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OF RUSSIAN COMPANIES THROUGH THE INTRODUCTION OF
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Abstract. In modern conditions, the basis of competitive strategies of business
units is innovation. The article examines the presence of digital technologies in
various sectors of the Russian economy, and the author competently analyzes
the trends and prospects of digitalization of the Russian economy from the
perspective of innovative development. In addition, it is important to note that
today the transition to a digital economy is one of the main priorities of Russia's
development, since the level of digitalization shows the country's competitiveness
in a new technological way.

Keywords: digitalization of the economy, patent activity, robotization of
production, digital activity, technological transformation

Competitive advantages from the standpoint of strategic management in search
of profit maximization provide the enterprise with a certain superiority over its
competitors as a result of the implementation of a unique strategy in the market.
Today it is modern technologies, patents, exclusivity, high speed and minimum
order processing time, as well as the ability to produce products at the lowest
price. The most common areas for achieving competitive advantages are cost lead-
ership, product differentiation, and early market entry.
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At the same time, such business characteristics as innovation or globalization
can also be the basis of a business strategy [6]. The relevance of introducing in-
novations into modern production by Russian companies through the transition to
digital technologies is primarily due to their desire to increase productivity and
reduce costs.

More than a third of Russian companies invested more than 100 million rubles
in digitalization in 2019. 51% of Russian companies expect that the funds invested
in digitalization will pay off in less than 2 years, another 43% of companies expect
a return on their investments within 2-5 years. 36% of Russian companies decide
to finance digitalization projects through individual consideration and decision-
making at the top management level, another 25% of companies consider such
projects together with IT projects [7].

The total amount of spending on innovation activities in 2019 amounted to
1.95 trillion rubles. Over half of these expenditures are for industrial production
- 984.3 billion rubles (+6% compared to the previous year in constant prices).
The service sector demonstrates a comparable scale of investment in innovation -
909.5 billion rubles.

In the program "Digital Economy" and "Strategy for the Development of the
Information Society until 2030", the digital economy is defined as improving the
efficiency of the modern economy, mainly due to data processing technologies
and automation of all processes [2].

Digitalization entails fundamental transformations in all spheres of human life
and activity. Thus, the intensive growth of information volumes determines the
demand for artificial intelligence technologies and high-speed processing of big
data, which in turn contributes to the growth of labor productivity, customization
and improvement of the quality of products and services.

Digital technologies act as drivers for the formation and development of new
markets, and also acquire important social roles, making a significant contribution
to solving global problems such as population aging, disease control, social strati-
fication, and environmental degradation [1].

More than a hundred of the largest Russian companies from key sectors of
the Russian economy, including the financial, telecommunications, metallurgy,
oil and gas and transport industries, as well as retail, took part in the KPMG study
"Use of digital technologies in the Russian market depending on the industry".

As part of the study, top management of companies, leaders responsible for
digital transformation, as well as heads of functional units within companies
where they are pilot testing or already using certain digital technologies were in-
terviewed. The percentage of use of the analyzed technologies differs depending
on the industry (table 1).
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Table 1.
The use of digital technologies in the Russian market depending on the industry

Big Data 68% 55%  100% 84% 67% 100% 50% = 14%
Chatbots 51% 50% 75% 60% 33% | 40%  50% @ 29%
Robotization 50%  40%  100% 56% 83% 20% 50% @ 14%
OCR 36% 20% | 25% 56% 67% 1%  50% 14%
Al 28% 5% 75% 40% 17%  80%  25% 1%
Tot 24% 15% 100% 12% 50% | 20% @ 25% @ 29%
VR/AR 21% 20% | 25% 16% 33% | 40% @ 25% 14%

Blockchain 19% 20%  25% 32% 1% 20% 1% 1%

It follows from Table 1 that only 16% of Russian companies have introduced
a new position - CDO (Chief Digital Officer) or a similar position of the head of
digitalization programs, in another 44% of companies, similar functionality is dis-
tributed among previously existing top managers.

34% of companies have well-established digital competence centers. Regard-
less of the presence of a dedicated center of competencies, companies tend to hire
specialized specialists on a full-time basis, flexible forms of employment are not
common.

Large Russian companies have already embarked on the path of digital trans-
formation. However, according to KPMG analysts, most of these companies do
not yet have a comprehensive digitalization program - they are implementing
packages of pilot projects to implement separate and often disparate digital solu-
tions.

For example, the Coffeeshop Company in Moscow has installed electronic
tablets on every coffee shop table, allowing customers to quickly place an order
and save time by not waiting for a waiter with a traditional menu. This technologi-
cal innovation, which will definitely be recognized and appreciated by visitors,
can be considered a competitive strategy for the company.

The Ministry of Industry and Trade and the Ministry of Digital Development
have created the "Import Substitution Exchange" digital service for interaction
between companies and customers in Russia due to the increased demand for do-
mestic industrial products. The new service will allow for the purchase of import-
substituting goods of domestic production.
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Robotization, chatbots, big data analysis and machine learning are the most
popular technologies, already used by more than 50% of the companies participat-
ing in the study.

The share of Russia in the global number of patent applications for inventions
in certain areas of digital technologies does not exceed 1% [9]. Russian applicants
are most active in patenting new production technologies, somewhat less in artifi-
cial intelligence technologies (fig. 1).
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Figure 1. Patent activity in Russia, 2010-2017

For quantum technologies, wireless communications, robotics and sensors,
Russia has single patent applications. 3075194 patent applications were filed in
the world in 2010 - 2017. The key applicants in the world are global digital corpo-
rations (Apple, Google, IBM), electronics manufacturers (LG, Samsung, Canon),
telecom companies (Huawei, Guangdong ZTE).

The leaders in Russia in terms of the number of patent applications in the
field of digital technologies are Kaspersky Lab, Yandex, ABBYY. The top ten ap-
plicants (with a large lag) include NPO "Iskra", RSC "Energia" named after S.P.
Korolev, Voronezh State Technical University, etc.

The structure of demand in the sectors of the Russian economy is different (fig.
2). Telecommunications and transport show the greatest demand for new digital
technologies in order to develop and diversify activities.
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Figure 2. The structure of the demand of sectors of the Russian economy for
digital technologies in the future until 2024

As can be seen (see fig. 2), the greatest demand in the sectors of the economy
and the social sphere is expected by wireless communication technologies, distrib-
uted registry systems, neurotechnologies and artificial intelligence [9].

In addition, digital telecommunications are becoming more and more in de-
mand in the field of finance (Big Data, Artificial intelligence, cloud technologies,
biometrics, machine learning and others).

In 2018-2019, the share of enterprises implementing digital technologies in-
creased by 1.8 times (fig. 3).
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Figure 3. Application of digital technologies in digital industry enterprises, (in
% of the total number of enterprises)

As can be seen from Figure 3, robotization has become the most demanded
technology in Russian digital industry enterprises.
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The market for robotics and smart sensors (sensor technologies) is one of the
largest among the markets for advanced manufacturing technologies in the world.
On the global and, above all, the Russian market, not robots are in demand, but, first
ofall, robotic systems. At the end of 2020, according to the International Federation
of Robotics (IFR), the number of industrial robots installed in 2018 was 422 271
units, and the market volume reached 16.5 billion dollars (excluding components
and systems engineering). Sales of industrial robots in 2019 decreased in quantita-
tive terms by 12% compared to 2018, from 422 to 373 thousand units. At the same
time, the total number of robots in operation amounted to 2.7 million units [10].

In the Russian Federation, 1007 industrial robots were installed in 2018 (in
2017 - 713 robots). According to the National Association of Robotics Market
Participants (NARMP), shipments increased by 43% compared to 2017. At the
same time, the robotization density indicator is quite low - 5 robots per 10 thou-
sand employees of enterprises in Russia, which is 20 times less than the average
indicator in the world, and only 5% of the installed robots were produced in the
country [5].

However, according to the assessment of the National Association of Robotics
Market Participants, today the density of robotization in Russia is 70 times lower
than the world average.

The development and production of robots in Russia is complicated by long
periods of research and development and testing, the lack of an element base (ser-
vomotors, gearboxes, linear motion systems, controllers, etc., which are import-
ed), the need for an appropriate infrastructure for integrating the robot into the
production cycle (quickly customizable software, templates, machine vision, etc.),
short planning horizons and high cost of robotics projects with low manual labor
costs resulting in long payback periods. However, the main reason is significant
deindustrialization, reduction and destruction of manufacturing industries. The
production of machinery and equipment in 2019 amounted to only 64.3%, while
the volume of manufacturing industry output as a whole is only 99.4% compared
to 1992; the situation is especially serious in the machine tool industry - if in 1990
in Russia, according to Rosstat, 74.2 thousand metal-cutting machine tools were
produced, including 16.7 thousand with CNC, then in 2011 - 3.2 and 0.2 thousand,
respectively, and in 2019, only 4719 metal-cutting machines were produced [8].

The main trends in the development of industrial robots are the introduction of
machine vision, artificial intelligence, the creation of collaborative robots that can
work together with a person, increasing the ease of use, deployment and mainte-
nance. Robots are becoming more versatile, flexible, and precise. When develop-
ing them, open source code and digital control technologies are used. The most
robotized industries in Russia are the automotive industry (for example, at the
"KAMAZ" plant, robotization began back in 1980), chemical and petrochemical
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industries. An example of a Russian enterprise using industrial robots is the Tikh-
vin Carriage Works, where robots are used to perform welding, painting, cleaning
bodies before painting cars - more than 80 industrial robots are installed at the plant.

According to respondents, in 2019 the importance of digital technologies for
the development of production has increased. More than 25% of managers noted
an increase in the demand for digital technologies in production. More than 60%
of managers considered the current level of digital activity to be "normal”, i.e. ac-
ceptable for the conditions during the survey period.

In 2019, a third of the enterprises participating in the survey were involved in
digital transformation to one degree or another, increasing the volume of digital ser-
vices, striving for "data-centricity", while in 2018 their share barely reached 20%.

Most businesses saw an increase in digital activity in 2019, with the percentage
of CEOs reporting a "normal" level of investment in technology rising from 32%
in 2018 to 50%; investment level "below normal" was noted by 36% of respon-
dents against 58% a year earlier.

It should be noted that for full-scale digitalization, Russian companies lack
the maturity of current business processes and competent specialists. The biggest
threats posed by digitalization, according to Russian companies, lie in the field of
information security. Despite worries about unemployment risks, 46% of CEOs in
Russia and 64% globally believe that within five years, digital technologies will
be able to create more new jobs than reduce existing ones.

The development of digital technologies is a necessary condition for economic
growth and improving the welfare of society, taking into account by global TNC
the speed of capital turnover and areas of its potential deadness in various sectors
of national economies in the era of corroratocracy[4].

Digital technologies are in demand today in almost all sectors of the economy
and social sphere, contributing to the transfer of business processes to the digi-
tal environment [3]. The share of companies implementing digital transformation
projects and the volume of investments in their implementation are noticeably
growing, the number of specialists is increasing, their digital competencies are
expanding, and the transformational goal-setting itself is becoming more and more
"green". The "Green Agenda" is no longer only an element of stable goodwill
and a sign of good taste, but also directly affects the cost of attracted resources to
achieve ethical standards for the production of a carbon-free society of the future.
All this creates positive business expectations related to the effects of using digital
solutions. The number of such green ideas in business has already exceeded half
of all startup projects, orienting society on the purity of the planned evolution of
views on the protection of nature and the planet, bringing the philosophy of further
civilizational transition to the level of risk minimization in search of a compromise
for the coexistence of the "Earth-man" system [11].
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Abstract. In the article, the authors describe the impact of sanctions on the
economies of Europe and the United States after they applied them against Russia,
about the fate of the Marshall Plan and about attempts to confront and sanctions
methods of fighting for competitive advantages that allow the United States, as the
main beneficiary of NATO, to pump out financial resources from the EU countries.

Keywords: NATO, USA, Europe, sanctions, Russia.

Looking back at the existing historical aspects of the US-UK war, one encoun-
ters a set of economic challenges rather than social or geopolitical ones, which are
more declared and realizable today. Thus, from the middle of the XVII century,
Great Britain methodically established complete control over the economic op-
erations of the American colonies, a scheme developed when industry imported
goods to the colonies from the mother country in exchange for raw materials and
agricultural goods. At the same time, neither entrepreneurs nor the government
benefited from the development of the colonial industry, as well as trade with
anyone other than the mother country, which formed the basis of the US war for
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independence from England, for the most part, namely economic, not social rea-
sons. In the current economic situation of Great Britain, the USA, the European
Union, a war is beneficial in order to give impetus to the development of the
military-industrial complex of these countries, increase the military budget and cut
off countries where the economy is supported by industry and goods. In this ver-
sion, the issue under consideration about the war and sanctions today is of interest
for how long and where the sanctions came from and who wins in the conduct of
hostilities, as well as what interest countries have in pumping Ukraine with weap-
ons. At present and over the past 8 years, sanctions and restrictions, retortions and
reprisals against Russia are being introduced because of Ukraine, continuing the
policy of sanctions pressure previously imposed on other countries - Libya, Iran,
Venezuela, Cuba, and this often ended in hostilities with the United States and
its allies, the collapse of the economies of these countries and the destruction of
the infrastructure of states [1]. Politically, the EU and Western countries justify
this and are the main beneficiaries of the processes of desovereignization and the
oppression of pro-Western values. But this, of course, is not the true state of af-
fairs, and the analysis carried out will help us to understand what is happening in
the world. Let's look at the data on the public debt of the EU countries, the USA,
Canada, Japan and other countries that impose sanctions against Russia and im-
posed on other states. These will be all the countries of the European Union, the
USA, Canada, etc. (take the data on the public debt of the EU and the USA on
Wikipedia) [2].

List of countries by external debt

" External Per
g . debt capita %
§ Country/Region US. Date US. dol- | GDP
dollars lars
1 | B= gsa 30 trillion 2022 est. 60.526 | 102.00
L United Kingdom 9.02 trillion | December 31,2017 127.000 | 345.00
3 I I France 7.32 trillion | December, 20215! 87.200 | 230.00
4 German 5.74 trillion | March 31, 2020%! 69.000 | 165.00
50 @ 4.77 trillion | March 31, 20205! 38.000 96.00
Japan
6 | — 437 billion | October 2021 26.540 52.00

mmm Netherlands

7 I I 2.51 trillion | December 31, 2017 42.300 | 141.00
Italy
8 B Spain 2.26 trillion | December 31, 20174 48.700 | 170.00

18 || International Conference



FAHBEFKIREAIT: PR A — R

Rating

Ne)

11

12

Country/Region

Bl cina

B+0 Canada

n Switzerland
#5 Australia

13 | .

14

15 =

16

17

18

19

20

21

22
23

Singapore
I I Belgium
== Sweden
e Austria
Sl Norway
mmm [ndia
hed Brazil
B Russia

1|
mm Denmark

'l- Finland

T
== Greece

List of countries by external debt

External
debt
U.S.

dollars

2.09 trillion
1.93 trillion
1.82 trillion
1.83 trillion
1.67 trillion
1.28 trillion
994 billion
757 billion
604 billion
571 billion
556 billion
489 billion
492 billion
483 billion
442 billion

Date

March 1, 2020

December 31,2017

December 31, 2017[10]

September 31, 2020[11]

June 30, 2021[12]
June 30, 2017[13]

June 30, 2017[14]

December 31, 2020[15]

June 30, 2017[16]
June 2021[17]

September 30, 2017[18]

September 1, 2021[19]

June 30, 2017[20]
June 30, 2017[21]

December 31, 201722

Per

capita
U.S. dol-

lars
1.326

52.300
213.100
71.906
231.000
112.000
94.500
84.061
117.000
571.00
3.200
3.700
85.700
87.500
42.800

%
GDP
29.00
143.00
285.00
130.00
471.00
269.00
169.00
165.00
181.00
20.00
38.00
32.00
158.00
223.00
298.00

Sanctions against Russia for actions in Ukraine, support for the LPR and DPR,

in fact, are neither legitimate nor competitive. This is evidenced by the analysis
of the public debt of the above-mentioned states. We see that the external debt
is cumulative per inhabitant (see Wikipedia public debt per 1 inhabitant of the
country). And we see that not only the United States, as is well known, but also
the European Union has a public debt that is even larger than that of the United
States, Germany, France and amounts to 5 trillion dollars each, which is extremely
burdensome and hinders the growth of these economies [3]. However, analyzing
further, Russia itself is in the analysis, according to Wikipedia, in 22nd place, but
if the public debt that Russia has, with its population of 146 million people, then
we get a total amount of 4 thousand US dollars per inhabitant. And it's not really a
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critical amount. For example, take Finland, it has a debt per person of 111000 US
dollars, in Greece it is 150000 US dollars. Therefore, in comparison, the amount
of debt for big Russia is small [4]. If we compare the data on the public debt of
the countries that have announced sanctions against Russia, we will see that in
these countries the debt is significant and it is almost impossible to pay it off in
the near future. As a source of potential enrichment, Europeans need sanctions, in
order to temporarily ward off debt payments themselves, which, in our opinion, is
being done today, and despite the fact that there would be any actions of Russia
in Ukraine in this case or not, the sanctions themselves would be inevitable [5]. In
this case, the EU countries use Russia as a donor country in the field of resources,
China - from the standpoint of import dependence on cheap and affordable in-
dustrial goods and electronics, etc. [6]. At the same time, the national economies
of Europe are so heavily indebted and corporate debts are rarely restructured for
cheap and long money, which means that the public debt of the European Union
in this case does not decrease, but grows. This is especially noticeable and deadly
in the case of refusal to import energy resources from Russia at low and predict-
able prices and an attempt to switch to expensive LNG from Qatar and America
in 2 years [5].

If we look at a similar rating table for countries with the largest external debt,
compiled based on the results of 2017:

Country name External debt (million dollars) External debt to GDP (%)
USA 16 893 000/ 101

United Kingdom 9 836 000/ 396

Germany 5624 000/ 159

France 5633000/ 188

Netherlands 3733 000/ 309

Japan 2719 000/ 46

Spain 2570 000/ 165

Italy 2 684 000 /101

Source: https:/finbazis.ru/vneshnij-dolg-stran-mira-na-2016-god-tablica we
will see that these are, at their core, again those countries that benefit from hostili-
ties.

Recently, NATO has increasingly acted as a platform for solving common
economic issues of the countries of the North Atlantic Alliance, which leads to the
fact that the cost of maintaining NATO is growing (up to 2 percent of the GDP
of these countries annually), and as such, protection of countries does not exist in
practice and is unlikely. The role of this block is lost. The media working for the
NATO bloc [1] are connected, tension is created in the region, after which the ex-
pectation of an aggravation of the situation follows. As such, Ukraine is of no in-
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terest to anyone in Europe, because it acts as a buffer and lightning rod, first of all,
for the EU countries to avoid paying debts, it also contributes to the acceleration of
the US military-industrial complex [2], and bringing mechanisms to transfer their
debts to the same Ukraine. Potentially, this sanctions policy has a double-edged
price and increases the debt burden on the entire pool of anti-Russian coalition
states, which leads to even greater dependence on the United States and the NATO
bloc [3], creates food for global TNCs [4], deciding their capitalization in the trou-
bled waters of European global industries in favor of those who are not interested
in preserving Europe as one of the traditional centers of power and independent
world domination. The growing debt load itself leads to the energy paralysis of the
innovation sector and contributes to the decline in industrial capacities and scien-
tific competencies of the Old World, which is abandoning the ideas of Eurasianism
and finally becoming a creditor of the Marshall Plan that is ending its history [7].
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Abstract. The article constructs a possible scenario for the start of a new
trade war between the USA and the PRC; explores the advantages of the Chinese
economy in the event of a resumption of conflict, using the example of rare earth
elements (REE), the impact of the PRC on the rare earth market will be described,
which will make it possible to predict the timing of the end of the economic conflict.

Keywords: REM, REE, trade war, economic crisis, monopoly, rare earth
metals

The risk of the continuation of the trade war

The trade war between the PRC and the USA (2018 - January 2020) creates a
veil of uncertainty in the field of economic and political development of both coun-
tries. By the end 0f 2020, the US economy "sank" by 316 billion dollars, which de-
prived up to 300 thousand people of their jobs [10]; China also faced big economic
problems and took retaliatory actions in order to regulate the economic situation -
in response to the USA's increase in customs duties in 2018-2020, the PRC, based
on Table Nel, mirrored the USA's authorities, but reduced the duty percentage
for WTO member countries to 6.7% in order to cover costs and increase trade.

[Elb 2 | 23




Scientific research of the SCO countries: synergy and integration

In general, since 2018 there has been a significant decline in trade compared
t0 2016-2017.

In January 2020, the parties met in Washington and agreed to increase US
imports to China by 200 billion dollars over 2 years (76.7 billion dollars and 123.3
billion dollars, respectively). The first phase of the trade deal could effectively end
the trade war, but according to Myron Brilliant, executive vice president and head
of international relations at the USA Chamber of Commerce, "China hit less than
60% of its purchasing target, failing to meet its promise to increase purchases from
the USA are 200 billion dollars above 2017 levels during 2020 and 2021" [6]. The
fact of violation of the bilateral agreement prompted the current president of the
USA, Joseph Biden, to maintain increased duties for the PRC, thus the conflict is
still in a "frozen" state.

The reason for the escalation of the trade war can be:

1. The proposed extension by the Biden Administration of duties on imports
of solar panels and the growth of the quota from 2.5 gigawatts to 5 gigawatts [9].

2. Future Congressional and Presidential approval of the USA bipartisan Re-
storing Essential Energy and Security Holdings Onshore for Rare Earths Act of
2022 [8]. The bill calls for a four-year cessation of the use of Chinese rare earths
by Pentagon weapons contractors, which will cause significant damage to Chinese
production.

General information about rare earth elements at the PRC

Rare earth elements are a group of 17 elements of the periodic table and are an
integral part of modern history. For example, the operation of the touch panel of
a smartphone requires a combination of indium and tin oxides; lanthanum, gado-
linium and yttrium are used in night vision devices; samarium is used to provide
control rods for nuclear reactors; windmills require rare earth magnets; for Tesla
cars lanthanum and neodymium; and without neodymium magnets, the operation
of any modern device is completely impossible.

The world of hi-tech and green economies would be unimaginable without
the resources of China. According to the Center for Strategic and International
Studies, the PRC's share of the REM market is 85% [3], and according to the US
Geological Survey, more than 40% of the world's REM reserves are located in
China [4].

24 || International Conference



EAAGE KR PR

m CIIA ® bpazwius Apctpanuss ™ KHP
= Poccus ® BretHam Nunus
7 2
21
22
4

12

44

Diagram Nel. Comparison of the world stock of REM (million metric tons)

China's dominance in the rare earths sector began in the late 1980s, when many
foreign companies were engaged in mining, attracted by cheap labor and the ab-
sence of strict environmental regulations. However, this trend did not last long,
and already in the early 1990s, the Chinese Communist Party declared "REM as
protected and strategic minerals", thereby forbidding foreigners to take any part in
the extraction and processing of rare earth elements. This allowed Chinese com-
panies to gain foreign know-how while gradually cutting off foreign competition
from the supply chain. In addition, REM producers must adhere to mining and
processing quotas. This system was created by the government, de jure, to combat
the illegal production and sale of rare earth elements, but, de facto, this system was
created to strengthen the geopolitical role of the Chinese Communist Party (CCP)
in the field of REM export. It is noteworthy that, starting in 2019, quotas set by
the government forced to outsource a certain part of REM production to Myanmar
(provides China with up to 50% of imported REM), the USA and Australia, which
made China not only a world exporter, but also an importer [7].

Currently, there are 3 companies in the rare earth industry in China: China
Northern Rare Earth, China Nonferrous Metal Mining Group and a conglomer-
ate created in December 2021 by merging large mining companies, China Rare-
Earths Group [1].
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Figure 1. Price comparison of REM and cesium compounds from 2005 to 2017

REM as China's geopolitical weapon. As the absolute leader in the export
and import of rare earth elements, essential components for all the technology in
the world, the PRC has a serious geopolitical influence in the global market. Noted
carlier, the system of quotas for the production and processing of resources shows
what a serious geopolitical weapon this can be. For example, in 2010, the PRC
sharply cut its tiered export quotas to 30259 metric tons, down 37% from the previ-
ous figure. The decision of the authorities showed how much China influences the
entire metal market: the prices of REM, cerium compounds and other metals, on
average, soared from 9461dollars in 2009 to 71000 dollars in 2011. (see chart Nel)

It should be noted that this is not the only example of the PRC's tough geo-
political strategy to protect its interests. In 2010, the captain of a Chinese fishing
vessel was arrested by the Japanese Coast Guard for 2 months after ramming a
Japanese vessel, in response to this, the PRC authorities restricted the export of
REM to the country for 2 months, which led to a sharp increase in prices and re-
vealed how Japan is dependent on China's resources. Having achieved the result,
the Japanese authorities released the captain, and the ban was lifted. But despite
the reopening of supply chains, Japan has boosted Australia's mining industry with
a 250 million dollars investment in Lynas Corporation, and the company now sup-
plies Japan with almost a third of its rare earth imports. Thus, China's geopolitical
move brought more losses than benefits.
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Over time, the West seriously thought about displacing China from its position
as a monopolist in the REM market. First, China's cuts in export quotas in 2012,
which led to a rise in metal prices, seriously puzzled the Obama administration
and the governments of Japan and the EU. A joint complaint was filed with the
WTO, which ended in favor of the Western plaintiff, and the quotas were partially
cancelled. Secondly, in addition to lifting Chinese export quotas, after the events
of 2010, Western countries have taken a course to reduce dependence on Chinese
raw materials by investing in mines in Australia, reopening the Mountain Pass
mine in California, stimulating Blue Line in Texas and developing industry in
countries Europe. As a result, according to the US Geological Survey, in 2010
there was a significant decline in China's share in the mining industry to 63%, and
by 2020 to 57% [5].

Despite encouraging performance in the West, the PRC's influence on the REM
market has not changed. The Chinese government was able to proportionately and
effectively change its resource policy in response to two steps by the West:

1. Following the decision of the WTO, China significantly reduced prices for
some rare earth elements in order to discourage foreign investors from investing
in foreign companies, which led to the bankruptcy of Molycorp, which owns the
world's largest REM Mountain Pass mine.

