

6. Cadastral (estimated) value of other 
land

thousand 
tenge/ha 97411,6 97411,6
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The cadastral value of other land in the Turkestan region is 97411.6 thousand 
tenge.

In connection with the attraction in the Turkestan region to economic centers 
of various sizes of arable land, correction factors for distance are calculated taking 
into account their shares. If there is no arable land in the sphere of influence of 
some economic centers, only those economic centers to which it belongs are taken 
into account [2, 7].

If the economic centers in the Turkestan region are connected to the service 
centers by roads of various quality, the correction factor is calculated as a weight-
ed average, taking into account the type of road surface. Roads are divided into 
hard, stony and ground covers.

The soil cover of the territory of the Turkestan region, which determines the 
quality of lands, is characterized, on the one hand, by a distinct latitudinal zoning 
in the distribution of soil types and subtypes, on the other hand, by a change in 
soils from west to east due to an increase in climate aridity in this direction.

The soils of the territory of the Turkestan region are grouped into the following 
zonal types and subtypes:

1. Gray-brown soils of the desert zone;
2. Sierozem northern and southern desert-steppe zone;
3. Piedmont chestnut soils of the desert-steppe zone;
4. Mountain alpine and subalpine soils;
5. Mountain chestnut soils (mountain brown).
In the mountainous systems of the south, mountainous subalpine soils and 

mountain chestnut soils have formed. In addition to plain and mountainous zonal 
soils, intra-zonal soils are widespread on the territory of the South Kazakhstan 
region: salt marshes, solonetzes.

An important feature of the soil cover is heterogeneity, high complexity as-
sociated with the aridity of the climate, relief and soil-forming rocks, which is 
manifested everywhere throughout the region.

The heterogeneity of the soil cover significantly reduces the productivity of 
agricultural land [1, 9].

The high-quality condition of soils in large areas in the region is complicated 
by the presence of signs that negatively affect their fertility. To take into account 
the quality of agricultural land, reclamation groups were adopted that combine 
soils with a general orientation and nature of reclamation measures:

 - uncomplicated by negative signs;
 - saline;
 - solonetzic;
 - washed;
 - deflated;
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 - exposed jointly to water and wind erosion;
 - wetlanded;
 - others.

Conclusion. According to the results of the economic valuation of the quality 
condition of agricultural land in the Turkestan region, the total area of   agricultural 
land is 4114.3 thousand ha, including: arable land - 863.4 thousand ha (13.8%) (in-
cluding irrigated - 462.60 thousand ha), pastures - 2932.40 thousand ha (84.4%), 
hayfields - 69.5 thousand ha, others - 129.6 thousand ha (1.7%) (many plantations, 
laylands and other lands), cadastral value is 5168817.480 thousand tenge. Irrigat-
ed arable land is 462.60 thousand ha with a cost of 9456000 thousand tenge, vege-
table gardens are 0.1 thousand ha with a cost of 4728.000 thousand tenge, pastures 
occupy 2932.40, their value is 4980737 thousand tenge. Other lands amount to 
129.6 thousand ha with a cost of 173896.200 thousand tenge.

The area of   reserve lands is 3035.3 thousand ha, the cost is 895904.320 thou-
sand tenge. Other lands amount to 129.6 thousand ha, with a value of 421864.000 
thousand tenge.

Total (the sum of the I category and the VII category of land) in the Turkestan 
region thousand ha, with a cost of 6064721.800 thousand tenge, arable land irri-
gated ha, their cost is 9456.00 thousand tenge, vegetable gardens are 0.1 thousand 
hectares with a cost 4728.000, other land is 129.6 thousand ha with a cost of 
173896.200 thousand tenge.

Comprehensive indicators for the economic valuation of the region's land are 
used to ensure the regulation of land relations, as a starting level for the cost of 
land on the market, when establishing the amount of land tax and rent.
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