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Abstract. The authors consider the possibility of using ICT in building the
tasks of human exploration of the solar system and in building extraterrestrial
infrastructure for flights of unmanned aerial vehicles and manned astronautics,
as trends in international cooperation and scientific unification of the efforts of all
countries in the race to find a place for alternative human habitation outside the
planet Earth.
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Held since February 2022, SMO Russia in Ukraine against more than 50 coun-
tries of the collective West and all NATO countries for Russian sovereignty and the
denazification of the Ukrainian nationalist regime, showed that despite 9 packages
of sanctions, which already have a caricature rather than a preemptive character,
each country is increasingly entering a politically engaged autarchy. For none of
us is rich enough to explore space alone, to build an extraterrestrial infrastructure
of human expansion outside the Earth [1]. And the understanding of this imper-
fection prevents each state from clearly distinguishing between its ambitions and
scientific and technical reserves, which become obsolete without their applied and
joint technological application, which do not make much sense outside of grandi-
ose plans, alternative schools and scientific hypotheses. And this means that flights
to near-Earth orbit will continue, the political situation is expected to change and
again acquire the features of a systematic and mutually beneficial discourse on the
technical nuances of the most promising and safe movement of various vehicles,
probes and the joint training of various countries of crews in the depths of space.

Therefore, the issues of our ICT interaction, including in matters of space pro-
grams: while the collective West dreams of making a “big North Korea” out of
us, today there is a trend not only for the collection and development of unified
regulations in the field of engine building, shipbuilding or the unification of secu-
rity and control systems life activities on ships of previous technological solutions,
but are also moving to the search for the most demanded resources for the trans-
portation and delivery of the goods themselves, for example, between prescribed
planned objects of extraterrestrial infrastructure, such as the Lunar Research Sta-
tion for a wide range of uses, announced by the United States.

And a variant of such a scientific backlog could be an ion-type rocket engine,
which should gradually replace the chemical engines of the 1940s, the “V-2”, so
actively developed by Wernher von Braun and after that played a key role in the
American space program. And such liquid rocket engines that have gone down in
history, operating on the principle of the law of conservation of momentum when
combining fuel with an oxidizer (kerosene-oxygen), which later developed into
impulse (denatation engines), and since 1964, the era of ion engines began (the
Soviet spacecraft “Zond-2" was the first to have just such an engine), which grad-
ually evolved and became the basis of the international program “Artemis” and the
domestic “Don”, enter into scientific transformation further. Engines on a nuclear
power propulsion system are of most concern today to potential deep space re-
searchers, which requires all the earthly cooperation of the world’s leading scien-
tific schools and in 7-8 years already guarantees the receipt of a prototype of such
an engine, ready to fly to Alpha Centauri, as previously planned by leading space
agencies [2]. And antimatter engines are still very utopian, primarily because of
the price (1 gram of antihydrogen will cost 62.5 trillion dollars - 2 US government
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debts today), and there is not a single material that could work at such tempera-
tures with antimatter - an explosion at the start of such an engine is inevitable [3].

Therefore, the task, under the conditions of the set of sanctions, retortions and
reprisals imposed on us by SMO in materials and in long-term international exper-
iments, will hit our developments and not only research in the field of propulsion
of ships, probes and shuttle trucks, but will also destroy partly stable cooperation
in the field ICT research: will slow down and impede the convergence of the re-
sulting products to the level of creating their own chips, boards, implemented
software and measurement elements, which without neural networks and global
ultra-high-speed computers will not be able to give us a technological initiative
in questions and calculations, Big Data, as well as for forecasting models of var-
ious launch trajectories, and most importantly, will reduce our ecosystem in the
“human-robot” dilemma, which is the basis of the 7th scientific and technological
order and the basis for further transformation of the digital paradigm of the future
society in Industry 4.0. [4]

The task of Russia will no longer only continue flights on “dragons”, as Anna
Kikina demonstrates today as part of an international mission that successfully
flew to the ISS (International Space Station), but also accept for itself those “red
lines” that we have drawn with aggressive competitors who are trying to take away
our initiative in space tourism, and in remote sensing of the Earth, and in commer-
cial flights, combining the power of Western scientific thought (which adopted a
lot from the Soviet scientific school), and flexible forms of public-private partner-
ship, which Elon Musk and the Ministry of US defense in the “Starlink” project is
actively and categorically demonstrated in Ukraine. And we can and must over-
come these challenges in cooperation with China (in particular, in our joint Lunar
program), with India and its innovative materials science school, with Korean
business and Taiwanese IT specialists, who are ready to share with us such impor-
tant chips that will help us with Al elements in the future ROS (Russian Orbital
Station), which is being launched intensively with an eye to the next 5-6 years [5].

This means that SC “Roskosmos” can today, at the meso level of industry
cooperation with Rostec, Rosatom, the Russian army and other monopolists from
the state can create the necessary and controlled resource of the state defense order
and align the demands of the growing cooperation of ideas and technical solu-
tions for our systemic inclusion in devices and electronics of the appropriate level
of complexity and critical importance, solve fundamentally involving us in other
global projects from Mars to Venus [6].

Our national ICT idea for both space and the military-industrial complex must
undergo an examination not only of friendly import substitution or correction of
the Ministry of Digital Development’s “road map”, but also accept the Russian
register of domestic IT structures and individual professional persons as a unique
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option for restoring national security parameters, capable of sharing unique com-
petencies and international outsourcing cooperation from business structures loyal
to our country, as well as taking advantage of the gray army of hackers, able to
bring software products, hardware and staffing for the ongoing Russian digital
transformation, the implementation of national projects, and changing the training
of ICT training - the level of pros and analytics, requiring up-to-date compliance
with growing risks and threats, as well as our non-linear responses in cyberspace
and in any environment of potential retaliation and confrontation.
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Abstract. An original method is proposed for identifying individuals with the
ability to successfully work in the field of developing computer programs. It can
be assumed that the method will be suitable for identifying individuals capable of
various kinds of successful activities, for example, when searching for talents in
the field of invention or sports and in other areas. It has been established that the
use of the method of comparative assessment of the functional completeness and
significance of objects and their characteristics not only makes it possible to assess
the informational “weight” of each of the selected psychophysiological indicators,
but also provides an opportunity to assess the probability of correctly identifying
individuals who have the ability to successfully work in the field of developing
computer programs.

Keywords: original method, ability assessment, psychophysiological
indicators, functional completeness, information “weight”.

Formulation of the problem. Let us first recall that “Abilities are personality
traits that are subjective conditions for the implementation of a certain kind of
activity ... are found in the speed, depth and strength of mastering the methods
and techniques of activity. A high level of ability development is expressed by the
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concepts of talent and genius.” (Universal encyclopedic dictionary. — M.: BRE,
2002. — 1551 P.). Moreover, for different individuals, these abilities can vary quite
significantly. So, in [1], on the basis of extensive statistical material, it was estab-
lished that, other things being equal (education, age, etc.), the labor productivity
of programmers-developers of computer programs can differ by dozens of times.
And judging by the magnitude of the right-sided asymmetry in the distribution of
time spent on hacking the protection of software products by graduate students of
the specialties “Applied Informatics” and “Organization of Information Security”,
individuals differ no less in their ability to successfully to the programming sphere
(see, for example, [2]).

The article presents an original algorithm for the implementation of the meth-
od for identifying individuals-citizens potentially capable of successfully develop-
ing computer programs. The algorithm is based on the use of methods previously
developed by the author and tested.

Algorithm for identifying individuals with the ability to successfully carry
out a certain type of activity — activities in the field of development of computer
programs.

Suppose that in country Q there is an urgent need for the accelerated develop-
ment of information and telecommunication technologies. To this end, it is pro-
posed to quickly identify the maximum possible number of talented programmers
and form teams of developers of software systems for various sectors of the econ-
omy and management.

But solving such a problem is not at all easy. After all, as shown in the afore-
mentioned work by B. Schneiderman, the proportion of individuals in the total
population involved in programming, those who have precisely such abilities that
“are found in the speed, depth and strength of mastering the methods and tech-
niques of activity” in the field of programming, unfortunately, is negligibly small.

The proposed algorithm includes the following steps:

Step 1. Formation of a subset of individuals-citizens who have confirmed a
“high level of development of abilities” in the field of developing computer pro-
grams. This group includes winners of programming competitions, and invites
leading developers of computer programs from universities and enterprises.

Using a table or a random number generator, the formed group is divided into
two subgroups A4 and B: the first subgroup is involved in the search for “person-
ality traits that are subjective conditions for the successful implementation of a
certain type of activity”, and the second is intended to control the correctness, or
rather, to assess the success of this search.

Step 2. From the set of citizens of country Q, using a random number gen-
erator, a set of “citizens of the country” is selected, reflecting the real physical
structure of the population.

14 || International Conference
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Step 3. Formation of a set of psychophysiological indicators (with a compo-
sition of indicators constantly replenished in the process of development of sci-
entific and technological progress), characterizing “personal characteristics that
are subjective conditions for the successful implementation of a certain type of
activity” - activities for the development of computer programs.

Step 4. Evaluation of the values of the selected psychophysiological indicators
for individuals, formed at Step 1 and Step 2, and evaluation of the average values
of the indicators for the entire population of individuals.

Step 5. Converting the values of each indicator into relative units (in relation
to the average value of the indicator for the totality of individuals - see Step 4 and
Tab. 1).

Table 1
The values of psychophysiological indicators of individuals
(programmers and ordinary citizens)

FL indicators Values of psychophysiological indicators of FL

FL-programmers

S 1 P ° P P °

1 P1 11 m 1 ml

S P P.° P P _°

k 1k 1k mk mk

FL-ordinary citizens

o o
Sk+| PI(kH) Pl(k+]) Pm(k+l) Pm(k+1)
S P P ° P p °
n In In mn mn
Average value of the indicator P,
av mav

Step 6. Sorting in descending order of the relative values of each indicator for
the entire population of individuals and splitting the sorted subsets of indicator
values into deciles.

Step 7. Identification of those psycho-physiological indicators in which the
majority of the best programmers (from subgroup A) turned out to be in the first
or last deciles.

Step 8. Combining A and B subgroups of programmers (see Step 1) and assess-
ing the significance (information “weight”) of each of the selected psychophysi-
ological indicators using the method “Comparative assessment of the functional
completeness and significance of objects and their characteristics (functions, fea-
tures, factors)” [3].
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Step 9. Analysis of the presence of a relationship between the combined 4 and
B subgroups of programmers according to the selected composition of psycho-
physiological indicators and assessment of the probability of a successful search
for “personality traits” that characterize the presence of abilities (see [4]). For this
purpose, carry out:

*Transformation of the matrix of relative values of the subset of psychophysi-
ological indicators selected at Step 7 {P,} into a matrix {X, }, consisting of zeros
and ones, for example, X, =1 for all programmers of the group (4+B), whose val-
ues of the selected indicators fall into the first or last decile (as a result of sorting
in descending order of the relative values of each indicator); X, =0, if the program-
mer’s relative values of the psychophysiological indicator fell into the interdecile
range.

Let Z = {Zi }(i=1,2,...,n) - be the set of programmers formed at Step 1. The
materials for converting the quantitative values of the indicators are presented in
the form of a table {X }.

Let us now consider the interaction of objects (interaction of program-
mers) Z; and Z;, (i, k =1, 2,..., n) and introduce the following notation: P(m
— the number of indicators whose numerical values are the same at the
same time in Z; and Zy, i.e. P(m |Z;n Z,|- set intersection cardinality
Z; ={x;}and Z, = {x;} G € 1, m;x | | Xy Xij = 1); PG? — the number of units that
indicators have Z;, but missing from Z,, i.e. sz ) = =|Z;/ Zy|- set difference cardi-
nality Z; = {XU} and ZI( {xii}; PV — the number of units missing from Z; but
avallable from Z,, i.e. Plk =1\Zy/ Z il

*Let us choose, as a measure of mismatch between objects Z; and Z, the value

= P(Ol)/(P(ll) + P(lo)) and to assess the degree of inclusion, “occurrence” of
the object Z; and Z,) — the value hy, = P(u)/(P(M) (10))

*Let’s bulld matrices
P= {pgi’“}, § = {sud 6= {gud H = (hud (i, k € Tm), where

ik (11) / (P(ll) + P(lo) + P(Ol)) Jacquard similarity measure.

The graph built according to P, S, G and H gives a visual representation of the
relationship between the compared objects-programmers (according to the select-
ed psycho-physiological indicators).

Conclusion. Let the number of the joint group of programmers (4 + B) be
equal to 100. Then, if it turned out that new potential candidates for the team of the
best programmers are interconnected according to such values of psychophysio-
logical indicators that more than 80% of the best programmers (and no more than
10% of the country’s population) have, then it can be assumed that, according to
their personality traits, potential candidates will be able to successfully carry out
activities in the field of developing computer programs.
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[Comment. In those infrequent cases when, despite the possession of not so
successful values of psychophysiological indicators (there is no close relationship
in terms of knowledge of the selected indicators with the best programmers) a per-
son achieves significant success in a “certain kind of activity”, then, apparently,
the positive influence of a mentor, coach]

Conclusion.

1.An original method is proposed for identifying individuals with the ability
to successfully work in the field of developing computer programs. It can be as-
sumed that the method will be suitable for identifying individuals capable of var-
ious kinds of successful activities, for example, when searching for talents in the
field of invention (in industries) or sports (by type) and other areas.

2.Substantially substantiated is a step-by-step procedure for isolating from an
ever-expanding unlimited set of psycho-physiological indicators characterizing a
personality, a limited desired subset of indicators that characterize “personal char-
acteristics that are subjective conditions for the successful implementation of a
certain kind of activity” - activities in the field of developing computer programs.

3.1t has been established that the use of the method of comparative assessment
of the functional completeness and significance of objects and their characteristics
not only allows one to evaluate the informational “weight” of each of the selected
psychophysiological indicators (“personality traits”), but also provides an oppor-
tunity to assess the probability of correctly identifying individuals with the ability
to succeed in the development of computer programs.
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Abstract. Everyone knows the quote attributed to Napoleon: “A people that
does not feed its own army will feed someone else’s.” The same applies to those
military personnel who have retired. The author examines the history of the
formation of pensions for military personnel in Russia from ancient times to the
present.
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In Russia, support for military personnel has been carried out since ancient
times. Even in the annals of Ancient Russia, it was mentioned that princes and
governors, in case of injury or reaching old age, took care of military personnel
and their families. As a rule, such care was expressed in the provision of land.
Warriors received land during their service and became nobles. Another way to
support the military was feeding, when the amount of in-kind and cash receipts
from the cities was established in favor of the combatants. After the Time of Trou-
bles, under Alexei Mikhailovich, in 1663, “medical” payments were established
for the wounded.

Officially, the provision of military pensions was formed under Peter I, with
the adoption of the Naval Charter, approved on January 13, 1720. The charter of
Peter I consisted of five books. The first contained provisions on the highest com-
manding staff of the navy and articles that determined the tactics of the squadron.
The second included decrees on the seniority of ranks, on honors and external
distinctions of ships, “on flags and pennants, on lanterns, on salutes and merchant
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flags ...”. The third book revealed the organization of the warship and the duties of
the officials assigned to it. The fourth book consisted of six chapters, which regu-
lated the rules of conduct on the ship, the number of officer servants according to
ranks, the procedure for distributing provisions, methods for determining rewards
for taking enemy ships, battle wounds and length of service, as well as methods for
dividing booty when capturing enemy ships. The fifth book - “On Fines” - was a
naval judicial and disciplinary charter. Also attached to the Maritime Charter were
forms of ship’s reporting sheets, a book of signals and the rules of sentinel service.

The appearance in Russia of the Maritime Charter was associated with a new
stage in the history of the country. In the course of the struggle for access to the
sea in the shortest possible time, a strong navy was created in the Baltic, which
allowed Russia to turn into a maritime power. By 1725 the Russian fleet was one
of the strongest in the Baltic. It consisted of 48 battleships and frigates, 787 galleys
and other vessels. The total number of teams reached 28 thousand people.

The charter of 1720 became the most important legislative document of the
Russian fleet. In terms of completeness of content and depth of presentation, it was
the most perfect for the first half of the XVIII century. After revision, the Naval
Charter of Peter I was reissued in 1724 and was valid with minor changes until
1797, when it was replaced by a new one that took into account the change in ideas
about the methods of warfare.

Then, on January 24, 1722, the Table of Ranks was adopted, which established
the material support for military, civilian, court officials and clergy. Subsequently,
Elizaveta Petrovna approved the Regulations similar to the Naval Charter for the
ranks of the ground forces.

The Victory in the Patriotic War of 1812 had an influence on the further for-
mation of the pension provision for military personnel. The pressure of the public
on the domestic policy of the state after its victorious conclusion was stronger
than ever, which was reflected in the government’s subsequent measures to pro-
vide systemic and urgent social assistance, primarily to war heroes, wounded and
maimed soldiers and officers. The first general civil pension law in history was
issued - the Charter on Pensions of December 6, 1827. This document summarized
all the legal provisions on state pensions for employees of various civil depart-
ments, which constituted the main contingent of state pensioners. All individual
pension capitals were transferred to the state treasury, and all income and fees
from these capitals were converted into a single pension capital. From now on, in
Russia, state pensions were assigned according to length of service for all ranks of
the army and navy, while relying on a unified system of money payments.

In 1869, a specialized pension provision for army servicemen was already
adopted. All the military were divided into nine ranks. The size of their pensions
from the amounts of the state treasury depended on the category and the number
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of years of service. So, for 20 years, serving in a pension was relied on 1/3 of the
officer’s salary for the last five years, for 25 - 1/2, for 30 - 2/3, for 35 - full salary.
These pensions were based on annual deductions from military salaries of 2% to
their gradually growing “pension capital”.

After the October Revolution, from 1917 to 1922, the Soviet government
adopted more than a hundred decrees and orders in the field of social security.
By a decree of the Council of People’s Commissars of August 7, 1918, disability
pensions were introduced for Red Army soldiers and members of their families in
the event of the loss of a breadwinner.

In October 1917, the People’s Commissariat of State Charity was formed,
which in April 1918 was renamed the People’s Commissariat for Social Security.
The main activities of this commissariat were: provision of crippled soldiers, in-
cluding the assignment of pensions to them; protection of motherhood and infan-
cy; work in orphanages; distribution of food rations; providing for minors accused
of unlawful acts; medical care [1].

The beginning of the social insurance reform is connected with the imple-
mentation of the resolution of the Council of People’s Commissars of the USSR
of March 23, 1937 “On the removal of certain expenses from the state social in-
surance budget and the change in the rate of insurance premiums”. In accordance
with it, pension services (assignment of social insurance pensions and their pay-
ment to non-working pensioners) were transferred from the jurisdiction of trade
unions to the jurisdiction of state social security agencies.

By the Decree of the Council of People’s Commissars of the USSR of July 16,
1940, pensions were approved for enlisted and junior conscripts and their fami-
lies, by the Decree of the Council of People’s Commissars of the USSR of June
5, 1941 - pensions to persons of the highest, senior and middle commanding staff
of long-term service, employees of the rank and file of long-term service and their
families. In addition, on June 26, 1941, the Presidium of the Supreme Soviet of the
USSR adopted the Decree “On the procedure for assigning and paying benefits to
the families of enlisted and junior military personnel in wartime.”

After the adoption of the USSR Law of July 14, 1956 “On State Pensions in
the USSR”, material support for war invalids, disabled from childhood and birth
was carried out at the expense of the union budget, the budgets of the union re-
publics, etc. Enlisted men, sergeants and foremen of military service had the right
to a pension in case of disability, their families - in case of loss of a breadwinner.

In 1990-2001, more than 80 federal laws were adopted in the Russian Federa-
tion aimed at improving the existing pension system and reforming it. As a result
of changes in certain norms of pension legislation, the conditions for pension pro-
vision were improved for: citizens exposed to radiation due to nuclear disasters;
persons who did military service in the internal affairs bodies and their families;
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participants of the Great Patriotic War; education workers and medical workers,
as well as some other categories of the population [1].

Thus, the Law of the Russian Federation dated February 12, 1993 Ne 4468-1
“On pension provision for persons who have served in the military, served in
the internal affairs bodies, the State Fire Service, bodies for controlling the cir-
culation of narcotic drugs and psychotropic substances, institutions and bodies”
was adopted. penitentiary system, and their families” and Federal Law Ne 166-FZ
of December 15, 2001 “On State Pension Provision in the Russian Federation”,
which regulates the conditions and norms for the provision of pension provision
at the expense of the federal budget to military personnel, federal civil servants,
“Chernobyl survivors”, as well as persons who have not acquired the right to a
labor pension [2].

On January 1, 2012, the Federal Law of November 7, 2011 Ne 306-FZ “On the
monetary allowance of military personnel and the provision of certain payments
to them” came into force, establishing a new system of monetary allowance and
social security for the military. In the event of the death (death) of a military man,
a lump sum of 3 million rubles is paid. (previously - 120 salary salaries). Upon
dismissal due to being declared unfit for service due to a military injury - 2 (con-
tractor) or 1 million rubles (conscript) (earlier - 60 salaries). It also provides for
monthly compensation for disability due to military injury.

Military pensioners receive a pension for seniority or disability through the
Ministry of Defense, the Ministry of Internal Affairs, the FSB and a number of
other law enforcement agencies. Many military personnel, after being discharged
from military service, continue their labor activity as employees in positions not
related to military service. In this case, employers make monetary contributions to
the mandatory pension insurance system for them, and, subject to certain condi-
tions, military pensioners have the right to receive a pension through the PFR. The
table shows the dynamics of the number of military personnel receiving pensions
in the Republic of Tatarstan for 2021.

In addition to pensions, retired military personnel are entitled to certain so-
cial benefits. Among them, first of all, the monthly cash payment (MCP). This
measure of support is established by federal benefits, and today the Pension Fund
provides it to military personnel who became disabled in the line of duty (as well
as employees of the Ministry of Emergency Situations, internal affairs bodies and
firefighters), combat veterans, families of fallen servicemen, Heroes of Russia and
the USSR, disabled people and participants Great Patriotic War and their families.
More than a million people receive MCP for the indicated reasons.
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Table 1
Dynamics of the number of military personnel receiving pensions
in the Republic of Tatarstan.

01.01.2021 | 01.04.2021 | 01.07.2021 | 01.10.2021 | 01.01.2022

Military personnel who
have an old-age insurance
pension

(according to Federal
Law Ne 156 dated
22.07.2008)

Recipients of pensions
from among military
personnel and
members of their 1016 1 005 987 973 944
families (according to
Federal Law Ne 166 of
15.12.2001)

11176 11 083 11 006 11 024 11 060

Thus, throughout its history, Russia has supported its soldiers and their fami-
lies. There is no doubt that military personnel will continue to be supported. Nor-
mative acts have already been adopted on the payment of benefits for the children
of mobilized employees, such as free travel in transport, free school lunches, free
visits to cultural institutions, exemption from subscription fees for kindergarten
and meals in kindergartens, etc. In the Republic of Tatarstan, a Decree was signed,
according to which each minor child of mobilized residents of the Republic is
entitled to a lump sum payment in the amount of 20 thousand rubles. It should
be noted that history has shown that the introduction of social support measures
for military personnel and their families occurs, as a rule, after or during military
conflicts: The Time of Troubles, the Northern War (1700-1721), the Patriotic War
of 1812, the First World War and the October Revolution, the Great Patriotic War,
the Afghan War, the Chechen War. In the 90s, Russia passed many laws that im-
prove the situation of veterans and military personnel. By establishing numerous
socially significant benefits and privileges for military personnel both during the
period of military service and after it, the state increases the prestige of military
service, retains highly qualified specialists in the armed forces, and confidently
confronts new challenges and threats to national security.
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Abstract. The article discusses the main directions for the development of
entrepreneurial ecosystems that operate on the basis of digital platforms. An
analysis of the general characteristics of ecosystems and forms of their organization,
regardless of the field of activity of the company acting as the creator of the digital
platform, showed the identity of the directions for the development of ecosystems
with a focus on the end user. At the same time, entrepreneurs, as participants in
ecosystems, use the capabilities of platform solutions in a limited range, which is
partly due to the low level of competence of small and medium-sized businesses
and the inefficiency of developing human resources in small and medium-sized
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businesses. The organizers of digital platforms are focused on expanding the
customer base and the B2C segment, but are not sufficiently motivated to create
infrastructure in the field of commodity circulation, develop industrial production
and form powerful B2B ecosystems, although this area is relevant and in demand
for solving food security problems.

Keywords: entrepreneurial ecosystem, digital platform, commodity circulation,
information technology, digital competencies.

The theory and practice in the field of developing the business environment
allows us to state with confidence the intensive development of a new business
model - the ecosystem. This process was facilitated by the improvement of infor-
mation and communication technologies and services and the involvement of the
population and business in the digital economy [1,2]. The high level of competi-
tion in the national market and, to some extent, the actions of a number of world
players that impede the development of the Russian Federation, stimulate the pro-
cesses of increasing the presence of business in the digital environment in order to
increase the efficiency of commodity circulation.

Exploring the evolution of the business environment, it was revealed that there
is no common understanding of the term “ecosystem” and its legal interpreta-
tion [3,4,5]. In the document “The concept of general regulation of the activities
of groups of companies developing various digital services based on one “eco-
system”” [6], the term “digital ecosystem” is defined as a client-centric business
model that combines two or more groups of products, services, information (own
production and /or other players) to meet the end needs of customers (security,
housing, entertainment, etc.). The RUIE Commission on Communications and In-
formation Technologies proposes in the report “On the Key Aspects of Regulatory
Regulation of the Activities of Companies Developing Activities Based on the
Ecosystem Business Model” [7] to adhere to the term “ecosystem in the business
environment”, which is interpreted as a set of complementary services and ser-
vices that account of joint integration form additional value for consumers when
using them. This definition more reflects the main advantage of ecosystems as an
environment for integrating resources to increase customer value.

PRUE research [8,9,10] made it possible to define a business ecosystem as a
set and interaction of actors necessary and sufficient to create a certain value prop-
osition or (as an option) a value proposition for a certain segment of consumers. In
an ecosystem, one can single out a source (entrepreneur, product, digital platform)
that determines the need for an ecosystem and unites its participants. If the source
of the ecosystem is an entrepreneur or an entrepreneurial initiative, the ecosystem
can be classified as entrepreneurial. In the case when the source is the commercial-
ization of innovation, the ecosystem can be classified as innovative. If the source
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is a digital platform that implements the formation of a value proposition for a
certain segment of consumers, the ecosystem is classified as a platform ecosystem.
This definition is the most capacious and takes into account the essence of integra-
tion processes and, if necessary, the technological basis of integration.

Analysis and generalization of the theory and practice of the formation of eco-
systems make it possible to single out their general characteristics. These include:

— the presence of a territorial and innovative component in the organization
of the ecosystem,;

—  cross-industry nature that determines the activity of the ecosystem in var-
ious markets;

—  formation of an ecosystem based on a modern technological environment
focused on the use of end-to-end digital platform technologies or solutions
that ensure a high level of interaction between system actors;

— data-centricity, capable of enhancing the adaptive properties of the eco-
system through the use of algorithms and mechanisms for data mining;

— ahigh level of adaptation due to self-organization based on a digital plat-
form.

Practice in the field of commodity circulation has shown the prevalence of
two types of business ecosystems: ecosystems by the platform organizing compa-
ny (anchor company) and transactional ecosystems [11,12]. Ecosystems with an
anchor company create or provide goods/services by coordinating market partic-
ipants and managing the offerings of complementary companies. The consumer
is not an active participant in the organization of business processes. Its influence
is determined by preferences and needs when choosing a product/service and by
the offers of complement companies. An example of such systems in Russia is
large industrial companies PJSC Gazprom - a Russian energy company, JSC OSK
- a shipbuilding company, state corporations Rostec and Rosatom, which create
and use digital industrial platforms for the interaction of suppliers, manufacturers,
customers and to solve other problems. Industrial platforms allow enterprises to
combine all data in order to maximize the economic effect of the use of end-to-end
technologies, synchronize disparate data from all systems and sensors, analyze
and verify information for its subsequent transfer to make management decisions.
In transactional ecosystems, the relationship between producers of goods/services
and customers is realized through a single platform solution. It is these systems
that are most widely used in the field of goods distribution in Russia. Producers
and consumers of goods and services united in a single information environment
use the services offered by the platform, which makes it possible to reduce terri-
torial barriers, increase the client base and expand the partner network and, as a
result, ensure business growth.