2. Regarding the Western initiative to invest in non-Chinese companies, the
PRC decided to respond symmetrically and invest more than 36 billion dollars in
African countries; 780 million dollars to Venezuela, of which 180 million dollars
is earmarked specifically for nickel mining; bought a 55 percent stake in the cop-
per reserves of Chile and Peru and a 49 percent stake in the lithium industry in
Bolivia. In addition, the Chinese giant Shenghe entered into an agreement with the
Australian company RareX in 2020 to jointly mine REM; acquired minority stakes
in mining companies in Greenland; and also saved the American mine Mountain
Pass from bankruptcy by buying out a 7% stake in MP Materials [12]. China's final
step was for Wang Yi, the PRC's foreign minister, to meet with the Taliban*' to set
up export chains for REM from Afghanistan to the PRC (Afghanistan's reserves
are estimated at about 1 trillion dollars).

The Chinese party was able to skillfully take advantage of the situation in the
rare earths market when Donald Trump and his administration drafted tariffs on
Chinese REM, but due to China's threat to completely cut off supplies, this pack-
age of economic regulation was not introduced. Indeed, otherwise, America risked
completely paralyzing its own defense industry from sonars to F-32 fighters, the
production of which requires about 427 kilograms of rare earth resources [13].

*! Organization illegal in the RF
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Although, based on the report of Rajeev Biswas, chief economist for Asia-Pacific
at IHS Markit, the US government managed to accumulate strategic reserves of
REM for the defense sector for 1-2 years in case of supply interruptions from
the PRC [4]. Nevertheless, China decided to take advantage of the vulnerability
of the industry and raised duties on rare earth elements imported from the USA
for processing from 10% to 25%, the benefit of this decision was the growth in
the value of securities of leading Chinese companies: China Northern Rare Earth
Group High-Tech - by 8.7%, China Rare Earth Holdings - by 24%, China Minmet-
als Rare Earth - by 10% [11]. China also threatened to impose sanctions on the
USA's defense contractors (Lockheed Martin, Raytheon) if they continue to export
weapons to Taiwan (a partially unrecognized republic) [2].

Conclusion

All of the above data allow us to conclude that the People's Republic of China
still remains in the leading position as an exporter / importer of rare earth metals,
and in the hands of the leader of the Communist Party Xi Jinping, the geopolitical
leverage of pressure is concentrated both on the government of Joseph Biden and
on the whole world as a whole. If the USA decides to resume the trade war, then
the situation on the world market may turn out to be irreparable, because, despite
the stocks of REM in Western countries, their number will not be enough to con-
tinue the production of equipment in the same quantities. Countries, in the event
of REM export restrictions by the PRC, will have to urgently open new production
and mining enterprises, as the supply-production chain will be disrupted, which
will entail an increase in costs that will affect the cost of the final product - it will
be significantly increased. It is worth noting that both sides of the conflict will
remain in the red from this decision, because China also uses Western products,
especially microcircuits, processors and magnets. Accordingly, the geopolitical
function of the Chinese REM is more preventive than punitive, in order to warn
the US government of the possible consequences for the military and private in-
dustrial sectors of all countries.
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Abstract. The article discusses the issues of human resources for sustainable
development of rural areas and the agro-industrial complex. There is a change
and complication of the structure of employment in the sectors of the modern
economy. The competitiveness of production is highly dependent on scientific,
innovative and labor resources. Labor resources are also a strategic development
resource for the digital agrarian economy. The digital model of the economy
in agricultural production needs specialists oriented towards knowledge and
digital skills. The digitalization of the agrarian economy affects the dynamics of
employment in rural areas and the need for labor resources. There are problems
in providing highly qualified specialists for the agriculture. State regulation of
staffing will allow solving the problems of innovative development of agriculture.
Labor resources are a priority area for updating the technical, technological and
scientific information base of the agro-industrial complex. Special attention is
paid to analysis and assessment of the staffing of the agro-industrial complex.
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Labor resources management is the most important condition for sustainable
innovative development of the agro-industrial complex.

Keywords: labor resources, social and labor relations, digital economy, agro-
industrial complex, labor economics

Introduction

Global development trends (ecology and digital economy) have an impact on
labor resources and career prospects. The relevance of the study is associated with
the development of the information-digital agrarian economy.

The purpose of the article is to consider the quantitative and qualitative char-
acteristics of the staffing of the agro-industrial complex, as well as the directions
of the strategy for the development of the personnel policy of the agro-industrial
complex.

A lot of publications are related to human potential, digital economy, agricul-
ture 4.0, circular economy and ecology. On the basis of digitalization, diversifica-
tion of agricultural production takes place, which needs skilled labor resources.
The development of a digital agrarian economy is causing socioeconomic shifts
in the labor market. There is a need to investigate the factors and risks that affect
the workforce in digital agriculture. Statistics on equipping agriculture with tech-
nical and labor resources are available. Information and digital technologies are
driving the transformation of staffing. The study shows that increasing labor pro-
ductivity means changes in the management of human capital. The development
of agriculture 4.0 creates new employment opportunities in rural areas. Further
research is required to apply the experience of developed countries in the field of
agri-foodtech and agriculture 4.0.

Materials and Methods

The purpose of the article is to consider the essence of labor staffing in the
digital agrarian economy and study the indicators of the digital economy for the la-
bor market. Agriculture 4.0 enables agribusiness to be sustainable and innovative.
But it also has risks in the management and provision of resources. As the labor
potential and human capacity for digital agriculture is not yet deeply understood
we used an exploratory approach.

To grasp the various labor potential and human capacity we selected multiple
case-study research strategy, allowing us to conduct the cross-analysis. These
problems can be successfully solved if we apply to statistical analysis methods,
expert assessments and normalized indicators. We followed two types of ground-
ing processes. Theoretical grounding: comparing statistical data with those in the
existing literature on human capital, labor resources and digital agrarian economy.
Empirical grounding: statistical reports and forecasts from economic literature,
Internet resources of government and public organizations.
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Results

The issues of accelerating the rates of economic growth and staffing discussion
in the scientific and expert community. Within the framework of this research,
we focus on the intersectional nature of relations within the digital information
economy. Special attention is paid to the development of labor potential and en-
trepreneurial activity, innovative technological development, participation in the
global division of labor and global value chains. In order to achieve scientific,
technological and innovative results and system transformations, it is necessary
to analyze and evaluate scientific, personnel, and resource opportunities in the
economy and agriculture.

The agro-industrial complex provides food and economic security. The agro-
industrial complex is a complex of industries and industries. The agro-industrial
complex is associated with related sectors of the economy and is of strategic im-
portance for economics. Research by Helena Lenihan, Helen McGuirk, Kevin R.
Murphy confirms the importance of public policy and human capital. “Highlights
the need to consider the role of policy interventions to support the motivationally-
relevant elements of human capital. Proposes a new policy program offer to sup-
port the motivationally-relevant elements of human capital in order to increase
firms' innovation activity [1] ". Each job in agricultural production creates several
jobs in interrelated and interdependent industries. Digitalization in the agricul-
tural inevitably affects changes in multi-unit production and non-production areas
of the economy. However, insufficient innovation activity with high investment
volumes does not allow achieving high competitiveness of Russian agricultural
products in world markets. Investments in the development of the material and
technical base of the agro-industrial complex, selection and seed production de-
termine the technical and technological modernization of the agricultural sector.
In our opinion, the number of high-performance high-tech jobs characterizes the
competitiveness of the industry (table 1).

Table 1.
The number of high-performance jobs by type of economic activity
for 2013-2020, thousand [2]

Branch of the economy 2014 2016 2018 2020
Russian Federation (total) 18280,9 15983,3 19638,3 21946,6
Agriculture, hunting and forestry 368,2 335,1 516,6 653,5
Manufacturing industries 3722,9 3333,9 3942,5 4483,7
Building 1028,0 871,9 1015,2 1165,0
Wholesale and retail trade 1609.,4 1548.,5 2008,1 23332
Financial and insurance activities 9499 907,6 815,5 799,4
Public administration 24589 2307,4 2021,6 2007,3
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This means an increase in labor productivity, the number of highly productive
jobs and a lot of demand for a highly skilled workforce. In agriculture there is a
demand for end-to-end solutions that have specific advantages in the automated
solutions for digital platforms [3]. We would like to note the opinion of Ekaterina
Albats, Marcel Bogers, Daria Podmetina on the co-operation of production and
education. «Applying a micro-foundational lens and building on 10 qualitative
case studies, we identify how companies ’ labor capital helps overcome barriers
and enhance the drivers of university and industry collaboration» [4]. The tradi-
tional management approach to staffing the following categories: chief specialists,
middle managers, industry specialists, chief agronomists, chief livestock special-
ists, chief veterinarians, chief engineers, chief economists, chief accountants, and
other positions of chief specialists. However, the information-digital economy is
constantly changing the labor market. There is a need for specialists with inter-
disciplinary knowledge and skills. The most popular digital skills for collecting,
processing and analyzing information belong to the group of professional activi-
ties in communications, information and communication technologies, but such
specialists are also required in other industries (table 2).

Table 2.
Employed in professions related to the intensive use of IT, by type of economic
activity for 2017-2019, percent of the number of employed [5]

Branch of the economy 2017 2018 2019
Information and communication 34,1 40,4 42,3
Manufacturing industries 15,1 2,6 2,6
Public administration 6,3 1,9 1,7
Wholesale and retail trade 0,6 0,8 0,9
Financial and insurance activities 4.8 5,3 5,4
Building 2 1 0,9
Agriculture, hunting and forestry 0,5 0,3 0,3

To characterize the general level of development of the digital economy of the
state of the country various indices are used: the Global Digital Economy Com-
petitiveness, the Global Innovation Index, the Knowledge Index, the Knowledge
Economy Index, Human Development Index (table 3)

Analyzing statistical data, the following contradictions and problems of the de-
velopment of a digital information agrarian economy can be identified. Based on
research and practical experience, the use of digital information technologies in the
agricultural economy leads to an economic effect. Consequently, there are environ-
mental, institutional and social effects, as well as the quality and standard of living.
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The Human Development Index includes information about labor capital and
its progress - health, education, income. It is necessary to improve the system of
indicators of labor resources in the digital information economy for the agricul-
tural sector with functional, temporal and spatial characteristics. There are quanti-
tative estimates - the number by profession, by region, by industry; the share of the
able-bodied population in rural areas, the unemployment rate in rural areas, labor
costs, average wages in agriculture. There are author's developments of quali-
tative characteristics of labor resources: structure and professional composition,
labor productivity, skill level, soft and hard skills, digital skills of labor resources,
accumulated production experience, educational level, health and psychological
health. The quality of life, health care in rural areas, housing, digital information
infrastructure and the Internet in rural areas, and the environmental component
matter. Discussion takes place regarding the composition and structure of indica-
tors and the system of indicators. For example, the author's structural model of the
labor stimulation policy in the agro-industrial complex and a system of indicators
that allow assessing its effectiveness are proposed [7].

Table 3.
Trends in the Human Development Index in United Nations Development
Program report from 2015 to 2019 [6]

Country ZOIigfgng / 2017 (rating / value) | 2019 (rating / value)
Norway 1/0,949 1/0,953 170,954
Switzerland 2/0,939 2/0,944 270,946
Ireland 870,923 4/0,938 370,942
Germany 470,926 570,936 4/0,939
Hong kong, china 12/0,917 7/0,933 4/0,939
Australia 2/0,939 3/0,939 6/0,938
Iceland 970,921 6/0,935 6/0,938
Sweden 14/0,913 7/0,933 870,937
Singapore 570,925 9/0,932 9/0,935
Netherlands 770,9924 10/ 0,931 10/0,933
Oman 52/0,796 48/0,8821 47/0,834
Argentina 45/0,827 47/0,825 48/0,830
Russian Federation 49 /0,804 49/0,816 49 /0,824
Belarus 52/0,796 53/0,808 50/0,817
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Kazakhstan 56 /0,794 580,800 50/0.817
Burundi 184 /0,404 185/ 0.417 185 /0,423
South Sudan 181/0.418 187 /0,388 186/ 0.413
Chad 186/0.396 186/ 0.404 187/ 0.401
Central African 188 /0,352 188 /0,367 188 /0,381
Republic

Niger 187 /0,353 189/ 0,354 189/0.377

In general, information and digital technologies have a positive effect on the
labor market. New teleworking jobs are being created, and the sphere of high-
quality online education is expanding. This requires a change in the assessment
of trends in the development of labor resources for the agro-industrial complex.
Consequently, there are changes in the state employment policy. It is important to
analyze and predict the time of job search, labor productivity, interact with univer-
sities, and stimulate investment in labor capital. Another direction is the introduc-
tion of professional standards with interdisciplinary, cross-cutting characteristics
and skills. It is required to substantiate and develop a set of measures of state
support for the national innovation system, the development of the institutional
environment and digital infrastructure for the agro-industrial complex.

Discussion

The value of the contribution of the information and digital sector to the gross
domestic product of the Russian Federation is inferior to developed and some
developing countries. We note the following trends. The first one is, an increase in
employment in the service sector with a constant decrease in the number of work-
ers in the field of material production. The second one is, growth of labor produc-
tivity under the influence of innovative technologies. The third one is, growth in
demand for highly qualified labor resources in the structure of total employment.

For the further development of the digital economy, it is necessary to improve
the methodological support for monitoring the labor market and human resources.
The imperfection of existing analysis methods and assessment makes it difficult to
plan the needs for professional training of labor resources.

The promising areas are the following: the first one is, joint projects to assess
labor resources with the scientific and business sectors; the second one is, to intro-
duce additional quantitative and qualitative indicators of the development of the
digital economy into statistical surveys. The analysis of the personnel potential of
the agricultural sector for planning and forecasting economic development must
be carried out taking into account not only economic and technological factors,
but also taking into account managerial, territorial, organizational, institutional
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and environmental factors. State policy on the regulation of labor potential and
the labor market should not be limited to the development of regulatory and meth-
odological documentation. A lot of attention is needed for social lifts, interac-
tion with the education sector, in which professional competencies and skills are
formed, and the entrepreneurial sector, which is interested in continuous profes-
sional development and education.

Conclusion

Thus, this study makes it possible to clarify the indicators for assessing the
human potential of the agricultural sector of the economy and rural areas. Sev-
eral year data show contradictory trends: on the one hand, the gap in basic living
conditions is narrowing, on the other hand, the gap in the availability of higher
education and access to high-speed information transmission channels is widen-
ing. Agriculture is an investment-attractive industry. Therefore, the role of state
employment policy and labor market regulation is growing. The public adminis-
tration system is able to provide the agro-industrial complex with the necessary
staffing with the appropriate skills, knowledge, skills in demand in digital agri-
cultural production. The obtained results of the research serve to understand the
role of the state in the formation of the personnel potential of the agro-industrial
complex, the development of approaches to the organization of statistical analysis
and assessment, the training of personnel with the appropriate competencies for
the agro-industrial complex.
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Abstract. The article focuses on the growth of the Internet trade in the RF in
the years between 2017 and 2021, giving a brief analysis of the rates of increase,
geography and parts of online trade in the total retail turnover and the GDP
of Russia. The authors discuss the recent popular trends of selling goods such
as marketplace, omnichannel-retailing and conscious consumption. The authors
also describe the rules regulating online trade in 2021 in the RF and stress the
importance of prompt normative framework reaction to any substantial changes
in technological or social sphere. The bottom line is - due to the rapidity of
development of Internet technologies and electronic commerce the regulatory
framework is temporarily legging behind.

Keywords: Internet trade, the COVID-19 pandemic, Russian online market,
top 10 online retailors, regulatory framework for online trade.

Introduction
The Internet trade of commodities had been gradually developing for years be-
fore it was significantly enhanced by the recent global events, i.e. the COVID-19

38 || International Conference



EAAGE KR PR

pandemic. This is undoubtedly connected with such restrictions imposed on the
society as lockdown and self-isolation making customers shop online.

Data analysis: The figures of the internet-trade growth rate vary in different
sources. In this research we shall rely on the AKIT and Data Insight records. For
the period of 2017-2021 there is a sharp increase — from halve a billion to 3,6 bil-
lion in online retail sales value of Russian online-stores.

) .
0
2017 2018 2019 2020 2021

A The size of the Russian internet trade in bln rubles.

The diagram shows that the rates of increase before 2020 were rather low, for
instance, the growth rates of retail value in 2018-2019 was 25%. However, by
the end of 2020 the sales soared to 92% and, consequently, the abrupt increase of
online trade can be attributed to changing patterns of consumption [2]. In 2021
there was a 33% increase in respect to 2020 as the sum reached 3,6 billion rubles
[3]. Concerning the e-commerce fraction in the total retail sum, it was 4% in 2018,
then it rose moderately to 5% in 2019 [1] and increased to 8% in 2020 [2]. The fig-
ures are expected to reach 26% by 2025. However, according to Rosstat the share
of online sales in the total retail turnover was 1,7%; 2,0%; 3,9% and 4,3% in 2018;
2019; 2020 and 2021 respectfully [4]. Evidently, the incongruences in the figures
can be attributed to different approaches to the calculations.

Moreover, examining the e-commerce fraction in the GDP of the RF in 2019-
2021, there is a clear evidence of it being on the rise - in 2019 the proportion was
1,3%; in 2020 it increased to 2,5% and it reached 2,7% in 2021 [3].

The geography of online shopping is of relevance too. If we consider the major
shipping places of 2021, apparently, Moscow comes number one in online trade,
making 19,9% of online orders. However, Moscow is significantly more integrat-
ed in the world online trade accounting for 24,2% of orders. Moscow Oblast with
10,8% and Saint Petersburg with 7,1% follow it by a wide margin. The next places
in the list are taken by Krasnodar Kray (4.4%), Sverdlovsk Oblast (2,5%), Nizhny
Novgorod Oblast (2.0%), Samara Oblast (2,0%), Tatarstan (1,9%) and Bashkorto-
stan (1,6%) [3]. Although in the 2020 data there were the same leaders, the figures
were substantially more different [2]. So, we may suggest that the geography of
the Russian online market is becoming more even.
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Online trade is to stay — modern tendencies in the RF

As mentioned above, the divide between online and in-store sales widened
significantly in 2020 and in 2021 as a result of the coronavirus pandemic. But it’s
not the only reason. The advancement of technology definitely helped to further
online purchases worldwide [5].

Online sales in Russia are expected to grow as consumers feel comfortable
with the ease of shopping on mobile devices. The other factor for online purchases
is the fact that they are time saving while payment is becoming quick, safe and
convenient. Still one of the key factors for consumers is the price and possibility
to compare prices on the platform to make a bargain. That is why Marketplaces
— full scale supermarkets with warehouses and delivery services - have been de-
veloping so quickly to answer the needs of both the buyers and producers. In 2020
marketplaces in Russia were growing more than twice quicker than the whole
market of online trade [6].

Marketplaces can be good partners for companies which prefer D2C if they
have a significant community of buyers. Then a marketplace serves as a good
chance to attract even more buyers and to receive the feedback from them and stay
emotionally involved.

In 2021 the combined turnover of top 10 online retailors reached 57% of do-
mestic e-commerce market, while in 2020 their share remained 45,3% and in 2019
—32,9%. According to statistical data, among top five of them are Wildberries,
OZON, AliExpress Poccus, M.Buneodnsaopano, CBEP [7].

The peculiarity of Russian e-commerce is the growing influence of top Russian
bank Sberbank in becoming a retailer and creating its own ecosystem. The bank
focuses on covering all the basic needs of its clients — food, taxi, entertainment,
etc. —to provide services under the brand CBEP. It has registered more than 180
trademarks with their brand component, the most prominent of them at the mo-
ment are already well-known - CBEPMAPKET, CEEPMEI'AMAPKET, CBEP
EAIITEKA [8].

Omnichannel-retailing has received a fresh impetus due to the pandemic situa-
tion. Different means to reach a customer have become more popular. A good ex-
ample was set by Lamoda which demonstrated an integration of a physical chan-
nel (offline) and digital channel (online) to offer a unified customer experience
to high school students before a senior school prom. Special Lamoda vans were
placed in most popular with school leavers locations offering an assistance of a
stylist to choose a dress for the prom and then students got links and discounts to
buy it online [9].

There is a recent trend supported by more and more of the Russian buyers
and sellers for conscious consumption and social commerce. A trend of social
commerce has been taken up by a number of messengers Facebook, Instagram,
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YouTube, TikTok either redirecting their clients to online shops or offering direct
selling.

Conscious consumption is a new philosophy for those who care about the fu-
ture of our planet. Supporters of the conscious consumption offer consumers a
more responsible approach to shopping. Activists emphasize that since it is the
common problem, it must be solved by joint efforts. Not only consumers should
be more conscious and prudent in their purchases, but also global corporations and
brands are also required to provide safer and cleaner production. Among the Rus-
sian companies which follow this trend is Eldorado, which is engaged in recycling,
launched a programme “Beautiful world” to preserve beautiful nature of Russia,
introduced paper bags instead of plastic and has supported Earth Hour initiatives.
Earth Hour is a global event held annually on the last Saturday of March. It aims
at raising awareness about climate change among individuals, governments and
businesses and urge them to take steps to reduce greenhouse gas emissions and
save energy [10].

Legal and regulatory framework governing Internet commerce

On January 1, 2021, a new Decree of the Russian Federation Government No
2463 [12] came into force. It is more detailed and specific than the previous docu-
ment. For instance, Clause 21 of Chapter 2 of Section I states the obligation of
the Seller to provide the Consumer with applicable information about the form
and methods of claims submission [12]. In the previous Decree [11], there was no
information about filing claims against the Seller.

It is worth mentioning, however, that the Decrees mentioned above are based
on the Russian Federation Law Ne 2300-1 “Protection of Consumer Rights” and
the Civil Code of the Russian Federation.

The new regulations

Due to the COVID-19 Pandemic it was crucial to adopt new Internet com-
merce regulations in accordance with current sanitary and epidemiological stan-
dards. The main concern was about the relations between parties during the de-
livery of goods. The Moscow Region website published the requirement to use a
contactless method of passing the goods at Internet orders delivery points; allow-
ing only one customer and an employee of the online store be at the delivery point
simultaneously; using fitting rooms was temporarily suspended [13].

Conclusion

Thus, taking into consideration all mentioned above, we suggest that the Rus-
sian online market is evolving at a high rate. While the share of e-commerce in
the total retail sum remains rather low, the growth trend is evident. Furthermore,
Moscow is the obvious leader in the online trade. It can be concluded that not
only the demography but also the severity of epidemiological measures in Mos-
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cow contributed to this fact. The rapidity of online market evolving is also worth
mentioning as the figures reached 92% for the years of 2019-2020 and 33% for
2021-2022. In fact, the data reflect the impact self-isolation regime had on the
e-commerce development. Besides, figures are expected to rise to 10,9 by 2025
according to certain predictions.

It is also crucial to note that the online market of Russia has some substantial
trends. One of them is the essential role of market giants which combined turnover
comprises more than a half of the domestic market value. It is clearly connected
with another considerable tendency for launching the so-called ecosystems, pre-
sented basically by SBER. It specializes mostly in services, providing some goods
selling platforms as well. It is debated, however, that such systems pose a threat to
economic growth in some fields as it can lead to a complete monopoly.

Considering the rapidity of development of Internet technologies and, accord-
ingly, electronic commerce, it is apparent that the regulatory framework is not
always up-to-date. The law, which was in force from 2007 to 2020, contained
outdated information, for example, it practically was based on the form of a so-
called catalog from which goods were to be ordered. Consequently, it has been
transferred completely to electronic form: the buyer is to make purchases entirely
through the website, pay for their purchases using electronic money, etc. Addition-
ally, there is currently a more significant certainty in legal provisions, as well as
greater consumer protection. However, the specifics of Internet commerce imply
a large field for fraud. Consequently, this area needs to be controlled by properly
updated regulations. The pandemic years have exposed this problem. Although,
the rules related to the implementation of Internet orders delivery were often not
supported by specific laws, they still implied penalties for their violation.
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Abstract. In the context of the ongoing systemic economic crisis, during the
period of the introduction of many restrictions and sanctions against the Russian
Federation and, as a result, the toughening of competition in interregional
markets within our country, innovations and their large-scale introduction into
the economic life of society are becoming increasingly important in the domestic
reproduction process. Innovations act as one of the main factors of economic
growth during the modernization of the socio-economic system, contribute to the
increase and strengthening of competitiveness and the growth of the efficiency of
economic activity.

Based on the foregoing, it can be concluded that it is impossible to achieve a
high level of economic development, as well as a high level of import substitution,
which the Russian Federation is striving for in the current geopolitical situation,
without introducing innovation in the production of goods and services.

This article analyzes the impact of the 2020 lockdown on the volume of
innovative goods, works and services, on the financing of innovative activities,
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and on the structure of innovations in the Russian Federation.

Keywords: lockdown, crisis, import substitution, sanctions, innovative
development, economic development, innovative activity, innovations, data
analysis.

An analysis of the main statistical indicators of innovation activity in the pe-
riod 2019-2020 (see figure 1) showed, that with a decrease in the value of the
indicator "Shipment of goods of own production, work and services performed on
their own" by almost 1.1%, other indicators that directly characterize the sphere of
innovation activity increased.

Dynamics of the main indicators of innovation activity in the Russian Federation
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Figure 1. Dynamics of the main indicators of innovation activity in the Russian

Federation

Thus, the indicator "Share of innovative goods, works, services in the total
volume of shipped goods, works, services" declining in 2016-2019 at an average
annual rate of 84.7%, in 2020 increased for the first time in 5 years. Thus, it can be
assumed that the start of the lockdown in 2020 did not have a negative impact on
the innovation sector in the Russian Federation in the short term.

