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國家安全的科學支援：創建經濟安全與風險管理系經濟安全與風險管理科學學
院

SCIENTIFIC SUPPORT OF NATIONAL SECURITY: CREATION 
OF THE SCIENTIFIC SCHOOL OF ECONOMIC SECURITY AND 
RISK MANAGEMENT OF THE DEPARTMENT OF ECONOMIC 

SECURITY AND RISK MANAGEMENT

Bezdenezhnykh Viacheslav Mikhailovich 
Doctor of Economic Sciences, Full Professor
Financial University under the Government of the Russian Federation

抽象的。 這項工作以金融大學科學流派（SS）為例進行分析，顯示科學流派的
形成是研究實踐中系統觀察到的現象，它有助於新知識的創造、積累和傳播，推動
對週邊世界的深入了解，推動STP在經濟實踐中的發展，回應她的迫切需求。 分
析的目標首先是確定科學研究在科學理論和實踐發展中的地位和作用，其次評估
ES和RM系的研究狀況，作為形成科學理論和RM系的基礎。經濟安全和組織風險管
理的適當科學學校。

關鍵字: 科學辦學、集群編隊、經濟安全、風險管理。
Abstract. The work, using the example of an analysis of a scientific school 

(SS) of the Financial University, shows that the formation of scientific schools 
is a systematically observed phenomenon in research practice, it contributes to 
the creation, accumulation and dissemination of new knowledge, promotes in-
depth knowledge of the surrounding world, the development of STP in economic 
practice, responding to her urgent needs. The goals of the analysis were, firstly, to 
determine the place and role of scientific research in the development of scientific 
theory and practice, and secondly, to assess the state of research of the Department 
of ES and RM as the basis for the formation of an appropriate scientific school of 
Economic security and risk management of organizations.

Keywords: Scientific school, cluster formations, economic security, risk 
management.

 
Let’s start with the first issue announced for discussion: scientific schools and 

their place in the development of theory and practice.



9

上合组织国家的科学研究：协同和一体化

国际会议

Research into the causes and conditions for the emergence of scientific schools 
(for example,1) showed that scientific schools are, basically, informal teams, vol-
untary communities of interested scientists. “Being the creative and developing 
core of the scientific community, SS also play a special role in the formation of 
civil society in general,” concludes Doctor of Philol. Cand. T.Yu. Pavelev, since 
the scientific school, unlike formal work activity, is an essential element of civil 
society”2 .

It can also be noted that for various reasons in the Western methodology of 
science the concept of a scientific school is not found, but the similar concept of a 
“scientific program”, in some cases, a “scientific paradigm” is used (see the works 
of F. Lakatos, M. Blaug, etc.) .

Review of various scientific sources3 showed that scientific schools are a com-
plex social phenomenon of joint organization of scientific work, which is studied 
from different subject sides by specialists in different fields, philosophers, sociolo-
gists, psychologists, mathematicians, economists, historians of science.

Let us highlight some signs and conditions for the formation of SS.
Firstly, as experience, including Russian, shows, to study the processes of for-

mation of a scientific school, a history of development is necessary. According 
to the work of the Nobel Prize laureates, the SS should be integral, traceable on 
the basis of publications, reviews of colleagues, and representative for statistical 
calculations. Therefore, the analysis period should be sufficient for the response of 
scientists to each new work of a colleague to manifest itself in scientific publica-
tions. The intervals covered by citation statistics should correspond to the duration 
of the period when more and more new links appear on the article. This is appar-
ently 15-20 years, at least, necessary for the advancement of new knowledge, in 
particular in the field of economics.

1 Scientific schools in the system of science: philosophical analysis. Dissertation, Ph.D. Paveleva, 
T. Yu. – 2012.

2 Ibid.
3 See: Abalkin L.I. Russian school of economic thought: the search for self-determination // 

Questions of Economics. - 2001. - N 2. - P.4-18; Avtonomov V. History of economic thought and 
economic analysis: the place of Russia // Ibid. - P.42-48; Academic economists of Russia / Ch. ed. L.I. 
Abalkin. 2nd ed. - M., 1999; Anikin A. Russian economic science: enlightenment and first schools // 
Ibid. - P.63-67; Voeikov M. About the concept of the “Russian school of economic thought” // Ibid. - 
P.67-72; Vorobyov Yu.F., Semenkova T.G. Features of the formation and characteristic features of the 
“Russian school” of economic thought. - M.: Institute of Economics RAS, 2000; Knyazev Yu. About 
scientific economic schools // Society and Economics. - 2003. - N 12. - P. 108-132; Olsevich Yu. On 
the specifics of the national school of economic thought in Russia // Ibid. - P.27-42; Faltsman V.K. 
Russian scientific schools in the 60-80s: Notes of an economist. - M.: Delo, 1995; Shirokorad L.D. 
Is there a Russian school of economic thought? // Economic history of Russia: problems, searches, 
solutions: Yearbook. - M., 2002. - Issue 4. - P.51-57; Shishkin M.V. Scientific schools in domestic 
economic theory // Vestn. of Saint Petersburg. un-ty. Series 5: Economics. - 1997. - Issue 3. - P.20-37.
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Secondly, the SS is considered by many authors as a social organization, and 
as such corresponds to the properties of other social groups. It is characterized by 
relatively close communication between leading scientists, clustering and central-
ization around the leader(s). Moreover, if a leader loses his position for various 
reasons and a new passionate leader does not appear, then most often, students 
fail to maintain the NS unless the scientific school nominates a new leader. Thus, 
the organization of a scientific school shows signs of clustering and centraliza-
tion (with the presence of a leader), as well as blurred boundaries and a dynamic, 
adaptively changing structure.

Thirdly, a scientific school must be an integral and essential part of general sci-
entific knowledge. This is verified not only by the presence of scientific titles and 
honorary titles, but also in the process of exchanging information about the results 
and their use, in the creation of new knowledge, manifested in scientific citations.

Further, fourthly, the SS must include a noticeable number of young employ-
ees and graduate students, and even a mandatory part of interested students. The 
role of smart administration of this process is great here, but let’s leave this only 
at the level of a comment so as not to be distracted from the topic of the report.

Further, fifthly, scientific schools are characterized by a number of special dis-
tinctive features, special requirements and indicators that distinguish a specific 
scientific field of research, a set of quantitative data that characterize the content 
of a given scientific school. Let’s look at these indicators using the example of the 
scientific school of the Department of Economic Security and Risk Management.

Thus, a scientific school is a social phenomenon that solves a number of impor-
tant problems in the development of scientific research methodology. In particu-
lar, this is the institutionalization and clustering of active groups of researchers. 
Let’s look at some intermediate conclusions.

The advantage of a scientific school due to the clustering effect is higher cre-
ative amateur activity (scientific productivity) in work, better organization of work 
and sustainability of ideas in creative competition. Finally, close communication 
between scientists, which leads to the development of complementary and syn-
ergistic (not to be confused with systemic) effects, participation in discussions, 
forums, conferences, joint (collective) work, discussions and disputes inevitably 
manifest themselves in better results.

The target task of these groups of researchers of a scientific school is not com-
mercial interest (primarily), but the increment and accumulation of new scien-
tific fundamental and applied knowledge (isoteric, i.e. internal process) and the 
promotion of this new increment of knowledge into scientific circulation and the 
transfer of this initially closed knowledge to a new generation of researchers and 
practitioners. Thus, the formation of scientific schools is systematically observed 
in research practice, it contributes to the creation, accumulation and dissemina-
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tion of new knowledge, promotes in-depth knowledge of the surrounding world, 
the development of scientific and technological progress in economic practice, 
responding to its acute needs.

The second issue addressed in the report: to assess the state of research of the 
Department of ES and RM as the basis for the formation of an appropriate scien-
tific school of Economic Security and Risk Management of Organizations.

Taking into account the listed characteristics and conditions for the formation 
of SS, let us consider the main indicators that characterize the scientific school of 
the Department of Economic Security and Risk Management.

Firstly, the main area of scientific interests is economics and management of 
the national economy, namely, such an area as economic security as the most 
important component of national security. It confidently entered the limited set 
of main scientific areas of the Financial University under the Government of the 
Russian Federation.

The name of the scientific school - “Economic security based on systemic risk 
management of a complex socio-economic system (CSES)” fully fits into one of 
the five key areas of scientific responsibility of the Financial University, namely: 
“Scientific support of national security.” The scientific leader of this direction is 
Full Prof., Doctor of Law. V.I. Avdiysky, who has many years of practical experi-
ence in the national economy of the country. Note that security issues, and more 
specifically, economic security, have been the focus of attention of many research-
ers and research centers over the past decades. The distinctive approach of the 
developed scientific direction of DE&RM, which has not been reflected in any 
other scientific school of this scientific field in Russia and abroad, is the essential 
integration of combining the goal setting of regulating the processes of ensuring 
ES, mechanisms and tools for achieving the established goal.

Not immediately, but gradually this fundamental position began to find un-
derstanding in the scientific community and, moreover, reflected in real actions. 
In particular, in the “Strategy for Ensuring the Economic Security of Russia until 
2030”, adopted in 2017, clause 24 was specifically introduced with a precise indi-
cation of the existence of such a connection between the goal and the mechanism 
for ensuring economic security. And in general, over the past 2-3 years, it has been 
impossible to come across a government document that did not have a separate 
section assessing the risks of implementing this decision. Not all methodological 
issues have now been resolved, but certain results can be highlighted and at least 
a short list of them can be given. Numerous publications of this school (more than 
1200 publications) consolidate these results and convincingly show that:

- essentially there are no other mechanisms that ensure the economic security 
of organizations with the necessary efficiency;

- on the basis of risk regulation, the opportunity arises to assess and rank pos-
sible risk situations due to threats and dangers, identify weaknesses and vulner-
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abilities, evaluate events and possible risk outcomes for informed, informed man-
agement decision-making;

- thereby creating a calculated and assessed possibility of choosing a regula-
tory impact, taking into account the possible consequences, the available regula-
tory resource, the environmental context and other factors;

- the opportunity arises to choose not only a regulatory decision, but also the 
necessary resource for solving risk management problems, and methods (options) 
for this management;

- provides the opportunity for informed strategic planning, which without esti-
mated data may turn out to be very approximate and require constant adjustment;

- and other opportunities to increase the efficiency of providing ESE.
Secondly, this scientific direction “Economic security based on systemic risk 

management of a complex socio-economic system (CSES)” has certain theoretical 
advantages that have been developed over these decades and reflected in numer-
ous works by members of this community.

These distinctive qualities include the following:
- in-depth development of the theory and methodology of risk management, 

including a system of theorems, axiomatics, postulates that define an independent 
system of modeling and assessment and aimed at establishing the boundaries of 
adjustability, choosing a method of regulation, establishing monitoring control 
points and other issues of constructing a risk management system;

- the theoretical difference of this approach is the consideration of possible risk 
events and the outcomes of these events not as statistical calculation models, but 
as individual, fractal or ensemble probabilistic models. This makes it possible to 
increase the accuracy of assessments and the level of decisions made and the qual-
ity of regulatory actions;

- systematic methodological and methodological elaboration of systemic risk 
management as a mechanism for ensuring electronic security (including the devel-
opment of a draft standard for ensuring electronic security, the analogue of which 
is not yet available in other scientific standards);

- the presence of unique scientific and methodological publications on these 
issues, such original ones as RMS design, risks of documenting RMS, RMS work-
shop (more than 50 monographs, textbooks and teaching aids, about 850 articles, 
reports, speeches in the press, as well as more than 1000 students and graduate 
students who have completed their studies in this educational and scientific direc-
tion (profile);

- development of proprietary teaching materials, curricula and programs for 
this profile Economic security and risk management), as well as the professional 
standard “risk management specialist”, “economic security specialist”;

- successful functioning at the DES and RM MEE on the subject of the depart-
ment, the opening at the Financial University of a graduate school and a disserta-
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tion council on ES, and already in a short period of time the graduation of highly 
qualified specialists and other methodological differences discussed in the first 
part of the report.

Thirdly, as a result of research in this area obtained by members of the Depart-
ment’s research group, new scientific results were obtained, in particular, it was 
shown that:

- some of the known methods for assessing threats and risks in conditions of 
increasing uncertainty, turbulence and high variability of processes in the econ-
omy no longer achieve a given level of accuracy, give a large error, and can be 
used to a limited extent in a number of individual areas of the economy. The task 
is to determine the limits of applicability of assessment methods and develop new 
methods for assessing and selecting solutions for ensuring energy security, and 
new approaches to solving these problems are proposed;

- the uniqueness of the economic activities of individual enterprises and their 
characteristics determine the need to adapt methods and means in each individual 
case, both to a given enterprise and taking into account the high instability of the 
context of the operating environment;

- it has been justifiably shown that the probability of an event occurring in risk 
theory changes its nature from mathematical probability to situational probabili-
ty (when the probability of the occurrence of not individual, but interconnected 
events is considered), which allows for a more in-depth understanding of the effect 
of certain regulatory methods and to increase them efficiency;

- the palette is expanding, a methodology for assessing the level of security of 
a complex system is being developed, a methodological apparatus for combining 
quantitative and qualitative assessments with the addition of a humanitarian com-
ponent of social, environmental, psychological and other indicators;

- the importance and obligation of developing a goal-setting methodology is 
substantiated at the doctrine level, taking into account the provision of energy 
security and security in general, especially in terms of strategic planning. This ob-
ligation is enshrined in practice in Presidential Decrees and Government Resolu-
tions establishing the need for risk assessment in establishing the goals of national 
projects and government programs in 2021-2023.

Fourthly, another group of issues that characterize the methodological differ-
ence of the scientific school of DESaRM is the disclosure of the concept of risk in 
the activities of business entities not as a managerial, but as an economic category. 
In traditional risk management as a category of management, the tasks of deter-
mining risk management goals are not set, but are limited to production goals; the 
focus of management is aimed at management weaknesses. A new methodological 
approach explores human relationships and actions in socio-economic processes, 
risk as a property and quality inherent in any human activity, including economic 
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activity in the system of a functioning enterprise. This methodological approach 
considers a risk event and its consequences as a result:

- risk in functional content is the adoption and implementation of a manage-
ment decision in conditions of uncertainty and awareness of this uncertainty, 
thereby such a definition of the content of risk reveals the subject, object, subject 
and way of regulating possible risk situations;

- implementation risk is a phenomenon inherent only in future purposeful hu-
man activity; the nature of risks is also the result of human activity;

- risk in philosophical content is an element of future development and a reflec-
tion of a conflict of interest as a development factor in various forms;

- risk, unlike uncertainty, threats, dangers, has the quality of a metric (one of 
these metrics is the probability or possibility of implementation), must be meas-
ured quantitatively, even for the case of difficult-to-control risks (political, social, 
cultural, natural, etc.);

- risk, based on current and past experience, is a predictive (probabilistic, situa-
tional) characteristic of the future state of a complex system. At the same time, vulgar 
experience does not allow it to be used in full due to the asymmetry of the past and the 
future; - - other methodological features of risk as an economic category.

Conclusion.
Thus, the system of knowledge accumulated by researchers of the Department 

of Economic Security and RM of the Financial University under the Government 
of the Russian Federation has the necessary features and qualities inherent in such 
a social and cultural phenomenon as the scientific school of the Department. The 
results of the work of this team are widely known and recognized both by domes-
tic scientific and educational centers and abroad in Russia (only in the last two 
or three years - these are China, Belarus, Kazakhstan, Uzbekistan, Azerbaijan, 
Ukraine, Moldova, etc.).

Preserving and strengthening the active work of this creative scientific team is 
the task of creating a new development of scientific knowledge in this scientific 
field of activity, the relevance of which is obvious even to the uninitiated.
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抽象的。 在工業企業中，由於並非所有資訊系統都已完全實施並充分運行，
因此存在資訊系統之間的資料傳輸問題。 整合IS中主、輔流程的集成，IS各
個功能模組的整合是在EAI類系統的基礎上進行的（Enterprise Application 
Integration－應用整合工具－資訊交換的組織。資訊整合涉及整合使用資料一次
輸入系統，解決任意數量的相互關聯的任務，消除資訊流不受控制的重複，進行資
訊轉換操作，同時對資訊儲存、傳輸和呈現的形式和方法形成統一的要求——定
義了資訊處理的單一標準。

關鍵字: 整合、資訊系統、EAI類系統、規劃系統架構、工作原型。
Abstract. At industrial enterprises, there is a problem of data transfer between 

information systems due to the fact that not all information systems are fully 
implemented and work in full. Integration of main and auxiliary processes in 
integrated IS, integration of separate functional modules of IS is carried out on the 
basis of systems of the EAI class (Enterprise Application Integration-application 
integration tools—, organization of information exchange. Information integration 
involves the integrated use of data entered once into the system to solve an 
arbitrary number of interrelated tasks, eliminate uncontrolled duplication of 
information flows, and perform information transformation operations. At the 
same time, uniform requirements are formed for the forms and methods of storing, 
transmitting and presenting information — a single standard of information 
processes is defined.

Keywords: Integration, information systems, EAI class systems, planning 
system architecture, working prototype.

Integration of information systemsis the process of establishing links between 
the information systems of enterprises and organizations to obtain a single infor-
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mation space and organize support for end-to-end business processes of enterpris-
es.[2]

At the enterprise under study, there is a problem of data transfer between infor-
mation systems (IS) due to the fact that not all information systems are fully im-
plemented and work in full. Integration problems are not limited only to software, 
they cover the entire enterprise infrastructure, which should provide the ability to 
integrate not only the software components of the enterprise information system, 
but also its users, and provide information exchange across serving business pro-
cesses without losing flexibility and scalability.[1]

Integration is not a banal process of merging databases. This is a complex 
organizational, technological and even psychological process aimed at reducing 
transaction costs, namely the cost of collecting information, increasing the speed 
of access to it and speeding up its processing, as well as improving the quality of 
management accounting and making optimal decisions at the enterprise. Combin-
ing complex automated systems inevitably entails a restructuring of the work of 
all departments, whether they are directly integrated or somehow depend on the 
integrated systems, a change in a significant part of the organization’s functioning 
processes and, importantly, in some cases, a radical change in the interaction pat-
terns between employees.

Integration of main and auxiliary processes in integrated IS, integration of in-
dividual functional modules of IS is carried out on the basis of systems of the EAI 
class (EnterpriseApplicationIntegration-application integration tools), organiza-
tion of information exchange. Information integration involves the integrated use 
of data entered once into the system to solve an arbitrary number of interrelated 
tasks, eliminate uncontrolled duplication of information flows, and perform in-
formation transformation operations. At the same time, uniform requirements are 
formed for the forms and methods of storing, transmitting and presenting infor-
mation — a single standard of information processes is defined. This is necessary 
to ensure that economic and other data are unambiguously interpreted in any part 
of the IP. In modern information systems of enterprise management, informa-
tion integration is carried out on the basis of electronic document management 
systems and CALS technologies, technological data management systems at the 
production enterprise PDM. Effective data and process management is the core of 
integrative solutions in the field of organization automation.[3]

An information management system enables collaborative operation of appli-
cations based on different platforms that use different business models and data 
management technologies. As a technological basis for implementing these princi-
ples, IISUP (Integrated Production Management Information System) today uses a 
service-oriented architecture (ServiceOrientedArchitecture — SOA).

Any IT solution allows you to get results by significantly improving the in-
formation support of employees. The enterprise automating the business process 
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of product planning benefits by reducing the time and resources for entering, pro-
cessing and using corporate information, and eliminating duplication of work. 
This leads to higher productivity and lower costs. 

But to achieve such a result from the implementation of an information plan-
ning system, it is necessary to:

 – Ensure that the project’s target setting is tightly linked to the goals of the 
organization’s strategy.

 – Accurately determine the range of tasks to be solved.
 – Develop methodologies for solving these problems and train staff in these 

methodologies.
 – Build your organization’s business processes in strict accordance with es-

tablished regulations.
 – Develop and implement a system for monitoring the company’s perfor-

mance indicators and an enterprise management system in accordance 
with the indicators.

 – Develop requirements for the future planning information system that are 
consistent with business process indicators.

 – Involve the organization’s management in the implementation project.
Clearly follow the project’s calendar and resource plan.
Do not allow significant changes in the subject matter and essence of the pro-

ject.
Involve only high-quality specialists in the project.
As a result of modeling the information system at one of the leading industrial 

enterprises of the Russian Federation, the prerequisites for its implementation and 
implementation were created. Due to the special importance of the enterprise man-
agement system and the product range planning process, the process of creating 
and implementing its automated version is carried out in several stages using a 
built-in algorithm.

The final version of the system, of course, will be repeatedly tested in the real 
operating conditions of an aviation enterprise, as a result of which the necessary 
changes will be made to the system. The working version of the system also im-
plies possible changes, so characteristics such as flexibility and adaptability of the 
system come to the fore.[1]

First, a group of models is developed and analyzed, starting with the concep-
tual model and ending with the structural and functional model, to understand the 
goals and tasks that are being solved with the help of the system being created, as 
well as to take into account its technological features. Based on the results of the 
simulation, the main volume of information materials for the development of the 
technical task will be formed. After the model system is formed, an unconditional 
transition is made to the next block - modeling of the planning information sys-
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tem. The terms of reference define the requirements for each required part of the 
system.

At one of the leading industrial enterprises of the Russian Federation, the in-
formation system for planning products (products) should provide: 

 – formation of orders for disassembly, defect detection, repair, production 
and assembly of products based on orders for shipment, decisions on mod-
ernization and results of defect detection; 

 – maintaining production plan variants; 
 – calculation (or recalculation) of the production and support plan; 
 – analysis of options for production and supply plans in terms of deadlines, 

resource requirements, purchased materials and components; 
 – adjustment of production and support plans; 
 – approval of a variant of the production and support plan, and launching 

orders. 
Dispatching at the level of production units (workshops) should ensure: 
 – plan-the fact of orders to the shop by industrial visits, deadlines, and pri-

orities.
 – complete set control, formation of vacation requirements;
 – start of work on redevelopment with the reservation of materials, pur-

chased components and parts of assembly units;
 – disassembly and defecation;
 – accounting of output and defects upon completion of batch processing in 

the shop (at the redevelopment stage);
Based on the results of modeling, the range of goals and tasks solved by the 

system is determined. [2]
Based on the results obtained, a technical task for the development of an auto-

mated system is formed and documented in accordance with the accepted stand-
ards, which represents a document approved in accordance with the established 
procedure.

Based on the terms of reference, a step-by-step scheme of software and meth-
odological implementation of an information system in the form of a technological 
design network (TSP) is constructed. To do this, one of the possible methods of 
designing an information system is preliminarily determined.

Based on the list of comments and suggestions, after testing the working pro-
totype of the system, a new package of requirements is formed, which is intended 
for correcting the technical task. After that, go to the initial block - to finalize the 
technical task.

Based on the built architecture of the design planning system, a working pro-
totype of the future system is created. It differs from a real system in a limited 
number of functions, which are represented by the most characteristic of them, a 
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limited amount of processed information, and simple software tools for its pro-
cessing. As a result, a prototype of the system is formed, which can be used in 
practice to evaluate the effectiveness of the system being developed. After com-
pletion of the work, an unconditional transition is made to the block-testing of a 
working prototype.

Testing a working prototype.
The developed prototype of the system is put into operation on a small amount 

of information. At the same time, the main characteristics of the designed system 
are evaluated: processing speed, information limits, user-friendliness, reliability, 
completeness and content of working documentation, necessary parameters of 
communication tools, etc. Based on the results of the work, a list of comments and 
suggestions is formed, after which a transition is made to the block for evaluating 
the results of testing.

Evaluation of results.
If the results of testing are found to be satisfactory, the transition is made to the 

block of implementation and implementation of the information system in the final 
version. If the results are found to be unsatisfactory, we proceed to the block for 
making changes to the original versions of the technical task in order to upgrade 
the working prototype.

Revision based on implementation results.
Necessary changes and improvements are made to the working project based 

on the results of a trial operation of the working version of the information system. 
In the future, an unconditional transition is made to the block for the new imple-
mentation of the information system.

Implementation and implementation of the information system planning infor-
mation system.

Based on the results of using a working prototype and debugging all the main 
operating modes of the system, the entire information and software package is 
developed in its final form. Usually, this part of system development is assigned 
to a group of professional developers who, based on a working project, create a 
version of the information system that can be used in real-world conditions. The 
created version of the system is implemented in production in all divisions of the 
enterprise or holding. After the implementation of the information system, the sys-
tem is synchronized with production and after implementation, an unconditional 
transition is made to the block for evaluating the implementation results.

Evaluation of results.
If the implementation results are found to be satisfactory, a transition is made 

to complete the development and implementation activities provided for by the 
algorithm. Otherwise, you will go to the block for system refinement based on the 
implementation results.
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Moving to a qualitative assessment from the implementation of this algorithm, 
the company will be able to achieve the following results::

 – increase the transparency of planning processes.
 – increase the efficiency of interaction with customers and suppliers;
 – significantly increase the flexibility of production;
 – simplify and speed up the production process of finished products;
 – improve the unified information environment.
 – improve organizational discipline.

The production cycle of new product development will be shortened by using 
modeling tools based on the system’s technological data.

The system will provide production workers and managers with tools for 
self-preparation of documentation, including reports.

The reduction of manufacturing defects will be due to the use of process con-
trol methods to improve product quality. When developing business processes, a 
mandatory stage will be defined at which quality control will be carried out.

The range planning information system is a very effective enterprise manage-
ment tool that will allow you to receive timely reliable and complete information 
about the company’s activities and products in real time, thereby optimizing the 
management decision-making process, and adapt to constant changes in the organ-
ization’s conditions by increasing the flexibility of the enterprise.
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抽象的。 本文從工業生態系的概念、原理、類型、主要構成、概念和顯著特徵
等方面闡述了工業生態系統的概念。 結論：產業共生是產業生態系的主要特徵，
將產業生態系與永續發展的概念連結起來。 已確定了三種類型的產業生態系：
年輕型、組合型、成熟型。 產業生態系的一個顯著特徵是其空間、地理定位。 產
業生態系的組織表現是生態工業園區和產業共生網絡。

關鍵字：產業生態系統、永續發展、數位轉型、數位平台、數位經濟。
Abstract. The article presents conceptual aspects of industrial ecosystems in 

terms of concepts, principles, types, main components, concepts, and distinctive 
features of industrial ecosystems. It is concluded that industrial symbiosis is the 
main distinguishing feature of the industrial ecosystem, connecting the concepts 
of industrial ecosystems and sustainable development. Three types of industrial 
ecosystems have been identified: young, combined, mature. A distinctive feature of 
the industrial ecosystem is its spatial, geographic localization. The organizational 
forms of manifestation of industrial ecosystems are eco-industrial parks and 
networks of industrial symbiosis.

Keywords: industrial ecosystem, sustainable development, digital 
transformation, digital platform, digital economy.

In policy development and achieving sustainable development goals, the con-
cept of industrial ecosystems is of greatest importance. Within the framework of 
the concept of ecosystems, we will highlight two main approaches to defining 
the concept of an industrial ecosystem: consideration of an industrial ecosystem 
based on the principles of industrial symbiosis and consideration of an industrial 
ecosystem as a type of economic system.
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Industrial symbiosis in the context of this study is understood as an approach 
that unites several actors (economic systems, organizations or enterprises) based 
on the physical exchange of materials, energy and production waste, creating eco-
nomic benefits for the actors and environmental benefits for society. In a general 
sense, industrial symbiosis can be seen as a circular economy approach within the 
more general concept of industrial ecology.

1 Industrial ecosystems based on the principles of industrial symbiosis
For the first time, industrial ecosystems began to be considered in the context 

of industrial ecology. As noted above, this concept gained popularity after the 
publication of a paper in 1989 by R. Frosh and N. Gallopoulos [1]. An industrial 
ecosystem, like any economic ecosystem, functions similarly to biological eco-
systems, where plants synthesize nutrients used by herbivores, which in turn feed 
a chain of carnivores, whose wastes and bodies feed subsequent generations of 
plants.

A biological ecosystem processes essential nutrients using only solar energy 
to power the system. This idea is the basis of industrial ecosystems. Thus, propo-
nents of industrial ecology used the ecosystem approach to take a new approach to 
the fundamental question of the causes of the environmental crisis [3]. Unlike the 
biological [4], the industrial ecosystem is not completely sustainable.

The cyclical flow of substances and energy, typical for a stable biological eco-
system, is the ideal state of an industrial ecosystem, and the path to achieving sus-
tainability lies through waste processing (recycling) and energy sharing between 
industrial entities [2].

Figure 1. Classic representation of an industrial ecosystem [2.9]
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The industrial ecosystem has, differs and is characterized by a number of prop-
erties and features that can be divided into two main groups: 1) physical flows of 
matter and energy, occurring on the principles of recycling, energy saving, recy-
cling and/or cascading; 2) structural and organizational properties/features: diver-
sity (in participating actors); interdependence (in their relationship); location (in 
the space of use, resource use, product life cycles, etc.).

The classic view, the vision of the industrial ecosystem, proposed by J. Korho-
nen back in the 2000s, is presented in Figure 1.

As can be seen from Figure 1, within the industrial ecosystem there is a cycle 
of collaborative use of waste, renewable energy and raw materials. The synergistic 
effect of substitution consists in replacing the original non-renewable resources 
with waste, by-products from production, and energy surpluses of other actors in 
the industrial ecosystem [2]. Depending on this, three types of industrial ecosys-
tems [5] are distinguished:

– the first, “young” type of industrial ecosystems is characterized by a com-
plete lack of circularity, that is, the required resources can enter unlimitedly at the 
input, and unlimited waste can be generated at the output;

– the second, “combined” type of industrial ecosystems often has signs of 
circularity: at the input of such ecosystems there are combined resource flows (for 
example, unlimited energy and limited resource flows), and at the output - only 
limited waste flows;

– the third, “mature” type of industrial ecosystems is characterized by com-
plete circularity, when input material and output flows are completely absent, and 
only input energy resources are present.

A distinctive feature of the industrial ecosystem, functioning on the basis of indus-
trial symbiosis, is its spatial, geographic localization. Industrial symbiosis is mainly 
cooperation between local companies. In addition, the creation and maintenance of 
industrial symbiosis is often a direct consequence of local and regional policies.

2 Platform approach to considering the industrial ecosystem
Like any ecosystem, an industrial ecosystem is like an orchestra. To achieve 

sustainable development of industrial ecosystems, an appropriate ecosystem or-
chestration mechanism is required, with the obligatory highlighting of the funda-
mental role of the ecosystem orchestrator. The platform approach makes it possi-
ble to geographically expand the localization of industrial ecosystem actors for the 
virtual exchange of resource flows, most often information, including those based 
on digital platforms and digital ecosystems. However, in order to exchange ma-
terial flows (energy, water, raw materials), the actors of the industrial ecosystem 
must continue to be localized.

The concepts of an industrial ecosystem from the point of view of industrial 
symbiosis and the platform approach are similar, but, at the same time, differ in a 
certain way.
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In the authors’ opinion, it is industrial symbiosis, as part of the concepts of a 
circular economy and the broader concept of industrial ecology, that is the main 
distinguishing feature of the industrial ecosystem and connects the concepts of 
industrial ecosystems and sustainable development (Figure 2). 

Figure 2. Trichotomous paradigm for sustainable development of industrial 
ecosystems

One of the organizational forms of manifestation of industrial ecosystems is 
networks of industrial symbiosis. Industrial symbiosis that supports nature is the 
key idea of   the concept of eco-industrial parks, within which, by joining their 
efforts, companies can also exchange experience in the use of environmentally 
friendly technologies, the use of resource-efficient technologies, methods of reus-
ing energy resources and waste as secondary raw materials [6].