Recently, the attention of practitioners and scientists has been drawn to the
forms of organization of ecosystems [13], which is due to the need for their devel-
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opment in the vast territory of the Russian Federation and the application of rea-
sonable regulatory measures. The form of an open ecosystem uses public non-dis-
criminatory criteria for joining participants, and the operator does not limit the
internal competition of product suppliers. However, imperatively open systems
do not allow filtering unscrupulous ecosystem participants, they have higher risks
for the consumer, since there is often uncertainty about the applicable provisions
in contracts and consumer protection [14]. There are high risks of personal data
leakage [15]. In closed ecosystems, the decision to join participants is made by the
operator in a non-public mode. The operator independently determines the level
of internal competition of goods suppliers, which, as a rule, is absent. Closed sys-
tems provide quality and safety, but (1) slow down the growth of the ecosystem,
(2) cause market regulators and the business community to fear monopolization,
(3) may limit the entry of producers of goods and services into the markets. It is
also possible to implement hybrid systems that combine the properties of open and
closed ecosystems, which makes it possible to level the shortcomings of each of
the forms of ecosystem organization.

In Russia, large digital ecosystems in the field of product distribution are im-
plemented on the basis of four types of organizing enterprises - banking structures
(Sberbank, Tinkoff, VIB), IT companies (VK, Yandex, SoftLin), retail (OZON,
X5 Group, Wildberries), classifieds ( Avito, From hand to hand, Blizko). Consid-
ering the development of entrepreneurial ecosystems from the standpoint of the
organizer of a platform solution, it should be noted that this process in all systems
is carried out approximately in the same direction, the accumulation of participants
in eco-platforms based on their own applications for creating services or with the
involvement of partner organizations is carried out. In order to retain customers,
all ecosystems use multiservice subscriptions, focusing on the most popular ser-
vices such as mobile communications, universal online stores, gas stations, food
and grocery delivery, online cinemas, etc. [16]. Most ecosystems in the sphere of
commodity circulation implement loyalty programs, stimulating repeat purchases
and their frequency. A feature of recent years is the building of a financial struc-
ture by ecosystems formed by retail and IT companies through the acquisition
of small banks. Currently, OZON (Ekom Bank LLC), Wildberries (Wildberries
Bank LLC), X5 Retail Group (X5 Bank financial service created by a company
whose founders include X5 Group and Alfa-Bank) have their own banks, Yandex
(Yandex Bank JSC), VK (VK Pay is a payment system for paying for goods and
services on the social network itself, on external websites or in stores).

Ecosystems are able to provide a concentration of entrepreneurial opportu-
nities and increase the competitive advantages of the sphere of commodity cir-
culation and business entities through the creation of added value (Table 1). The
platform organizer has a monopoly in the ecosystem, and the value created by
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platform solutions is determined not so much by the value of the platform itself,
but by services created in most cases by their own efforts or by applications of
partners and third-party developers. Thus, the value of the ecosystem increases
with minimal efforts of the organizer of the digital platform, which is defined in a
number of publications as an ecosystem effect [17]. Reducing the price due to the
scale of production and distribution, the sharing of resources, the formation of a
consolidated policy for the quality of goods and services, the reduction of business
risks, the formation of a management culture based on data analysis. These are
just a small part of the new opportunities provided to the business community by
ecosystems based on digital platforms.

It should be noted that the development of ecosystems based on an increase in
the client base has a number of significant limitations. First, customer experience
analysis, which is widespread in platform solution companies, is being used for
more and more customer offerings, leading to overconsumption. Secondly, the
growth of the client base does not lead to the stability of the sphere of commodity
circulation, to the development of its infrastructure and balance in social and en-
vironmental aspects.

Platform solutions offer new opportunities, which does not mean using them.
For small and medium-sized businesses, there are a number of barriers that should
be overcome in the near future.

Considering the prospects for the development of entrepreneurial ecosystems
from the perspective of its participants, in the PRUE in the spring of 2022, a sur-
vey of entrepreneurs' was conducted, which showed that a significant part of re-
spondents uses general-purpose software products (office applications, messaging
applications and video chats) in their activities. Moreover, information systems
and platforms for data analysis are used only by legal entities (Fig. 1).

! The survey involved 220 entrepreneurs from among small and medium-sized businesses,
including 29% were individual entrepreneurs, 32% were legal entities or employees of companies, and
39% were self-employed.
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Figure 1. Respondents’ responses to a request to indicate the digital
technologies used in business

The range of tasks solved using information technologies and systems is also
extremely limited. Out of the 133 respondents who indicated that information sys-
tems are used in their company, 66% solve the problems of accounting and tax ac-
counting, 61% provide customer relationship management. Digital platforms are
used by respondents mainly for the sale of goods / services and as an information
and advertising channel, and almost all groups of entrepreneurs use digital plat-
forms to complete financial transactions with customers. More often than others,
it is practiced by individual entrepreneurs (78.13%) and legal entities (76%). To
a lesser extent, digital platforms are used by the self-employed (64.71%). About
20% of entrepreneurs do not use digital platforms for financial transactions.

These studies show the limited use of the capabilities of platform solutions in
the implementation of business, which is to some extent due to the level of compe-
tence of employees. Only 65% of respondents are proficient in ICT in accordance
with job descriptions. However, about 30% of employees are not proficient in dig-
ital technologies or the level of proficiency is low. At the same time, only 29% of
entrepreneurs involve third-party organizations to improve the skills of employees
in the field of ICT, 40% of entrepreneurs solve the problem of computer literacy
on their own.

The activities of the leading platform ecosystems in the field of commodity
circulation are focused on the B2C model, which adapts to the user and gener-

30 || International Conference



FEABEFRIRARF: BRI R4

ates individual recommendations for each. For business, to a greater extent, the
ecosystem acts as an aggregator, not striving to develop the infrastructure for the
sphere of commodity circulation. At the same time, as noted in the advisory report
on ecosystems [13], the structure of the Russian market should have several large
national ecosystems that compete with each other and with foreign players, and
smaller platforms that satisfy the demand of customers outside the ecosystems.
Each such system should include all the key elements of the commodity circula-
tion system, namely, purchasing structures, warehouses, wholesale distribution
centers, transport and logistics networks, “last mile” cargo delivery mechanisms,
and, most importantly, promote the creation of new manufacturing enterprises
both to meet needs of both private clients and businesses.
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Abstract. The article deals with issues related to: decarbonization; an
experiment on quotas for pollutant emissions, conducted in certain cities of the
Russian Federation and an experiment planned to be carried out in certain subjects
of the Russian Federation; limiting greenhouse gas emissions, atmospheric air
protection; air quality standards, as well as standards for emissions of harmful
(polluting) substances into the air and harmful physical effects on it. In addition,
the importance of such a natural resource as a forest, which is the main natural
sink of greenhouse gases in terrestrial ecosystems, and carbon landfills, one of the
ways to study and control the global environmental problem of climate change on
the planet, is shown.

Keywords: decarbonization, emission quotas, pollutants, greenhouse gases,
standards, atmospheric air, climate, carbon landfills.

According to the Decree of the President of the Russian Federation of April 19,
2017 Ne 176 “On the strategy of environmental security of the Russian Federation
for the period up to 2025” (1), the global challenges to environmental security
include the consequences of climate change on the planet, which inevitably affect
the life and health of people, state of flora and fauna, and in some regions become
a tangible threat to the well-being of the population and sustainable development.
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The effect of global climate change has been attributed to an increase in the
concentration of carbon dioxide in the atmosphere, which, in turn, is associated
with the start of industrial energy systems grew after the entry into force of the
Paris climate agreement adopted in 2015 (2), according to which the participat-
ing states undertake to provide reduce global greenhouse gas emissions and limit
global temperature rise to 2 degrees Celsius. As one of the measures to adapt to
climate change, an increasing number of countries are moving to a low-carbon
economy.

In continuation of the Kyoto Protocol and the Paris Agreement, in November
2021, the COP26 Climate Conference was held in Glasgow, where representatives
of the states once again discussed the agreements on the Paris Agreement. The
Conference resulted in the adoption of the Glasgow Climate Pact(3), under which
all parties agreed to review and strengthen their current 2030 emission targets in
2022. While this document was adopted amid global tensions, the Glasgow Pact
should give impetus to work on long-term strategies to reduce the carbon intensity
of the economy and keep them relevant.

At the present stage, the strategic importance of ensuring a sustainable and
balanced socio-economic development of the Russian Federation with a low level
of greenhouse gas emissions, taking measures to reduce their negative impact on
the climate and the environment, as well as planning measures to adapt ecological
systems, population and economic sectors to changes is increasing. climate. The
strategic planning documents of the Russian Federation note a new approach to the
regulation of economic and other activities in order to minimize the negative im-
pact on the environment as a whole, as well as to the regulation of relations in the
field of economic and other activities accompanied by greenhouse gas emissions.
In the Address of the President of the Russian Federation to the Federal Assembly
of the Russian Federation dated April 21, 2021(4), the task was set to reduce the
accumulated volume of net greenhouse gas emissions in the Russian Federation
to lower values in the period from 2021 to 2050 compared to the European Union,
which will help to maintain the growth of global average temperatures well below
2 degrees Celsius above pre-industrial levels and make efforts to limit tempera-
ture increases to 1.5 degrees Celsius. The National Security Strategy, approved by
Decree of the President of the Russian Federation on July 2, 2021 Ne 400, among
the national interests at the present stage, highlights the sustainable development
of the Russian economy on a new technological basis; environmental protection,
conservation of natural resources and rational use of natural resources, adaptation
to climate change.

The issues of legal protection of atmospheric air in the Russian Federation
do not lose their relevance in modern realities, which is confirmed, first of all, by
data on the level of air pollution, it is noted in the legal doctrine, follows from the
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meaning of acts adopted in the Russian Federation at various levels of exercising
power. In 46 cities with a total population of 13.4 million people (12% of the urban
population of Russia), the level of air pollution is assessed as very high and high.

In 2018, by Decree of the President of the Russian Federation, healthcare was
defined as the national goal and strategic task of the development of the Russian
Federation for the period up to 2024. One of the conditions for ensuring a favora-
ble environment and public health is unpolluted atmospheric air, which indicates
the direct interest of the state in solving issues related to air pollution.

Until recently, the use and protection of atmospheric air in the Russian Feder-
ation was regulated by such regulatory legal acts as the Air Code of the Russian
Federation of March 19, 1997 Ne 60-FZ and the Federal Law of May 4, 1999 Ne
96-FZ “On the Protection of Atmospheric Air”. The Air Code establishes the legal
basis and state regulation of the use of the airspace of the Russian Federation and
activities in the field of aviation, and also provides that the Russian Federation has
full and exclusive sovereignty over the airspace over the territory of the Russian
Federation, including over internal waters and the territorial sea.

The Federal Law “On the Protection of Atmospheric Air” establishes standards
for atmospheric air quality, as well as standards for emissions of harmful (pollut-
ing) substances into the atmospheric air and harmful physical effects on it. The
quality standards include the hygienic standard and the environmental air quali-
ty standard, which reflect the maximum allowable maximum content of harmful
(polluting) substances in the atmospheric air and in which there is no harmful
effect, in the first case - on human health, in the second - on the environment.

For the purpose of state regulation of emissions of harmful (polluting) sub-
stances into the atmospheric air, technical emission standards and maximum al-
lowable emissions are established. However, according to Art. 23.1 FZ “On En-
vironmental Protection” of January 10, 2002 N 7-FZ and clause 4 of article 12 FZ
“On the Protection of Atmospheric Air”, in case of impossibility of compliance
by legal entities, individual entrepreneurs with sources of emissions of harmful
(polluting) substances into the atmospheric air, maximum allowable emissions of
territorial bodies of the federal executive body in the field of environmental pro-
tection may establish temporarily agreed emissions for such sources in agreement
with the territorial bodies of other federal executive bodies. Temporarily permit-
ted emissions, temporarily permitted discharges are established for the period of
implementation of the environmental protection action plan or the implementa-
tion of the environmental efficiency improvement program in accordance with the
schedule for achieving the established allowable emission standards, allowable
discharge standards, technological standards.

According to N.I. Khludeneva “... the practice of implementing the provisions
of paragraph 4 of Art. 12 of the Federal Law “On the Protection of Atmospheric
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Air” in the version that was in force until January 1, 2019, often showed that
the deadlines for the phased achievement of maximum allowable emissions were
constantly extended by the state authorities of the constituent entities of the Russian
Federation, and plans to reduce emissions of harmful (polluting) substances into the
atmosphere contained little effective environmental protection measures. In this re-
gard, having retained the possibility for the owners of existing sources of emissions of
harmful (polluting) substances into the atmospheric air to not comply with the estab-
lished standards for permissible impact on it, the Russian legislator did not rule out a
further potential deterioration in the state of the atmospheric air”’(5).

In order to reduce the level of atmospheric air pollution in large industrial
centers, the “Clean Air” federal project has been developed. The project set a
number of important tasks aimed at improving the quality of atmospheric air in the
most “dirty” cities of Russia - Bratsk, Krasnoyarsk, Lipetsk, Magnitogorsk, Med-
nogorsk, Nizhny Tagil, Novokuznetsk, Norilsk, Omsk, Chelyabinsk, Cherepovets,
Chita. In the course of implementing measures to achieve the goals established by
the mentioned federal project, a specialized Federal Law of July 26, 2019 Ne 195-
FZ “On conducting an experiment on quotas for pollutant emissions and amending
certain legislative acts of the Russian Federation in terms of reducing air pollu-
tion” was adopted ”, in accordance with which a comprehensive action plan is
approved in these cities to reduce emissions of pollutants into the atmospheric air.
The experiment on emission quotas based on consolidated calculations is being
carried out from January 1, 2020 to December 31, 2026.

In order to expand the list of cities included in the emission quota experiment,
air pollution in the city is defined as high and very high if such pollution has been
established for at least three years during the five-year period preceding the year
in which such pollution was determined. From September 1, 2022, the territories
of the experiment will include, among other things, urban settlements and districts
with high and very high air pollution.

The experiment is also dedicated to the Federal Law of March 6, 2022 Ne 34-
FZ “On Conducting an Experiment to Limit Greenhouse Gas Emissions in Certain
Subjects of the Russian Federation”. The experiment provided for by this docu-
ment is being conducted on the territory of the Sakhalin Oblast from September
1, 2022 to December 31, 2028 inclusive, in the territories of other subjects of the
Russian Federation included in the experiment - within the time limits established
by amending the said Federal Law of March 6, 2022 Ne 34-FZ.

Decree of the President of the Russian Federation of November 4, 2020 Ne
666 “On the Reduction of Greenhouse Gas Emissions” provided for the reduc-
tion of greenhouse gas emissions by 2030 to 70% compared to 1990 levels, the
development and approval of the Strategy for the socio-economic development of
the Russian Federation with low greenhouse gas emissions until 2050, as well as

36 || International Conference



FEABEFRIRARF: BRI R4

ensuring the creation of conditions for the implementation of measures to reduce
and prevent emissions of greenhouse gases, as well as to increase the absorption
of such gases. Federal Law Ne 296-FZ of July 2, 2021 “On Limiting Greenhouse
Gas Emissions” forms the necessary legal basis for obtaining complete and relia-
ble information from organizations on greenhouse gas emissions; the obligation of
economic entities, whose activities are accompanied by significant greenhouse gas
emissions, to submit reports on greenhouse gas emissions to the authorized body is
fixed; provides for the right of legal entities and individual entrepreneurs to imple-
ment climate projects. According to the above Federal Law, from January 1, 2023,
enterprises that emit greenhouse gases per year into the atmosphere, the mass of
which is equivalent to more than 150 thousand tons of carbon dioxide, will have
to provide reports on these emissions. For enterprises with annual greenhouse gas
emissions of 50 thousand tons or more, mandatory reporting will come from Jan-
uary 1, 2025. In pursuance of this law, Decrees of the Government of the Russian
Federation dated March 24, 2022 Ne 455 “On approval of the Rules for verifying
the results of the implementation of climate projects” and dated March 30, 2022 Ne
518 “On the procedure for determining the fee for the provision of services by the
operator for conducting operations in the register of carbon units” were adopted.
The strategy for the long-term development of the Russian Federation with
low greenhouse gas emissions until 2050 establishes, as part of the first, nationally
determined contribution to the global response to climate change under the Paris
Agreement, capping greenhouse gas emissions by 2030 at 67% of reported emis-
sions in 1990, taking into account emissions and removals from forestry and land
use. It should be noted that forests are the main natural sink of greenhouse gases
in terrestrial ecological systems. Russia is the leading forest power in the world,
having natural capital in the form of forests accumulating 625 million tons of
greenhouse gases annually. This gives Russia significant competitive advantages,
since the absorption of greenhouse gas emissions by forests occurs without signif-
icant costs from the state, the cost of measures to reduce emissions - for example,
to extinguish forest fires - is moderate (3 billion rubles per year) compared to
other types of measures, for example, to improve energy efficiency in industry. In
general, in Russia there is a huge and still not used reserve for reducing the carbon
footprint of products due to the existing protective and other categories of forests
on agricultural lands. Forests located on agricultural land are of great importance
for the absorption of greenhouse gases. If 1 hectare of forests on the lands of the
forest fund on average absorbs about 1 ton of greenhouse gases per year, then 1
ha of protective and anti-erosion forests on agricultural lands - about 7 tons per
year, that is, 7 times more. At the same time, according to various estimates, from
40 to 90 million hectares of agricultural land in Russia are overgrown with for-
ests, which are not yet taken into account in the national statistics of greenhouse
gas absorption due to the fact that they do not belong to managed forests. Forest
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breeding should be aimed at obtaining varieties and species with high growth rates
and high potential for carbon sequestration in the climatic conditions of Russia.(6)

The transition to a low-carbon economy is a national priority for the Russian
Federation in the long term. One of the ways to study and control the global en-
vironmental problem of climate change on the planet is carbon polygons. Since
2021, the Ministry of Agriculture of the Russian Federation, together with the
Ministry of Science and Higher Education of the Russian Federation, has been
implementing a pilot project to create carbon landfills, agricultural carbon farms
for the development and testing of carbon balance control technologies, research
into the impact of modern crop cultivation technologies on carbon absorption. At
landfills, measurements are made of the ability of a particular territory to capture
and store carbon from the atmosphere, then the data obtained can be extrapolated
to larger areas. It is necessary to study these indicators as part of the global de-
sire to reduce greenhouse gas emissions, including CO2, which directly affect the
rate of global warming and the melting of glaciers that upset the ecological bal-
ance on the planet. In addition, diverse studies and experiments are being carried
out, involving the cultivation of highly productive plantations, the restoration of
anthropogenically disturbed lands, the irrigation of peatlands, the restoration of
wetlands, rational forest management and reforestation, regenerative agriculture
and animal husbandry.

According to the Order of the Ministry of Education and Science of the Rus-
sian Federation of February 5, 2021 Ne 74 “On test sites for the development
and testing of carbon balance control technologies™, a carbon landfill (polygon)
is one or more areas of the earth’s surface with a topography representative of the
territory, the structure of vegetation and soil cover, on which a set of measures is
being implemented aimed at developing scientific, human and infrastructural po-
tentials in the development and testing of technologies for monitoring the balance
of climatically active gases in natural ecosystems. At the carbonic range, exper-
iments are being carried out to measure the emission (emissions) and absorption
of greenhouse gases using ground-based and remote methods to assess the spatial
and temporal variability of the flows of climatically active gases, as well as to de-
termine the integral values of the components of the radiation, heat, water and car-
bon balance. In addition, the training ground provides highly qualified personnel
in the field of the latest methods of environmental control, promising technologies
for the low-carbon industry, agriculture and municipal economy. The result of the
activities of the carbon landfill is the development of technological solutions for
monitoring the carbon balance based on a complete (completed) technological
cycle, as well as their testing in real and critical conditions. The life of the landfill
is at least 15 years.

The operator of the carbon landfill is an educational organization of higher
education or a scientific organization that implements the program for the creation
and operation of the carbon landfill.
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Carbon polygons make it possible to carry out a number of important research
in the field of ecology. For example: development and adaptation of ground-based
technologies for field and forestry agrochemical control of soils and respiration
of greenhouse gases; development and adaptation of technologies for remote ac-
counting of above-ground and underground phytomass, rhizosphere, agrochemical
control of soils and respiration of greenhouse gases; development and adaptation
of mathematical models for primary gross productivity, primary net productivity,
net CO2 exchange between the ecosystem and the atmosphere, respiration and
other parameters of the carbon balance of ecosystems in reference areas.

The first carbon test site was opened in September 2020 in the Kaluga Oblast,
in 2021 pilot carbon test sites were created in the territories of the Republic of Ta-
tarstan, the Chechen Republic, Krasnodar Krai, Kaliningrad Oblast, Novosibirsk
Oblast, Sakhalin Oblast, Sverdlovsk Oblast, Tyumen Oblast to develop and test
control technologies carbon balance, conducting research on sources and sinks
of greenhouse gases, in 2022 it is planned to increase the number of these carbon
landfills in order to cover various types of ecosystems characteristic of the territo-
ry of the Russian Federation. It is planned to create 80 similar scientific sites in the
country. The implementation of the project is at the stage of development, and it is
too early to draw conclusions about the role and importance of carbon landfills in
the field of studying and controlling the global environmental problem of climate
change on the planet.
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Abstract. Despite the importance of the attachment relationship between
parents and children for the self-esteem of the latter, knowledge about the extent
to which parents make a unique contribution to the formation of self-esteem of
children of older preschool age is not complete enough.

In this regard, the article is devoted to the study of the features of dyadic
parent-child relationships and their influence on self-esteem in senior preschool
age. Particular attention is paid to the relationship between the style of family
education and the personal qualities of parents, the process of forming the
personality of the child, the level of his adaptability, the ability to adapt to the
conditions of the social environment.

The author reveals the features of dyadic parent-child relationships and
manifestations of family education styles, analyzes the following factors influencing
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the choice of behavioral strategies of parents: first of all, the type of temperament
and traditions in which the parents themselves were brought up, the presence of
siblings in the family, birth order and relations between brothers and sisters, efc.

Conclusions are drawn in the context of the topic of the influence of dyadic
parent-child relationships and family education strategies on the formation of
self-esteem in senior preschool age, and the tasks and directions for correcting
family dyadic relations as part of the impact on the child in order to form adequate
self-esteem in children of senior preschool age are indicated.

Prospects for further research are the consideration of directions for the
formation of adequate self-esteem in the framework of parent-child relationships
in relation to the impact on parents.

Keywords: self-esteem, self-esteem of preschool children, level of self-esteem,
self-esteem adequacy, self-esteem formation, self-esteem formation factor, family
dyadic relations, parent-child relationships.

The main task for the mental, emotional and social health of a person is to
build his adequate self-esteem. Self-esteem is a term used to describe how a per-
son sees himself, how he perceives his value to the world, and how valuable he
thinks he is to other people [3]. In general, people are motivated to maintain high
levels of self-esteem and to defend their self-esteem when it is threatened. Self-es-
teem is important because it is a human need, vital for survival and normal healthy
development. According to A. Maslow [2], psychological health is impossible
until the essential core of a person is fundamentally accepted, loved and respected
by others and by himself. High self-esteem is associated with productive coping
strategies, increased motivation, and a positive emotional state. In addition, it has
been noted that people with higher and more stable self-esteem tend to have great-
er life satisfaction and greater optimism about the future and better physical health
than people with lower self-esteem. A person with low self-esteem will be more
conflicted and will not cope well with the stresses of life. Many studies point to a
link between conflicting self-image and various psychological problems [1].

The family is the primary cell of the social community of people, the oldest
and one of the most important social institutions. The main value of the family lies
in the reconstruction of generations, their upbringing and the institutionalization
of the individual as a whole. The role of the family in human life is extremely great
and multifaceted. Unlike other social institutions, it affects a person throughout
his life, occupying a special place in childhood. At the same time, the child-parent
relationship largely influences the physical and psychological development of the
child.

In Russian psychology, traditional approaches to the study of the development
of the child's psyche in the process of relations with parents are based on the
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cultural and historical theory of mental development by L. S. Vygotsky, the pro-
visions of the theory of activity of A. N. Leontiev and the concept of the genesis
of communication by M. I. Lisina. According to the authors' research, a child is
a social being that enters the world of adults with its cultural and historical laws
and realizes activity in it in the form of activity. Extensive research on human par-
enting has shown that the quality of care is important in determining the level of
socio-emotional as well as cognitive development of children. In particular, sensi-
tive and responsive parenting promotes secure attachment relationships, which in
turn are predictably associated with positive outcomes in many areas of child de-
velopment [3]. When interacting with others, children, especially preschool chil-
dren, have a need for love and care, which are more important than many physical
needs, and love and care contribute to the formation of positive self-esteem [2].
But, despite the importance of parent-child attachment relationships for self-es-
teem, the question still remains open to what extent parent-child dyad relation-
ships make a unique contribution to the self-esteem of older preschool children.

The rationale for considering the separate influences of the attachment rela-
tionship between father, mother, and child stems from two theoretical points of
view.

First, attachment theory describes that both infants and older children's attach-
ment relationships to their mothers and fathers can be different and complementa-
ry and thus parent-specific [8].

Second, family systems theory suggests that the family as a whole is greater
than the sum of its parts and has attributes that cannot be understood simply from
the combined characteristics of each family member. The family is a hierarchical-
ly organized system consisting of smaller subsystems that are interdependent and
have a constant and mutual influence on each other [7].

Parenting styles as a group of attitudes and behaviors regarding the upbringing
of the individual include two main styles: sensitive, based on warmth, mutual
support and proper autonomy, maintaining firm and consistent restrictions on chil-
dren; and coercive, based on physical punishment, lack of consistency, and inef-
ficient setting of limits. Styles of family education are formed under the influence
of objective and subjective factors.

The tactics of raising children in the family can be attributed to one of the
styles of interaction:

1) dictation (as a rule, in such families, children live in fear, constantly hypo-
crite, lie, resulting in various deviations in their behavior;

2) guardianship (under such conditions, the child is deprived of the opportunity
to form the necessary volitional qualities in himself, objectively assess himself,
his abilities, purposefully work on himself, which deforms his inner world, value
system, sharply reduces or overestimates his requirements for the environment);
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3) liberalization as non-intervention (this creates alienation of children and
parents, and children, without proper support from their parents, often feel difficult
in situations that their peers will easily cope with);

4) cooperation (parents try to be comrades-in-arms of children, are open and
sincere with them, help in all matters, skillfully lead to solving problems, thanks
to which children discover new opportunities in themselves, gain confidence in
their abilities) [5].

The choice of the style of family education by parents is primarily influenced
by the type of temperament, the traditions in which the parents themselves were
brought up, the scientific and pedagogical literature that they refer to when choos-
ing the style of communication with the child.

An analysis of the scientific literature indicates that parenting styles are a re-
flection of how parents react to their children and put forward demands on them.
Parenting practices are specific behaviors, while parenting styles represent broader
patterns of parenting practices. There are different theories and opinions about
the best ways to raise children, as well as different levels of time and effort that
parents are willing to invest. At the same time, the values of the spouses, both
vital and family, acquired in the process of creating and functioning of the family,
play a certain role in family relations, the features of interaction between parents
and the child, and the formation of the type of family life [6]. The style of family
education can directly affect the level of self-esteem, which determines the activity
of the individual, her desire for self-education, her participation in the life of the
team.

Empirical evidence on the relationship between quality of parental attachment
relationships, parenting style, and a child's self-esteem is mixed. However, most
research findings have shown that children's self-esteem is related to parent-child
relationships and family characteristics. The results of the study showed that par-
ents of children with low self-esteem tend to severely punish their children, while
in the group of children with high self-esteem, the family showed a more demo-
cratic way of interaction [4].

In addition, there is a gender theory that suggests that gender plays a central
role in family roles and behaviors of both parents and children. It is argued that
boys and girls will be treated differently because boys will be socialized in male
gender roles and girls in female gender roles [8].

Birth order and relationships between siblings can also play a role in children's
self-esteem. On the basis of both reflective assessments and social comparisons,
first-born children can be expected to have higher self-esteem than later children
[6].