To test this hypothesis, consider the change in the level of innovative activity
of organizations in the Russian Federation.
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Table 1.
The level of innovative activity of organizations, in the Russian Federation,
by type of economic activity [6], %

Type of economic activity 2017 2018 2019 2020
Total 14.6 12.8 9.1 10.8
including:
cultivation of annual crops 5.1 4.0 4.8 7.1
cultivation of perennial crops 4.6 1.4 2.4 4.8
seedling cultivation 6.3 5.6 5.0 8.7
animal husbandry 4.8 4.2 4.0 7.5
mixed agriculture 1.3 9.4 2.8 2.5
auxiliary activities in the field of crop 3.1 34 4.3 4.5

production and post-harvest processing of
agricultural products

provision of electricity, gas and steam; air 8.4 6.9 8.1 9.9
conditioning (excluding trade in electricity;
trade in gaseous fuels supplied through
distribution networks; trade in steam and
hot water (thermal energy)

water supply; wastewater disposal, 4.2 34 4.6 5.8
organization of collection and disposal
of waste, activities for the elimination of

pollution

construction - - 3.6 39
transportation and storage - - 2.8 4.0
publishing activity 2.6 2.1 2.5 3.8
activities in the field of telecommunications 16.6 12.4 12.6 13.1
development of computer software, 11.4 10.1 11.1 13.2

consulting services in this area and other
related services

activities in the field of information 7.1 5.0 5.5 10.2
technology
activities in the field of law and accounting 2.6 2.8 1.9 4.2

46 || International Conference



FAHBEFKIREAIT: PR A — R

activity of head offices; management 3.9 4.0 3.6 5.2
consulting
activities in the field of architecture and 13.0 12.4 9.7 10.7

engineering design; technical testing,
research and analysis

research and development 66.7 61.4 51.3 51.1
promotional activities and market research 2.2 3.7 3.0 2.6
other professional scientific and technical 1.1 2.3 43 8.8
activities

activities in the field of health and social - - 5.3 8.6
services

industrial production 17.8 15.6 15.1 16.2

The highest level of innovative activity in 2019 - 2020 is observed in such
industries as research and development (51.1%), industrial production (16.2%),
development of computer and software, industrial production (13.2%), activities
in the field of telecommunications (13.1%). All these industries have in common
that a significant part of the innovations used in them are technological, which is
quite logical, since they are "traditional" and the easiest to learn. From 2017 to
2019, the level of innovative activity of organizations decreased, in 2020, on the
contrary, there was an increase. Among all types of economic activity in 2020,
there was a decrease in the level of innovative activity of organizations engaged
in mixed agriculture (from 2.8% to 2.5%), as well as organizations engaged in
research and development (from 51.3% to 51.1%). It is important to note that in
2020, the level of innovative activity of organizations engaged in activities in the
field of information technology almost doubled (from 5.5% to 10.2%), as well
as organizations engaged in professional scientific and technical activities. This
fact is associated with the growing importance of digital technologies in the 21st
century, as well as with the transition of most of the business to the digital space
in connection with the introduction of lockdown.

An important aspect is the cost of innovation. Under lockdown conditions,
most organizations are in need of additional financial sources, as well as reducing
current costs. In this regard, a hypothesis can be put forward about reducing the
cost of innovation and increasing the cost of "life support" of organizations.
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Figure 2. Dynamics of costs for innovative activities of organizations by types of
innovative activities

From 2017 to 2020, there is a gradual increase in the costs of innovation. It can
be assumed that this is due precisely to the increase in prices for products neces-
sary for the implementation of innovative activities, as well as for the development
of innovations themselves. According to figure 2, in 2020, organizations reduced
the costs of such types of innovative activities as marketing and brand building,
education and training of personnel related to innovative activities, design, engi-
neering, planning, development and implementation of new business methods.
For comparison, in 2019, there was a reduction in the costs of two types of innova-
tive activities (marketing and brand building, education and training of personnel
related to innovative activities), in 2020, 5 types of costs were reduced. The previ-
ously put forward hypothesis about the change of priorities in the implementation
of costs is confirmed.
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Based on the data in figure 3 and figure 4, we can conclude that there were no
significant changes in the structure of costs for innovation activities in the period
2019-2020.

Analyzing Figure 5, we see that expenditures on civilian science increased
in 2020, but the value of expenditures on civilian science in relation to total ex-
penditures from the federal budget decreased (from 2.69% to 2.41%), this fact
is associated with an increase in funding for healthcare, support for small and
medium-sized businesses, assistance to families with minor children and other
support measures from the state during Covid-19.

3.5
3 \—/ ==@=fiindamental research spendings

=@=7pplied research spendings

; as a percentage of federal budget
L5 expenditures

1 ==@==35 a percentage of gross domestic
product

2015 2016 2017 2018 2019 2020

Figure 5. Dynamics of science financing from the federal budget

As a result of the analysis, the following can be distinguished:

1) In 2020, compared to 2019, the level of innovative activity of organizations
engaged in activities in the field of information technology almost doubled (from
5.51t0 10.2), as well as organizations engaged in professional scientific and techni-
cal activities.

2) In 2020, organizations reduced the cost of innovative activities such as mar-
keting and brand building, education and training of personnel related to inno-
vation, design, engineering, planning, development and implementation of new
business methods.

3) In 2020, the value of spending on civilian science in total spending from the
federal budget decreased (from 2.69% to 2.41%).

In the short term, the lockdown did not have a large-scale impact on the de-
velopment of innovation activity. This may be due to the fact that planning for
innovative development is carried out several years in advance, and perhaps most
of the projects that were implemented in 2020 were planned several years ear-
lier. Tracking the real impact of the lockdown will only be possible in the period
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2023-2024. But, despite the short period of time, we see that the introduction of
the lockdown still led to negative consequences in the field of innovation in the
Russian Federation. In addition to the negative aspects, positive ones can also be
distinguished, for example, the growth of innovative activity of organizations en-
gaged in activities in the field of information technology, as well as organizations
engaged in professional scientific and technical activities.
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Annotation. The article presents the results of substantiating the directions of
import substitution in the field of trade and public catering as a tool for ensuring
regional economic security. Calculations of the shares of trade and public
catering in the structure of gross value added produced in the Russian Federation
have been carried out. The risks, threats and adverse consequences of high import
dependence of the trade sphere in the conditions before and after the tightening of
the sanctions policy of unfriendly states are substantiated.

Keywords: economic security, sanctions, trade, public catering.

The activity of private business in the field of trade and catering should be
defined as an important component of the modern market economy. Within the
framework of these types of economic activity, a significant part of the gross value
added is formed (Table 1). It should also take into account the fact that any fail-
ures and externalities that are observed within this type of economic activity are
particularly sensitive from the point of view of ensuring social stability, as well
as public order. The problems of the presence of certain product groups in retail
chains also deserve special attention, while any supply disruptions or price imbal-
ances can have a significant public response. [1; 2]
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Table 1.
Gross value added in the sectors of the economy of the Russian Federation in
2014-2018, in 2016 prices [3]

2014 2015 2016 2017 2018

Gross value added in the | 12740378 | 11862435 | 11391106 | 11670953 | 11922641
wholesale and retail trade,
repair of motor vehicles
and motorcycles, million
rubles

Activities of hotels and 754409,8 | 734914,4 | 700979,2 | 722063.,8 | 766661,5
catering establishments,
million rubles

Total gross value added 78515041 | 77141743 | 77475287 | 78675201 | 80436919
for all industries, million
rubles

The share of wholesale 16,23% 15,38% 14,70% 14,83% 14,82%
and retail trade, repair
of motor vehicles and
motorcycles in the total
gross value added

For hotels and catering 0,96% 0,95% 0,90% 0,92% 0,95%
establishments in the total
gross value added

In a situation where the state is practically not represented in the retail and ca-
tering sector in any way, the levers of influence on such problematic situations are
extremely limited. The state has instruments for the implementation of regulatory
functions, where the relevant body is the Federal Antimonopoly Service (herein-
after — FAS), which monitors the facts of abuse of a dominant market position.

Despite the significant set of regulatory tools that the FAS can use in this case,
it should be noted that there are a number of significant limitations on the potential
of administrative measures that can be taken by antimonopoly regulatory author-
ities:

- significant time lag between the measures taken and their results;

- complete lack of opportunities to influence foreign retail chains and networks
of public catering establishments that have decided to cease their business activities
in the Russian Federation;

- complete lack of opportunities to influence foreign retail chains and networks
of public catering establishments that carry out hidden forms of stimulating import
supplies of products that have an adequate replacement with Russian analogues
and substitute goods;
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- complete lack of opportunities to influence importers who have decided to
unilaterally stop supplying products to the Russian market.

At the same time, outside the tools of state regulation and ensuring economic
security, there remain issues of protecting the interests of domestic producers,
which, among other things, carry out the production of import-substituting prod-
ucts.

Separately, it should be taken into account the fact that some features of the
functioning of trade and catering enterprises are sensitive for the state from the
point of view of ensuring social stability in society. World practice and historical
experience show that some short-term problems and difficulties in the sale of cer-
tain consumer and industrial goods can be a trigger for destabilizing the situation
in society. At the same time, often such difficulties can be created artificially, in-
cluding with the participation of foreign agents. In our opinion, the simultaneous
decision—making on the withdrawal from the Russian business of a number of
foreign retail chains and catering chains had an initial goal - to achieve precisely
destructive goals and in reality were not economically justified in any way.

In modern conditions, all of the above problematic issues are maximally actu-
alized due to the fact that the sphere of trade in our country is largely represented
by foreign trade networks that actually import their services. In addition to domi-
nating the market of services of certain regions and territories, foreign retail chains
also promote significant volumes of imported consumer goods (food and non-food
products). These circumstances had a number of negative consequences, which
increased many times after the strengthening of the sanctions policy of unfriendly
countries and their economic aggression againstthe Russian Federation after the start
of a special military operation on the territory of Ukraine on 02.24.2022 (Table 2).

Table 2.

Risks of threats and adverse consequences of high import dependence of the
trade sphere in the conditions before and after the tightening of the sanctions
politicians of unfriendly states

Before the active phase of economic | After the active phase of economic aggres-
aggression of unfriendly countries sion of unfriendly countries

Low level of reinvestment. Orientation to the export of capital. The volume of exported
capital for many years of being on the Russian market has repeatedly exceeded the initial
investment

Promotion of imported goods in foreign retail chains. Abuse of market power, manifested
in the creation of obviously unfavorable conditions for the admission of some domestic
goods

Low level of localization of production of goods sold under corporate brands of retail
chains
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The threat of closure of enterprises and mass
dismissal of staff

Deliberate creation of a commodity shortage

Abuse of monopoly position in certain sectors
of food and non-food trade

Unjustified price increases, provocation of
avalanche-like inflationary processes

Pressure on the commercial rental market, the
threat of closure of large commercial enter-
prises that continue to incur losses amid re-
strictions related to Covid-19

It should be noted that a number of foreign trade and catering enterprises have
already announced the closure of their business and exit from the Russian Fed-
eration market. At the same time, a significant part of foreign enterprises remain
loyal to the Russian market, despite the fact that they continue to feel significant
pressure on their management in terms of making a decision to exit the Russian
market. In our opinion, this kind of loyalty is extremely important for the Russian
economy and the firm fulfillment of their social and business obligations by for-
eign enterprises deserves an appropriate assessment from the competent regulato-
ry authorities.

At the same time, risks regarding the further withdrawal of foreign business
from Russian retail and catering remain. At the same time, the unjustified public
response of such processes is growing. We also note the increasing social burden
on the labor market that has arisen due to the materialization of the risks of foreign
enterprises leaving the market (Table 3).

Table 3.

The number of personnel of large foreign network structures (retail and
catering) that have publicly announced their plans for further economic activity
in the Russian Federation after the tightening of the sanctions politicians of
unfriendly states

Network structures that Network structures that have
Number . . Number
announced the closure announced the continuation of
. . . of staff . . . of staff
of business in Russia business in Russia
McDonalds 62000 |Leroy Merlin Russia 42419
Pepsico 19000 | Ashcan Retail Russia 33000
IKEA 15000 |METPO Cash and Cary Russia 20000
Yum! Brands 14500 | Globus Poccus 11000
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Inditex S.A. (Zara Home, 8840 | Castorama Russia 3000

Massimo Dutti, Bershka,

Oysho, Pull & Bear,

Stradivarius)

Adidas 5539 | Selgros Cash&Carry Russia /Global 2000
Foods

Mothercare 4500 | PRISMA 1200

OBI 4259

H&M 3542

Jpyrue 30960

Total 168140 112619

In our opinion, special attention should be paid to the fact that ensuring eco-
nomic security within the framework of the studied types of economic activity is
achieved precisely at the regional level, which is explained by the focus of state
policy on the development of regional network structures capable of diversifying
national retail and catering networks. That is why a significant role in the frame-
work of our proposed system is played by regional management structures and
their associations that perform import substitution functions.
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Abstract. The article discusses the issues of the role of continuing education
and additional educational programs in the framework of planning an educational
trajectory and advanced training for staffing the agro-industrial complex.
The study confirms the relevance of continuous education in the context of the
development of information-digital agriculture. The authors draw attention
to the problems and features of the development of competencies in additional
educational programs for the specialty "Veterinary Medicine". Competencies
are one of the main priorities in modern education, especially in competitive
relations in the labor market at the regional and sectoral levels. Research analysis
shows that continuing education has the potential to prepare people for an ever-
changing labor market. Additional education contributes to the development
of labor potential in the field of sustainable economic development. The article
highlights the need to integrate all forms and levels of education and training to
promote lifelong learning.
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Introduction

In the information-digital economy, questions about the role and place of con-
tinuous and additional education in the formation of human capital based on the
competence-based model of education throughout life become relevant. The prac-
tice of staffing organizations of the agro-industrial complex for the specialty "Vet-
erinary" in higher educational institutions is characterized by the presence of basic
professional educational programs of higher education and training programs for
highly qualified personnel. Veterinary education in the context of the develop-
ment of information-digital agriculture requires additional levels of training for
professional activities, taking into account the practical orientation and features
of the sub-sectors of the agro-industrial complex [5]. Additional education pro-
grams allow you to update and acquire new skills and competencies that allow
you to perform labor functions in new business conditions, the development of
scientific achievements in veterinary science. The role of additional educational
programs is increasing due to the introduction of information and digital technolo-
gies and an increase in the productivity of the production process and labor [3].
New biotechnologies combine innovative digital technologies, the development
and management of which requires staffing through training/retraining of special-
ists [2]. A feature of additional educational programs is the definition and use of
the competence / part of the competences of professional standards.

Materials and Methods

For the purposes of the research were studied statistical reports and forecasts
from the economic literature, Internet resources. The methodological basis of the
study was the economic and statistical method, the principles of dialectics, com-
parative analysis, systemic and institutional approaches. The theoretical and infor-
mational base was the publications of domestic and foreign scientists on the effec-
tive functioning of agro-industrial production, the concept of lifelong education,
the digital economy and other aspects of improving the efficiency of the national
economy. The influence of such trends as the formation of an information-digital
society, the development of information networks, the virtualization of compa-
nies, blockchain technologies, lead to changes in the system of economic rela-
tions. In particular: in the information economy, the production and dissemination
of new knowledge and the practice of managing it is inseparable from the human
and managerial component; changes in the level of employment in industries, as
well as the complication of the multisectoral structure of the national economy and
the relationship between its sectors; the competitiveness of economic entities and
the national economy is increasingly dependent on scientific and innovative, per-
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sonnel and managerial potential; the implementation of state programs for person-
nel management is aimed at securing university graduates in rural areas with the
aim of innovative development of the agro-industrial complex; the development
of economic integration is associated with the formation of a certain information
network and its expansion, as well as the development of markets for agricultural
producers through the Internet, etc.

Results

Under the influence of the rapid obsolescence of professional knowledge
and the high dynamics of the creation and dissemination of intellectual creative
knowledge, a competency-based model of continuous education is being formed.
The new reality of the modern labor market is continuous continuous learning,
creative work, self-realization in the context of increasing information mobility.
The Russian labor market is characterized by inter-company mobility rather than
intra-organizational career trajectory, so investment in human capital is less profit-
able. And continuing education is perceived as a function to supplement, update
qualifications, or as a requirement in accordance with professional standards. One
of the problems in modern veterinary medicine is resistance to microbes that are
resistant to drugs that destroy them. The problem affects livestock and food secu-
rity. Therefore, the need to remove attention to the issues of veterinary and sani-
tary examination of food raw materials, veterinary practice and animal husbandry
has increased significantly. The solution of this problem is impossible without the
training of specialists and the wide replication of experience in the containment of
antimicrobial resistance. In the context of the formation of the information-digital
economy, the educational sphere is subject to requirements for an individual learn-
ing path, flexible updating of human capital competencies [4]. Figure 1 shows the
dynamics of the participation of the population in lifelong education.
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Figure 1. Participation of the population in lifelong education (as a percentage
of the number of respondents aged 25-64)* [7, 8, 9]
* For 12 months, respondents could receive training both in the field of formal
education and in additional education courses, as well as engage in self-education.

The purpose of developing a program of additional education in the specialty
"Veterinary" is to increase the level of knowledge, skills and practical skills of
specialists responsible for prescribing antimicrobial drugs for veterinary use, in
the field of food quality control and veterinary and sanitary examination of food
raw materials. The subjects of the educational program are groups of specialists
- veterinarians, microbiologists, chemical engineers, specialists from testing labo-
ratories and quality control centers, veterinary diagnostics laboratories. The scope
of the program is animal husbandry, food production of animal origin, "smart
agriculture", "digital agriculture", circular and green economy.

The assessment of the levels of formation of skills and competencies, their
dynamics in the process of implementing an additional educational program cor-
respond to organizational and pedagogical procedures [6].

The process of planning and implementing an additional educational program
in the specialty "Veterinary" is an educational, design and operational activity that
ensures the integration of an educational organization, labor resources and agricul-
tural organizations. In the process of approbation, much attention is paid to the sci-
entific content of the program, the study of the real livestock sector, feedback from
both students and customers. The process of preparation and lifelong learning in
relation to higher educational institutions should form a single educational space,
including additional preschool, pre-university school, university, postgraduate ed-
ucation, including educational, general development programs, professional edu-
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cation (bachelor's, specialist's, master's), postgraduate, doctoral studies, advanced
training, retraining of personnel, international educational programs (Figure 2)

Regional and sectoral New models of vocational education,
orientation of education > taking into account the individual
policy educational trajectory

The choice of a flexible professional
trajectory, level of education,
educational institution

Y

Vocational guidance at school

Transformation and
adaptation of the educational
process, its technologies and

Development of individual natural,
professional characteristics lifelong

forms
Development of personal Qualitative change in the essence
qualities of independence and > and content of the educational
activity process for different periods

The effectiveness of modifying and
managing the policy and process of
education for different levels

Monitoring and scientific
analysis of education

Y

Figure 2. The system of a single educational space in the concept of lifelong
education

Institutional national and international systems of quality assurance and ac-
creditation of education should be restructured in the framework of lifelong learn-
ing, which will effectively navigate in various areas of flexible learning. Qualifi-
cations frameworks, such as those in occupational standards, have great potential
and also enable trained workers to transfer their country's qualifications for em-
ployment abroad.

Discussion

In general, the design of additional education programs in the veterinary direc-
tion is not possible without taking into account the accumulated empirical experi-
ence in related programs [1]. Features of the education model in the information-
digital and knowledge economy are manifested in the variety of resources used
in training: the interaction of educational communities, scientific and educational
knowledge, material base, organizational and managerial, educational, scientific,
and human capital.
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Continuous education allows revealing the priority of creating, disseminating
and applying information and knowledge to improve and form competencies that
will determine the competitiveness of human capital and organizations. Continu-
ing education allows you to expand competencies and skills, form professional
connections, develop social capital, develop a professional labor trajectory, and
participate in new forms of employment.

Conclusion

Thus, the system of interaction between an educational organization that imple-
ments an additional educational program in the specialty "Veterinary Medicine",
with agricultural organizations that send specialists in accordance with the needs,
and / or with labor resources that are motivated to obtain high-quality qualification
competencies and skills, is aimed at ensuring sustainable functioning and develop-
ment of the livestock industry and the production of safe food raw materials in the
agro-industrial complex of Russia. The influence of external and internal factors,
such as professional standards, the creation of new drugs, demography, technolo-
gies in the production chain, digitalization of production, competition between
manufacturers, the national food standardization system, and others, determine the
possibility of updating the content, a high degree of variability, and the choice of
forms of education. The role of additional veterinary education reflects the timeli-
ness of creating an additional educational program in the specialty "Veterinary" as
part of the response of the system of additional professional education to the trends
in the effective use and development of human capital for the development of the
agro-industrial complex and the economy as a whole.
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Abstract. In the process of analyzing the technique of running on a treadmill,
performed by a highly qualified athlete at a different pace, the features of the
rhythmic structure of the technique of movements, manifestations of intermuscular
coordination, as well as their mutual influence under conditions of different
intensity of the functioning of the cardiovascular system, were revealed. To
register the parameters of the running step, the method of electromyography
and video capture of movements was used. Based on the generalization of the
data of mathematical and statistical analysis of kinematic and electromyographic
indicators, a conclusion was made about the possible reasons for the decrease
in running speed in a long sprint and the direction of improving the rhythmic
structure of running in athletics.

Keywords: athletics running, movement technique, kinematic characteristics,
rhythmic structure, muscle electrical activity, intermuscular coordination,

efficiency.
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Introduction

Features of the rhythmic structure of competitive movements are the object
of study in many sports. And although there are no direct studies that, from a
biomechanical point of view, would link rhythm with the stability and reliabil-
ity of movements, it is assumed that their effectiveness is largely determined by
the rhythmic structure of motor actions [1]. For the successful formation of an
effective running technique in athletics, a coach and an athlete need to deeply
understand and master the tempo-rhythmic structure of movements, their spatial
and temporal characteristics, the ratio of various components of the technique due
to changes in the level of physical fitness, first of all, the hard-trained qualities of
speed, coordination, speed-strength [2,3,4,5]. All this predetermines the result of
specific muscular activity. In this regard, the study of intermuscular coordination
and its influence on the kinematic structure of high-intensity track and field athlet-
ics is relevant for improving the training of athletes.

Research methods and organization

The study involved a highly qualified athlete (CMS), who ran at different
speeds on a treadmill (Cosmos Venus, Germany) in intensity zones set using a
heart monitor (HR: 120 beats/min; 140 beats/min; 160 beats/min; 180 beats/min).

The bioelectrical activity of the main muscle groups was recorded by bipo-
lar surface electrodes with an active contact area of 2.5 cm? using a ME-6000
16-channel electroneuromyograph (Finland). Registration of electromyograms
(EMG) was synchronized with the motion capture video system. The obtained
data were processed using the "MegaWin" program. To register the kinematic
characteristics of the movements of the lower extremities, a Qualisys 3D motion
video capture system (Sweden) was used. Light-reflecting markers were attached
on the skin to anthropometric points coinciding with the axes of movement in the
main joints of the subject's body (shoulder, hip, knee, and ankle).

Research results and discussion

First of all, for analysis, the full cycle of the running exercise was divided into
2 steps, each of which consisted of: phase 1 - placing the left leg on the support
and depreciation; phase 2 - active repulsion with the left foot; phase 3 - flight (un-
supported phase). At the same time, to describe the rhythm, a three-beat measure
was used, borrowed from the theory of music, which corresponded to successively
located efforts in kinematic phases [1], and the boundaries of the measure in run-
ning coincided with the boundaries of the cycle.

In the process of analyzing the ratio of phase durations in running cycles -
rhythm, it was found that in a highly skilled athlete, with a change in the pace of
running, the rhythmic structure changes significantly (p<0.05) (figure 1).

So if the rhythmic structure of running steps at low intensity (120 beats/min)
was characterized by the ratio of the duration of the phases of the step of the left
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leg "1-2 /3-1/2", then at an intensity of 180 beats/min - "2/3-1 /3-1". Comparing
the indicators, it was confirmed that an increase in running speed leads to a reduc-
tion in the setting and repulsion phases (by 0.07 s) and an increase in the duration
of the unsupported phase (by 0.08 s).

K120 ®140 2160 m180

Figure 1. The duration of the phases of the running steps of a highly skilled
sprinter in different zones of intensity (N=12; s)
Note. Running phases: 1 - placing the left leg on the support and depreciation;
2 - active repulsion with the left foot; 3 - flight; 4 - setting the right leg on a support
and depreciation; 5 - active repulsion right; 6 - flight.

Given that with an increase in the pace of running, the rhythmic structure of
the movement acquires the features of an integrative system due to the fact that
the muscles simultaneously provide the solution of several tasks (develop trac-
tion, recuperate energy, increase the rigidity of the musculoskeletal system) [1],
an analysis of the integrated bioelectroactivity (IBEA) of the athlete's muscles was
carried out (figure 2).
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Figure 2. Integrated bioelectrical activity of the muscles of a highly qualified ath-
lete in the phases of the running step in different zones of intensity (N=12; uV)
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Note. Running phases: 1 - placing the left leg on the support and depreciation;
2 - active repulsion with the left foot; 3 - flight; 4 - setting the right leg on a support
and depreciation; 5 - active repulsion right; 6 - flight.

Analyzing the dynamics of this indicator, the problem of assessing the adequa-
cy of muscle activation in each intensity zone and phase of the running step was
solved, taking into account changes in motor tasks. Thus, in 86.5% of the analyzed
attempts, a highly qualified sprinter was characterized by the following ratio in the
manifestation of IBEA in the phases of the steps of the full cycle of running: 1-3-2
and 4-6-5. Changes in the athlete's IBEA ratio occurred only when running at the
maximum pace: this indicator was significantly higher during repulsion (p<0.05)
than in the unsupported phase of the running step.

From the analysis data, it followed that the increase in the pace of running was
provided by an adequate increase in muscle activity. At the same time, the condi-
tion for maintaining the rhythmic structure of the running technique in different
zones of intensity was the uniformity and stability of the phase structure of the
IBEA muscles. This conclusion was confirmed by the results of correlation analy-
sis: the largest number of muscles significant for the duration of running phases
was involved in the zone of 180 bpm (25.0%)).

In the practice of studying intermuscular coordination, the most accurate and
independent indicator of the quality of movement performance is muscle reciproc-
ity, which characterizes the consistency of their work in the "agonist-antagonist"
system. An analysis of the average statistical indicators of muscle reciprocity
showed that an increase in the pace of running is ensured by optimal activation of
the antagonist muscles.

In the zone of low running intensity, the reciprocity of the pairs of muscles
"straight thigh and biceps", as well as "anterior tibial and gastrocnemius", "gluteal
and straight abdomen" in accordance with the motor task solved in the phase of
placing the foot on the support and extending the leg, had the following values:
providing a quick repulsion of an explosive nature. The greater the depreciation,
which is based on the alternate work of the muscles, the longer the phase of setting
and repulsion became. Therefore, upon contact with the support, the reciprocity
of the pair of muscles "left anterior tibial - left medial gastrocnemius" was equal
to 44% and provided insignificant shock absorption, and the pair of muscles "left
rectus femoris - left biceps femoris" corresponded to 60%, providing rigidity of
the system when setting the leg.