Eco-industrial parks promote the transition to closed economic cycles, water 
conservation, efficient recycling, sustainable waste management, and the introduc-
tion of synergies in industry. The creation of eco-industrial parks contributes to the 
scaling and expansion of activities aimed at introducing resource-efficient and en-
vironmentally cleaner industries with the prospect of going beyond eco-industrial 
parks and their inclusion in the system of “sustainable cities”, in which economic 
and social symbiosis can be achieved in all aspects of sustainable urban planning. 
In such systems, it is possible to exchange waste streams on a regional scale with 
the expansion of the infrastructure elements involved, logistics and methods of 
using waste for energy production [6]. Eco-industrial parks improve industrial 
integration in cities by creating shared economic opportunities, preserving eco-
system resilience, and enhancing innovative opportunities for socially responsible 
businesses. Thus, eco-industrial parks provide triple ESG benefits: environmental, 
social and economic [6]: Modern eco-industrial parks are designed to dramatically 
reduce the negative environmental impact of industrial operations through envi-
ronmentally efficient management and the implementation of pollution prevention 
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systems; Eco-industrial parks provide social benefits, including improved local 
living standards through the development of shared infrastructure and improved 
education through the introduction of new training programs, as well as higher 
standards of health and safety for employees and employees of enterprises; the 
creation of eco-industrial parks leads to increased competitiveness of companies, 
reduced resource consumption, reduced dependence on coal and increased sales 
through green and segment marketing. It can be said that any industrial ecosystem 
can be an eco-industrial park, but not every eco-industrial park is an industri-
al ecosystem. In other words, an eco-industrial park has the greatest opportunity 
over time to turn into an industrial ecosystem than, for example, a cluster or tech-
nopark. UNIDO’s first pilot project on eco-industrial parks was implemented in 
2010 in India, in the state of Gujarat (Gujarat is the westernmost state of India, 
where the country’s five largest million-plus cities are located). An eco-industrial 
park has grown up in the industrial area of Vadodara-Ankleshwar and Dahej (an 
investment region for petroleum, chemical and petrochemical industries) [6]. One 
of the most successful operating eco-industrial parks in China is the Shenyang [7] 
Development Zone, established by the Circular Economy Promotion Fund with 
a total cost of US$4.8 million to support critical development projects industrial 
symbiosis. The bulk of the investment is aimed at supporting public infrastruc-
ture in the eco-industrial park in relation to water supply systems, gas pipelines 
and heat pumps. This has led to increased competitiveness of companies, reduced 
resource consumption, reduced dependence on coal and increased sales through 
green and segment marketing [6]. It is worth noting that in the literature there 
are a number of terms closely related to industrial ecosystems, emphasizing their 
interdisciplinary nature, for example, innovation-active clusters, eco-platforms, 
eco-industrial parks, etc. The transformation of terminology within the concept of 
industrial ecosystems is presented in Figure 3.

Figure 3. Transformation of terminology within the concept of industrial 
ecosystems
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The change in terminology confirms the fact of transformation of linear types 
of industrial ecosystems into their more mature forms (of the second or third type 
according to the above classification of industrial ecosystems of three types).

The differences between an ecosystem and a cluster, from networks, from 
platforms, from business incubators are discussed in detail in the works of G.B. 
Kleiner, for example, in a project supported and financed by the Russian Sci-
ence Foundation in 2019-2021 [7]. Cluster forms are considered by G.B. Kleiner 
as organizational (structural) components of the ecosystem; platforms - as infra-
structure components; networks - as business process components, and business 
incubators - as innovative components of the ecosystem [8]. A component in this 
context is considered as a discrete actor or infrastructure that can be considered an 
asset or an integral part of an industrial ecosystem. Thus, clusters, networks, plat-
forms and business incubators are the main components of industrial ecosystems.

In addition, it is necessary to distinguish between industrial ecosystems and 
various objects of innovation infrastructure (industrial parks, technology parks, 
clusters (including innovation territorial clusters (ITC), industrial clusters of the 
Ministry of Industry and Trade), special economic zones of industrial produc-
tion, technical innovation types, technological platforms, nanocenters, certifica-
tion centers and testing laboratories, business incubators, information and consult-
ing infrastructure centers, regional engineering centers, accelerators, technology 
transfer centers, collective use centers, territories of advanced socio-economic 
development). All of the listed innovation infrastructure objects can become com-
ponents of a national or regional industrial ecosystem. The infrastructure of an 
industrial ecosystem is considered as a system of objects, equipment and services 
necessary for the functioning and development of the ecosystem. Industrial eco-
system infrastructure is a relational concept: a resource becomes infrastructure 
when it is needed to provide a service that could not otherwise be offered. An 
industrial ecosystem is distinguished by its desire for sustainability, the ability of 
the ecosystem to develop successfully without external influence or assistance, the 
absence of barriers to entry, a fickle and changing composition of actors, strong 
cross-functional and cross-industry communications, self-organization and self-
involvement, evolution and others [9] .

The conceptual differences between the cluster and ecosystem approaches are 
also considered by T. Tolstykh, N. Shmeleva, Yu. Vertakova and V. Plotnikov 
[10]. Scientists conducted a comparative analysis of the cluster and ecosystem 
approaches based on the criteria of the coordination mechanism, goals of coop-
eration, boundaries of the association of actors, the nature of relations between 
actors, etc. As a result, it was concluded that “self-organization, the absence of 
management institutions and the intellectual environment are the main differences 
between the industrial ecosystem and clusters or networks” [10]. Generally agree-
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ing with this statement, we can add that clusters, technology parks, platforms and 
networks are focused on achieving full circularity based on industrial symbiosis, 
and industrial ecosystems are more focused on achieving sustainability than cir-
cularity.

In the authors’ opinion, there are a number of differences between different 
organizational components and industrial ecosystems themselves, similar to the 
differences between the circular economy and the concept of sustainable devel-
opment. The value approach is not typical for the circular economy, unlike the 
concept of sustainable development. The same analogy can be drawn between or-
ganizational components and the industrial ecosystem. Other distinctive features 
of the industrial ecosystem are reflected in Figure 4 when considering conceptual 
aspects.

Figure 4. Conceptual aspects of industrial ecosystems

Thus, the essence of the industrial ecosystem should be considered in the form 
of an emergent model of industrial activity, on the basis of which operates a lo-



29

上合组织国家的科学研究：协同和一体化

国际会议

calized complex evolving coherent network of multiple actors, not hierarchically 
controlled, acting simultaneously in the logic of autonomy and interconnected-
ness, self-organization and homeostasis, differing in their beliefs and decision-
making principles, the goal of which is to achieve sustainable development and 
create additional values for each actor of the current and future generations based 
on the principles of industrial symbiosis (mutualization) and recycling. In the con-
text of industrial ecosystems and industrial symbiosis, it is mutualism, as a benefi-
cial relationship for both types, that acquires particular relevance. In the context 
of this study, the goal of creating an industrial ecosystem is not aimed at simply 
reducing or eliminating flows and replacing input and output resources (full circu-
larity), but at creating shared ecosystem value based on the emergent behavior of 
[11] actors. It is concluded that industrial symbiosis is the main distinguishing fea-
ture of the industrial ecosystem and connects the concepts of industrial ecosystems 
and sustainable development. A distinctive feature of the industrial ecosystem is 
its spatial, geographic localization. The most objective organizational forms of 
manifestation of industrial ecosystems are eco-industrial parks and networks of 
industrial symbiosis. Thus, it is worth noting that the purposeful, intentional cre-
ation of an industrial ecosystem is an extremely complex and long-term process. 
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俄羅斯和中國的創新中小企業：制度決定因素
INNOVATIVE SMALL AND MEDIUM-SIZED ENTERPRISES IN 

RUSSIA AND CHINA: INSTITUTIONAL DETERMINANTS
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註解。 在現代研究中，經濟學家越來越多地求助於制度經濟學所提供的工
具。 本文從制度主義的角度分析了俄羅斯和中國創新創業研究領域現有的限制
和激勵的主要規定、問題和製度，並提出了改進和支持創新中小企業的建議。以及
整個國家的創新發展水平。

關鍵字：中小企業、國家創新體系、俄羅斯創新體系、中國創新體系、制度經濟
學、創新發展。

Annotation. In modern research, economists are increasingly resorting 
to using the tools provided by institutional economics. This article presents an 
analysis of the main provisions, issues and system of existing restrictions and 
incentives of the studied world of innovative entrepreneurship in Russia and 
China in the context of institutionalism, as well as recommendations for improving 
and supporting innovative small and medium-sized enterprises and the level of 
innovative development of countries as a whole.

Keywords: small and medium-sized enterprises, national innovation system, 
Russian innovation system, Chinese innovation system, institutional economics, 
innovative development.

Innovation is one of the main drivers of competitiveness at both the micro and 
macro levels. A well-developed and systematically implemented innovation strat-
egy is a source of increasing the value of the enterprise and its competitiveness 
in the long term, and the support and development of innovative technologies at 
the regional levels contributes to building the potential of countries and their pro-
motion in the international arena. The policy implemented by states, taking into 
account the unstable situation of the economy around the world, should remain 
focused on the development of innovative technologies and the preservation of 
unique national specifics, which implies the need to consider the concept of na-
tional innovation systems demonstrating the peculiarities of the functioning of the 
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apparatus for the development and implementation of innovations in each country. 
Based on the three-factor model of national innovation systems coordinated by the 
state, science and business, this article will consider the work of Russian small and 
medium-sized enterprises in the innovation sector with their subsequent compar-
ison to the Chinese specifics of this sector through the prism of institutional eco-
nomics. This economic trend is the most relevant for research, since its tools make 
it possible to identify and structure repetitive social interactions between people 
and even make accurate predictions necessary to identify the causes of “stagna-
tion” of innovative development or, conversely, to activate a positive trend in the 
growth of the level of innovation, using the analysis of institutions as a definition 
of the way of life of society.

Institutional economics has been studied in various fields of science for more 
than a hundred years, but the period of greatest development occurred in the second 
half of the XX century within the framework of economic theory. Such research-
ers as R. Coase, J. Buchanan, D. North, E. Ostrom, O. Williamson, as well as G. 
Simon, D. Kahneman, R. Schiller, J. Akerlof, and J. Stiglitz, who are well-known 
in modern economics, contributed to the popularization of institute research.

The definition of institutions is given by quite a large number of economists 
from different periods of development of this direction, which is why several in-
terpretations will be presented below for a better understanding and more holistic 
perception of this term.

T. Veblen defines institutions as a widespread way of thinking in relation to 
individual relations between society and the individual and individual functions 
performed by them; and the system of society’s life, which consists of a set of 
actions at a certain time or at any moment in the development of any society, can 
be psychologically characterized in general terms as a prevailing spiritual position 
or a common view of the way of life in society (Veblen, 1992, pp. 201-202).

D. North, in turn, as a neo-institutionalist, gives the most common formulation 
of institutions today, understanding them as rules and mechanisms that ensure 
their implementation, as well as norms of behavior that structure repetitive inter-
actions between people (North, 1993, p.73).

The idea of institutionalism is to consider a particular economic system as a set 
of interdependent formal and informal institutions that determine the behavioral 
patterns and actions of economic agents, such as the state, academy, and busi-
ness. Formal institutions are broadly defined as rules and norms that are adopted 
by the state or related institutions and organizations; they are part of the market 
infrastructure, which is a fundamental condition for the development of the na-
tional innovation system (Volchik, Maslyukova, 2022, p. 86). A special feature of 
formal institutions is the different degree of influence on the behavior of actors, 
depending on the scope of their activities (Hirao, Hoshino, 2020, p. 307). Informal 
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institutions are rules of conduct that are not fixed at the legislative level. They 
are usually expressed in certain traditions, stereotypes of thinking and represent a 
system of social connections (Volchik, Maslyukova, 2022, p. 88).

It is necessary to note the existing conflict between ceremonial and instrumen-
tal values in the context of institutional economics. A person cannot be completely 
free in his behavior due to the influence of the socio-cultural context, which im-
posed various patterns, practices and values on him. These values have an impact 
on society as a whole. In this structure of values, there is a dichotomy of culture: 
ceremonial values support private privileges and preferences, most often they are 
set by the socio-cultural context and inherited, are considered natural and eternal, 
but do not contribute to progress. Instrumental values, on the contrary, are capable 
of modification, competition, and their characteristic feature is the possibility of 
falsification and substitution. The most important aspect here is the problem of 
economic and technical efficiency. Instrumental values can assume the shell of 
ceremonial values, but the reverse process cannot occur due to the non-instrumen-
tality of ceremonial values. Ceremonial behavior is considered useless and hinders 
development, although in various systems such institutions are present and regu-
lation and interaction with them is a significant difficulty (Volchik, Maslyukova, 
Demakhina & Barunova, 2023, pp. 36-38).

At the institutional level, the aspect of innovative entrepreneurship is defined 
through the concept of the national innovation system, which emerged in modern 
economics in the 80s of the 20th century. Its fundamental principles were laid 
down in the works of such economists as B. Lundvall, Ch. Freeman and R. Nelson 
(Barunova & Demakhina, 2022, p. 74). The meaning of the concept is that the na-
tional innovation economy is an approach to the study of science, technology and 
innovation through the prism of the interaction of certain actors - the state, busi-
ness and the scientific sphere, for an effective innovation process. “New solutions” 
(technologies, products, social practices and all processes actively implemented 
in society), as well as the diversity of participants in the creation, dissemination 
and use of innovations in general, contribute to the development of the national 
innovation system and its improvement in the long term (Volchik, Maskaev, 2021, 
p.574).

In the authoritative sources, the definition of an innovation system is interpret-
ed as follows: it is a scientific system whose main goal is to create innovations that 
affect such large sectors as “government, education and industry, and the external 
environment”. The main role here is assigned to the interrelationships between the 
elements of a larger system, including the above-mentioned sectors, which are the 
basis for the effectiveness of the national innovation system (Gaudin, 2010, p. 38).

The direction of development of the national innovation system in Russia is 
largely determined by historical aspects, in particular, the specifics of the Soviet 
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economy and state development plans (Barunova & Demakhina, 2022a). Howev-
er, maintaining such an approach to regulating modern innovation activity leads 
to a discrepancy between the interests of “universities and the domestic business 
community”. The resulting isolation of the system is the result of the gap be-
tween “accumulated innovation potential and low final efficiency”, as well as the 
widespread use of quantitative indicators of “innovativeness” and social qualities, 
which are influenced by public discourse. The Russian innovation system can be 
most fully characterized by the statement about the “average level” of its innova-
tion activity, which leads to the above-mentioned characteristics (Shiryaev, Kury-
sheva & Volchik, 2021, p. 90).

However, in such rhetoric, it is necessary to highlight positive aspects directly 
related to the innovative business in Russia. Recently, more and more companies 
understand the importance of introducing innovations in the production process 
to maintain competitiveness and develop technologies in the country. Most of all, 
the growth in the use of innovations can be traced in high-tech sectors, such as 
the production of computer equipment and electronic products, the creation of 
medicines and products used for medical purposes, etc., as well as medium-tech 
industries –electrical equipment, the production of petroleum products; the share 
of industrial waste sent for processing has increased; the role of innovative small 
and medium-sized businesses in healthcare - domestic medicines and devices are 
being actively developed; fast targeted delivery of medicines is being developed, 
etc.

Describing China’s national innovation system, it is impossible not to refer to 
the main theme of the 20th National Congress: “holding high the great banner of 
socialism with Chinese characteristics, fully implement the ideas of socialism with 
Chinese characteristics of the new era, develop the great spirit of the founding of 
the CCP, strengthen self-confidence and strive for self-improvement, uphold the 
fundamental principles and innovate, work with enthusiasm, boldly and resolutely 
move forward, fight together for the comprehensive construction of a modernized 
socialist state and the comprehensive promotion of the great rebirth of the Chinese 
nation” (Xi, 2022).

The most fundamental elements in the functioning of the innovation system 
of the People’s Republic of China are the principle of “double circulation”, which 
consists in combining domestic demand and exports, with quantitative stimula-
tion of the domestic market; construction of new and high-class laboratories with 
the latest equipment; support for scientists and researchers in the form of grants, 
a variety of interesting educational and scientific programs; stable interaction of 
the main actors in the face of business, science and the state among themselves, 
leading to the creation of a particularly favorable atmosphere for the development 
of certain areas, including R & D, etc . (Barunova & Demakhina, 2022a, p. 674).
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A deep institutional context can also be traced in the “14th five-year plan for 
the development of small and medium-sized enterprises” for 2021-2025, which 
assumes prioritization of increasing innovation activity, improving environmental 
indicators, strengthening social stability through better management of the urban-
ization process and combating poverty, the achievement of which will lead to 
stabilization of the growth of the number and quality of small and medium-sized 
enterprises, in particular the creation of new high-tech innovative enterprises. This 
effect is also demonstrated by the already well-known results of digitalization - the 
emergence of new digital technologies, such as big data, artificial intelligence (AI) 
and blockchain, business-oriented Internet applications, 5G communication net-
works-which have expanded opportunities for the development of innovative en-
trepreneurship of small and medium-sized enterprises in various sectors of indus-
try and services, new types of business, this includes cross-border e-commerce, 
online delivery, provision of medical, educational and cultural services online and 
offline, etc. The Chinese model of economic digitalization has described the state 
as an” innovative type of state “ that successfully overcomes economic difficul-
ties and competes in the international market of digital services and technologies 
(Pikover, 2023, p.98).

As a final note, it would be like to note that small and medium-sized enter-
prises, considered in this article through the institutional aspect, play a key role 
in production chains and are the most important source of innovation. They are 
the foundation for further development of the world’s countries in critical areas of 
innovation and high technologies.

The root cause of all innovative development in general is the demand for 
innovation, and it is precisely on its formation that we need to focus attention. In 
order to correctly use the experience of the People’s Republic of China in stimu-
lating the activity of innovative small and medium - sized businesses and for the 
subsequent development of the domestic innovation system while preserving the 
national specifics as a whole, it is necessary to fully understand the three compo-
nents of the demand for innovation – entrepreneurial initiative, stability in politics 
and economy, and increasing returns. Only on their basis is it possible to build a 
well-established mechanism with the possibility of self-regulation in the future.
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抽象的。 正在討論的文章涉及性  對英語教學過程的影響。 它探討了女性和
男性與納曼幹州立大學教授的學生互動方式的差異。 數據於 2023 年在該地點
的 2 組男女教師中收集。 它揭示英語教學過程中不同性別對談話風格的態度、
表達思想的策略、使用手勢、表現自然性格的風格、生物和情感感受的影響、被動
和主動、國家的社會制度。 也揭示了女性對家庭關係、人性、對學習者的熟悉程
度的傾向，男性在社會體系中的地位依賴事實、注重紀律、以正確答案為導向、主
導言論。

關鍵字：「男性」與「女性」、互動方式、烏茲別克人心態、父權體制、情感感受、
手勢。

Abstract. The article under discussion deals with the influence of gender on 
English language teaching process. It explores differences in females’ and males’ 
styles of interaction with students of Namangan State University professors. The 
data collected in 2023 in 2 groups of men and women teachers at this place. It 
is to reveal to attitudes towards style of conversation different gender in English 
language teaching process, strategies to express ideas, using gestures, style 
of showing natural characters, impacts of biological and emotional feelings, 
passiveness and activeness, social system of country. It is also revealed that 
women’s tendency to family relationship, humanity, familiarity with learners, 
men’s position in social system dependency on facts, focusing on discipline and 
orienting on right answers, dominating on speech. 

Keywords: “male” and “female”, style of interaction, Uzbek mentality, 
patriarchal system, emotional feeling, gestures. 
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Introduction
As a result of our analysis of a number of articles on gender shows that there 

still have differences of opinion among researchers on teaching and learning Eng-
lish language on gender as an example, there is still existing widespread notion 
and rights understanding of “male” and “female”. According to studies of Robin 
Tolmach Lakoff, who is a professor of linguistics at the University of California, 
Berkeley [1, p.46] and Deborah Frances Tannen, an American author and pro-
fessor of linguistics at Georgetown University in Washington, D.C. [2, p.6] on 
English spoken countries, illuminated the conception of female’s language which 
points out the differences of men and women in communication. As claimed by 
their research women are more polite than men and passive as well. Another 
American researcher in this field P.Hobbs [3, p.243] notes that when talking with 
the same sex peers, women will use many positive politeness strategies. R.Lakoff 
also states that ‘women tend to speak with reference to the rules of politeness con-
servation implicature,  interpersonal exploration men tend to speak with reference 
to the rules of conversation and straight factual communication’[1, p.74].   

Research methods
As a basis of our research such methods as comparison and observation were 

used. We compared two groups of four-year students (XTA-SR-419 and XTA-
TR-420) and the professors teaching them at Namangan State University, and 
observed how men’s and women’s teachers’ styles of interaction influence the 
students in a learning process. 

Analysis and results
The purpose of the influence of gender on English language teaching process 

is finding roles of without traditional and religious prohibition of the development 
of personal potential depending on gender, understanding and self-creation inner 
ability of learners both boys and girls. By observing, C.Tymson [4, p.8] classified 
differences in female and male in communication (see Table 1): 

 Table 1. 
Male Style Female Style 

Focus on information Focus on relationship
Report style of speaking Rapport style of speaking 
Goal driven Process oriented 
Single task approach Multi-task approach 
Succinct language Storytelling style of speech 
Working toward a destination On a journey 
Need to know the answers Work to ask the right questions 
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Taking into consideration the above information, we observed the group of 
four-year students at Namangan State University and the teachers who gave the 
lectures for them during the two-month period. The data of observation showed 
that women and men teachers and professors of Namangan State University have 
had some differences in communication in comparison with the results given by 
C.Tympson in Table 1. In the table below we suggest our notes (see Table 2):

Table 2. 
women style of interaction with the 

students
men style of interaction with the 

students
Family relationship Basis on facts 
Familiarity Focus on discipline
Emotional tendency Oriented on right answers 
Humanity Accuracy in task approach 
Tendency on gestures Being dominant on speech 

Thus, in women style of interaction with the students we noticed that family 
relationship can be impact positively and negatively. In positive way, the students 
can opine freely without stress and nervous. Furthermore, they could easily in-
teract with others with the help of familiarity of professors and can in easy way 
ask any question which interest him or her without any barriers. In negative way, 
we can say that teachers sometimes do not notice the mistakes of students and 
respect of family relationship incline to students and cause being unprofessional 
specialist. Some teachers do not notice the other learners besides their relation. 
Consequently, for other candidates their abilities and talents may not be shown, 
and it starts to cease interest to subject as well.

 In turn, it was noticed by us that familiarity with dean’s office greatly influ-
ence not to the teachers, even for learners as well. Teachers, who give the best 
skills with strong discipline and the dean’s officer can affect to the situation. 

Moreover, in women style of communication with student’s emotional tenden-
cy impact a lot. Female teachers more prone to be emotion by reason of mother 
feelings, or mercy. 

Humanity the most of the dominant feelings of women compared to men. In as 
much as men have naturally stricter and serious appearance.

The powerful effect of gestures was also shown in communication between 
teachers and learners. Gesticulating in communication indicates as warm, agreea-
ble and energetic, vs. people do not use gesture to be viewed as cold and analyti-
cal. Based on above data we also can find out how gestures effect to professors and 
learners interaction according to their gender.

As a matter of fact, in men style of communication with students they tend 
to report style on their speech that contains facts, data and aims to fix problems. 
Owners of this gender prefer to leave out personal information and anecdotes. 
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Being defined as a “stronger gender” with serious appearance and behavior, 
male tends to be more discipline. By nature, men are having military characters so 
that most of them do not like disorders in work and other activities. 

Considering female prone to emotional feelings (e.g PMS) opposite owners 
of gender mostly oriented to right answers and clarity, facts as well. On account 
of responsibility to their work tough connection with job life accuracy in task ap-
proach is one of the basic point of their characters. 

According to the data were given above by us men also appropriate to dom-
inate in a conversation. Considering the dominance of the patriarchal system in 
our country, students obey and listen to them more, even if women have more 
knowledge and skills than the opposite sex.

Conclusion
According to the analysis we have done in our research, the following was 

noticed such as the Uzbek mentality of the country, which is different from the 
other countries, especially European ones. Another factor of influences of gender 
in teaching process is importance of characters by nature, behavior, social system 
of place.  Dominance of the patriarchal system of country may allow women being 
expected position on working with students. Some emotional and biological con-
dition can interrupt female interact with learners as well. Thus, varieties sharply 
are shown in this article.
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註解。 在當今瞬息萬變的世界中，社會的技術需求正在迅速增長。 而製造業
企業在轉型為新的技術結構時，需要具備非標準化思維、事先決策能力的員工。 
這似乎是每個雇主的白日夢。 但有一些方法和工具可以幫助您解決這些問題。

其中一個解決方案是指導——這是一種現代教育趨勢，即在更有經驗的員工
的監督下向年輕專家傳授經驗。 重要的是，不僅要讓學生為某些工作條件做好
準備，為他提供必要的知識、技能和能力，從而增加他的人力資本，而且要揭示他
的認知能力，教會他找到解決方案的能力在工作過程中。

指導是一種有效的技術，用於培訓具有必要能力的有競爭力的專家。
關鍵字：中等職業教育，雙元製教育，輔導。
Annotation. In today’s rapidly changing world, the technological demands of 

society are growing rapidly. And manufacturing enterprises, when transitioning 
to a new technological structure, need employees who are ready for non-standard 
thinking, capable of making decisions ahead of time. It would seem like every 
employer’s pipe dream. But there are methods and tools that allow you to solve 
these problems.

One of these solutions is mentoring - a modern educational trend, where the 
transfer of experience to young specialists occurs under the supervision of a more 
experienced employee. It is important not only to prepare a student for certain 
working conditions, to provide him with the necessary knowledge, skills and 
abilities, thereby increasing his human capital, but also to reveal his cognitive 
abilities, to teach him the ability to find solutions that arise in the process of work.

Mentoring is an effective technology for training competitive specialists with 
the necessary competencies.

Keywords: secondary vocational education, dual education, mentoring.

The main task of secondary educational professional organizations is to train 
qualified specialists in working specialties, who are constantly in demand in the 
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labor market and are the driving force of a production enterprise, in addition to 
designers and intellectual developers.

Educational organizations invest in students the standard knowledge, skills 
and abilities they need for further development and improvement of profession-
al skills, but each student has their own special human capital - which they can 
use depending on their preferences, talents, values   and potential. A student’s hu-
man capital is the totality of his specific competencies, in addition to standard 
knowledge, skills and abilities. And the ultimate goal of an educational organi-
zation should not be limited to simple training or the creation of labor reserves, 
but should teach students to unlock their potential and increase their own human 
capital, adding to it the human capital of the educational organization.

Modern smart managers of large enterprises understand that yesterday’s grad-
uates of technical colleges are their future employees. And they are interested 
in young specialists being qualified and possessing the necessary competencies, 
because they are the ones who create added value. The further success and devel-
opment of the enterprise largely depends on them. The human capital of a compa-
ny’s employees creates the market value of the enterprise and increases compet-
itiveness. The share of influence of human capital on business value ranges from 
30 to 80% - depending on the sector of the economy. But one way or another, the 
contribution of people to the profitability of the organization is the determining 
factor [8].

Therefore, in dynamically developing enterprises there are mentoring institu-
tions and their functioning is taken very seriously. Training and education takes 
place for both the administration and middle managers, starting from the shop 
manager to industrial training foremen, foremen and mentors.

Industrial training masters play an important role in the preparation of students 
and their development as professionals. They are the necessary connecting partici-
pants in the organization of educational and industrial activities of students togeth-
er with the administration, teachers, mentors, and representatives of employers. A 
modern industrial training master, according to a number of researchers, “must not 
only be able to design the educational process, but also effectively interact with 
social partners, and above all, the employer, practice mentors at the enterprise.” 
The authors of the monograph “Industrial training masters as a professional group: 
current state and problems of development” clearly determine that the level of pro-
fessional and pedagogical education of an industrial training master has a decisive 
influence on the level of the entire subject-subject interaction in a vocational edu-
cation institution [6, p.79]. That is why modern researchers consider the master’s 
competence as one of the pedagogical problems and assert that it is necessary for 
each master to master “a certain set of the most important competencies for his 
professional activity, an integral set of knowledge, abilities, skills, abilities and 
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personality traits that allow successfully solve problems, including pedagogical 
ones, in the field of educational and production activities” [4]. This means that 
every master should not only be competent in their profession, but also have a 
“pedagogical mindset”. [2, p.28].

Of great importance in increasing the level of efficiency of the formation and 
development of the special human capital of mid-level students is their education-
al and industrial practice under the guidance of industrial training masters. This 
is the period of the highest quality training for future specialists with a fairly high 
level of development of professional competencies..

As part of the dual education aimed at enhancing the development of specialized 
human capital, students of technical colleges play the role of mentors, especially those 
from high-tech production companies. Mentorship as a form of education allows for 
a combination of flexible and practical training with the economy and efficiency of 
the process. Today, it is impossible to find another form of education that can be fully 
targeted and closely related to the real conditions of the enterprises.

The history of the mentoring system in our country is diverse and tied to the 
historical events of the development of our fatherland. Researchers on the history 
of mentoring M.A. Galaguzova and A.V. Golovnev proposed the following perio-
dization of “its development: 20–40 years - the emergence of patronage, its rapid 
and partly chaotic development; 50–60 years - the emergence of mentoring, the 
beginning of study and development, its systematization as a social phenomenon, 
legislative regulation of mentoring; 70–90 years - the mentoring system becomes 
part of state policy, awards for mentoring appear, it also receives scientific jus-
tification and becomes part of professional pedagogy as a science. Methods are 
emerging for conducting mentoring activities and for training mentors themselves. 
This was the peak of the development of mentoring in our country” [3, p.20]. They 
believe that the collapse of the Soviet country had a bad impact on the develop-
ment of the mentoring system; only in the late 90s, in the context of corporate 
training of technical specialists, they started talking about mentoring again. And 
the end of the 90s until 2005 was characterized by a period of sustainable develop-
ment of modern models of in-house professional training for individual training of 
managers, team training and retraining of personnel, and a learning organization.

In the 21st century, corporate training of technical specialists has received new 
development. This training is a process of improving the knowledge, skills and 
competencies of enterprise personnel through specialized educational programs 
aimed at satisfying the interests of enterprises in competent personnel for the accu-
mulation of intellectual, innovative capital in order to ensure the competitiveness 
of these specialists and the competitiveness of the enterprise as a whole.

M.V. Clarin, characterizing the new features of modern mentoring, identifies 
the following forms of mentoring: buddying, shadowing, coaching, secondment - 
developmental business trip [5, p. 105–107].
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Foreign companies emphasize the importance of the mentoring system and 
reveal the possibilities of new forms of mentoring such as Peer Mentoring, Group 
Mentoring, Situational Mentoring, Flash Mentoring, short-term or goal-oriented 
mentoring ( Short-Term or Goal-Oriented Mentoring), Speed   Mentoring, Self-Di-
rected Mentoring, Virtual Mentoring, Reverse Mentoring [7].

The methodological foundations of modern mentoring are well and thoroughly 
described in the article by V.I. Blinova, E.Y. Yesenina, and I.S. Sergeev “Mentor-
ing in education: you need a well-sharpened tool” [1]. The structure of interaction 
between a mentor and a follower described by them is tied to “the basic activity of 
the mentor – support activity” [1, p.7].

Interesting from the perspective of this study is that the authors of this meth-
odology emphasize that the focus of the mentor should be, first of all, “the person-
ality of the person being accompanied and his inner world, the basic processes of 
personal development, socialization, self-determination, identification, ..., system 
social relations of the person being accompanied, in which he is included in the 
context of his activities,” and not just teaching him the basics of some profes-
sion in the workplace of the enterprise. This confirms the role of the mentor in 
the system of interaction we organize between participants in dual education at a 
technical college in the development of human capital in the most general terms.

The authors (V.I. Blinov, E.Y. Yesenina, I.S. Sergeev) identify nine types of 
mentoring for different levels of education. In our case, this is “an industrial men-
tor, a mentor” [1, p.9].