Along with marital ties, parental ties are a major source of self-esteem for most
adults. How parents fulfill the roles associated with these identities, how their
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children respond to them, and the quality of the relationship between parents and
children are of great importance for the self-esteem of both. Research shows that
mothers with low self-esteem are more prone to child abuse and neglect. However,
there are many factors that refine or soften this model [9].

Taken together, most studies show that both maternal and paternal attachment
relationships contribute to a child's self-esteem. Each person has their own stable
characteristics, such as temperament, gender, genetic makeup or ethnicity. It is
hypothesized that these stable individual characteristics may also influence or con-
found the predictor (perceived quality of the parent-child attachment relationship)
and/or outcome (the child's self-esteem) in the study, and therefore it is important
to control them.

It should be summarized that the relationship between parents and children
can be influenced by several psychosocial and socio-demographic risk factors that
undermine their quality and, in turn, play a negative role in the short and long-term
psychological health of the child and, accordingly, in the formation of adequate
self-esteem. Also, well-established models of parenting postulate that the quality
of parent-child relationships is the integrated result of three sets of factors: paren-
tal characteristics, child characteristics, and context, which can influence parent-
ing in a supportive or stressful manner.

Solving optimization and efficiency issues requires not just improving existing
practice, but also carrying out a scientific search for the best or only possible way
under given conditions, which would provide the most rational way to achieve the
expected results.

Prevention and intervention programs that support parenting skills in at-risk
families can effectively reduce the impact of risk factors on a child's self-esteem.
The most important task for every parent is the affirmation and formation of their
own "I" in each child. Accumulating a series of successful experiences can help
solidify their self-image as something positive. They are more likely to have a
positive self-image if they feel they are capable of adequately fulfilling their role,
depending on the group they belong to (particularly the family). Determining the
pedagogical conditions for the formation of parent-child relationships for the for-
mation of adequate self-esteem of children, it can be noted that the success of the
identified pedagogical conditions depends on:

- clarity of formulation of the final goal and result;

- understanding that in order to improve the pedagogical process, it is worth
highlighting a set of pedagogical conditions;

- taking into account the fact that pedagogical conditions appear at certain
stages of the study as a result achieved through their implementation.

Guided by these considerations, the pedagogical conditions can be represented
as a certain way organized system for the formation of relationships between older
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preschool children and their parents. This system provides for the implementation
of educational work simultaneously in three areas:

- work with older preschool children;

- work with parents;

- work with the teaching staff.

Due to taking into account the needs of the family (children and parents in
particular), it is aimed at achieving a certain result, in our case, increasing the ef-
ficiency of forming an adequate self-esteem within the framework of child-parent
relationships. Highlighting the pedagogical conditions, it is necessary to proceed
from the fact that the formation of parent-child relationships will be productive
only if they are comprehensively implemented. We list the pedagogical conditions
for optimizing the process of forming an adequate self-esteem, aimed at the work
of a psychologist with children of senior preschool age:

- enrichment of the cognitive, emotional-value and behavioral-activity com-
ponents of the relationship between preschoolers and parents in the process of
educational work of a preschool institution;

— organization of joint cultural and leisure activities of parents and children,
aimed at optimizing the relationship between them in order to form an adequate
self-esteem in the child.

So, the process of forming an adequate self-esteem in relation to the impact
on the child is realized on the basis of the assimilation by children of senior pre-
school age of knowledge about self-esteem, positive qualities and relationships,
their emotional experiences and the positive experience of these relationships in
interaction with parents and other family members.

Prospects for further research are the consideration of directions for the for-
mation of adequate self-esteem in the framework of parent-child relationships in
relation to the impact on parents and teachers of a preschool institution.
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Abstract. Pedagogy of interaction between various subjects of the educational
process is recognized today as one of the most urgent problems of school
development. The authors of the article describe the features of this type of
pedagogical interaction as an educational dialogue, its forms, structure, reveal
in this regard the roles of the subjects of the educational process. The article
analyzes the factors influencing the success of the educational dialogue.
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In the value picture of the formation of the world, one of the main roles is
assigned to communication, and dialogue is considered an integral property of
the historical and civilized formation of society. For this reason, the doctrine of
dialogue is inextricably linked with the development of various areas of social life
[1].

“Communication is the process of development and formation of relations be-
tween subjects that are actively involved in the dialogue. The teacher’s speech is
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the main means that allows him to introduce students to his ways of thinking” [7,
p. 625].

Scientists - specialists in psychology note that in order to achieve the goal of
full-fledged dialogical communication, specific skills are needed:

* quickly and competently navigate in the circumstances of communication;

* systematically think over your own speech, according to the tasks and condi-
tions, time and situation;

» correctly choose the essence of the act of communication;

» find appropriate resources to deliver the content;

* guarantee feedback.

T.L. Arakelova, S.N. Batrakova in their studies showed that all elements of
the act of dialogical communication, without exception, must be provided for and
observed. A significant feature of communication is the level at which there is
contact between participants [1; 2]. Along with this, it must be borne in mind
that each of the levels of communication achieves an effective result only when
communication barriers do not appear. However, in reality, it is very difficult to
exclude them.

Ethical and logical barriers to dialogic interaction, which must be taken into
account in pedagogical practice, are absolutely surmountable if the focus on
school dialogue is established as a system of teacher’s work, since the success of
training depends both on the correct formulation of its goals and content, and on
the method of achieving the goals.

Using dialogue as a way of teaching, the teacher outlines its topic, prepares a
dialogue, predicts the result, plans the development of a dialogue in which the par-
ticipants in the educational process interact. It goes without saying that schoolchil-
dren have a desire to realize their own communicative need during the lesson. This
can be done in a dialogue that directly depends on the communicative work of the
teacher. Only a teacher who perfectly understands the characteristic features of
school dialogue is able to create a dialogic environment in the classroom. Today,
in progressive science, a difference has been established between educational and
domestic dialogue, educational and artistic, educational and exclusively scientific.

The educational dialogue constantly takes place on the basis of the educational
speech situation, such a dialogue solves either one or the other educational tasks.
During the educational dialogue, there is a constant interchange of information
data, and interpersonal relationships are regulated. The basis of the educational
dialogue is always the subject of discussion, which can be considered from various
positional points of view [9].

Motivational scenarios of educational dialogue contain in their structure a mo-
ment, the essence of which is the aspiration of students to solve specific education-
al problems. This stage makes it possible for the teacher to build educational work
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in a dialogue with students in such a way that self-realization of each individual
takes place, there is a high probability of obtaining a positive result of the teaching.

It should be noted that the peculiarity of the educational dialogue is intercon-
nected with the distinctive features of the dialogue as a whole. However, if in
active colloquial speech the dialogue is a model of people’s communication, then
in addition to this, the educational dialogue is also a way of learning, including
dynamics and composition in its texture. In the structure of each dialogue, there
are necessarily verbal reactions of the partners of the dialogue to the content of
the dialogue, statements. The requirements and conditions of interaction between
partners also have an impact on the dialogue.

In educational practice, dialogue exists in two forms: student and teacher, stu-
dent-student. A prolonged dialogue between one student and the teacher in the
class is rare, for the reason that during the lesson there is little chance of exchang-
ing remarks with only one student. In the event that this happens, then it happens
anyway with a focus on all students in the class. Unlike everyday dialogue, in
which two people can take part, in the case of a school dialogue, the participants
are the teacher and all twenty or thirty students [7].

For this reason, the teacher is unable to rely on the fact that he will hear a
remark-reaction to his own statement at the same time absolutely from all thirty
people. The educational dialogue is a complex whole, a dialogic unity, the conti-
nuity of which is realized in the regular order and interdependence of all elements
of the lesson, starting with understanding the topic of dialogue recommended by
the teacher.

This comprehension also contains its own stages: explication (discovery) of
the limited and broad content of the topic, emphasizing the aspect of the discus-
sion of the topic, limiting the subject of consideration in the dialogue. The subject
of discussion in the dialogue is directly related to its composition, which depends
on the type and nature of the dialogue. In addition, the organization of educational
dialogue implies the setting and solution of specific goals and objectives. These
goals and objectives of the dialogue partners determine its specifics [8].

Speaking about the educational dialogue, it is necessary to take into account a
number of organizational factors:

* not a single remark of such a dialogue should be left unanswered;

* educational dialogue involves strict time limits;

* student’s inactivity is caused by the lack of his knowledge;

» the speech indicators of the educational dialogue are combined with the con-
dition of complete answers;

* learning dialogue requires advance preparation.

Dialogue, as a creative connection between people, cannot be imagined with-
out questions and difficulties. Unconditional unanimity between partners is un-
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acceptable and disastrous for dialogue. Dialogue is also not possible in the reali-
ties of complete dependence, and in a situation of complete independence of the
individual. The definition of “dialogue” in relation to learning is used in three
interpretations:

1. Any scientific position is perceived in the classroom as a dialogue of various
patterns, cultures, ways of perception. The analysis of scientific definitions in the
range of different logics guarantees the extension of the educational dialogue to
the endless difficulties of human existence, informs him of the resulting insuper-
ability, insufficiency and at the same time essence. Directly in this sense, and it is
necessary to talk about the dialogue of logicians.

2. In the process of educational dialogue, a special communication develops
among the participants, during which the teacher and students not only express
various aspects of ancient, medieval and modern thinking, but also and, above all,
find their own personal view of the universe.

3. Educational dialogue is adequate to progressive dialogic thinking only when
the conflict of cultural blocks is regularly combined with the internal dialogue
of the thinker. This microdialogue takes place in the form of a separate internal
speech, not identical to external speech [6].

In order for the educational task set by the teacher to be able to initiate a learn-
ing dialogue, it must be positioned as one’s own point of view, a deliberate per-
sonal position that explodes the student’s usual way of reasoning, stimulating the
children to be creative. In order to ensure mandatory understanding of the material
being explained, the teacher needs to reveal not only the meaning of the element
of the content of education, but also its significance in conjunction with other
constituents of social life.

Learning in this way is a type of communication, the teacher and the student
act as communicants of a dialogic relationship.

The teacher must always remember that any of his students has his own po-
sition in his relationship with the teacher. The professional goal of the teacher
is to help the child to see in a single problem that unique turn that confronts the
individual problems and reflections of the pupil [4]. The teacher should not create
obstacles in the course of redefining educational tasks, should not interfere with
the organization of new tasks by students in the lesson.

Due to its versatility, dialogue in teaching is not a plot, it is not part of a lec-
ture or a seminar. The dialogue that takes place during the entire allotted time
of the lesson is “out of plot” and is independent of the current situation, but it is
also prepared by it. It is impossible to perceive a reader-dialogist as some kind of
information structure that works for the student.

Such a teacher is characterized by thorough attention to the problems of the
student himself in the circumstances of the dialogized essence of education, in

50 || International Conference



FEABEFRIRARF: BRI R4

other words, when the teacher and students enter the sphere of the boundary tasks
of science, to the boundaries of the known. Equally with the student, the teacher is
concerned about the problem identified in the lesson. It is as relevant to him as it is
to a child. In this case, the teacher, like children, puts forward his own versions of
solving the problem, puts forward his own questions, forms his own images. For
students, dialogue is a feeling of equality and understanding with the interlocutor.
Such equality in dialogue is by no means equality in knowledge, but equal respon-
sibility for the formulation and result of one’s question [3].

Practice confirms that if the teacher has not found or lost mutual understanding
with the class team, then, as a result, there is a negative attitude towards the par-
ticipant-partner in the dialogue and an intense rejection of all information coming
from him. The presence of full contact between the teacher and the pupils has a
beneficial effect on the dialogue, contributes to the improvement of the speech,
as well as the intellectual capabilities of the students and their assimilation of the
principles of human communication.
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The COVID-19 pandemic has adjusted the educational process, and lessons
using remote technologies have become very popular. On the one hand, the use of
distance technologies is very convenient, since the student can, without leaving his
own home, in a familiar environment, without wasting time and money on travel
and living in another region, get acquainted not only with the language being stud-
ied, but also with the culture of the country.

On the other hand, lessons at home distract students from the subject being
studied: relatives, animals, the home atmosphere relaxes. In addition, being at the
computer monitor, students are more tired than in the classroom. Another draw-
back of the distance format is “the lack of direct communication between students
and the teacher: knowledge is transmitted mainly in written format or in the form
of video recording” [Vorobeva, p. 497] or video conference, which does not al-
ways direct control over the course of the lesson. All these aspects do not at all
contribute to the growth of students’ interest in classes and increase their motiva-
tion.

To form the motivation of students in the study of Russian as a foreign lan-
guage, the teacher needs to create conditions that activate cognitive activity that
satisfies the need for effective language acquisition.
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These conditions include:

1. “the use of interactive teaching methods,

2. the involvement of linguistic and cultural material;

3. the use of interdisciplinary connections,

4. the creation of a favorable atmosphere of communication,

5. learning by example” [Makeenkova T.V., Senchenkova E.V., p. 205].

Among the Russian-language electronic linguistic resources, we can distin-
guish:

1) reference resources that provide systematized information on the Russian
language (Dal’s Dictionary, Etymology and History of Russian Words, Dictionary
of Youth Slang, Russian Thesaurus);

2) information resources, in which information of a cognitive and develop-
mental orientation is thematically presented (Russian writing, Handwritten mon-
uments of Ancient Russia, the Common Slavic linguistic atlas, Analysis of sur-
names, the Art of metaphor [Kindrya, p.20];

3) educational resources that allow you to optimize the process of teaching the
Russian language, have a cognitive and developing orientation (Do you know the
word? Gramota.ru, World of the Russian word, Russian letter).

Of course, with the expansion of the possibilities of information technolo-
gies, the forms of conducting Russian as a foreign language classes should also
be improved. Today, there are many Internet resources (for example, interactive
worksheets, game tasks QUIZLET, FLIPPITY, etc., interactive tests, quizzes,
QUIZIZZ, KAHOOT surveys, interactive presentations, etc.), the use of which
also contributes to increasing interest in the subject being studied , and their active
cognitive activity, and increase the productivity of the lesson.

These Internet resources allow you to compile various exercises on a web
page: you can combine texts and audio texts, animations, videos, phonetic tasks,
grammar exercises. Students always learn new material with great interest and
remember what they have already learned, if the information is presented in the
format of an interactive presentation, which can include not only pictures, videos,
sounds, but also various interactive game tests and tasks that allow you to check
the degree of assimilation of the material.

In shaping the motivation of foreign students, the involvement of linguistic
and cultural material also helps. Students are happy to get acquainted with Russian
traditions and customs, features of life and culture. The principle of novelty plays
a special role in this, which teachers and methodologists of Russian as a foreign
language consider one of the main motivational factors. By studying the Russian
language, students learn the cultural values of Russia.

Linguistic and cultural information is woven into the plot of the lesson:
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- these can be small online lectures about culture, national cuisine, literature,
music, painting, cinema, traditions and history of celebrating the New Year,
Christmas, Maslenitsa, etc. in Russia;

- online quests and quizzes that allow you to add a competitive element to the
lesson; virtual tours that allow you to travel to different cities in real time and get
acquainted with cultural monuments (for example, after a text about Moscow or
St. Petersburg, students are happy to attend an online tour of these cities and can
see with their own eyes what read),

- broadcasting movies and cartoons reflecting Russian realities and allowing
you to hear the real speech of native speakers (in this case, not only self-motiva-
tion is formed if the film is interesting in itself (often having seen a fragment of the
film in the lesson, the guys want to watch it in its entirety after school hours), and
practical motivation, the formation of which is associated with the effect of pleas-
ure and satisfaction from the fact that students can understand sounding Russian
speech. This inspires confidence in their own abilities and helps to create a desire
to further learn the language.

- the study of Russian songs, which help not only to form auditory and pro-
nunciation skills, but also to get acquainted with vocabulary in context and repeat
grammatical constructions.

It is very important that teaching Russian as a foreign language at the univer-
sity should be based on the future specialty, familiarity with terminology, lexical
and grammatical structures will certainly help in mastering the future profession.

In addition, a favorable atmosphere in the classroom, positive emotions, which
help to remove the communication barrier, are very important for the formation
of motivation. To do this, for example, you need to keep chatting with students
active, praise them so that foreign students can feel confident and free.

Learning by example also contributes to the formation of motivation. The
teacher should be familiar with the topics that occupy his students, with those ar-
eas of interest that are important to foreign students. “In order to form a cognitive
need among students, the teacher needs to create language situations that are as
close to reality as possible. The audience should raise issues and topics that are
relevant to this student audience, while considering the age, religious, social affili-
ation of the trainees” [Makeenkova T.V., Senchenkova E.V., p. 207].

Undoubtedly, teaching Russian as a foreign language in a remote format in
different national audiences has its own characteristics associated with mental dif-
ferences and the specifics of the national educational space. So, for example, in a
Chinese audience, it should be considered that a teacher for Chinese students is
an undeniable authority, so it is quite difficult for students to encourage a discus-
sion with a teacher, but they are happy to complete grammar tasks in which it is
necessary to insert a missing element. Chinese students can memorize large texts,
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often without understanding the content, memorizing constructions rather than
constructing them. In addition, during distance learning in a Chinese audience,
one must remember that some Internet resources are blocked by censorship in
China, which limits the ability to use individual tasks.

The development of motivation in Russian as a foreign language classes de-
pends entirely on the teacher. Even though the current situation dictates its own
conditions for teaching Russian as a foreign language, distance learning can also
be exciting, productive, arousing interest among students, and, accordingly, a de-
sire to learn Russian. The main thing is that students should not have a sense of
routine.
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Abstract. The article analyses the current situation in China regarding the
training of Russian-speaking teachers. The features of the traditional approach
of organizing the educational process in the universities that train teachers of
the Russian language have been revealed. Innovative processes in this area are
characterized, manifesting themselves in the form of two trends - humanization
and humanitarianism.
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At present, the training of Russian language teachers is a major activity in
the Chinese tertiary education system. Currently, the training of teachers of the
Russian language is an important area of activity of the Higher Education system
of the PRC. Although the Russian language in China is not as in demand today as
English, however, against the backdrop of strengthening economic, political and
cultural ties with Russia, it is very important to prepare qualified professionals of
various specialties that are perfect in the Russian language. These tasks are espe-
cially relevant for the northern regions of China, as well as for large economic
and cultural centers, such as, for example, Shanghai. Such specialists can only
be trained by teachers who are not only proficient in Russian and understand its
regularity, but also have deep knowledge in the field of pedagogy, psychology and
methods of teaching Russian as a foreign language.
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In the meantime, the training of Russian language teachers in China is in seri-
ous trouble. These issues can be split into two groups - organizational and didactic.

Organizational challenges include, but are not limited to:

shortage of teachers who speak not only Russian, but the language of a particu-
lar profession; it concerns special terminology in the field of economics, political
science, medicine, technical specialties, etc. Such teachers would be able to train
highly qualified teaching staff who, in turn, could teach Russian in higher profes-
sional training establishments;

limited number of students interested in learning Russian. This is due to many
factors - from the complexity of the Russian language to the small number of
schools where Russian is taught;

lack of textbooks, educational materials and other literary materials for teach-
ers who meet modern needs;

narrow framework for practice [2];

absolutely predominant language training to the detriment of pedagogical, psy-
chological and methodological disciplines;

lack of teaching staff in pedagogical, psychological and methodological sub-
jects.

Amongst the didactic problems are:

the absence of a clear teaching model for the training of Russian-speaking
teachers;

the inability to develop conceptual arrangements based on the achievements of
modern theory and teaching methods, which could form the conceptual basis for
the training of Russian-speaking teachers;

guidance on traditional (to a certain extent out-of-date) didactic and methodi-
cal approaches to the organization of Russian language teaching, psychology and
pedagogical disciplines and methodical cycles;

the lack of development of the technological component of the pedagogical
disciplines that constitute the basis of the professional training of teachers of the
Russian language.

It should be noted that in pedagogical science and educational practice in Chi-
na, the identification and solution of didactic problems are much less focused on
organizational problems.

One of the main reasons for the discrepancy between the level of training of
teachers of the Russian language and the currently established economic, polit-
ical and socio-cultural conditions in China is the inconsistency of the didactic
approaches used in the educational process of universities with the global trends
in the development of pedagogical science and educational practice.

By the didactic approach we understand the system of conceptual ideas and
pedagogical principles that determine the logic of the teacher’s activity and the
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specificity of the pedagogical means used by him. With regard to the didactic
approach, it is not only about the principles and means of teaching, but also about
educational principles and means, since education has, in addition to the educa-
tional function itself, also an educational function.

Currently, the traditional approach of teaching Russian and other academic
disciplines prevails in Chinese universities, where Russian professors are trained.
The features of the traditional approach are as follows [1, pp. 49]:

Educational goals are based on the interests of the state or (much less frequent-
ly) society, and are aimed at forming a person with a certain set of qualities that
the state needs at this stage of historical development;

Within the content of education, knowledge, rather than the skills or values
assigned to students, is considered the main one, so the traditional approach is
always referred to as knowledge;

In the learning process, knowledge is structured in accordance with academic
disciplines, each of which corresponds to a given scientific discipline. Academic
disciplines are studied profoundly and fundamentally, but they are poorly connect-
ed, resulting in students not always forming a holistic picture of the world,

Interaction of the teacher and students is based on the unconditional authority
of the teacher and on the need to meet all his requirements;

Verbal teaching methods prevail - the source of knowledge for students is an
oral or written word. Illustrative and practical methods are of an ancillary nature
and are intended to explain the information conveyed by verbal methods;

Teaching methods are of a reproductive nature and involve the accurate repro-
duction of the information obtained from the teacher and other sources;

Students’ performance, responsibility and discipline are valued.

Language training plays a special role in the training of Russian language
teachers. Good knowledge of Russian is the main component of the professional
training of the teacher of this subject. The teaching of Russian as a foreign lan-
guage is also dominated by the traditional didactic approach, one of the varieties
of which is the grammatical and translated approach. Within the framework of
this approach, emphasis is placed on the study of grammar and memorization of
words, that is, traditional reproductive methods of teaching are used, requiring
students to memorize large amounts of information and its accurate reproduction.
At the same time, although the words that need to be memorized are divided into
thematic blocks, the application of vocabulary presupposes only its correct «em-
bedding» in certain grammatical constructions. The dialogues that make up the
students are abstract and very loosely related to situations of real communication;
the main thing in the dialogue is to apply a certain grammatical rule as precisely as
possible. Insufficient attention is also paid to correct pronunciation and listening.
Most of the exercises that students perform are written. The lead role in the learn-

58 || International Conference



FEABEFRIRARF: BRI R4

ing process belongs to the teacher. Students only passively perceive the content
broadcast by the teacher; they have very little opportunity to put the knowledge
gained into practice. As a result, students are not interested in learning Russian,
and the quality of training of specialists does not meet the requirements of society.

However, over the past two decades, Chinese pedagogical science has in-
creasingly discussed the need for new didactic approaches, That would increase
students’ interest in learning Russian language and at the same time would corre-
spond to the nature of the subject being studied, its specificity. Chinese scholars
[2; 4; 5] argue that in the process of learning a foreign language, including Rus-
sian, it is necessary to form and develop the skills of listening, speaking, reading,
writing and translation in Chinese students, not limited to the study of vocabulary
and grammar. Only in this case will students form an idea of language as a holistic
phenomenon, possessing its own laws of development and «embedded» in the
culture.

Innovative approaches to the training of Russian language teachers in Chi-
na are manifested in two trends - humanization and humanization. Humanization
means that in the educational process the emphasis shifts from the knowledge
component to the student’s personality. Therefore, the goal of education is self-re-
alization of the student, development of his abilities based on the consideration
of his needs and individual characteristics. The main mechanism of learning is
considered cognitive interest. Priority is given to active and interactive learning
methods, including those that reproduce in the process of learning a foreign lan-
guage real situations of interaction. The main focus of the learning process is not
the study of grammar and vocabulary, but the formation of language skills; gram-
matical rules and vocabulary are considered as the means to master these skills.
According to proponents of humanization, the relationship between students and
the teacher should be a partnership; the role of the teacher is a mentor, assistant,
consultant, tutor. Students’ qualities such as activity, independence, creativity,
ability to prove their point of view are valued. In the lessons of Russian as a for-
eign language this should be manifested, for example, in the ability to improvise
during dialogue, in the ability to spontaneously build monological statements on a
certain topic, use synonyms, choose the appropriate situation style of speech, etc.

Humanitarianism implies broad general education and cultural training of
students. Proponents of humanitarianism argue that the professional training of
teachers of the Russian language should be carried out in accordance with the
world of values, culture and human relations. As for the study of the Russian lan-
guage, this means that language, its patterns, features of communication in Rus-
sian in different situations, with representatives of different social groups, etc. it is
impossible to understand without knowledge and deep understanding of Russian
culture, History, mentality of representatives of Russian culture, values significant
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for Russian man. The basic term characterizing humanitarianism is not «knowl-
edge», but «understanding». Within the framework of this approach, value-based
dialogue, reflective methods are the methods of teaching. From a technological
point of view, humanizing the process of training teachers of the Russian language
is extremely difficult, and the development of a methodology for the humanization
of the educational process is one of the most serious and topical tasks not only for
Chinese, But also for Russian pedagogical science.

From our perspective, the most productive in today’s conditions is the situa-
tional approach, which creates conditions for both humanization and humaniza-
tion of the process of training teachers of the Russian language. The situational
approach involves the creation or introduction of an appropriate problem situa-
tion so that students feel emotionally and intellectually immersed in the situation.
Such a situation should cause emotional experiences of students, expand their
horizons, stimulate their thinking activity, promote a deep understanding of the
content of training, form and develop the ability to solve problems [3, p. 2]. In
such situations, students not only form, update and develop the skills of speaking,
listening, translation, but also occurs «immersion» in the culture of the country
studied language, create opportunities for understanding the language as a holistic
phenomenon. The situational approach will not only increase the level of interest
of students in the Russian language and its study process and thus stimulate their
activity in solving educational problems, but will also create conditions for the
formation of the necessary professional skills. The situational approach allows
students to work actively and productively in the classroom, making learning at-
tractive and increasing its effectiveness.
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Abstract. The architectonics of the cultural space of Yakutia is complexly
organized. This is caused not only by general global processes that deprive the
cultural sovereignty of local communities, but also by the keen desire of this
region to preserve the ethnic components that have developed historically and
exist to this day. The focus is on the masterpiece of intangible heritage - Olonkho,
which opened up new possibilities for its existence in the modern cultural space,
as an architectonic principle. Olonkho today is a new idea not only in the field of
cultural policy and the revitalization of the heritage of the republic, but also a new
economic turn within culture itself, an industry that makes it possible to discover
new resources for the self-development of modern society.

Keywords: architectonics of cultural space, Olonkho, cultural industries and
practices, forms of existence of tradition, heritage revitalization.
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Introduction

The spatial turn, which was first actualized in Western and then in domestic
science, is, according to D. Bachmann-Medic, the brainchild of postmodernity [1].
The main characteristics of the turn steel: space is a social construct in which not
a diachronic dimension operates, but a synchronous one, in addition, the message
of the predominance of the systemic over the historical has been formed, the evo-
lutionary understanding of development is receding into the background. In other
words, today space is the production of the social. “It seems that the categories of
simultaneity and parallelism have taken precedence over the categories of devel-
opment and progress” [1; p.340]. In this regard, it is interesting to see how this
spatial reality is realized in local communities.

Today, interest in space and its various forms reveals a variety of borders,
walls, fences, thresholds, marked territories, security systems and checkpoints,
virtual borders, specialized zones, protected areas and controlled areas [1; p.342].
However, we will be interested in other boundaries, more complex - cultural, men-
tal boundaries.

The purpose of the study is to analyze the architectonics of the cultural space
and to identify the position of Olonkho in the integral system of modern culture
of Yakutia.

Materials and research methods.

In this study, the architectonics of cultural space is used as the main concept,
since it simultaneously reconciles the positions of the temporal and spatial phe-
nomenon of the culture of modern Yakutia. There is a special metaphor in it, it
emphasizes the possibility of considering the “alignment” of special relations of
the whole and the detailed, the main and the secondary, the hierarchy of the ele-
ments of culture, building relationships between the center and the periphery of
the cultural space [2; 3]. Architectonicity, as one of the central qualities of culture,
allows you to perceive the object in its entirety, and its elements in subordination
to each other.