Comparison of the "profiles" of muscle reciprocity made it possible to estab-
lish that complete similarity in rhythm is characteristic of the muscles of the right
leg. At the same time, a decrease in consistency in the electrical activation of
the muscles of the right thigh occurred only when running at a maximum pace
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(180 beats/min). Rhythm disturbance in the intermuscular coordination of the left
leg was observed already in high-intensity running (160 beats/min). That is, the
tempo-rhythmic structure of the running step with the right foot was more stable,
which made it possible to solve the problem of increasing and maintaining the
running speed by increasing the frequency of movements.

The analysis of correlation relationships made it possible to reveal the interde-
pendence of muscle reciprocity and the rhythm of the running step (ratio of phase
durations) in the process of increasing the intensity of the athlete's run. Regardless
of the rate of running of a highly qualified athlete, this pattern was most pro-
nounced in the unsupported phases of the cycle in the pair of muscles "the rectus
muscle of the left thigh - the biceps muscle of the left thigh" (46.88%).

It was found that as the pace of running increased, due to the stabilization of
reciprocity indicators, the number of significant correlations decreased (from 17
to 9). Thus, in running with average intensity (HR 140 beats/min), the reciproc-
ity of the pairs of muscles "thigh straight - biceps femoris of the right leg" and
"abdominal straight - gluteal muscle of the right side of the body" had the great-
est influence on running speed. The inverse correlation relationship indicated the
need to reduce the duration of the setting phase and pushing away with the left leg
while increasing the reciprocity of the muscles of the right leg. And, conversely,
a decrease in the reciprocity of the muscles of the right side of the body indicated
the importance of amplitude movements in the step of the left leg. That is, during
the entire running cycle, regardless of its intensity, the duration of the phases was
provided by the intermuscular coordination of the athlete. Timely activation and
relaxation of muscles creates the conditions for the effective solution of motor
tasks, taking into account the structure of movement and the achievement of the
highest running speed with optimal energy consumption.

Conclusion

Thus, during the entire running cycle, regardless of its intensity, the duration of
the phases ensures the intermuscular coordination of the athlete. Timely activation
and relaxation of muscles provides an effective solution of motor tasks, taking into
account the structure of movement and the achievement of the highest running
speed with optimal energy consumption.
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Informatization of society is an absolute factor in the development of the edu-
cational environment, in which distance learning becomes one of the structures
of continuous knowledge formation without any restrictions, without taking into
account the territorial location of the educational organization [5].

Additional education of children is actively mastering distance education tech-
nologies, which makes it possible to ensure the choice of the mode, the pace of
mastering additional general development programs, to build individual educa-
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tional trajectories (gifted children, children with disabilities).

Today, the emphasis is shifting from learning (the teacher teaches) to studying
(the student studies) it is no longer a new educational paradigm: in the modern
learning model, a teacher should act as a tutor-consultant, mediator-mediator or a
link between the organizational and technological learning environment and the
student. The peculiarity of the present time is that students receive a large amount
of important knowledge for them outside the walls of an educational institution.
And this is done outside of the organizational and activity structure that the educa-
tional institution offers for training [1].

Practice shows that key competencies are formed only in the experience of
their own activities, therefore, the educational environment should be built in such
a way that the child finds himself in situations that contribute to their formation.
We are talking about both the content of training courses and the forms of organi-
zation of the educational process.

Sanitarova N.D. understands the design of an educational program by teachers
ofadditional education as a collective innovative managerial and pedagogical activ-
ity to create interdisciplinary projects of educational activity of students (multidis-
ciplinary and single-profile), ensuring their creative self-realization in the chosen
direction or profile of additional education [4]. The result of such design is the ad-
vanced development of teachers' creative abilities, which is expressed in their pro-
fessional maturity, which includes design and technological competence and char-
acterizes their readiness to create psychological and pedagogical conditions for cre-
ative self-realization of students at the stage of implementation of such programs [6].

In MBU TO DDT with. Kochubeyevsky designed and implemented a variety
of additional general education programs in the areas of work of the educational
institution: artistic, socio-humanitarian, physical culture and sports, scientific and
technical, tourist and local history.

In the period from 2020 to 2022 academic years, there is a quantitative dynam-
ics of additional general education programs in duration: one year, two to three
years, three to five years.

The designed additional general education programs are aimed at develop-
ing children's cognitive interests, expanding horizons, revealing creative potential,
mastering the skills of subject-practical activity, for a more in-depth study of the
chosen field of activity by children, acquisition by students of a wide range of
skills of a more complex level [2-3]. In DDT, program design is carried out by
creative problem groups, which include teachers, methodologists.

The development of additional general education programs determines: the
choice of methodological bases for the design of programs; the definition of value-
semantic bases for the design; goal setting; the definition of a social order for the
program; the determination of the effectiveness of the program at the end of its
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implementation; the selection of content, methods, learning technologies; quality
assessment.

Designing an additional general development program allows you to ensure
the quality of the educational process of the institution.

In 2020, in connection with the quarantine in MBU BEFORE DDT, distance
learning was organized. This form of training is not new, it was used in the institu-
tion sporadically. But the complete transition of all DDT educational activities to
a distance learning format was defined as innovative.

The main objectives of distance learning in MBU BEFORE DDT are:

* providing access to education for students regardless of their location;

* the possibility of maintaining the contingent of students in an educational
institution by providing educational services in the most convenient form (in the
case of the introduction of certain restrictive measures).

Classes were held in various forms using electronic educational resources and
online platforms. During the period of work, each teacher has compiled a cur-
riculum, approved a schedule taking into account the capabilities of each student.

The sources of knowledge were information resources of the Internet, both
specially prepared and already existing in the basic telecommunications environ-
ment (in the on-line system is a system of communication between the teacher
and students in real time (webinars, online classes)), practical classes in all tech-
nological environments — electronic platforms, ZOOM application, messengers
WhatsApp, Facebook, Viber.

45 teachers of the institution took part in the survey. The results of the teachers'
survey "What remote tools do you use" are shown in Figure 1.

Information resources that teachers use in
the educational process

W computer testing

20%

H educational platforms
N internet resources
social network
m spreadsheets, diagrams
W video and audio materials

M presentations

Figure 1. Results of a survey of teachers "What remote tools do you use"
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Most of the teachers used messengers for training (Whatsapp, VKontakte. Od-
noklassniki) and online workshops, various Internet resources were also popular.
Video and audio materials.

Interactive interaction of teachers and students in the learning process provid-
ed children with the opportunity to work independently with information sources
of the network, assessment of knowledge and skills acquired during training.

With the help of distance learning, the following tasks were solved: to form
students' cognitive independence and activity; to create an effective educational
space.

When organizing distance learning, we have identified the following oppor-
tunities:

* the possibility of continuing education in additional general educational gen-
eral development programs with the introduction of quarantine;

* getting access to an extensive database;

* ensuring access to education for children who for some reason cannot attend
the institution (children with disabilities).

The content of additional general education programs was adjusted taking into
account the introduction of a distance learning regime (changes to the educational
and thematic plan and the content of classes).

The teachers carried out the design of their further pedagogical activities taking
into account the use of remote technologies, including the study of new educational
resources for use in the classroom (platforms, websites, workshops, web classes).
We also tested the work on platforms (we tried to work it out ourselves in practice).

The selection of the necessary materials for the organization of distance learn-
ing was carried out, which were included in the content of general education pro-
grams: online tasks, video lectures, presentations, master classes, viewing and
participation in virtual exhibitions, electronic excursions, etc. The simplest and
most understandable online tasks were created, systems for monitoring the ac-
tivities of students and their development were developed general education pro-
grams: evaluation and diagnostic materials. Target groups were created in social
networks, messengers for prompt feedback with students and their parents; remote
counseling of target groups, individual counseling on all emerging issues of stu-
dents and parents by phone, via e-mail; individual educational routes for gifted
children and children with disabilities were developed - the creation of special
pedagogical conditions for the possibility of the choice of methods, forms and
methods of teaching, allowing to support various educational interests of students
during training.

The methodologists of MBU BEFORE DDT developed methodological rec-
ommendations, teaching aids for the study of certain topics of additional general
educational general development programs, online classes.
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During the transition of the educational process of MBU TO DDT in the dis-
tance form, in 2020, mandatory monitoring of the involvement of each child in the
learning process was developed.

Students and their parents sent reports on the completion of the task in a pre-
set time by a personal message to the teacher's email address, to groups in social
networks, messengers, WhatsApp, Viber, Skype chats for verification.

In case of difficulties in doing the work, students received an online consulta-
tion from a teacher, worked on mistakes.

Teachers regularly informed parents studying about the course of the educa-
tional process in the distance learning mode.

In the absence of technical capabilities — a computer or the Internet for the
child, the training was organized in other accessible ways that do not violate sani-
tary norms and requirements. The assistant in supporting communication between
students, teachers and parents, in this case, were the classroom teachers of the
children.

Teachers in the process of remote work exchanged information among them-
selves on interesting forms of work that allowed them to activate not only stu-
dents, but also their parents.

The teachers of the institution carried out work to create conditions for inde-
pendent and research activities of students (development of creative tasks; proj-
ects, execution of works timed to all-Russian holidays and significant dates, orga-
nization of online exhibitions).

The use of distance learning during a difficult epidemiological situation and
self-isolation in 2020 contributed to an increase in parents' interest in conducting
classes and the child's participation in them by 40%.

The formed model of distance learning in DDT showed the following results:

» teachers have become more effective in using Internet resources for conduct-
ing classes in an online format, providing students with more opportunities for
high-quality mastering of program material;

* teachers use various forms of training, conduct online master classes, and
also attract students themselves to conduct master classes.

Table 1.
Analysis of the use of remote technologies in the implementation of additional
general education programs in DDT for 3 years

A year of training with the use of UP-to-date 2021 2020 2019
technologies
Number of students % 50- 80% 10-30% 15 -20%
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From the above table it can be seen that the largest number of associations in
DDT are represented by artistic, physical culture, sports and socio-humanitarian
orientation.

Table 2.
Analysis of the enrollment of students in training using distance learning
technologies for the 2020-2021 academic year

The focus of the programs Number of groups Number of students
Artistic 120 1375
Physical culture and sports 13 150
Technical 4 24
Social and humanitarian 17 192
Tourist and local history 2 24
Social and humanitarian (ovz) 1 6
Artistic (ovz) 3 20
Total 160 1791

The largest number of MBU students BEFORE DDT are children of primary
school age, which is associated with a social order (interest in additional education
of parents of this age), on the one hand, and on the other - with the largest number
of associations focused on this age.
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Abstract. For the last 150-200 years, all biomedicine has been studied in
terms of a deterministic or stochastic approach. The basis of this approach is
the paradigm of cause-and-effect relationships. What will happen if we prove the
absence of the influence of the past on the future state of any biosystem? This
is what was demonstrated in the Eskov-Zinchenko effect. At the same time, W.
Weaver's hypothesis about systems of the third type was proved. In this case, we
cannot predict the future for biosystems and the property of ergodicity is lost.
Any sample of parameters of biosystems and its statistical characteristics become
unique.

Keywords: stochastics, chaos, Eskov-Zinchenko effect.
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Introduction

More than 70 years ago, one of the founders of information theory, W. Weaver
[1], proposed to bring all biosystems beyond the limits of modern deterministic
and stochastic science (DSS). He proposed to create a third science after (DSS) to
describe systems of the third type (STT) - biosystems.

It is very strange, but no one has paid attention to the work of W. Weaver [1]
for these 70 years, and there is a very specific explanation for this. To prove this
conjecture, it was necessary to prove special properties (STT), which no one tried
to do. However, further it would be necessary to create this new (third) science.
There were no people willing to do this in the last 70 years.

Twenty years ago, a group of scientists from the city of Surgut (Russia) first
started testing the hypothesis of W. Weaver (STT - not an object of DSS), and then
began to create a new, third science in the form of the theory of chaos-selforga-
nization (TCS) [2-9]. TCS is based on the proof of the loss of ergodicity of STT.

Obviously, the basis of DSM in biomedicine is the presence of cause-and-
effect relationships for any biosystems. This means that any sample of any bio-
system parameter x,(2) can be statistically repeated, that is, it can be predictable.
What happens if any sample is unique, and its numerical characteristics over time
are unstable? This is exactly what we proved 20 years ago, first in biomechanics,
and then in all biology, medicine, psychology, ecology and other sciences about
living systems [9-16].

1. Why are biosystems not a DSS object?

We emphasize once again: all modern science (DSS) is based on the dogma
that the value of the past state of the biosystem vector x=x(¢)=(x,, x,,...,x )"in the
m-dimensional phase state space (PSS) gives complete information about the fu-
ture state of the STT (biosystem). However, this is a fatal dogma about ergodicity
in the dynamics of STT behavior [2-9].

Indeed, back in 1947, the outstanding biomechanic of the 20th century, N.A.
Bernstein put forward the hypothesis of "repetition without repetition" in the or-
ganization of any movement. However, he did not provide any evidence of this
(quantitative). He proved the reality of at least five different systems (systems A,
B, C, D, E) in the organization of any movement.

N.A. Bernstein argued (in the monograph "On the construction of movements")
that these five systems can be switched on and off chaotically in the organization
of movements. Therefore, he spoke about the impossibility of arbitrarily repeating
any movement. But he did not prove it quantitatively. It was only a hypothesis. It
is strange that for 70 years no one has tested it (except us) in an experiment.

A year later, in 1948, W. Weaver publishes his outstanding article “Science
and complexity”, where he directly points out that biosystems are not an object of
modern science [1]. In this article, W.Weaver takes all biosystems (systems of the
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third type - STT) beyond the limits of modern deterministic and stochastic science
(DSS). From requires the creation of a new (third) science to describe and study
biosystems [1].

It is significant that, like N.A. Bernstein, W.Weaver did not provide any quan-
titative evidence for this hypothesis of his (STT is not a DSS object). These two
hypotheses have remained unnoticed for more than 50 years. This is an amazing
situation for science, because it was necessary to combine them together and test
the stability of any sample of any biosystem parameter (STT) in an experiment
[2-9].

It was necessary to repeat the same experiment many times with the same
biosystem (in its unchanged state) and test the hypothesis of "repetition without
repetition" and that STTs cannot be a DSS object. It is obvious that the proof of
these hypotheses would destroy all modern biomedicine, psychology, ecology and
other sciences about living systems [2-10].

All these sciences are based on the dogma that any selection of any parameter
x,(t) of a biosystem can objectively describe the state of this biosystem. It is very
surprising that in the 150-200 years of the existence of the life systems sciences,
everyone was confident that the sample x(t) provides objective information about
these STTs. This was a huge mistake and an illusion by DSS.

In fact, when we measure the parameters x,(2) for STT over a time interval 4z,
we know nothing about the state of the STT before this interval 47, We do not
know anything about what happened to STT in the time interval 4¢, and 4¢, (on
At, we register the second sample x(?)) and we do not know anything about what
happens to STT after A¢,. We do not continuously monitor biosystems and this is
a DSS error [9-16].

It turned out that even two neighboring samples x(#), which were obtained in
a row on the intervals 4¢, and 4¢,, have the probability of statistical coincidence
p,;<0.05 in blomechanlcs and P, <0 05 in cardiology, electromyography and in
many other STT measurements. Blosystems (STT) cannot demonstrate the statis-
tical stability of samples of their parameters x(#) [9-16].

Twenty years ago, we began to test this thesis, first in biomechanics. When
registering tremorograms (postural tremor of the fingers) - TMG in 5 seconds.
It turned out that two adjacent TMG samples can statistically coincide with the
frequency p;;q < 0.05. This is a very small amount. As an example, we pres-
ent a comparison of 15 TMG samples from one subject in tab. 1. In this table. 1,
we introduce the Wilcoxon test P; in the statistical comparison of the i-th and j-th
TMG samples.
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Table 1.
The results of pairwise comparison according to the Wilcoxon test of TMG of
one subject (GDV) with repeated measurements (in a row) in a short time (T=5
sec), the number of matches k,=6

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15

1 0.00 { 0.00 | 0.00 | 0.07 { 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
2 10.00 0.00]0.00{0.00]0.00{0.00{0.00{0.00{0.00|0.00|0.00|0.00|0.00]|0.00
3 10.00{0.00 0.0010.99 | 0.00|0.00|0.00|0.00|0.00|0.00|0.00|0.00]0.00|0.00
4 10.00{0.00|0.00 0.00]0.00{0.00{0.00{0.00{0.00|0.00|0.00|0.00|0.00|0.00
5 10.07{0.000.99 | 0.00 0.0010.00{0.00]0.00{0.00|0.39|0.00|0.00]0.00|0.00
6 |(0.00(0.000.00 |0.00|0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
7 10.00 {0.00 |0.00 {0.00 |0.00 {0.00 0.00]0.01{0.00]0.00|0.00]0.00]0.00|0.00
8 10.00 (0.00|0.00 [0.00|0.00 |0.00|0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.28 | 0.00
9 10.00{0.00 0.00 {0.000.00 {0.000.01|0.00 0.00]0.00{0.00]0.00|0.00|0.00
10 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00 0.00{0.00{0.09 | 0.00 | 0.00
11 |{0.00|0.00|0.00{0.00|0.00|0.00|0.00|0.000.00 |0.00 0.00]0.00{0.00|0.01
12 10.00 | 0.00 [ 0.00 | 0.00 | 0.00 |{ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.0010.00 | 0.00
13 1 0.00 | 0.00|0.00 | 0.00 | 0.00 | 0.00 | 0.00|0.00]0.00|0.09]0.00|0.00 0.09 | 0.00
14 1 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.28 | 0.00 | 0.00 | 0.00 | 0.00 | 0.09 0.00
15 10.00 | 0.00|0.00 |0.00|0.000.00|0.00|0.00]0.00|0.00]0.01]|0.00]|0.00]|0.00

If we register 15 TMG samples in a row (for one person), and then build a ma-
trix of paired comparison of samples of these TMG, then in such a matrix of 105
different comparison pairs there will be no more than K<5% of pairs for which the
Wilcoxon criterion P, >0.05. In tab. 1 there are only k,=6 such pairs.

This means that more than 95% of TMG sample comparison pairs fail to show
statistical agreement. Their statistical characteristics (statistical mean <x>, sta-
tistical variance (Dy), signal spectral density (SPS), autocorrelation (AC), etc.)
do not match. This indicates a complete loss of ergodicity of the TMG samples.
For example, we present a typical tab 1. in which the number k of pairs of TMG
samples with pl.JZO.OS is very small (k=6) and this proves the hypotheses of N.A.
Bernstein and W.Weaver.

A sample of TMG randomly cannot be repeated statistically. We have proved
this experimentally over the past 20 years for any parameters of the functions of
the human body x(#). The connection between the past and the future is broken for
STT, and this is the basis of all modern DSS.

If the past does not predict the future, then any model (in the form of equa-
tions or statistical functions f{x)) has no information value. It describes the past for
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STT, the sample x(?) is unique [2-10]. Obviously, it makes no sense to work with
samples within the framework of statistics. This is the end of DSS for STT, since
it is no longer possible to describe unique systems in DSS.

2. The loss of ergodicity of STT requires the creation of a new science.

Over the past 20 years, such statistical instability of STT samples has been
proven for many parameters of the human body. It turned out that the intervention
of consciousness (in the organization of tapping - vertical oscillatory movements
of the finger) increase the share of stochastics to 15% (and no more). We obtained
the same numbers k<15 for electromyograms (EMGQG), cardiointervals (CI) and
for other 15 parameters of the heart, for tremorograms (TMG) and even for elec-
troencephalograms (EEG). Although for EEG the number & can reach 30-35% of
105 pairs. In general, any STT sample is statistically unstable. This completes the
application of DSS for STT [2-16].

Table 2.

Matrix of paired comparison of 15 samples of parameters of cardiointervals of
one subject in repeated experiments (k,=9) using the nonparametric Wilcoxon P
test (critical level P>0.05)

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
0,00 0,73 0,00 | 0,00 | 0,20 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,01 | 0,08 | 0,00
0,00 0,00 | 0,00 | 0,00 | 0,01 | 0,08 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,15 | 0,04 | 0,00
0,73 | 0,00 0,00 | 0,00 | 0,00 | 0,02 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,01 |0,00 |0,00
0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
0,20 | 0,01 | 0,00 | 0,00 [ 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,70 | 0,00
0,00 | 0,08 | 0,02 | 0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 { 0,91 | 0,00 | 0,00
0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,02 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,02 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
10 { 0,00 | 0,00 | 0,00 { 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00
11 {0,00| 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,00 | 0,10
121 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00 | 0,08
130,01 0,15 0,01 { 0,00 0,00 |0,00]|0,910,00|0,00 |0,00]|0,00 |0,00 0,00 | 0,00
14| 0,08 | 0,04 | 0,00 | 0,00 | 0,00 | 0,70 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00
150,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,10 | 0,08 | 0,00 | 0,00

—_

V(o || |||

As an example, we present tab. 2 for 15 CI samples from the same subject (in
a calm physiological state). Note that we received several thousand such tables (as
tab. 2 for CI) and observed the same pattern: k,<15%. This is called the Eskov-
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Zinchenko effect (EZE) and it has now been proven for any parameters of the
human body. The EZE is global and completes the application of DSS in the study
of biosystems.

Clearly, other models and methods are needed to study STT. This is exactly
what W.Weaver was talking about, but his theory was stubbornly ignored for 50
years. Only our scientific school proved EEZ and began to create a new science -
the theory of chaos-self-organization (TCS). It is based on new concepts and new
models. TCS introduces uncertainties of the 1st and 2nd types, an analogue of the
Heisenberg uncertainty principle [2-9], the concept of a pseudo-attractor (PA). All
this takes TCS (and STT) out of the DSS domain [9-16].

Discussion

The outstanding biomechanic N.A. Bernstein and the founder of informa-
tion theory W.Weaver proposed brilliant hypotheses. However, for more than 50
years, all the scientists of the world ignored their work. It is now obvious that their
proof required going beyond the limits of modern science (DSS) [2-16]. Twenty
years ago, we began testing these hypotheses and proved EHZ. In this EEZ, there
is a loss of ergodicity of the STT. This means that any sample of any biosystem
parameter is unique. It does not provide information to predict the future state of
the STT. This marks the end of DSS [2-9].

Further application of DSS methods and models is equivalent to the fact that
we are trying to describe any distribution function f{x) with one (arbitrary) point.
This is an absurdity, and the whole of biomedicine is in this absurdity. Just as one
point cannot describe the statistical distribution function (we need a sample - the
area of points x(?) in PSS), so one sample cannot describe any biosystem (STT).
This shows the comparison of samples in the form of tab. 1 and tab 2. The share of
stochastics for STT is usually less than 20% [9-16].

Statistics (DSS) cannot describe non-ergodic systems, because numerical char-
acteristics x(?) in the form of statistical average <x>, statistical dispersion (Dy),
signal spectral density (SSD), autocorrelation (AC), etc. change continuously and
randomly. Statistics describe the past of STT and cannot describe what happened
before At, between Az, and At,, and after Az,. Everything changes randomly.

Hence the conclusion follows that W. Weaver was right and STT requires the
creation of a new (third) science after DSS to describe living systems. The EEA is
global and cannot be described in different DSS.

Conclusions

The hypotheses of two scientists (N.A. Bernshtein W.Weaver) have now been
proved by us in the form of EEZ. This means that STTs are not ergodic, they do
not have statistical stability of samples x(t) over time. This completes the applica-
tion of DSS to describe STT.
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There is an urgent need to create a new (third after DSS) science. After proving
EEZ, we began to create such a science in the form of TCS. In this TCS, uncertain-
ties of the 1st and 2nd types are proved, the concept of a pseudoattractor and a new
understanding of the evolution of biosystems in TCS are introduced, new concepts
of rest and motion for the vector x(t) are introduced.
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Annotation. Arterial stiffness is determined through the pulse wave velocity
(PWV) and is recommended as a method of examining patients with arterial
hypertension. The study of arterial stiffness in women during menopause remains
relevant in the practice of a therapist. The presented work analyzed anthropometric
data, the results of biochemical blood analysis, carotid-femoral PWV and the
thickness of the intima-media complex of the main arteries of the head. The study
revealed an increase in arterial stiffness when joining arterial hypertension with
coronary heart disease and a further increase in the indicator in the presence of
type 2 diabetes. The excess of the average values of the thickness of the intima-
media complex of the common carotid arteries was determined to be more than
0.9 mm in all analyzed groups of patients.

Keywords: arterial stiffness, arterial hypertension, menopause

The increase in arterial stiffness reflects the processes of vascular remodeling
and is considered among one of the important indicators of the progression of pa-
thology of the cardiovascular system. At the moment, there is enough data on the
peculiarities of the formation and course of diseases of the cardiovascular system
in women. Female sex hormones have a cardioprotective effect, which extends
to the main components of the formation of atherosclerosis, and the loss of their
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activity due to menopause deprives the cardiovascular system of this protection
[1,2].

In order to compare and assess the severity of lesions of the main and periph-
eral arteries in patients with various diseases of the cardiovascular system, 50
patients from the group with arterial hypertension (AH), 30 patients with the com-
bined pathology of arterial hypertension and coronary heart disease (AH+CHD),
and 15 patients with arterial hypertension, coronary heart disease and type 2 dia-
betes mellitus (AH+CHD+DM 2) were examined on the basis of the University
Clinic. Clinical examination of menopausal patients included clarification of com-
plaints, clarification of gynecological anamnesis (with the duration and nature of
menopause), clinical examination with measurement of blood pressure, heart rate,
height, weight, waist and hip volume, calculation of the ratio of waist to hip vol-
ume and body mass index (BMI). The patients underwent a biochemical blood
test: the level of total cholesterol, high-density lipoprotein cholesterol, low-den-
sity lipoprotein cholesterol, triglycerides, glucose, urea, creatinine and C-reactive
protein was determined. To assess vascular stiffness, ultrasound Doppler exami-
nation of the main vessels of the head and measurement of the carotid-femoral
pulse wave velocity (PWV c/f) were performed.

Table 1 presents data on anthropological indicators in patients with various
diseases of the cardiovascular system (AH; AH+ CHD; AH+CHD+DM 2).