They identified five types of mentoring: individual, group, collective, peer, 
online.

All presented forms of mentoring can be used depending on the circumstances 
that developed at a certain point in time. Also, depending on the current situation, 
when communicating with the person being accompanied, the mentor can use any 
method listed in the article;

– “methods of organizing the activities of the accompanied person (group of 
accompanied persons), which serves as a factor in his development and accumula-
tion of personally significant experience;

– organization of discussion (conversation, group reflection), during which the 
assessment and comprehension of the experience gained from the activity are car-
ried out;

– creation of special situations (developmental, activity-based, communica-
tive, problematic, conflictual), expanding the experience of the person being ac-
companied and activating the processes of its development;

– creation of external conditions, an environment for mastering activities (in-
cluding a subject-spatial environment that is optimal for the development of a 
mentor);
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– methods of diagnostic, developmental and monitoring assessment (including 
“participant observation”, conversation, questioning, sociometry, etc.);

– methods of managing interpersonal relationships in a group of accompanied 
persons;

– networking is a method of organizing contacts and interaction with current 
and future significant social partners (for example, schoolchildren with represent-
atives of professional educational organizations, universities, employer enterpris-
es);

– methods of updating individual motivation and facilitation;
– personal example (mentor as a bearer of the image of “successful adulthood”, 

effective strategies for self-education and self-development, professionalism, pos-
sessing certain competencies and demonstrating certain patterns of activity);

– information (including in the form of instructions);
– consulting.”
In the context of the organization of dual education in a technical college, 

the role of the administration of a vocational education institution (college) is 
strengthened and deepened. Its main function is to direct all available manage-
ment levers and resources to transfer the educational space of the organization of 
vocational education into the state of a dynamically developing system in order to 
optimally and reliably facilitate the organization of interaction between all partic-
ipants in the educational, cognitive and accompanying production process: teach-
ers, students, industrial training masters, mentors, employers. And then, interac-
tion with employers will need to be organized on the principles of effectiveness 
(in the implementation of common goals and obtaining positive results), integrity 
(“unity and consistency of the methodological and regulatory framework of inter-
action participants”), voluntariness and openness (“the possibility of entry of new 
participants, and also a way out of it”). Speaking about the need for dynamically 
developing connections with employers, two reasons for this need are put forward. 
Firstly, “in the context of modern technological transformations in production, 
the requirements of employers and, accordingly, professional standards will con-
stantly undergo changes, so professional educational organizations must quickly 
and flexibly respond to new requests from employers in order to keep up with the 
times.” Secondly, a comparative analysis of the latest educational standards shows 
a tendency towards their practice-oriented nature, which means this “determines 
the need to develop a joint policy for enterprises and educational organizations.”

The process of organizing interaction with employers in college should be im-
plemented in four interconnected sequential stages.

The first stage is organizational, at which the following are discussed and pre-
scribed: Regulations on the organization and implementation of educational and 
production activities according to the dual education model, an Agreement on 
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practical training of college students and employers, Regulations on the depart-
ment, Regulations on mentoring, and a long-term cooperation plan is being drawn 
up. All these documents must be prepared and agreed upon based on a study of the 
needs of the labor market.

The second stage is methodical. He must undergo coordination of the pro-
grams of academic disciplines and programs of educational and practical training.

The third stage - practical - is focused on the joint implementation of educa-
tional and industrial practice, as well as participation of employer representatives 
in assessing the quality of student training during the final certification and in the 
employment of graduates.

The fourth stage is reflective in analyzing the results mutual cooperation on the 
development of human capital of technical college students.

Thus, it can be stated that for the effective operation of an integrated system 
of student training, it is necessary to interact with all its participants at each stage 
and promptly coordinate joint actions. And the efforts of modern professional ed-
ucation should ensure the disclosure of the student’s potential, his hidden abilities, 
and provide motivation for self-development and the creation of his own human 
capital.

By creating a mentoring system, we help mentees, since students can inde-
pendently determine their next steps in their professional career, form their own 
paths of self-realization, and acquire the necessary competencies, which is vital in 
today’s rapidly changing world.
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抽象的。 在所提交的科學出版物中，根據俄羅斯聯邦此類培訓的經驗，考慮
蒙古調查員的專業和心理培訓問題似乎是適當的。 對專業和心理學文獻的科學
分析，包括對調查員職業圖和心理圖的編制問題的分析，可以強調該問題的相關
性。

關鍵字：專業與心理訓練、調查員的個性、職業圖、心理圖、調查員的官方活
動、特別專業的大學。

Abstract. In the presented scientific publication, it seemed appropriate to 
consider the problem of professional and psychological training of an investigator 
in Mongolia based on the experience of such training in the Russian Federation. 
The scientific analysis of the professional and psychological literature, including 
on the problems of compiling a professionogram and a psychogram of an 
investigator, allowed to highlight the relevance of this problem.

Keywords: professional and psychological training, personality of the 
investigator, professionogram, psychogram, official activity of the investigator, 
specially professional universities.



49

上合组织国家的科学研究：协同和一体化

国际会议

A special need for psychological influence arises when the investigator con-
ducts investigative actions in the presence of opposition not only from the defend-
ants, but also from other participants in the criminal process, as well as the need to 
make up for the insufficient evidence base or its absence at all.

At its core, psychological influence is defined as one of the tactical techniques 
used in investigative actions.

The activities of an investigator include performing professional tasks, includ-
ing conducting investigative actions, with the active use of psychological influ-
ence on participants in criminal proceedings. Investigators perform their functions 
and tasks in accordance with the Constitution and other legal acts of Mongolia, in 
various conditions, including both ordinary and special.

In Mongolia, there is an urgent need to develop the personality of an ATS 
investigator. This is due to the progressive development of the legal framework of 
the state, the process of reforming law enforcement agencies and the complexity 
of the tasks that they solve in the field of creating conditions for democratic chang-
es in society. All this requires a new approach to training specialists who must 
have the necessary set of professional skills and abilities.

When it comes to the profession of a law enforcement investigator in Mon-
golia, special attention is paid to determining the required professional qualities, 
due to the characteristics of investigative activities. In the process of studying at 
a higher educational institution in Mongolia, attention is also focused on the for-
mation and development of the professional qualities of an investigator. Various 
ways to achieve this goal are now being sought, exploring various approaches and 
methods.

Such Mongolian authors as S. Erdenechimeg, M. Narantuya and others stud-
ied the psychological characteristics of investigative activity in their scientific re-
search.

Thus, Sh. Erdenechimeg in the work “Khuuliyn setgel sudlal ba setgel zuyn 
zөvlөgөө” - “Legal psychology and psychological counseling” does not provide a 
detailed description of the profession of an investigator and does not report on the 
specific requirements for the executor. It attempts instead to determine the nature 
and proportion of mental properties that the investigator must possess. 1

For example, in the work “Khuuliin setgel sudlal” - “Legal Psychology” M. 
Narantuya gives a psychological description of investigative actions in the most 
general form. In the work of an investigator, in addition to procedural and psycho-
logically significant features, an integral part that must be taken into account in-
cludes the exercise of powers, detailed legal regulation, active participation, great 

1 Sh. Erdenechimeg Khuuliyn setgel sudlal ba setgel zuyn zөvlөgөө - Textbook., edited by Ch. 
Zhadamba, B. Bolor, D. Erdenechimeg, Ch. Onorzhargal; Ulaanbaatar ., – 2020, – 213 p. - P. 69
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labor intensity, a non-standard approach, and many different psychological tasks 
that are solved in the course of work. 2

Taken together, the professional occupation of an investigator has a number 
of important characteristics, such as detailed legal regulation, procedural indepen-
dence, personal responsibility, activity, significant labor intensity and a variety of 
psychological tasks that the investigator faces.

Showing a creative nature and possessing powerful and obligatory signs of 
professional authority, he tirelessly fights with interested parties. Suffering from 
a lack of time and forced to maintain official secrets, his activities are extreme.

According to the laws of Mongolia, all actions and activities of the investiga-
tor are completely subject to legal regulation. This process is associated with the 
emergence and termination of legal relations with various people, which is both 
his right and obligation. Strict compliance with the law is the main feature of the 
investigator’s profession. Except in cases where the consent and sanction of the 
prosecutor or a court order is required, the investigator bears full legal responsibil-
ity for the investigation and conduct of investigative actions during the prelimi-
nary investigation, as well as for their results.

The investigator has every right to independently make decisions about the 
direction of the investigation. This is stated in paragraph 2, article 6.2 of the Code 
of Criminal Procedure of Mongolia. 3

Persons authorized to perform government functions, including investigators, 
are directly subject to a number of articles providing for severe punishment for 
abuse of their powers, for example, Articles 22.21 and 22.23 of the Code of Crimi-
nal Procedure of Mongolia. 4Each action of the investigator has significant con-
sequences and requires strict compliance with the Criminal Procedure Code and 
by-laws, since this will immediately lead to a violation of a specific law. The in-
vestigator’s performance of his official duties with precision down to the smallest 
detail and control of actions and operations are the key features of this profession.

The work of the investigator is under strict regulatory control, which governs 
the entire investigation process. The law prescribes not only special requirements 
for individual investigative actions, such as inspection, exhumation and examina-
tion, search and interrogation, but also outlines the procedure for conducting a 
preliminary investigation in general terms. In addition, at various stages of the in-
vestigation, certain actions are required, specified in the article on the suspension 
and resumption of the preliminary investigation, and deadlines are also established 
for its completion. All these norms give the work of the investigator a clearly de-
fined normative character.

2 M. Narantuya Huuliin setgel sudlal. Training manual., 2022, 132-p., p.45
3 Criminal Procedure Code of Mongolia dated May 18, 2017
4 Criminal Procedure Code of Mongolia dated May 18, 2017
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The legal specifics of investigative activities play a very important role in de-
termining the professionally significant qualities of an investigator. The study of 
the psychological aspects of investigative activity, together with taking into ac-
count legal regulation, helps to successfully solve this problem. These qualities 
are necessary both for conducting individual investigative actions and for carrying 
out all activities.

The issues of developing a professional profile and psychogram for an investi-
gator in Russia have been studied, presented and tested quite widely. The profes-
sional and psychological training of investigators in the Russian Federation has 
the experience of in-depth study, established traditions and fairly rich practice, in 
particular, in special professional higher educational institutions.

The degree of expression of professionally important qualities of an investiga-
tor’s personality is directly dependent on the requirements for the conditions of 
his official activity5.

The group of individual psychological qualities of the investigator’s personal-
ity consists of 7 groups, which were identified following Bovin B.G., Myagkikh 
N.I., Safronov A.D., Berkovich O.E.6, based on the professional requirements for 
the personality of the investigator. Their list includes the following: communica-
tion qualities and skills, intellectual qualities, memory characteristics, attention 
and observation, volitional personality traits, emotional characteristics, motor 
skills.

To assess the criteria for a person’s psychological qualities, it was proposed to 
use a number of specially selected or developed psychodiagnostic methods.
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抽象的。 中國作為世界主要大國，在全球政治、經濟、軍事領域佔有中心地
位。 它的影響力顯著決定世界發展趨勢，影響地區和全球動態。 本文旨在深入
探討南海鬥爭背景下中國在塑造全球新力量平衡中所扮演的角色。 對南海地緣
政治動態進行了詳細分析，明確了參與國的經濟和戰略利益，並考慮了美國對地區
緊張局勢形成和發展的影響。 研究的理論意義在於揭示全球因素對太平洋地區
進程的影響，而實踐價值則在於分析南海的經濟意義、衝突各方的軍事潛力以及
南海地區的軍事潛力。考慮到事態發展的未來前景，以及在南海背景下對影響中
美複雜關係的因素進行全面檢視。

關鍵字：南海、中國、美國、超級大國、升級、習近平、緊張局勢、AUKUS、外交政
策。

Abstract. China, as a leading world power, occupies a central position in 
global politics, economics, and the military sphere. Its influence significantly 
determines the trends of world development, affecting regional and global 
dynamics. This article aims to deeply explore China’s role in shaping a new 
global balance of power in the context of the struggle for the South China Sea. 
A detailed analysis of the geopolitical dynamics of the South China Sea has been 
carried out, the economic and strategic interests of the participating countries 
have been identified, and the influence of the United States on the formation and 
development of regional tensions has been considered. The theoretical significance 
of the study is expressed in revealing the impact of global factors on regional 
processes in the Pacific region, while the practical value lies in the analysis of 
the economic significance of the South China Sea, the military potential of the 
conflict participants and the consideration of future prospects for the development 
of events, as well as a comprehensive review of factors affecting the complex 
relations between the US and China in the context of the South China Sea.

Keywords: South China Sea, China, USA, superpower, escalation, Xi Jinping, 
tension, AUKUS, foreign policy.
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In the 21st century, a unipolar political system is an integral part of the global 
order, and at the moment, public attention is increasingly attracted by the dynam-
ics of China’s rise to superpower status. A particularly noteworthy aspect of this 
development is the influence of Beijing’s policy on the South China Sea, a region 
fraught with historical tensions and strategic interests. Against the backdrop of 
geopolitical changes and rapid economic growth, the analysis of China’s influence 
on the South China Sea becomes a key aspect of understanding contemporary 
global dynamics.

China has undergone significant transformation over the past decade, demon-
strating the substantial efforts of the Communist Party of China in reforming and 
renewing the state. Given that China’s economy is second only to the US, China 
is first in terms of purchasing power parity and the largest exporter of goods in the 
world, these circumstances oblige China to take an active part in world affairs to 
maintain authority and promote its sphere of interests. ‘To conduct a policy of pro-
tectionism is the same as locking oneself in a dark room, you will protect yourself 
from wind and rain, but also deprive yourself of light and air,’ said the Chairman 
of the PRC, Xi Jinping, at the plenary session of the World Economic Forum in 
Davos in 2017 [1]. The manifestation of uncertainty and hesitation in actions for a 
country with the highest level of economy is unacceptable in the modern context, 
as such behavior instantly raises questions from the world community regarding 
the demonstration of selfishness and inability to effectively solve global problems. 
Moreover, such processes can undermine the perception of this state regarding its 
important role in world affairs. Such a situation with respect to China occurred 
during the adoption of UN Security Council Resolution No. 1973 in 2011, when 
the PRC government abstained from the issue of resolving the conflict in Libya, 
which immediately led to the above-mentioned points [2].

The South China Sea is a region that is currently under constant discussion and 
observation in modern politics, as it is one of the main battlegrounds for China’s 
geopolitical interests and the US’s efforts to restrain China from its ambitions and 
theoretical emergence as a superpower in the near future. 

With the collapse of the USSR in 1991, US supremacy on the planet became 
the norm of the global political system. The United States has held and continues 
to hold both economic and military-political supremacy in the world. Being one 
of the first founders of the International Monetary Fund, the World Bank, and the 
UN, the US exerts significant influence on modern politics, which Washington 
controls with a firm hand and does not allow any state to express its demands and 
interests too broadly. But over the past decade, China has announced itself on 
the geopolitical arena as a new, rapidly developing competitor, which, according 
to the analysis of many experts, will undoubtedly challenge the United States in 
order to create new rules for managing the global political and economic system, 
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as well as to organize new institutions that will challenge existing international 
organizations.

In international relations, there is a so-called “Power Transition Theory” cre-
ated by Abram Organski, a professor at the University of Michigan. The theory 
emphasizes that one current hegemon will constantly press on a potential rival, 
war from the superpower in this case is always possible, but the rival can also 
achieve to overthrow the hegemon [3:22]. The current situation in the South China 
Sea (SCS) also demonstrates how the United States, being the only superpower, 
restrains China, attracting as many countries as possible to conclude military-po-
litical agreements and alliances to establish its dominance and supremacy over 
China. The head of the Department of International Relations at Tsinghua Univer-
sity, Professor Yan Xuetong, also notes that the United States will defend its status 
as a hegemon on the political arena against any state opposing their influence, 
therefore the developing China will still be the main adversary of the United States 
in the field of political-economic domination in the future, but military actions can 
be avoided through agreements [4].

Beijing’s foreign policy has begun to encounter problems and failures, espe-
cially since the late 2000s, when disputes over the South China Sea became diffi-
cult to resolve quickly. China’s rapid economic growth and military moderniza-
tion, its growing dependence on maritime trade and resources, the developing na-
tionalism and assertiveness of government elites, as well as strategic competition 
with the United States, their allies and partners in the region - all this contributes 
to the escalation of tensions and conflicts in the South China Sea. The 21st cen-
tury has become the most heated period for the disputing countries, when China 
began to more aggressively participate in the control and supervision of territories, 
actively stopping passing foreign ships and building a large number of artificial 
islands and naval bases.

The South China Sea, being semi-enclosed geographically and having an area 
of more than 3.5 million square kilometers, is currently divided among such coun-
tries as China, Taiwan (unrecognized state), the Philippines, Malaysia, Brunei, 
Indonesia, Singapore, Cambodia, Vietnam, and Thailand. Most of them are stra-
tegic partners of the United States, which, together with Japan, the Republic of 
Korea, Australia, have literally surrounded the PRC with a line of military bases 
in the Pacific Ocean, exerting pressure and heating up the race for dominance in 
the region. The countries of the South China Sea are actively confronting China, 
not afraid to speak out or act directly, as in the event of the start of military clashes 
or escalations, the USA will inevitably stand up for allies against the PRC. China, 
in turn, due to its constantly growing economic and military power, is not afraid to 
dictate demands and is ready for any consequences, as it has sufficient capabilities 
to defend its position.
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At present, the South China Sea represents certain interests:
Economic: It is a vital corridor for international trade, as a significant portion 

of the world’s merchant fleet and a third of all maritime shipments pass through its 
waters, accounting for $3.37 trillion in global trade turnover [5]. According to the 
U.S. Energy Information Administration, proven and probable reserves of natural 
resources in the South China Sea are estimated at 11 billion barrels of oil and 190 
trillion cubic feet of natural gas [6:2]. These resources are mainly located in the 
disputed territories of the Spratly (Nansha) and Paracel (Xisha) islands, which are 
claimed by China, Vietnam, and the Philippines respectively. The sea is also rich 
in fish stocks, which provide millions of people with food and income.

Strategic: The South China Sea connects the Indian and Pacific Oceans and 
has several strategic chokepoints, such as the Malacca, Singapore, and Taiwan 
Straits. These narrow passages are vital for the transportation of goods between 
Asia, Europe, Africa, and America. Disputes over dominance in the sea lead to 
constant tension and militarization in the region, posing a threat to regional sta-
bility and security. The U.S. urges all conflicting states to resolve their disputes 
peacefully in accordance with international law, but in practice often conducts na-
val and air operations with allies to challenge China’s excessive claims and defend 
their hegemonic ambitions in the region. In 2021, the U.S., despite protests from 
the Chinese side, conducted more than 12 military exercises in the South China 
Sea, among which the “Large Scale Exercise 21” involving tactical and strategic 
aviation, with the participation of 25,000 servicemen from the U.S., Australia, 
Britain, and Japan, was the largest in the region’s history [7]. China also observes 
that the number of such provocative exercises in the area of China’s interests is 
only growing.

According to the 1982 UN Convention on the Law of the Sea, the expansion of 
territorial waters beyond 12 nautical miles (~22 km) is not allowed, but it is per-
mitted to have ‘Exclusive Economic Zones’ (EEZ) within a distance of 300-350 
km. To account for historical fairness in terms of dividing maritime borders, Chi-
na, represented by the Kuomintang party and then the PRC government, put for-
ward demands in the 1940s for full control of the waters in the sea under the name 
‘nine-dash line’, which covers more than 80% of the entire territory of the South 
China Sea. In 2016, the Permanent Court of Arbitration (PCA) in The Hague is-
sued a decision on the dispute that arose between the Philippines and China. This 
decision established that the PRC’s claims to historical rights within the ‘9-dash 
line’ have no legal basis and in every way violate the stability of international wa-
ters in the South China Sea, protected by the UN Convention [8].
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Source: United Nations Convention on the Law of the Sea (UNCLOS)

However, in reality, the USA, due to its involvement in the South China Sea, is 
the largest aggressor in the region, violating all principles of peaceful cooperation, 
actively inciting China’s neighbors against it. Entering into confrontation with the 
PRC, Southeast Asian countries - the Philippines, Indonesia, and Australia - do not 
have enough strength to counteract the interests of the PRC due to low state budget 
expenditures on expanding military potential. In total, China surpasses all the list-
ed countries combined in military terms. According to the world military power 
rating “Global Firepower Index” 2023, China ranks third, Vietnam - 19th, the 
Philippines - 32nd, Indonesia - 13th [9]. According to calculations, China has 2.19 
million military personnel compared to 482,000 in Vietnam, 140,000 in the Phil-
ippines, and 395,500 in Indonesia. China also has a much larger defense budget 
- 261 billion dollars, while Vietnam spends 7.9 billion dollars, the Philippines - 
3.6 billion dollars, and Indonesia spends 10.7 billion dollars on its armed forces. 
As for the navy, the PRC has more than 700 ships, which is several times more 
than the number of ships of the three above-mentioned countries combined. This 
military potential of China suggests that in case of escalation, they will practically 
have no chance to offer significant resistance, and there is only hope for military 
support from the USA.

The implementation of the “Maritime Silk Road of the 21st Century” within 
the framework of the “One Belt, One Road” initiative without any privileges in the 
South China Sea appears to be a challenging task. This region, as the world’s mar-
itime artery, allows thousands of ships with goods and resources to pass through 
many countries of the world, among which there are countries claiming the South 
China Sea, where China actively invests in the development of infrastructure, con-
struction of ports, and establishment of a competent logistics system. On the other 
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hand, the desire of the Philippines, Vietnam, Thailand, and Indonesia to seek sup-
port from the United States to resolve these disputes is fundamental in light of the 
prospective influence of regional resources on the economic growth of these coun-
tries. Increased US intervention may contribute to a decrease in China’s activity, 
and the removal of China’s military facilities in the South China Sea will moderate 
the strained relations, mitigating possible conflicts of these countries with Beijing.

Overall, China’s strategy in this context appears more justified, as the South 
China Sea is a vital place for control to enhance China’s economic potential and 
improve its national security system. Given the historical animosity between the 
two states, the US and China are rapidly building up forces in the region, but ini-
tially, in the 20th century after the Taiwan crisis, it was Washington’s initiative to 
surround China with extensive lines of fortifications, military bases, and constant 
naval patrolling of China’s coasts, which posed a catastrophic danger for the latter. 
The US intends to actively pressure Beijing’s growing dominance, that is, in no 
way allow China to become the world’s first economy and superpower respective-
ly, because then the world community and influence will come under the control 
of the PRC. 

The US political elite and the entire government as a whole are ready to deci-
sively respond to Beijing’s ambitions in the South China Sea. Current American 
sentiments can be seen from the 2020 quote from former US Secretary of State 
Mike Pompeo: “The world will not allow Beijing to treat the South China Sea as 
its maritime empire. America supports our allies and partners in Southeast Asia 
in defending their sovereign rights to marine resources in accordance with their 
rights and obligations under international law.” [10].

Referring to the “Taiwan issue” and the shift in strategic and political par-
adigms across the entire Indo-Pacific region, the United States, in conjunction 
with Australia and the United Kingdom, announced the creation of the AUKUS 
alliance on September 15, 2021. This alliance aims to maintain security and or-
der throughout the Pacific region, and combat terrorism and piracy. However, in 
reality, for such a range of objectives, there is no need to provide a continental 
country (Australia) with nuclear submarines, and from this, it can be concluded 
that the alliance is aimed at collective presence and pressure on China in the South 
China Sea. The alliance is expected to facilitate the coordination and integration 
of other partners and allies, such as Japan, India, France, and ASEAN countries, 
to form a more unified and consistent front against China’s actions. According to 
the US government, this will reduce China’s ability to exploit disagreements and 
weaknesses in the regional order and impose its unilateral and territorial claims in 
the South China Sea. Also, by developing and exchanging advanced technologies, 
AUKUS members will enhance qualitative advantages and innovative potential 
within the alliance, as well as their partners in the face of China’s rapid mili-
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tary modernization and technological progress. This will allow alliance members 
to counter and deter China’s growing capabilities in the fields of cybersecurity, 
space, artificial intelligence, quantum energy, and in the development of hyper-
sonic missiles, which are of great importance for future conflicts and security is-
sues in the region.

The U.S. stance is clear. China is a formidable adversary, breathing down its 
neck in this geopolitical and economic competition. America does not entirely 
welcome China’s presence among the permanent members of the UN Security 
Council, which allows China to actively promote its interests and weaken the 
claims and indignation of the international community towards its aggressive pol-
icy in the South China Sea. However, as history has it, China is one of the founders 
of the United Nations, and actively opposing it, attracting as many countries as 
possible, is an insurmountable task even for the number 1 superpower. There have 
been attempts by the States to accuse China of multiple pseudo-crimes regarding 
human rights, cybersecurity, technology theft, etc., but China unhesitatingly turns 
a blind eye to such provocations that the U.S. arranges for any state that goes 
against Washington’s interests.

The determination of the Chinese government and the intention to engage in 
dialogue can be underscored by a quote from the current Chinese Foreign Minister 
Wang Yi at the 77th UN General Assembly when he addressed Antony Blinken: 
“The United States must stop trying to restrain and suppress China and avoid cre-
ating obstacles in the relations between the two countries” [11]. 

The current geopolitical situation in the world raises many concerns about the 
future of all countries. Conflicts that multiply day by day, escalations and tensions 
at the borders have become commonplace in the 21st century. The current conflicts 
in Palestine and Ukraine further inflame the relations between the US and China, 
which do not have exactly common interests in resolving these issues, but theoret-
ically can come to a common compromise. Xi Jinping spoke about the fact that in 
the process of its own rise, China will avoid the “Thucydides trap”, but unlike the 
Peloponnesian War between Athens and Sparta, the United States and China have 
the opportunity to sit down at the negotiating table and prevent a complete split in 
relations, to maintain peace and stability on the planet as leading powers. After a 
sufficiently long period of absence of negotiations at the highest level, a meeting 
of the leaders of the two states took place at the Asia-Pacific Economic Coopera-
tion (APEC) summit on November 15, 2023, in San Francisco [12]. The meeting 
showed that Xi Jinping and Joe Biden are really ready to alleviate the current 
contradictions between the two countries, exchanged various agreements and thus 
give hope for the future warming of relations. However, this lull in confrontation 
will be temporary, and as soon as stability in the world normalizes, China and the 
US will return to prolonged conflicts and contradictions, which are unlikely in a 
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positive outcome, but the US struggle to suppress China’s chances of becoming a 
superpower will continue.
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註：本文對東外貝加爾南部奧農河上游左岸定居群體的形成和適應方式進行
了分析。 自2010年起，這裡就形成了定居群體。今年冬季遷徙期間，一群瞪羚沿著
遷徙通道越過埃爾曼山脊，定居在其左岸的奧農河谷。

關鍵字：原羚（Procapra gutturosa），額爾曼嶺，遷徙通道，斡南河上游，定
居群。

Annotation.The article provides an analysis of the ways of formation and 
adaptation of the sedentary group on the left bank of the upper reaches of the river 
Onon of the south of Eastern Transbaikalia. A sedentary group has been formed 
in this place since 2010. This year, during the period of winter migrations, a herd 
of gazelle crossed the Erman ridge along the migration channel and then settled 
in the Onon River valley, on its left bank.

Keywords: Mongolian gazelle (Procapra gutturosa), Erman ridge, migration 
channel, upper reaches of the river Onon, sedentary group.

The description of the ways of forming a sedentary group of gazelle on the 
territory of the Russian Federation is relevant. The Mongolian gazelle is listed in 
the Red Book of Russia [1] with rarity status 1 (endangered), endangered status 
- U (endangered), conservation status - I (requiring immediate adoption of com-
prehensive measures, including the development and implementation of a conser-
vation strategy and action plan). In addition, Mongolian gazelle is included in the 
Red Books of the Altai Republics [2], Buryatia [3] and Trans-Baikal Territory [4].
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Also, in pursuance of the Federal project “Preservation of biological diversity 
and development of ecological tourism” of the national project “Ecology”, the 
gazelle is classified as a priority species requiring priority measures for restoration 
and reintroduction.

The material was collected using the example of a population of gazelle that 
lives in the valley of the river. Uldzi (Uldz-Gol) of the Eastern aimag of Mongolia. 
Some eastern tributaries of the Uldza flow from the Erman Ridge (which itself 
crosses the state border) and serve as migration channels for gazelle to the south-
ern regions of Eastern Transbaikalia.

For field research, data from the results of pedestrian and automobile route sur-
veys were used. Observations were carried out during the migration period from 
the beginning of the migration, during its duration and until its completion. Au-
tomobile routes were laid out along the habitats of the gazelle and its migrations, 
both on the Russian side and, if possible, on the Mongolian side. Observational 
data for the period 2000-2020 was analyzed.

Mongolian gazelle migrating from Mongolia to the territory of the south of 
Eastern Transbaikalia belong to the North Kerulen group of Mongolian gazelle, 
which lives southeast of the Torey Lakes, in the steppes of Kerulen and Uldza 
(Uldz-gol) of the Eastern aimak of Mongolia. Facts of Mongolian gazelle crossing 
the Erman ridge and entering the upper reaches of the Onon are known since the 
time of the expeditions of P.S. Pallas [5, 6].

Migration of the gazelle to the upper reaches of the Onon, to the territory of the 
Kyrinsky district of the Trans-Baikal Territory, where a sedentary group of gazelle 
currently lives, until the early 2000s were sporadic. However, since the beginning 
of the 2000s mass movements of Mongolian gazelle into this area began to be 
observed (Table 1) [7-9].

Table 1
Dynamics of gazelle migrations in winter (December-February) to the Kyrin-

sky district through the migration channel on the Erman ridge
Years, winter period Number of gazelle, individuals

2000-2001 500
2001-2002 0
2002-2003 200
2003-2004 0
2004-2005 0
2005-2006 0
2006-2007 0
2007-2008 0
2008-2009 15000
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2009-2010 10000
2010-2011 0
2011-2012 0
2012-2013 30000
2013-2014 0
2014-2015 0
2015-2016 50000
2016-2017 1000
2017-2018 2000
2018-2019 0
2019-2020 50000
2020-2021 12000
2021-2022 3500
2022-2023 7000

The routes of all these migrations are marked through the Erman ridge from 
the Uldz-Gol valley to the Onon valley in the same place. This is a permanent 
migration channel and it begins where the steppe protrudes most deeply into the 
ridge from the Uldz-Gol side (Fig. 1.), providing the shortest path between these 
valleys. This area is located between the valleys of the Duchin-Gol and Turgen-
Gol rivers with all their tributaries; in the vicinity of the villages of Turgen and 
Mikhailo-Pavlovsk, Kyrinsky district, Trans-Baikal Territory. From here on-
wards, the migratory path of the gazelle to Onon runs along the valleys of the 
Mangutka and Kurtsa rivers, sometimes using the slopes of the ridges between 
them for crossings.

Picture 1. Migration corridor of the Mongolian gazelle through the Erman ridge 
to the valley of the upper Onon River
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The reason for the massive movements of gazelle lies in changes in climatic 
conditions in this region, which especially affected the steppe Dauria. Changes in 
the hydrological regime led to the fact that the period 1992-2017 was recorded 
as dry. It is characterized by an increase in average annual air temperature and a 
decrease in the level of summer precipitation [10]. At the same time, in the winter 
months (November-February), in contrast to the previous period, heavy snowfalls 
became more frequent (Fig. 2.).

Figure 2. Comparative indicators for precipitation in the winter months (mm) 
for two periods

The increase in snow cover on the winter pastures of the gazelle pushed him to 
search for accessible pastures. Many gregarious ungulates find such pastures in the 
foothills, on the slope steppe, where snow disappears faster under the influence of 
wind and solar radiation [11, 12].

In this case, the natural geographical conditions of the Erman Ridge served as 
the basis for the functioning of a permanent migration corridor of the gazelle here.