Olonkho, which occupies one of the central positions in the architectonics of
the cultural space of Yakutia, is a masterpiece of the oral and intangible cultur-
al heritage of mankind (2005). In the conditions of the modern economy, it has
revealed itself as a resource for the new development of the cultural space of the
region. Therefore, the main part of the policy of the Republic of Sakha (Yakutia) is
to solve the problems of heritage revitalization in practices and cultural industries
[5].

Defining the modern cultural space of Yakutia with the help of this metaphor,
the complex organization of the elements of this cultural space attracts attention.
In the center of it, the main tradition of the Yakut culture, Olonkho, shows its ar-
chitectonic qualities. Around the Olonkho, mechanisms were formed to translate
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the Olonkho into different areas of everyday practices, which resulted in the well-
formed socio-cultural institutions. Among them: the Olonkho research institute
and its activities not only in the form of scientific publications of monographs and
articles, but also international and Russian scientific and practical conferences;
the Institute of National Schools, which developed original educational programs
- learning through the texts and meanings of Olonkho; republican center of the
heroic epic Olonkho, organized by the Ministry of Culture and Spiritual Develop-
ment of the Republic of Sakha (Yakutia), the National Committee for UNESCO,
the House of Friendship of Peoples - RCC named after Kulakovsky, the theater
“Olonkho and the House “Archy”. In addition, Olonkho houses, public organi-
zations and foundations joined this movement aimed at spreading the Olonkho
culture. Olonkho is in the center of art exhibitions, images of Olonkho are used
in computer games, the first cartoons based on Olonkho plots appeared. All this
made the promotion of Olonkho quite successful in modern visual culture. Its
capabilities create the effect of added reality with the help of new technologies
and digitalization of texts in creative industries: audiovisual exhibition “Revived
Olonkho Legends” (3D Mapping) (2019); collaboration of creativity “Music +
Fine Arts + Olonkho” (2019, 2022); visualization of plot graphics; action; com-
puter game (2005) All these forms of Olonkho revitalization exist in the condi-
tions of visual culture.

So, briefly outlining the architectonics of the cultural space, let’s pay attention
to the most dynamic institutions, the ongoing revitalization processes of Olonkho.
Among such institutions is - the festival movement. It should immediately be
noted that it is the most mobile phenomenon of mass culture. It was the festi-
val movement that actualized some forms of heritage revitalization: festivals of
young, young and adult performers of the epic; competition “Battle in the style of
Olonkho” using modern forms of work with youth - stand-up, KVN, rap battle;
the festival has become a space for global epic artistic communication — an inter-
national dialogue of storytellers, a process of integrating epic artistic communica-
tion. In addition, the festival, which is very important in the context of our study,
is able to demonstrate the features of the regional artistic tradition of storytelling.
The festival can be considered as a model for the implementation of the art project
of storytelling in various regions of Yakutia. An analysis of the dynamics of the
development of the festival movement showed a high degree of involvement of
young people in the tradition, through modern forms of mediation. The activities
of folklore groups, the formation of an epic audience of Olonkho lovers, the pres-
ervation of institutions, the generation of a new youth subculture of Olonkho epic
performers - all this is coordinated by the technologies of socio-cultural media-
tion, collaboration, and revital design.

Theater “Olonkho” (2008), which, according to the organizer of the theater
A.S. Borisov, is an ambassador of the Yakut culture on the one hand, and an in-
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strument for the revival of the unique phenomenon of the Yakut people, is also
an institutional unit of the architectonics of the cultural space of Yakutia [6]. The
study of the theater and its activities M.M. Markova, is reduced to the idea of the
natural theatrical nature of Olonkho, the content of which is quite consistent with
the theatrical action [4, p.70]. The particular interest of this position translates into
a comparative analysis of the theatrical traditions of the west and east. Studying
the signs of theatricality, a number of very similar characteristics are revealed - the
game, the momentary, the presence of the viewer, the synthesis of different types
of art. But at the same time, there are other distinctive features where the Eastern
theatrical tradition does not coincide with the Western one. Precisely according to
the theatrical and ideological characteristics.

In addition, we believe that a kind of evolution of the Olonkho itself makes its
movement from an individual to a collective form of theatrical action more visual-
ly and textually noticeable. This tradition gives rise to the epic theater, to which
the Eastern theater gravitates, while the Western tradition is closer to the tradition
of dramatic theater. The epic nature of the theater, including the Olonkho theater,
does not immerse the viewer in the emotional, dramatic experiences of events on
the stage, but tends to orient the audience to think critically, express judgments,
and, in the end, act. He unfolds the fact from different points of view, non-linearly.
While the drama theater is aimed at emotional involvement and entertainment.

It seems important to us that the “Olonkho” theater is included in the process
of multiplication of tradition, as well as the festival movement. The theater is a
mechanism for the translation of very important cultural meanings of Olonkho
into the modern society of Yakutia.

Conclusions:

So, the complexly organized architectonics of the cultural space of Yakutia
is implemented in various forms and types of institutions. The study shows that
the core of the cultural space of Yakutia is Olonkho. This approach allows us
to see the phenomenon in its complexity and in the subordination of elements
to each other. The general idea of the activities of institutions is to use Olonkho
in everyday practices. All these processes show the possibility of translating the
text from the once sacred practices into everyday ones, which greatly expands the
possibilities of revitalizing the heritage in general and the Olonkho in particular.
In addition, these practices form the possibility of converting cultural heritage
into a new form for the region - creative industries. The process of multiplication
(reproduction) of Olonkho in various institutions and forms allows not only to
architectonically integrate the space of culture, but also to create the possibility
of its expansion. In addition to the central one, the study briefly presents two ele-
ments in the architectonics of the cultural space of Yakutia - the Olonkho festival
movement and the Olonkho theater.
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Abstract. The article examines the factors of the negative impact of advertising
on younger students. A model of the process of formation of resistance of younger
schoolchildren to the influence of television advertising is proposed, structurally
represented by the following components: purpose, principles of organization, a
set of necessary psychological conditions, the main directions of the process of
formation of resistance, a list of performance criteria, expected results.
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stability, a model for the formation of psychological resistance to the influence of
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Advertising, as a powerful means of influencing the mass consciousness, in
modern socio-cultural conditions, performs the function of one of the sources of
information about the goods and services provided. By imposing worldview ideas
and invading the sphere of life values, it contributes to the formation of a sus-
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tainable personal quality - consumerism. Primary schoolchildren are exposed to
a particularly noticeable advertising impact, whose vital space flows not only in
the field of educational activity, but also outside it and falls under the influence
of many social factors, in particular advertising [2, 3, 5, 6]. Acting through the
psychological mechanisms of imitation, suggestion and identification, advertising
acts as a mesofactor in the socialization of younger students.

Theoretical analysis of the problem under study allows us to state that there is
a fairly wide range of interdisciplinary studies of the phenomenon of advertising
and its impact on a person. In the psychology of advertising, the problem of the
influence of an advertising message on the human psyche is actively studied (N.N.
Avdeyeva, L.P. Kazakova, F. Kotler, D.A. Leontiev, R.I. Mokshantsev, E.E.
Pronina, N.A. Fominykh and others). The problem of the influence of advertising
on the motivational sphere of the psyche of a younger student is presented in the
works of N.N. Avdeyeva, L.I. Bozhovich, A.I. Dontsova, V.S. Mukhina, E.E.
Sapogova, N.A. Fominykh, D.B. Elkonina and others. The content of the process
of formation of the psychological stability of younger schoolchildren to the influ-
ence of television advertising is the subject of Kh.M. Alieva, A.I. Dontsova, M.I.
Dyachenko, B.A. Sosnovsky, V.D. Shadrikov.

The works of these authors formed the theoretical basis of our study, the main
purpose of which is to develop and test a model of the process of formation of
resistance to the influence of television advertising on the motivational sphere of
a younger student.

The object of the study was the emotional and motivational spheres of children
of primary school age, and the subject of the study was the process of formation of
the stability of the motivational and emotional spheres of younger schoolchildren
to the effects of advertising.

The study tested the validity of the hypothesis:

1) television advertising arouses interest among younger students and deter-
mines changes in their motivational sphere due to its attractiveness;

2) an experimental model of the process of formation of the psychological
resistance of younger schoolchildren to the influence of television advertising can
neutralize its negative impact on the child.

The theoretical analysis of the research problem allowed us to identify four
types of advertising effects on the human psyche:

-cognitive. The mechanism of influence is such mental processes as sensation,
perception, attention, associative thinking, memory. The result is the receipt of
new information;

-affective. Causes an emotional attitude that encourages desires, experiences;

- regulatory. Stimulates for specific behavioral actions aimed at meeting
needs as a result of active interaction with advertising;
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- communicative. Encourages language resources used in advertising to in-
teract with all previous human experience in order to provide a communicative
impact on him [4].

The process of psychological impact of advertising on the human psyche is in-
evitably represented by the following components: informing (reporting beneficial
facts); persuasion (impact by purposeful argumentation); motivation (application
of slogans, mottos, appeals acting on the psyche); suggestion (targeted emphasis
on feelings and emotions); neurolinguistics programming (creating a situation of
conjecture, subconscious striving for semantic constructions according to expec-
tations). The combination of these components ensures the influence of advertis-
ing on the human psyche at the conscious and unconscious levels [4]. A person
who has the ability to maintain the optimal functioning of the psyche, that is, a
psychologically stable person, is capable of resisting the negative influence of
advertising.

In domestic psychology, an integral description of the psychological stabil-
ity of a person is offered in three aspects: 1) resistance. It is considered as the
ability of a person to believe in his/her resources in situations of frustration and
to resist difficulties; 2) balance. It is understood as a harmonious balance be-
tween emotions, thoughts and actions of a person, as the ability to rationally accept
everything that happens; 3) resistance. It is interpreted as an activated mechanism
of opposition of the personality to the negative influences of the environment [2].

The psyche of a child of primary school age is characterized by a low level of
development of stamina, balance, and resistance due to its dynamism, increased
emotionality and suggestibility. Therefore, it can be stated that psychological
resistance to the negative influence of the environment in primary school age is
in its infancy.

In our study, under the negative influence of the environment, we consider
advertising. This influence is determined by the age characteristics of younger
schoolchildren. Among them, the most significant are: weak development of crit-
ical thinking, high dynamism and stereotyping of behavior, increased emotional
sensitivity and suggestibility of the motivational sphere. These age-related fea-
tures are intensified under the influence of the child’s pronounced need for re-
search activity. The younger schoolchild seeks to actively master the “forbidden”
space, the knowledge of the world of adults. This is his/her openness to various
social phenomena, including advertising [1, 3, 5, 6].

The study of the theoretical foundations of the research problem made it possi-
ble to develop a model for the formation of the psychological resistance of young-
er students to the influence of television advertising (Figure 1).
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Purpose: creation of psychological conditions for the formation of psychological
stability of younger students to the influence of advertising

Principles: consistency of corrective, preventive and developmental tasks; unity of
correction and diagnostics; activity principle of correction; the principle of normativity;
the principle of actively involving the closest social environment to participate in the

program.

Psychological conditions: increasing the psychological stability of the emotional sphere of
younger students; decrease in the level of suggestibility; increasing the level of critical
attitude to television advertising
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Complex psychological diagnostics of Program for the formation of

suggestibility, emotional reactions of
younger schoolchildren when watching

commercials  according  to  the
following  methods:  questionnaire
"Attitude  to  advertising”  (M.A.

Semenova), "Scale of suggestibility”
(A.L Zakharov); "Emotional
pictogram" (E.I. Izotova, modification

psychological stability
Program blocks:

1) correction of emotional stability; 2)
development of the ability to identify
manipulations in television advertising; 3)
correction of suggestibility; 3) work with
parents to prevent consumerism among

by A.R. Luria).
Y uria) younger students

|

Efficiency criteria: reduced suggestibility of younger students;

Expected result: formed psychological resistance of younger students to the
— influence of advertising

Figure 1. Model of the process of formation of resistance of younger
schoolchildren to the influence of advertising

The process of forming the psychological resistance of younger schoolchildren
to the influence of advertising is structurally represented by two directions. The
first direction is diagnostic. Research work in the context of this area was carried
out using the following methods:
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1) the questionnaire “Attitude towards advertising” (M.A. Semenova) is aimed
at identifying children’s ideas about the purpose of advertising; the degree of their
confidence in advertising; study of the preferred attitude of children to a particular
commercial, the impact of advertising on consumer preferences of children, chil-
dren’s reactions to parents’ refusal to purchase goods;

2) the “Suggestibility Scale” method (A.l. Zakharov) allows diagnosing the
emotional involvement of younger students when watching television advertising;
imitation by younger students of external actions that are shown in television com-
mercials; visual impact of the roller; influence of the text of television advertising;
the impact of the plot and content of television advertising;

3) the “Emotional pictogram” method (E.I. Izotova, modified by A.R. Luria) is
informative for studying the emotional state of younger students before watching
television commercials and after it.

The second direction is represented by the program of formation of psycho-
logical resistance of younger schoolchildren to the negative impact of advertising.
The program is designed for 12 lessons. The frequency of classes is 2 times a
week. The duration of the classes at the initial stage was 25-35 minutes, and at the
final stage - 40 minutes.

Structurally, the program is represented by four blocks.

The first block of the program contains classes, the main purpose of which is
the development of emotional discharge skills, increasing the stability of emo-
tional processes. At this stage, psycho-gymnastic exercises are used, which are
aimed at developing the skills to overcome emotional arousal, establish contact,
relieve tension, etc.

The second block is aimed at developing skills to identify manipulations in
advertising. Its purpose is the formation of arbitrary behavior and a selective atti-
tude towards the advertised goods. Classes are held mainly in the form of a game.

The third block involves a cycle of classes to update cognitive motives, re-
duce the importance of negative motives (hedonistic, playful, prestige motive),
and form the stability of the hierarchy of motives. The purpose of this block is to
form the interests and desires of a younger student.

The fourth block involves working with parents. Its goal is to prevent con-
sumerism among younger students.

The results of the model implementation showed the following. At the stage
of the control experiment, the attitude of younger schoolchildren to advertising
became more conscious and critical: 8% of children trust advertising, and 59%
expressed distrust. Most of the children showed independence from advertising.
Only 13% of children “swayed” by advertising. It is noteworthy that the answers
of almost all parents coincide with the answers of children. The average suggest-
ibility score (Mx” = “(3.x)/n) obtained by us at the stage of the ascertaining experi-
ment was 0.9 points, at the control stage -0.4 points. A comparison of these values
indicates a decrease in the suggestibility of younger students.
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As a result of the assessment by younger students of their emotional state after
watching television commercials, the following data were obtained: 27% of chil-
dren experience joy, interest - 21%, surprise - 13.6%, shame - 6.8%, fear - 3.4%,
anger - 1.7% of children.

Spearman’s rank correlation was calculated to determine the connection be-
tween the signs of an emotional attitude to advertising among younger schoolchil-
dren at the ascertaining and control stages of the experiment. The obtained coef-
ficient (0.4 < 0.6 > 0.7) indicates the presence of a moderate relationship between
the signs of an emotional attitude towards advertising of younger students at the
ascertaining and control stages of the experiment.

Conclusions from the results of the study

The experimental model contributed to the formation of the psychological re-
sistance of younger students to the influence of advertising, which manifests itself:

- in preventing deformation of the motivational sphere through awareness of
one’s vital and spiritual needs and motives;

- in the development of skills to regulate their emotional sphere;

- in the development of the ability to identify a variety of manipulation tech-
niques in commercials;

- in the formation of a critical attitude to advertising.
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Abstract. PRC is a significant non-regional player in Central Asia. Recently, its
influence on the countries of the region is very significant. Along with the economy,
the Chinese factor is also increasing in the field of security. The coming to power
of the Taliban in Afghanistan (“Taliban” - a movement banned in Russia) created
a new situation that negatively affected security in the region. The activities of the
PRC within the framework of the SCO, and especially the creation of the 5+China
interaction format for the countries of the region to promote the One Belt, One
Road project, have made China an important security factor in the region.

Keywords: Security, Central Asian countries, SCO, CSTO, Afghanistan,
Russia, security factor.

Central Asia is a rapidly developing and resource-rich sub-region of Asia. But
despite the favorable geopolitical position between Europe and the new industrial
countries of Asia, China and India, in a political and social sense, they cannot
be called stable. Drug trafficking, radical Islamism, border disputes, social prob-
lems and occasional political crises continue to be significant security challenges.
Neighborhood with Afghanistan and China’s Xinjiang Uighur region add to this
list the constant threat of the most diverse manifestations of terrorism.
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Since the beginning of the 90s of the last century, the name Central Asia and
Kazakhstan have been replaced by a definition that includes all the new inde-
pendent states formed after the collapse of the USSR. Sometimes this included
Afghanistan and Mongolia. Despite the fact that the existence of such a region
was not questioned, the UN even tried to establish a UN Economic Commission
for this region (UN Special Program for the Economies of Central Asia (SPECA)),
its own regional development concept, the countries have just begun to develop.
Therefore, historically, Russia has played the largest role in ensuring the security
of the region. In the field of security, the activities of international organizations
such as the CIS and CSTO are largely what Russia proposes or agrees with.

The most important non-regional players are the USA, China, Turkey, and
the EU. Of the multilateral structures in which non-regional states participate, the
most significant is the Shanghai Shanghai Cooperation Organization. The transfer
(2004) of the Regional Antiterrorist Center from Bishkek to Tashkent strength-
ened the participation of Uzbekistan in it and contributed to the closure of an
important direction of the terrorist threat from Afghanistan. Finally, the concept
of “three evils” and countering terrorism, separatism and religious extremism is
supported by all member countries. On the other hand, the composition of the SCO
member states is not conducive to addressing the issue of security; the views on
it are different among the countries that are members of the Organization. Not to
mention serious conflict situations among members.

The US was in Afghanistan from 2011 to 2021. The departure of the US troops,
although quite predictable, turned out to be decisive for changing the political
structure of the state. Power, the second time passed to the Taliban; to the Taliban,
banned in Russia. The Taliban is recognized as terrorist in many countries of the
world, which was supported by the UN. The emergence of a terrorist government
has certainly created a new situation in Central Asia, reducing the security of the
region.

Multilateral negotiations became a formal response to the new situation. In
Dushanbe, the capital of Tajikistan, consecutive meetings of the SCO, CSTO and
a joint meeting of the heads of member states of both organizations were held.
Afghanistan was not represented at the SCO summit. The leaders of the countries
agreed that the organizations are faced with the urgent task of developing and
implementing an agreed line, taking into account the situation that has arisen in the
region caused by the US withdrawal from Afghanistan. Relevant documents were
adopted, in particular, they discussed issues of cooperation between the two or-
ganizations to build coordination of actions, taking into account the specifics and
powers of SCO and CSTO. But in general, the meetings were devoted to current
issues. They passed in the usual business environment. Hopes were expressed that
the new Afghan authorities were fulfilling their own promises of peace, normal-
ization of public life and security for all'.

! Electronic resource: Kremlin.ru/events/presidend/news/66706
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We can say that in fact this is one of the first cases when SCO was really
considered as an essential element of security. Until that time, SCO was in the
shadow of CSTO and it is quite clear that in this case, when talking about SCO,
PRC is meant.

Always, to a greater extent, attention was paid to SCO, if not to an economic
structure, then they emphasized its capabilities as an important negotiating plat-
form for Asian countries.

At the same time, SCO is one of the few security-related entities that does not
include the US, and has facilitated China’s military presence in the region; SCO
was a tool that allowed China to settle its territorial issues with Russia and the
countries of the region; it provided a good basis for enhancing interoperability and
coordination with the Russian military.

Many, especially Western experts, believe that SCO was the first and main
multilateral structure used by the People’s Liberation Army of China (PLA) for
external military training [4]. Indeed, in the period from 2002 to 2016, there were
almost 40 joint exercises in the region [4]. China’s first exercises with Russian
counterparts were held back in 2005. These were the first exercises of the Peace-
keeping Mission. There are also exercises “Peace Mission SCO”; “which SCO
conducts on a semi-regular basis” [4].

A major exercise was held with Tajikistan in 2016 involving ten thousand
troops near the border with Afghanistan [4]. From a security point of view, this
obviously benefits both all the Central Asian countries and the PRC. It helps Chi-
na solve its own security problems; the area is located near the troubled Xinjiang
Uygur Autonomous Region.

The opinion that the SCO was just the structure that gave the PLA invaluable
experience in obtaining advanced combat operations, testing military equipment
and actually operating outside the national territory is very popular in the West [4].

In Central Asia, there is a proverb - “only the one who, at least slowly, but goes
on, will overcome the road”. Unfortunately, this did not happen in Afghanistan.
This is if we talk about the process of modernization of states. The countries of
Central Asia have become sovereign modern states since the nineties of the last
century. But they retained their traditional desire for peace and good-neighborly
relations. All the years, from the end of the 1990s to the beginning of the 2000s,
the leaders of Central Asia tried to establish pragmatic relations with the Taliban.
But at the same time, they did not forget another folk wisdom - about a high and
strong fence.

Experts say that one hundred and fifty kilometers of the Uzbek-Afghan border
- two rows of live barbed wire, a mine and a road under surveillance. The transi-
tion between the countries is the Termez-Hairaton bridge. With Turkmenistan, the
border is 800 kilometers across the desert. The border is complex, but covered by
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heavy military equipment. The Tajik-Afghan border is the longest, about 1400 km
and the most difficult, river and mountains. But the forces of the Russian Federa-
tion are involved in its protection [2].

Obviously, the main difficulty is that there are a lot of Tajiks in Afghanistan
(according to E. Rahmon, 46% of the population; researchers say about 20%?).
Yes, and not in quantity, the difficulty is, there are also a lot of Uzbeks, but the
government of Uzbekistan considers them as citizens of Afghanistan, does not
consider them representatives of the Uzbek diaspora. The position of the head of
Tajikistan is different - he is “the guardian and patron of all Tajiks of the world”
[3]. This position was formed during the civil war. Then she bore fruit. Now it is
not very clear whether it will bring benefits. This very difficult question has no
obvious answer. And countries act differently. For example, in Kazakhstan there
is no concept of “national minority”; “Russian diaspora” - contrary to the true state
of affairs, Russians are part of our people, says President Tokayev>.

All Central Asian countries are trying, as before, to establish pragmatic rela-
tions with Afghanistan. Here and the development of trade, and most importantly,
rail transport. But over the past year, life has not become easier for the population
of the country. There are practically no jobs. And this is against the background
of limiting the share of working women introduced by the Taliban from 22% to
15%?*. Many families have lost any income at all. But the main thing is that people
still continue to die. From August to the end of June 2022, more than 700 people
died in Afghanistan and more than 1400 were injured, according to the UN?®,

The Afghan authorities are hoping for China, which intends to invest heavily,
primarily in mining, believing that participation in the “Belt and Road” (BaR)
project is a pass to world markets. But it is not yet clear how such a mechanism
will operate, if at all.

There is such a mechanism for interaction with the countries of Central Asia.

In May 2021, a meeting of the foreign ministers of the Central Asian coun-
tries and the PRC was held in Xi’an (China). The result of the meeting was the
establishment of the format - “5 + 17, the countries of Central Asia - China. This
was the result of interaction between the heads of the Foreign Ministries of the six
countries. The meetings of the heads of foreign affairs agencies made it possible
to agree on a common goal - to promote mutually beneficial cooperation in mod-
ern conditions. The agreed format made it possible to proceed to the formation of
mechanisms, which were:

2 Electronic resource: “We all go into darkness”: how is Afghanistan doing a year after the arrival
of the Taliban? https://www.bbc.com/russian/features-62550947

*  Electronic resource: https://informburo.kz/novosti/tokaev-vyrazhenie-russkaya-diaspora-
protivorechit-istinnomu-polozheniyu-veshchey-russkie-chast-

4 Electronic resource: “We all go into darkness”: how is Afghanistan doing a year after the arrival
of the Taliban? https://www.bbc.com/russian/features-62550947
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- at the level of deputy ministers of foreign affairs, a body has been created
to coordinate work on preparing meetings and monitoring the implementation of
their results;

- each foreign ministry will have a contact mechanism, a kind of headquarters.

- creation of a mechanism that will contribute to maintaining a regular dialogue
at the academic and expert levels;

- great attention will be paid to strengthening cooperation in the media;

- priority areas of cooperation have been identified. At this stage, there are 12,
but their number may be updated as the situation develops.

- on the development and adoption of a comprehensive Joint Action Plan fo-
cused on achieving practical results®.

The format, through its mechanisms, is designed to increase the return on the
participation of countries in promoting the BaR initiative in increasing transport
potential and developing trade, solving social problems, etc.

Such formats and mechanisms are known. These are the “17+1” format, coun-
tries of Central and Eastern Europe and “5+1” countries of Northern Europe and
China.

This can be assessed in different ways, but this is the institutionalization of
interaction with BaR.

There are different views regarding the military vector of BaR. Apparently,
those who spoke about its presence correctly assess the situation.

In other words, we can expect an increase in the presence of both the armed
forces (there are armed people’s police forces PRC in the territories of the Central
Asian countries) and the unarmed forces - the personnel of private military cam-
paigns / enterprises (PMCs). Already in 2013, 4000 of them were registered from
4.3 million employees. And their number is growing exponentially.

So, the Chinese Academy of Social Sciences in 2020 noted that 84% of PRC
investments in BaR are in countries with medium and high risk. To this should be
added the rather frequent abductions of Chinese workers and employees for vari-
ous purposes.

But most importantly, this is a new course of the Chinese leadership in under-
standing the activities of the modern armed forces of the state.

The watershed here was the counter-terrorism PRC Act of 2015, art. 71 of
which speaks of the possibility of using the army and armed police outside the
country.

So far, three options / implementation of such activities are known:

- naval base in Djibouti;

- multilateral force model “Mekong model”;

- humanitarian evacuation model.

¢ Electronic resource: https://turkmenportal.com/blog/38734/sovmestnoe-zayavlenie-po-itogam-
konsultativnoi-vstrechi-glav-gosudarstv-centralnoi-azii
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New in this series is the Code of Regulations on Non-Military Actions of the
People’s Liberation Army of China (PLAC) June 20227. Rescue operations, hu-
manitarian aid, peacekeeping operations, etc.

The People’s Republic of China behaves very prudently, not interfering in
conflicts in the Central Asian region (including in Kazakhstan in 2022). But, for
example, in Kyrgyzstan, there are already Chinese security companies (in China
there are no PMCs in the legislation)?.

In other words, China has every opportunity to play a more significant role in
ensuring security in Central Asia. And this is a very positive thing.

Secretary of the Russian Security Council N. Patrushev, opening the annual
meeting of the secretaries of the Security Councils of the CIS countries (No-
vember 2021), said that an unprecedentedly difficult situation is developing in
Afghanistan - both in military-political and socio-economic terms’.

Since then, the situation has only worsened. Experts directly say that the coun-
try is on the rocks of civil war [1]. And this should be taken seriously.

While the Taliban held back the production of maca, today it appears to be
virtually the country’s only resource amid US reluctance to unblock Afghan bank
accounts. The beginning of a civil war and the involvement of neighboring states
into it seem quite real.

Thus, the influence of the Chinese factor on the security of the Central Asian
countries will increase, while Russia, for an objective reason at the current stage,
will decrease.
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Abstract. The most pronounced instability of stroke volume was observed on
the first day in children of group 3 with an amplitude of daily fluctuations in SV
of 22 ml, in groups 1 and 2 - 15 ml. A hyperkinetic type of hemodynamic stress
reaction was revealed on day I of SCTBI. The most pronounced increase in the
mesor of the circadian rhythm of the stroke volume in patients of group 2 is due
to the predominance of the severity of extracranial injury. A positive correlation
between SV and body temperature indicated the leading influence of the systemic
inflammatory response in increasing cardiac output in children of the 2nd group.
The longest and most pronounced inversion of the SV circadian rhythm was found
in group 3.