Table 1.
Anthropological data of menopausal patients with various diseases of the
cardiovascular system
Indicator Patients with | Patients with Patients with
AH AH+CHD AH+CHD+DM 2
Number of patients 50 30 15
Age (years) 53,30+7,23 57,6+6,47 55,40+9,31
Height (cm) 163,18+5,05%  |161,33+5,25 | 163,93+5,48
Weight (kg) 76,32+13,62  |74,90£11,98 | 82,67+18,98
BMI (kg/m? 28,33+4,53 28,21+4,17 30,37£5,89
Waist volume (cm) 86,84+12,37 88,14+12,21 95,53+12,23
Hip volume (cm) 108,19+10,17 106,33+11,68 | 109,60+11,34
Ratio of waist to hip volume 0,80+0,06 0,83+0,15%* 0,87+0,06%**

* - p<0,05 between a group of AH patients and a group of AH+CHD patients

** - p<0,05 between a group of AH+CHD patients and a group of AH+CHD
DM 2 patients

*H%* - p<0,05 between a group of AH patients and a group of AH+CHD+DM
2 patients
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The reliability is determined by the ratio of waist volume to hip volume, which
tends to increase as the pathology of the cardiovascular system worsens and em-
phasizes the importance of visceral obesity in the formation of diseases such as
coronary heart disease and type 2 diabetes mellitus.

The results of arterial stiffness obtained by determining the pulse wave veloc-
ity in the area from the carotid to the femoral artery (PWV c/f) are relevant.

Table 2.
The main indicators of hemodynamics and PWV c/f in patients with various
diseases of the cardiovascular system

. . . Patients with Patients with
Indicator Patients with AH AH+CHD AH+CHD+DM 2

Systolic blood pressure 142,30+16,17 145,17+15,51 154,00+23,84
(mmbhg)
Diastolic blood pressure 91,60+9,71 89,50+10,20 92,33+10,67
(mmbhg)
Heart rate (beats/min) 71,52+10,15 73,60+8,90 79,13+9.,84
PWV c/f (m/s) 11,83+3,47 13,16+3,96 15,30+6,86

The growth of heart rate and blood pressure indicators is determined as isch-
emic heart disease and type 2 diabetes mellitus join arterial hypertension without
significant differences.

The PWV c/f index also shows an increase as mutually aggravating diseases
are added in the examined patients.

Table 3 shows the results of comparing patients according to the main indica-
tors of biochemical blood analysis.

Table 3.
Indicators of biochemical blood analysis in women with AH, AH+CHD and
AH+CHD+DM 2
Indicator Patients with Patients with Patients with
feato AH AH+CHD | AH+CHD+DM 2
Total cholesterol (mmol/l) 5,61+1,04 5,80+0,85 5,52+1,42
Triglycerides (mmol/l) 1,39+0,77 1,19+0,78 1,41+0,69
Low-density lipoprotein 3,79+0,77 3,33+1,57 3,39+1,38
cholesterol (mmol/l)
High-density lipoprotein 1,41+0,39 1,63+0,37 1,36+0,30
cholesterol (mmol/1)
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Glucose (mmol/1) 5,21+0,64 5,29+0,91 7,68+1,93%**
Urea (mmol/I) 5,49+1,27 6,25+1,90 6,16=1,39
Creatinine (mmol/l) 80,22+16,05 88,73+20,19 85,60+17,07
C-reactive protein (u/l) 1,524+2,80 1,68+3,17 3,44+5,32

*** - p<0,05 between a group of AH patients and a group of AH+CHD+DM
2 patients

No significant differences were obtained, except for the expected increase in
glucose levels in the group of patients with concomitant type 2 diabetes mellitus.

Table 4 shows the results of ultrasound of the main arteries of the head of
the common carotid artery in the examined patients by nosology groups (AH;
AH+CHD; AH+CHD+DM 2).

Table 4.
The average thickness of the intima-media complex of the common carotid artery
in patients with various diseases of the cardiovascular system

Indicator AH AH+CHD AH+CHD+DM 2
right left right left right left
Diameter 6,92+0,6 | 6,81£0,6 | 7,13£0,6 | 6,95+0,5 | 7,54+1,38 | 7,26+1,14
(mm)

Intima-media | 0,95+0,15 | 0,98+0,13 |0,96+0,11 | 1,00+0,13 | 1,07+0,47 | 1,07+0,35
complex (mm)

Despite the absence of significant differences, the increase in the average value
of the thickness index of the intima-media complex is noteworthy: in all groups,
this indicator exceeded the value of 0.9 mm; as the pathology of the cardiovascular
system worsened, there was a tendency for this indicator to increase.

An increase in the intima-media complex in an average value of more than
0.9 mm in the group with arterial hypertension indicates an asymptomatic lesion
of the common carotid artery as a target organ in arterial hypertension. With the
addition of coronary heart disease and diabetes mellitus to hypertension, there is a
parallel thickening of the intima-media complex up to 1.00 mm in the group with
hypertension and coronary heart disease and up to 1.07 mm in concomitant type
2 diabetes mellitus.

Tables 5 and 6 show the average values of the thickness of the intima-media
complex at the level of the right and left internal and external carotid arteries of the
patients of the analyzed groups (AH; AH+CHD; AH+CHD+ DM 2).
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Table 5.
The average thickness of the intima-media complex of the internal carotid artery
in patients with various diseases of the cardiovascular system

Indicator AH AH+CHD AH+CHD+DM 2
right left right left right left
Diameter 4,65+0,6 * | 4,71+0,5 | 5,01£0,5 | 4,94+0,6 | 5,06+0,7 *** | 4,93+0,04
(mm)

Intima-media | 0,85+0,1 | 0,84+0,1 | 0,93+0,1 | 0,91+0,1 0,89+0,2 0,93+0,1
complex
(vm)
* - p<0,05 between a group of AH patients and a group of AH+CHD patients
**% - p<0,05 between a group of AH patients and a group of AH+CHD+DM
2 patients

Table 6.
The average thickness of the intima-media complex of the external carotid artery
in patients with various diseases of the cardiovascular system

Indicator AH AH+CHD AH+CHD+DM 2
right left right left right left
Diameter (mm) 3,69+0,5 | 3,69+0,5 | 3,88+0,4 | 3,96+0,4 | 3,87+0,4 | 3,97+0,4

Intima-media complex | 0,81+0,1 | 0,79+0,1 | 0,88+0,1 | 0,87+0,1 | 0,83+0,1 | 0,83+0,2
(mm)

As a result of the survey, similar results were obtained in terms of the thick-
ness of the intima-media complex in all three groups of women surveyed without
significant differences.

The process of thickening in the intima-media complex in all three groups of
patients showed a similar trend: the average values of the intima-media complex
on both the right and left are almost identical.

Conclusions:

1. As ischemic heart disease and type 2 diabetes mellitus join arterial hyperten-
sion, arterial stiffness increases.

2. Analysis of the thickness of the intima-media complex revealed a lesion
of the common carotid arteries to a greater extent than the external and internal
carotid arteries. The excess of the average values of the thickness of the intima-
media complex of the common carotid arteries was determined to be more than 0.9
mm in all analyzed groups.
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Abstract. Half of high school students experience an extremely high level of
emotional stress before passing the exam. Clinically significant depression was
detected in 21.6%, anxiety in 31.6% and neurasthenia in 19.1% of high school
students. Suicidal behavior was found in 52.3% of cases - equally often in males
and females. It is necessary to develop and implement programs for early detection
and prevention of conditions of socio-psychological maladaptation, borderline
mental disorders and suicidal behavior among school students.

Keywords: adolescents, high school students, borderline mental disorders,
educational stress, suicidal behavior, psychoprophylaxis.

According to the WHO [3], mental health disorders account for 16% of the
global burden of disease and injury among people aged 10-19 years, and suicide
is the third leading cause of death in the 15—19 age group [3.9 ]. For every suicide
in this age group, there may be up to 100-200 suicide attempts [8]. In terms of the
absolute number of suicides among adolescents, Russia ranks first in the world
[2]. It is known that among persons with suicidal behavior, persons with mental
pathology (from mild forms to severe conditions) predominate [9], and depres-
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sive states occupy a leading place in genesis. At the same time, depressive states
in adolescents have their own specifics: they are often poorly understood by the
children themselves and can be expressed in an increase in aggressive behavior,
stubbornness, oppositional behavior, withdrawal into oneself [7]. One of the fac-
tors contributing to the manifestation of borderline mental disorders is educational
stress [5]. This raises the question of the important role of clinical psychologists
and psychiatrists in the system of prevention and post-suicide [6]. However, at
the moment, the problem of early detection and prevention of borderline mental
disorders and suicidal behavior among children and adolescents has not yet been
resolved.

In this regard, the purpose of this study was to analyze the prevalence and
clinical and psychological characteristics of borderline mental disorders and sui-
cidal behavior in adolescents in order to develop recommendations for primary
psychoprophylaxis.

Participants and research methods

The study involved 455 students of 11 grades of a general school aged 16-18
(16.8+0.5) years: 180 (39.6%) males and 275 (60.4%) females. The study was
conducted 1-1.5 months before passing the exams. The main research methods
were medical and sociological (anonymous questionnaire using the author's ques-
tionnaire in the format of a structured interview), psychometric (DASS-21 tests,
SPIN test, Yale-Brown scale, author's structured questionnaire for diagnosing
neurasthenia, test on educational stress Yu.V. Shcherbatykh) and statistical (meth-
ods of non-parametric statistics). The qualification of suicidal behavior was car-
ried out in accordance with the classification developed by A.G. Ambrumova and
V.A. Tikhonenko (1980).

Results and discussion

It was found that 34.3% of preschool and early school students, at the initia-
tive of their parents, sought help from "folk healers" mainly with problems of
mild mental disorders (fears, night screams, stuttering). In 11.9% of people for the
period of the survey, a diagnosis of vegetative-vascular dystonia was established.

An extremely high level of emotional stress before passing the exam (80-
100%) was experienced by 47.9% of students, medium (50-70%) - 29.0%, mild
(10-40%) - 18.5% and a complete absence unrest - 4.6%.

Factor analysis of the symptoms of educational stress revealed 2 significant
factors (56.7% of the variance): "Confusion" (due to the high study load, inability
to properly allocate time and affective disorders) and "Psychosomatic symptoms".
The degree of severity of all symptoms of educational stress in females was statis-
tically significantly higher than in males.

Clinically significant depression (DASS-21 test) was detected in 21.6% of
the examined: more often (y*=16.222 p=0.0006 OR=2.9 95% CI=1.7-5.2) in fe-
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males (27.9%) than male (11.6%). The probability (OR) of detecting depression
in females is almost 3 times higher than in males. Depression was more often (j?
=6.522 p=0.011 OR=2.2 95% CI=1.2-4.1) registered among those living in rural
areas — 35% and 19.5%, respectively. Comorbidity of depression with anxiety was
76.5% of cases.

Clinical level anxiety (DASS-21 test) was detected in 31.6% of students, sta-
tistically sig-nificant (y> =53.451 p=0.0005 OR=6.1 95%CI=3.6-10.6) more often
in females (44.7%) than males (12.1%). The odds ratio indicates that the probabil-
ity of detecting clinical level anxiety in girls is more than 6 times higher than in
boys. The comorbidity of anxiety with depression was 52.1%. Anxiety more often
(x*=16.500 p=0.0006 OR=2.4 95% CI=1.5-3.6) was recorded in the subjects who
applied for help to "traditional healers" - 44.2% and 25.1% respectively/

Clinically significant symptoms of social phobia (SPIN test) were registered
in 54 (11.9%) students: equally often in boys and girls. Social phobias were also
equally common among those living in the village (15%) and the city (11.4%). The
comorbidity of socio-phobia with depression was 72.2% and anxiety - 77.8% of
cases. Those who turned to "folk healers" more often (y>=14.956 p=0.007 OR=2.7
95% CI=1.6-4.6) had psychologically understandable fears - respec-tively 26.9%
and 12 % of cases, and the clinical level of social phobia is equally common
(11.5% and 12%).

Significant symptoms of obsessive-compulsive disorder (Yale-Brown scale)
were detect-ed in 7.3% of the examined: more often (y* =12.476 p=0.001 OR=7.2
95% CI=2.1-30.2) in fe-males (10.9%) than the male (1.7%). The odds ratio in-
dicates that the probability of developing OCD in girls is more than 7 times high-
er than in boys. Also, OCD symptoms were more common (x> =4.912 p=0.027
OR=2.7 95%CI=1.1-6.6) in rural areas (15%) than in urban areas (6.1%). Clini-
cally significant symptoms of OCD were more common in those who applied to
“traditional healers” (*> =5.549 p=0.019 OR=2.5 5.0% of cases.

Clinically significant symptoms of neurasthenia (author's structured question-
naire) were detected in 19.1% of the examined. They were registered more often
(x* =15.060 p=0.0007 OR=3.0 95%CI=1.7-5.5) in females (25.1%) than males
(10%). The odds ratio showed that the probability of developing neurasthenia in
girls is 3 times higher than in male boys. Symptoms of neurasthenia were more
often (y*> =13.578 p=0.0009 OR=2.5 95%CI=1.5-4.1) among visiting "traditional
healers" - 28.8% and 14%, respectively, and also among living in the village - 40%
than in the city - 15.9% (x> =8.387 p=0.005 OR=2.5 95% CI=1.3-4.6).

Suicidal behavior was revealed in 52.3% of high school students: suicidal
thoughts - 22.6%, suicidal thoughts - 16.5%, suicidal intentions - 3.7% and sui-
cidal attempts - 9.9%.

Internal forms of suicidal behavior occurred at the age of 4 to 17 (14.1£2.3)
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years, in 65.2% of cases at the age of 13-15 years; for the period of the survey, they
were in 6.6% of the respondents. Suicidal attempts were made in the age range of
9-17 (14.242.2) years.

Comparison of the frequency of suicidal behavior among young students with
the results we obtained earlier [4] showed that there is a statistically significant
increase from 32.5% in 2010 to 52.3% in 2019 (x> =33.722 p=0.0005). If in 2010
the ratio: internal forms of suicidal behavior / suicide attempts was 10:1, then in
2019 it was 4:1.

An analysis of gender differences showed that in 2010, internal forms of sui-
cidal behav-ior were more common (x> =6.445 p=0.011) in females (36.2%) than
males (25.1%), and suicidal attempts - equally often (3.2% and 3.3%). In 2019,
internal forms of suicidal behavior are detect-ed equally often among males and
females (38.3% and 45.8%, respectively). There is an increase in the number of
suicide attempts by actually 3 times (y> =18.359 p=0.0005) - up to 10% among
boys and 9.8% among girls. Smoothing the frequency of internal forms of suicidal
behavior con-tradicts the literature data [1,9] - it is believed that they are detected
more often in females than males. However, this phenomenon may be associated
with a certain transformation of social roles - the feminization of men and the mas-
culinization of women due to the peculiarities of socio-economic development.
For females, the pursuit of a career, material independence, social activi-ty, and
competition that stimulate heteroaggression have become relevant. For males, on
the con-trary - subordinate behavior, social passivity, hedonistic orientation, alco-
hol abuse. As a result, there is a smoothing of gender roles to the level of "unisex"
with undifferentiated suicidal behav-ior (more often parasuicidal, not motivated
by ideas about taking one's own life).

All types of suicidal behavior were equally common among those living in the
village (55%) and in the city (52%), and suicidal attempts occurred in 5% of rural
and 10.6% of urban residents.

Internal forms of suicidal behavior were more common (x> =7.414 p=0.007
OR=1.8 95% CI=1.2-2.6) in persons who turned to "traditional healers" - 51.9%
and 38.1, respectively % of cases.

Correlation analysis revealed significant weak direct correlations of suicidal
behavior with depression (r=0.558 p=0.000), anxiety (r=0.351 p=0.000) and social
phobia (r=0.376 p=0.000).

Verification of mental health self-assessment showed that 45.8% of fe-
males and 26.5% of males recognized the presence of psychological problems
(x*=11.926 p=0.001 OR=2.3 95% CI=1.4-3.8). The symptoms of a mental disor-
der in the aggregate were revealed in 11.1% of the examined.

For the early detection and prevention of conditions of socio-psychological
maladaptation and suicidal behavior, it is necessary to develop and implement
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stress management and time management programs aimed at informing about
stress and teaching how to overcome it (meth-ods of resolving conflicts, overcom-
ing auto- and hetero-aggressive tendencies, relaxation meth-ods, etc.), teaching
time planning, methods of independent work with educational literature, in-form-
ing about a healthy lifestyle, taking into account biorhythms, daily routine and
eating habits, about destructive methods of dealing with stress (in the aspect of
addiction prevention ).

It is necessary to involve the work of school and clinical psychologists. In ad-
dition, it is advisable to work with school teachers and parents of students in terms
of ergonomics of the ed-ucational process, optimization of the teaching load, and
requirements for high school students.

Conclusion

Thus, it was found that 47.9% of students experience an extremely high level
of emotion-al stress before passing the exam, which leads to severe neurasthenia
in 19.1% of cases. Educa-tional stress manifests itself mainly in the form of "con-
fusion" (due to a high study load, inability to properly allocate time and affective
disorders) and various psychosomatic symptoms. 21.6% of schoolchildren had
clinically significant depression, 31.6% had anxiety. The probability of de-tecting
borderline mental disorders in adolescents who seek help from traditional healers
is more than 2 times higher than in those who do not. This may serve as a factor
contributing to the early detection of borderline mental disorders.

Half - 52.3% of high school students are characterized by suicidal behavior
(suicide at-tempts in 9.9% of cases) - equally common among males and females,
which is associated with the transformation of social roles - the feminization of
men and the masculinization of women due to their characteristics socio-econom-
ic development.

Early detection and prevention of conditions of socio-psychological malad-
justment and suicidal behavior requires the involvement of school and clinical
psychologists, the development and implementation of stress management and
time management programs.
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Abstract. The antitumor activity of various concentrations of G-01 solution
was shown on the model of a transplanted B-16 melanoma tumor. Established
prospect of using G-01 solution in medicine as a prophylactic agent of natural
origin.

Keywords: G-01, graft tumor, melanoma (B-16)

The plasma membrane participates in intercellular contacts, perceives, ampli-
fies and transmits signals from the external environment into the cell. The plasma
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membrane is associated with many enzymes that catalyze biochemical reactions.
Among the many enzymes of almost every metabolic pathway, key or regulatory
enzymes are distinguished, the activity of which can vary depending on the need
of the cell in the end product of the metabolic pathway. Regulatory enzymes are
located, as a rule, at the beginning or at the branching point of the metabolic path-
way. Carbohydrate components located on the surface of cells serve as a kind of
marking in the development of an immune response [2,5]. Abnormalities in carbo-
hydrate metabolism can be indicative of the body's immune system.

Since immunotherapeutic approaches to the prevention of oncological diseases
are diverse and specific, our task was to develop a method of a universal immune re-
sponse that has an effect on tumor cells through programmed cell death - apoptosis.

Purpose of the study

To study the properties of the immune response with G-01 solution using the
example of melanoma (B-16).

Material and methods

The experiments were carried out on BALB mice of different sexes, obtained
from the nursery of the village of Chishmy R.B. The melanoma tumor strain B-16
was purchased from the Laboratory of Combination Therapy of Tumors, the Bank
of Tumor Strains of the N.N. Blokhin Russian Cancer Research Center RAMS.

The experiments were carried out on the offspring of heterosexual BALB/c of
the age of 8 weeks. The offspring groups were not separated by sex. Spontaneous
regressions were not observed in the control groups.

The animals were kept under standard conditions on a natural diet in accor-
dance with the current standards for the maintenance of experimental animals. All
manipulations on animals were performed in accordance with international ethical
and scientific standards for planning and performing animal studies [4].

In the work, a 20% solution of G-01 was used, administered 0.5 ml subcutane-
ously 2 times a day for 2 days. The joint was sterilized under pressure.

Hexose monosaccharide was used as a means of influencing parental individu-
als. Working code: G-01.

Statistical processing

The biomedical data obtained during the study were processed using the Statis-
tica 7 (Stat Soft) version 6.0 program. Comparison of the frequency characteristics
of qualitative indicators was carried out using a non-parametric method - Fisher's
exact test (for small groups). For multiple comparisons - with appropriate amend-
ments. Confidence intervals for frequency scores were calculated using Fisher's
exact test. To study the relationship between immunotherapy and the frequency
of deaths in the comparison groups, the correlation coefficient was calculated for
nominal variables, based on "Chi-square" statistics, applicable to contingency ta-
bles (2x2); and Pearson's feature contingency coefficient (C), which characterizes
the relationship of nominal variables for multi-field contingency tables [1,3].
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Research results

For the experiment, a preventive course of therapy was administered to Balb/c
mice of different sexes and different weight categories. One month after the opti-
mal therapy regimen, an attempt was made to inoculate melanoma subcutaneously
in 10 mice of the main group. The control group consisted of 6 mice. After 3
weeks, an increase in formation was found in the right axillary region in 2 mice in
the main group. Formation over the next 3 weeks regressed. In the control group,
melanoma was transferred to 5 out of 6 mice, with subsequent development of the
disease and death on average on the 60th day of the disease.

The following attempts to inoculate B-16 melanoma were carried out once a
month, growth of formations was periodically manifested, followed by regression
in the main group and 100% of cases of inoculation with subsequent death in the
control group.

After 7 months in the main group, an increase in B-16 was detected in 1 preg-
nant mouse out of 10, after giving birth the mouse died. After 8 months in the main
group, an increase in B-16 was detected in 4 out of 10 mice. Of these, 2 pregnant
females and 2 males. In males, the formation regressed. The females died within

a month.

rpynna KoHTponsi

100%

80%

60%

40%

20%

0%
1 2 3 4 5 6 7 8

OCHOBHasA rpynna

‘ H neTanbHbLIN UcxopA Oxueble oco6u ‘

Figure 1. The frequency of deaths in the main and control groups,%
Note. on the abscissa axis — time of observation (months).

EEES |99




Scientific research of the SCO countries: synergy and integration

Considering that lethal cases occurred in the main group only 7 months after
the start of immunocorrective therapy, the frequency of adverse outcomes in the
compared groups was analyzed in general for 8 months of observation (tab. 1).

Table 1.
The frequency of deaths in the main and control groups of experimental animals
during the observation period

Study group Lethal outcome No lethal outcome Toatl
Main group 3 (3.75%) 77 (96.25%) 80 (100%)
Control group 46 (95.8%) 2 (4.2%) 48 (100%)

The frequency of lethal outcomes in groups of animals during the observation
period was significantly higher in the control group compared to the main group
(x> = 103.8, p<0.0005).

The odds ratio (OR) of an unfavorable outcome in the main group to the odds
of the control group was 0.0021 (0.21%), 95% CI [0.0006; 0.0131], indicating that
the odds ratio for a poor outcome is higher in the control group.

An analysis of the correlation coefficient ¢ for nominal variables, based on
the "Chi-square" statistic, and accordingly applicable to contingency tables (2x2),

showed that
o lx2 1038
= [|t== =0.9, (p<0,001).
® ,/ " ,/ 13 (P )

where n is the total sum of frequencies by cells (the number of animals taken for
analysis during the observation period). The connection is considered established
if the value of the coefficient is in the range from 0.5 to 1.0.

The calculated indicator characterizes a strong relationship between immuno-
correction and the frequency of adverse outcomes.

For clarity, we examined the subcutaneous fat (fig. 2) of the right axillary re-
gion of 5 Balb/c mice of the main group 6 months after transplantation and 7
months after the induction of the immune response with G-01 solution.
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Figure 2. Residual pigmentation in the area of subcutaneous injection of
melanoma (B-16) 6 months after transplantation in the main group

According to the literature, the duration of immunity in mice, lasting 6 months,
is approximately equal to 5-6 years of human life. We can assume that the induc-
tion of the immune response that we are carrying out in humans can last up to 5-6
years, which corresponds to immunity after vaccination against such infections as
tetanus, hepatitis, etc.

The course of therapy with a solution of G-01 mice with transplanted
melanoma

The therapy for Balb/c mice was started on the 6th day after subcutaneous
inoculation of melanoma. The optimal treatment regimen was used. Two groups
were analyzed: control and main. The tumor was transplanted in 100% of cases.

Mice died in both groups, no statistically significant differences were found
between the groups.

Conclusions:
1. Nonspecific immune stimulation of the antitumor response is a prerequisite
for antitumor immunity induced by G-01 solution.
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2. Immune memory on the example of transplanted melanoma is valid for at
least 6 months. In the following months, there is a gradual decrease in tolerance to
the transplanted tumor.

3. Subcutaneously administered 20% solution of G-01, 0.5 ml, 2 times a day
for 2 days on the 6th day after inoculation, does not affect melanoma.

Conclusion:

This method of inducing an immune response with G-01 solution can be used
to prevent the development of a solid B-16 melanoma tumor. Solution G-01 elimi-
nates the complications associated with the use of vaccines, the development of
which is based on the properties of adaptive immunity-specificity. According to
the literature, the duration of immunity in mice, lasting 6 months, is approximately
equal to 5-6 years of human life. We can assume that the induction of the immune
response that we are carrying out in humans can last up to 5-6 years, which corre-
sponds to immunity after vaccination against such infections as tetanus, hepatitis,
etc.
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Abstract. On the model of transplanted tumor (Sarcoma M-1), the antitumor
activity of various concentrations of the G-01 solution with the presence of an
adjutant was shown. Established prospect of using G-01 solution in medicine as a
prophylactic agent of natural origin.

Keywords: G-01, transplantable tumor, Sarcoma M-1, adjuvant

Introduction
The main property of most adjuvants is the ability to adsorb its antigen on its
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surface and keep it in the body for a long time, which increases the duration of
its effect on the immune system, and also non-specifically enhances phagocytosis
[1,7].

Based on the above, we assumed that the natural substance G-01 with an ad-
juvant can enhance adaptive immunity to prevent the development of a tumor
process [2, 5, 6] and allow the use of G-01 solution in a smaller volume.

Purpose of the study

To study the properties of the G-01 solution with an adjuvant based on alu-
minum hydroxide with a single injection by changing the concentration of the
solution.

Material and methods

The study was performed on the basis of the Research Institute of Oncology
of the Bashkir State Medical University. The experiments were carried out on het-
erosexual outbred white albino rats of the "Wistar" line. The weight of the animals
ranged from 200 to 250 grams, without division by sex. The Sarcoma M-1 tumor
strain was purchased from the Combination Tumor Therapy Laboratory, the Bank
of Tumor Strains of the N.N. Blokhin Russian Cancer Research Center RAMS.
The animals were kept under standard conditions on a natural diet in accordance
with the current standards for the maintenance of experimental animals. All ma-
nipulations on animals were performed in accordance with international ethical
and scientific standards for planning and performing animal studies [3,4,8].