The feeding grounds of the ridge (extent, forbs, etc.) allow the gazelle to feed 
itself throughout the winter, until the snow completely disappears. The mountain 
pastures of the Erman ridge are located in close proximity to the river valley. Ul-
dzy and are connected by it geographically, which allows the gazelle to return the 
other way. The steepness of the slopes is up to 40-50°, the direction of mountain 
folds is from NW to SE or from W to E, coinciding with the usual direction of 
winds, and also promoting rapid thawing; Deposits and vegetation of the mountain 
steppe, practically not used by agriculture, have the properties of rich and accessi-
ble feeding grounds for the gazelle.

In 2010, during the next winter migration, several herds of gazelle crossed this cor-
ridor, and under pressure from subsequent herds, descended into the valley of the river. 
Onon and crossed to its left bank. Being a natural border, Onon, 30-50 m wide in the 
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spring, did not allow the gazelle herd to cross it in the opposite direction. As a result, a 
group of gazelle, numbering about 200 individuals, established itself on the left bank 
of the Onon [8]. Subsequently, it was fueled by migrants in the winter and calving in 
the summer. In 2022-2023 its number was already over 4000 heads.

The flora and vegetation of the Onon valley and surrounding ridges (Onon 
Dauria), where the sedentary group lives, are unique and diverse. Threaded 
steppes and harganatniks (thickets of Siberian apricot, spirea and elm) are typical 
here. Turf grasses are not as numerous as perennial forbs, represented by Dau-
ro-Mongolian and South Siberian-Mongolian plant species. Steppe communities 
are widely represented by polydominant forb prairie steppes [13-15].

In these living conditions, taking into account the influence of livestock farm-
ing in the area, the gazelle group over time has developed behavioral adaptations 
to permanent residence here. For example, the behavior of the gazelle at the sight 
of potential danger began to resemble the behavior of the Siberian roe deer, when 
individuals in a small herd hide in the nearest ravine, and do not run ahead of the 
vehicle, crossing the direction of movement. Also, the entire group, due to the 
cramped territory, was divided into separate groups that live in various gullies 
and valleys. Pastures often change, moving, for example, from active hayfields to 
abandoned ones or from snow-covered to thawing or less snow-covered. They try 
to avoid the proximity of farms (because of dogs); graze with livestock in remote 
areas. In case of calving or potential danger, the group actively uses the so-called 
“migration pocket” between the Kyra and Onon rivers, which is located on Mon-
golian territory and is directly connected with permanent habitats in the Kyrinsky 
region. In winter, the group is constantly fed by migrants, i.e. maintaining contact 
with the main group, and thus behaves like a small population. The very change 
from lowland pastures to mountain ones, in an extreme situation, and further ad-
aptation of the species to new conditions characterizes its successful adaptive abil-
ities, allowing the species to survive.

In the formation of a sedentary group of gazelle on the left bank of the Onon River 
in its upper reaches in the south of Eastern Transbaikalia, the natural physical and 
geographical conditions of gazelle habitat in the vicinity of the Erman Ridge played 
a huge role; the presence of a natural permanent migration channel that connects the 
main population with a sedentary group; pasture and forage properties of the channel 
and new habitat, ensuring the vital activity of the gazelle during migration and perma-
nent residence, as well as the adaptive abilities of the gazelle.
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抽象的。 這項工作的目的是研究低濃度對氨基苯甲酸對魚類個體發育不同階
段生存的影響：原腸胚階段、器官發生階段和幼蟲孵化階段。 研究表明，0.0001%
至0.0008%的劑量範圍內的PABA可使鯉魚、帶皮魚、白鮭、小貂等不同魚類的存活
率顯著提高，與對照組相比提高1.08-1.68倍。 值得注意的是，刺激魚類胚胎和幼
體存活的效果是穩定的，並且無論工業繁殖過程中的孵化條件如何，都會表現出
來。

關鍵字：對氨基苯甲酸 (PABA)、白魚、鯉魚、帶皮魚、小公魚、胚胎、幼體。
Abstract. The purpose of the work is to study the effect of low concentrations of 

para-aminobenzoic acid on the survival of fish at different stages of ontogenesis: 
at the stages of gastrula, organogenesis and hatching of larvae. It has been shown 
that PABA in the dose range from 0.0001% to 0.0008% causes a significant 
increase in the survival rate of different fish species: carp, peled, whitefish, 
sterlet by 1.08-1.68 times compared to the control. It was noted that the effect of 
stimulating the survival of fish embryos and prelarvae is stable and manifests itself 
regardless of incubation conditions during industrial reproduction.

Keywords: para-aminobenzoic acid (PABA), whitefish, carp, peled, sterlet, 
embryos, prelarvae.

The problem of increasing aquaculture productivity is one of the most diffi-
cult in the artificial reproduction of fish. Industrial breeding of valuable fish spe-
cies in fish hatcheries, in installations of closed water use (ICWU), in farms on 
cooling ponds of state district power plants is associated with a sharp change in 
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the living conditions of fish. Temperature instability, water chemistry, frequent 
transplants and artificial feed create stressful conditions for fish. These conditions 
have a particularly strong negative effect on fish during embryogenesis. Various 
approaches are being developed to improve the viability of fish: the possibility of 
using genomics, proteomics and transcriptomics in increasing the efficiency of 
aquaculture (Abdelrahman et al., 2017), the use of epigenetic factors is attracting 
great attention (Gavery, Roberts, 2017; Granada et al., 2018). Along with these ap-
proaches, non-hereditary methods of increasing the most important characteristics 
of aquaculture: productivity and stability of fish through phenotypic activation 
using genetically active substances (reparagens), for example, PABA, can also 
be highly effective. Previously, the effectiveness of using PABA to increase sur-
vival and productivity was shown in other animal species: chickens, rats, whitefish 
(Shangin-Berezovsky et al., 1983; Tsoi, Sergienko, 1992; Goodwin et al., 2018).

The purpose of this study was to assess the effect of PABA on the survival of 
embryos and larvae of four fish species: carp, peled, broad whitefish and sterlet.

Materials and research methods
The studies were carried out in 2019-2023. at fish hatchery enterprises in 

the city of Tyumen, the Tyumen region (Tyumen fish hatchery, aquafarm “Fish 
Farm”; Tobolsk fish hatchery) and in the city of Surgut (KhMAD) (warm water 
farm at State District Power Plant 1).

The object of the study was 4 species of fish at the early stages of embryogen-
esis (gastrula, early organogenesis) and during the hatching of prelarvae: whitefish 
(Coregonus nasus (Pallas), peled Coregonus peled (Pallas), carp Cyprinus carpio 
L. and sterlet Acipenser ruthenus.

After fertilization, eggs were treated with PABA solutions in the following 
concentrations: carp – 0.0008%; other types – 0.0001%. PABA solutions were 
prepared in warm (70ºС) physiological solution. The duration of exposure was 
2 hours. The control was caviar that was not exposed to PABA. Processing of 
eggs with PABA coincided with the degumming process. After processing, the 
eggs were incubated in Weiss apparatus. Counting of developing embryos at the 
gastrula and organogenesis stages was carried out using a binocular magnification 
at a magnification of 20 times (obv. 2 x approx. 10). At hatching, the number of 
prelarvae was counted in the control and experimental variants. The experiments 
were carried out in five repetitions. Statistical data processing was carried out us-
ing the Statistica application package.

Results and discussion
We studied the effect of low doses of PABA on the survival of fish in the early 

stages of ontogenesis in different years from 2019 to 2023. on different fish spe-
cies: common broad (Coregonus nasus (Pallas), peled Coregonus peled (Pallas) 
and carp Cyprinus carpio L. Data on three species were previously published (Pak, 
Sergienko, Trofimov et al, 2020; Pak, Kotov, Artemenko, 2021 ), data on sterlet 
are presented for the first time.



69

上合组织国家的科学研究：协同和一体化

国际会议

Generalization of data on assessing the effect of PABA on the survival of fish 
at different stages of embryonic development and during hatching of larvae made 
it possible to evaluate the stimulating effect of low doses of this reparagen. White-
fish and peled differ significantly from carp in the characteristics of their reproduc-
tion, which occurs at low temperatures (October-November in the Khanty-Mansi 
Autonomous District). Carp is a heat-loving species that breeds in May in the 
south of the Tyumen region. However, despite the differences, in these three spe-
cies, small doses of PABA cause the same effect: they increase the survival of fish 
in the early stages of development. The same stimulating effect was noted in our 
studies on sterlet (Table 1). Sterlet is an object that is very sensitive and demand-
ing regarding the conditions of incubation of eggs, therefore it is difficult to breed 
it in industrial conditions, in installations of closed water use (ICWU). However, 
the use of PABA can significantly increase the survival of embryos during em-
bryogenesis and the yield of prelarvae upon hatching under these conditions. 

Aggregate data on different fish species allowed us to conclude that the stim-
ulating effect of PABA is universal. On carp, when testing in contrasting condi-
tions: in the north, the city of Surgut, a farm at the cooling pond of State District 
Power Plant 1 and in the south of the Tyumen region, in the Tyumen fish hatchery, 
the stimulating effect of PABA was clearly manifested at the stage of prelarval 
emergence. When eggs were exposed to PABA at a concentration of 0.0008%, 
the percentage of developing embryos at the stage of organogenesis in the Surgut 
farm increased by 1.35 times compared to the control. Carp eggs obtained from 
females kept in cages in the cooling pond of the Surgut State District Power Plant 
were not of high quality, but the use of PABA significantly increased the number 
of developing embryos at the stage of organogenesis in the experimental version 
compared to the control (Table 1). As studies conducted at the Surgut farm and 
the Tyumen fish hatchery have shown, the yield of prelarvae when treating eggs 
with PABA was significantly higher in comparison with the control. It should be 
noted that the stimulating effect of PABA was evident on low-quality caviar. On 
a warm-water farm, when carp are kept in the water of a cooling pond, the eggs 
obtained from females are not of good quality, as evidenced by the low percentage 
of developing eggs at the stage of organogenesis (68.4%) and the percentage of 
prelarvae emerging (46.2%) in the control option (Table 1). In the Tyumen fish 
hatchery, low-quality caviar received from producers in the last incubation pro-
duction round was used to conduct experiments with PABA.

When peled and whitefish eggs were treated with PABA, a significant increase 
in the yield of prelarvae from fertilized eggs laid for incubation was observed in 
comparison with the control (Table 1). Table 1 shows the result obtained when cav-
iar was treated with PABA at a concentration of 0.0001%. This dose demonstrated 
the maximum stimulating effect, however, the range of effective doses of PABA 
was wider in whitefish: from 0.005% to 0.00001%, and in peled - from 0.001% to 
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0.00001% (Pak, Sergienko, Trofimov et al, 2020). The use of a 0.0001% PABA 
solution causes a significant increase in the yield of prelarvae in peled - 1.33 times 
more than in the control. In whitefish, the same concentration of PABA causes an 
increase in the survival of embryos at the stage of organogenesis by 3.7% (1.04 
times) and the yield of prelarvae by 14.5% (1.30 times) compared to the control.

Table 1
The effect of processing eggs of different fish species 

on the viability of embryos 
Species Experience 

Option
Eggs used, 
thousand 

pieces.

% of developing 
embryos at the stage 

of organogenesis

Prelarvae obtained
thousand 

pieces.
% of developing 

eggs
Carp Cyprinus 
carpio L. 
(Surgut farm)

0.0008% PABA 0,600 92,6±2,28* 0,467 77,8±2,88*
Control 0,600 68,4±2,16 0,277 46,2±4,14

Carp Cyprinus 
carpio L.
(Tyumen fish 
hatchery)

0.0008% PABA 0,600 97,3±1,77 0,522 87,0±1,37*
Control 0,600 95,5±1,99 0,483 80,5±1,61

Peled 0.0008% PABA 12,56 92,9±1,05 10,55 90,4±0,20*
Control 25,76 91,9±1,11 16,30 68,2±0,25

Cheer 0.0008% PABA 18,44 96,1±0,79* 11,24 63,4±0,32*
Control 23,40 92,4±1,08 10,58 48,9±0,34

Sterlet 0.0008% PABA 1,00 55,40±1,10 (гаструла) 0,542 97,83±0,44*
Control 1,00 55,00±1,11 0,413 75,09±0,15

Note: *differences with control are statistically significant (p≤0.01)

Obviously, the smaller stimulating effect of PABA in broad whitefish is as-
sociated with the genetic instability of this species in comparison with peled (Pak, 
2004). It is known that PABA increases the volume of enzymatic repair (Rap-
poport, 1989), which obviously underlies the stimulating effect even in a species 
with a high level of chromosomal mutability.

In our studies conducted on sterlet, PABA at a concentration of 0.0001% also 
turned out to be effective. When eggs were treated with PABA, the percentage of 
prelarvae released increased by 1.30 times compared to the control (Table 1).

Conclusion
Thus, studies conducted on different fish species: carp, peled, common fish 

and sterlet have demonstrated the positive effect of PABA on the viability of em-
bryos and prelarvae. An increase in the survival rate of embryos and prelarvae 
was shown when fertilized eggs were treated with PABA in low concentrations 
(0.0001% and 0.0008%). Regardless of the species and incubation conditions, 
PABA in low concentrations showed a stable effect of increasing the survival rate 
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of fish during periods of embryonic development (at the gastrula and organogen-
esis stages) and at the hatching stage of prelarvae. This indicates the universality 
of the stimulating effect of low concentrations of PABA.
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抽象的。 根據 20 名急性腎衰竭兒童血流動力學參數監測數據的研究，得出
以下結論。 在第 1 組和第 2 組患者的整個觀察過程中，注意到 PAP 晝夜節律中
位數指標有增加的趨勢。第 3 組中 PAP 晝夜節律中位數指標相對接近正常波動
（結果不良） ）在患者全身狀況較嚴重的情況下，更有可能是心臟衰竭的徵兆。 
在第1 組中檢測到PAP 晝夜節律倒置2 天，在第2 組中檢測到5 天，在第3 組中檢
測到11 天，這證實了第3 組中PBP 晝夜節律紊亂的最明顯的應激性質。

關鍵字：晝夜節律，脈壓，急性腎衰竭，兒童。
Abstract. Based on a study of data from monitoring hemodynamic parameters 

in 20 children with acute renal failure, the following was revealed. A tendency 
towards an increase in the mesor indicator of the circadian rhythm of PAP was 
noted throughout the observation in patients of groups 1 and 2. Relatively closer 
to normal fluctuations in the mesor indicator of the circadian rhythm PAP in 
group 3 (with an unfavorable outcome) in conditions of a more severe general 
condition of the patients were more likely a sign of heart failure. An inversion of 
the circadian rhythm of PAP was detected for 2 days in group 1, 5 days in group 
2, and 11 days in group 3, which confirmed the most pronounced stressful nature 
of the disturbance in the circadian rhythm of PBP in group 3.

Keywords: circadian rhythm, pulse pressure, acute renal failure, children.
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Relevance. An increase in blood pressure that occurs against the background 
of pathologies of the heart, kidneys or disorders of the endocrine system, as a re-
sult of damage to the heart and disorders of the nervous system, is usually called 
secondary hypertension. One of the simplest and most accessible markers of vas-
cular damage in arterial hypertension and an increase in their stiffness is increased 
pulse arterial pressure (PAP). The dependence of the PAP indicator on age, height 
and body mass index is shown. A connection has been established between high 
blood pressure in overweight children and signs of vascular wall remodeling. To 
date, an extensive evidence base has been accumulated regarding the ability of 
changes in PBP to cause disturbances in the central nervous system, lead to dam-
age and death of neurons, and thereby contribute to the onset and progression 
of cognitive impairment. Excessive PAP causes disruption of the integrity of the 
blood-brain barrier, can intensify the production of reactive oxygen species in the 
central nervous system, lead to endothelial dysfunction, microhemorrhages, and 
directly stimulate the formation of β-amyloid, the substrate of Alzheimer’s disease 
and dementia associated with it. Due to the important role of elevated PAP in 
impaired cognitive functioning, an important aspect of the effects of antihyperten-
sive drugs is their effect on PAP and the ability to reduce it, since this may reduce 
the risk of the onset and worsening of existing cognitive impairment. Therefore, 
among antihypertensive drugs, according to the authors, the fixed combination of 
amlodipine/indapamidretard deserves special attention, since it has an evidence 
base for its powerful potential in reducing PAP in patients with arterial hyperten-
sion, which, in turn, can help improve their quality of life. Children often suffer 
from similar pathologies, as a result of which they experience both abrupt and 
constant increases in blood pressure. However, in the literature there is insufficient 
information on the characteristics of the pulse arterial pressure (PAP) response 
during the anuric phase of acute renal failure in children aged 7.1 to 18 years [1-4].

Goal of the work. To study and give a comparative assessment of the response 
of the circadian rhythm of pulse blood pressure in acute renal failure at school age.

Material and research methods. Data from hourly monitoring of body tem-
perature were studied in 20 children aged 7.1 to 18 years with acute renal failure 
who were admitted to the ICU of the Russian Research Center for Emergency 
Medicine with anuria. Before admission to the clinic, all patients received therapy 
aimed at treating pneumonia, acute glomerulonephritis, acute intestinal infection, 
and MODS. Due to severe progressive respiratory failure, patients received inva-
sive mechanical respiratory support (MRS) on the first day as indicated. All pa-
tients underwent hemodialysis under the control of hemodynamics, acid-base bal-
ance, respiratory system, supportive, antibacterial, anti-inflammatory, syndromic 
corrective intensive therapy in accordance with existing protocols and recommen-
dations in the literature. A favorable outcome with restoration of full functional 
activity of the kidneys and discharge from the hospital was observed in 12 children 
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(groups 1 and 2), an unfavorable outcome – in 7 children (group 3). The first group 
consisted of patients who received intensive therapy in an ICU for up to 10 days (6 
patients), the second group included children with a favorable outcome after inten-
sive therapy for 11–45 days (7 patients), the third group included 7 patients with 
an unfavorable outcome. The results of the identified changes in the components 
of the circadian rhythm were carried out by deducing mesor indicators - the aver-
age daily level of the studied indicator, the amplitude of circadian fluctuations, the 
range of daily fluctuations, indicators of acrophase and bathyphase of the circa-
dian rhythm, the duration of the inversion of the circadian rhythm of the studied 
hemodynamic parameters. The research data were processed by the method of 
variation statistics using the Excel program by calculating arithmetic means (M) 
and errors of means (m). To assess the significance of differences between two 
values, the parametric Student’s test (t) was used. The relationship between the 
dynamics of the studied indicators was determined by the method of paired cor-
relations. The critical significance level was taken equal to 0.05.

Table 1.
Characteristics of clinical material, % of the total number of patients

Diagnosis 1 group 2 group 3 group boys girls Total 
glomerulonephritis 6 % (3) 20% (4) 15% (3) 20% (4) 30% (6)
Gl-nt+pneumonia 5% (1) 5% (1) 5% (1) 5% (1) 10% (2)

Gl-nt+SPON 5% (1) 10% (2) 10% (2) 10% (2) 15% (3) 25% (5)
Gl-nt+GUS 5% (1) 5% (1) 5% (1)

Gl-nt+AII+pneumonia 5% (1) 5% (1) 5% (1)
Gl-nt+ONMChemor. 10% (2) 5% (1) 5% (1) 10% (2)
Pneumonia+DCMP 5% (1) 5% (1) 5% (1)

Systenmlupus 5% (1) 5% (1) 5% (1)
Total 30% (6) 35% (7) 35% (7) 40% (8) 60% (11) 100% (20)

In groups 1 and 2, patients with acute glomerulonephritis predominated, 
amounting to 30% (6), glomerulonephritis with acute pneumonia - 10% (2), glo-
merulonephritis complicated by MODS in the compensated stage - 15% (3), and 
GUS - 5% (1 ). The main disease complicated by acute renal failure in children of 
group 1 in 100% (5) was the renal form of acute glomerulonephritis, complicated 
by acute pneumonia in 20%, compensated stage MODS in 20%, and GUS in 20% 
of cases. In group 2, one of the leading causes of acute renal failure was acute 
glomerulonephritis in 57% (4), in 14% it was combined with acute pneumonia 
(1), in 29% (2) children acute renal failure developed against the background of 
grade 2-3 MODS. It was not always possible to determine the primary focus of 
the inflammatory reaction of infectious or viral etiology, as well as the sequence 
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of development of decompensation of organ function in children admitted to the 
clinic in serious condition. No significant differences were found by gender (Table 
1). An unfavorable outcome was observed in 28% (2) of children with glomeru-
lonephritis complicated by grade 3 MODS, hemorrhagic stroke - 28% (2), AII - 
14%, severe pneumonia with newly diagnosed dilated cardiomyopathy - 15% (1), 
systemic lupus erythematosus - 15% (1). 

Table 2.
Dynamics of mesor PAP

Days 1 group  2 group  3 group  
1 45,7±3,7 47,1±3,1 40,1±3,2
2 44,5±4,0 45,8±2,8 42,5±2,4
3 45,6±3,1 45,0±2,0 44,3±3,4
4 43,2±2,5 46,3±3,5 47,4±3,1
5 44,6±2,7 45,6±3,2 46,3±4,4
6 40,4±3,9 44,2±3,5 40,5±3,0
7 45,0±3,6 44,4±3,2 43,4±3,2
8 48,0±2,1 46,5±2,0 43,8±5,0
9 43,0±2,3 46,4±1,9 42,5±3,0

10 41,3±4,4 47,0±2,4 40,6±3,1
11   47,2±2,0 42,4±3,4
12   46,0±2,7 45,7±4,1
13   44,8±2,1 43,2±4,0
14   44,3±3,5 43,0±6,1
15   43,5±2,2 43,8±4,6
16   44,4±4,9 40,1±4,5
17   41,8±2,3 37,5±2,2
18   45,3±3,1 40,0±5,1
19   45,6±2,9 42,1±5,9
20   42,5±3,0 40,5±3,1
21   43,1±3,5 41,6±3,8
22   42,8±3,8 44,3±7,1
23   46,8±4,9 44,8±8,1
24   44,3±3,2 40,8±5,5
25   43,3±2,7 40,8±4,0
26   43,7±2,6 41,3±7,9
27   41,8±3,2 37,2±6,4
28   38,9±3,3* 35,6±9,8
29   41,4±4,1 37,7±6,6
30   40,9±3,8 39,4±4,4
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Table 3
Average circadian rhythm PAP

Hours 1  group  2  group  3  group  
8 43±5 43±4 40±6
9 45±4 44±4 41±5
10 42±4 43±4 41±6
11 43±3 44±4 41±4
12 44±4 45±4 42±4
13 43±5 44±4 44±5
14 44±5 44±3 41±5
15 44±3 44±4 39±6
16 45±3 44±4 42±4
17 43±4 45±3 41±6
18 43±3 44±5 43±6
19 44±3 44±3 41±5
20 46±2 45±2 41±5
21 43±4 44±3 43±6
22 43±4 44±3 40±5
23 45±4 44±3 41±5
24 44±3 45±3 43±5
1 46±2 45±4 42±5
2 47±3 45±3 41±4
3 44±4 45±3 45±5
4 44±5 45±3 44±5
5 45±2 45±3 44±5
6 47±3 45±3 41±7
7 43±5 44±4 41±4

*- the dynamics are reliable relative to the indicator for 1 day

A tendency to increase the mesor index of the circadian rhythm of PAP was 
noted on day 1 in patients of groups 1 and 2 (Table 2). Monitoring of the studied 
indicator during intensive therapy made it possible to detect a decrease in PAP 
only on day 28 in children of group 2 by 17% (Fig. 1).
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Figure 1. Dynamics of the mesor of the circadian rhythm PAP, in mm Hg.

In group 1, the period of the weekly PAP rhythm was 8 days; in group 2, low-
amplitude deformed waves formed periods of oscillations with wavelengths of 
4,4,6,4,4 days. There was some synchronicity in the fluctuations of the mesor of 
the circadian rhythm of PAP after the 15th day in children of groups 2 and 3 with 
a difference in PAP of 3 - 5 mmHg. (Fig. 1).  

Figure 2. Average circadian rhythm PAP in mm Hg.

The average circadian rhythm of PAP in group 1 was characterized by inver-
sion - a shift in the projection of acrophase at 2 am, bathyphase at 9 am (Fig. 2). 
The studied indicator in group 2 presented a low-amplitude wave-like curve with a 
slight tendency to increase, which apparently indicated a tendency to increase vas-
cular stiffness even with a favorable outcome. Relatively closer to normal fluctua-
tions in the mesor indicator of the circadian rhythm PAP in group 3 in conditions 
of a more severe general condition of the patients were more likely evidence of a 
decrease in cardiac output, a sign of heart failure.
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It is noteworthy that the hourly values of the average circadian rhythm of PAP 
in children of group 3 turned out to be less than in groups 1 and 2, with no signifi-
cant differences in the indicator during the day and night hours (Fig. 2).

Table 4.
Average values of indicators of the phase structure of the circadian rhythm 

PAP, mm Hg.
Groups Mezor, mmHg Amplitude, mm Hg. Daily fluctuations, mm Hg

1 44±3 8,9±3,7 17,8±5,6
2 44±3 8,9±2,3 15,6±3,9
3 42±5 12,6±4,4 23,5±7,2

As presented in Table 4, a tendency was found to increase the amplitude and 
daily range of PAP fluctuations in group 3, which corresponds to the most pro-
nounced instability of hemodynamic parameters, which may be one of the patho-
genetic mechanisms of negative state dynamics, progressive failure of the regula-
tory function of the central nervous system, pituitary-adrenal system (Fig. 3,4). 
One of the known mechanisms for the development of functional failure of organs 
and systems is an energy deficiency state or mitochondrial failure. In order to re-
store adaptive capabilities, correct impaired compensatory reactions of central and 
peripheral hemodynamic parameters, one of the real opportunities to maintain the 
viability of the body in a terminal state is to maintain the functional activity of the 
remaining intact cells in a state of reversible ischemia, to support and restore intra-
cellular metabolism with appropriate intensive therapy. The latter is quite widely 
used in clinical practice for the management of patients in other critical situations 
and terminal conditions. 

Figure 3. Dynamics of the amplitude of the circadian rhythm PAP, mm Hg.
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Figure 4. Daily range of blood pressure fluctuations, mm Hg.

Figure 5. Duration and severity of acrophase shift in the circadian rhythm of 
PAP.

An inversion of the circadian rhythm of PAP was detected for 2 days in group 
1, 5 days in group 2, and 11 days in group 3, which confirmed the most pro-
nounced stressful nature of the disturbance in the circadian rhythm of PAP (Fig. 
5). The identified feature confirms the assumption of a tendency towards vascular 
stiffness mainly at night in group 3. In this regard, it is noted that it is advisable to 
enhance hemodynamic correction by administering vasodilators in the dark.

Figure 6. Correlation connections of the mesor of the circadian rhythm of PAP
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In group 1, the tendency for a direct correlation between the dynamics of PAP 
and SBP slightly prevailed (0.48), in group 2 there was an inverse correlation be-
tween changes in PAP and DBP (-0.55) (Fig. 6).

Conclusion. A tendency towards an increase in the mesor indicator of the cir-
cadian rhythm of PAP was noted throughout the observation in patients of groups 
1 and 2. Relatively closer to normal fluctuations in the mesor indicator of the 
circadian rhythm PAP in group 3 in conditions of a more severe general condition 
of the patients were more likely a sign of heart failure. Inversion of the circadian 
rhythm of PBP was detected for 2 days in group 1, 5 days in group 2, and 11 days 
in group 3, which confirmed the most pronounced stressful nature of the distur-
bance in the circadian rhythm of PAP
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抽象的。 對 20 名 7.1-18 歲急性腎衰竭兒童的平均動脈壓每小時監測數
據進行了研究。 第1組和第2組在第1天的MAP晝夜節律或隨後觀察天的動態沒有
顯著偏差。經過20天的強化治療，第3組的晝夜節律中位數MAP仍顯著高於第3組2. 
在最嚴重的組別中發現了MAP 波動幅度和每日範圍的最大值 3. 在第3 組的兒
童中檢測到了最長的MAP 晝夜節律反轉。對平均動脈壓水平的主要影響第1組和第
2 組的收縮期射血量在第3 組的兒童中顯著中和。

關鍵字：晝夜節律、血壓、急性腎衰竭、兒童。
Abstract. Data from hourly monitoring of mean arterial pressure in 20 

children with acute renal failure aged 7.1-18 years were studied. There were no 
significant deviations in the circadian rhythm of MAP on day 1 or in the dynamics 
on subsequent days of observation in groups 1 and 2. After 20 days of intensive 
therapy, the circadian rhythm mesor MAP in group 3 remained significantly higher 
than in group 2. The maximum values of the amplitude and daily range of MAP 
fluctuations were found in the most severe group 3. The longest inversion of the 
circadian rhythm of MAP was detected in children of group 3. The predominant 
effect on the level of mean arterial pressure of systolic ejection in groups 1 and 2 
turned out to be significantly neutralized in children of group 3.

Keywords: circadian rhythm, blood pressure, acute renal failure, children.
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Relevance. Based on statistics, only half of people are aware of their condition, 
and even fewer are treated. The main danger of chronic hypertension is damage 
to target organs (heart, kidneys, retina, brain). Hypertension also significantly 
increases the risk of cardiovascular events such as stroke and heart attack. As 
hypertension progresses, symptoms of target organ damage develop - vision de-
teriorates, urination becomes more frequent, pain in the heart appears, and symp-
toms of brain hypoxia appear. Often, it is in childhood that conditions that lead to 
arterial hypertension in adults develop, and one of the many triggering factors for 
the formation of arterial hypertension in childhood is kidney disease.

Despite the variety of etiological factors of acute renal failure, its pathogene-
sis consists of the following main links: renal vasoconstriction, causing tissue is-
chemia; decreased permeability of glomerular capillaries, leading to a drop in glo-
merular filtration rate (GFR); obstruction of the tubules by cellular debris; transep-
ithelial reverse flow of filtrate into the peritubular space. The hemodynamic factor 
plays a dominant role in the pathogenesis of the syndrome. There is an opinion that 
in the oligoanuric stage the hemodynamic factor does not play such an important 
role, since damage has already occurred and attempts to improve renal blood flow 
do not produce an increase. In children, the normal dynamics of blood pressure growth 
over the age of 7 years slows down, SBP stabilizes at 110 - 120 units, diastolic - from 
70 to 90, average arterial pressure fluctuates between 83-100 mm Hg. During this 
period of the child’s growing up, blood pressure numbers may change throughout the 
day. During the day and evening they reach a peak, and by night they fall. From one 
to five in the morning, normal blood pressure levels are minimal. For the purpose of 
early diagnosis of parenchymal and renovascular arterial hypertension in children and 
adolescents, it is advisable to evaluate the results of measuring blood pressure using 
the Korotkoff method in the upper and lower extremities, daily monitoring of blood 
pressure (DMBP), blood hormone levels (renin, aldosterone, cortisol), ultrasound of 
the kidneys in a horizontal and vertical position of the patient with assessment of the 
volume of the kidneys, excretory urography and Dopplerography of the renal vessels 
in the horizontal and vertical position of the patient, dynamic renoscintigraphy and 
dynamic renoscintigraphy induced by Capoten, magnetic resonance imaging or com-
puted tomography of the kidneys.

However, in the literature there is insufficient information on the character-
istics of the response of the circadian rhythm of mean arterial pressure (MAP) 
during the oligoanuria phase in acute renal failure, which developed in children 
aged 7.1 to 18 years [1-5].

Goal of the work. To study and give a comparative assessment of the response 
of mean arterial pressure in acute renal failure at school age.