Keywords: circadian rhythm, stroke volume, severe concomitant traumatic
brain injury, children.
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Relevance. The occurrence of syndromes of mutual burdening, severe patho-
logical reactions in response to concomitant trauma have their own specifics, often
manifest atypically, are difficult to correct and act as factors of secondary brain
injury. Almost simultaneously, compensatory mechanisms are activated, which
for some time can support the vital activity of organs and systems. Centraliza-
tion of blood circulation by increasing the tone of peripheral vessels and internal
redistribution of limited VBC in the interests of organs experiencing the greatest
functional load in an extreme situation; an increase in the depth and frequency of
external respiration as a mechanism for compensating for developing hypoxia; an
increase in cardiac output, intensification of tissue metabolism in order to mobilize
additional energy resources can lead to secondary damage to the injured brain, the
development of multiple organ failure syndrome [1-5]. Due to the lack of infor-
mation on hemodynamics, data on the reasons for the insufficient effectiveness
of correction of cerebral circulation, we made an attempt to study the features of
changes in cardiac output in the acute period of SCTBI in children aged 7.1-18
years.

Purpose of the work. To study the circadian rhythm of stroke volume in se-
vere concomitant traumatic brain injury in children older than seven years.

Material and research methods. The indicators of a comprehensive exami-
nation of 36 patients of school age (7-18 years old) with severe concomitant trau-
matic brain injuries (SCTBI), admitted to the intensive care unit (ICU) of the neu-
rosurgical department of the Republican Scientific Center for Emergency Medical
Aid (RSCEMA) in the first hours after a traffic accident (RTA) - 33, catatrauma - 3
patients. Continuous hourly monitoring of hemodynamic parameters, including
SBP, was performed for 30 days after CSTBI. According to indications, patients
were started on invasive mechanical respiratory support (MRS) at admission. Me-
chanical respiratory support was started on artificial lung ventilation in (CMV)
mode for a long time, with subsequent transfer to SIMV. Restoration of adequate
spontaneous breathing and reflexes was an indication for extubation. The severity
of the condition was assessed using the methods of scoring according to the scales
for assessing the severity of concomitant injuries - the PTS scale (pediatric injury
scale - Pediatric Trauma Score (PTS) (Tepas J. J. et al. 1985), assessment of the
severity of injuries according to the ISS scale, the severity of acute cerebral insuf-
ficiency according to the Glasgow coma scale. Patients were considered in three
groups according to the duration of intensive care in the ICU. Group 1 with the
duration of intensive therapy (7.1£1.8 days) included 11 children aged 11.5+2.4
years, 2 - duration of stay in the ICU 13.9 + 1.9 days consisted of 9 patients, mean
age 12.5 £2.5 years, 3 - 16 patients 11.2 = 2.3 years, duration of treatment in the
ICU from 21 to 30 days. Comprehensive intensive therapy included the identifi-
cation and timely correction of deviations: mechanical respiratory support (MRS),
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analgesic, anti-inflammatory, hemostatic, antibacterial, stress-limiting, cytopro-
tective, infusion therapy, compensation for VBC deficiency, correction of protein,
water and electrolyte balance disorders, after removal from shock, surgical to the

extent of acceptable possibilities for early correction of identified disorders.

Table 1.
Characteristics of patients older than 7.1 years with SCTBI
Group 1 Group 2 Group 3
Number of children 11 9 16
Boys/Girls 7/4. 4/5. 9/7,
RTA 7 8 15
Catatrauma 3 1 1
Bullet wound 1 0 0
Age, years 11,5+2.4 12,542,5 11,2423
Days in hospital 15,4+5,8 27,1477 41+£13,2
Days in ICU 7,1+1,8 13,9+1,9 31,4+7,7
ALV CMYV, days 3,3+1,1 11,6+2,8 12,6+8,4
IPPV+CMYV, days 0 5,3+0,9 2143
SIMYV, days 0 6,7+4,6 12,745,8
Spontaneous breathing, days 6,4+1,7 5,442.3 10,7+4,9

There were no significant age-related features in the severity of SCTBI in
groups (tab. 1). In all groups, the number of RTAs prevailed. There was a signifi-
cantly significant increase in the duration of intensive care in the ICU in injured
children of group 3 by 24 days more than in group 1 and by 14 days longer than
in group 2. For injured children of the 1st group, ALV in the CMV mode proved
to be quite effective for 3.3£1.1 days, in the 2nd group - 11.6+2.8 days, in the
3rd - 12.6+8.4 days. Attention was drawn to an attempt to obtain better results by
conducting ALV in the IPPV mode, however, there was a need to transfer to CMV
in group 2 with a duration of 5.3 £0.9, in group 3 - 21 £ 3 days. SIMV mode was
limited in group 2 in 1 patient for 13 days and in group 3 in 2 patients for 18 and 12
days, followed by the restoration of spontaneous breathing. On average, the dura-
tion of MRS in SIMV mode in group 2 was about 50% of the duration of intensive
care in the ICU. It should be noted that the severity of extracranial injuries pre-
vailed on the state of these children, which made it possible to limit ourselves to
the intermittent forced-auxiliary method of mechanical respiratory support SIMV.
In almost all patients, AALV by CPAP was performed before the complete cessa-
tion of respiratory support for 2-5 hours.
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*-the change is significant relative to the indicator on the first day

Table 2.

Dynamics of the mesor of the circadian rhythm SV (ml)

Days Group 1 Group 2 Group 3

1 56,3£5,4 64,0+6,1 53,045,1
2 50,242,3 72,3£3,7" 50,1£1,9 o
3 48,8422 68,0+3,6" 55,6+2,9 &
4 48,6+2,0 64,9+3,5" 51,942,510
5 49,942.5 63,4+3.9" 50,4+1,4 &
6 49,242 .4 60,1+3,1" 51,241,910
7 46,5+2,6* 60,9+3,1" 51,242,813
8 50,0+4,0 63,2+3,2" 50,4+2,4 o
9 53,5+3,8 62,9+2.9" 49,2426 0
10 59,842,8 51,3£2,71
11 62,5+4,9 50,9+2,7a
12 60,7+2,4 49,0+2,0 &
13 59,4443 51,3+3,0
14 60,6+4,0 46,8+1,7
15 54,2+6,3 47,9+2,6
16 47,7+1,3
17 48,8+1,4
18 45,5+1,9*
19 47,1+1,9
20 46,0+2,2
21 51,7+1,6
22 46,7+1,6
23 48,1+1,7
24 48,4425
25 46,4+2,0
26 46,4+2,1
27 442429
28 44,4426
29 46,4+3,8
30 49,5+3,1

"-significant relative to group 1
o-significant relative to group 2.

Table 3.
Average hourly SV (ml)
Hours Group 1 Group 2 Group 3
8 50,2+2,2 63,0+£5,2 « 47,4426 "
9 47,6+3,7 63,943,9 48,042.7°
10 48,9+1,9 62,6+3,8 49,4428
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11 49,8425 62,446,1% 48,4+3,0 "
12 49,8429 61,5+5,5% 48,6+3,5 "
13 48,5+2,0 63,0+5,0% 492+4.1"
14 50,6=6,1 60,3+5,7 48,6+3,8 "
15 52,1+5,4 60,245,6 48,6+3,5 "
16 52,0445 61,3%5,5 492427 "
17 52,652 60,9+4,6 48,6+3,5 "
18 48,6428 64,0+4,0% 48,6+3,5 "
19 50,3+2,7 64,8442 48,4429 "
20 49,0+1,9 64,1£6,1 50,042,8 "
21 47,7424 61,7+5,0% 493+3.1 "
22 49,9420 61,8+4,8“ 50,342,9 7
23 51,2+5,1 62,1441 49,9426 "
24 48,7+4,1 62,6+4,6“ 49,9+3.1 "
1 492430 63,7+4,0% 492432 "
2 50,7+3,8 62,5452 49,4432 "
3 51,8+3,7 62,2453 482+3.6 "
4 51,652 61,7+3,9% 48,6432 "
5 52,1433 63,6+4,5 487432 "
6 51,0+1,7 62,3446 49,0+3,1 "
7 53,2439 62,7+4,1% 47,9435 "

“-significant relative to group 1
"- significant relative to group 2
“- significant relative to group 1

On day 1, all the injured showed a tendency to increase the circadian rhythm
mesor SV. In the dynamics of the acute period of traumatic disease in group 1,
only on day 7, a decrease in SV by 17% (p<0.05) was revealed, in group 3 by 15%
on day 18 (p<0.05). The revealed indicators testified to the hyperkinetic type of
hemodynamic stress reaction on the 1st day of SCTBI.

While in group 2 on days 2-9, cardiac output was greater than in group 1 by
44%, 42%, 33%, 27%, 22%, 30%, 26%, 18% (p<0, 05, respectively). Apparently,
the hyperdynamic type of hemodynamics is due to more sparing stress-protective
drug protection due to the fact that patients of group 2 differed somewhat in the
predominant severity of extracranial injury, which made it possible, in conditions
of a less pronounced clinical picture of acute cerebral insufficiency in mechanical
respiratory support, to give preference to the SIMV mode (tab. 2). A significant
decrease in the mesor of the circadian rhythm SV to physiological parameters in
group 3 (Fig. 1) on days 2-14 by 30%, 20%, 18%, 20%, 15%, 15%, 20%, 20%,
13%, 19%, 17%, 13%, 22% (p<0.05, respectively) can be explained by a more
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extensive drug stress-protective correction (anticonvulsants, hypnotics, sedatives,
relaxants) aimed at preventing and correcting secondary mechanisms of brain
damage associated with both the severity of TBI and extracranial damage to other
organs and systems.
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Figure 1. Dynamics of the SV circadian rhythm mesor older than
7 years in SCTBI

As shown in Table 3, the average level of hourly monitoring of impact ejection
in group 2 turned out to be significantly higher than in group 1 in the daytime (8-13
hours) and (18-7 hours), and more than in group 3 as in the daytime, and at night,
on average, by 10-15 ml (fig. 2).

70,0
65,0 -
oy o~
T T~ ..// \\ ] \--..,/A\""
Lo
60,0
55,0
4
//-—-"\ R ]
500 N \. 7
P - N
45,0
40,0
8 9101112131415161718192021222324 1 2 3 4 5 6 7
=1 group 2 group 3 group

Figure 2. Influence of injury severity on mean hourly circadian
rate SV over 7 years
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The most pronounced instability of stroke volume was observed on the first
day in children of group 3 with an amplitude of daily fluctuations in SV of 22 ml,
in groups 1 and 2 - 15 ml (fig. 3). In the following days, the change in amplitude
occurred in group 1 with a circa-weekly rhythm, in group 2 a 4-5 day rhythm, in
group 3 the most pronounced deformation of the structural characteristics of the
circa-weekly rhythm was revealed, which consisted in a decrease in the amplitude
of the oscillation to 3-4 ml with an oscillation period of 5-3 days (fig. 3).

25,0

20,0 |

15,0 H

___ WAL A ATA

v N ke

0.0

12345678 9101112131415161718192021222324252627282930
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Figure 3. Dynamics of the amplitude of the circus rhythm SV (ml).

A negative correlation between SV and DBP was found in all examined chil-
dren, which amounted to (-0.72) in group 1, (-0.7) in group 2, (-0.71) in group 3,
which meant a hyperkinetic direction of changes in the acute period of SCTBI.
A positive correlation between SV and body temperature indicated the leading
influence of the systemic inflammatory response in increasing cardiac output in
children of the 2nd group. In more severely injured children of groups 2 and 3, the
change in PBP was directly dependent on the growth of the SV index. That is, with
a more severe CTBI, the PBP value can be used to navigate the change in SV in
group 1 (0.41), in group 2 - (0.73), in group 3 - (0.87), that is, PBP can indirectly
characterize the dynamics of myocardial contractility in the most severely injured
patients (fig. 4).
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Figure 5. Duration, severity of acrophase shift

The longest and most pronounced inversion of the SV circadian rhythm char-
acterized an increase in the load on the heart muscle at night with a risk of acute
heart failure due to overload and depletion of energy resources in children of the
3rd group (fig. 5).

Conclusion. The most pronounced instability of stroke volume was observed
on the first day in children of group 3 with an amplitude of daily fluctuations in SV
of 22 ml, in groups 1 and 2 - 15 ml. A hyperkinetic type of hemodynamic stress
reaction was revealed on day 1 of SCTBI. The most pronounced increase in the
mesor of the circadian rhythm of the stroke volume in patients of group 2 is due
to the predominance of the severity of extracranial injury. A positive correlation
between SV and body temperature indicated the leading influence of the systemic
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inflammatory response in increasing cardiac output in children of the 2nd group.
The longest and most pronounced inversion of the SV circadian rthythm was found
in group 3.
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G DBEREERAH TIPRE 49 ZINEE S —ARE LR S AR
(PP) FIHERR, IX A ARV LEPE PR E R 3, A TIEAL T2 a0 (CHD)
SIRIT RN B 7 Covid-19 KT G AR MK B EIE—K
BRI RIS 3655402, 41545%, 468509 FI514355%. N T i PP
(KT, VRS T RIS B0 PWC 170 V.L. Karpman PEAE, BRILCME
WL F IR KB X MRS 1 D BEIR S BEA T RORIHF SR, IF
TR R RN AR IEAE B TR RIEIT. fEE A PP B FESE . (MOO)
B TR, BARRGR T AP IR AR

R Ltk ST ANEEER, OE, BHARIL, Covid-19 RFATHIER.

Abstract. For the first time in cardiology, indicators are given for assessing
physical performance (PP) in 49 women of the second adulthood, living in the
south of Western Siberia, who are at the inpatient stage of receiving rehabilitation
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treatment for coronary heart disease (CHD), after the Covid-19 pandemic. For
the first time, the ninth period of human ontogenesis was divided into equal 5-year
periods: from 36 to 40 years, from 41 to 45 years, from 46 to 50 years and from 51
to 55 years. To determine the level of PP, the authors used a simple and valid step
test PWC 170 V.L. Karpman, thanks to which cardiologists and rehabilitologists
are able to carry out competent and constant monitoring of the functional state of
central hemodynamics and timely make adjustments to the ongoing rehabilitation
treatment by means of physiotherapy exercises. The authors found a significant
decrease in PP and maximum oxygen consumption (MOC) depending on the
passport age of women.

Keywords: women, second adulthood, coronary heart disease, physical
performance, consequences of the Covid-19 pandemic.

Relevance. To date, quite a lot of actual experience has been accumulated
regarding the Covid-19 pandemic, which has made significant and so far not
completely studied changes in the state of human health [1, 4, 7, 11, 13]. Today,
maintaining and restoring the health of people who have had Covid-19 is one of
the most important state tasks. In the international classifier of diseases ICD10,
post-covid syndrome was included in the heading U09.9 - “Status after Covid-19,
unspecified”. Modern medicine is faced with a colossal disease in the population
of various countries of the world, which required the mobilization of possible and
impossible means and methods of diagnosis, treatment and prevention. Modern
scientific and practical studies show that the consequences of Covid-19 can man-
ifest themselves with a variety of symptoms: shortness of breath and chest pain,
joint pain, fatigue, memory impairment, sleep disturbances, depressive states and
fear, a decrease in the quality of life, etc. d. [12, 15, 18, 19, 21].

Currently, the rehabilitation of patients with coronavirus infection is carried
out using medications and physical medicine technologies [20, 22, 23]. When it is
carried out, especially in women with CHD, after suffering Covid-19, it is impor-
tant to exercise competent medical control of the functional state of the body at
various stages of rehabilitation [17, 24, which will significantly reduce mortality
[5,8,9, 10, 16].

In the literature available to us, there are not enough scientific and practical
studies that shed light on PP in women of the second period of adulthood living
in the south of Western Siberia and suffering from CHD, especially after the Cov-
id-19 pandemic.

Purpose of the study: in women of the period of the second mature age, suf-
fering from CHD, after suffering Covid-19 according to the PWC 170 step test,
determine the values of PP.
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Material and methods. We examined 49 women of the second adulthood
(47.4+1.7 years) undergoing inpatient treatment at the FSBHCI WSMC FMBA of
Russia in Tyumen for chronic CHD without signs of heart failure, who had Cov-
id-19. The results of the anamnesis indicate that all women permanently resided
in the south of Western Siberia. Considering that the period of the second mature
age lasts from 36 to 55 years, i.e. is 20 years, we consider it not entirely correct to
judge the PP of women, for example, 36 years old, and compare it with a woman
of age, for example, 55 years old. In this regard, we divided the period of the sec-
ond mature age into equal 5-year intervals: from 36 to 40 years (38.4+1.4;n=11),
from 41 to 45 years (43.1+1.2 ; n = 13), from 46 to 50 years (48.2 + 1.3; n = 12)
and from 51 to 55 years (52.7 £ 1.4; n = 13).

To assess PP, a step test by V.L. Karpman [6]. The calculation of PP was made
according to the formula:

PWC 170 =N 1+ (N2 =N 1) X woemememems

where: N 1 and N 2 — respectively, the power of the first and second loads, f 1
and f 2 — heart rate (HR, beats / min) at the end of the first and second loads.

The load power was calculated by the formula: N=1,3 x p x h x n,

where: N — work, kgm/min; p — body weight of young men, kg; n — steps per
step per minute; h — step height, m; 1,3 — coefficient that takes into account the
amount of work when descending from the step.

The maximum oxygen consumption (MOC) was calculated using the formula:
MOC =2,2 x PWC170 + 1070

Body weight was measured on a balance scale with an accuracy of 50 g.

In accordance with the clinical examination rules adopted by the FSBHCI
WSMC FMBA of Russia Tyumen, all women underwent a comprehensive clin-
ical, biochemical and instrumental examination before testing PP. Prior to the
study, we asked women to sleep 8-9 hours a night; try to be in the ward or rooms
of the clinic department at an air temperature in the range of 18-22° Celsius; do not
use medicines without a doctor’s prescription; eat at least 4 times a day and drink
at least two liters of drinking water; limit the use of salt in food.

The results of the study were processed on a personal computer using modern
electronic programs (Statistika) [3]. The assessment of the significance of differ-
ences was carried out using Student’s t-test, while the differences were considered
significant at p<0.05. The principles of voluntariness, the rights and freedoms of
the individual, guaranteed by Articles 21 and 22 of the Constitution of the Russian
Federation, as well as the Order of the Ministry of Health and Social Development
of Russia Ne774n dated August 31, 2010 “On the Ethics Council” were observed.
The study was conducted in compliance with the ethical standards set forth in the
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Declaration of Helsinki and the Directives of the European Community (8/609EC)
and the informed oral consent of women.

Results and discussion. Important for the study of PP, firstly, we consider a
good emotional and psychological attitude of a woman to conduct testing, which
consists in comprehensive information for her about the upcoming dosed physical
activity and its importance for subsequent treatment not only with the use of drugs,
but also with physical exercises. Secondly, a thorough clinical and instrumental
examination, which allows assessing the functional state of central hemodynamics
and identifying possible contraindications for the step test. Thirdly, the results of
the PWC 170 step test will highlight the functionality of a woman for the upcom-
ing rehabilitation treatment.

Based on the teachings of Academician A.A. Ukhtomsky about the dominant,
we explained to each woman that the physical load given by him when climbing
steps of various heights is very far from the maximum load, is short-term and
therefore its implementation does not present any particular difficulties and does
not cause significant fatigue.

The results of the study of body weight indicated that due to the increase in the
passport age, it increases. At the age of 36-40 years, body weight was 62.26+2.30
kg, at 41-45 years old - 66.8342.39 kg, at 46-50 years old - 67.74+2.33 kg, at 51
-55 years old - 69.61+2.26 kg (fig. 1).

69,61

67,74

70 A 66,83
68 -

66 62,26
64 -
62 -
60 -

58 T T T T
36-40 41-45 46-50 51-55

Figure 1. Age-specific body weights in second adult women with CHD
after exposure to Covid-19.

Thus, during the 9th period of ontogeny, the age-related increase in body
weight of women over the period from 36 to 55 years was equal to 7.35 kg.

Analyzing the results of the PP study, we note, firstly, that in all women, de-
spite a previous infection with Covid-19 and the presence of a chronic course of
CHD, PP was at the level of average values (tab. 1).
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Table 1
Physical performance and maximal oxygen consumption in post-COVID-19
post-COVID-19 women of second adulthood with CHD

Age, years ll)(\gxlllf;nll?: klg)nvl‘jilln‘mg MOC, ml/min/kg
36-40 593,84+16,3 9,53+0,47 38,16+1,19
41-45 526,92+15,4 7,880,441 32,91£1,12
46-50 462,36+16,1 6,82+0,36 30,80+0,98
51-55 374,17+15,5 5,37£0,29 27,19+0,92

Secondly, a significant dependence (p<0.05) of a decrease in the level of PP
due to an increase in the passport age was revealed. Thirdly, if the PP values (in
kgm/min) in women under the age of 50 were at almost the same level (p>0.05),
then after reaching the age of 50, PP significantly (p<0.05) became less (tab. 2).

Table 2
The difference in physical performance according to the step test PWC 170
kgm/min, depending on the passport age

Age, years ll:‘gt;c/nll‘:: Age difference
36-40 593,84+16,3 -
41-45 526,92+15,4 66,92
46-50 462,36+16,1 64,56
51-55 374,17+15,5 88,19

Attention should be paid to such an important fact for the CHD clinic, which
is the MOC index in women of the age we are studying. Due to the increase in
passport age, MOC has a significant (p<0.05) downward trend. So, for the period
from 36 to 55 years, MOC in absolute terms decreased by 10.97 ml/min/kg.

Thus, what we have said above testifies, firstly, to the high methodological
correctness and scientific and practical value of the PWC170 step test. Secondly,
one should not discount such an important fact as a short time for its implemen-
tation. The doctors of our clinic spent 13 minutes to perform the actual step test
PWC170. Thirdly, directly during the test, not only mathematical calculations of
the load power were performed, but also a positive emotional impact was carried
out according to the type of dominant A.A. Ukhtomsky. We noticed that the crea-
tion of a dominant favorably influenced not only the course of the study, but also
the functional state of women.

Long-term practice of using the step test PWC 170 highlighted some of the fea-
tures in its implementation. We believe that the second load during testing should
significantly exceed the power of work during the first load so that at the end of

HEF 2 | 9




Scientific research of the SCO countries: synergy and integration

the first load the heart rate in a woman reaches 110-130 beats/min, and at the end
of the second load - 150-165 beats/min (but not more 170 bpm), while the differ-
ence was at least 40 bpm. If the difference between the power values of the first
and second loads is small, and the difference in heart rate at their end is much less
than 40 beats/min, then the accuracy of determining the PWC170 value is reduced.

Based on the study carried out, the following conclusions can be drawn:

1. In the conditions of any therapeutic department, to assess the level of PP, it
is possible and necessary to use the easy-to-perform and valid step test PWC 170,
which allows not only quickly, but also reliably monitors the functional state of
the human body, especially after the previous Covid-19 pandemic.

2. In clinical therapeutic practice, the 9th age period of human ontogenesis
should be considered not as a single one (36-55 years), but conditionally divided
into equal time intervals, which will allow not only to individualize the process
of examination and treatment, but also to carry them out taking into account the
individual passport age.

3. PP and MOC in women of the second adulthood suffering from CHD, after
suffering a Covid-19 pandemic, significantly depend on their passport age. When
conducting rehabilitation treatment using physiotherapy exercises, the physician
should keep in mind that as the biological age of women increases, their PP and
MOC values decrease.
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Abstract.

Purpose of the research. Improvement of the author’s theory of the etiology
and pathogenesis of peptic ulcer disease.

Materials and methods. To develop the authors’ view of the etiology and
pathogenesis of peptic ulcer disease, about 50 different publications were pro-
cessed and the results of own research were analyzed.

Results. Consequently, the neurogenic-genetic theory of the etiology and
pathogenesis of stomach ulcer and duodenal ulcer optimally explains the cause-
and-effect relationship in a patient with ulcer, allowing for the prevalence of neu-
rosis or local genetic factors in some cases. However, it is obvious that only a
neurogenic factor combined with a genetically altered reactivity of the gastrodu-
odenal system (the presence of a target organ) causes chronic ulcer. The theory
(developed by the authors of the present research) of peptic ulcer disease as a
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disease related to psychosomatic pathology allows developing effective therapy,
including drugs with psychocorrective action.

Keywords: stomach ulcer, duodenal ulcer, neurogenic-genetic factors, neuro-
sis, Helicobacter pylori.

Introduction. The research aimed to improve the previously developed au-
thors’ theory of the etiology and pathogenesis of peptic ulcer disease (PUD). PUD
is a crucial problem of modern theoretical and clinical medicine due to the high
morbidity with complications, disability, and the ambiguity of etiological and
pathogenetic mechanisms of its development.

The first authors’ theory of the etiology and pathogenesis of PUD was pub-
lished in 2005 [1].

Digestive system diseases occupy the third place after diseases of the respira-
tory and circulatory system, and the numbers tend to grow; besides, 60% of pa-
tients are of working age [2].

Due to the high morbidity and mortality from PUD, gastric ulcer and duodenal
ulcer are not only a medical but a grave social problem [3; 4].

A number of theories exist on the etiology and pathogenesis of PUD: Ashoff’s
theory (the theory of mechanical damage to the mucous membrane); inflamma-
tory theory; Bernard’s peptic theory; theory of persistent ischemia of the mucous
membrane; neurotrophic theory; viscerovisceral theory; K. M. Bykov’s and 1.
T. Kurtsin’s corticovisceral theory; endocrine theory, Vitebsky’s valvular theory;
bacterial theory, etc.

As known, gastric and duodenal ulcer disease is a chronic polyetiological
recurrent disease the mechanism of which is complex changes in the nervous,
hypothalamic-pituitary, hypothalamic-pituitary-adrenal and local gastroduodenal
processes, leading to changes in trophic processes in the mucous membrane of
the stomach and duodenum. In turn, the resulting ulcerative defect is a source of
irritation of interoreceptors which hinders neurohormonal regulation. This vicious
circle determines the chronic course of PUD [5, 6, 7].

One of the ideas about the alteration of the gastric and duodenal mucosa in
pathophysiology was based on the theory of the role the nervous system plays
in the regulation of metabolic and trophic processes that ensure the structural in-
tegrity and physiological (functional) state of the cell, tissue and organ [7, 8] ...
The main concept here was by I.P. Pavlov (on the trophic function of the nervous
system), and also the teachings of L.A. Orbeli on the adaptive trophic role of the
sympathetic nervous system [9] and of P.K. Anokhin on functional systems [10].

A number of scientists considered the role of the hypothalamus and of the
hypothalamus-pituitary-adrenal system in the pathogenesis of gastric ulcer and
duodenal ulcer [11, 12, 13, 14].

Consequently, numerous scientists believe that the hypothalamus-pitui-
tary-adrenal system plays a significant role in dysregulation and the occurrence of
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dystrophic lesions of the stomach and duodenum; however, many mechanisms of
such influence remain not fully understood.

Ulcer pathogenesis always includes vegetative-vascular dystonia (VVD) with
an increase in the tone of the parasympathetic part of the nervous system [6]. Apart
from it, PUD mechanisms include a decrease in the tone of sympathetic nerves,
which can cause hyperplasia of the gastric glands with hypersecretion and simul-
taneous disturbance of the trophism of an overactive gastric mucosa [13; 14]. An
attempt to reliably judge the nature of changes in autonomic tone in patients with
ulcer using vegetative indices, electrocoagulogram, gastric secretion data, electro-
gastrogram (EGG) gave conflicting results [15; 16]. According to the Credo index,
vagotonia was more often detected in patients with duodenum ulcer, and accord-
ing to the index of the minute volume of blood flow, it was sympathicotonia. In
patients with gastric ulcer, both of these tests more often revealed vagotonia. At
the same time, EGG and electrocoagulography data indicated a significant sym-
pathetic effect.

As known, emotional status is initially realized mainly through nerve stimuli
entering the hypothalamus from the cerebral cortex, from reticular formation and
from limbic system. Acetylcholine is believed to be the first mediator triggering
such reaction, and further realization of the stress response occurs by neurogenic
and hormonal pathways [13]. The sympathetic and parasympathetic subzones of
the reticular formation are located at different levels of the central nervous system
[15; 16]. Each of them closes its own group of adaptation rings, focused on its
own group of effector apparatuses. Each type of receptor has its own adaptive
reflex ring. Reticular neurons capable of autochthonous activity are sources of
constant background signals in both channels of the autonomic nervous system.
Each subzone of the reticular formation and their microzones with own spectrum
of stimulating afferent signals are focused on the activation of their group of effec-
tor rings. Based on this, it is advisable to assess not the general vegetative tone but
its constituent components on various organs and systems [16].