As a means of influencing animals, solutions of 5% and 15% monosaccharide-
hexose were used. Working code: G-01. We used aluminum hydroxide as an ad-
juvant.

The adjuvant and the agent were diluted in proportions 1:1 and injected subcu-
taneously in an amount of 0.3 ml. In appearance, the solutions are a slightly cloudy
liquid due to small particles of aluminum, partially precipitating.

Animals were divided into 3 groups: group | - 10 rats (received 15% solution
of G-01 Vc., once). group 2 - 9 rats (received 5% solution of G-01 l/c., once).
group 3 - 10 rats (control - not treated with G-01 solutions with adjuvant in various
concentrations). The tumor in the control group was inoculated in 100% of ca-
ses.

The biomedical data obtained during the study were processed using the Statis-
tica 7 (Stat Soft) version 6.0 program. Comparison of the frequency characteristics
of qualitative indicators was carried out using a non-parametric method - Fisher's
exact test (for small groups).

Results and discussion

1 month after the course of therapy with 5% and 15% solutions of G-01, adults
were transplanted with Sarcoma M-1. In the control groups, the tumor took root
in 100% of cases (fig. 1,2), the death of animals occurred within 4 months (fig. 3).
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A 15% solution of G-01 with an adjuvant administered in an amount of 0.3 ml
1/c had a pronounced antitumor effect. In the experimental group, consisting of 10
animals, after 2 weeks, tumor growth was detected in 1 individual, after another
week, the tumor regressed in this individual.

In the experimental group, which received a 5% solution of G-01 with an ad-
juvant in the amount of 0.3 ml I/c, consisting of 9 individuals, tumor growth was
detected in 4 out of 10 animals.1.5 months after inoculation, all 4 individuals
rejected the transplanted Sarcoma M -1 (fig. 4).

Figure 1. Animals aged 2.5 months, before inoculation with M-1 sarcoma
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Figure 2. The control group of animals 3 weeks after transplantation of M-1
sarcoma. The tumor transplantation rate is 100%

Figure 3. Control on day 53 after inoculation of M-1 sarcoma. (All animal
experiments were carried out in compliance with international and Russian
ethical principles and bioethical norms)
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1. 68

Figure 4. (a, b, ¢, d) 31-47 days after transplantation of M-1 sarcoma. (All
animal experiments were carried out in compliance with international and
Russian ethical principles and bioethical norms)
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Abstract. In this article given information about local production materials
and ways of using them for effective cement solutions recovery, on their base, in
corrosion environment.

The energy security of the Republic of Kazakhstan can only be achieved by
ensuring the reliable functioning of the entire oil and gas complex. An important
role in this issue is played by the quality of well construction. The analysis shows
that one of the most common types of defects during well construction are: under-
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lifting of cement slurries behind casing strings, leading to a violation of the
tightness of the well lining; violation of sealing due to corrosion processes in
aggressive environments.

Nowadays, cementing materials used in the Caspian region do not always
provide the formation of a reliable cement ring and its necessary durability in an
aggressive environment. It should also be noted that the backfill materials used for
well casing are imported from abroad.

The Caspian lowland is the most promising oil and gas region of Kazakhstan
and is characterized by a variety of geological and technical conditions, and three
main intervals are distinguished in the well section: post-salt, saline and pre-
salt complexes, while there are abnormally high and abnormally low formation
pressures that require the use of weighted or lightweight backfill materials.

Keywords:  corrosion-resistant — cement  mixtures, local materials,
Caspian lowland, cement stone, low-basic calcium hydro-silicates, calcium
hydrocarboaluminates, thaumasite, silica, hydrogen sulfide, carbon dioxide,
disintegrator activation, shell rock, chalk, ash, sands.

The main reasons for poor-quality well casing are the non-compliance of ce-
ment materials with the geological and technical conditions of well construction
and the insufficient durability of the resulting cement stone in aggressive environ-
ments.

From thermodynamic calculations [1], it was found that low-basic calcium
hydrosilicates (LBCHS), calcium hydrocarboaluminates (CHCA) and thaumasite
have the highest resistance. Carbon dioxide is an accompanying component that
also causes corrosion damage. The mechanism of destruction of cement stone in
hydrogen sulfide can be volumetric or layer-by-layer [2].

Based on research [1,2,3,4], we believe that the resistance of cement stone in
hydrogen sulfide (H,S), carbon dioxide (CO,) and magesial media can be ensured
by obtaining cement stone with an optimal or rational phase composition of hard-
ening products and the best organization of the structure of the pore space.

It was previously noted that low-basic calcium hydrosilicates have the great-
est resistance, but the probability of their formation at temperatures below 100 °C
is low. This is because silica has low solubility at these temperatures. Therefore,
ash or burnt rocks are needed to implement this process. At the same time, N.Kh.
Karimov [3] showed that disintegrator activation increases the chemical activity
of low-active or practically inactive components, transferring them to the active
state. The same effect can be obtained with the disintegrator treatment of silica.
As a result, we can expect the formation of LBCHS at temperatures below 120°C.

To obtain corrosion-resistant grouting materials, represented by calcium hy-
drocarboaluminates and thaumasite, it is necessary to introduce carbonate-con-
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taining additives into Portland cement. The theoretical aspect of obtaining these
hardening products is shown in fig.1. The role of calcium carbonate is reduced not
only to the formation of new phases, but also to the catalytic effect in the produc-
tion of LBCHS, as well as to improve the structure of the pore space of the cement
stone. This is achieved by reducing the voltage, in addition, the resulting CHCA
should provide some expansion effect. Finely dispersed carbonate fillers should
ensure the sedimentation stability of cement slurries and, due to this, also improve
the structure of the cement stone. The lower density of calcium carbonate than
clinker can provide a lower density of cement slurries.

IopTaanauemenT Kap6onaTnasi kpouka YIA O6pasoBanue
HOBBIX (a3

CsS

Czs + SiO, - CSH(A)l

GA CaCO; CSH(B)T

C/AF Ca(OH),|

rumnce
CAH,y
CAHg—
CACaSOH y—
CAF,He

C3ACaCO;sH gt

Ilprmeyanue: 1-yBeiHyenne KOJIHYECTBA; | -CHUKCHUE KOTHUECTBA; <> ~OCTACTCS HEH3MEHHEIM

Figure 1. Scheme of mechano-chemical activation of Portland cement and
carbonate chips during disintegration treatment

Research N.Kh. Karimova, Agzamova F.A., B.S. Izmukhambetova [1,2,3] car-
ried out an analysis of local materials, which showed that slags can be effectively
used to modify cements. To implement the provisions that have already been said,
we have considered other industrial waste and local raw materials. As modifying
additives, wastes from the production of building blocks from shell rock, chalk,
ash, sands of the Caspian basin, in particular the Atyrau region (table 1).

The use of disintegrator technology in the modification of cements makes it
possible to increase the strength of the base binder material and ensure its greater
"additive capacity".

When developing a cement mixture with a silica-containing additive using dis-
integrator technology, it was shown that the rate of interaction of silica with cal-
cium hydroxide increases sharply, approaching the rate of interaction of calcium
oxide with amorphous silica.

Studies of changes in the pore space have shown that the composition and
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technology of preparation of Portland cement-ash-lime cement have a significant
impact on the structural characteristics of the cement stone. The characteristics
of the porous structure of cement stone from Portland cement-ash-lime cement,
obtained as a result of research, showed that the smallest porosity (20.4%) have
samples prepared with a disintegrator processing mode of 12,000 rpm and hard-
ened at normal temperature.

Table 1.
Chemical composition of materials
Content (%)
Material
SiO, | Fe,O, | CaO/CaCO, | ALO, | MgO | p.p.p.
Carbonate rocks
Shell rock 3.27 | 0.28 -/93.51 0.32 0.45 other
(Mangistau)
Chalk (Inder, Kenbai) 2.54 1 0.16 -/95.44 0.48 0.36 other
Silica-containing materials
Quartz sands (Inder) 92.25 | 0.04 0.23 0.45 0.02 other
CHP fly ash 56.0 | 4.58 3.64 26.7 1.44 11.12

With an increase in temperature, the porosity of these samples increased some-
what, but to a lesser extent than in samples of conventional preparation. The high-
est porosity has a sample of conventional preparation, hardened at a temperature
of 75°C (31.04%).

As a result of the study of the structure of the pore space of the cement stone,
it was found that the disintegration treatment of Portland cement-ash-lime cement
makes it possible to obtain a cement stone with a very homogeneous structure,
characterized by the vast majority of pores with a radius of 0.01 ... 0.05 microns.
The structure of disintegrator-prepared stone, hardened at a temperature of 75 °C,
is also characterized by one maximum in the region of intermediate porosity.

This allows us to conclude that Portland cement, modified with a lime-ash mix-
ture and processed in a disintegrator, makes it possible to obtain a highly effective
lightweight backfill material for well casing at normal and moderate temperatures.

The addition of a silica-containing additive reduces the strength of the cement
stone, however, due to the disintegrator activation, the strength characteristics of
the developed compositions increase.

The effect of the carbonate additive on structure formation is somewhat dif-
ferent; calcium carbonate has not only structure formation, but also has a catalytic
effect on the formation of low-basic calcium hydrosilicates.
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With an increase in the amount of shell rock additive to Portland cement in
the initial periods of hardening, the strength of cement stone from PC decreases.
The reason for this is the insufficiently strong coalescence of the shell rock with
cement neoplasms in this period. The disintegrator activation of the mixture of
cement-shell rock makes it possible to increase the strength of the cement stone
based on them, both at normal and at a temperature of 75 °C, by almost 1.5-2
times, compared with similar compositions without activation.

X-ray diffraction studies have established that phases appear on the samples
with the addition of shell rock, the diffraction peaks of which correspond to the
parameters of interplanar distances CHCA. With an increase in the amount of shell
rock additive and the degree of activation of the mixture on the disintegrator, the
proportion of calcium hydrocarboaluminates in the total volume of cement stone
increases, and at temperatures below 100 °C, thaumasite is formed. This reduces
the amount of free lime in the composition of the cement stone. An increase in the
proportion of tobermorite-like calcium hydrosilicates of the CSH(B) type is also
observed.

The addition of shell rock and disintegrator activation increases the crystal-
linity of the structure of cement stone from PC. This is due to the introduction of
calcite (CaCO,) into the composition of the cement stone and the formation of
calcium hydrocarboaluminates and thaumasite.

The shell rock leads to a decrease in microstresses in the crystallites that make
up the cement stone at all temperatures. This contributes to the redistribution of
microstresses throughout the cement stone sample, which subsequently increases
the resistance of the cement stone in an aggressive environment.

Checking the corrosion resistance of cement compositions was carried out in
laboratory conditions in contact with hydrogen sulfide gas.

Many experimental studies on the process of hydrogen sulfide corrosion do
not take into account the actual conditions of cement stone hardening in well con-
ditions. As is known, the test compositions are installed in a hydrogen sulfide
environment only after molding and passing through a certain curing regime. In
practice, hydrogen sulfide can come into contact with cement after the cement
slurry is pumped into the well, and cement corrosion begins from the first minutes
after it is transported to the annulus. This is mainly due to the physicochemical
processes occurring in the cement.

Samples of cement stone with a shell rock content of 30% have a lower chemi-
cal activity in hydrogen sulfide compared to Portland cement. Compositions with
the addition of shell rock 20% and 30% showed high corrosion resistance in gas-
eous hydrogen sulfide and hydrogen sulfide dissolved in water. Corrosion resis-
tance of cement compositions with carbonate and silica-containing additives are
given in table.2.
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Samples of cement stone without additives and containing 10% shell rock in
hydrogen sulfide gas collapsed as a result of an increase in volume, and samples
from a mixture of PC: Shell rock - 70:30 had no signs of corrosion. The phase
composition of cement stone with the addition of 10% shell rock is mainly rep-
resented by calcium sulfides (CaS) and iron (FeS) and other similar corrosion
products, and with the addition of 30% shell rock it is represented by thaumasite.

Similar results in terms of corrosion resistance were shown by grouting com-
positions with the addition of silica-containing additives, the composition of which
is mainly represented by low-basic calcium hydrosilicates such as tobermorite and
xonotlite.

Table 2.
Corrosion resistance of cement compositions

Stable Wltilotrei.l:isel:nt Unstable
Composition, % Ww/C prop
kbend kcnmp kbend kcomp kbend kcnmp
Cement 0.35 0.82 0.90 - - - -
0.45 - - 0.70 0.86 - -
0.60 - - - - 0.27 0.76
Cement: silica 0.45 - - 0.77 - - -
60:40 0.55 2.00 0.18 - - - -
0.70 - - - - 0.70 0.54
Cement:Shell rock 0.45 - - - - 0.46 0.55
80:20
Cement:Shell rock 0.45 1.08 1.17 - - - -
70:30

Thus, it should be noted that the casing of wells in the Caspian depression is
carried out in difficult geological and technical conditions with manifestations of
aggressive components - hydrogen sulfide, carbon dioxide and salt aggression.
Studies have shown the possibility of obtaining and using special grouting com-
positions based on local materials, namely chalk, shell rock, ash and other silica-
containing materials for well casing in corrosive conditions and a temperature
range from 20 °C to 120 °C.
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Abstract. The active development of artificial intelligence over the past 20-30
years requires a certain systematization and classification. This report presents
two types of approaches to the classification of such systems. In the first case,
we are talking about obtaining subjectively or objectively new information (new
knowledge). In the second case, we are talking about the principles of operation
of artificial intelligence systems. These principles are based either on algorithmic
systems or systems operating in chaotic modes. In the latter case, we are talking
about heuristic artificial intelligence systems.

Keywords: artificial intelligence, neural network, heuristics, Eskov-Zinchenko

effect.

Introduction
The development of general systems theory, cybernetics, and brain science is
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leading us to a new understanding of artificial intelligence (AI) systems as well. In
modern science, such Al systems (AIS) are interpreted very broadly. In the gener-
al case, they talk about systems that will replace a person in the field of intellectual
activity (IP). It should be emphasized that the interpretation of ID itself also does
not have precise definitions. In many sciences (psychology, Brain Research, math-
ematics, cybernetics, etc.), ID is interpreted in different ways. Hence the problem
of a clear (strict) definition of AIS arises. With this in mind, we are now trying to
give some systematization of AIS.

We emphasize that our attempt leads to the need to introduce two types of AIS
work (outcomes of AIS activity). First, according to the new information received.
Secondly, according to the signs of the work of AIS. The latter has a fundamental
difference, since algorithmic AIS are widely used to date. However, biosystems
cannot be the object of modern science (as W. Weaver spoke about in 1948 [1]).

1. Results of the work of AIS.

We note right away that AIS is usually understood as information systems that,
as a result of receiving and processing information, create new knowledge. This
new knowledge is further used to make decisions, create optimal control actions,
etc.

As aresult, in any case, we are talking about intellectual activity and obtaining
new information. The very development of man and mankind is associated with
the receipt (creation) of new information. However, this information should be
shared. With individual training of a person (at school, institute, etc.), he receives
subjective new (for him) information. At the same time, a person must receive
signals from the external environment, process them and make optimal decisions.

All this is based on the intellectual activity of man and ensures his existence in
the outside world. However, scientists and politicians can also create objectively
new information. This knowledge is used by all mankind and it ensures the prog-
ress of all mankind. Objectively, new knowledge underlies the development of all
mankind, they ensure the development of science.

Objectively new knowledge is the basis of all science, the entire development
of mankind. Very often, such knowledge is associated with discoveries, the estab-
lishment of new laws of the behavior of matter, human communities. Without this
new knowledge, there is no development of mankind. Such knowledge is often the
result of the heuristic work of the brain of a genius or a talented person. Obviously,
the replacement of a person in this type of activity (in the work of the heuristics
of the brain) has not yet reached the required level within the framework of AIS.
This is primarily due to the fact that heuristics are possible with a small amount of
initial information, when the results are not very obvious or when they are difficult
to obtain in a logical way.
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In general, obtaining objectively new knowledge (new information) is the task
of various sciences, which are based on a number of fundamental provisions. First
of all, this concerns those processes, phenomena, events that have a causal rela-
tionship. This means that the past influences (determines) the future of the process
or system.

It is on the reality of causal relationships that all modern deterministic and
stochastic science (DSS) is based. At the same time, W. Weaver [1] clearly sepa-
rated deterministic systems from stochastic ones back in 1948. He singled out two
types of systems and two types of sciences (deterministic and stochastic sciences
- DSS).

In determinism (for example, in the theory of dynamical systems - TDS),
knowledge of the initial state x(z,) of the entire state vector of the system x=x(¢)=
=(x, X,....x ) in the m-dimensional phase state space (PSS) completely (and ex-
actly) determines the final state of the system in the form x(i t) Here the past clearly
defines the future (x(tf)).

In stochastics, setting x(z,) cannot provide such a repetition of x(tf) and there-
fore we work with samples of such x(tf). In this case, the tests are repeated n times
and a sample with n x(t/) values is obtained. However, two such samples (obtained
in the intervals 4¢, and 4¢,) do not exactly match and are analyzed statistically.

The loss of exact equality (x(tf)l =x(tf)2) is typical for stochastic processes and
systems, and this already means the appearance of Complexity, Uncertainty and
Unpredictability [2-9]. At the same time, in the entire DSS for these 150-200
years, no one asked the question about the state of the system under study before
the 4¢, interval, between the 4¢, and A¢, intervals, and after the A¢, interval.

Moreover, no one even asked the question: do the samples x(#) always coincide
on the intervals 4¢, and A¢, for the same biosystem, if nothing significant happens?
Is the statistical stability of such samples preserved?

All these issues are of fundamental importance for biology, medicine, psy-
chology, ecology, bioinformatics and other sciences of living systems. Otherwise,
we cannot predict the future state of the biosystem x(z,) from the past x(2). This
is exactly what W.Weaver tried to say in 1948, but no one understood him, and
therefore all AIS now work in the mode of cause-and-effect relationships, where
there is a certain logic. AIS also replace a person in his intellectual activity, but
they cannot replace the heuristic brain of a genius.

2. Second AIS classification.

So, according to the first classification, we are talking about AIS for obtain-
ing subjectively new knowledge (replacing a person in management systems and
making simple decisions) and for obtaining objectively new knowledge. A de-
tailed analysis of this approach brings us to the second classification, which is
based not on the result (of the work of the AIS), but on the principle of the work
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of the AIS. In this case, we are talking about algorithmic AIS (working according
to certain rules - algorithms) and non-algorithmic AIS.

The latest AIS quite often become models of the heuristic activity of the brain.
In this case, all models, methods and theories of DSS can no longer provide a solu-
tion to the problem (obtaining new information) and other (new) AIS are required.

We emphasize that for all biosystems, any DSS methods and models can no
longer be successfully applied. This is due to the Eskov-Zinchenko effect (EZE),
which proved the absence of statistical stability of any samples of any parameters
x,(t) of the human body. For example, if we register at least 300 cardiointervals
(CI) in the same person in 5 minutes, then the next sample of CI (also in 4z, =5
minutes) will coincide with the first sample (in 4¢, = 5 minutes) with a frequency
of p,;t1=0.2. This is a very small value for DSS. For example, we present tab. 1,
which contains a matrix of pairwise comparisons of 15 samples of CIs that were
obtained in a row from the same subject. In this tab. 1, we introduce the Wilcoxon
test p, in the statistical comparison of the i-th and j-th CT samples.

Non-parametric Wilcoxon Signed Ranks Test (p) for pairwise comparisons
of 15 samples of CI parameters of the tested EIR in repeated experiments
(k,=9)

1 2 3 4 5 6 7 8 9 10 [ 11 [ 12 | 13 | 14 | 15

1 00| 00| 00| 00| 00| 00] 00| 00| 00| 00| 00| 00| 0.0] 0.0
2 | 00 00| 00| 00| 00| 00] 00| 00| 06| 09| 00| 00| 0.0[ 0.0
3 100/ 00 00/ 00| 00| 00] 00| 00] 00| 00| 00| 0,0] 00| 0.0
4 1 00] 00] 0.0 00| 00| 00| 00| 00| 00] 00| 04| 00| 0.0] 0.0
5 100| 00| 00] 00 00| 00| 00| 00] 00| 00| 00| 00| 0.0] 0.0
6 | 00| 00| 00| 00/ 0,0 00| 07| 00| 00] 00| 00| 00| 00| 0.0
7100 00| 00| 00| 00| 0,0 00| 00| 00| 00| 00| 00] 00] 0,0
8§ 1 00| 00| 00] 00] 00| 07| 0.0 00| 00] 00| 00| 00| 00| 0.0
9 100| 00| 00| 00| 00| 00] 00] 0.0 00| 00| 00| 09] 02] 0.0
10/ 00| 06| 00| 00| 00| 00| 00| 00| 0,0 06| 00| 00] 00] 00
1] 00] 09| 00| 00| 00| 00| 00| 00| 0,0] 0,6 00| 00/ 00/ 00
12]00| 00| 00| 04| 00| 00| 00] 00| 00| 0.0 0,0 00| 00] 00
13100 00| 00| 00| 00| 00| 00| 00| 09| 00| 00/ 0.0 04| 0.0
14| 00| 00| 00| 00| 00| 00| 00| 00| 02| 00| 00| 00| 04 0.0
15/ 00 00] 00| 00| 00| 00| 00| 00| 00| 00| 00| 00| 00| 0.0

*Note: p — the achieved level of significance (the critical level is p<0.05)

120 || International Conference



FAHBEFKIREAIT: PR A — R

Characteristically, neural networks of the brain (NNB) work in this way. In
table 2, we present a matrix of pairwise comparisons of 15 samples of electroen-
cephalograms (EEG) of the same person (at rest, sitting). Obviously, the number
k, < 35% (this is the number of EEG pairs for which the Wilcoxon test »,;20.05,
i.e. these two samples can statistically coincide [10-15].

Matrix of paired comparisons of EEG parameters of the same healthy
person (15 EEG samples in a row) without influences (channel 76-Ref,
number of matches k,= 33)

1 2 3 4 5 6 7 8 9 10 |11 [12 |13 [14 |15
1 00 (03 |00 |01 |06 [0.0 |05 |00 [02 [03 [0.0 |09 [00 [0.0
2 100 00 {00 |00 [00 |00 [0.0 |00 [00 [0.0 [0.0 |00 [0.0 |0.5
3 103 10.0 07 [00 |00 [06 |01 [00 |00 {03 [00 [0.1 [0.0 |0.0
4 100 [0.0 107 00 /0.0 {08 [00 |00 [00 |0.0 [00 [0.0 {00 [0.0
5 |01 [00 [0.0 |0.0 00 [00 {04 |03 |06 (00 [00 |02 |[0.0 [0.0
6 106 [00 [0.0 [0.0 [0.0 02 (0.8 |00 |02 [05 [00 [0.6 |[0.0 [0.0
7 100 [00 |06 |08 |00 [0.2 00 {00 [0.0 |00 [01 |00 [0.0 [0.0
8 105 |00 |01 [0.0 |04 |08 [0.0 00 /09 {01 [00 |09 [0.0 |0.0
9 (00 |00 |00 |00 [03 [0.0 |0.0 [0.0 00 [00 [0.0 |00 |00 [0.0
1 (02 |00 |00 |00 (06 [02 [0.0 |09 [0.0 00 [00 |03 |0.0 [0.0
1 (03 |00 |03 |00 [00 [05 |00 [0.1 |00 [0.0 00 [0.0 0.0 |0.0
1 (00 |00 |00 |00 |00 [0.0 |01 |00 |00 [0.0 [0.0 00 (0.0 10.0
1 (09 |00 |01 |00 [02 [0.6 |00 [09 |00 [03 0.0 [0.0 0.0 [0.0
1 (00 |00 |00 |00 [00 [0.0 |00 [00 |00 [0.0 [0.0 |0.0 [0.0 0.0
1 (00 |05 ]0.0 |00 [00 [0.0 |00 [00 |00 [0.0 |00 [00 [0.0 [0.0

Both of these tables (as well as thousands of other tables that we have calcu-
lated over the past 20 years) prove the W.Weaver hypothesis (biosystems are not
a DSS object) and EZE. This means that the past does not affect the future state
of the biosystem. In other words, any model in DSS for a biosystem is a historical
artifact. We cannot use any algorithms (based on TDS and stochastics) to describe
biosystems. And this means that AIS based on algorithms cannot be used to create
new knowledge, to study systems of the third type - CTT (according to W. Weaver
[1]). There is an urgent need to create an AIS based on non-algorithmic processes
and devices.

One of the promising directions in this is the use of artificial neural networks
in two special modes (chaos and multiple repetitions - reverberations) in setting up
the ANN. These two modes follow from Table 1 and tab. 2, which show the chaos
of CI and EEG samples. At the same time, we repeatedly repeated the registra-
tion of samples of these parameters (CI and EEG). It turned out that if the initial
weights wi0 of the diagonal features x(2) for the STT are randomly set from the
interval w, € (0,1) and then the ANN is tuned n times (7 > 100), then the resulting
samples of feature weights w, (their mean values <w,>) can be ranked.
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In this case, the problem of real separation of samples (and states) of biosys-
tems is solved and order parameters (main diagnostic features) are found. This is
the task of system synthesis. Algorithms do not work here (because of EZE), but
we can talk about a model of the heuristic work of the brain.

Discussion

It is possible to classify artificial intelligence systems according to the infor-
mation received (subjectively new or objectively new) and according to the prin-
ciples of operation. Objectively new information can be obtained logically (in an
algorithmic way). However, discoveries in science, its development, usually occur
on the basis of heuristics. Only the brain of a talented person is capable of develop-
ing science and creating new knowledge.

Due to EZE, it turned out that all biosystems cannot be described and predicted
within the framework of modern DSS. There are no algorithms that can describe
statistically unstable systems. The loss of connection between the past and the fu-
ture sharply limits the further application of DSS [9-15]. There is an urgent need to
develop a new science based on non-algorithmic AIS. Such systems may include
ANNsSs in special modes of chaos and multiple reverberations.