Material and research methods. Data from hourly monitoring of mean arterial 
pressure were studied in 20 children with acute renal failure who were admitted 
to the ICU of the Russian Research Center for Emergency Medicine with anuria 
at the age of 7.1 to 18 years from the ICU of regional children’s hospitals and 
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branches of the Republican Research Center for Emergency Medicine. Patients 
received invasive mechanical respiratory support on the first day as indicated due 
to severe progressive respiratory failure. All patients underwent hemodialysis, un-
der the control of hemodynamics, acid-base balance, respiratory system, support-
ive, antibacterial, anti-inflammatory, syndromic corrective intensive therapy in 
accordance with existing recommendations in the literature. A favorable outcome 
with restoration of full functional activity of the kidneys and discharge from the 
hospital was observed in 13 children (groups 1 and 2), an unfavorable outcome 
– in 7 children (group 3). The first group consisted of patients who received inten-
sive therapy in an ICU for up to 10 days (6 patients), the second group included 
children with a favorable outcome after intensive therapy for 11–45 days (7 pa-
tients), the third group included 4 patients with an unfavorable outcome.

Results and its discussion. 

Table 1.
Dynamics of the circadian rhythm mesor MAP

Days 1 group 2  group 3  group 
1 103±3 98±6 92±8
2 98±4 93±2 89±3
3 101±2 99±2 96±3
4 102±3 96±4 96±4
5 99±3 97±3 99±4
6 98±3 98±2 97±4
7 97±2 98±3 102±3
8 94±2 98±2 100±4
9 76±2 96±3 99±4
10 83±2 97±3 100±3
11   97±2 98±4
12   96±3 102±4
13   98±3 98±4
14   99±3 101±2
15   98±4 92±3
16   98±4 96±5
17   103±5 102±4
18   100±3 99±6
19   101±2 95±7
20   103±4 112±7
21   100±4 114±6ˮ
22   102±3 139±10ˮ ●
23   101±4 134±7ˮ ●
24   103±6 132±10ˮ ●
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25   105±2 139±6ˮ ●
26   104±2 127±11ˮ
27   103±5 136±7ˮ ●
28   102±4 130±7ˮ
29   103±3 136±7ˮ ●
30   103±3 131±3ˮ

Table 2.
Average circadian rhythm

 1  group 2  group 3  group 
8 96±7 102±5 113±16
9 95±8 101±4 111±15
10 93±6 102±4 110±17
11 95±6 101±5 108±15
12 96±7 100±4 110±16
13 97±8 101±4 111±16
14 97±9 100±4 110±15
15 95±7 100±4 109±15
16 94±9 99±4 110±15
17 95±7 99±5 110±5
18 95±8 99±3 110±18
19 96±8 101±4 111±16
20 95±8 100±4 109±16
21 95±7 100±4 110±16
22 96±7 99±4 108±14
23 93±7 98±4 110±17
24 96±6 99±4 109±16
1 94±6 98±4 108±15
2 93±6 97±4 107±15
3 93±6 97±4 109±17
4 94±6 98±4 109±16
5 95±7 100±4 109±14
6 96±8 100±4 111±14
7 97±6 99±4 108±13

ˮ-significant relative to the indicator in group 2
● – reliable relative to the indicator on 1 day

As presented in Tables 1 and 2, no significantly significant deviations of the 
circadian rhythm mesor of MAP on day 1 were detected in the dynamics on sub-
sequent days of observation in groups 1 and 2. After 20 days of intensive therapy, 
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the circadian rhythm mesor MAP in group 3 remained significantly higher than on 
the first day and was higher than in group 2 by 14 – 33 mm Hg. (Fig. 1).

Table 3.
Average circadian rhythm parameters MAP

Group Mezor MAP, 
mm Hg.

MAP in 
acrophase, 

mm Hg.

Indicator in 
bathyphase, 

mm Hg.

Amplitude, 
mm Hg

Daily range, 
mm Hg.

1 95±3 102±8 88±6 7±2 14±3
2  100±3 108±4* 91±3* ‴ 8±3 17±5
3  109±5 124±19 96±12 15±7 28±11
* - deviation is reliable relative to the mesor index
‴ - reliable relative to the indicator in acrophase

A reliably significant excess of the mean MAP indicator over the study period 
relative to the mesor of the circadian rhythm in the acrophase by 8 mmHg was 
found. (p<0.05), as well as in the bathyphase by 9 mmHg. (p<0.05) in children of 
group 2 (Table 3). Only in patients of group 2, a significant difference was revealed 
between MAP in acrophase and bathyphase, amounting to 17 mmHg. (p<0.05). 
An interesting fact is the maximum amplitude and daily range of MAP fluctuations 
in the most severe group 3, when the amplitude of the circadian rhythm MAP was 
8 mmHg greater than in group 1. and 14 mmHg. and by 7 mmHg. and 11 mmHg. 
more than in patients of group 2 (Fig. 3,4). The difference is unreliable due to the 
large scatter of the indicator, but the identified feature in the most severe patients 
has significant clinical significance in assessing the adequacy of compensatory 
reactions during the adaptation process and clinical assessment of the severity of 
the condition. Thus, the greater the amplitude of the circadian rhythm of MAP and 
the range of daily fluctuations in the indicator, the more likely the unfavorable 
prognosis of the disease. The findings are fully consistent with the existing idea of 
a worsening prognosis due to unstable hemodynamics in critical conditions.

Figure 1. Dynamics of the circadian rhythm mesor MAP, mm Hg.
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Figure 2. Average circadian rhythm of mean arterial pressure, mmHg.

Circadian fluctuations in the average circadian rhythm of MAP were character-
ized by low amplitude, and an increased level of fluctuations was found in children 
of group 3 (Fig. 2).

Figure 3. Amplitude of circus rhythm MAP

Figure 4. Daily fluctuations in MAP over time depending on the severity of the 
condition, mm Hg.
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Figure 5. Duration of circadian rhythm inversion MAP at the age of 7.1-18 
years

The longest inversion of the circadian rhythm of MAP was detected in children 
of group 3 (17 days), which amounted to 57% (Fig. 5) of the duration of intensive 
care. 

Figure 6. Correlation connections MAP

A strong direct correlation between MAP and DBP was found in all groups 
(0.99; 0.77; 0.7, respectively, across groups), that is, the level of MAP directly 
depended on the tone of peripheral vessels and other factors that determine the 
value of DBP. A direct strong correlation between MAP and SBP in groups 1 and 
2 (0.94; 0.87) indicated a predominant influence on the level of mean arterial pres-
sure of systolic emission, which was significantly neutralized in children of group 
3 (0.4) (Fig. 6 ).
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Conclusion. There were no significant deviations in the circadian rhythm of 
MAP on day 1 or in the dynamics on subsequent days of observation in groups 
1 and 2. After 20 days of intensive therapy, the circadian rhythm mesor MAP in 
group 3 remained significantly higher than in group 2. The maximum values of 
the amplitude and daily range of MAP fluctuations were found in the most severe 
group 3. The longest inversion of the circadian rhythm of MAP was detected in 
children of group 3. The predominant effect on the level of mean arterial pressure 
of systolic ejection in groups 1 and 2 turned out to be significantly neutralized in 
children of group 3.
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抽象的。 目的－對現代診斷非酒精性脂肪肝患者前景的科學數據進行薈萃分
析。 材料和方法。 對過去 10 年獲得的科學數據進行了分析，並使用「Web of 
Science、Scopus、eLibrary、RSCI 和 Google Scholar」進行分析。 結果。 科學
資料的統合分析確定了 500 多項研究，其中僅選擇了 40 個來源作為研究對象。 
結論。 因此，對科學數據的分析表明，儘管了解非酒精性脂肪肝的發病原因及其
複雜性，但肝臟活檢仍然是評估肝臟健康的黃金標準。 在這方面，有必要引入易
於使用的非影像工具和準確的生物標記物，借助它們不僅可以做出充分的診斷，
而且可以在臨床試驗中有效評估 NAFLD 的新療法。

關鍵字：非酒精性脂肪肝（NAFLD）； 非酒精性脂肪肝的診斷。
Abstract. Objective – meta-analysis of scientific data on prospects of modern 

diagnostics patients with non-alcoholic fatty liver disease. Materials and methods. 
Analysis of obtained scientific data was carried out over past 10 years and was 
carried out using «Web of Science, Scopus, eLibrary, RSCI and Google Scholar». 
Results. Meta-analysis of scientific data identified more than 500 studies, of which 
only 40 sources were selected as object of study. Conclusion. As a result, analysis 
of scientific data revealed that despite understanding of pathogenetic causes of 
non-alcoholic fatty liver disease and complexity of this disease, liver biopsy still 
remains gold standard for assessing liver health. In this regard, there is a need 
to introduce accessible non-imaging tools and accurate biomarkers, with help 
of which it will be possible not only to make an adequate diagnosis, but also, in 
clinical trials, to effectively evaluate new treatments for NAFLD.
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Introduction. Non-alcoholic fatty liver disease (NAFLD) is one of most com-
mon chronic liver diseases in industrialized countries, in regions such as Europe, 
Asia and United States [1]. Prevalence of liver pathology is rapidly progressing, 
with presence of NAFLD worldwide accounting for 25.0% of adult population. 
And ratio incidence of NAFLD among men and women is 1:1, with most com-
mon age among patients in this category being 45 years [2]. Clinically, NAFLD 
ranges from a fairly innocuous, benign condition to nonalcoholic fatty liver dis-
ease (NAFL) or nonalcoholic steatohepatitis (NASH). In addition, there is clini-
cal evidence that NAFLD can progress to liver fibrosis and cirrhosis [3, 4]. De-
spite unfavorable risks of more severe or even life-threatening conditions during 
course of NAFLD, today there is no universal method of therapeutic intervention 
for NAFLD depending on stage of pathological process [5]. On the one hand, 
choice of drugs that are potentially effective for treatment of NAFLD remains 
controversial; on other hand, type of conservative therapy directly depends on 
stage and advanced stage of NAFLD [6]. As a rule, diagnosis of NAFLD is based 
on ultrasound examination of liver and biochemical indicators of liver enzymatic 
activity. However, there are increasingly more publications on use of ultrasound 
elastography of liver, radiological diagnostic methods and some forms of genet-
ic testing, which largely encourages prospects for improvement in approaches to 
comprehensive medical care for patients suffering from NAFLD. This meta-anal-
ysis focuses on laboratory diagnostic options, including genetic tests and imaging 
techniques, used to diagnose different stages of NAFLD.

Objective is to evaluate status and capabilities of modern types of diagnostics 
of non-alcoholic fatty liver disease as part of a meta-analysis of scientific data.

Materials and methods. Design and structure of study was organized in ac-
cordance with international protocol for systematic reviews and meta-analyses 
“PRISMA-2009”. A search for scientific publications devoted to study of diagno-
sis of patients with NAFLD was carried out in «Web of Science, Scopus, eLibrary, 
RSCI and Google Scholar». Analysis of obtained data was carried out among sci-
entific papers published between 2013 and 2023 (the error, in form of later studies, 
was used in isolated cases when it came to fundamental scientometric data). Study 
included 693 scientific articles; after an audit procedure for comparison of topics 
and absence of duplicates, 40 sources were included.

Results. In clinical practice, NAFLD is defined as fatty infiltration of liver 
accounting for more than 5.0% of liver weight, or presence of more than 5.0% 
of hepatocytes loaded with large fat vacuoles [7]. Basic condition for diagnos-
ing NAFLD is absence of a cause of fatty liver disease such as alcohol and fact 
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that NAFLD has a heterogeneous development and many manifestations, includ-
ing hepatocellular carcinoma [8]. When a diagnosis of NAFLD is suspected, it is 
important to exclude alternative causes of fat accumulation in liver or to rule out 
signs of liver dysfunction. At the moment, gold standard for diagnosing NAFLD 
is a liver biopsy, but its implementation carries a lot of inconvenience for both 
specialists and patients [9]. In general, a comprehensive clinical examination of 
patients with suspected NAFLD includes collection of a complete medical his-
tory, including exclusion of systematic alcohol consumption, certain groups of 
medications, family history and presence of viral liver diseases. Laboratory di-
agnostics basically include biochemical screening, serological testing of hepatitis 
B and C markers, determination of liver autoantibodies, immunoglobulins, con-
centration of α-1-antitrypsin, ferritin and ceruloplasmin in patients under 50 years 
of age. NAFLD is most often suspected clinically when a person with features of 
metabolic syndrome exhibits elevated serum aminotransferase levels, but nearly 
80.0% of patients with NAFLD do not have biochemical abnormalities, which has 
several possible explanations. Thus, when analyzing ALT, experts often overesti-
mate upper limit of normal, since calculation of hematological indicator is carried 
out without taking into account data from undiagnosed liver diseases, including 
NAFLD [10]. In the largest study, D.Prati et al. (2002), biochemical parameters of 
ALT were analyzed, subject to mandatory exclusion from study of persons at risk 
of liver dysfunction, obesity or diabetes. As a result, authors suggested that most 
sensitive ALT value for diagnosing NAFLD would be 30 U/L for men and 19 U/L 
for women. In addition, aminotransferase levels usually decrease significantly as 
NAFLD progresses and liver fibrosis develops. Consequently, in later stages of 
disease, biochemical indicators of liver function may be within normal limits [11].

Metabolic syndrome and its components are closely associated with occur-
rence of NAFLD. In almost two-thirds of obese people with T2DM, as well as in 
half of patients with hyperlipidemia and hypertension, liver ultrasound reveals fat 
deposition in parenchymal area [12]. To specifically identify NAFLD and its asso-
ciation with metabolic syndrome, diagnostic tools have been developed that have 
proven themselves in clinical practice. The most popular of these methods is index 
of steatosis or fatty degeneration of liver parenchyma (Fatty Liver Index - FLI). 
This diagnostic method includes, in addition to ultrasound, assessment of BMI, 
waist circumference, gamma-glutamyltransferase (GGT), and TG. Second diag-
nostic tool is Liver Fat Score (LFS). LFS score for NAFLD includes assessment of 
predictors such as metabolic syndrome, type 2 diabetes, fasting serum insulin, as-
partate aminotransferase (AST) and ALT, as well as ratio of these enzymes. Both 
diagnostic algorithms are widely used in clinical practice and have a close correla-
tion with more objective indicators of steatosis observed with ultrasound [13, 14].

At the moment, various methods of imaging liver are available, but abdom-
inal ultrasound is the most pragmatic, radiation-free and relatively inexpensive 
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diagnostic method. Liver ultrasound is widely used and is a routine first-line diag-
nostic method [15]. Ultrasound has several significant advantages, which include 
non-invasiveness, lack of radiation exposure, accessibility and relative ease of use. 
In addition, ultrasound can be used to assess changes in parenchymal structure 
and identify various liver lesions. In cases with severe NAFLD or development of 
NSG, ultrasound has good sensitivity (85.0%) and specificity (95.0%). However, 
in initial forms of NAFLD, when number of steatotic hepatocytes varies from 
20.0% to 30.0%, ultrasound is an ineffective diagnostic method [16]. Another 
problem with ultrasound diagnosis of NAFLD is liver fibrosis [17]. Since fibrosis 
phenomena can be cause of increased echogenicity of liver, which largely reduces 
ability to visualize fatty deposits [18]. More advanced techniques are being used to 
overcome limitations of ultrasound in assessing early manifestations of NAFLD. 
For example, Controlled Attenuation Parameter (CAP™), which uses vibration 
electrography to measure degree of ultrasound attenuation due to liver fat. V. eLe-
dinghen et al. (2014) conducted a study in which they found that use of CAP could 
detect a milder degree of hepatic steatosis compared with conventional ultrasound. 
In addition, authors state that SAR correlates well with liver biopsy for diagnosing 
NAFLD [19]. Another innovation has been computer-assisted quantitative meth-
ods, such as combined liver echo intensity ratio followed by estimation of rate of 
decay of echo intensity. This method has a high level of sensitivity and specificity, 
and also allows you to detect steatosis if less than 15.0% of liver is affected. In re-
cent years, a diagnostic method for NAFLD, such as computed tomography (CT), 
has become widely used. Like ultrasound, CT is easy to use and has relatively 
widespread use in clinical practice. Reliability of CT is due to its high specificity 
and sensitivity in diagnosis of NAFLD with moderate and severe steatosis. Unfor-
tunately, this method is also unreliable when level of hepatic steatosis is low. In 
addition, potential hazard of ionizing radiation makes CT unsuitable for longitudi-
nal follow-up of patients with NAFLD [20].

Most accurate and preferred method for diagnosing NAFLD is magnetic reso-
nance imaging (MRI). MRI methods are very accurate in detecting hepatic steato-
sis, only limitation is examination modes. Thus, for diagnosis of NAFLD and vis-
ualization of steatosis, T1-weighted, T2 mode is used, which makes it possible to 
achieve interference of proton signal in adipose tissue [21]. With time and clinical 
experience with MRI, several methods have been developed with higher accuracy 
than classical MRI modes. One such method is MR spectroscopy (MRS), which 
measures fat fraction in liver with proton density. At the moment, MRS is not a 
publicly available method and is time-consuming [22, 23]. Another modernized 
method, Liver Multi Scan (LMS), uses traditional MRI technology but combines 
two or more quantitative methods to assess LIF liver inflammation and fibrosis. 
According to research by M. Pavlides et al. (2017), LMS with LIF assessment 
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demonstrated high diagnostic accuracy, even in comparison with morphological 
methods for diagnosing NAFLD. Unlike acoustic methods, LMS is not affected by 
central obesity, and this method can accurately visualize parts of liver involved in 
process of steatosis [24]. MR elastography (MRE), particularly 3D MRE imaging 
modality, has demonstrated superiority over ultrasound techniques for assessing 
fibrosis in NAFLD [25]. MRE has a significant drawback, which is that this di-
agnostic method is available only to specialized medical institutions in developed 
countries. This makes MRE practically unsuitable for widespread use.

Given understanding that NAFLD can develop among patients without clin-
ical metabolic syndrome, introduction of genetic testing has recently become in-
creasingly popular. In case of NAFLD, main attention is paid to identification 
of patatin-like phospholipase protein gene (PNPLA-3). Which is responsible for 
encoding membrane-binding function of hepatocytes and adipocytes. Main role 
of this protein structure is hydrolysis of TG in liver and concomitant excretion of 
low-density lipoproteins (LDL), [26]. According to SSLee et al. (2014), PNPLA-3 
single nucleotide polymorphism “I-148M” (rs738409) is observed in approxi-
mately 20.0% of patients suffering from NAFLD. Also, presence of PNPLA-3 
polymorphism indicates a violation of enzymatic activity of liver, hydrolysis of 
triglycerides and, as a consequence, a violation of LDL secretion [27, 28]. As a 
consequence, PNPLA-3 polymorphism indicates increased steatosis and inflam-
matory phenomena in liver [29]. There are a number of genes that have been relia-
bly proven to be associated with NAFLD, including TM6SF2 gene (rs58542926), 
polymorphism of which reflects excessive secretion of oLDL . TMF6SF2 is a 
transmembrane gene and plays a critical role in enrichment of triglycerides to 
apoliprotein state. Thus, sequencing of this gene can be guaranteed to reflect a 
disorder in form of excess liver triglycerides and an inevitable decrease in lev-
el of circulating lipoproteins, which indicates disorders likely associated with 
NAFLD [30, 31]. LYPLAL1 gene, in rs12137855 variation, which has function of 
triglyceride catabolism, is however under study. Several variants (rs780094 and 
rs1260326) of GCKR gene polymorphism, reflecting degree of de novo regulation 
of lipogenesis. This genetic marker reflects level of glucose influx into hepato-
cytes, simultaneously controlling actions of glucokinase in liver. GCKR missense 
mutation encoding p446L protein is a marker of association of fat accumulation in 
liver and allows early differentiation of NAFLD [32]. LPIN1 gene and its variation 
rs13412852 reflect regulatory function of lipid metabolism. LPIN1 gene is a phos-
phatide phosphatase and regulates lipid metabolism by participating in synthesis 
of phospholipids and triglycerides, acting as an inducible transcriptional coactiva-
tor of fatty acid metabolism. These properties of LPIN1 make it possible to deter-
mine with high probability presence of NAFLD in patients [33, 34]. Variants of 
mitochondrial associated genes SOD2 (rs4880) and UCP2 (rs695366), responsi-
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ble for function of mitochondrial antioxidant and mitochondrial lipid metabolism 
(OxPhos), allow us to determine a violation in mechanism of fatty acid oxidation. 
Violations of these functions can lead to a lack of protection of hepatocytes from 
free fatty acids, which in turn leads to accumulation of reactive oxidative elements 
and development of NAFLD. As well as variations (rs1044499 and rs1801278) for 
ENPP1 and IRS1 genes, respectively, which demonstrate an inhibitory response 
to insulin signaling pathway. Since polymorphism of these genes involved in in-
teraction between insulin receptors in liver and direct transmission of signals from 
them, and signaling pathway itself is directly associated with fibrosis, sequencing 
data for ENPP1 and IRS1 are of particular importance in diagnosis of NAFLD as 
markers of insulin resistance and fibrosis [35].

Recently, a type of diagnosis such as epigenetics has become increasingly pop-
ular, due to emergence of data on gene expression and phenotypic variations that 
are not associated with changes in DNA chain sequence, but lead to NAFLD. One 
of these methods includes tests of non-invasive biomarkers, namely non-coding 
RNA (nc-RNA) test - F. Nassir et al. (2022), [36].  Need to develop non-invasive 
biomarkers is due to possibility of differentiating simple hepatic steatosis from 
NAFLD, NSG and early fibrosis. Most human RNA transcripts do not encode 
proteins; ncRNAs include short RNAs (<30 nucleotides) such as microRNAs 
(m-RNAs) and long non-coding RNAs (>200 nucleotides) such as circular RNAs 
(circular RNAs). [37, 38]. ncRNAs regulate cell physiology and function through 
epigenetic gene silencing and post-transcriptional regulation of mRNA stability. 
According to X.Qian et al. (2022) dysregulation of this process and abnormal ex-
pression of nc-RNA are directly associated with occurrence of NAFLD [39]. What 
is noteworthy is that in a recent study by Z. Fang et al. (2021), provide data and 
pay special attention to analysis of role of exosomal m-RNAs in NAFLD. Circulat-
ing m-RNAs, including m-RNA-122, m-RNA-34, m-RNA-192 and m-RNA-375, 
were increased in NAFLD and positively correlated with disease severity [40]. 
Specific for patients with NAFLD is a change in m-RNA-122 (more than 70.0% 
of total liver m-RNA pool). In large clinical studies, mRNA-122 levels were sig-
nificantly increased in serum of patients with NAFLD and have been proposed as 
a potential biomarker for NAFLD and its progression [41, 42].

The most accurate method for diagnosing NAFLD and NSG still remains a 
liver tissue biopsy. Although biopsy is standard of care for diagnosing NAFLD, its 
use poses a clinical challenge in management of patients with NAFLD. Perform-
ing serial liver biopsies is expensive and completely unacceptable for both patients 
and healthcare professionals. Of course, liver biopsy should be considered in all 
cases that pose problems associated with risk of developing liver malignancies. 
Additionally, in individuals with a high likelihood of liver fibrosis, a biopsy may 
be used to confirm diagnosis.
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Conclusions. NAFLD is a highly common disease that is prevalent in most 
countries of the world. Pathogenesis of NAFLD is associated with insulin resist-
ance and hyperlipidemia, which lead to development of damage not only to liver, 
but also to other organs and systems. In particular, blood vessels, heart and pancre-
as, thus exacerbating life prognosis of this group of patients. Thereby emphasizing 
characteristics of patients, importance of diagnosis and complexity of choosing 
therapeutic tactics for treatment of NAFLD. Often low sensitivity of standard di-
agnostic methods does not lead to an adequate diagnosis, and this is due to multi-
factorial nature of causes of NAFLD, as well as complete lack of accessible and 
inexpensive imaging tools and lack of adequate non-invasive biomarkers. This 
literature review summarized modern types of diagnostic mechanisms, including 
epigenetics, as a potentially effective option for diagnostic screening of NAFLD.

Conclusion. Despite these limitations and high risk of sampling error, liver 
biopsy remains standard of care for evaluation of NAFLD. In this regard, there is 
a need to introduce accessible non-imaging tools and accurate biomarkers, with 
help of which it will be possible not only to make an adequate diagnosis, but also, 
within framework of clinical trials, to analyze effectiveness of modern methods of 
treating NAFLD.
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conflict of interest in preparation and conduct of study
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抽象的。 介紹。 腦性麻痺兒科患者的復健治療採用「非侵入性介面腦機外
手-2」醫療技術，旨在刺激神經發生過程。 確定復健治療結束前後患者周邊血液
中神經營養因子（NTF）濃度的動態變化有望證實復健治療的有效性。

目的：透過引入軟硬體綜合體“非侵入性介面腦-機-exohand-2”，研究分析腦
性麻痺兒科患者在復健治療過程中血液中NTF水平的變化。

患者和方法。 腦性麻痺兒科患者接受上肢運動活動、痙攣和日常技能能力水
準的評估。 結果與對照組（n=25）相關。 主要組別由年齡在 12 至 18 歲之間的
患者 (n=52) 組成，他們接受了復健治療療程，其中包括帶有生物回饋的「非侵入
性介面腦機-exohand-2 複合體」訓練。 主治組及對照組患者在治療前及治療結
束後第10天測定週邊血NTFs濃度。

結果。 使用「非侵入性腦機介面-exohand-2」進行治療後，神經營養因子
BDNF、FGF1、FGF2、NT3、NT4/5濃度顯著下降，具有統計意義。 同時，由於痙攣程
度的降低以及肌肉力量的增強，上肢的活動範圍增加，這促進了更廣泛的家庭技
能和自我照顧的機會，認知功能和情緒健康的改善。

結論。 所獲得的結果表明 NTF 積極參與神經可塑性和神經發生過程，導致
大腦消耗其增加，從而導致周邊血液濃度下降，這可以被視為治療效率的預測指
標。

關鍵字：神經營養因子，腦性麻痺，復健治療，神經可塑性，生物回饋，外伸。
Abstract. Introduction. Restorative treatment of pediatric patients diagnosed 

with cerebral palsy, which comprised the medical technology “non-invasive 
interface brain-computer-exohand - 2”, is aimed at stimulating neurogenesis 
processes. Determination of the dynamics of neurotrophic factors (NTFs)
concentration in the peripheral blood of patients before and after the end of 
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rehabilitation treatment is promising for substantiating the effectiveness of the 
rehabilitation therapy.

Aim: to study and analyze changes in the level of NTF in the blood of 
pediatric patients with cerebral palsy with introduction of the software and 
hardware complex “non-invasive interface brain-computer-exohand-2” during 
rehabilitation therapy.

Patients and methods. Pediatric patients with cerebral palsy were exposed to 
assessment of the level of the upper limb motor activity, spasticity, and the ability 
to perform everyday skills. The results were correlated with the comparison 
group (n=25). The main group consisted of patients aged 12 - 18 years (n=52), 
who received a course of rehabilitation therapy which included training on the 
“non-invasive interface brain-computer -exohand-2 complex” with a biological 
feedback. For patients in the main and comparison groups, the level of NTFs in 
the peripheral blood was determined before treatment and on the 10th day after 
completion of treatment.

Results. A statistically significant decrease in the concentration of neurotrophic 
factors BDNF, FGF1, FGF2, NT3, NT4/5 was revealed after the applied therapy 
with the use of “non-invasive interface brain-computer -exohand-2”. At the same 
time, there was an increase in the range of movements of the upper extremities 
due to decrease in the level of spasticity as well as an increase in muscle strength 
which facilitated a wider range of household skills and opportunities for self-
care, with an improvement of cognitive function and emotional well-being. 
Conclusion. The results obtained indicate the active involvement of NTF in the 
processes of neuroplasticity and neurogenesis, leading to its increased consumption 
by the brain and, accordingly, a decrease in concentration in peripheral blood, 
which can be considered as a predictor of the therapy`s efficiency.

Keywords: neurotrophic factors, cerebral palsy, rehabilitation therapy, 
neuroplasticity, biofeedback, exohand.

Introduction. Cerebral palsy remains one of the most important problems of 
modern rehabilitation medicine. Existing modern methods of rehabilitation treat-
ment do not make it possible to completely restore impaired motor and cognitive 
functions in cerebral palsy. However, given the potentially high plasticity of the 
child’s cerebral cortex, we can make attempts to induce reorganization of neuronal 
networks. The search for new rehabilitation techniques that allow patients with ce-
rebral palsy to expand the scope of existing everyday skills by reducing spasticity 
and increasing strength in the limbs is a promising direction in the development 
of rehabilitation medicine. In the rehabilitation treatment of children with cerebral 
palsy, methods using various types of robotic technology based on the principle of 
forming an external biofeedback circuit are being actively introduced nowadays. 
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 Thus, the innovative rehabilitation technique “non-invasive brain-computer 
interface” is based on the creation of stable connections between intact areas of 
the brain using robotic devices that restore impaired motor and sensory functions 
of the body. The introduction of the medical technology “non-invasive interface 
brain-computer -exohand-2” into the process of rehabilitation therapy of children 
with cerebral palsy, in accordance with the author’s program, has led to an in-
crease in muscle strength, a decrease in muscle spasticity, an increase in the range 
of motion in the paretic hand, and, as a result, an increase in self-care skills. Also 
a significant positive effect is emotional rise as well as improvement in cognitive 
functions, in particular increased level of concentration and attention span. The 
resulting clinical effects led to improved socialization of children in the family, 
children’s groups, increased academic performance and the confidence in their 
abilities and future expectations [1].

 Based on the results obtained, we put forward a theory to explain the above-
stated effects. We assume that during rehabilitation therapy, the mechanisms of 
neuroplasticity and neurogenesis, which were inactive before the start of the reha-
bilitation course, get activated. We hypothesized that one of the leading roles in 
this process belongs to the rebuilding of the structure and activity of neurotrophic 
factors in the brain. Thus, determining changes in the level of neurotrophic fac-
tors in the peripheral blood of patients with cerebral palsy may be promising for 
substantiating the effectiveness of rehabilitation therapy

The purpose of this research was to examine, analyze and substantiate the dif-
ferentiated nature of changes in the level of neurotrophic factors in the blood dur-
ing the rehabilitation therapy of children with cerebral palsy after the use of the 
complex “non-invasive interface brain-computer -Еxohand-2”.

Materials and methods
Children whose average age was 14.5±1.4 years (ranging from 12 to 18), 

matched by gender, were examined. All those examined had a verified diagno-
sis of cerebral palsy; patients were diagnosed with hemiparesis or tetraparesis, in 
some cases in combination with hyperkinetic or ataxic syndromes. Parents or legal 
guardians of the children signed informed consent to participate in this study.

 The main group (n=52) - patients with cerebral palsy who received a course of 
rehabilitation treatment (massage, physical therapy) in combination with training 
on the hardware and software complex “non-invasive interface brain-computer 
-Еxohand-2”. The comparison group (n=25) - patients with cerebral palsy who 
received a course of standard rehabilitation treatment. A limitation of this study is 
the lack of randomization when forming patient groups.

The level of motor activity was assessed according to the classification criteria for 
Gross Motor Functions Classification System for Cerebral Palsy (GMFCS). The Mod-
ified Ashworth Scale for Grading Spasticity (MASGS) assessed the degree of spastic-
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ity based on resistance to passive movements on a 5-point scale. The Modified Tardieu 
Scale (MTS) is a 5-level assessment of muscle resistance during fast and slow passive 
movement. The British Medical Research Council scale assessed muscle strength. The 
Modified Franchay Scale (MFS) was used to assess the ability to perform daily living 
motor skills (in points). The ABILHAND-Kids test allows to analyze the motor func-
tion of a child’s hand in everyday life (parents evaluate the degree of ability to perform 
the skill: “impossible”, “difficult”, “easy”). For the Ashworth, Tardieu scales and as-
sessment of muscle strength, only motor indicators of the hand (flexion and extension 
at the wrist joint) were taken into account.