In addition to the vagus nerves, hormones of the endocrine glands (ACTH,
cortisol, thyroxine, insulin, etc.) and gastrointestinal hormones (histamine, gastrin,
bombesin), as well as ‘substance P — a physiological gastrin activator [ 13]. Their
aggressive effect, as a rule, is manifested when the activity of hormones that inhib-
it gastric secretion is decreased. These hormones include somatostatin, glucagon,
calcitonin, sex hormones, secretin, cholecystokinin, urogastron, serotonin, prosta-
glandins, as well as endogenous opioids, enkephalins and endorphins.

Since the discovery of pyloric campylobacter in 1983 (Campylobacter pylori)
now called Helicobacter pylori (HP), the infectious theory of gastric ulcer was
subjected to large-scale studies [16]. As known, the areas of gastric metaplasia
in the duodenum are a cellular target for HP. According to experimental data, the
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formation of foci of gastric metaplasia in the duodenum is possible by long-term
irrigation of its mucous membrane with hydrochloric acid. It is believed that the
intensification of acid production in the stomach and prolonged acidification of
the duodenum causes the development of foci of gastric metaplasia in it, creating
conditions for its colonization by HP.

Despite the abundance of developments and theories of PUD, half of the
HP-negative cases have no explanation for the genesis of the disease [16]. Hel-
icobacteriosis is diagnosed in 2/3 of patients with duodenal ulcer, and in 2/5 of
patients with gastric ulcer. Thus, it is not necessary to talk about 100% bacterial
infection in case of ulcer. The HP infection acts as a local factor that influences
the mucous membrane from the outside and activates the factor of aggression. The
authors of the present research tend to agree, i.e. HP is considered as only a patho-
genetic link that occurs against the background of a decrease in local immunity
and other altering factors in the gastroduodenal system.

The fact that H. pylori invading the gastrointestinal tract does not cause ulcer-
ative process, as, for example, in a large percentage of cases of gastritis without
ulcers in the presence of HP, is convincing evidence that HP is not an etiological
factor in the development of gastric ulcer or duodenal ulcers [17, 3]. Currently,
there is no experimental model of peptic ulcer disease with H. pylori [1].

According to A.A. Soshina et al. [4], PUD is associated with H. pylori in
22.7% of patients, and duodenal ulcer in 80.9% of patients.

N.I. Zhernakova [18], investigating the clinic, pathogenesis and therapy of el-
derly PUD patients, found that of 178 patients, 147 suffered from gastric ulcer
associated with H. pylori, and 31 patients had no infection. At the same time, the
author notes that the infection aggravates the course of PUD. The leading indica-
tors that guarantee a favorable course of the disease are elimination of H. pylori
and normalization of the neuroendocrine status.

According to the data collected by the authors of the present research [19], in
patients with acute ulcer, the concentration of cortisol is higher than in the control
group (P <0.05).

According to literature [17], 70-80% of duodenal and 50-60% of gastric ulcers
are associated with H. pylori. However, it is necessary to clearly understand that
association does not mean causality in any way.

Currently, none of the PUD pathogenesis theories encompasses the variety of in-
volved functions and their shifts leading to stomach and duodenum ulcers [16]. There-
fore, a versatile study of the physiological processes in patients with ulcer at different
stages of the disease in case of various treatment methods is relevant. Therapy (taking
into account the modern ‘Standards for the quality of diagnosis and treatment of diges-
tive system diseases’ (Ministry of Health RF No. 125 dated 17.04.98) affects only the
local factors ulcer pathogenesis — HP and peptic factor [16].
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Thus, one has to consider the existence of diverse mechanisms for the develop-
ment of ulcerative lesions of the mucous membrane in the stomach and duodenum.
Probably, none of these mechanisms plays an independent role that determines
the formation and chronicity of gastric and duodenal ulcers, and only their com-
bination can determine the nosological form of ulcerative lesions of the mucous
membrane [16, 20, 21].

Materials and research methods. To develop and improve the authors’ view
of the etiology and pathogenesis of PUD, about 50 different publications were
processed, the results of own research and a number of views and opinions were
analyzed [1; 21; 22]. These were assessed against the background of M.L. Koloti-
lova’s opinions and views formed as a result of years of practical medical activity.

Results. Based on the results of own research and analysis of literature data,
the authors propose an improved concept of the etiology and pathogenesis of pep-
tic ulcer called ‘neurogenic-genetic theory’ (Fig. 1) [1, 21, 22, 23]. It is important
that man is a biosocial subject, subject to the actions of various psycho-neurogenic
factors.

Prolonged and chronic overstrain of neuropsychic processes due to emotional
upheavals, chronic stress, various kinds of conflict and difficult situations, chronic
pain syndromes and other similar processes causes a violation of the functional re-
lationships of the cerebral cortex and subcortical centers, as well as centers of the
autonomic nervous system. At the same time, a ‘disinhibition’, possibly inertness
of some vegetative centers occurs. Autonomic regulation of organs and systems
of organs is violated: cardiovascular system, respiration, digestive tract, endocrine
system, etc. Moreover, depending on the genetic and ontogenetic reactivity of
an organ, a system of organs or an organism as a whole, in each specific case,
the outcomes of such psychogenic-nervous influence will be completely different,
that is, the occurrence of a somatic disease of a functional or organic nature is
determined by the pathogenic function of the autonomic nervous system which is
out of control of higher neuropsychic activity and by characteristics of genetically
(ontogenetically) impaired reactivity of an organ or a system of organs.

Thus, psychogenic-nervous and vegetative-visceral disorders determine the
nosological form of psychosomatic illness due to disturbed genetic or ontogenetic
(transferred diseases) organ reactivity. The authors’ concept of the role played by
neurogenic factors is confirmed by well-known literature data: in experimental
neuroses, the formation of ulcers in monkeys and dogs was noted in 15% of cases,
and in rats in 76% of cases. However, PUD is not formed without some genetic
factor.

According to modern data, hereditary complication of ulcer occurs on average
in 30% of patients [16]. First of all, it is an increase in the parietal cells in the gas-
tric mucosa, hypertonus of vagus nerve, gastrin overproduction, pepsin overpro-
duction, mucopolysaccharide (fucose) deficiency, secretory IgA deficiency, D-cell
insufficiency of the stomach and duodenum, decreased sensitivity of the parietal
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cells to somatostatin. Many of those factors are transmitted in the autosomal dom-
inant manner (Fig. 1).

According to literature data, organ genetic features also include: hyperplasia
of the glandular epithelium of the stomach, decreased secretion of mucus by the
glands, anomaly of gastric vessels, and metabolic disorders in the glandular cells
of the stomach.

T.A. Zagromova et al. [24], investigating the constitutional differences in the
activity of proteinases and their inhibitors in PUD compared to the control group
(healthy people), came to the conclusion that in duodenal ulcer, constitutionally
mediated differences in the activity of proteinases and their blood plasma inhib-
itors are determined, which can affect the clinical manifestation and course of
ulcer.

The likelihood of PUD also depends on the hereditary factor [16]. If there is
a history of ulcers in blood relatives of first-degree relationship, duodenal ulcers
occur about 3 times more often, and the tendency is transmitted through the male
line. At the same time, increased density of parietal cells in the gastric mucosa,
excessive activity of pepsinogen 1 production, and a deficiency of pepsin inhib-
itors, fucoglycoproteins, and excessive release of gastrin due to stimulation are
genetically determined.

Exogenous cause Endogenous cause
Psycho-neurogenic Genetic factors (markers)
factors

Neurosis — exhaustion of - an increase in the parietal cells;
higher nervous activity - hypertonus of vagus nerve;

- hyperproduction of gastrin by G-cells;

- hyperproduction of pepsin;

- oversaturation of the mucous membrane
of the stomach and duodenum with ECL-cells;

- D1-cell insufficiency (VIP deficiency);

- D-cell insufficiency of the stomach and
duodenum;

- hyperplasia of the glandular epithelium;

- deficiency of mucopolysaccharides (fu-
cose);

- anomaly of the gastric vessels;

- oversaturation of the gastroduodenal zone
with vascular a-adrenergic receptors;

- deficiency of protective prostaglandins;

- deficiency of growth factor-alpha;

- deficiency of secretory IgA.

‘ \ Pathogenesis ‘

‘PUD' ‘

Figure 1. Etiology of PUD (L.N. Ivanov, M.L. Kolotilova).
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Thus, the authors of the present research believe (Fig. 1; 2) that prolonged and
chronic neuropsychic overstrain (neuroses) lead to neuro-vegetative and neuroen-
docrine (through the autonomic nervous system) dysregulation of the activity of
organs or a system of organs, mainly organs with genetically or ontogenetically
impaired reactivity, in this case the stomach. In other words, the stomach becomes
a target organ. The following neuro-vegetative and neuroendocrine disorders in
the regulation of morphofunctional activity of the stomach cause ulcerogenesis
followed by chronicity (i.e. peptic ulcer): hypertonus of vagus nerve; instabil-
ity of adrenergic influence; hypesecretion of ACTH, glucocorticoids, insulin,
and thyroxine; deficiency of somatostatin, glucagon, and endogenous opioids
(enkephalins, endorphins); disturbances in the neurotrophic supply of microcir-
culation, aggravating genetically or developmentally deviated features of gastric
reactivity acid-peptic factor; gastrin overproduction; deficiency of mucopolysac-
charides (fucose), secretory IgA, and gastron; D-cell insufficiency of the stomach;
decreased sensitivity of the parietal cell receptors to somatostatin; peculiarities of
intracellular metabolism of gastrocytes; deficiency of protective prostaglandins,
and peculiarities of gastric blood supply (Fig. 2). Notably, disorders of the dynam-
ic relationships of cortical processes and of the system of subcortical vegetative
(mainly hypothalamic) centers also depend on individual genetic or ontogenetic
characteristics and not only on the intensity of psychogenic factors.

V.V. Chernin [25; 26] believes that including drugs that normalize neuroen-
docrine shifts in the complex therapy of peptic ulcer helps eliminate the effect of
pathogenetic factors, significantly accelerating the healing time and increasing the
percentage of scarring, reducing the occurrence of relapses of the disease.

0O.A. Maslova [27] writes that neuropsychic overload precedes the onset and
exacerbation of PUD in 56% of cases. In this regard, treatment (in addition to an-
tisecretory and antibacterial agents) included the neuroleptic sulpiride (prosulpin)
at 200 mg/day for 14 days to study its effect on the results of treatment and on
patients’ anxiety. In patients with acute gastric ulcer and duodenal ulcer, prosulpin
in the above dose can double the rate of red scars at the site of the ulcer.
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We attach particular importance to the decreased resistance of gastrocytes in
the mucous membrane of the stomach and duodenum to H. pylori in the periulcero-
genic zone. H. pylori leads to inflammatory infiltrate in gastric mucosa, and is usu-
ally accompanied by morphological signs of gastritis [2; 16]. The gene encoding
the synthesis of a special protein (nap A) that activates neutrophils has been iden-
tified in all the strains of H. pylori. Consequently, the bacteria possess a specific
quality — they cause neutrophilic infiltration of gastric mucosa. H. pylori adhering
to gastrocytes causes reorganization of the cytoskeleton of epithelial cells, as well
as a number of other changes. At the same time, epithelial cells respond to this by
producing cytokines (interleukin-8) and some other chemokines. As known, these
cytokines also lead to the migration of leukocytes from the blood vessels, develop-
ing an active stage of inflammation. Activated macrophages secrete interleukin-1
and tumor necrosis factor (TNF-a); these increase the sensitivity of the receptors
of lymphoid, epithelial and endothelial cells, which in turn continues to attract a
new wave of cells into gastric mucosa that are involved in immune and inflam-
matory reactions. The authors of the present research believe that in some cases,
the process can have positive, i.e. anti-inflammatory influence, strengthening local
immunity. This explains the results of the research by O.L. Belova and .M. Belov
[28], who came to the conclusion that H. pylori is not involved in ulcerogenesis,
since reparation of mucosal ulcers cannot progress if an etiological or a pathoge-
netic factor is present, and successful eradication of H. pylori slows down scarring
of gastric and duodenal ulcer in patients with PUD. The significance of the local
resistance of gastric mucosa in the etiology and pathogenesis of ulcer is supported
by the data of S.N. Bazlov and E.N. Egorova [29].

M.A. Butov believes general and local disorders of vegetative tone in combi-
nation with hypercoagulation and local disturbances of blood flow create condi-
tions for hemorrhages and necrosis in the mucous membrane of the gastroduodenal
zone, reducing the effectiveness of local factors of protection and resistance [16].
The authors of the preset research believe that in conditions of chronic neurosis,
changes (both general and local) in vegetative tone are significant.

L.LV. Maev et al. [30] investigated the prevalence of autonomic, anxiety and
depressive disorders in patients with PUD and the efficacy of grandaxin (Hungary)
in treatment. The authors found constitutional autonomic dysfunction in 41% of
patients. Kellner’s test revealed a depressive disorder in 38% of patients. Anxiety
disorders were detected in 82% of patients.

Figure 2 shows that calcium stress plays a significant role in ulcer pathogenesis
by increasing the digestive capacity of gastric juice.

According to G.N. Kryzhanovsky [12], cellular processes arising under path-
ological stress include: increased Ca*" entry into the cell from the extracellular
space and its exit from cell stores (mitochondria and sarcoplasmic reticulum). The
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increased Ca*" entry and the inefficiency of the energy-dependent Ca?"-ATPase,
‘a pump’ that pumps Ca?" out of the cell, leads to an uncontrolled overload of
the cell with calcium. This condition can be defined as calcium stress on the cell,
and it has extremely negative consequences. The parietal cells of the stomach
have separate receptors for acetylcholine, histamine and gastrin [16; 31]. The va-
gus nerve regulates the level of acetylcholine secretion, its influence is realized
through the M-muscarinic receptors present on the surface of both parietal and
enterochromaffin-like cells (ECL). These cells also have surface receptors for gas-
trin; its secretion occurs from G-cells under the influence of a food factor. The
action of both acetylcholine and gastrin in both types of cells (ECL and parietal)
is mediated through an increased level of intracellular calcium ions (Ca?*). In the
first case, the result of their action is the release of histamine, and in the second, it
is the stimulation of HCl secretion by the parietal cells of the stomach. As known,
histamine secreted by ECL and acting on H, receptors exerts its influence through
the system of cyclic adenosine monophosphate (cAMP) [31]. Acetylcholine and
gastrin act on gastric acid secretion by increasing the level of ionized Ca*" in the
cytoplasm of parietal cells [13]. In addition, under pathological stress, excessive
activation of lipases and unregulated increase in free radical oxidation (FRO) pro-
cesses occur which lead to oxidative stress of the cell; the content of intracellular
free fatty acids increases; damage to cell membranes and mitochondria, energy
defect, violation of the activity of energy-dependent pumps and other violations of
intracellular homeostasis occur [12].

Thus, the consequence of chronic pathological stress are ‘vicious circles’ — cal-
cium stress of the cell and oxidative stress of the cell, which in turn leads to high
activation of the peptic factor, to spasms of small blood vessels in the wall of the
stomach and duodenum, to hypercoagulation with microthrombi formation and,
accordingly, to ischemia.

A significant violation of microcirculation in the proximal parts of the gas-
trointestinal tract, namely in the stomach and duodenum, occurs due to the large
number of vascular alpha-adrenergic receptors in them. Naturally, such microcir-
culation disorders with local ischemia contribute to ulcerative lesions of the stom-
ach and duodenum (Fig. 1). According to B.R. Gelfand et al. [32], local ischemia
of the gastric mucosa is accompanied by excessive abnormal synthesis of nitric
oxide, O, radicals, cytokines, by decreased synthesis of protective prostaglandins,
death of epithelial cells and inhibition of their regeneration process.

Consequently, the neurogenic-genetic theory of the etiology and pathogenesis
of stomach ulcer and duodenal ulcer optimally explains the cause-and-effect re-
lationship in a patient with ulcer, allowing for the prevalence of neurosis or local
genetic factors in some cases. However, it is obvious that only a neurogenic factor
combined with a genetically altered reactivity of the gastroduodenal system (the
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presence of a target organ) causes chronic ulcer. In confirmation of the authors’
concept, O.L. Belova and I.M. Belova [33] note that despite the recognized role of
H. pylori in the development of PUD in humans, to this day there is no scientific
justification for proving such causation. Moreover, the authors note H. pylori is
only a minor member of the stomach microbiota — of the huge acid-resistant mi-
crobiocenosis, H. pylori accounts for about 1% of all types of bacteria, and about
60 species of bacteria are present in the gastric mucosa.

The authors of the present research believe that a ‘vicious circle’ is formed
in the pathogenesis of PUD. Peptic stomach ulcer or duodenal ulcer causes this
pathology through the overstrain of the central nervous system, in other words,
cause-and-effect relationships are reversed. Pathogenic afferentation from the gas-
tric (duodenal) interoreceptors creates the possibility of the reverse effect of the
ulcer of these organs (vestiral signals) on the central nervous system and the men-
tal sphere, causing an overstrain of the cortical processes.

Notably, the standards for the treatment of PUD in general are based on the
decisive role of Helicobacteria in the etiology and pathogenesis of gastric ulcer
and duodenal ulcer. From the point of view of the role of psycho-neurogenic and
genetic factors in the etiology of PUD, the standard of treatment should include
drugs with psycho-corrective action (neuroleptics, anxiolytics) and with general
sedative action as part of etiotropic therapy. This approach will significantly in-
crease the effectiveness of complex therapy, accelerating the healing and scarring
of ulcers, reducing the recurrence of the disease and increasing the role of primary
and secondary prevention.

With regard to genetic therapy as part of the etiotropic therapy, this is an issue
for the future of gastroenterology and gene therapy. However, the authors of the
present research believe that without successful genetic therapy, it is impossible to
achieve complete exclusion of chronic ulcer disease and its recurrence.

Conclusions.

The bacterial theory of the etiology and pathogenesis of PUD does not reveal
the whole essence of its genesis and does not have experimental evidence.

According to the bacterial theory of the etiology of PUD, anti-bacterial therapy
is etiotropic; however, according to the neurogetic-genetic theory, antibacterial
therapy is pathogenetic.

The neurogenic-genetic theory of PUD as a psychosomatic pathology with a
genetic component assumes psychocorrective drugs (taking into account the ge-
netic characteristics of the organism) as etiotropic therapy.

In the pathogenesis of PUD, a ‘vicious circle’ is formed, since pathogenic vis-
ceral afferentation causes a secondary overstrain of cortical processes. The ongo-
ing etiotropic therapy should break this ‘vicious circle’.
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Zhie: TERAIMRIFFT, UTS2R BERI SNV rs11654140 SRR ALS
GBI

FBE]: HDFERPRIERAEMNDY;  UTS2R; SAZHIRAR 7 K.

Summary. Background: Polymorphic variant of UTS2R (rs11654140) have
recently been reported as a potential contributor to the susceptibility of adolescent
idiopathic scoliosis (ALS) in the Chinese Population. A replication study in the
different population is warranted to validate the role of UTS2R in AIS. The aim of
this study was to determine the association between UTS2R rs11654140 and AIS
in the Russian patients.

Methods: Single nucleotide variation (SNV) UTS2R rs11654140 (T>C) was
genotyped in 129 patients with progressive AIS and 128 normal controls using
PCR-RFLP method. The Chi-square test was used to analyze the inter-group
comparison of the genotypes and alleles distribution. The Odds Ratio (OR) were
calculated to estimate alleles contribution to the AIS susceptibility.

Results: No statistically significant differences were found between patients
and controls for neither genotypes nor alleles distribution. No differences were
found between subgroups of females and males in patients and controls. The odds
ratio (OR) for the rare C allele was 1.19 for alleles and 1.1 for carrier alleles,
respectively. The OR for rare genotype CC vs TT+CT genotypes was 0.54.

Conclusions: SNV rs11654140 of UTS2R gene is not associated with the
susceptibility of ALS in the Russian population in our study.

Keywords: Adolescent idiopathic scoliosis; UTS2R; Single nucleotide
variation, Replication.

Background

Idiopathic scoliosis (IS) is a common spinal condition affecting 2—4% of the
children worldwide, occurring in otherwise completely healthy adolescents [1].
To benefit from the therapeutic strategy for patients with adolescent idiopathic
scoliosis (AIS), it is important to have a better understanding of the etiopatho-
genesis of this disease. Numerous studies have been carried out to investigate
the etiology of AIS while the conclusions remain unclear [2]. Usually, AIS is
considered as a multifactorial disorder that involves interaction between genetic
susceptibility, internal, and environmental factors [3, 4].

Many promising SNPs have been identified to predict the curve progression
of AIS. However, conflicting results from replication studies and different ethnic
groups hamper their reliability [5]. Commonly, ethnic differences and small sam-
ple size of the patients were considered to underlie the discrepancy between the
original and the replication studies [6]. To overcome these limitations, an extrem-
ity comparison case-control study design was applied [7].
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Polymorphic variant of UTS2R (rs11654140) have recently been reported as
a potential contributor to the susceptibility of AIS in the Chinese Population [8].
A replication study in the different population is warranted to validate the role of
UTS2R in AIS. The aim of this study was to determine the association between
UTS2R rs11654140 and AIS in the Russian patients.

Materials and Methods

Subjects

A cohort of 129 AIS patients and 128 controls were included in the current
study, under the approval of the local institutional Ethical Committee. All patients
have a progressive form of disease and near all patients were with stage 3 or 4 in
accordance with SRS criteria [9]. Patients having scoliosis secondary to known
etiology were excluded from this study. Healthy subjects were recruited as nor-
mal controls after physical examination. Details of patients and control group are
presented in Table 1.

Table 1.
Clinical characteristics of patients with progressive idiopathic
scoliosis and controls

Number |Age (mean age) Stage of disease
Stage 2 Stage 3 Stage 4

Patients with IS | 129 (100%) | 6 — 20 (16.3) 1 21 107

Females 106 (82%) | 6 —20(16.3) 1 18 87

Males 23 (18%) | 15— 19 (16.6) - 3 20
Control group 128 (100%) | 18 — 56 (30.3) - - -

Females 87 (68%) | 18 —49 (26.1) - - -

Males 41 (32%) | 19— 56 (34.3) - - -

Genotyping

Genomic DNA was extracted from the blood with the commercial kit («Syn-
tol», Moscow, Russia). Single nucleotide variant of UTS2R gene rs11654140
(T>C) was genotyped for all participants. A Polymerase Chain Reaction
and Restriction Fragment Length Polymorphism (PCR-RFLP) analysis was
used for genotyping assay. A PCR was performed in the 25 ul volume with
100 nM each forward (5’-CCCATCTCAGGGAGTGTCCA-3’) and reverse
(5’-GAGCTGTTGAGGGTTGCGTT-3’) oligonucleotide primers, 0.5 U Taq pol-
ymerase Encyclo («Evrogen», Moscow, Russia) in appropriate PCR buffer with 3
mM MgClL, ImkM dNTPs and 1 ul of DNA solution. After the initial heating at
95°for 3 minutes, a 30 cycles of 15 seconds for denaturation at 95° and 30 seconds
for coupled annealing-extension at 60° were repeated. An amplified 156 bp PCR
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fragments were subsequently digested with restriction endonuclease Msp I («Si-
bEnzyme», Novosibirsk, Russia) under conditions recommended by manufactur-
er, and separated in 10% PAG. Since the amplified PCR fragment includes two
Mspl restriction enzyme recognition sites, one polymorphic (rs11654140) and one
non-polymorphic, which served as an internal control, the visible fragments after
PAG separation were: 117 bp for the T-allele and 102 bp for the C-allele.

Statistical analysis

The online calculator Social Science Statistics (https://www.socscistatistics.
com/) was used for data analysis. The Chi-square test was used to analyze the
intergroup comparison of the genotypes and alleles distribution. The Odds Ratio
(OR) were calculated to estimate genotypes and alleles contribution to the AIS
susceptibility.

Results

The Chi-square test was used to analyze the comparison of genotypes and al-
leles in groups of patients with progressive IS and healthy controls, as well as for
male and female patients and controls separately. The distribution of genotypes,
alleles and allele carriers was not statistically different between patients and con-
trol groups, as well as between subgroups of males and females.

The odds ratio (OR) for the rare C allele was 1.19 for alleles and 1.1 for carrier
alleles, respectively. The OR for rare genotype CC vs TT+CT genotypes was 0.54.
Detailed information on the distribution of genotypes and alleles in the group of
patients and the control group and statistical information is presented in Table 2.

Table 2.
UTS2R rs11654140 T>C genotyping data and statistical data
Females Males General data, Females and Males
Patients | Controls| > | Patients |Controls| > Patients | Controls | %> |OR
(n=106) | (n=87) |p-value| (n=23) | (n=41) |p-value| (n=129) | (n=128) |p-value
Genotypes
TT 66 (62%)|51 (59%) 8 (35%) |20 (49%) 74 (57%) | 71 (55%) 1.16
TC 33 (31%)|26 (30%)| 49 |14 (61%)|17 (41%)| 31 |47 (36%) |43 (34%)| 39 | -*
CcC 7 (7%) |10 (11%) 1(4%) |4 (10%) 8(6%) | 14 (11%) 0.54
Alleles
T 165 128 30 (65%)|57 (70%) 195 (76%) | 185 (72%)
(78%) | (73%) 33 39
C 47 (22%)|46 (27%) 16 (35%)(25 (30%)| .62 | 63 (24%) | 71 (28%) 1.19
Allele carriers
T-carriers |99 (71%)|77 (68%) 22 (63%)|37 (64%) 121 (69%) | 114 (67%)
C-carriers |40 (29%)|36 (32%)| 60 |15 (37%)|21 (36%)| .67 |55(31%) |57 (33%)| 68 | 1.1

* OR values have been calculated for prevalent TT genotype vs TC+CC gen-
otypes and for rare CC genotype vs CT+TT genotypes.
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Discussion

Urotensins activate their receptor on slow-twitch muscle fibers of the dorsal
somite; the contraction of these fibers likely results in straightening of the body
axis. Mutation of the urotensin receptor resulted in severe scoliosis in adult zebraf-
ish, closely mimicking the human disorder. These findings suggest that disruption
of urotensin signaling by impaired CSF flow could be a critical etiological factor
underlying the pathology of idiopathic scoliosis [10].

The recent study provides the linking the zebrafish data with AIS, discovered
synonymous variants in UTS2R, the sole UIl/Urp receptor in mammals, to be
more prevalent in a cohort of 1200 AIS patients compared with a size-matched
control cohort [8].

To determine the association between UTS2R rs11654140 and AIS in the
Russian patients, an extremity comparison case-control study design was applied
[7]. This powerful approach is based on the simple idea of comparing a group with
severe clinical manifestations on the one hand and a control group without the risk
of developing AIS on the other hand. In our opinion, this study design is justified
to test promising genetic variants before conducting larger studies.

The rare C-allele SNV UTS2R rs11654140 was found in 24% of patients and
28% of the controls, which corresponds to the SNP database (https://www.ncbi.
nlm.nih.gov/snp/rs11654140), but differs from the results in study Dai Z et al. (1.5
and 0.5%, respectively) [8], which may be due to population differences. Thus, the
results obtained in our study do not confirm the role of the studied polymorphism
in the development of scoliosis.

Conclusion

SNV 1511654140 of UTS2R gene is not associated with the susceptibility of
AIS in the Russian population in our study.
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Abstract. The results of determining the gas composition of capillary blood in
33 pregnant women at 22.0-37.0 weeks are presented. Group 1 included healthy
women with the absence of gestational complications (n=13), group 2 - with
gestational hypertension (n=15), and group 3 —with moderate preeclampsia (n=7).
Changes in the gas composition of capillary blood in hypertensive disorders have
been established: decrease in HCOs-act and pO:, against the background of an
increase in pCO:. More pronounced oxygen status disorders have been detected
in group 3, which led to an increase in the frequency of premature and operative
labor. The most informative test for the differential diagnosis of the severity of
preeclampsia should be considered the measurement of the level of oxygen partial
pressure (pO:).
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The main objective of perinatal obstetrics is to decrease maternal and perinatal
morbidity and mortality. At the same time, a significant value in the structure of
the causes of maternal morbidity and mortality belongs to hypertensive disorders,
which rate in Russia varies from 5 to 30%, averaging about 10% [1, 2, 3].