Conclusions

All artificial intelligence systems can be divided into systems for obtaining
subjectively new knowledge and systems for obtaining objectively new knowl-
edge. The latter ensure the development of all science. At the same time, it is pos-
sible to propose a classification of AIS according to the principles of operation. In
this case, we are talking about algorithmic AIS (now used in control systems) and
non-algorithmic AIS. The latest AIS can simulate the work of the human brain in
heuristic mode. Here, artificial neural networks can be used in two special modes:
chaos and multiple repetitions (reverberations) of ANN settings. In this case, the
problems of system synthesis are solved.
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Abstract. One of the main problems with the use of crystalline silicon-based
photoelectric batteries (PVB) is the low efficiency due to the low power generation
efficiency (18-20%) and rising ambient temperatures. The study in this article
focuses on measures to improve the efficiency of PVBs by reducing their exposure
to external influences. As an active method for efficient cooling of a photovoltaic
battery (PVB), a new constructive photo thermal battery (PTB) was proposed by
attaching a cellular polycarbonate thermal collector (TC) to the back surface of
a PVB based on crystalline silicon. Experiments have compared the parameters
of traditional structured PVBs and PTBs, and shown that PTBs can operate more
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efficiently than traditionally constructed PVBs. In particular, these experimental
tests were performed in the coldest month of the year, in the winter chill. The
experimental test results were conducted on January 20, 21, 2022, when the
weather was clear (when the daytime air temperature was around 5-8 °C). It has
been shown that the power increases by 27% from a normal PTB when solar
reflectors (lateral light-reflecting planes, light-reflecting coefficient 0.4-0.45) are
installed on the PVB surface. The efficiency of non-reflector and reflector PTBs
was found to vary by 22.5%. The device parameters prepared to take into account
the extreme conditions, high temperature, degree of contamination, and the
intensity of solar radiation falling on the PTB surface were studied in comparison
with the parameters obtained under standard test conditions.

Keywords: photovoltaic battery, photo thermal battery, short-circuit current,
open circuit voltage.

Introduction

It is known that semiconductor solar cells, which are part of the PVB based
on crystalline silicon, can increase the efficiency of using electricity by lowering
the temperature. The aim of the study was to develop such an experimental device
and at the same time study the advantages of PTB, made on the basis of heat sinks
made of PVB of traditional design, and determine the possibility of their effective
use in the winter months [1, 2].

In countries with a hot climate, including Uzbekistan, there are specific factors
that distinguish the use of off-grid photovoltaic devices from use in other coun-
tries. One of such factors in our country is the change in the angle of incidence
of the Sun on the Earth's surface relative to the intersection of the seasons. The
efficiency of photovoltaic batteries decreases, especially in winter, when solar ra-
diation falls at a very small angle to the Earth's surface. In summer, as a result
of exposure to high temperatures, a decrease in the electrical energy efficiency
of the PVB is observed, as well as a decrease in efficiency due to the presence
of an increased content of dust particles in the atmospheric air. Various aerosol
dust particles in the air cover the surface of the PVB, forming a layer that reflects
solar radiation. And in this case, PVBs are one of the main factors that reduce the
efficiency. The influence of ambient temperature and dust simultaneously affects
the period from April to October. At this time of the year, there is a sharp decrease
in the efficiency of the PVB due to the more arid climate of the southern regions,
including recent dusty atmospheric processes [3].

Materials and methods

The cross section of the PTB, developed on the basis of scientific research, is
shown in Figure 1.
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Figure 1. Cross section of the FTB. I-protective glass, 2-solar panels, 3-layer
EVA, 4-cellular polycarbonate, 5-layer insulation, 6-thermal (foam) layer,
7-back cover, 8-cell connection point, 9-pin box, 10 - cold water tap, 11 hot

water tap

In our devices, the dimensions of the channels are 8x10 mm? and the walls
separating them are 1 mm. Cellular polycarbonate channels are arranged parallel
to the PVB position. In the channels made of cellular polycarbonate installed on
the rear surface of the PVB, which occupy the entire surface, water moves and
absorbs heat. The heat collector is wrapped with a 3 mm thick insulating layer to
prevent heat from spreading to the structural elements of the collector. Cellular
polycarbonate, insulation and foam layer together with the back cover reduce heat
loss several times. Some shortcomings of the previous heat collector design have
been eliminated. In particular, the part connecting the polycarbonate channels of
the water intake with pipes was sealed, water leakage was eliminated. For the inlet
and outlet channels of cold water located outside the PVB, a polymer pipe with a
diameter of 25 mm was used.

Materials and methods

Figure 2 below shows a graph of open circuit voltage as a function of time.
As shown in the figure, the traditional open circuit voltage curves of the PVB and
PTB change only after 10 hours depending on the intensity of the incident solar ra-
diation. It can be seen from Figure 2 that the differences between traditional PVB
and PTB with a change in voltage over time up to 10 hours are mainly related to
PTB, there is no convective heat exchange with the environment, since the back
and side surfaces of the photo radiator are covered with protective materials, so
heat is not dissipated, but accumulated on its back surface. Since the rear surface
of a normal PVB is open, the ambient air temperature during the day ranges from
1° to 8°, and the wind speed is from 3 to 7 m/s, its rear surface does not heat up
as a result of exposure to low temperatures due to convective heat exchange with
atmospheric air.
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Figure 2. Open circuit voltage varies with time

In the photo thermal exchanger, on the contrary, in the 1st interval, the PTB
operates in the mode of a photovoltaic battery and there is no convective heat
transfer due to the fact that it is surrounded by layers protected from convective
heat transfer. In interval 2, an increase in the intensity of solar radiation incident
on the surface of the photocell when the side wings of the reflector are moved
apart leads to additional heating of the rear surface. As a result, the open-circuit
voltage continues to decrease, and during the transfer of water from the heat sink
in interval 3, an increase in the open-circuit voltage is observed as the rear surface
of the photocell cools, and the voltage value is higher than the voltage in the PVB
passport. That is, this method can make the open-circuit voltage of the PVB more
than the passport one.

In the process from 10 to 45 minutes, the dependence of the open circuit volt-
age on time in both photovoltaic and photovoltaic batteries is associated with an
increase in atmospheric temperature and a change in the intensity of solar radia-
tion for various reasons (see Fig. 3). Figure 2 shows that the time dependence of
the voltage of a conventional photovoltaic battery changes mainly with a change
in the intensity of solar radiation and atmospheric air temperature, and the PTB
voltage differs by more than 2 V from the PVB voltage during the measurement
period up to 16 hours after water. opens in its collector [4].
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Figure 3. The time dependence of the solar radiation flux density and the
temperature of the water leaving the collector

On fig. Figure 3 shows the time dependence of the intensity of the solar radia-
tion flux and the temperature of the water at the outlet of the collector. A high value
of the dependence of the intensity of the solar radiation flux on time corresponds
to the period of the day from 12%° to 12%, the period of the passage of the zenith
point by the Sun. Achieving the maximum value of water temperature depends
on the process of heat exchange in solid and liquid bodies according to the laws
of thermodynamics, which corresponds to a time of 133°-14'° days. In winter, it is
effective to use the PTB with a cooling system only on a clear sunny day. On the
first day of research, the temperature rose to 40° due to the fact that the water flow
from the collector was 20 1/h. On the second day, a reflector was installed and the
water consumption was doubled (40 I/h) and the water temperature was lowered
to 360°. It turned out that from the reflective PTB on a sunny day you can get up to
36° degrees of hot water, despite the low temperature (temperature equal to 5 °C).

On fig. 4 shows the time dependence of the short-circuit currents of photovol-
taic and photovoltaic batteries. Under the conditions of AM-1.5, the power of the
PVB (passport data is mainly 1000 W/m? and 25 °C) is 340 W and consists of 72
solar cells connected in series.
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Figure 4. Time dependence of short-circuit currents of photoelectric
and photoelectric batteries

It can be seen from the figure that the short-circuit current of the PTB reflector
is large. In particular, from a comparison of Figures 3 and 4 at a solar radiation
intensity of 1000 W/m? (Figure 3 at 10*) the short circuit current is 9 A (Figure 4
at 10%). This is an indicator in the PVB certification passport. That is, the result of
the use of reflective planes (reflectors) on the sides of the PVB is an increase in the
generated power. The main function of the reflector is to increase the flux density
of solar radiation (especially in winter). The cost of manufacturing a reflector is 15
- 18% of the cost of a photocell [5]. However, the use of a reflector in combination
with a PVB can increase power by up to 50% when a thermal collector is installed.

Conclusion

In rural areas of Uzbekistan, only 18 - 20% of the solar radiation falling on
the surface of the PVT and absorbed by it is converted into electricity, and the
rest is practically absorbed and converted into heat in the silicon semiconductor
structure. solar element. With the efficient use of this heat, the newly developed
photovoltaic devices based on PTB have the ability to receive both hot water and
electricity for the domestic needs of the rural population. Based on the scientific
and practical results obtained in January of the winter season, it can be concluded
that with the help of devices based on photovoltaic batteries, it is possible to pro-
vide rural population with electricity and hot water all year round.
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Abstract. The article describes modern approaches and development trends
in domestic cosmonautics, where the use of artificial intelligence technologies
and digital transformation will give a confident impetus both to improve design
processes and to provide space services that can significantly increase the
productivity of some of the country's socio-economic processes. It also considers
the market for further services in the field of digitalization and implementation of
Al systems in the Russian space industry and compares the tasks with other world
space agencies.
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The beginning of the Russian military operation in Ukraine and the ongoing
stream of sanctions from the countries of the "golden billion" made many people
talk about the upcoming retortions and reprisals, personnel and technological
shortages in the Russian space industry. The existing space domination programs
of various states are directly related to artificial intelligence (Al) systems, to the
introduction of nature-like NBIC technologies, to ultra-fast supercomputing, and
to the creation, analytics and use of databases in ultra-fast calculations used in
dynamic models of a high degree of uncertainty. At the same time, world prac-
tice explores options for accelerated development, such as the synergy of scien-
tific schools and navigation following the specific scientific results obtained in
them, evaluating the predictive reliability of groundwork for technological break-
throughs and ready-made unique solutions in the field of entering new global tech-
nological structures. All countries that have built a digital infrastructure in the vir-
tual space of their management business models have involved in this process the
applied results of cooperation, project or holding clusters, start-ups, greenfields,
most (more than 75%) of which are formed by the Big Five (Apple, Microsoft,
Amazon, Facebook, and Alphabet (Google's parent company)), as dollar trillion-
aires and leading ICT software and network market integrators in Silicon Valley
and China's 10 innovative industrial zones, using the power of the Internet itself,
which played the role of coordinating information nodes in the digital network.
China itself, according to the World Intellectual Property Agency, was rated by
the "global innovation index" in 2020 as already occupying 14th place in the world
from 35th place in 2013, with positive dynamics in the development of databases,
cloud and ICT -services and Al systems. Among such creator zones, we can single
out those that, over the 30-year history of the innovative technological leap, have
created the relevant profiles of ICT goods and services, as well as developed the
relevant scientific schools of world convergence, competencies and knowledge,
namely in such centers as Shenzhen, Zhuhai, Shantou in Guangdong Province,
and Xiamen in Fujian Province. At the same time, world statistics assess the par-
ticipation of labor resources in the processes of computerization and robotics of
transforming production processes as initially basically focused on the leading
developments of the Soviet scientific school and its subsequent evolution through
the “brain drain” of labor migrants organized by the West and their clustering on
campuses and in creative industrial and scientific areas of academic campuses
or unicorns responsible for the processes of ICT development and for the cre-
ation of systems of new generations of communication and data transmission, for
the accumulated groundwork in the development of neural networks and deep
machine learning. The depressing minimum number of relevant domestic neces-
sary machine tools and devices, heavy-duty computers, devices for simulating real
processes in various environments and in space, including the limited availability
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of electronic panels-tablets for training Russian cosmonauts in Russia based on
Apple and Samsung, leads the analyst to the idea that that our scientific school
today is only being formed in the field of solving specific applied problems for
certain projects or processes that can adequately and inexpensively compete with
foreign manufacturers. The demonstrated approach itself, based on the wishes of
a professionally created customer, in particular, an astronaut-researcher, forms not
only the mental and thematic preferences of a civilized consumer of the behavioral
economy of the present, but also visualizes its interface of requested tasks that
can create both ecosystems of the future, and design and produce corresponding
prototypes of unique devices that solve the problem of convergence of theoretical
estimates with their practical results of execution in material form.

Most domestic space industry enterprises were founded in the middle of the
last century. During this time, a huge amount of technical documentation, draw-
ings, research papers, organizational documents, and so on have accumulated on
the shelves of libraries and archives. There is a problem of accumulating, sort-
ing, storing documentation, organizing search and quick access to the necessary
information, limiting or sharing access to documentation with the ability to make
changes in real time. The digitalization of production, which includes the creation
of: unified geographically distributed digital libraries with access control, projects
for product life cycle management, project management systems and hierarchies,
and a formalized electronic document management system, can help in the issues
raised.

All these products will allow young professionals to quickly adapt to enter-
prises, understand the logic of development, see the overall picture of work, as
a whole, develop, edit and approve design documentation in real time, organize
online meetings with a high degree of crypto protection of broadcast data.

Such a system should be built by creating a single information space and in-
clude a variety of information and analytical systems. Documents must be ranked,
indexed, versioning must be tracked. Organized a simple and understandable
search system throughout the database, with the ability to apply all sorts of filters
and semantics. To obtain complete information about the object you are looking
for: standards, 3D models, scientific research, test results, i.e. all related docu-
ments relevant to the request. The stages of building the system include digitizing
documents, creating a digital archive, asking staff to create additional catalogs or
digital workspaces to resolve work files. The next stage is the creation of a cor-
porate intelligent search system based on artificial intelligence. The system must
be self-learning so that the system helps to parse keywords, build a full-fledged
index, then a semantic analysis is performed, during which the index is enriched
with the value of the semantic class in order to ensure the search for the necessary
documentation as quickly and accurately as possible. The system itself should
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produce statistical data to analyze the number of developments, digitize documen-
tation, count the number of units, issued technical documentation.

In continuation of the development of the project, it is necessary to consider
the issues of connecting new sources of information, as well as enterprises of an
integrated structure, which will require the creation of a closed system for transfer-
ring data between enterprises to exclude the possibility of unauthorized access to
classified information.

The system will allow creating a unified knowledge base, will be able to unify
the standards of the enterprise, provide a quick search for a huge amount of in-
formation, lead to a reduction in time spent on meetings and the development of
technical documentation.

An example is the Earth remote sensing system.

At the first stage, the executive authorities send formatted applications for
space imaging, at the second stage, space photography is carried out and thematic
processing is carried out, integrated with information databases of the land ca-
dastre, forestry, the Ministry of Emergency Situations, etc. As a result, digital
products are obtained for various industries that solve various problems: water
resources monitoring, waterlogging assessment, flood modulation, forest fires, il-
legal logging, criminal mining, emergency monitoring, pollution monitoring, il-
legal development of terrain and land squatting, crop monitoring and cleaning of
agricultural land. All this information is transmitted to the Roscosmos geoportal,
where customers can receive ordered images. This portal has already accumulated
a huge database of digitized information.

An example of such projects is the Center for Collective Use of System Ar-
chives, Processing and Analysis of Satellite Observation Data of the Space Re-
search Institute of the Russian Academy of Sciences for solving the problems of
studying and monitoring the environment (CCU "IKI-Monitoring"), established
in 2012.[1] Within the framework of the "IKI-Monitoring" Center, the following
main tasks are solved: automated maintenance of super-large distributed archives
of satellite data and the results of their processing, automated streaming data pro-
cessing to obtain various information products necessary for scientific research,
providing tools for processing and analyzing satellite data, providing software in-
terfaces to various information systems for remote monitoring. [2] The archive
base of the Center is more than 5 petabytes of information, about 4 terabytes of
raw and processed information is received every day, about 150 geographically
distributed servers with a total volume of 6 petabytes are used to provide the ar-
chive.[3] The sources of data are "Roshydromet", "Roskosmos", foreign compa-
nies, as well as the users of the system themselves, have the opportunity to replen-
ish the information archives.

At the first level, the raw data from the spacecraft is unpacked, undergoes ra-
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diometric and geometric corrections, then georeferencing takes place, where each
pixel of information is assigned a set of geographic coordinates. Next comes a
long set of operations, such as orthorectification. The second level is session fields
of various physical characteristics and indexes translated into a cartographic pro-
jection. It can be different cartographic products, temperature, sowing indices,
fires and much more. The archives store data of the first level, since there can be a
huge number of level two products, depending on the tasks, and storage of which
is not possible. Therefore, a system is being created that automatically, based on
first-level information, depending on the user's request, is able to create thematic
products and maps with the necessary set of parameters and indices. The third
level is composite data based on the processing of information over a large time
interval and having some statistics, or composite mosaics from several images of
a given area of interest, taking into account the selection and rejection of the cloud
zone. Based on the multispectral survey data, it is possible to predict the yield
of sowing crops. Control issues are being resolved: comparison of the boundar-
ies of the sowing field obtained by remote sensing with the state cadastral map,
unaccounted agricultural lands and those plots that are not such are identified,
areas of land misuse are determined. Using a combination of underlying surface
data, weather conditions, and updated imagery, it is possible to model the spread
of fires, aerosol emissions, and the spread of volcanic eruptions. The results of
satellite imagery make it possible to identify the volume of increasing subsoil use,
cutting down trees, organizing landfills, etc. [4, 5] Today, Roscosmos creates and
pays great attention to the development of ground-based space infrastructure for
receiving, processing, archiving, storage and distribution, as well as the provision
of services and services based on them within the framework of the ETRIS remote
sensing program. The system consists of a network of ground stations distributed
over the territory of Russia, linked into a single network that allows receiving and
processing information and transmitting data to the consumer with maximum effi-
ciency. Since 2012, a significant archive of materials obtained by domestic space-
craft has been accumulated, based on these data, a continuous, seamless model of
the Earth's surface is being created. For the further development of the project in
2017, "Roscosmos" launched the "Digital Earth" project, which is a completely
new information and analytical system that allows access to space monitoring
data. This project was organized as part of the implementation of the instructions
of the President of Russia under the "Digital Economy" program. In the "Digital
Earth" geoservices, with the help of artificial intelligence technologies, informa-
tion from spacecraft is converted into understandable and convenient analytical
reports on the state and development of objects, territories and natural resources.
During the implementation, an automated data processing complex is created that
combines several levels of data processing using neural network technologies and
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artificial intelligence, capable of creating thematic products for a simple consum-
er, without the participation of narrowly focused specialists in this field. At the
moment, the "Digital Earth" complex includes 7 geoservices and 27 monitoring
products.[6] The development of these services will give an additional impetus
to the development of modern technologies and the use of remote sensing data,
which allow solving urgent problems in the interests of the socio-economic devel-
opment of the Russian Federation, supporting the public administration system,
and will also allow domestic companies to become one of the leading participants
in the market for the provision of space products and services [ 7].
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Abstract. The amount of polymer materials for various industries and packaging
in the world is increasing every year, as well as the amount of their waste. In this
regard, it is necessary to think about ways to solve this environmental problem.
One of the ways to ensure environmental safety can be the development of modern
biodegradable polymeric materials from completely renewable plant materials,
one of which is polylactic acid (PLA), as well as compositions based on it. The
influence of external physical factors, in particular ultraviolet irradiation (UV), on
the surface of packaging materials can "start" destructive processes. This article
presents data on the effect of UV radiation on the physical, mechanical, sanitary
and hygienic and organoleptic characteristics of a biodegradable composition
based on polybutylene adipate terephthalate (PBAT) and polylactide.
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Biodegradable materials are actively included in the daily life of mankind.
Analogues of traditional polymers, which have the ability to degrade under envi-
ronmental conditions to carbon dioxide and water, significantly reduce the burden
on the ecosystem of our planet. Reducing the amount of polymeric waste in nature
is an important vector in human life, so the introduction of biodegradable materi-
als into industry in the future should replace the usual polymeric materials with
environmentally friendly analogues [1-3].

The process of biodegradation of polymers in natural conditions depends on a
number of factors, such as ultraviolet radiation, temperature, humidity, the num-
ber and activity of microorganisms, etc. For a number of biodegradable materials,
special additives act as initiators of decomposition, which increase or accelerate
the impact of natural factors [4]. However, a large number of biomaterials are
based on natural polymers, such as starch, cellulose, chitin, etc., and therefore do
not require additives that accelerate degradation.

According to experts for 2019, out of 2.11 tons of produced biomaterials,
13.9% was polylactic acid or PLA, and PBAT - 13.4%. PBAT is a completely de-
gradable plastic and a promising replacement for polyethylene, as it has the neces-
sary strength characteristics [5]. PLA is also a completely biodegradable polymer.
Products made from PLA have high rigidity, transparency and gloss, so it is often
used as a strength base for biodegradable compounds. [6]. Our studies have con-
firmed that the PBAT/PLA biocompound has the necessary strength and consumer
qualities, as well as the maximum degree of degradation within six months.

Such materials are of great interest for the packaging industry of the food in-
dustry, including the dairy sector. The All-Russian Scientific Research Institute of
the Dairy Industry ("ARSRIDI") is engaged in research on modern biodegradable
materials that have potential applications as food packaging.

The purpose of this study is to compare the properties of a biologically pure
polymer compound based on PBAT and PLA before and after a two-hour UV
exposure. [rradiation was carried out in a setup with a constant combustion source
with a wavelength of 247 nm. The appearance of the installation is shown in figure
I.
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Figure 1. Schematic diagram of the installation for ultraviolet irradiation of
polymeric materials.

Further analysis of the properties of the control and irradiated samples was
carried out according to the following parameters: organoleptic characteristics of
aqueous extracts in distilled water with an exposure period of 10 days; breaking
stress at break, MPa; elongation at break, %; sanitary-hygienic study of the level
of migration of substances into an extract based on distilled water.

The organoleptic evaluation of the control (sample Ne 1) and irradiated (sample
Ne 2) samples was carried out according to instructions Ne880-71 of the Ministry
of Health [7]. Evaluation of odor at different temperature conditions, taste, color,
turbidity and sediment of distilled water after ten days of contact with the samples
showed the absolute safety of the material. The results are shown in Fig. 2.
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Figure 2. Organoleptic evaluation of biodegradable material based on PBAT
and PLA after exposure for 10 days
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In the extracts from the studied samples, there was no taste, turbidity of the
precipitate, and color change. However, the extracts from the samples after UV
treatment had a slight odor, not exceeding 1 point.

The evaluation of the physical and mechanical properties of the material under
study was carried out in accordance with GOST 14236-81 [8]. The universal test-
ing machine of the Japanese company SHIMADZU model EZ-LX was used as
testing equipment (Fig. 3). The travel length of the traverse is 920 mm, the power
of the installed force sensor is 2 kN. The test was carried out at a clamp travel
speed of 500 mm/min.

Figure 3. Universal testing machine SHIMADZU with a fixed sample.

Table 1.
Results of strength tests of PBAT/PLA biocompound samples before and after
two-hour UV irradiation

Tensile strength, MPa
Sample name
Longitudinal Transverse
Sample Nel 13,96 14,10
Sample Ne2 11,07 12,63

The results obtained show that after two hours of UV exposure, the material
loses strength by 20.7% in the longitudinal direction and 10.4% in the transverse
direction, respectively.
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Sanitary and hygienic study of aqueous extracts in distilled water after con-
tact with the material for 10 days was carried out in accordance with Appendix
1 of TR CU 005/2011 [9]. Determination of the allowable amount of migration
of substances released from a polymeric material is an important indicator for as-
sessing the safety of packaging intended for food contact. Studies of the migration
of volatile organic compounds were carried out using a "KristalLux 4000m" gas
chromatograph using a flame ionization detector and capillary columns: ZB-WAX
60mx0.53mmx1.00pm, phase composition polyethylene glycol 100% and ZB-624
60mx0.53mmx3.00pm, phase composition cyanopropylphenyl 6% dimethylpoly-
siloxane 94%.

The results of the study are shown in fig. 4 and 5.
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Figure 4. Chromatogram with the results of the analysis of extracts from
distilled water after contact with Sample Nel for 10 days
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Figure 5. Chromatogram with the results of analysis of extracts from distilled
water after contact with Sample No2 for 10 days
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Conducted sanitary and hygienic studies show that exposure to UV radiation
of a mercury bactericidal lamp of constant burning at a wavelength of 247 nm
for 120 minutes does not adversely affect migration processes. The concentra-
tion of volatile organic compounds does not exceed the DCM established in the
Technical Regulations of the Customs Union "On the safety of packaging" (TR
CU 005/2011).

Thus, UV radiation affects the strength characteristics of biodegradable mate-
rials from PBAT and PLA. The data obtained in the framework of this work are
the “basic reference point”: samples of biodegradable materials based on PBAT
and PLA are placed in compost storage in laboratory conditions to establish the
effect of UV irradiation on the course of destructive processes in them.

The development of biopolymer materials and the increase in the scope of their
use contributes to the improvement of the environmental situation of the future, as
it reduces the amount of non-recyclable and non-degradable polymer waste.
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Vacuum pumps are machines that pump out air or gas from an apparatus with
a pressure below atmospheric pressure and, compressing it, usually push it into an
apparatus with atmospheric pressure or into the atmosphere [1].

The demand for these machines and the intensive growth of production is due
to a number of their advantages. Liquid ring pumps are indispensable in the oil,
gas and chemical industries for the compression of flammable and explosive gases
[2, 3]. Recently, they have found application as chemical reactors for mass transfer
processes between a compressible gas and a working fluid. Relatively high val-
ues of specific power necessitate the development of more economical liquid ring
machines [4, 5].

A significant influence on the characteristics of a liquid ring vacuum pump, in
particular on the shape of the liquid ring, is exerted by the viscosity of the working
fluid. At the beginning of the suction area, the fluid velocity in the bladeless space
depends little on the viscosity. When moving from the upper section to the lower
one, this difference increases due to hydraulic losses, and in the lower section,
compared to water, the velocity decreases. This results in a relative increase in
the liquid ring of about 8% and a corresponding decrease in the amount of suction
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gas. During compression, the velocity of a more viscous liquid decreases faster
than that of water, both due to losses and due to a more intensive increase in gas
pressure in the cells. After the injection window is opened, part of the liquid im-
mediately goes into the discharge pipe, the liquid velocity increases and the liquid
ring moves away from the edge of the window. The volume of dead space and
leakage increase, the speed of action decreases [6].

Therefore, when designing machines designed to operate on fluids more vis-
cous than water, it is necessary to increase the eccentricity.

Thus, the viscosity of the working fluid affects the loss of speed, the vacuum
achieved and the efficiency of liquid ring vacuum pumps. To improve the effi-
ciency of liquid ring machines, a method for calculating the eccentricity value is
proposed.