For restorative treatment of motor function of the upper limb, the “non-inva-
sive interface brain-computer -Еxohand-2” complex was used. The essence of the 
method is based on the use of analysis of changes in the electroencephalogram 
pattern using a neural interface. EEG patterns arise from the representation of 
hand movement. The suggested course of treatment  consisted of 10 sessions ac-
cording to the scheme: one session was split into 3 periods of 10 minutes each and 
was carried out once a day. The break between training periods was at least five 
minutes. The patient is placed vertically in a chair at a distance of 1 metre in front 
of the monitor screen. On the monitor, the patient was presented with commands 
in the form of visual images, to which the patient had to respond by imagining 
the movement of the left or right hand or by relaxation. If the patient performed 
the task correctly, the white mark (fixing the gaze) turned green and determined 
visual feedback; as a result, the exoskeleton glove led to the extension of the hand  
which indicated the implementation of kinesthetic feedback. If there were errors in 
completing the task, the mark remained white, the exoskeleton did not work. The 
dynamics of recovery of motor functions of the upper limb were recorded using 
neurological scales 10 days after completion of the rehabilitation procedure.

To study blood serum parameters, blood samples were taken before treatment 
and on the 10th day after its completion. Venous blood samples, 10 ml, were 
stabilized with K3-EDTA to determine NTP concentration by enzyme-linked im-
munosorbent assay according to the manufacturer’s instructions.

For statistical processing of the obtained data, the STATISTICA 10 program 
was used. The results are presented as the median (Me), as well as the 1st and 
3rd quartiles (Q1; Q3). When comparing the statistical significance of differences 
between dependent samples (before and after rehabilitation), the nonparametric 
Wilcoxon T-test was used to test the null hypothesis. To test the statistical signifi-
cance of differences between the indicators of independent samples (indicators of 
the comparison group and the main group), the Wilcoxon W test was used.

Results.
Studying the effectiveness of rehabilitation therapy with the use of “Non-inva-

sive interface brain-computer -Еxohand-2” complex (on the 10th day) in children 
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with cerebral palsy, a statistically significant decrease in spasticity and an increase 
in hand muscle strength were revealed (Table 1). The use of mental training con-
tributed to improving the quality of everyday self-care skills, which significantly 
improved the quality of life of these patients.

Managing the “Non-invasive interface brain-computer -Еxohand-2” com-
plex requires significant concentration of attention from patients, and therefore 
the dynamics of attention indicators were assessed using the number placement 
test and Schulte`s tables (Table 2). An improvement in this function was shown 
in terms of “workability” (proportion of time spent completing the first of five 
tables), “psychological stability” (proportion of time spent completing the last of 
five tables), “work efficiency” (average time to complete the table) . Parents also 
noted an increase in the socialization of children, the emergence of confidence in 
their abilities, easier communication with peers, a significant improvement in the 
emotional background, indicators of well-being, activity, and mood. In the com-
parison group, no significant changes in similar indicators were detected.

The concentration of neurotrophic factors (BDNF, NT-3, NT-4/-5, FGF-1 and 
FGF-2) in the venous blood was reduced in children of the main group after a 
course of training using the “NIMC-exohand-2 PA Non-invasive interface brain-
computer -Еxohand-2” complex K. The reduction was 41% for NT-4/-5 and FGF-
1, 38% for BDNF, 33% for FGF-2, 16% for NT-3. At the same time, children of 
the comparison group, whose treatment did not involve “the Non-invasive inter-
face brain-computer - Еxohand-2 complex”, no change in neurotrophic factors 
concentration was detected (Table 3).

Discussion.
The results of the study show that the improvement of motor, cognitive func-

tions and emotional status of patients after a course of rehabilitation treatment was 
obtained. It has been proved that a significant drop in the level of neurotrophic 
factors in the peripheral blood was observed, while neurotrophic factors demon-
strated different levels of involvement in the rehabilitation process: BDNF, NT-3, 
NT- 4/-5, FGF-1 and FGF-2 showed a decrease by 30-40% of the initial level, 
while NGF, IGF1, GDNF, CNTF did not show a significant change in concentra-
tion. One of the most important questions to consider is how to determine the 
causes of differential changes in the concentrations of various neurotrophins in the 
peripheral blood in response to therapy. We analyzed factors that might explain 
the involvement of responder factors and also explain differences in changes in 
neurotrophin concentrations.

The key issue of the research is to determine the ratio between the concentra-
tion of neurotrophic factors in the blood plasma and in the brain structures. How-
ever, throughout patients’ lifetime, it is not possible to evaluate  the correlation 
between changes in the concentration of neurotrophic factors during therapeutic 
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and rehabilitation measures in various structures of the brain with changes in their 
serum content. Thus, it is important to provide a pathogenetic substantiation of 
the participation of neurotrophic factors in the process of multicomponent func-
tional restructurization based on currently available data. The study of differenti-
ated changes in the content of neurotrophic factors in the peripheral blood after a 
course of mental training in children with cerebral palsy has not been previously 
carried out, so in this work we analyzed data from various previous studies in vitro 
and in vivo, which allowed us to answer the questions posed and substantiate the 
results obtained.

Neurotrophic factors and the Blood-Brain Barrier. The question of the rela-
tionship between the levels of neurotrophins in the brain and peripheral blood 
directly depends on their possibility of crossing the Blood-Brain Barrier. Neu-
rotrophins are formed not only in the brain, but also in other target tissues; they 
act through intracellular transmission systems when interacting with receptors, 
showing a wide range of biological effects [3]. The dynamics of their formation 
and content in the peripheral blood indicate both tissue utilization and the degree 
of their penetration through the Blood-Brain Barrier. It has long been thought that 
large molecules do not penetrate well through the protective mechanisms of tight 
junctions. However, in recent years, a research involving animals has proved that 
the penetration of neurotrophins through the blood-brain barrier was possible and 
was assessed by means of radioactive isotopes.

There are reports of a positive correlation between peripheral BDNF protein 
levels and brain levels in rodents, suggesting that peripheral BDNF levels may re-
flect brain BDNF levels. The ability of BDNF to cross the blood-brain barrier was 
studied by means of the labeled isotope method. BDNF remained in the blood for 
up to 60 minutes after intravenous administration and had an early and rapid influx 
into the brain with signs of aggregation. By 10 min, most of the BDNF sequestered 
by the cortex was associated with parenchyma rather than endothelial cells, dem-
onstrating passage through the blood-brain barrier. After intracerebroventricular 
injection, BDNF efflux from the brain into the blood occurred at a rate similar to 
that of cerebrospinal fluid reabsorption, and no evidence of self-inhibition was 
found. The authors concluded that intact BDNF in the peripheral circulation ac-
tively crosses the blood-brain barrier using a powerful saturable transport system 
[4]. Animal studies have also shown that circulating BDNF levels are associated 
with neurotrophin levels in hippocampal tissue, again demonstrating that neuro-
trophin in the blood may be a potential marker of levels in the brain [5].

A number of studies have shown that NGF penetrates the blood-brain barrier 
to a lesser extent [6], which may, to a certain extent, explain the less pronounced 
changes in the blood during treatment.

FGF peptides in the brain regulate a variety of metabolic, behavioral and com-
pensatory phenomena. As multifunctional peptides present with spatiotemporal 
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variations in neurons, glia, and the microvasculature of the central nervous sys-
tem, FGFs play vital roles in brain development, maintenance of its structural in-
tegrity, and progression of several neurodegenerative diseases. The peptides FGF1 
(acidic) and FGF2 (alkaline) can penetrate through three major transport interfaces 
into the CNS: the blood-brain barrier, the choroid plexus, and the ependymal wall. 
The penetration of exogenous FGF through the blood-brain barrier, it can be ac-
celerated to enhance neuroprotection during cerebral ischemia and injury as well 
as to stimulate neurogenesis [7].

It has been shown that IGF-1 can penetrate from the blood into the brain, fix-
ing isotopes in the brain after peripheral administration [8]. Other research works 
have shown that CNTF rapidly crosses the blood-brain barrier with a permeation 
rate (Ki) of 4.60 (+/-0.78) x 10 (-4) ml/g min, which is significantly faster than 
the 99mTc-albumin control. The results show that CNTF is saturated by transport 
across the blood-brain barrier from the blood to the brain [9,10]. 

Thus, modern ideas about the permeability of the blood-brain barrier for neu-
rotrophins provide grounds for the assertion that the correlation shown in our work 
between clinical data and the content of neurotrophins in the peripheral blood 
is confirmed by the possibility of them crossing the Blood-Brain Barrier. At the 
same time, there is an insufficient number of studies in the literature that can fully 
explain the differentiated changes in Neurotrophins concentration obtained in our 
work. There are studies showing in experiments on animals with labeled isotopes 
that the most responsive Neurotrophins in our study, BDNF, FGF1/2, NT3/4, can 
penetrate the blood-brain barrier. At the same time, for CNTF and IGF-1, which 
have the same properties of crossing the blood-brain barrier, we did not obtain 
reliable dynamics. It must be emphasized that there are few such studies, and 
comparative studies on the degree and speed of their penetration are sporadic and 
do not cover the entire spectrum of molecules.

The influence of neurotrophic factors on the functions under study. It 
is likely that the functional characteristics and differences of neurotrophins also 
play a role in their differential response obtained in our study. During the training 
process, we received the most significant positive dynamics in three functional 
systems: motor, cognitive and emotional spheres. There is evidence for the pos-
sibility of involving the Neurotrophins BDNF, FGF1, FGF2, NT3, NT4/5, which, 
according to our research, responded  by restructurization of these systems.

Until recently, these findings were thought to reflect the assumption that any 
motor neuron has access to multiple trophic factors in vivo [11]. It can be con-
firmed by the fact that the vast majority of motor neurons in mice lacking any of 
the Neurotrophins were not damaged. However, more recent evidence strongly 
suggests that different pools of motor neurons depend on different trophic factors, 
and that there is a great diversity in this correlation [12].
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The neuroprotective effects of BDNF extend to the corticospinal motor sys-
tem. Lu P. et al. found that transplantation of BDNF-secreting fibroblasts into an 
aspirated cortical lesion increased the survival of motor neurons in the spinal cord 
[13]. Neuroprotective effects of BDNF were also observed in the primary motor 
cortex after spinal cord lesions at the Th9 level and transplantation of mesen-
chymal stem cells engineered to secrete BDNF [14]. Studies of the influence of 
BDNF-secreting cells at the site of injury indicate that its protective effects may 
operate over a long distance. This was most convincingly demonstrated in a study 
that found neuroprotective effects in macaque pyramidal neurons when cells se-
creting BDNF and NT-3 were implanted at the site of C7 injury, approximately 10 
cm from the cell body [15].

Nowadays, NT-3 is the only isolated Neurotrophin with high affinity for the TrkC 
receptor, which is expressed by neurons of the corticospinal tract [16]. Local injection 
of NT-3 into putative CST targets results in increased CST collateral sprouting, which 
is necessary for target finding, innervation, and synapse formation [17].

In 2020, a Cochrane review was published assessing the importance of cir-
culating neurotrophins for cognitive brain function [22,23]. A study by Egan et 
al. and other studies have shown that people with a gene variant that determines 
inefficient use of BDNF may demonstrate impairments in cognitive function and 
even hippocampal structure [24, 25]. Similarly, adults with certain variants of the 
NTRK3 gene, encoding the high-affinity receptor for NT-3, are associated with 
deficient white matter microstructure [26] and reduced right hippocampal activa-
tion during a picture encoding task [27], suggesting that potential negative chang-
es in NT-3 may adversely affect brain structure and cognitive function.

An important issue is the possible participation of Neurotrophins in the for-
mation of a positive emotional reaction of a child in the process of trainings we 
comduct. It must be emphasized that a neurological deficit was present in the life 
of a child with cerebral palsy for many years and inevitably formed in the patient 
and relatives a feeling of hopelessness and doom in relation to the functional in-
feriority of the hand. We believe that by provoking a model of acute stress during 
the training process, we were able to cause a significant emotional outburst, which 
also contributed to the positive effect of the ongoing rehabilitation. The influence 
of Neurotrophins on the formation of emotions and their antidepressant effect has 
been shown in a significant number of studies.

BDNF is a molecule that may play an important role in modulating mood [28, 
29]; FGF1 and FGF2 have a similar effect [30].

BDNF and the serotonergic system interact with each other in the central ner-
vous system and jointly modulate brain processes, playing a significant role in the 
pathogenesis of anxiety, depression, and cognitive dysfunction in humans [31, 
32]. Direct administration of BDNF into the hippocampus and midbrain [33, 34] 
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has shown antidepressant-like effects. Despite the heterogeneity of studies, many 
studies have shown that serum BDNF levels are generally lower in patients with 
depression [35–38].

NT-3 is thought to play a role in neurobiological processes associated with 
mood and anxiety disorders. NT-3 is a potential pharmacological target for mood 
disorders due to its effects on monoamine neurotransmitters, regulation of synap-
tic plasticity and neurogenesis, enhancement of BDNF signaling, and modulation 
of the hypothalamic-pituitary-adrenal axis. There is evidence that there are key 
post-transcriptional RNA regulators of the Neurotrophin-3 receptor gene in anxi-
ety disorders [39].

It must be emphasized that all neurotrophins participate to a certain extent in 
the functions discussed above, but each of them has its own prevailing goals and 
objectives. Targeting could have a role in the differentiation of the dynamics of 
their content during the trainings.

Conclusion. Our research has shown that the use of the Non-invasive inter-
face brain-computer -Еxohand-2” complex for the rehabilitation of children with 
cerebral palsy has a positive effect in the form of an increase in the range of move-
ments by reducing the level of spasticity and increasing muscle strength, as well as 
expanding the scope of everyday skills and the ability to self-care alongside with 
the tendency of improving indicators of cognitive functions, primarily attention, 
and the emotional state of patients. At the same time, a significant decrease in the 
concentrations of BDNF, NT-3, NT-4/-5, FGF-1 and FGF-2 in the venous blood 
was noted on the 10th day after rehabilitation training. Analysis of the therapeu-
tic targets of responder factors and their ability to cross the blood-brain barrier 
confirms the possibility of their participation in the processes of functional re-
structurization, leading to the obtained effects. Thus, the results obtained indicate 
the active involvement of NTPs and their role in the processes of neuroplasticity, 
leading to increased utilization in the brain and a parallel decrease in concentration 
in peripheral blood. In addition, this decrease can be considered as a predictor of 
the effect of the therapy.
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Application
Table 1. 

Motor function of the upper limbs and everyday skills changes in children 
with cerebral palsy after rehabilitation using the Non-invasive interface brain-

computer -Еxohand-2” complex (Me (Q1; Q3).
Index  Еxohand-2” complex Comparison group

Before After Before After
Ashworth scale, points, Right 3 (2;3) 2(1; 2)** 3 (2; 3) 3 (2; 3)
Ashworth scale, points,  Left 2 (2;3,25) 1(1; 3)** 3 (2; 4) 3 (2; 4)
Tardieu scale, points, Right 2 (1; 2) 1 (1; 2)** 2 (1; 2) 2 (1; 2)
Tardieu scale, points,  Left 2 (1; 2) 1(1; 2)** 2 (1; 2) 2 (1; 2)
Muscle strength scale 
(flexors), points, Right

3,5 (3; 4) 4 (3; 4)** 3 (3; 4) 3 (3;4)
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Muscle strength scale 
(flexors), points,  Left

3 (3; 4) 4 (3; 4)** 3 (3; 4) 3 (3; 4)

Abilhand-Kids Scale
Impossible, Points 4 (1;8,25) 3 (0;6,25)** 5 (2; 8) 5 (2; 7)
Difficult, Points 10(4,25;13) 8 (3,5;10)** 8 (4; 10) 8(4; 9)
 Easy, Points 5 (2; 11) 9 (5;12,5)** 9 (5; 11) 9 (5; 12)
Frenchay Scale 57,46(42;85) 74,9 (47; 

90)**
68,04 

(48;84)
68,24(48;84)

Note. * - significant differences compared to the indicator value before reha-
bilitation (p < 0.05), ** - significant differences compared to the indicator value 
before rehabilitation (p < 0.01)

Table 2. 
Changes of the attention indicators in children with cerebral palsy after re-

habilitation using the Non-invasive interface brain-computer -Еxohand-2” com-
plex software and hardware complex (Me (Q1; Q3).

Index Еxohand-2” complex Comparison group
Schulte test Before After Before After
Work Efficiency,sec 121 (53;241) 103 (51;184) ** 122 (58;247) 118(59;193)
Degree Of Workability 1.1 (0.8;1.3) 0,98 (0,78;1.1) * 1.04 (0.9;1.2) 1.02 (1;1.1)
Mental Stability 1, 1 (0.9;1.3) 0,8 (0.7:1,1) * 1 (0.9;1.05) 1 (0.9:1)
Number Placement Test 15 (12;20) 21 (17;22)* 17 (15;20) 20 (17;22)

Note. * significant differences compared to the value of the indicator before 
rehabilitation (p < 0.05), ** significant differences compared to the value of the 
indicator before rehabilitation (p < 0.01)

Table 3. 
Dynamics of the content of neurotrophic factors in the blood of children with 

cerebral palsy after rehabilitation using Non-invasive interface brain-computer 
-Еxohand-2” complex, (Me (Q1; Q3).

Index Еxohand-2” complex Comparison group
Before After Before After

BDNF, pkg/ml 108,77(77,7;140,7) 67,6***
(39,3;88,3)

124,3
(82,5;150,5)

117,8
(65,9; 147,0)

FGF 1, pkg/ml 16,3
(9,3;23,2)

9,6*
(6,07;15,6)

12,5
(7,0; 25,8)

12,6
(8,1; 22,3)

FGF 2, pkg/ml 24,9
(20,1; 30,0)

16,6*
(14,1;18,5)

24,1
(20,7; 28,7)

25,8
(20,1; 130,5)

NT3,pkg/ml 97,4
(77,8;123,9)

82,4***
(64,9;99,4)

103,2
(86,2;129,5)

99,7
(76,4;130,1)



114

Scientific research of the SCO countries: synergy and integration

International Conference

NT4/5, pkg/ml 53,3
(35,2;66,9)

31,4***
(22,2;42,4)

39,7
(28,1;59,8)

36,4
(24,4;58,3)

NGF ,pkg/ml 21,1 (13,3;28,6) 21,6
(12,6;26,9)

16,5
(12,8;25,1)

16,42
(10,5; 23,2)

IGF1, pkg/ml 0,20
(0,15;0,25)

0,21
(0,16;0,26)

0,18
(0,15; 0,25)

0,24
(0,19; 0,31)

GDNF , pkg/ml 1,56
(1,17; 2,11)

1,50
(1,28;206)

1,59
(1,19; 2,56)

1,64
(1,1; 2,33)

CNTF , pkg/ml 23,7
(19,6;30,3)

26,4
(20,4;34,9)

25,8
(19,4;30,8)

26,77
(23,3;35,2)

Note. * - significant differences compared to the indicator value before rehabil-
itation (p<0.01), ** - significant differences compared to the indicator value before 
rehabilitation (p<0.05), *** - significant differences compared to the indicator val-
ue before rehabilitation (p<0.001).
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註解。 需要預測病毒感染過程的嚴重程度。 作者建議使用跨診斷指標—心
率變異性，它表徵壓力的整體水平和階段。 同時，有必要考慮呼吸對包含連續記
錄的心動週期持續時間的曲線形狀的影響，該曲線可以用作影響呼吸系統的病毒
感染的預後指標的基礎。 此方法的診斷特徵是以新冠病毒感染為例，對臨床上
重度、中度和輕度病程的目標群體進行調查後得出的。 所獲得的心率變異性指標
透過特殊演算法進行解釋。 當使用根據上述公式計算的該指標時，顯示組別之
間具有統計上的顯著差異。 這種方法可以更有效、非侵入性地快速診斷嚴重感
染的可能性，從而可以及時啟動預防措施。

關鍵字：心率變異性，病毒感染嚴重程度的預測。
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Annotation. There is a need to predict the severity of the course of a viral 
infection. The authors suggest using a transdiagnostic indicator – heart rate 
variability, which characterizes the overall level and stage of stress. At the same 
time, it is necessary to take into account the influence of respiration on the shape 
of the curve those envelopes the sequentially recorded durations of cardiocycles, 
which can be used as the basis for a prognostic indicator for viral infections 
affecting the respiratory system. The diagnostic characteristics of the proposed 
method were obtained as a result of a survey of target groups with clinically severe, 
moderate and mild course of the disease, using the example of covid infection. The 
obtained heart rate variability indicators were interpreted by a special algorithm. 
Statistically significant differences between the groups are shown when using 
this indicator calculated according to the above formula. This approach makes it 
possible to more effectively, non-invasively and quickly diagnose the likelihood of 
severe infection, which allows timely preventive measures to be activated.

Keywords: heart rate variability, prediction of the severity of viral infection.
 
The relevance of research. The need to develop non-invasive monitoring sys-

tems and the ability to predict the course of any viral infections is dictated by the 
complexity and ambiguity of the course of infections, the influence of a large num-
ber of difficult to take into account concomitant factors, and the lack of adequate 
etiological treatment methods. The most common methods for predicting the se-
verity of a viral disease are biochemical analyzes of various blood parameters 
aimed at identifying disruptions in the functioning of the body and concomitant 
pathologies. The effectiveness of predicting the course of the disease is low [1].
What is needed is a method for diagnosing the severity of the disease that is suita-
ble for widespread use, objective, non-invasive and low-cost.

Purpose of the study: development of a method for non-invasive assessment 
of the prognosis of the severity of viral infection.

Research methodology. Infection with a viral infection is accompanied by 
neurophysiological changes and neurochemical changes in the activity of mono-
amine mediator systems. This allows us to assess the degree of activation of central 
mechanisms associated with vagoinsular effects manifested through changes in 
heart rate variability (HRV). The pathobiological manifestations of this response 
are quite stable and last for a certain time, so differences in the assessment cannot 
be interpreted as random measurement error. As studies show, the measurement 
of these phenomena is quite reliable [2, 3].

Currently, it is proposed to consider HRV a transdiagnostic test. HRV is consid-
ered as a marker of general pathology and psychopathology [4]. Psychopatholog-
ical changes correlate, according to the mechanisms of psychoneuroimmunomod-
ulation, with a decrease/impairment of immune defense, which also determines 
the severity of the viral infection. It was previously shown that psycho-emotional 
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disorders in the form of excessive anxiety and inadequate situational depression 
aggravate the course of coronavirus infection [5, 6]. Currently available clinical 
observation data suggest that changes in some components of HRV may be asso-
ciated with the prognosis of the patient’s future condition [7].

Method of assessing the prognosis of the severity of a patient’s condition is 
based on a mathematical analysis of heart rhythm as an integral indicator of a 
person’s stress level [8]. This indicator is formed on the basis of five basic deter-
minants:

1) the total effect of regulation, assessed by heart rate per minute;
2) the total activity of regulatory mechanisms, estimated by the standard de-

viation (SDNN - Standard Deviation of the Normal-to-Normal) and by the total 
power of the spectrum of the curve enveloping sequentially recorded cardiac cy-
cles (TP - total power);

3) vegetative balance, assessed by a set of indicators: stress index (Si –stress 
index), indicator of trait diversity (RMSSD- “root mean square of successive 
differences”), spectral power of the high-frequency range (HF-High-frequency) 
curve, envelope sequence of cardiac cycles, index centralization (IC – index cen-
tralization);

4) activity of the sympathetic vasomotor center, which regulates vascular tone, 
assessed by the power of the spectrum of slow waves (LF-low frequency) of the 
curve enveloping the sequence of cardiac cycles;

5) activity of suprasegmental levels of regulation, assessed by the power of the 
spectrum of very slow waves (VLF - very low frequency) of the curve enveloping 
the sequence of cardiac cycles.

In our opinion, when calculating the integral indicator of the stress level based 
on a mathematical analysis of the heart rhythm, reflecting according to R.M. Bae-
vsky level of stress, it is necessary to take into account the influence of breathing 
on the shape of the curve enveloping the sequentially recorded durations of cardi-
ac cycles, which can be the basis for a prognostic indicator for viral infections that 
affect the respiratory system, in particular, lung tissue, as occurs with infection 
with COVID-19 and similar viruses. The recording of HRV itself, recorded using 
an ECG recording or a photoplethysmographic sensor, is made within 5 minutes, 
with the test subject first remaining in a calm state for 5-7 minutes. The resulting 
HRV indices are interpreted using a special algorithm, and a mathematical calcu-
lation of the prognosis of the severity of the disease is carried out using reference 
points obtained from patients in whom a certain severity of the disease was clini-
cally recorded (using the example of covid infection).

Results and its discussion.
The diagnostic characteristics of the proposed method for predicting the severe 

course of covid infection were obtained as a result of a survey of target groups, 
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where group 1 – persons with a clinically severe course of the disease (N = 64); 
mean age 55.8 ± 2.8 years; men 64.4%; women 35.6%; Group 2 - patients with 
moderate disease (N=123); and group 3 – with a mild course of the disease (N=75).

A study of general variability was carried out, where statistical and spectral 
analysis of heart rate was used (Baevsky R.M., 2005). Data on HRV were ob-
tained using a pulse detector (M.B. Stark). We carried out the background (ini-
tial) recording under resting conditions for 5 minutes. Based on the processing 
results, the spectral indicators of HRV necessary for study were obtained (HF, 
LF, VLF, nHF, nLF, Tr). The total effect of autonomic regulation of blood circu-
lation was analyzed; state of the parasympathetic division of the autonomic nerv-
ous system; a normalized indicator of the total effect of regulation was assessed; 
activity of the parasympathetic regulation link; the degree of predominance of the 
parasympathetic link of regulation over the sympathetic one; the most likely level 
of functioning of the cardiovascular system; a reflection of the stabilizing effect 
of centralization of heart rhythm control, associated with the stage of activation 
of the sympathetic department of the central nervous system; the relative range 
of regulatory influences was measured; total level of activity of regulatory sys-
tems. VLF - slow waves of the second order, associated with central ergotropic 
influences, LF - vasomotor waves or waves of the 1st order were assessed; HF 
- respiratory waves; LF/HF - the ratio of the level of the central and autonomous 
regulatory circuits, the coefficient of vagosympathetic balance, which increases 
with activation of the SNS. The centralization index IC = (LF+ VLF) / HF was 
calculated, which shows the degree of centralization of heart rhythm control (the 
predominance of the activity of the central regulatory circuit over the autonomous 
one). The analysis also used normalized indicators: nLF% = (LF/(LF+HF))*100; 
nHF% = (HF/(LF+HF))*100; the share of the total power of the parasympathetic 
and sympathetic sections of the ANS in the total power of the spectrum nLH% 
= ((LF+HF) / PW)*100. Mathematical processing of the results was carried out 
using software, in accordance with Russian and European-American recommen-
dations for the analysis of heart rate variability (Table 1).

Table 1. 
Comparison of HRV spectral analysis indicators in groups with different se-

verity of Covid infection (n=262)

HRV spectral 
analysis indicator

Severe (1)
(n=64)

Medium severity (2)
(n= 123) P 1-2

Mild (3)
(n=75)

M±SD % M±SD % M±SD %
VLF, ms2 630±149 27 2270±1342 55 0.010 525±131 16
LF ms2 984±143 42 1397±747 34 0.482 773±153 24
HF ms2 718±143 31 496±165 11 0.693 1980±170 60
TF ms2 2332±34 100 4164±2255 100 0.172 3277±561 100
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LF/HF 1.37 2.81 0.016 0.39
IC 2.24 7.39 0.0001 0.40

LFms2 – HFms2 270 901 0.002 - 1207

Diagnostic value of HRV spectral characteristics in predicting disease sever-
ity SE=45%; SP=100%; prevalence = 78%, which indicates the reliability of the 
proposed method.

This method allows you to assess the dynamics of the autonomic nervous sys-
tem during observations in patients infected with coronavirus or other viral infec-
tion (Table 1). The values   of the HRV indices are substituted into the formula for 
assessing the prognosis of severe disease (given below), and the resulting values   
are compared with the corresponding range. After which a conclusion is made: 
“no deviations - minimal or high risk of severe illness or death”:

Disease severity index= - 4.2 + TF*0.0+ VLF*0.0+ LF*0.0+ HF*0.0 + LF/
HF*0.04 + means*0.02 + sdnn* - 0.06 + CV*0.0 + RMSSD*0.04 + PNN50*-0.04 
+ Mode* - 0.01 + Amoda* - 0.07

Table 2. 
Clinical example of the initial data of a severe course of a viral infection 

compared with the indicators of a healthy patient
Patient Patient B. severe viral 

infection
Patient S. is healthy

Age 25 22
Severe course of the disease Yes No

Accompanying illnesses Yes No
Vlf 416.17 614.51
lf 880.14 1822.46
hf 8244.38 1541.12
tf 9540.69 3978.08

lfdelhf 0.11 1.18
lf_hf -7364.24 281.34
mean 852.26 726.67
sdnn 146.01 46.52
sem 5.81 3.59
cv 12.78 9.94

rmssd 146.01 46.52
sdsd 108.88 72.21

pnn10 4 33.42
pnn50 75.43 8.42

dx 451 530
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mode 875 725
amode 17.09 31.6

baevsky 21.65 41.12
vbi 58.5 42.63
sat 20.48 98.49
lws 5.18 54.44

stgeorg 58.5 42.63
Disease severity index -2.28 -0.18

Explanations for the table. 2:
The disease severity index is a complex indicator, formed on the basis of seven 

basic determinants:
LF/HF (arbitrary units), characterizes the autonomic balance (sympathetic/

parasympathetic tone), with increasing sympathetic tone the risk increases.
Means – average heart rate beats. per minute
Sdnn (ms) – the average of all SDNN 5-minute segments over the entire re-

cording period. The higher the indicator is, the more unstable the physical condi-
tion.

CV - coefficient of variation is a normalized estimate of the standard deviation 
(standard deviation).

RMSSD (ms) – a standard (root mean square) deviation of the difference be-
tween successive N–N intervals. It is a measure of HRV with short cycle lengths. 
Reflects the influence of the parasympathetic nervous system: changes in heart 
rate with a short cycle duration.

PNN50 (%) - The proportion of adjacent N–N intervals, the difference between 
which is >50 ms. It is a measure of HRV with short cycle durations.

Mode (ms) is the most common cardiointervals in duration; based on the Mode 
(Mo) value, the dominant heart rate can be determined.

Amoda is R–R interval mode amplitude, negative relationship with VLF, LF, 
HF.

Table 3. 
Disease severity index: assessment limits (in arbitrary units)

Index severity of the disease Number of observations Range of values
Short 75 < -1.74

Average 123 -1.75 ÷ - 0.87
High 64 >- 0.88
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Table 4. 
Table of analysis of variance (ANOVA-test) to identify differences between 

groups with mild, moderate and severe viral infection
Indexseverity of the 

disease
Sum of 
squares

St.St. Middle square F Significance

difference between 
1, 2, 3 groups 130.345 2 65.173 33,405 0.0001

There are statistically significant differences between the groups when using 
this indicator, calculated using the given formula (Table 4).

Conclusion. Reference points were obtained based on HRV measurements in 
patients with an initially high risk of severe conditions and on the basis of clinical 
observation, and can be used in clinical diagnostics. The strengths and capabili-
ties of this approach in assessing the prediction of the severity of viral infection in 
the population, in general medical practice, at the outpatient stage, in the hospital 
and in risk groups (doctors and medical staff of emergency rooms and infectious 
diseases hospitals) lie in the possibility of preliminary enhanced therapy. The de-
scribed method makes it possible to non-invasively increase the efficiency of early 
diagnosis of the severity of a viral infection. This approach makes it possible to 
more effectively, non-invasively and quickly diagnose the likelihood of a severe 
infection, which allows timely implementation of preventive measures.