It is well known that the development of hypertensive disorders and preeclamp-
sia (PE) in pregnant women is based on the damaging of microcirculation vessels
[4]. At the same time, pregnancy is a state of prolonged physiological adaptation
to the coexistence of two organisms — mother and fetus. And one of the conditions
for the normal functioning of the body is the constancy of oxygen transport and the
maintenance of acid-base state of the internal environment. Currently, it has been
proven that microcirculation disorders in arterial hypertension lead to impaired
metabolism in tissues and deterioration of oxygen utilization by tissues from the
blood, which contributes to the development of tissue hypoxia and negatively af-
fects the function of the complex uterus-placenta-fetus [3, 5, 6].

We believe that studying the parameters of the blood gas composition in a
pregnant woman with hypertensive disorders will help to better realize the physi-
ology of the “mother-placenta-fetus” system during the development of these ges-
tational complications affecting the health of the fetus and mother.

Objective: to study the features of the gas composition of blood in pregnant
women with hypertensive disorders

Materials and methods: A prospective, open, controlled, non-randomized re-
search was conducted, which included pregnant women with a gestation period of
22.0 - 37.0 weeks who were treated in an obstetric hospital and were examined
on the basis of a consultative and diagnostic department Perinatal Center (PC)
Saratov City Clinical Hospital No. 8. The work was carried out with the permis-
sion of the Ethics Committee of the Saratov State Medical University named after
V.1. Razumovsky and after receiving the voluntary informed consent of pregnant
women for examination and treatment. Initially, 2 groups were identified. The
Ist control group included 13 relatively healthy pregnant women in the absence
of gestational complications. The main group consisted of 22 women who were
hospitalized in the intensive care unit of the PC with a diagnosis of unspecified
preeclampsia. Later, after examination and clarification of the diagnosis, the main
group was divided into two — the 2nd group included 15 pregnant women with
gestational arterial hypertension (GAH), the 3rd - with moderate preeclampsia
(moderate PE n=7). The criteria for inclusion in the study were: gestation pe-
riod from 22.0 up to 37.0 weeks, diagnosed unspecified preeclampsia, gestational
hypertension, moderate preeclampsia, for the control group — the physiological
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course of pregnancy and the absence of somatic pathology. Exclusion criteria:
multiple pregnancy, gestation period less than 22 weeks, or more than 37.1 weeks,
refusal of a woman to participate in the study.

Examination of all patients was carried out in accordance with federal stan-
dards (Order Nel1130n). Additionally, the gas composition (pH, pO2, pCO2, HCOs-
act) of capillary blood of pregnant women (upon admission, before the start of
therapeutic measures) was determined on the device RAPIDLAB 1265.

Statistical analysis was carried out using software “Microsoft Office Excel”
and “Statistic 7.0”. To determine the differences between the two average values
of the parameters, the Student’s t-test was used, the Fisher’s 2 criterion was used
as qualitative (differences at p < 0.05 were considered statistically significant).

The results of the study and their discussion: The results of our study showed
that pregnant women of all groups were comparable in age, while women aged 25
to 35 years significantly prevailed in all groups (Table 1).

Table 1
General characteristics of pregnant groups.
Parameters 1% group 2" group 3 group
(n=13) (n=15) (n=7) p2 | p | P2
n % n % n %
Under 25 y.o. 2 154 ] 1 67 | 0o | 00 [045]0,28] 049
From 25 to 35 y.o. 9 69,2 11 73,3 4 57,1 | 0,81 | 0,59 | 0,45
Over 35 y.o. 2 15,4 3 20 3 429 | 0,75 | 0,18 | 0,26
Primiparous 8 61,5 6 40,0 3 42,9 | 0,25 | 0,42 | 0,90
Multiparous 5 38,5 9 60,0 4 57,1 | 0,25 | 0,42 | 0,90

In addition, the proportion of primiparous and multiparous women in the
groups also did not have significant differences (table 1).

At the same time, the incidence of genital pathology in history in pregnant
women with hypertensive disorders significantly exceeded those of the 1% control
group (Fig. 1).
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Figure 1. Features of gynecological anamnesis in groups.

A similar situation was traced when studying the frequency of concomitant
somatic pathology in pregnant women in groups. Among extragenital diseases in
pregnant women of the 2nd and 3rd groups, chronic hypertension, gastrointestinal
tract diseases and obesity prevailed (Fig. 2).

Moris T
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Chronic arterial hypertension m

e 57,1%

Chronic gastritis ﬁlza 7%
: 28,6%

. - %
Chronic pancreatitis ﬁfﬁ%u,a%

Obesiy TR R oo 457

. - 7,7%
20,9%
Chronic pyelonephritis s

M 1st group M 2nd group R 3rd group
Figure 2. Features of somatic pathology in groups.

The data obtained is consistent with the opinion of many scientists about the
considerable importance of the identified concomitant diseases in the development
of hypertensive disorders during pregnancy [7, 8, 9].

Analysis and interpretation of the results of determining the gas composition of
capillary blood of pregnant women in the groups revealed changes in the acid-base
state of blood in GAH and moderate PE, which were manifested by a decrease in
the content of true bicarbonate (HCOs-act) in comparison with the control param-
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eters of group 1 (p'2=0,02; p'*< 0,001), which may indicate the risk of develop-
ing metabolic acidosis in such patients (table 2). At the same time, the pH level in
pregnant women did not have significant intergroup differences.

Table 2
Results of determining the gas composition of capillary blood
Parameters 1*group | 2" group | 3" group
(n=13) (n=15) (n=7) p2 | pt | P
M (SD) M (SD) M (SD)
pH 7,38 (0,01) | 7.35(0,01) | 7,38 (0,02) | 0,05 | 1,0 | 0,20
HCOs-act (mmol\L) | 29,98 (0,91) | 18,51 (0,3) | 17,94 (0,21)| 0,02 [<0,001| 0,14
pCO> (mm.Hg.) 37,88 (0,67) | 38,77 (0,85) | 40,18 (0,61) | 0,04 | 0,02 | 0,19
pO: (mm.Hg.) 75,32 (0,81) | 70,71 (0,82) | 65,18 (1,15)| 0,03 [<0,001] 0,001

However, the average values of the parameters of partial pressure of oxygen
and carbon dioxide in the capillary blood of pregnant women of the 2nd and 3rd
groups before the start of therapeutic measures approached the boundaries of hy-
poxemia and hypercapnia, and more significant changes were found when com-
paring the average values of the level of pO: in pregnant women with moderate
PE (p'? <0,001; p*3=0,001).

Further dynamic observation of pregnant women revealed an increase in the
frequency of early termination of gestation in group 3 (p'*< 0,001; p**=0,01) —
up to 71.4% in total (Fig. 3).

B 100,0%
86,6%

T
0,0%
E 13.4%
42,9%

— A 100%

F 86,6%
28,6%

0,0%
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Full-term labor

Extremely early preterm birth (22,0 - 27,6)

0,0%

Early preterm birth (28,0-31,6) 0,0%
Y 14,2%

0,0%
Preterm birth (32,0-33,6) g 6,7% 28.6%
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g 6.7%
28,6%

™ 3rd group

Late premature birth (34,0-36,6)

M 1st group M 2nd group

Figure 3. Terms and methods of delivery of pregnant women in groups.

International Conference

120 ||



FEABEFRIRARF: BRI R4

Despite the small number of patients in group 3 (n=7), the main causes of
preterm labor in moderate PE were: spontaneous development of labor activity
(n=2), diagnostic criteria for severe PE (n=2) and premature detachment of the
normally located placenta (n=1), which, in turn, it contributed to an increase in the
frequency of cesarean section in this group to 42.9% (p'*=0,01) (Fig. 3).

The results of our work do not contradict previously published studies, which
clearly demonstrate the importance of oxygen transport system disorders in the
pathogenesis of various pregnancy complications [10, 11].

Conclusions: 1. In pregnant women with hypertensive disorders, changes in
the gas composition of capillary blood were found: a decrease in true bicarbon-
ate (HCO:s-act) and oxygen partial pressure (pO:) against the background of an
increase in carbon dioxide partial pressure (pCO2), which reflect a tendency to
develop metabolic acidosis and respiratory alkalosis in this pathology. More pro-
nounced oxygen status disorders were detected in pregnant women with moderate
preeclampsia, which led to an increase in the frequency of premature and opera-
tive labor in this pathology of gestation.

2. Determination of the gas composition of capillary blood can be used as an
additional criterion for a comprehensive assessment of the severity of hyperten-
sive disorders during pregnancy. At the same time, the most informative test for
the differential diagnosis of the severity of preeclampsia should be considered the
measurement of the level of oxygen partial pressure (pO-).
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Abstract. Cardiac myxoma is the most common cardiac neoplasm. The present
case describes a Myxoma in the right ventricle of an adult with a large mass
recurrence after two years. A 19-Years-old male with right ventricle Myxoma,
The patient had difficulty running in younger age and developed to be a limited
walking upstairs. The patient attended to hospital with difficulty breathing and
malaise. The patient’s grandfather believed that he died from sudden death. The
examinations involved physical examination of the heart and lungs by auscultation,
instrumental by Echocardiography and CMR , and laboratory by General blood
test. All instrumental and laboratory results were compared with the normal
ranges. The results on physical examination on auscultation revealed murmur of
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tricuspid regurgitation. The echocardiography showed a large mass in the right
ventricle and suspected a small mass in the right atrium. CMR showed a multi-
lobulated mass with smooth borders is seen in the right ventricle with measure
of 5.5 x 3.8 cm , it is mobile mass and encroaches on tricuspid valve(Specially
anterior and posterior leaflets) and protrudes into the outflow of right ventricle
during systole causing partial RVOT obstruction, partial encroachment on
SVC. The right ventricle is dilated and also the right atrium is dilated. The left
ventricle and atrium are in normal size. On valves there was moderate tricuspid
regurgitation. The blood test showed anemia. The patient was treated by mass
resection surgery in the right ventricle and replacement of the Tricuspid valve by
Tissue Valve . The current condition of the young adult is excellent.

Keywords: Myxoma, Echocardiography, Cardiac magnetic resonance, Right
ventricle outflow tract.

Introduction

Cardiac myxoma (CM) is the most frequent primary benign cardiac tumor.
It is slowly growing neoplasm of endocardial origin . Because of the low occur-
rence of CM, with 0.5-1 cases per 1,000,000 people per year, some reports showed
that the ratio between women and men is 3:1, and because of its various clinical
presentation, identification of CM has got a unique diagnostic challenge in clini-
cal practice. However a diagnostic tactic to patient with CM is based on medical
history, clinical examination, blood test results, and echocardiographic findings.
Computed tomography (CT) and magnetic resonance imaging (MRI) of chest or
heart help with the differential diagnosis, which differs CM from other cardiac
tumors and masses. The main treatment in patient with CM is surgical excision.
CM recurrence after surgical removal is mostly observed in people with familial
and complex forms of the condition. To identifying vague CM in asymptomatic
and with family history patients genetic analysis gives a good opportunity for
identification.

Case Presentation

In 2020, a 19-years-old male brought by his father to Al-Thourah Hospital in
Sana’a, Yemen seeking a help with complaints of his chronic malaise and episodes
of shortness of breathing. According to the patient, before 2 years he started to
feel lethargy and weakness, he was facing a real problem walking up to the hill
since his village is in the top of the mountain. he didn’t inform non of his family
members about his condition. In the begging of 2020 his condition got worsened
when he wasn’t able to walk up to the hill and couldn’t climb more than 5 stairs.
The grandfather of the patient died from sudden death. During the day of his first
presence in hospital , physical examination and blood test were performed. By
auscultation systolic murmur was heard, on blood test showed anemia. The pa-
tient then was transformed to cardiologist and transthoracic echocardiogram was
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performed, on echocardiogram showed mass in the right ventricle on fig.1 . The
cardiologist decided to do emergent open heart surgery for excision of the mass
due to the increased risk of systemic embolization or tricuspid valve obstruction.
The myxoma was excised under total cardiopulmonary bypass fig.1 , The mass
was taken to Morphopathology laboratory where it was confirmed to be a myx-
oma. The postsurgical echocardiography noted the absence of the tumoral mass.
Post-operation doctor prescribed antibiotic, antihypernsive, antiplatelet , diuretic
and symptomatic drugs. Patient followed up examinations with cardiologist every
3 months, after 15 months of visitation, patient stopped going to doctor for 10
months.

Figure 1. (a) the mass attached to the free wall mainly the apex,
(b) mass excision and examination.

The patient later went to his village and then started to feel weakness, ma-
laise and shortness of breathing accompanied by chest pain. He was sent back to
cardiologist and examined by echocardiogram, the result showed recurrence of
the mass in the right ventricle with measure of 5.5 x 3.8 cm and small mass in the
right atrium with encroachment on superior vena cava as shown in fig.2 . Due to
the recurrence of the mass with larger size and serious risk of embolization, the
decision was made to do the operation abroad.

Figure 2. (a,b) shows big mass in the right ventricle with measure of 5.5 x 3.8
cm attached to RV free wall. (¢) shows small mass in the right atrium with
extension to the SVC.
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The further procedure was examination by cardiovascular magnetic
resonance(CMR) to investigate heart structures measurement fig.3, heart func-
tions fig.4-5, mass structure and delayed hyperenhancment findings. The CMR
was done by contrast injection Dotarem, intravenous antecubital vein, 9 cc.

Structure Measurement Normal range

Left atrium 26mm 21-39mm
Main pulmonary artery(MPA) 25mm 16-33mm
Left pulmonary artery(LPA) 13mm 12-23mm
Right pulmonary artery(RPA) 12 mm 12-23mm
Ascending aorta 21 mm 22-38mm
Descending aorta 13 mm 14-26mm
Inerventricular septum(IVS) 7 mm 6-12mm
Lfeft ventricular end-diastolic 49 mm 37-54mm
diameter

Left ventricular lateral wall 6 mm 5-11mm

Figure 3. Heart, aortic and pulmonary arteries structure measurements

Left ventricular ejection 56% Normal=56-78%
fraction(LVEF)

Left ventricular stroke 66 ml Normal=51-133 ml
volume(LVSV)

Left ventricular end-diastolic 199 ml Normal=82-174 ml
volume LVED/BSA 85 ml/m? N=51-95 ml/m?

Figure 4. left ventricular function (BSA=1.4 m*)

Right ventricular ejection 38% Normal=47-74%
fraction(RVEF)

Right ventricular stroke 68 ml Normal=52-138ml
volume(RVSV)

Right ventricular end-diastolic 178 Normal=125-237ml
RVEDV/BSA 127 ml/m? N=67-111 ml/m?

Figure 5. right ventricular function

Mass structure showed multi-lobulated large mass with smooth borders is seen
within theright ventricle (RV). It is attached to RV free wall by a thin stalk. It
measures 5.5 x 3.8 cm. It is mobile mass, and it encroaches on the tricuspid valve
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(specially anterior & posterior leaflets) and protrudes into the outflow of right ven-
tricle during systole causing partial RVOT obstruction. No invasion of adjacent
structure is detected. Partial encroachment on SVC is noticed. The right ventricle
is dilated, the right atrium is also dilated, moderate tricuspid regurgitation (Regur-
gitation fraction=33% Q-flow). Functional findings showed right ventricular sys-
tolic moderate impairment. Delayed hyperenhancement images findings showed
heterogeneous mass appearance.CMR images Fig.6 .

Short-axls view Short-axis view
perfusion Delayed
Hyperenhancement

s
& : 2 ]
Right2-Chamber view St Right 2-Chamber view Delayed — 4

Image Hyperenhancement 3-chamber view SSFP shows mass at RVOT

Figure 6. CMR shoews mass in RV.

The further procedures before the operation were examination by general
blood test and showed anemia, serum creatinine test(CREA jaffe Gen2 comp) test
was done to exclude chronic kidney disease and maybe paraneoplastic nephropa-
thy due to the decreased blood supply to the kidneys. the serum test creatinine
showed normal range. Other laboratory analysis, Biochemical test of glycosyl-
ated/Hb, blood urea, serum uric acid, serum bilirubin and serum glutamic oxalo-
acetic transaminase(GOT). Serological test of antistreptolysin O titer (ASO), and
C-reactive protein test (CRP). Blood test of ESR, HBs Ag, HCV Ab, HIV , blood
group and rhesus factor. the results were all in normal range. Operation surgery
performed by mass excision and tricuspid valve replacement by tissue valve. Pa-
tient after successful open heart surgery hospitalized for 5 day with management
by antibiotic, gastroprotective, diuretic and analgesic drugs for 10 days, Anti-
platelet and Antihypertensive drugs from the day after operation and continued
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for 102 days. Examination by cardiologist every 3 months. Patient 3 months af-
ter surgery performed echocardiogram examination, the results showed free right
ventricular and free right atrium, no regurgitation of the new tissue valve. Tricus-
pid valve gradient was normal fig.7 .

Figure 7. (a,b) shows the free right atrium and ventricle, and normal outflow
tract, (c) normal tricuspid valve gradient with 2.92mmHg .

Discussion

Cardiac myxoma is an intracavitory neoplasm attached to the endocardium
and is the most common adult primary heart neoplasm. These are usually seen in
the atria with the majority (75%) occurring in the left atrium and less commonly
in the right atrium (20%). Rarely myxomas may be right ventricular, biatrial, left
ventricular, or multiple locations. Further on, cardiac myxoma in RVOT remains
a relatively rare entity, with only 30 cases reported in the past decade [1].

The age group of myxoma varies widely from 15 to 80 years with a mean
age of approximately 50 years. Patients can present with cardiac obstructive
symptoms, embolic phenomenon, and constitutional symptoms of fever, malaise,
weight loss, anemia, and elevated erythrocyte sedimen- tation rate. RVOT tumors
can result in syncope, dysrhythmia, pulmonary emboli, valvular dysfunction, and
even sudden death. Acute presentation, either in the form of acute right ventricular
failure, or cardiac arrest may occur. The probability of cardiac myxomas to embo-
lize is likely related to the tumor morphology. For example, firm fibrous tumors
are less likely to embolize than friable myxomas. Approximately 20% of patients
with myxomas are asymptomatic (irrespective of intracardiac location), and the
tumors are discovered only incidentally or at post-mortem examination [2]. The
histologic features are heterogeneous with the tumor cells assuming rings, nests,
and linear syncytia and scattered intermittently with variable amount of stroma.
Secondary features of hemorrhage, hemosiderin, thrombus, and calcification are
commonly visualized [2,3].

CT imaging characteristics of myxoma include round to ovoid filling defect
simulating mass with lobular contour and iso to hypo attenuation relative to the
myocardium. Site of attachment of cardiac myxoma is not always discernible on
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CT, especially those which have multiple attachments and of large myxomas that
completely or near completely fill the cardiac chamber.

Cardiac MRI is a noninvasive modality to evaluate cardiac function and can
affect the diagnostic or therapeutic plan. In addition, cardiac MRI provides critical
information regarding interaction of the tumor with valves and about hemodynam-
ic compromise with prolapse of tumor into the pulmonary artery. Thus, cardiac
MRI plays an important versatile role and is of greatest value when other imaging
findings are equivocal and the lesion has atypical location and appearance.

MR characteristics of tumor depends on the constitution of the myxoma and
secondary changes. Heterogeneous signal intensity correlates with the presence
of hemorrhage and blood degradation products, fibrosis, cystic changes, and cal-
cification.

Gadolinium enhancement of the myxomas is useful in differentiating them
from non-enhancing thrombus [4].

MRI accurately confirms the point of attachment to the endocardium with mul-
tiplanar imaging and cine MR sequences. Cine SSFP sequences show well defined
hypointense mass with mobility during cardiac systole, demonstrating prolapse
across the valve.

In our case, MRI was useful to confirm the location of the tumor in RVOT, mo-
bility during cardiac systole, and for tissue characterization. RV myxoma warrants
urgent operative management of surgical resection. The stalk is resected along
with the stalk attachment site. Surgical mortality is low with excellent long-term
survival. The operative mortality is reported to be within 5%, the rate is increased
with ventricular myxomas. The overall rate of myxoma recurrence post resection
was reported to be 13%, with recurrence being highly associated with younger age
[5]. However, literature specifically delineating the prognosis and recurrence rate
of RV myxomas was not available.

Conclusion

In conclusion the CM is still a real clinical practice challenge to diagnose due
to its variable clinical symptoms. The 19-years-old male has sufferd from malaise
and weakness since he was in younger age and condition progressed to be limited
upstairs walking. The right ventricle mass was removed, after 2 years the mass re-
turned and second opened heart surgery was performed. The current condition of
the young adult is excellent. The repeated examination with cardiologist by echo-
cardiogram is necessary for monitoring of individuals who have past myxoma
excision surgery. Genetic analysis gives a good opportunity in young individuals
with family history in identifying vague cardiac myxoma.
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Abstract. The crowberry plant, distributed throughout the Northern Hemi-
sphere, is included in the diet of many indigenous peoples. The plant is not a
pharmacopoeial, but is widely used in folk medicine of the peoples of the North,
Siberia and the Far East. On the territory of Russia, it is distributed in the Arctic,
Western and Eastern Siberia, and the Far East. Its natural resources are enormous.
The soft part of the berries is edible, they quench their thirst well, but the low con-
tent of sugars and acids makes them taste rather bland. The purpose of this study
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is to determine the quantitative content of anthacyanins and ursolic acid in the ber-
ries of Empetrum nigrum - Black Shiksha growing in the Magadan Oblast. The
content of ursolic acid in Shiksha berries was carried out by a spectrophotometric
method based on the reaction with concentrated sulfuric acid, followed by meas-
urement of the optical density of the rasivor. As a result of the research, it was
found that the content of ursolic acid in Black Shiksha, collected in the Magadan
Oblast, is 0.35%. The determination of anthocyanins was carried out according to
the Pharmacopoeia article. As a result of the research, it was found that the content
of anthocyanins in Black Shiksha is 1.58%.

Based on the above studies, we can conclude that black Shiksha is a promising
raw material for studying the main biologically active compounds.

Keywords: Crowberry, Shiksha, anthocyanins, ursolic acid, spectrophotome-
try, specific absorption.

The crowberry common throughout the Northern Hemisphere, is included in
the diet of many indigenous peoples. In folk medicine, decoctions and infusions of
the aerial part of the plant are used to treat stomach diseases and diarrhea. Crow-
berry juice was used to treat kidney diseases. In addition, in Russian folk med-
icine, decoctions of leaves and shoots were used for metabolic disorders, over-
work, as an antiscorbutic, as well as for the treatment of epilepsy and paralysis.
This effective remedy helps to overcome overwork and insomnia. Shiksha is also
prescribed for edema, dropsy, problems with urination, paralysis, convulsions,
gastritis, metabolic disorders of the body, diarrhea, colitis. Shiksha is known to be
used in Tibetan medicine to treat diseases of the liver and kidneys (internal use);
acne, ulcers, wounds, rashes (external use).

Just as we have, the plant is recommended as an effective remedy for restoring
the nervous system, treating neuropsychiatric diseases, sleep disorders, epilepsy,
and schizophrenia.

Crowberry (lat. Empetrum) is a genus of evergreen low-growing creeping
shrubs with needle-like leaves and inconspicuous flowers (Heather family, Heath-
er order, Dicotyledonous class). The name of the genus comes from the Greek
words en “on” and petros “stone”, which is associated with the places where plants
grow.

People call crowberry bearberry, bagnovka, crowberry (for the color of the
berries), drunkenness, ssykha (for the diuretic effect of berries), black grass, shik-
sha, ssykha, psycho.

In the scientific literature, a description of crowberry black is found in the fa-
mous Deutschlands Flora in Abbildungen by the founder of the Nuremberg Socie-
ty for Natural History, German botanist and engraver Jacob Sturm (German Jacob
Sturm, 1771-1848) (Fig. 1) [1].
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Figure 1. Crowberry black. Botanical illustration by Jakob Sturm from
“Deutschlands Flora in Abbildungen” book (1796).

The plant is not a pharmacopoeial, but is widely used in folk medicine of the
peoples of the North, Siberia and the Far East. On the territory of Russia, it is
distributed in the Arctic, Western and Eastern Siberia, and the Far East. Its natural
resources are enormous. The soft part of the berries is edible, they quench the
thirst well, but the low content of sugars and acids makes them taste rather bland.
Description of shiksha (Fig. 2), as a medicinal plant used in folk medicine, is in-
cluded in the Atlas of Medicinal Plants of Yakutia

Empetrum nigrum
Cem. Mlurwessie — Emy

Figure 2. Crowberry shiksha from the “Atlas of Medicinal Plants of Yakutia”
book.

The chemical composition of shiksha is diverse. Crowberry contains triterpene
saponins, flavonoids (quercetin, kaempferol, rutin), tannins, essential oils, resins,
coumarins, benzoic and acetic acids, anthocyanins, vitamin C, carotene, various
trace elements, including manganese, sugars.
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The purpose of this study is to determine the quantitative content of anthacya-
nins and ursolic acid in the berries of Empetrum nigrum - Black Shiksha growing
in the Magadan Oblast.

Shiksha berries were collected at the end of October in the area of the “Mask of
Sorrow” memorial in the Magadan Oblast. The raw material was frozen at -18°C
for storage (Figure 3).

Figure 3. Appearance of Empetrum nigrum growing on the territory of the
Magadan Oblast.

Northern berries are characterized by the fact that they are stored for a long
time (within a year), this is facilitated by the chemical composition of the ber-
ries, namely, due to the fact that they contain organic acids in their composition.
Further, qualitative reactions (foaming in acidic and alkaline environments; red
staining with the Liebermann-Burchard reagent) proved the presence of saponins.

The isolation of ursolic acid was carried out from a dry extract obtained from
an alcohol-water extract of the native raw material of siksha berries. The dry ex-
tract was treated with a mixture of ethyl alcohol and 10% sodium hydroxide solu-
tion in a ratio of = 9: 1. The resulting extracts were acidified with a solution of
HC1 to pH = 7. After a few days, crystals of ursolic acid precipitated.

Figure 4. Ursolic acid formula.
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The content of ursolic acid in Shiksha berries was measured by the spectro-
photometric method [3], based on the reaction with concentrated sulfuric acid, fol-
lowed by the measurement of optical density and the use of the specific absorption
index of ursolic acid at 310 nm in conc. sulfuric acid is 333.6.

D*Vo * V, * 100
CEM xmx V, + (100 — W)

1em

X

Where D is the optical density of the test solution;

V,— VOLUME OF EXTRAGENT, ML;

V, is the volume of the analytical solution, ml;

E,""sm is the specific absorption index of ursolic acid at 310 nm in concen-
trated sulfuric acid, which is 331.6;

m is the mass of the extract;

V, is the sample volume taken for analysis. ml;

W is the weight loss of the extract during drying, %.

As a result of the research, it was found that the content of ursolic acid in Black
Shiksha, collected in the Magadan Oblast, is 0.35%.

Local residents, where shiksha grows, use cherry dye to dye wool from its ber-
ries. This fact indicates the content of anthocyanins in a high concentration, which
allows shiksha berries to be used as a natural dye.

Anthocyanins give color to flower petals, fruits a variety of colors of brown,
red, orange, blue and purple. Interestingly, plants containing a large amount of an-
thocyanin have an increased resistance to air pollution by acid gases from industri-
al enterprises. Entering the human body with fruits and vegetables, anthocyanins
maintain the normal state of blood pressure and blood vessels, preventing internal
hemorrhages. They can exist in various forms: oxonium cation, carbonium cation.
Forming complexes with radioactive elements, anthocyanins contribute to their
rapid removal from the body. In addition, these pigments can improve vision.

We have studied the UV spectra of the extraction with an aqueous solution
of 1% hydrochloric acid of crowberry and cornflower. As can be seen from the
figures, the character of the curve and the peaks in the spectra coincide. As an
analytical wavelength, A = 515 nm is proposed, corresponding to the absorption of
cyanidin-3,5-diglycoside.
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Figure 2. UV spectrum of Shiksha black and Cornflower blue in alcohol.