There is a well-known formula that describes the radius of the inner surface
of the liquid ring [7]. This expression has a physical meaning under the following
assumption: the inner surface of the liquid ring within the boundaries of one cell
is cylindrical.
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where r, — outer radius of the impeller blades; v = r /r,; where k, - speed coeffi-
cient, depending on the shape and number of blades of the impeller; (= b /b; y —is
the coefficient taking into account the reduction in the working volume due to the
thickness of the blades; b, — outlet angle of inclination of the impeller blades;
R — gas constant of the pumped gas; ¢ — relative eccentricity; p_— viscosity of the
working fluid.

The valuesy , V, k,,n, [],, R are constant for a specific type of pump.

Thus, from formula (1) we obtain the functional dependence of the relative
eccentricity on the viscosity of the working fluid:
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e=f (Lye) - (2
The value of the eccentricity is calculated by the formula:
e=¢-r, 3)

We get from the obtained formula (3) the required eccentricity for the opera-
tion of a liquid ring vacuum pump on more viscous liquids than water. The graph
(Fig. 1) shows the dependence of the relative eccentricity on the viscosity of the
liquid used as a working fluid for the VLRP-12 liquid ring vacuum pump.
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Figure 1. Graph of dependence of relative eccentricity on the viscosity of the
working fluid for the liquid ring vacuum pump VLRP-12

It should be noted that the value of the viscosity of the working fluids used for
the operation of the LRVP is in the range pul=0.001 ... 0.08 Pa-s.

Eccentricity regulation for existing designs is possible only when the liquid
ring vacuum pump is operating on working fluids with a viscosity of ul =0.001 ...
0.04 Pa-s, the limiting parameter is the gap between the impeller and the vacuum
pump casing. Therefore, when designing vacuum pumps, it is necessary to calcu-
late the pump geometry for operation on liquids of medium viscosity pul=0.04 Pa-s.

Thus, the functional dependence (2) has been analytically obtained, the solu-
tion of which makes it possible to determine the value of the relative eccentricity
necessary for the operation of the LRVP on working fluids of various viscosities
while maintaining the nominal speed of action, the achieved vacuum and effi-
ciency. Based on the analytical dependence, a LRVP design with adjustable ec-
centricity was proposed [8].
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Abstract. Whey is the main by-product of dairy production and the problem of
its disposal is very acute. Existing whey processing projects are small and cannot
handle the flow. Beverage production is a fast, high-quality and most importantly
inexpensive solution. The aim of this work was to develop whey-based drink
formulations that do not have the taste and organoleptic properties of milk or
dairy products. Changes in pH measured according to GOST 32892-2013 and
changes in the amount of solids measured according to GOST 3626-73 during
fermentation showed the ability of some strains to ferment lactose. Organoleptic
analysis carried out according to GOST ISO 6658-2016 showed the possibility of
using whey in the production of fermented drinks.

Keywords: whey, lemonade, fermentation, mineral composition.

Whey processing is one of the most important tasks facing the dairy industry.
At present, the problem of whey is very acute, since the volumes of whey signifi-
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cantly exceed the volumes of manufactured products, and recycling methods have
not been introduced at enterprises. A large number of factories pour it into drains,
polluting treatment facilities. Based on this, we can say that the task of green-
ing dairy production is one of the urgent tasks of the sustainable development of
the food industry. Curd whey, cheese whey, as well as hard cleaning permeate
were used as the object of the study. Each of the samples has a good mineral and
vitamin composition, and also contains lactose fermented by some yeasts. In the
context of increasing demand for functional drinks and an increase in the amount
of whey discharge, a quick, high-quality, and most importantly not expensive so-
lution was required. Whey was chosen as the main raw material not only because
it needs to be disposed of, but also because of its beneficial properties. Milk whey
contains vitamin Bl complex, folic acid, cobalamin, ascorbic acid, tocopherol,
nicotinic acid, Ca, K, Mg, Na, P, Fe, [, Zn.

At the first stage, fermentation with the help of a number of microorganisms
was chosen as the main technological step to remove lactose from the composition
and obtain useful fermentation metabolites, as well as the biotransformation of
sensory active whey components. We used 6 strains of yeast, the genus Klyuvero-
myces lactis intended for use in the cheese industry, as well as Saccharomyces
cerevisiae, intended for use in champagne and still wines, as well as the alcohol
industry. Yeast was added to caseous whey with a solids content of 4.5% and
fermented for 7 days at a temperature of 22 degrees and fermentation for 7 days
at a temperature of 8 degrees. In fermented whey, pH was determined according
to GOST 32892-2013, dry matter content according to GOST 3626-73, as well as
organoleptic analysis according to GOST ISO 6658-2016, the data obtained are
presented in table 1.

Table 1.
Ability of strains to ferment lactose and organoleptic and physicochemical
evaluation.
. Fermentation . Dry
Strain activity Organoleptic pH matter
Klyuveromyces lactis Active Sweet, fruity, low curd 43 2,5
Saccharomyces cerevisiae | Active Pleasant, sweet and sour 4.4 2
(Champagnes BC S 103)
Saccharomyces cerevisiae | Weakly active | Pleasant, sour-milk 4.5 3
(White classic)
Saccharomyces cerevisiae | medium active | Cheesy, strongly acidic 4 32
(Fruits)
Saccharomyces cerevisiae | Active Weakly kefir 4,3 2
(VR 44)
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Saccharomyces cerevisiae | Inactive Strongly acidic, with a 4,3 4,5
(Alcoholic) high admixture of esters

It can be seen from the data presented in the table that most of the selected
microorganisms are able to assimilate lactose. The highest fermenting ability was
noted in strains number 1, number 2, number 4 and number 5.

Comparison of the fermentation ability and sensory indicators allowed us to
select 4 strains that transformed the smell of whey. The aromatic profiles of the
samples obtained are shown in Figure 1.

Klyuveromyeces lactis BC S 103

MomouHsrH MoouHElii

Tpaeanoii % Kbt TpassHoii HCIIBIT
[ g \
/ DdupHbIit Crnapnguii

SC[JHthm\\\ / Comapani

© . DPYKTOBHL BETOUHBLI
PYKTOBBIH BETOYHBII
White classic VR 44
MosouHELt MonouHELi
TpapsHoji HCIBIT TpagsHoi HCIIBIIT
DupHsrii Crnakuii Ouprei Crangit
DPYKTOBHL BETOYHBII DPpyKTOEBL BETOUHBIH

Figure 1. Profilographs of the flavor profile of fermented whey

As can be seen from the figure, the yeast not only removed most of the milk
component from the aroma, but also enriched the fermented product with the aro-
mas of fermentation products. Sample 1 performed well in sweet and fruity tones,
sample 2 in sweet, fruity and ethereal tones, sample 3 in sweet and fruity, and
sample 4 in sweet, floral and fruity tones.
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The results obtained showed that fermentation with used yeast cultures can be
an effective technique for preparing whey for further use.
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Abstract. Yeasts of the genus Brettanomyces have traditionally been considered
pests in the brewing industry. However, data have recently appeared on the ability
of yeasts of the genus Brettanomyces to transform hop-derived monoterpene
alcohols, as well as to assimilate nitrates. Within the framework of this work,
research was carried out on the search, isolation and analysis of the technical
characteristics of yeasts of the genus Brettanomyces from natural objects. Also,
an assessment was made of the influence of yeast of the genus Brettanomyces on
the organoleptic characteristics of fermented drinks using the example of kvass
wort samples.

Keywords: Brettanomyces, kvass, biotransformation of terpene alcohols, hop
microbiota

Yeast of the genus Brettanomyces has traditionally been considered pests of
brewing [1]. One of the features of this yeast is the release of fatty acids into the
fermentation medium, which induce oxidation and reduce the taste stability of
drinks [4]. However, data have recently appeared on the ability of yeasts of the
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genus Brettanomyces to transform hop monoterpene alcohols [2, 3]. Under the ac-
tion of yeast enzymes of the genus Brettanomyces, terpenes are oxidized to form
derivatives with new aromatics that are not characteristic of the original hop. The
scheme of transformation of hop oil terpenes under the action of these yeasts is
shown in the figure.
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Figure 1. Biotransformation of monoterpene alcohols under the action of yeast
enzymes of the genus Brettanomyces

It can be seen from the presented scheme that the original terpene alcohols (in
this case, geraniol), which do not clearly manifest themselves in the flavor of the
raw material, change the structure of the molecule, which leads to the develop-
ment of a new aroma. These transformations make it possible to create new flavors
in drinks from floral (a-terpineol) to citrus nuances (p-citronellol).[3] This discov-
ered ability of yeast of the genus Brettanomyces is now beginning to be used in
craft breweries in Western countries.

Another interesting property of yeast of the genus Brettanomyces is their abil-
ity to assimilate nitrates, which is important in terms of food safety.

Information sources provide data on the isolation of yeast of the genus Brett-
anomyces from natural objects and from beer obtained by spontaneous fermenta-
tion [2].

The purpose of this study was the search, isolation and study of yeasts of the
genus Brettanomyces from natural objects.
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Hops growing in the Ryazanskaya Meshchera and a consortium of microor-
ganisms Medusomyces gisevii were used as objects of study [5].

Washing with sterile water was used to identify and quantify hop microor-
ganisms. Inoculations were made from a suspension in a loop on dense nutrient
media: Sabouraud medium, wort agar (from unhopped wort), dry nutrient agar to
detect bacteria. Incubation was carried out at a temperature of 25 C° for 2-5 days.
Sowing with a loop on a dense nutrient medium allowed us to obtain isolated
colonies of yeast and bacteria. The isolated microorganisms were identified by
PCR. Fermentation activity was determined by the final degree of fermentation
(FDF) [6].

At the first stage of the study, the study of the microbiota of hop cones was
carried out. The results showed the presence of bacteria and filamentous fungi in
them. A photograph of isolated microorganisms is shown in Figure 2.

Figure 2. Microbiota of hop cones

Analysis of the conducted crops showed the absence of yeast on hop cones,
which may be due to unfavorable conditions for drying and storing hops.

Yeasts were isolated from the Medusomyces gisevii consortium by inoculation
on an agar selective medium containing bacteriocins, which corresponded in mor-
phological characteristics to yeasts of the genus Brettanomyces [7]. A photo of the
isolated yeast culture is shown in Figure 3.
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Figure 3. Microscopy of the isolated yeast with a 40X aperture

At the next stage of the work, yeasts were isolated as a pure culture and studied
by PCR molecular biology methods. PCR results identified the isolated yeast as
Brettanomyces.

The study of the fermentation activity of the isolated yeast in comparison with
the yeast of the genus Saccharomyces cerevisiae (shown in Figure 4) showed that
the yeast of the genus Brettanomyces has a lower fermentation activity, which is
consistent with the publication data [8].
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Figure 4. The amount of carbon dioxide formed during the fermentation of 100

ml of wort with a mass fraction of solids of 13% for 7 days

It is known from literary sources that yeasts of the genus Brettanomyces are
able to ferment lactose. Since the fermentation of lactose contained in whey will
allow the use of these yeasts in the technology of lactose-free drinks, the ability of
yeasts of the genus Brettanomyces to assimilate whey lactose was studied.
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Figure 5. Accumulation of isolated yeast biomass on whey
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Figure 5 provides data on the accumulation of biomass of yeast of the genus
Brettanomyces during cultivation on whey. As can be seen in the figure, isolated
yeasts are able to consume lactose, which corresponds to the literature data [9]
and makes them promising for use in obtaining lactose-free drinks based on whey.

The effect of yeast of the genus Brettanomyces on the organoleptic characteris-
tics of fermented drinks was studied on samples of kvass wort prepared according
to the standard method [10]. Yeast of the genus Brettanomyces was added to the
must in the amount of 16x10%cm?, fermentation was carried out for 72 hours at
a temperature of 22 °C. The results of the organoleptic analysis of the resulting
kvass are shown in Figure 6 [11].
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JIBYOKHCBIO YIIIeposia

C1ano0CTh

TOJIHOTa KHCIIOTHOCTh
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P - Saccharomyces cerevisiae

I - Brettanomyces

Figure 6. Radar chart of the flavor profile of kvass
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As can be seen from the figure, the use of yeast of the genus Brettanomyces
improved the sensory profile of kvass, the intensity of the aroma increased in it,
and fruit and flower tones appeared.

Thus, the obtained data show that this yeast belongs to the genus Brettano-
myces, it is able to ferment lactose and improve the sensory profile of beverages,
which increases the possibilities of beverage manufacturers and allows to increase
the range of products.
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Abstract. The article investigates phenolic compounds, extractiveness, color
and pH of the original and post-fermented tea. Also, the analysis and selection of
the components of the recipe was carried out, with a further change in the recipe.
A comparative analysis was carried out between one serving of the drink and an
adequate level of consumption for the amount of biologically active substances.

Keywords: Balm, post-fermented tea, functional drinks

Balm is a strong alcoholic drink (from 40 to 45% alcohol by volume), which
has a unique "balsamic" bouquet, which includes many different flavors (herbs,
seeds, roots and oils). The product is obtained by infusing various herbal me-
dicinal and technical raw materials, mainly herbs, roots and beekeeping products.
Initially, the first balms were medicines and were sold in pharmacies in small
volumes. The first balms appeared in Russia in the middle of the 18th century.
The Riga pharmacist Abraham Kunze reproduced old recipes for herbal tinctures,
combining them into a single drink - "balm". The drink in 1752 was approved by
Catherine II and was sent for industrial production (under the name "Riga Black
Balsam"). In 1807, the Karlovy Vary pharmacist Josef Vitus Becher invented his
own drink, which was used as a gastric medicine and in 1841 went into industrial
production under the name Becherovka. [1]
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Currently, a new promising direction of functional alcoholic and non-alcoholic
drinks is emerging, corresponding to the desire of most people to lead a healthy
lifestyle. Therefore, the development of new formulations of balms with a high
content of biologically active substances is an urgent task.

The purpose of this work was to develop a recipe and a method for obtaining a
balm based on post-fermented Furuan tea.

The objects of study are Furuan tea, which is characterized by a high content of
antioxidants and has many other properties. Mushroom Eurotium cristatum. The
fungus is not toxigenic, does not synthesize mycotoxins, when cultivated on tea, it
enriches the medium with metabolites with various functional properties (hepato-
protective effect, high antioxidant activity, cardioprotective effect)

The total phenol content was determined using the Folin-Ciocalteu reagent.
The extractivity was determined by the pycnometric method. pH was determined
using a pH meter. [2]

At the first stage of the work, phenolic compounds, extractivity, color and pH
in the initial and post-fermented tea were studied. The research data can be seen
in Table 1.

Table 1.
Physical and chemical indicators
Indicators Original tea Post-fermented tea
Extractivity, % 0,141 1,526
pH 6,4 7,3
Phenolic compounds, mg/cm? 3 2.25
Colour Amber dark green

Figure 1. The color of the infusion of the original tea and post-fermented
bR il [ 159
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Analysis of tea showed that as a result of microbial post-fermentation, the in-
dicators changed significantly. Thus, the content of solids in the infusion increased
10 times, and the pH changed slightly from 6.4 to 7.3. Figure 1 shows the appear-
ance of infusions.

At the next stage, plants with a high content of phenols were selected for the
balm formulation. The characteristics of the selected plants are shown in Table 2.
[4,5]

Table 2.
Recipe components
. Biologicall i . .
Ne | Raw material lologically active Properties Organoleptic
substances
1 |Rose hip Flavonoids, vitamin | Tonic, taste and aroma are
C, organic acids immunomodulatory, | pronounced with
anti-inflammatory, |a characteristic
cardioprotective sourness
2 | Yarrow Phenolic Anti-inflammatory, |herbaceous aroma;
compounds, vitamin | antitumor the taste is bitter
C, essential oils
3 | Oregano Phenolic Soothing, sweet taste and
compounds, vitamin | choleretic, anti- aroma
C, phytoncides allergic
4 | Chamomile Phenolic Soothing, anti- herbaceous aroma;
substances, inflammatory, the taste is bitter
essential oils, cardioprotective
coumarins
5 |Licorice Phenolic Calming, anti-tumor | taste and aroma are
substances, pronounced with
flavonoids, saponin a characteristic
sweetness
6 |Ginseng Saponins, vitamins, | Anti-inflammatory, |taste and aroma
essential oils antioxidant expressed in
sweetness, fruity and
floral
7 | Thyme Phenolic acids, Calming, taste and aroma
flavonoids, essential | immunomodulatory |are pronounced

oils

with characteristic
bitterness

8 | Lemongrass

Phenolic
compounds, vitamin
C, essential oils

Tonic, general tonic,
antioxidant

taste and aroma
are pronounced
with characteristic
bitterness, fruity
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9 |Rhodiola rosea |Phenolic alcohols, | Stimulant, taste and aroma are
phenolic acids, immunomodulatory |pronounced with
essential oils a characteristic

sweetness and floral

10 | Fermented tea | Phenolic Antioxidant, The taste is
compounds cardioprotective, pronounced,

immunomodulatory |sour, the aroma is

characteristic floral,
fruity.

The analysis of the data in the table showed that some of the plants have the
opposite functional orientation, so the following components were chosen for the
tonic balm: wild rose, yarrow, lemongrass, Rhodiola rosea and fermented tea.

Based on the organoleptic characteristics and compatibility of the components,
a recipe was developed and its flavor profile was characterized. The results are

shown in Figure 2.
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Figure 2. Organoleptic properties of the drink

As can be seen from the profilogram, the drink turned out to be characteristic,
with a harmonious combination of sweet and sour taste, fruity-floral aroma and
pleasant mild bitterness.
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To assess the content of functional components in the drink, a comparative
analysis of the formulation components for the content of biologically active sub-
stances in one serving was carried out and this amount was compared with an ad-
equate level of consumption. This characteristic is shown in Table 3[2,3,6,7,9,10]

Table 3.
The amount of biologically active substances
Amount in | Flavonoids, Minerals, mg Vitamins, mg
the drink, g mg per 50 cm?® per 50 cm?
Compo- b b
nent er er
1 50 Per31 Per ?0 Ca | Na K | Mg | «A» | «C» | «<E»
dm? 3 | dm sm
m® | sm
Rose hip 10 | 0,5 | 150 7,5 (01405 | 0,12 | 1,0 {0,22| 3,3 |0,17
Yarrow 10 | 0,5 10 0,5 54 102 | 154 | 13| - - -
Lemon- 5 [025] 75 04 | 25|31 85 1 - 129015
grass
Rhodiola 5 [025] 75 04 | 2,7 | - 1,4 | 04 ]0,04| - -
rosea
fermented | 20 1 6 0,3 5 108 12,4 | 42 (0,05] 0,1 | -
tea
Total: 50 | 2,5 | 181 9,1 |248 |46 | 37,8 | 7,2 |0,31| 6,3 |0,32
Adequate 85 1250 | 900 | 2500 [ 400 | 1 | 70 | 15
level of
consump-
tion

Analysis of the data in the table showed that in one serving of 50 cm3 of the
drink, the content of biologically active substances does not exceed 30% of the
adequate consumption rate.

Thus, the above data showed that Furuan tea can be successfully used in bever-
ages as a base because of its functionality and as an organoleptic component.

Currently, tea is used to produce liqueurs and tea wine, but the functionality of
these drinks is due only to the biological activity of the substances in Furuan tea.
In Russia, there are many plants related to medicinal and technical raw materials
and used in pharmaceuticals and beverages. The combination of the properties of
Furuan tea and medicinal plants growing in Russia in one drink made it possible
to obtain a drink with a high content of biologically active substances and pleasant
organoleptics.
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Abstract. The relevance of the chosen topic is due to the need to ensure safety,
preserve the life and health of children while on the road.

Keywords: Safety, speed, road, children, traffic rules.

Safer roads for everyone means safer roads for children. To improve the safety
of children on the roads, a number of measures need to be taken, which include
enacting laws on key risks such as speeding, drunk driving, use of helmets, seat
belts and child restraints, and enforcing existing laws; road construction and the
obligation of manufacturers to produce vehicles with appropriate safety features;
availability of systems for providing emergency first aid to the wounded. Addi-
tional actions specifically targeted at children can help to better protect them when
they travel on the roads. These measures are recommended based on the analysis
of the measures taken by the World Health Organization in Europe.

Maximum speed control. Speed is a contributing factor in about one third
of all road traffic fatalities. Long, straight roads that pass schools, residences and
businesses, allowing high speed driving, put children at significant risk. It is pos-
sible to regulate the speed limit by:

» setting and enforcing speed limits appropriate to the purpose of each road;

* establishing and enforcing a maximum speed limit of 20 kilometers per hour
on roads with a high density of pedestrians;
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« enforcement of speed limits through the use of automatic speed cameras;

* building or modifying roads to include speed limiting features. Such as traffic
lights, roundabouts and speed bumps.

Reducing vehicle speed is of paramount importance for the protection of chil-
dren on the roads.

Use of helmets for cyclists and motorcyclists. For children, wearing a helmet
is the single most effective strategy for reducing the risk of head injury while rid-
ing a bicycle or motorcycle (Figures 1 and 2).

Figure 2. Use of a helmet and child seat when transporting children on a motorcycle
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For cyclists of all ages, proper helmet use reduces the risk of head injury by
69%, and for motorcyclists of all ages, proper helmet use reduces the risk of death
by 40% and the risk of serious head injury by more than 70%. Ensuring the use of
helmets can help:

* introducing and enforcing motorcycle helmet laws, specifying the type of
motorcycle helmets by age group;

« the introduction of internationally recognized standards for the production of
motorcycle helmets, guaranteeing their suitability for children;

* ensuring that motorcycle helmets are available and accessible to those who
need them;

* Supporting child-friendly community initiatives by teaching parents how to
use motorcycle and bicycle helmets and providing free or discounted helmets to
children.

Child protection in the vehicle. A range of child restraints are available to
protect children in the vehicle. These include child car seats (Fig. 3), boosters and
seat belts, and their use depends on the age, weight and height of the child..

——-—._._;m.‘-.:!
&

Figure 3. Child in a child car seat

Compared to using seat belts alone, booster seats are estimated to reduce by
59% the risk of children between the ages of four and seven being seriously in-
jured in a road traffic crash. The following strategies can increase the use of child
restraints and their proper use:
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* Enacting and enforcing child restraint laws for all private vehicles;

* introduction of internationally recognized standards for the production of
child restraints;

» ensuring that child restraints are available and accessible to those who need
them;

* Require vehicle manufacturers to have plug-in car seat anchorages in all pri-
vate vehicles, such as anchorage systems that lock child restraints in place;

* Teaching families how to use restraints.

Increasing children's ability to see and be seen. The ability to see and be
seen is a fundamental prerequisite for the safety of all people traveling on the
roads, but is especially important for children because of their particular vulner-
ability. The following strategies can be used to improve visibility:

* wearing white or light-colored clothing;

» use of reflective stripes on clothing or items such as backpacks (Fig. 4);

» Formation of "pleasure buses", activities through which adult volunteers ac-
company groups of children in reflective vests along established routes (Fig. 5);

* appointment of guards in reflective vests around schools;

» use of bicycle headlights and front, rear and wheel reflectors;

* use of daytime running lights on motorcycles and vehicles;

« ensure that the streets are as wide as possible;

» strengthening of street lighting.

Figure 4. Reflective elements on clothing and backpacks
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Figure 5. Accompanying children by volunteers

Improvement of road infrastructure. Historically, roads have been built pri-
marily for vehicles, with little regard for the needs of the communities they pass
through. Building new and modifying existing road infrastructure in a safe manner
will improve living conditions and reduce the risks for children as a result of road
traffic accidents. Measures to improve road infrastructure include:

« introduction of technical measures such as traffic lights, roundabouts, speed
bumps, pedestrian crossings, overpasses, median lanes and street lighting on busy
roads;

* Separation of different modes of transport and road users by means of such
devices as elevated sidewalks for pedestrians, dedicated lanes for pedestrians and
cyclists and median barriers to separate the flow of vehicles moving in different
directions;

* creating car-free zones to improve pedestrian safety;

« introduction of safety zones in schools, including a set of measures to reduce
speed, car-free zones, safe pick-up and drop-off areas, and road barriers;

* increased crossing times at signalized intersections near schools;

» allocation of playgrounds away from the road;

* investment in safe public transport.

Adaptation of car design. Optimal vehicle designs and standards can help
keep children safe both inside and outside the vehicle, including on bicycles and
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motorcycles. Many vehicle safety measures protect all road users, but some are
designed specifically for children or may reduce risks for children more than
adults. These measures include:

- mandatory installation of energy-absorbing crumple zones to protect passen-
gers inside the vehicle in the event of a traffic accident;

- equipping cars with cameras and sound alarms capable of detecting pedes-
trians (Fig. 6);

- installation of alcohol blocking systems on cars.

] \ %l 101.8 MHz % 20:22

MpepynpexaeHne 1 asTo-
MaTU4ECKOe TOPMOXKEHME.

PaHo

Figure 6. Pedestrian warning function, with braking function

Watching children on the roads. Young children have limited ability to as-
sess risk. Thus, parents and other caregivers can play an important role in helping
the children in their care interpret what is happening around them. Their super-
visory role is particularly helpful in keeping children safe in difficult road condi-
tions. Surveillance alone cannot replace the measures described above, but it can
complement and enhance these measures. Supervision may include, for example,
ensuring that children use helmets, car seats and seat belts and follow the rules
set for school safety zones. Supervision, combined with other measures, will help
reduce the chance of a child being involved in a traffic accident.
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Also, educational programs in kindergartens (Fig. 7), schools and other insti-
tutions on the behavior of a child on the road will help newly minted pedestrians
understand how to behave on the road, what actions are allowed and which are
absolutely not.

Figure 7. Educational activities on traffic rules in kindergarten

Main conclusions

Improvement of technologies and high-quality arrangement of the carriage-
way, organization of traffic minimize the number of accidents.

Eliminate the risk on the road with children. They need special assistance in
detecting movement and estimating the speed and distance to oncoming traffic.

As they grow and develop, and with the help of adults, children become more
aware of how they can manage their own safety and become more aware road
users.

A good example is one of the key aspects in keeping the life and health of a
child on the road, developing his awareness of the road and traffic.

The result of the analysis of the causes of accidents at the intersection and the
modeling of an improved intersection by arranging the necessary and additional
technical devices and measures confirms their necessity, and therefore increases
the safety of pedestrians, including children, at the site under consideration.
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