References

1. Prishchepenko V.A., Yupatov G.I., Okulich V.K. Predicting the severity of 
the disease in patients with viral pneumonia presumably caused byCOVID-19.// 
Bulletin of VSMU. – 2020. – Volume 19, No. 3. – pp. 69-78. DOI:https://doi.
org/10.22263/2312-4156.2020.3.69

2. Pronin S.V., Chukhrova M.G. Transdiagnostic biomarkers in assessing 
suicidal predisposition in drug addicts. Suicidology. 2018; 9 (4): 109-117. DOI.
org/10.32878/suiciderus.18-09-04(33)-109-117

3. Litvinova A.A., Silinkina E.D., Safonova K.A., Litvinova I.A. Assessment of 
cardiac arrhythmia and conduction disturbances in patients with COVID-19. // 
Smolensk Medical Almanac - No. 3, 2021. - P.24-26. UDC: 616.12-008.318:616.98

4. Beauchaine T.P..,Thayer JF. Heart rate variability as a transdiagnostic 
biomarker of psychopathology.Int. J. Psychophysiol.2015 Nov; 98 (2 Pt 2):338-
350. DOI: 10.1016/j.ijpsycho.2015.08.004. Epub 2015 Aug 11.

5. Gipaeva G.A. Mechanisms of psychoneuroimmunomodulation in COVID-19 
// Science and society: materials of the XU All-Russian Scientific and Practical 
Conference with international participation (December 2, 2020) / ed. E.L. 
Sorokina. – Novosibirsk: Publishing house of ANO DPO “SIPPPISR”, 2020. – p. 
40-43. DOI 10.38163/978-5-6043859-4-4_2020_40



122

Scientific research of the SCO countries: synergy and integration

International Conference

6. Aronov P.V., Belskaya G.N., Nikiforov I.A. Modern approaches to the 
diagnosis and treatment of anxiety disorders associated with new coronavirus 
infection. Medical advice. 2021;(10):66–79.https://doi.org/10.21518/2079-
701X-2021-10-66-79

7. Akhmedov V.A., Livzan M.A., Gaus O.V. COVID-19 and heart rhythm 
disturbances – is there a connection? // South Russian Journal of Therapeutic 
Practice. 2022;3(3):17-24.

8. Baevsky R.M., 2005, RF patent No. 2392848, IPC A61B5/0205, publ. June 
27, 2010



123

上合组织国家的科学研究：协同和一体化

国际会议

DOI 10.34660/INF.2023.79.14.048
UDC 616

                        
ILIZAROV 器械對股骨下三分之一的計量伸展在治療脛腓神經創傷後神經病變的

應用
THE USE OF METERED STRETCHING OF THE LOWER THIRD 

OF THE FEMUR BY THE ILIZAROV APPARATUS IN THE 
TREATMENT OF POST-TRAUMATIC NEUROPATHY OF THE 

TIBIAL AND FIBULAR NERVIS

Kazikhanov Raidin Mirzeakhmedovich
Lieutenant Colonel of the Medical Service, Head of the Hospital
Belogorsk military hospital,
Belogorsk, Russia
Grinev Sergey Aleksandrovich
traumatologist-orthopedist
Belogorsk military hospital,
Belogorsk, Russia

註解。 組織透過生長和再生（伊利扎羅夫效應）對計量拉伸做出反應的一般
生物學特性，已證明其在治療腓骨和脛神經病變中的有效性。 建議在創傷科、神
經外科和神經病學領域使用Ilizarov儀器的計量拉伸治療四肢骨折和神經病變的
地雷爆炸損傷患者。 作者在治療地雷爆炸傷後股骨下三分之一骨折、脛骨和腓骨
神經病變的患  者中測試了這種方法。 該方法顯示出很高的效率。

關鍵字：Ilizarov 裝置計量拉伸、四肢地雷爆炸損傷後骨折和神經病變。
Annotation. The general biological property of tissues to respond to 

metered stretching by growth and regeneration (Ilizarov effect), it has proven its 
effectiveness in the treatment of fibular and tibial nerve neuropathy. It is proposed 
to use metered stretching by the Ilizarov apparatus for treatment in traumatology, 
neurosurgery and neurology in the treatment of patients after mine-explosive 
injuries of limbs with fractures and neuropathies. The authors tested this method 
in the treatment of patients with a fracture of the lower third of the femur, tibial 
and fibular nerve neuropathy after mine-blast wounds. The method has shown 
high efficiency.

Keywords: metered stretching by Ilizarov apparatus, fractures and neuropathy 
after mine-explosive injuries of limbs.
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The closed traction mechanism of damage to the sciatic nerve during a fracture 
of the femur creates difficulties in assessing the extent of its damage. Diagnosis 
of this pathology is carried out on the basis of an analysis of clinical manifesta-
tions in the form of impaired motor and sensory function of the lower limb, as 
well as electrophysiological studies and radiographic patterns of the fracture. Fre-
quent diagnostic and tactical errors in this type of combined injury, untimely and 
inadequate surgical treatment lead to unsatisfactory treatment results. As a rule, 
traumatologists perform the task of stable osteosynthesis of a bone fracture, then 
the patient is treated conservatively for a long time by a neurologist for traumatic 
neuropathy of the sciatic nerve. Unjustified wait-and-see tactics in case of traction 
damage to the sciatic nerve leads to the development of an irreversible denervation 
process of the neuromuscular apparatus of the limb [1, 2, 13,15,16].

Purpose of the study: to increase the effectiveness of treatment of patients with 
post-traumatic neuropathies.

Research methodology. According to the standards of treatment of peripheral 
nervous system injuries, the diagnosis of peripheral nervous system injury is made 
primarily on the basis of clinical data. Additional studies (ENMG, ultrasound, 
MRI, CT) only clarify the extent of the lesion and its location [10].

The main manipulations performed on nerve structures in order to restore their 
function are neurolysis, endoneurolysis, neurorhaphy and neurotransplantation.

Neurolysis is usually understood as the so-called “external” neurolysis - the 
separation of the nerve trunk from the surrounding scar tissue. It is believed that 
neurolysis is indicated for the clinical picture of incomplete conduction distur-
bance and minor anatomical changes in the nerve, accompanied by cicatricial de-
generation of the tissues surrounding the peripheral nerve [10, 11].

Endoneurolysis (“internal” neurolysis) is the separation of the bundles of the 
nerve trunk after opening the epineurium with the release of individual nerve bun-
dles in the damaged area. It is also possible to carry out endoneurolysis by intro-
ducing saline solution through a thin needle or diluted solution of local anesthetic 
into the thickness of the nerve in the area of commissures [10, 14].

Neuroraphy – suture of a nerve “end to end”, is performed under the condi-
tion that it is possible to bring the damaged nerve trunk together without tension, 
accurately contrast and keep the transverse ones in contact cuts of the central and 
peripheral ends (usually incised wounds).

Indications for this operation with a complete anatomical break peripheral 
nerve are obvious [2, 3, 10, 13, 14].

The general biological property of tissues to respond to dosed stresses that 
arise in them, mainly tensile stresses, with growth and regeneration caused by 
stimulation of biosynthesis processes in tissues (Ilizarov effect) has been experi-
mentally and clinically established [4, 5, 8].
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It was shown that with a distraction regime of 1 mm per day in 4 doses, on the 
14th day of lengthening, signs of stretching of the myelin nerve fibers in the area 
of nodes of Ranvier consisted of some smoothing of myelin protrusions into the 
outer cytoplasm of the paranodal region and jaggedness of the paranodal axolem-
ma. Only in individual nerve fibers were there invaginations of the myelin sheath 
into the area of the axon, detachment of the axolemma and adjacent myelin layers. 
The correct parallel course of neurofilaments and neurotubules was maintained in 
the axons. At this time, many mitochondria and structures providing biosynthetic 
reactions (ribosomes, polysomes, cisterns of the granular endoplasmic reticulum) 
were found in the cytoplasm of the lemmocytes of the nerve fibers. The number 
of lysosomes also increased. Taken together, all this indicates the activity of per-
estroika processes. In small-caliber pulp fibers, signs of arborization were noted 
- the appearance in one lemmocyg of an unmyelinated axon next to a myelinated 
one. Schmidg-Lanterman sectoral notches, characteristic of developing fibers, ap-
peared in the myelin structure [7, 9, 11, 12].

During the fixation period (63 days of the experiment), the increase in the 
lengths of the internodal segments reached 20%. Only isolated short intercalated 
myelin segments were observed. The amplitude of the M response was the same 
as at the end of distraction; the duration and latent period increased slightly. After 
removal of the apparatus (days 131, 137 of the experiment), lemmocytes that did 
not contain axons were not found in the endoneurium. Visually, the ratio of the 
thickness of the myelin sheath to the diameter of the axon in nerve fibers did not 
differ from that in intact nerves. The process of restoration of M-response param-
eters at this time was much more intense than in the animals of the first series. 
Thus, latent periods and durations normalized after 1-2 months, and the amplitude 
reached 70-90% of the norm by 90 days after removal of the device [6, 7, 11,12].

Results.
At the Federal State Institution “FSI 411 MH” of the Ministry of Defense of 

the Russian Federation, we propose to use dosed stretching with the Ilizarov ap-
paratus in traumatology, neurosurgery and neurology in the treatment of patients 
after mine blast wounds of the extremities with fractures and neuropathies.

We present three clinical cases where the treatment of one pathology also 
cured another, no less important and complex pathology.

These patients were admitted with mine blast wounds of the lower extremities, 
open fractures of the lower third of the femurs with displacement of fragments along 
the length and width, post-traumatic neuropathy of the peroneal nerves (two patients) 
and neuropathy of the peroneal and tibial nerves (one patient). There were complaints 
about the presence of fractures of the femurs, lack of dorsiflexion of the feet in the 
ankle joints, numbness along the anterior surface of the feet and legs.

The time period after injury is within 25-43 days.
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In order to reposition bone fragments of the lower third of the femur, dosed 
stretching was performed using the Ilizarov apparatus with a distraction rate of 1 
mm per day.

During the process of repositioning bone fragments in these patients, on days 
6, 9 and 11, active dorsiflexion of the feet in the ankle joints appeared and numb-
ness of the feet and legs disappeared. Consequently, when the nerve was stretched 
by 6, 9 and 11 mm, its function was restored. The function of the nerves was re-
stored due to the dosed tensile stress occurring in them, which led to growth and 
regeneration due to the stimulation of biosynthesis processes in tissues. It is pos-
sible that the nerves were released from scar tissue; this also had a positive effect 
on the restoration of nerve conduction.

This treatment method is based on previously published scientific works and 
clinical recommendations [10, 1, 13], and has not been used by anyone before.

Conclusion. Thus, stretching the nerve led to the restoration of its function. 
Based on these clinical examples, when dosed stress-stretching restores nerve 
conduction, this method can be used in the treatment of neuropathies, both in 
combination with bone fractures and in the treatment of neuropathy. If treatment 
of neuropathy with impaired limb function (without accompanying fractures) 
conservatively or with neurolysis fails, the following method can be proposed: 
perform an osteotomy of the femur and then stretch it in doses using the Ilizarov 
apparatus, and after restoring nerve function, also return the bone in doses to its 
original position.
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抽象的。 該文章提出了在音樂伴奏的背景下提高女性抗缺氧能力的積極建
議，之後利用 Stange 和 Gench 測試對秋明州第二成熟女性的抗缺氧能力進行
了比較分析。 有人建議，占主導地位的互誡協會的創建。 Ukhtomsky將增強女性
對缺氧的抵抗力。 我們檢查了因合併冠心病（CHD）和缺鐵性貧血（IDA）而接受門
診治療的女性以及檢查時沒有任何軀體疾病的同齡女性。 在內科臨床上首次將
第二個成年期分為5年時段：36歲至40歲、41歲至45歲、46歲至50歲、51歲至55歲。 
已經證實，隨著女性年齡的增長，呼吸系統的功能會下降。 在音樂伴奏的背景下
積極的生理暗示是有助於增強缺氧抵抗力的主導因素。



130

Scientific research of the SCO countries: synergy and integration

International Conference

關鍵字：女性、第二成年期、冠狀動脈心臟病、缺鐵性貧血、耐缺氧、Stange 和 
Gentsch 試驗、建議、顯性 A.A. 烏赫托姆斯基。

Abstract. The article presents a comparative analysis of the study of resistance 
to hypoxia using the Stange and Gench tests in women of the second mature age 
in Tyumen after a positive suggestion about the possibility of increasing it against 
the background of musical accompaniment. It has been suggested that the creation 
of the dominant A.A. Ukhtomsky will increase women’s resistance to hypoxia. We 
examined women receiving outpatient treatment for a combination of coronary 
heart disease (CHD) and iron deficiency anemia (IDA) and women of the same 
age who did not have any somatic diseases at the time of examination. For the 
first time in the clinic of internal medicine, the period of the second adulthood 
was divided into five-year periods of time: from 36 to 40 years, from 41 to 45 
years, from 46 to 50 years and from 51 to 55 years. It has been established that 
as women increase in age, the functionality of the respiratory system decreases. 
Positive physiologically based suggestion against the background of musical 
accompaniment is the dominant factor that helps increase resistance to hypoxia.

Keywords: women, period of the second adulthood, coronary heart disease, 
iron deficiency anemia, resistance to hypoxia, Stange and Gentsch tests, 
suggestion, dominant A.A. Ukhtomsky.

Relevance. The most common diseases on earth are IHD and IDA [21, 58, 62, 
80]. Issues of clinical presentation, diagnosis and treatment of anemia, including 
the combination of coronary artery disease and iron deficiency anemia, have been 
the subject of discussion for many years [14, 15, 16, 44, 47, 61]. Thus, IHD was 
diagnosed in 126 million people around the world, and over 2 billion people suffer 
from IDA and 3.4 billion people have hidden iron deficiency. IHD is characterized 
by widespread prevalence and is one of the leading problems of modern medicine, 
which is associated not only with an unfavorable prognosis, but also with high 
financial costs for treatment [39, 57, 70, 71, 75]. In our practical work, we adhered 
to the functional classification of angina developed in 1976 by the Canadian Car-
diovascular Society.

We emphasize that among currently known anemias, IDA is the most common 
[28, 35, 64, 65, 76]. IDA is an independent predictor of cardiovascular disease and 
adverse outcomes [45]. It has been shown that iron deficiency can lead to serious 
disturbances in oxidative metabolism and cellular energy mechanisms, which is 
reflected in the level of oxygen consumption and exercise tolerance - factors that 
are especially important for patients with diseases of the cardiovascular system 
(CVD) [22, 40]. Iron deficiency ranks first among the 38 most common human 
diseases, negatively affecting the activity of the cardiovascular system [41, 63, 
66, 72, 74].
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It is known that the presence of comorbid chronic diseases, including CVS and 
blood, aggravates the somatic status [9, 36, 55]. The term comorbidity was first 
introduced into clinical practice by the outstanding American physician Alvan 
R. Feinstein (1925 – 2001) in 1970, and the term was clarified by H.C. Kramer 
(1995) and van den M. Akker (1996), who proposed the first classification of co-
morbidity.

Alvan R. Feinstein.

In the concept of comorbidity, we mean the presence of two or more chronic 
diseases that are both etiologically and pathogenetically interrelated or are diag-
nosed simultaneously [10, 37]. In the available literature, we have not found stud-
ies that shed light on the function of external respiration in women of the second 
mature age of Tyumen when they combine coronary artery disease without signs 
of chronic heart failure, with moderately severe IDA, in which the hemoglobin 
concentration in the blood ranged from 89 up to 70 g/l. There are practically no 
publications reflecting the influence of suggestion as a dominant according to A.A. 
Ukhtomsky, with a combination of ischemic heart disease and iron deficiency ane-
mia in women of the second adulthood, on the function of external respiration. At 
the same time, the study of suggestion is carried out at various methodological 
levels [19, 23, 27].

In 1969, Swedish psychologist Lars-Eric Uneståhl proposed a system of psy-
chological training for athletes called Unestahl Mental Training, defended in the 
form of a doctoral dissertation at Uppsala University, which helps them, through 
hypnosis and self-hypnosis, enter an “ideal active state” [77 , 78, 79]. 



132

Scientific research of the SCO countries: synergy and integration

International Conference

Lars-Eric Uneståhl

Having analyzed his methodology, we concluded that suggestive suggestion 
(hypnosis) to increase the functional capabilities of the female body can be used 
in clinical practice. Of course, we understand that the use of suggestion in clinical 
practice has a number of limitations [11, 12, 29, 38, 48, 67]. We especially note 
that we carried out suggestion only when we were convinced that the woman had 
reached the appropriate level of development of abstract thinking and had the 
skills of concentration and imagination. Let us especially emphasize that we con-
sider suggestion not as a placebo, but as one of the effective and safe therapeutic 
and diagnostic procedures.

Purpose: in women of the second mature age of Tyumen, undergoing outpa-
tient treatment for a combination of coronary artery disease and iron deficiency 
anemia, through suggestion from the standpoint of the physiological teachings of 
Academician A.A. Ukhtomsky about the dominant to study resistance to hypoxia.

Material and methods. External respiration function was assessed in two 
groups of women. The first group (MG – main group) included 28 women of the 
second mature age (48.4±2.9 years) undergoing outpatient treatment at RCH No. 
2 in Tyumen for a combination of chronic ischemic heart disease without signs 
of heart failure and IDA. Arterial hypertension was diagnosed in 7 women from 
the MG; 3 women have type 2 diabetes mellitus, which does not require insulin; 4 
women had grade 1-2 obesity. 18 women believe that the first symptom of coro-
nary artery disease they had was angina pectoris, which correlates with the data of 
other researchers [33, 34]. The second group (CG - control group) using a random 
sampling method consisted of 30 women of the same age (47.8±2.7 years) who did 
not have clinically and instrumentally confirmed diseases of the cardiovascular 
system and blood at the time of the examination.

In women of these groups, against the background of positive-sounding music, 
we used hypnotic suggestion to create a dominant according to the method of 
Academician A.A. Ukhtomsky [2, 50, 51, 52]. 
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Alexey Alekseevich Ukhtomsky.

We assumed that the human brain, while awake, operates on certain algorithms 
that require constant updating [4, 5, 25, 43]. Let us make the assumption that the 
suggestion we use, in other words, intelligently structured speech, is based, firstly, 
on the proximity of the auditory and articulatory zones of the cerebral cortex. We 
agree with the opinion of [1, 46, 60] and therefore perceive suggestion as a type of 
speech influence. Secondly, such proximity, which has direct connections in the 
deep structures of the cortex between receptor, i.e. auditory and motor, articulato-
ry neurons according to the principle of proximity, creates the dominant that A.A. 
spoke about. Ukhtomsky and which we consider and use in this work. We have 
made the assumption that the process of updating neural connections in the brain 
will be more effective if it is stimulated with the help of breathing, in particular 
by voluntary retention of inhalation and exhalation under musical accompaniment 
and verbal hypnotic suggestion by creating the dominant A.A. Ukhtomsky. An 
unresolved issue in this situation is the identification of individual age-related 
functional characteristics of physiological adaptation of women suffering from a 
combination of IHD and IDA, by studying functional tests with holding the breath 
during inhalation and exhalation when using a positive verbal hypnotic suggestion 
against the background of musical accompaniment. For 10 minutes, the woman 
was calmly accompanied by musical accompaniment (most often women chose 
the music of W.A. Mozart “Rondo Alla Turca” - “Turkish Rondo”), firstly, that 
she could do it without much effort and, secondly, without visible physical stress 
will be able to hold your breath longer than usual. We made the assumption that, 
albeit short in time, but precisely the positive nature of suggestion against the 
background of musical accompaniment, can be that irritant for the brain, which, in 
accordance with the teachings of Academician A.A. Ukhtomsky about the dom-
inant, programs it for more pronounced and time-stable preservation of the func-
tion of the respiratory system.

Modern anthropology describes several periodizations of human ontogenesis 
[6, 7, 26, 31, 68, 69]. When assessing the age of women, we adhered to the scheme 
of age periodization of human ontogenesis, adopted at the VII All-Union Confer-
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ence on Problems of Age-Related Morphology, Physiology and Biochemistry of 
the Academy of Pedagogical Sciences of the USSR in Moscow in 1965. Accord-
ing to this periodization, the period of the second mature age lasts from 36 to 55 
years, i.e. 20 years. It is quite natural to assume that during this period of life in 
women, for example, at the age of 36 years, morphofunctional indicators not only 
can, but should also differ from the age, for example, 54 years. Considering that 
in the literature available to us we have not found studies characterizing the func-
tion of external respiration in women living in Tyumen, we divided the second 
period of adulthood into 5-year intervals. MG: from 36 to 40 years (38.3±1.7; n = 
8), from 41 to 45 (43.4±1.6; n = 6) years, from 46 to 50 (47.2±1 .5; n = 7) years 
and from 51 to the age of 55 (52.5±1.6; n = 7) years. CG: from 36 to 40 years 
(38.6±1.6; n = 8), from 41 to 45 (44.2±1.7; n = 8) years, from 46 to 50 (48.1±1 .7; 
n = 7) years and from 51 to 55 (52.8±1.5; n = 7) years (Fig. 1).

Figure 1. Number and age composition of women in the compared groups.

From the anamnesis it was revealed that due to illness and an increase in the 
passport age, the level of physical activity in all women decreased, which is ex-
pressed in the fact that women in the MG walked an average of 1.86 ± 0.32 km 
during daylight hours, and women in the CG 3.17 ±0.28 km (p<0.05). It was also 
found that 78% of women in the MG and 63% of women in the CG led a seden-
tary, mostly sedentary lifestyle associated with the conditions of professional ac-
tivity. In addition, 57% of women in the MG and 34% of women in the CG noted 
the presence of domestic and work-related stressful situations. 18% of women in 
the MG and 21% of women in the CG had a night work schedule. The duration of 
night sleep in 53% of women in the MG was 8 hours, in 41% – 7 hours, and in 6% 
less than 7 hours. The duration of night sleep in 62% of women in the CG was 8 
hours, in 33% – 7 hours and in 5% less than 7 hours.

It should be emphasized that the women’s families have permanently lived in 
the south of Western Siberia in the city of Tyumen for three generations.
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In accordance with the clinical examination rules adopted at RCH No. 2 in 
Tyumen, all women receiving outpatient treatment underwent a comprehensive 
clinical, biochemical and instrumental examination. In this report, we focus only 
on the results of studying resistance to hypoxia using standard functional tests of 
Stange and Gentsch in a state of physiological rest after a positive 8-10 minute 
verbal suggestion against the background of pleasant musical accompaniment.

We selected tests with arbitrary breath-holding during inhalation and exhala-
tion due to two combined factors. Firstly, due to the fact that they allow you to 
quickly and safely determine the general functional state of the respiratory system, 
resistance to hypoxia and hypercapnia. Secondly, the samples are methodological-
ly simple and accessible and do not require special equipment, which is important 
in conditions of mass examinations.

The research results were processed on a personal computer using modern 
electronic programs (STATISTIKA). The significance of differences was assessed 
using Student’s t test [18].

The principles of voluntariness, individual rights and freedoms guaranteed by 
Articles 21 and 22 of the Constitution of the Russian Federation, as well as Order 
of the Ministry of Health and Social Development of Russia No. 774n of August 
31, 2010 “On the Ethics Council” are observed. The study was conducted in ac-
cordance with the ethical standards set out in the Declaration of Helsinki and the 
European Community Directives (8/609EC) and the informed oral consent of the 
women.

Results and discussion.
Voluntary holding of breath while inhaling (Stange test).
We used a test proposed by the professor of physical methods of treatment at 

the Imperial Clinical Institute of Grand Duchess Elena Pavlovna, chairman of the 
St. Petersburg Medical Society, Vladimir Adolfovich Stange (1856–1918). We 
should note that in our country, close attention has been paid to the Stange test in 
clinical studies for many years [3, 13, 17, 24, 59].

Vladimir Adol’fovich Stange.
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Regarding the normative values of voluntary breath holding during inspiration 
in women, we should note that the information in the available literature is contra-
dictory. We adhere to the following values: less than 39 seconds - unsatisfactory; 
40-49 seconds - satisfactory; over 50 seconds - good.

In the Stange test, we identified two phases, of which the first characterized the 
true duration of resistance to hypoxia, while the second indicated the so-called. 
volitional component (Table 1).

Table 1
Age values of the Stange and Gentsch tests in women from the MG and CG of 

the second mature age before (I) and after (II) suggestion (M±m)
Group Stange (1 phase) Stange Gentsch

36 – 40 
MG (I) 23,64±1,05 42,87±1,23 23,06±1,06
CG (I) 26,93±1,12 46,29±1,19 25,49±1,13

Difference 3,29 3,42 2,43
MG (II) 23,97±1,07 43,51±1,23 26,13±1,08
CG (II) 27,36±1,10 46,12±1,19 29,38±1,11

Difference 3,39 2,61 3,25

41 – 45  
MG (I) 23,12±1,08 41,18±1,27 22,57±1,11
CG (I) 26,08±1,12 46,01±1,22 25,09±1,14

Difference 2,96 4,83 2,52
MG (II) 25,02±1,09 43,31±1,27 25,49±1,11
CG (II) 28,13±1,14 45,70±1,23 28,43±1,14

Difference 2,43 2,39 2,94
46 – 50  

MG (I) 22,73±1,16 40,37±1,26 22,11±1,19
CG (I) 24,82±1,10 45,22±1,28 24,22±1,16

Difference 2,09 4,85 2,11
MG (II) 25,23±1,13 42,72±1,24 25,01±1,19
CG (II) 28,98±1,15 45,09±1,26 27,62±1,16

Difference 3,75 2,37 2,61
51 – 55  

MG (I) 21,84±1,16 39,15±1,19 21,23±1,12
CG (I) 23,92±1,15 42,38±1,24 23,36±1,09

Difference 2,08 3,23 2,13
MG (II) 25,44±1,12 40,86±1,22 24,44±1,12
CG (II) 29,19±1,17 42,91±1,25 26,95±1,09

Difference 3,75 2,05 2,51
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The study, firstly, established (Fig. 2) that the duration of voluntary breath 
holding during inhalation in women of the second mature age in a state of physical 
rest was at the level of normative values. Secondly, in absolute terms, the dura-
tion of the Stange test in women from the CG was shorter than in their peers from 
the CG. Thus, the difference in the duration of voluntary breath holding during 
inspiration between women in the MG and CG ranged from 3.23 to 4.85 seconds, 
which is statistically significant (p<0.05).

Figure 2. Age-specific values of the duration of voluntary breath holding on in-
spiration using the Stange test in women of the second mature age in a state of 

physical rest.

We should note that after verbal suggestion against the background of musical 
accompaniment, firstly, the duration of breath holding during inhalation increased 
according to the results of the Stange test (Fig. 3). 

Figure 3. Age values of the duration of voluntary breath holding on inspiration 
using the Stange test in women of the second mature age after suggestion.
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Secondly, in women from the CG during all periods of the examination, the du-
ration of breath holding in absolute values was longer. Thirdly, due to an increase in 
the passport age, the duration of breath holding during inhalation decreased (Fig. 4).

Figure 4. Age-related differences in voluntary breath-holding during inhalation 
according to the results of the Stange test in women from the MG and CG.

Voluntary holding of breath while exhaling (Gench test).
When assessing the duration of voluntary breath holding during exhalation, 

we used the test proposed in 1926 by the Hungarian physician Gönczy (Gench), 
which has found wide use in the clinic and sports [8, 20, 30, 42, 49]. We assessed 
the duration of breath holding as follows: less than 34 seconds - unsatisfactory; 
35-39 seconds - satisfactory; over 40 seconds - good.

The results of studying the resistance of women to hypoxia using the Gench 
test indicated (Fig. 5) that, firstly, in all of them it was rated as unsatisfactory, be-
cause it did not reach standard values. Secondly, in absolute terms, breath holding 
during exhalation in women from the MG was less than in women from the CG. 
Thirdly, as the passport age increases, the resistance to hypoxia of women of the 
compared groups decreases in absolute values, especially among representatives 
of the MG, which is statistically significant (p<0.05).

Figure 5. Age values of the duration of voluntary breath holding on exhalation 
using the Gench test in women of the second mature age in a state of physical 

rest.
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After the suggestion, the duration of voluntary breath holding on exhalation, 
according to the results of the Gench test, indicated its increase (Fig. 6).

Figure 6. Age values of the duration of voluntary breath holding on exhalation 
according to the results of the Gench test in women of the second mature age 

after suggestion.

Differences in the age-related values of the duration of voluntary breath hold-
ing on exhalation were revealed according to the results of the Gench test in wom-
en of the second mature age of the compared groups after suggestion. They indi-
cated that, due to an increase in the age at birth, there is a decrease in resistance 
to hypoxia (Fig. 7).

Figure 7. Age differences in the duration of voluntary breath holding on exhala-
tion according to the results of the Gench test in women from the MG and CG 

after suggestion.

Limitations of the study. We believe that a relative limitation of the study is the 
relatively small number of women examined for each 5-year segment of the 9th 
period of ontogenesis. But, nevertheless, our personal contact with each woman 
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made it possible not only to increase the accuracy and reliability of the results ob-
tained, but also to compensate for the relative small number of the studied groups.

Conclusion. Comorbid diseases have an increasing tendency to increase from 
year to year in almost all countries of the world, and cover almost a quarter of the 
adult population of the world. As scientific research shows, comorbidity leads not 
only to high rates of mortality and disability, but also to frequent side effects of 
treatment, significant financial costs of healthcare for rehabilitation, and low qual-
ity of life. The combination of coronary artery disease and iron deficiency anemia 
is a serious pathology, and the rehabilitation of patients is one of the most impor-
tant tasks of modern medicine, since it is not only an important social, but also an 
economic problem. To implement it, multifaceted clinical studies are needed at 
various methodological levels, including patients with multiple chronic diseases 
living in different regions of our country. Practitioners should rely on such clinical 
recommendations for examination and treatment that will allow the primary care 
doctor not only safely, but also without significant material costs and quickly di-
agnose and prescribe appropriate treatment. Such accessible and safe methods of 
clinical research include the standard Stange and * tests, which, we believe, give 
an objective idea of   the functional capabilities of the body. In our opinion, these 
tests should not be excluded from the doctor’s arsenal at all stages of outpatient 
treatment of patients, especially with comorbid pathology. We believe that at the 
current stage of achievements of medical science, one should not neglect the meth-
ods of positive suggestion, the use of which is absolutely safe for humans, but 
allows from the standpoint of the physiological teachings of Academician A.A. 
Ukhtomsky about the dominant to increase the functional state of the body, espe-
cially against the background of a combination of a number of diseases.
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註解。 文章對兩組第二成年女性的飽和度作為耐缺氧指標的研究進行了比較
分析。 第一組（OH – 主要組）包括永久居住在秋明州並因冠心病（CHD）和缺鐵
性貧血（IDA）而接受門診復健治療的女性。 第二組（CG – 對照組）由檢查時未
患有身體疾病的同齡女性組成。 假設透過創建 A.A. 占主導地位來增加飽和度
的可能性。 在愉快的音樂伴奏下，烏赫托姆斯基提出了積極的建議。 作者在內
科臨床首次將第二成年期分為五年時間間隔：36至40歲、41至45歲、46至50歲、51至
55歲。 研究表明，隨著女性護照年齡的增加，...的功能可能性

關鍵字：女性、第二成年期、冠狀動脈心臟病、缺鐵性貧血、飽和度、建議、A.A. 
烏赫托姆斯基占主導地位。
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Annotation. The article provides a comparative analysis of the study of 
saturation as an indicator of resistance to hypoxia in two groups of women of 
the second adulthood. The first group (OH – the main group) included women 
permanently residing in Tyumen and receiving outpatient rehabilitation treatment 
for a combination of coronary heart disease (CHD) and iron deficiency anemia 
(IDA). The second group (CG – control group) consisted of women of the same age 
who did not have somatic diseases at the time of the examination. An assumption 
is made about the possibility of increasing saturation by creating the dominant 
of A.A. Ukhtomsky after positive suggestion against the background of pleasant 
musical accompaniment. For the first time in the clinic of internal medicine, the 
authors divided the period of second adulthood into five-year time intervals: from 
36 to 40 years, from 41 to 45 years, from 46 to 50 years, and from 51 years to 55 
years. Studies have shown that as women’s passport age increases, the functional 
possibilities of ...

Keywords: women, the period of second adulthood, coronary heart disease, 
iron-deficiency anemia, saturation, suggestion, A.A. Ukhtomsky’s dominant.

Relevance. Issues of diagnosis and treatment of coronary artery disease and 
iron deficiency anemia have been discussed for many years on the pages of jour-
nals, various congresses and conferences [8, 10, 16, 63]. As for ischemic heart 
disease, it is not only characterized by widespread prevalence, but is also one of 
the leading problems of modern medicine, which is associated with both an un-
favorable prognosis and the high economic costs of treatment [43, 59, 60, 68, 69, 
73]. Thus, according to statistics, IHD has currently been diagnosed in 126 million 
people around the world.

Among currently known anemias, IDA is the most common [7, 17, 28, 41, 44, 
57]. According to WHO statistics, over 2 billion people suffer from IDA, and 3.4 
billion people have hidden iron deficiency [7]. IDA is an independent predictor 
of cardiovascular disease and adverse outcomes [52]. It has been shown that iron 
deficiency can lead to serious disturbances in oxidative metabolism and cellular 
energy mechanisms, which is reflected in the level of oxygen consumption and 
exercise tolerance - factors that are especially important for patients with diseases 
of the cardiovascular system (CVS).

It is known that the presence of comorbid chronic diseases, including CVS and 
blood, aggravates the somatic status [3, 35, 58]. The term comorbidity was first 
introduced into clinical practice by the outstanding American physician Alvan 
R. Feinstein (1925 – 2001) in 1970, and the term was clarified by H.C. Kramer 
(1995) and van den M. Akker (1996), who proposed the first classification of co-
morbidity. The concept of comorbidity (polymorbidity) in the modern clinic of in-
ternal diseases includes the presence of two or more chronic diseases that are both 
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etiologically and pathogenetically interrelated or are diagnosed simultaneously [4, 
18, 30, 36, 37, 46, 48, 50. 70, 74].

In the available literature, we have not found studies that shed light on the 
function of external respiration in women of the second mature age of Tyumen 
when they combine coronary artery disease without signs of chronic heart failure 
with moderately severe IDA, in which the hemoglobin concentration in the blood 
ranged from 89 to 70 g/l. There are practically no studies reflecting the influence of 
suggestion as a dominant according to A.A. Ukhtomsky, for pulse oximetry, with 
a combination of ischemic heart disease and iron deficiency anemia in women of 
the second adulthood. At the same time, the study of suggestion is carried out at 
various methodological levels [15, 19, 23].

In 1969, Swedish psychologist Lars-Eric Uneståhl proposed a system of psy-
chological training for athletes called Unestahl Mental Training, defended in the 
form of a doctoral dissertation at Uppsala University, which helps them, using 
hypnosis and self-hypnosis, enter an “ideal active state” [76 , 77, 78]. Having 
carefully analyzed his methodology, we made the assumption that suggestive sug-
gestion (hypnosis) to increase the functional capabilities of the female body can be 
used in clinical practice. Of course, we understand that hypnosis can be considered 
as a placebo [33, 38, 67], in other words, as an unconventional method of treat-
ment, therefore the use of hypnosis in clinical practice is associated with a number 
of features, limitations, misunderstandings and even prohibitions [5, 6, 25, 32, 
42, 54, 55, 66, 71]. We carried out suggestion only when we were convinced that 
the woman had reached the appropriate level of development of abstract thinking 
and had the skills of concentration and imagination. Let us especially emphasize 
that we consider suggestion not as a placebo, but as one of the effective and safe 
therapeutic and diagnostic procedures.

Purpose: in women of the second mature age of Tyumen with ischemic heart 
disease and iron deficiency anemia from the standpoint of the physiological teach-
ings of academician A.A. Ukhtomsky about the dominant to study resistance to 
hypoxia using pulse oximetry. 

Material and methods. External respiration function was assessed in two 
groups of women. The first group (MG - main group) included 28 women of the 
second mature age (48.4 ± 2.9 years), undergoing outpatient treatment at RCH No. 
2 in Tyumen for a combination of chronic coronary artery disease without signs 
of heart failure (first functional class) and IDA. Arterial hypertension was diag-
nosed in 7 women from the MG; 3 women have type 2 diabetes mellitus, which 
does not require insulin; 4 women had grade 1-2 obesity. 18 women believe that 
the first symptom of coronary artery disease they had was angina pectoris, which 
correlates with the data of other researchers [29, 31]. For women in this group, we 
used hypnotic suggestion against the background of positive-sounding music to 
create a dominant according to the method of Academician A.A. Ukhtomsky [56].
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We assumed that the human brain, while awake, operates on certain algorithms 
that require constant updating [1, 2, 22, 51]. Let us make the assumption that the 
suggestion we use, in other words, intelligently structured speech, is based, firstly, 
on the proximity of the auditory and articulatory zones of the cerebral cortex. We 
agree with the opinion of [53, 61] and perceive suggestion as a type of speech 
influence. Secondly, such proximity, which has direct connections in the deep 
structures of the cerebral cortex between receptor, i.e. auditory and motor, articu-
latory neurons according to the principle of proximity, creates the dominant that 
A.A. Ukhtomsky  spoke about and which we not only consider in this work, but 
also expand the boundaries of its physiological capabilities. We have made the as-
sumption that the process of updating neural connections in the brain will be more 
effective if it is stimulated with the help of breathing, in particular by voluntary 
retention of inhalation and exhalation under musical accompaniment and verbal 
hypnotic suggestion by creating the dominant A.A. Ukhtomsky. An unresolved 
issue in this situation is the identification of individual age-related characteristics 
of physiological adaptation of women suffering from a combination of IHD and 
IDA, by studying functional tests with holding the breath during inhalation and ex-
halation when using a positive verbal hypnotic suggestion against the background 
of musical accompaniment using pulse oximetry. To do this, for 10 minutes, the 
woman was calmly accompanied by musical accompaniment (most often women 
chose the music of W.A. Mozart “Rondo Alla Turca” - “Turkish Rondo”), firstly, 
that she could do it without much effort and, secondly, without visible physical 
exertion will be able to hold his breath longer than usual. We made the assumption 
that, albeit short in time, but precisely the positive nature of suggestion against the 
background of musical accompaniment, can be that irritant for the brain, which, in 
accordance with the teachings of Academician A.A. Ukhtomsky about the dom-
inant, programs it for more pronounced and time-stable preservation of the func-
tion of the respiratory system. The second group (CG - control group) using a 
random sampling method consisted of 30 women of the same age (47.8±2.7 years) 
who did not have clinically and instrumentally confirmed diseases of the cardio-
vascular system and blood at the time of the examination.

When assessing the age of women, we adhered to the scheme of age periodiza-
tion of human ontogenesis, adopted at the VII All-Union Conference on Problems 
of Age-Related Morphology, Physiology and Biochemistry of the Academy of 
Pedagogical Sciences of the USSR in Moscow in 1965. According to this peri-
odization, the period of the second mature age lasts from 36 to 55 years, i.e. 20 
years. It is quite natural to assume that during this period of life in women, for 
example, at the age of 36 years, morphofunctional indicators not only can, but 
should also differ from the age, for example, 54 years. Considering that in the 
literature available to us we have not found studies characterizing the function of 
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external respiration in women living in Tyumen, we divided the second period of 
adulthood into 5-year intervals. MG: from 36 to 40 years (38.3±1.7; n = 8), from 
41 to 45 (43.4±1.6; n = 6) years, from 46 to 50 (47.2±1 .5; n = 7) years and from 
51 to 55 (52.5±1.6; n = 7) years. CG: from 36 to 40 years (38.6±1.6; n = 8), from 
41 to 45 (44.2±1.7; n = 8) years, from 46 to 50 (48.1±1 .7; n = 7) years and from 
51 to 55 (52.8±1.5; n = 7) years (Fig. 1).

Figure 1. Number and age composition of women in the compared groups.

From the anamnesis it was revealed that due to illness and an increase in the 
passport age, the level of physical activity in all women decreased, which is ex-
pressed in the fact that women in the MG walked an average of 1.86 ± 0.32 km 
during daylight hours, and women in the CG 3.17 ±0.28 km (p<0.05). It was also 
found that 78% of women in the MG and 63% of women in the CG led a seden-
tary, mostly sedentary lifestyle associated with the conditions of professional ac-
tivity. In addition, 57% of women in the MG and 34% of women in the CG noted 
the presence of domestic and work-related stressful situations. 18% of women in 
the MG and 21% of women in the CG had a night work schedule. The duration of 
night sleep in 53% of women in the OG was 8 hours, in 41% – 7 hours, and in 6% 
less than 7 hours. The duration of night sleep in 62% of women in the CG was 8 
hours, in 33% – 7 hours and in 5% less than 7 hours.

It should be emphasized that the women’s families have permanently lived in 
the south of Western Siberia in the city of Tyumen for three generations.

In accordance with the clinical examination rules adopted at RCH No. 2 in 
Tyumen, all women receiving outpatient treatment underwent a comprehensive 
clinical, biochemical and instrumental examination. Currently, a non-invasive 
method for assessing blood oxygen saturation, called pulse oximetry [11, 14, 20, 
21, 24, 34, 39, 40, 45, 64], is increasingly being introduced into outpatient clinical 
practice. arterial hemoglobin oxygen and determination of heart rate. Considering 
that many women cover their nails with gel polishes of different colors, which 
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change the readings of the device [26], during the study we asked them to refrain 
from painting their nails. It is known that normal values of pulse oximetry (oxime-
try, hemoximetry) of arterial blood in a healthy person vary from 95 to 98%. We 
took into account that, from a practical point of view, an error of ±2% is allowed 
for pulse oximeters [65]. It is noted [72] that a survey of over 6000 people showed 
that in healthy people the probability of an SpO2 value below 95% is less than 3%. 
Similar data are provided by [65]. Back in 1992, it was noted that pulse oximetry 
is the only widely available method by which one can indirectly estimate the ox-
ygen tension in arterial blood - PaO2. The editors of The Lancet [75] consider the 
threshold SpO2 value for prescribing oxygen therapy to be 93%.

With increasing age, the activity of the ciliated epithelium of the lungs, as well 
as the extensibility, elasticity and weight of the lungs, decrease, which cannot but 
affect the functional state of the body. In addition, the partial pressure voltage 
changes and decreases [13]. It is known that loss of vascular elasticity is one of the 
main factors in the progression of cardiovascular pathology [27, 47]. We took into 
account that the results of the pulse oximeter readings are influenced not only by 
the technical features of its device, but also by strict adherence to the rules of the 
study. These include: movement during the examination, bright light, comfortable 
room temperature, interference from nearby electrical equipment (for example, a 
cell phone). We paid attention to the fact that during the examination women did 
not have paint on their nails or an artificial nail. When measuring saturation, we 
strictly followed the operating instructions for the device and WHO recommenda-
tions on pulse oximetry [49, 62].

To study saturation, we used a finger pulse oximeter CMS 50E, as well as an 
individual finger pulse oximeter Fingertip Pulse Oximeter “Beurer PO40”. The 
devices comply with the requirements of the European Medical Devices Direc-
tive 93/42/EC, as well as the Medical Devices Act and DIN EN ISO 80601-2-61 
(medical electrical devices). Saturation (SpO2) assessment was carried out in a 
state of physiological rest in a sitting position after a positive 8-10 minute verbal 
suggestion against the background of pleasant musical accompaniment. 

The research results were processed on a personal computer using modern 
electronic programs (STATISTIKA). The significance of differences was assessed 
using Student’s t test [12].

The principles of voluntariness, individual rights and freedoms guaranteed by 
Articles 21 and 22 of the Constitution of the Russian Federation, as well as Order 
of the Ministry of Health and Social Development of Russia No. 774n of August 
31, 2010 “On the Ethics Council” are observed. The study was conducted in ac-
cordance with the ethical standards set out in the Declaration of Helsinki and the 
European Community Directives (8/609EC) and the informed oral consent of the 
women.
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Results and discussion. Studies have shown that the percentage of blood ox-
ygen saturation in women from the CG was higher in absolute values than in 
women from the MG (Table 1, Fig. 2).

Table 1
Age values of saturation of women in the MG and CG period of the second 

mature age before (I) and after (II) suggestion (M±m)
Group Saturation

36 – 40  
MG (I) 94,35 ± 0,85
CG (I) 98,27 ± 0,78

Difference 3,92
MG (II) 94,41 ± 0,84
CG (II) 98,36 ± 0,79

Difference 3,95

41 – 45  
MG(I) 94,18 ± 0,79
CG(I) 98,06 ± 0,84

Difference 3,88
MG (II) 94,22 ± 0,77
CG (II) 98,27 ± 0,89

Difference 4,05
46 - 50

MG (I) 93,93 ± 0,70
CG (I) 97,71 ± 0,83

Difference 3,78
MG (II) 94,08 ± 0,81
CG (II) 97,86 ± 0,85

Difference 3,78
51 – 55

MG (I) 93,82 ± 0,74
CG (I) 97,68 ± 0,86

Difference 3,86
MG (II) 93,64 ± 0,79
CG (II) 97,47  ± 0,83

Difference 3,83
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Figure 2. Age-related values of blood oxygen saturation in women within the pe-
riod of second adulthood in a state of physical rest.

It can be concluded (Fig. 3) that in women from the CG, firstly, blood oxygen 
saturation over four 5-year periods of time is higher than in women from the MG. 
This difference was 4.50%. Secondly, as the passport age increases, the percentage 
of blood oxygen saturation decreases, which was confirmed in the materials of 
other researchers [39]. 

Figure 3. Percentage age differences in blood oxygen saturation in women 
within the period of the second mature age of the MG and CG in a state of physi-

cal rest.

When using suggestion, we did not find any significant differences in the 
percentage measurement of blood oxygen saturation in women of the compared 
groups (Fig. 4) (p>0.05). But, nevertheless, in comparative terms, a higher per-
centage of blood oxygen saturation can be traced in women from the GC com-
pared to women from the MG. 
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Figure 4. Age differences in the percentage of blood oxygen saturation in women 
from the MG and CG within the period of the second mature age after suggestion 

against the background of music.

Thus, among women aged 36 to 40 years the difference in absolute values was 
3.9%, at the age of 41-45 years 4%, at the age of 46-50 years 3.6%, at the age of 
51-55 years 3.8 % (Fig. 5).

Figure 5. Percentage age differences in blood oxygen saturation in women with-
in the period of second adulthood in the OG and CG after suggestion.

Conclusion. Comorbid diseases have an increasing tendency to increase from 
year to year in almost all countries of the world, and cover almost a quarter of the 
adult population of the world. Comorbidity leads not only to high rates of mortal-
ity and disability, but also to frequent side effects of treatment, significant financial 
health care costs for rehabilitation, and low quality of life. The combination of 
coronary artery disease and iron deficiency anemia is a severe comorbid pathol-
ogy, and the rehabilitation of patients is one of the most important tasks of modern 
medicine, since it is not only an important social, but also an economic problem. 
To implement it, multifaceted clinical studies are needed at various methodologi-
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cal levels, including patients with multiple chronic diseases living in different re-
gions of our country. Practitioners should rely on such clinical recommendations 
for examination and treatment that will allow the primary care doctor not only 
safely, but also without significant material costs and quickly diagnose and pre-
scribe appropriate treatment.

Thus, based on the study, the following conclusions can be drawn:
1. The period of the second mature age, approaching old age; the presence of 

long-term somatic diseases in the form of ischemic heart disease in combination 
with iron deficiency anemia and relative professional and everyday hypokinesia 
significantly contribute to reducing the resistance of the female body to hypoxia.

2. In assessing the functional state of the cardiorespiratory system in women 
of various age groups, pulse oximetry allows one to give an objective idea of the 
functional state of the body, which allows it to be widely used in outpatient clinical 
practice. It should be taken into account that the level of blood oxygen saturation 
decreases as the passport age increases. First of all, we associate this not only with 
social and everyday reasons and environmental factors, but with the physiological 
and chemical characteristics of the aging female body.

3. In recent years, the problem of comorbidity has become increasingly rel-
evant in countries, especially in Russia, where the social and economic conditions 
of society contribute to an increase in the life expectancy of elderly and senile 
people. In turn, this dictates the need not only for its broad study, but also for the 
development of a unified view on the problem of combined pathology.

4. Dividing the period of the second adulthood into 5-year periods of time 
allows the doctor to objectively assess the changes in the functional state of the 
respiratory system characteristic of a given passport age.
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抽象的。 研究此問題的相關性和可行性在於包機航班的快速發展及其對航
空業的重大影響。

本文的目的是詳細概述包機服務發展的主要趨勢以及它們面臨的問題。 作者
的研究結果包括包機服務需求的描述、競爭環境和限制的分析。

研究包機航空運輸發展趨勢和問題的科學和理論基礎包括俄羅斯理論家和科
學家的著作以及界定組織和實施包機航空運輸的概念、內容和主要問題的法律規
定。

關鍵字：包機運輸、需求、旅遊、競爭、機場、航空公司、安全。
Abstract. The relevance and feasibility of studying the problem is due to 

the rapid development of charter flights and their significant impact on the air 
industry.

The purpose of the article is to provide a detailed overview of the main trends 
in the development of charter services and an overview of the problems they face. 
The author’s results include a description of the demand for charter services, an 
analysis of the competitive environment and restrictions.

The scientific and theoretical basis for studying development trends and 
problems of charter air transportation consists of the works of Russian theorists 
and scientists, legal provisions that define the concept, content and main 
problematic issues of organizing and implementing charter air transportation.

Keywords: charter air transportation, demand, tourism, competition, airport, 
airline, safety.

Introduction
Currently, charter air transportation is becoming increasingly popular and in 

demand among passengers and cargo clients.
Unlike a regular flight, a charter flight is one ordered by an organization or 

individual. As a rule, the customer is a tour operator.
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The main characteristics of an air charter include the following:
 – the flight is ordered and operated outside the established schedule;
 – the date, time of departure and direction of the air charter are established 

by the customer, while the conditions are agreed upon with the aircraft 
traffic services of the specified airports of departure and destination;

 – only the customer has the right to sell tickets;
 – the pricing mechanism also remains under the control of the customer;
 – seasonality factor.

Thus, an air charter is organized by a tour operator, the airline acts only as a 
carrier, this suggests that regular transportation remains a priority for the airline.

Nevertheless, the advantages of air charters for the customer and the carrier are 
obvious (Table 1).

Table 1
Benefits of a charter flight [1]

ADVANTAGES OF A CHARTER FLIGHT
Customer Carrier

the right to the conditions (change of 
conditions) of the flight,
simplified destination,
financial benefit.

diversification of the service portfolio,
a clear improvement in financial performance,
increase in market share,
stable, competitive positions in the market.

The airline sector is one of the most strategic and vital economically, so it 
is imperative that the transport industry be competitive in domestic and global 
markets. However, despite its important economic and social impact, air charter 
remains an underexplored area.

The development of charter air transportation is fraught with problematic is-
sues that require more in-depth research.

Main part.
As practice shows, the tourism market is the main customer of charter air trans-

portation [5]. Charter tourism as a concept refers to package trips consisting of 
pre-arranged services, including transport, accommodation and often meals, and 
accompanying activity options. Most often, charter agencies hire aircraft from dif-
ferent airlines on a temporary basis, but may also use other modes of transport for 
transportation. By offering package tours at competitive prices, ensuring customer 
safety and reducing the need for individuals to book holidays, charter agencies are 
opening up an increasing number of destinations to tourists. 

The leading positions in the Russian air charter market are occupied by airlines 
that are part of tourism holdings. Thus, the tour operator Pegas-Touristik got its 
own carrier in 2008 - the North Wind airline. Later, the tour operator creates an-
other airline, “Ikar” Airlines LLC, which also shows good performance results [3]. 
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Another example is the creation of the air carrier “AZURAir” as part of the tour 
operator “Tez-tour” [4]. Later, the “ROYAL FLIGHT” airline, the tour operator 
Coral Travel, acquired its “wings” [2]. The listed airlines are among the TOP 15 
Russian airlines in terms of volumetric activity indicators (Table 2).

Table 2 
Performance indicators of Russian charter airlines (2021 results) 

Tour 
operator Airline

Performance indicators
Passengers 

transported, 
persons

Passenger turnover, 
thousand passenger 

km.

Passenger seat 
occupancy 

percentage,%
PEGAS 

Touristik
«Northern Wind» LLC 5 926 317 19 269 878,32 81,9
‘’Ikar’’ Airlines LLC 1 718 588 4 414 422,10 83

TEZ 
TOUR  «AZURair» LLC 3 726 198 13 855 572,99 92,1

Coral 
Travel

 ‘’ROYAL FLIGHT’’ 
Airlines JSC 1 493 490 5 511 472,95 90,1

In recent years, there has been a strong growth in the number of tourist trips, 
which leads to increased demand for charter flights. Charter airlines take on opera-
tional responsibility by selling all the seats on the plane (full charter) or a certain 
number of seats (split charter) to travel companies or travel agencies; they have no 
direct contact with passengers. Charter airlines operate on a seasonal basis.

The growing popularity of charter flights is also due to a decrease in air-
craft rental costs. In recent years, the number of companies leasing aircraft has 
increased, which in turn has led to increased competition among them. Such a 
highly competitive environment has led to a decrease in the rental cost of the 
vessels themselves. Previously, such a service was available only to very wealthy 
companies and people.

The airline sector is growing rapidly, it is very important to understand the dy-
namics of this sector. The growing popularity of charter flights has led to increased 
competition among companies in this segment. Such conditions of high competi-
tion lead to the development of innovative technologies in this area and improve-
ment of the quality of services offered. Charter companies that best meet customer 
needs and improve the level of service are more competitive in this market.

On the other hand, geopolitical changes occurring around the world, as well as 
events related to the COVID-19 pandemic, have significantly impacted logistics in 
general, and air travel and charter services in particular. Border closures in many 
countries in 2020-21. led to a reduction in the number of international flights. 
In 2022, the situation began to improve and stabilize, and the number of charter 
flights began to resume.
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The ongoing changes at the state and international level in this market segment 
have led to regulatory changes in the field of charter air transportation. Such meas-
ures are applied to improve the quality of safety of charter flights. Therefore, it is 
important for charter companies to monitor regulatory and legislative changes in 
order to comply with their rules, requirements and regulations.

So, the increase in the number of charter air transportation is associated with 
an increase in demand for this type of service and increased competition in this 
segment. It is expected that the demand and number of charter air services will 
continue to grow in the future. High competition will lead to an improvement in 
the quality of services provided and the development of innovative technologies 
in this area.

The air charter segment, like any segment of the aviation market, has some 
difficulties and problems.

One of the most glaring of these problems is airport capacity. This feature 
makes it difficult for charter companies to operate. In addition, the tariff policy 
pursued by airports matters.

Another, no less important problem is regulatory. At the state level, restrictions 
are adopted in terms of aircraft certification, insurance, personnel requirements, 
sanitary and other standards, which in turn creates an additional burden for charter 
companies.

And finally, the most important, determining factor in any transportation is 
safety. In this area, charter companies must also ensure the safety of air transpor-
tation, simplify inspection procedures, and use the latest technologies to ensure 
safe transportation.

Conclusion.
The conducted research is related to charter air transportation, and highlights 

issues related to problematic aspects associated with charter air transportation (de-
mand, regulatory support, safety).

The question of how transport companies cope with domestic and international 
competition, how they determine their competitive strategies is little studied in 
the scientific context. This aspect of the problem is a continuation of the scientific 
work of the author of the presented article. 
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自行車軌跡的幾何性質
ON THE GEOMETRIC PROPERTIES OF THE TRAJECTORY OF A 

BICYCLE
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註解。 該論文給出了給定後輪軌蹟的自行車前輪軌蹟的數學描述，並揭示了
它們的一些幾何特性。 最簡單的兩輪自行車模型作為實用基礎。

以複雜功能的形式給予描述。 原始曲線和結果曲線以參數形式獲得。 此類
曲線的特殊性在於其機械起源。

關鍵字：運動軌跡、自行車車輪、基曲線、切線、複函數。
Annotation. The paper gives a mathematical description of the trajectory of 

the front wheel of a bicycle for a given trajectory of the rear wheel and reveals 
some of their geometric properties. The simplest model of a two-wheeled bicycle 
served as a practical basis.

The description is given in terms of complex functions. The original and 
resulting curves are obtained in parametric form. The peculiarity of such curves 
is their mechanical origin.

Keywords: motion trajectory, bicycle wheel, base curve, tangent, complex 
function.

This paper considers the following problem: to construct a mathematical de-
scription of the curve (trajectory of the front wheel of a bicycle), given the base 
curve (trajectory of the rear wheel) and to identify the main geometric properties 
of the resulting curve.

Analogues of this problem are rarely found in the literature (see, for example, 
[1-2]).

For simplicity, we will assume that the movement occurs on a plane. By the 
trajectories of movement of the rear and front wheels we mean the curves that 
describe the centers of the projections of these wheels onto the plane; the projec-
tions of the wheels are tangent to the curves (trajectories) of their movement. The 
bicycle frame has a fixed length L and is a “continuation” of the projection of the 
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rear wheel. We will denote the trajectory of the rear wheel (base curve) by l, and 
the desired curve (trajectory of the front wheel) by S.

We will seek a mathematical description of the solution in terms of complex 
functions. In the process of solving, we will consider geometric properties, in par-
ticular questions about the length of the resulting curve and the area of     the region 
bounded by the base and resulting curves (between the trajectories of the wheels).

Case 1. Let the trajectory of the rear wheel be the point l = (0, 0) - the origin 
of coordinates.

Obviously, in this case the front wheel either stands still or moves in a circle 
of radius L (Fig. 1)

[ ]






 ∈⋅⋅=∈= πϕϕ 2,0,: ieLwCwS .

Figure 1. Simple case

To clarify the geometric properties, distracting from the bicycle, it is conven-
ient to imagine a circle as a set of sectors.

Next, the following interpretation is proposed (see Figure 2 on the left). The 
interpretation is for illustrative purposes only. For a rigorous proof, first all curves 
must be replaced with polygons, all the indicated procedures must be performed 
for them, and then we must move to the limit when the maximum length of the 
sides of the polygon tends to zero.

 

Figure 2. Interpretation of the ring
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Let’s replace the point z0 with a circle of radius r. In this case, the original 
circle of radius L turns into a ring, which will consist of sectors of the circle and 
“rectangles” between them (see Fig. 2 on the right).

It is easy to see that the area of   the ring is equal to the sum of the area of   a circle 
of radius L (the sum of the areas of the black sectors) and the area of   the rectangle 
(the sum of the areas of additional white rectangles), the sides of which are the 
length of the base curve and the length of the frame L.

Let’s get back to the bike.
Case 2. Let the base curve be a circle with center at point z0 of radius r

.
Obviously, a tangent to a circle at any point is perpendicular to the radius. On 

the other hand, the same tangent can be obtained by rotating the “radius” of the 
circle by an angle. Therefore, it is enough to add to the point argument z. We ob-
tain the following description of the desired curve (Fig. 3 on the left).

[ ]






 ∈+⋅⋅+=∈= ππ 2,0,)

2
(exp(: .

Figure 3. Case of a circle

Let’s move on to the square. Note that although in this case we obtained a ring, 
its radius is different and it is arranged differently (see Fig. 3 on the right).

The proposed interpretation shows that in this case there will be no additional 
rectangles, and the resulting area is equal to the area of   the original circle of radius 
L, this can be verified by direct simple calculation. The length of the resulting 
curve can be represented as follows (Pythagorean Theorem for radii):

.)**2()**2(**2 22 LrR πππ +=
Case 3.Let the curve l be a smooth closed convex curve, that is, it is the bound-

ary of a convex figure (Fig. 4 on the left).
.

This case differs from the previous one in that the tangent to l will not be per-
pendicular to the radius vector of the curve l.
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Using the connection between the derivative of a function and the tangent, we 
obtain the following description for the curve l (Fig. 4 on the right).

[ ]{ }0,2),()(  ,: )arg( π−∈′⋅+′=′⋅+=∈= ′ ttyitxzeLzwCwS z .

Figure 4. Case of a closed smooth curve

For a better understanding and application of the last formula obtained, it is 
convenient to have the following vector interpretation.

The term z answers the question “where to postpone the vector”, the argument 
z’ answers the question “where to postpone”, the parameter L answers the ques-
tion “how much to postpone”. Then the desired curve is the trajectory of the end 
of the vector (Fig. 5)

))( exp(arg zLzw ′⋅+= .

Figure 5. Vector form of the solution

Example 1. Let the initial curve l (trajectory of movement of the rear wheel of 
a bicycle) be an ellipse with semi-axes a=3 and b=1.

[ ]{ }ð, (t), ti(t)C, zzl 20sin1cos3 ∈⋅⋅+⋅=∈= .
The start of movement of the rear wheel is at point (3, 0), the length of the 

frame is parameter L=2, the direction of movement corresponds to the increase in 
parameter t, that is, counterclockwise.

Then, using the formula obtained above, we obtain the following explicit 
mathematical description of the trajectory of the front wheel of a bicycle - curve 
S (see Fig. 6 on the left)

.
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Figure 6. Example 1

The issues of area and length in this case are much more complicated. But the 
analysis shows that the previously proposed interpretation can be applied to this 
case (see Fig. 6 on the right). There will be no additional elements, and the sectors 
(highlighted in black) together form a circle if they are laid out from one point. 
Thus, the area of   the resulting figure is equal to the area of   the original (base) circle 
of radius L. The length of the curve requires further study.

Example 2. Let the base curve l be given as follows
.

The start of movement of the rear wheel is at point (10.0), the length of the 
frame is parameter L=2, the direction of movement corresponds to the increase in 
parameter t, that is, counterclockwise (see Fig. 7).

The required curve will have the following form

Figure 7. Curves for example 2

Let’s consider a variant of the base curve (trajectory) of a general form. The 
simplest analysis of possible trajectories shows that, in principle, the trajectory of 
the rear wheel of a bicycle can also represent a piecewise smooth curve.

A piecewise smooth curve is a curve that can be divided into a finite number of 
parts, where each part represents a smooth curve.
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From this definition it follows that in this case it is enough to describe the 
trajectory of the front wheel at those points when the trajectory of the rear wheel 
describes a certain angle (see Fig. 8 on the left).

In fact, for this angle we are only interested in the vertex, which represents the 
point. It turns out that at the apex of the corner the rear wheel, on the one hand, 
stands still, but on the other hand, it turns through a certain angle α.

It is easy to see that this case is similar to the case from point 1, the only dif-
ference is in the magnitude of the angle, that is, in this section the desired curve S 
will represent an arc of a circle of radius L turning α.

Let’s look at this in more detail. Let us take as the base curve l a curve com-
posed of two arcs of circles l1, l2 intersecting at point l0.

Obviously, for parts l1, l2 of the base curve l, the desired curve S will be rep-
resented by smooth curves.

Figure 8. Case of a non-smooth curve

At the intersection point, the desired trajectory of the front wheel will be an 
arc of a circle with turning radius L α= α2 - α1. As a result, we obtain a piecewise 
smooth curve S consisting of curves S1, S0, S2 (see Fig. 8 on the right)
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Example 3. Let the base curve l be a closed curve (cardioid) with one “special” 
point (see Fig. 9)

.
Then, according to the previously obtained formula, the desired curve S will 

have the following description



175

上合组织国家的科学研究：协同和一体化

国际会议

.

Figure 9. Curve with one special point

Note that in the last example, the start and end points could formally be con-
nected by another circular arc. All figures were obtained in the Maple mathemat-
ical package.
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