Pharmacopoeia article [4] recommends the determination of anthocyanins
spectrophotometrically using the specific absorption of cyanidin - 3.5 - diglyco-
side = 453 according to the above formula:

_ D=250+100
453« m = (100— W)

where D is the optical density of the test solution;

453 - specific absorption rate of cyanidin-3,5-diglycoside in 1% hydrochloric
acid solution;

m is the mass of raw materials in grams;

W - weight loss during drying of raw materials in percent.

As a result of the research, it was found that the content of anthocyanins in
Black Shiksha is 1.58%.

Based on the above studies, we can conclude that black Shiksha is a promising
raw material for studying the main biologically active compounds.
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Abstract. The effect of the residence time of the reagent and the moisture
content (MC) in the sample on the absorption rate, specific absorption and
the degree of transformation of ozone under ozonation of wood in a fixed-bed
reactor was studied. It is shown that in the range of MC<55-60% the process is
ineffective due to diffusion restrictions. At MC>60%, the process is ineffective
due to the course of “non-target” O, reactions with ozonation products. Data on
the composition of water-soluble ozonation products at different values of specific
ozone absorption are presented. The influence of residence time on the composition
of wood ozonation products is considered. It is shown that the variation in the
residence time of the reagent and the moisture content in the sample allows one to
regulate the depth of destruction of biomass by ozonation.

Keywords: wood, lignin, ozonation, moisture content, residence time of the
reagent.

Ozone treatment of plant biomass causes the destruction of lignin. The inves-
tigations on ozonation of plant substrates showed that the principal physicochem-
ical characteristics of the ozone absorption process are due by the conditions of
sample preparation and ozonation parameters. An important condition for deligni-
fication under the action of ozone is the presence of water, and the effectiveness of
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the ozonation process depends on its content in the sample [1-5]. A lot of research
has been devoted to the treatment of lignocellulosic materials (LCM) with ozone,
but so far there are no systematic studies on the effect of ozonation parameters on
the ozone absorption process, which essentially determine the depth of destruction
of the substrate. A comparison of the results of ozonation of plant materials carried
out in reactors of various types showed that the process of processing biomass
with ozone proceeds most efficiently in a fixed-bed reactor [1,6].

The aim of the present work is to study the effect of the residence time of the
reagent and the water content in the sample on the ozone absorption rate, ozone
consumption amount, degree of ozone consumption and the depth of the substrate
destruction under wood ozonation in a fixed-bed reactor.

Experimental

Samples of aspen and pine wood with a particle size of 0.315 - 0.63 mm and a
moisture water content (MC) of 12% + 150% were examined. Ozonation was car-
ried out at t = 20°C in the flow system. Kinetic dependencies of specific absorption
and the degree of transformation of ozone at different parameters of ozonation are
obtained. Gas flow rate U=1,6, 2,0 and 4,5 I/h. Volume of the sample (Vs) - 0.7
and 2.8 cm3. Ozone concentration 90 mg/l. Residence time (contact time) of the
reagent (1); ==Vs /U.1=0.7 s, 1.3 sand 2.6 s.

The sample volume was calculated by the formula

V,= Doda I+ px MCri) + Dodw (MC-MCyy,)
o.d.av. H20
m_, , mbound, mfree-mass of oven dry wood (0.d.w.), «bound» and «free»

water, B¥ Poan/(P* o). B=10,37, p* .= 1,26 T/cm3 (pine). B = 0,44, p* = 1,07
r/cm3 (aspen) [5].

Fiber saturation point (FSP) MC=28% (aspen, pine).

Ozone was obtained from oxygen (ozonizer "Medozon-03/8"). Ozone concen-
tration - 90 mg/1 ("Medozon - 254/03"). Several series of experiments were carried
out, varying the flow rate and the mass of the samples. From the kinetic curves of
the dependence of the O3 concentration at the inlet and outlet of the reactor, the
initial rate of ozone absorption, specific absorption (Qr, mol/g of the sample) and
the degree of ozone conversion were determined [4].

The composition of water-soluble ozonation products was analyzed by HPLC
on an Agilent 1100 chromatograph with a UV detector (195 nm) and a Rezex
ROA column. Movable phase — 0.005 M H2S04, temperature — 65°C; flow rate
— 0.5 ml/min.
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Results and discussion

Residence time

For a fixed-bed reactor, a model of an ideal displacement reactor is applicable.
According to this model, the concentration of the initial substance and reaction
products varies along the length of the reactor from the initial value to the final
value, and the subsequent volumes of gas or liquid do not mix, completely dis-
placing them.
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Figure 1. Kinetic curves of ozone spe-  Figure 2. Initial ozone absorption

cific consumption dependencies during  rate of aspen wood samples (1) and
ozonation of pine wood. Residence  pine (2) for different reagent residence
time, s: 0,7(1), 2,6 (2). MC=60 %. times (MC=60%,).

The period of time between a gas entering and departure the reaction zone (the
inlet and outlet of a reactor) is called the residence time. 7=V/U, where U is the
volume of gas entering the reactor per time unit, V is the volume of the reaction
zone [7] (in this case equal to the volume of the sample V .), the residence time
1=V /U. Figure 1 shows the kinetic curves of ozone consumption by pine wood
for two different values of the residence time. The initial ozone absorption rate,
determined by the slope of the absorption curve (Fig.1), decreases with increasing
residence time. This is illustrated by Figure 2, which shows that the same pattern
is observed for aspen and pine wood.

Moisture content

Figure 3 shows the initial ozone absorption rate of aspen wood with different
water content at different residence times. The maximum value of the rate corre-
sponds to the MC of 55%, and with an increase in the residence time the difference
in the absorption rates of ozone at different values of the MC is graded. Similar
data were obtained for pine wood. In this case, the maximum absorption rate and
the degree of ozone conversion correspond to MC 60-65% [4].
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Figure 3. Dependence of the initial ozone absorption rate on the moisture
content in the aspen wood at different values of the residence time of the re-
agentt,s: 0.7 (1), 1.3 (2), 2.6 (3).

The water content in the sample influences not only the initial absorption rate,
but also the specific ozone consumption. Figure 4A shows the specific ozone con-
sumption amount corresponding to the completion of ozonation process depend-
ing on the MC. The increase in

35
2 3 p
o
25 1 P
PE 99_-& <
g .2 p ®
% 15 o’ 310
& 1 #£4 o142
05 |A4
0 ; .
0 50 100 150 1520 30
MC, %
A B

Figure 4. Dependence of specific ozone absorption corresponding to the
completion of ozonation (A) and the degree of ozone conversion (B) on the
moisture content in aspen wood. T, s: 0,7 (1), 2,6 (2).

specific ozone consumption occurs in the MC region (55%), and in the region
of higher MC values, ozone consumption does not change much. This pattern is
observed at different values of the residence time. The degree of ozone conver-
sion (corresponding to the completion of ozonation) reaches a maximum value (o
~20%) at MC 55-60%, decreasing with shortening the residence time (Fig. 4B).
Figures 3 and 4 show the data obtained for wood samples with different water
content relative to the value corresponding to the fiber saturation point (FSP). The
MC._, value corresponds to the amount of water present in the swollen cell wall. It

FSp
is called “bound water”. In the layer of “bound water”, molecules form hydrogen
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bonds with hydrophilic regions of the wood polymer. The thickness of the bound
water layer is 1-1.5 nm [5]. With MC>MC__, there is also “free water” that fills
the cell cavities.

The process of ozone absorption by biomass consists of several stages. From
the gas phase, ozone passes into water, then dissolved ozone diffuses to the surface
of the substrate, where ozone interacts with functional groups of LCMs. Due to
diffusion and thermal movement, a part of the products of the LCM destruction
passes into the aqueous phase. In the aqueous phase, the molecules of the reactant
interact with the dissoplved products of reactions. The water content, at which
the totality of the processes occurring in the aqueous phase and on the surface of
the LCM, is characterized by the highest rate of ozone absorption, for pine wood
corresponds to MC 60-65%, for aspen wood- MC 55-60%. [3,4]

Studies of ozonized aspen and pine wood samples by means of IR spectrosco-
py, determination of cellulose yield, degree of polymerization of cellulose from
ozonized wood, lignin content in ozonized wood samples and analysis of ozonoly-
sis products showed that the noted area of MC corresponds to the deepest destruc-
tion of the plant substrate [3,4].

Ozonation products

The main products of the interaction of ozone with wood are formic, glyoxalic
and oxalic acids, formed in the ozonolysis reaction of lignin [3]. In Figure 5, the
composition of acids at different values of specific ozone absorption is given as a
percentage per 1 g of o.d.w.
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Figure 5. Mass, molar composition of products and pH of
contact solutions depending on the specific ozone
consumption under ozonation of pine wood. T =0,7 c.
B oxalic acid, I glyoxalic acid,
C™  formic acid,
----- form/ox,
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It can be seen that as the specific ozone consumption increases, the amount of
acids increases, and the pH of the contact solution decreases from 5.7 for the initial
sample to 2.2 at Qr = 3.3 mmol/g. Data on the acid content in the contact solution
are also presented as the dependence of the molar content of formic and glyoxalic
acids relatively the molar content of oxalic acid (form/ox, glyox/ox, correspond-
ingly) on the specific ozone consumption. The change in the molar composition of
acids is explained by a combination of two processes - the formation of acids as a
result of the LG oxidation by ozone and a subsequent oxidation of these products
by ozone. Glyoxalic acid is oxidized to oxalic acid, formic and oxalic acids are
oxidized into CO, and H,0 [9].
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Figure 6. The composition of acids -
prodiicts of pine wood ozonation at
different values of the residence time.
MC 65%, Or = I mmol /g.
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The most resistant to ozone action is oxalic acid (the constant of the reaction
rate with ozone £ (0.01 1/molxs [8]), so the value of the molar content of the other
two acids relative to oxalic acid decreases with an increase in specific absorption
of ozone. It can be seen that a decrease in the relative content of formic acid (form/
ox) is observed at lower Qr values compared to the value of glyox/ox for glyoxalic
acid. For formic acid, the ozone reaction rate constant £ = 30 1/molxs [8], and for
glyoxal acid £ = 0.2 /molxs [9]; so the observed pattern is in principle consistent
with the values of the reaction rate constants of these compounds with ozone.

Figure 6 shows the composition of acids (as a percentage per 1 g of 0.d.w.) in
the ozonation of pine wood for different values of residence time. It is seen that in
spite of the same value of specific ozone absorption, the composition of the prod-
ucts changes depending on the contact time of the reagent. An increase in t leads
to the oxidation of the most easily oxidized ozone acids (formic and glyoxalic) and
the accumulation of more ozone-resistant compounds - oxalic and acetic acids (k
<< 0.1 1/ molx c [8]).

142 || International Conference



FEABEFRIRARF: BRI R4

In general, an increase in the residence time allows one to achieve higher values
of ozone consumption (Fig. 1), but the process of ozone absorption slows down,
the selectivity of the process decreases, so with an increase (| more functional
groups of the substrate enter into reaction with ozone, including less reactive prod-
ucts of LCM conversion. Thus, Figure 6 shows the presence of acetic acid, which
is a product of ozonation of hemicelluloses of wood [2]. Thus, an increase in the
value of the residence time leads to the destruction of LCM carbohydrates, which
are characterized by high resistance to the action of ozone.

These works show that varying the residence time of the reactant in the reac-
tion zone allows one to control the depth of the biomaterial destruction. With
increasing residence time, the ozone conversion degree increases and the ozone
absorption rate decreases. The depth of the transformation increases but the se-
lectivity of the substrate transformation process decreases. Variations in the resi-
dence time and water content of the substrate can be used to regulate the depth
of transformations of wood and other biomass species. For effective treatment of
biomass with ozone, when choosing ozonation conditions, the basic physical and
physicochemical properties of the plant polymer (density, fiber saturation point,
etc.) should be taken into account.
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Abstract. The absorption of ozone by pine wood has been studied. The content
of lignin (LG) and cellulose (CL) in lignocellulosic material (LCM) from ozonized
wood was determined. The degree of polymerization of CL from LCM has been
determined. LCM samples were examined by methods of IR spectroscopy and
X-ray diffraction analysis. Ozonation of wood leads to the destruction of LG,
which is characterized by a stoichiometric coefficient of 12 mol O3 /mol CIPPU
LG; a degree of delignification of 40-42% is achieved. The delignification process
is accompanied by the destruction of hemicelluloses and the amorphous part
of the cellulose. An ozone specific absorption region corresponding to the most
effective destruction of lignin with the least degradation of cellulose fiber has been
established.

Keywords: wood, ozonation, delignification, IR spectroscopy, X-ray diffraction
analysis.

To date, the world has accumulated significant experimental material on the
interaction of plant biomass with ozone. The prospects for ozone usage for the
removal of lignin from plant raw materials has been shown, the economic feasibility
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of ozonation for the subsequent production of cellulose, monosaccharides and
bioethanol is noted. [1,2]. Among the advantages of ozone as a delignifying agent
of biomass, the selectivity of ozone in relation to lignin (LG) is noted, while
cellulose (CL) and hemicellulose (HC) are relatively resistant to ozone [2-8].

LCMs from ozonized pine wood were investigated by a number of
physicochemical methods (IR spectroscopy, Raman spectroscopy, UV
spectroscopy of diffuse reflectance (UV-DO), thermal analysis) [4-11]. It is shown
[8] that the process of ozone delignification is accompanied by the destruction of
HC and the amorphous part of CL. A decrease in the degree of polymerization
of cellulose with an increase in the duration of ozonation was noted. Studies of
transformations of wood under the action of ozone have shown the possibility
of deep delignification of biomaterial, which, depending on the conditions, may
be accompanied by the destruction of HC and CL [2,6]. Wood delignification
produces lignin ozonolysis products, which also react with ozone in the cause of
the biomass processing [5,8,9].

A necessary condition for effective delignification by ozone treatment is the
presence of water in the structure of biomass. It is believed [1-6] that water is
a regulator of the swelling process, the medium necessary for the dissolution of
ozone, and also plays a transport role in relation to the reagent and the reaction
products dissolved in water. The water content regulates the rate of absorption
and the degree of transformation of ozone, the maximum achievable value of the
amount of absorbed ozone and the depth of destruction of biomass [2-5]. Authors
of [11] show that ozone treatment of pine wood with a water content of 60-
63% is characterized by a maximum absorption rate and a high degree of ozone
conversion.

In the present work, the study of pine wood transformations by ozone treatment
continues. The aim of the study is to determine the conditions for the destruction of
LG in pine wood, optimal in terms of specific absorption of ozone corresponding
to minimal destruction of cellulose. With this, under conditions of optimum water
content, kinetic curves of specific ozone absorption were obtained. For LCM
from ozonized wood, the LG content have been determined; with the help of IR
spectroscopy of diffuse reflectance (DRIFT), the dynamics of LG transformations
in wood was studied; LCMs were examined by X-ray diffraction.

Experimental

Pine wood (Pinus silvestris) sawdust with a particle size of 0.315-0.63 mm
and a moisture content (MC) of 65 + 2% relative to the weight of oven dry wood
(0.d.w.) served as the object of study. MC = (m ,,.,/m ) x100%. Procedure for
sample preparation was described in [11]. We performed a series of experiments
with different durations of ozone treatment of wood samples weighing 0.42—-0.45
g. Ozonation was carried out in a fixed-bed flow reactor equipped by temperature
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controller (25°C). An ozone—oxygen mixture with an ozone concentration of 55
+ 5 mg/L was passed through the reactor at a volumetric flow rate of 4 L/h. The
amount of absorbed ozone (Qr) was calculated from the kinetic curves of the
dependence of ozone concentration, according to [5].

The yield of ozonated wood (OW) (Y1) was determined as the ratio of the
mass of an oven dry OW sample to the starting o.d.w. weight in percentage. The
OW samples were washed with water to remove soluble compounds and dried in
air to afford LCM in yield Y2; the yield (Y3) of soluble ozonation products was
determined as (Y1-Y2).

The amount of acid-insoluble lignin (AISL) and acid-soluble lignin (ASL) in
the initial sample and samples of ozonated wood was determined as described in
[12]. The total amount of lignin in the initial sample (LG,) and in ozonated LCM
(LG, ) were determined as the sum of AISL and ASL. The degree of delignification
(DD) of wood during ozonation was determined from the relationship: DD % =
(LG, - LG, )/LG)*100.

The number of moles of ozone (A, mol O,/mol ) consumed in the oxidation
of the phenyl-propane unit (PPU) of lignin was calculated as A = Qr/(LG,—~ LG )/
Mg, Where m C,, is the molar weight of guaiacyl-propane unit C9PPU (180
g/mol).

Samples of LCM from the starting and ozonated wood were studied by DRIFT
spectroscopy and XRD analysis. DRIFT spectra were recorded on an EQUINOX
55/S infrared Fourier spectrometer (Bruker) with a diffuse reflectance attachment.
A powder fraction of KBr dried at 400°C was used as a reference. The resulting
reflection spectra were converted to Kubelka—Munk units.

The X-ray diffraction patterns of pine wood The X-ray diffraction patterns of
pine wood were recorded on a Shimadzu XRD 6000 diffractometer using Cu Ka
radiation (A = 0.15418 nm) in the angle range of 5—45° (on a 26 scale) with a step
of 0.03°. The crystallinity index (Crl) was calculated by the formula: Cr/=(1-1/
I, )x100% proposed in [13], where I, and I are the peak intensities at 20 =
22.5° and = 19.0°. To determine the average size D of nanocrystallites (coherent
scattering region (CSR)), the diffraction maximum (002) was analyzed using the
Lorentz function for approximation. The average CSR size was estimated using
the Selyakov— Scherer formula: D = A/p cos 6, where A is the X-ray wavelength
(nm), B is the half-width of maximum 002 (rad), and 6 is the Wolfe—Bragg angle.
The error in the estimation of the CSR value was 5-7%.

Results and discussion

Figure 1 shows the dependence of the amount of lignin in the LCM obtained
from ozonated wood on the specific absorption of ozone. It can be seen that in the
range of 0—1.5 mmol/g, the dependence is linear, the lignin content decreases from
28.0 to 17.8%, and the delignification degree in this region reaches 36%. At higher
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Qr values, the lignin content and DD vary insignificantly. At Qr 3.0 mmol/g, the
lignin content is 16.2%, and DD reaches 42%.

LG, %

w
A, mol Oz/mol CIPPU

Qr, mmol/'g

Figure 1. Lignin content in LCM, obtained from ozonated wood (1) and
amount of ozone (4), reacted with C9PPU of lignin (2), depending on specific
ozone consumption.

Curve 2 (Fig. 1), was obtained under the assumption that ozone reacts only
with lignin; it shows that at Qr < 1.5 mmol/g, the number of moles of ozone (A)
for C9PPU oxidation is 2,2+0,2 mol O,/mol CO9PPU. An increase in parameter A
at higher Qr indicates that ozone also reacts with other components of the sample.
Table 1 shows the yields of ozonated wood (Y1), cellulose-containing LCM (Y2)
and soluble ozonation products (Y3), the amount of oxidized lignin (LGox,%),
crystallinity index (Crl), and CSR size (D, nm) for various values of specific ozone
absorption (Qr, mmol/g); the cellulose content in LCM (%), the cellulose polym-
erization degree (PD) were found in [8].

Table 1 show that with an increase in Qr, the yield of water-soluble products
(Y3) increases, the cellulose content increases from 50% (LCM from the original
pine wood) to 58-59% for LCM from ozonated wood, its degree of polymer-
ization gradually decreases, and other structural characteristics are changed. A
comparison of the oxidized lignin content (LGox) and the yield of water-soluble
products (Y3) shows that their values increase symbatically, but the amount of
products is almost twice as high as Lgox. This indicates that the impact of ozone
on wood is not limited to lignin destruction.
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Table 1.

Yields of ozonated wood (Y1, %), LCM (Y2, %), soluble products of ozona-

tion (Y3, %), and cellulose (Y4, %), the amount of oxidized lignin (Lgox, %);

the cellulose (CL,%) content in LCM, the cellulose polymerization degree (PD);

crystallinity index (Crl); and CSR size (D, nm) for various values of specific

ozone absorption (Qr, mmol/g).
Qr,mmolig | Y1% | Y2,% | Y3,% [Y4,% [JIT,,% | CL,% | PD [8] | Crl | D,
8] (8] nm
0 100 98+1 | 2+0,5 | 49+1 0 50+1 | 7604+20| 0,73 3.4
0,740,07 | 100£1 | 90+1 | 101 | 48+1 | 45 | 53+1 |720%20| - -
10£0,10 | 101£1 | 88=1 | 132 | 481 | 7.2 | 541 |700=20| 0,75 | 3.5
152015 | 102=1 | 84=1 | 18+2 | 481 | 102 | 57+1 |620=20| 0.78 | 3.5
2.0£020 | 10121 | 82+1 | 192 | 471 | 104 | 581 |520£20] 0.79 | 3.6
3,0+£0,30 1011 | 80£1 | 2142 | 47«1 11,8 59+1 [480+20| 0,80 3,6

According to the Ph. Bailey’s ozonation scheme [12], a total of 3 moles of
acids are formed from 1 mole of phenol in reaction with ozone. In the work [8]
was shown that with a specific absorption of ozone of 1.5 mmol / g in terms of
1 g of 0.d.w., a total amount of 1.3 mmol of oxalic, formic and glycoxalic acids
was formed. In accordance with the scheme, this amount of acids is formed dur-
ing the oxidation of about 0.4 mmol of the phenolic compound with ozone. As
follows from Table 1, at Or of 1.5 mmol/g, 10.2% lignin (0.6 mmol C9PPU) was
destroyed. A comparison of the values of oxidized LG and the yield of water-sol-
uble products (Y3) shows that their values increase symbatically, but the amount
of products is almost twice as high as the amount of oxidized lignin (LG_ ). This
result shows that when wood is ozonized, ozone reactions are not limited to the
destruction of LG.

The results of the composition of acids determination undoubtedly indicate
that ozonolysis takes place with the participation of lignin located directly in the
LCM structure. However, when comparing the amount of acids with the amount
of oxidized lignin, it should be taken into account that the acid content is underes-
timated due to the ozone oxidation shown in a lot of papers [6,8.10,11].

The DRIFT spectra of the starting wood and ozonated samples are shown in
Fig. 2. The spectra are presented in Kubelka—Munk units (F(R)), which are the
equivalent of optical density in the reflectance spectroscopy. The spectra are nor-
malized to the band at 1128 cm™. The main changes in the F(R) values in the
spectra of ozonated samples are observed in the region of vibrations of aromatic
structures and carboxyl groups. The bands at 1511 and 1598 cm™ related to skel-
etal vibrations of aromatics [13,14] in the spectra of ozonated samples are de-
creased. The band at 1662 cm™ is assigned to the vibrations of C=0 conjugated to
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the aromatic ring. Some authors believe that C=C vibrations also contribute to this
band [13, 14]. The band intensity is markedly decreased with increasing QOr. The
band at 1267 cm™' (skeletal vibrations of the G ring + C, ~C-O vibrations [19]) is
also decreased.

g =
3 2
: £
i) =
e £
- 2

Figure 2. DRIFT spectra of LCM Figure 3. Diffraction patterns of

samples. LCM samples; Qr, mmol/g: 0 (1),

Or, mmol/g: 0 (1), 0,7 (2), 1,0 (3), 1,5 1,0 (2),
(4), 2,0 (5), 3,0 (6). 1,5 (3), 2,0 (4), 3,0 (5).

According to DRIFT spectra (Fig. 2), aromatic degradation is observed at the
whole Qr, range, but it prevails at Qr < 1,5 mmol/g (spectra 2—4); the intensity
of the bands at 1736 cm—1 of unconjugated C=0O groups of lignin and HCs no-
ticeably increases in the Qr range of 1.0— 2.0 mmol/g [13]. In the Qr interval of
1.5-3.0 mmol/g, the spectrum contour is changed in the region of stretching C—-H
vibrations (2850-3000 cm—1) (spectra 4—6); the band at 808 cm-1 attributed to
glucomannan is decreased [13]. These data indicate that hemicelluloses are also
involved in the process of substrate destruction at high Qr values.

The band at 3420 cm—1 corresponds to stretching vibrations of OH groups
bound by a hydrogen bond [13, 14]. With an increase in Qr, the band position is
preserved, the band half-width is decreased from 360 cm—1 (spectrum 1 in Fig. 2)
to 300 cm—1 (spectrum 6), which indicates the destruction of the network of hy-
drogen bonds of wood and the formation of a new structure with hydrogen bonds
that are more homogeneous in term of energy.

The diffraction pattern of the starting wood is characterized by peaks at 20
14.7°, 16.6°, and 22.5° related to atomic reflections in the (101), (10t) and (002)
planes. Interplanar spaces of 6.01, 5.34, and 3.95 A are close to the corresponding
crystal lattice parameters of the wood cellulose I [15]. The features of the dif-
fraction patterns of wood are due to the alternation of amorphous and crystalline
regions in cellulose included in the structure of the lignin-carbohydrate complex
(LCC). A model of a two phase amorphous-crystalline structure is often used to
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describe the structure of natural cellulose. The relative content of crystalline cel-
lulose in the material is characterized by a“crystallinity index” (CrI), the value of
which allows estimation the fraction of regularly packed molecules [16, 17]. A
comparison of the Crl values allows a semiquantitative assessment of the fraction
of crystalline and amorphous phases in the test sample. The Crl estimation using
“peak” (107) intensities at angles attributed to crystalline and amorphous phases is
the most common [16]. The Crl values and CSR size (D, nm) for various values
of specific ozone absorption are given in Table 1. The average crystallite size
(3.4-3.6 nm) is close to the CSR values obtained in [18].

As Qr increases, the Crl value increases. An increase in D and Crl indicates
the destruction of the amorphous phase; moreover, a change in these characteris-
tics is symbatic to the yield of soluble products of ozonation (Y3). A correlation
between Crl, the amount of removed lignin, and the yield of soluble ozonation
products was observed during the treatment of deciduous and coniferous wood
with ozone [8, 11]. The destruction of the amorphous phase is accompanied by a
decrease in PD of cellulose and is explained by the destruction of amorphous cel-
lulose when ozonation of wood.

From the data of Table 1 it follows that with an increase in Qr up to 1.5 mmol/g,
the main destruction of the amorphous phase occurs, moreover, due to the destruc-
tion of lignin and HCs. A change in the cellulose polymerization degree (PD)
in this Qr interval is small, therefore the destruction of cellulose at this stage is
insignificant. An increase in the D and Crl values also occurs at Qr more than 1.5
mmol/g, where the lignin content varies little, but the cellulose PD is changed no-
ticeably. The amount of dissolved products of wood ozonation is increased in this
range of ozone consumption; this indicates the destruction of wood carbohydrates
(HC and amorphous CL). In the range of 2.0-3.0 mmol/g, ozone is consumed
mainly in reactions with the products of oxidative degradation of wood.

From the point of the main task of wood delignification, the ozone consump-
tion range Qr <1.5 mmol O3/g seems to be the most acceptable; at the delignifica-
tion degree of 36%, the ozone conversion rate is 55% (ozone dose of 2.7 mmol
03/g or 140 mg O3/g) [11].

The process of ozone absorption by biomass consists of several stages. Ozone
goes into water from the gas phase; then dissolved ozone diffuses to the surface
of the substrate, where ozone interacts with the functional groups of LCM. Due to
diffusion and thermal motion, part of the LCM degradation products goes into the
aqueous phase. In the aqueous phase, the reactant interact with the reaction prod-
ucts dissolved in water. The water content at which the set of processes occurring
in the aqueous phase and on the LCM surface is characterized by the highest ozone
absorption rate; for pine wood it corresponds to 60-63% [11]. The interaction of
ozone with wood takes place in amorphous regions of LCC. Aromatics available
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to the reagent are destroyed first; this process inevitably leads to the conversion of
polysaccharides covalently linked to lignin. As a result, delignification is accom-
panied by destruction of HCs and the accessible (amorphous) part of cellulose.

Ozonolysis is considered as the main mechanism of destruction of lignin in
biomass by ozone treatment [6]. The ozonolysis scheme suggests that 3 moles of
ozone react with 1 mole of phenol [12]. The calculation showed that when ozon-
izing pine wood, 2.2+0.2 moles of O3 are required for the destruction of one mole
of the COPPU at Qr of 1.5 mmol / g (Fig.1). At higher Qr, reactions occur with
oxidation products in solution, and polysaccharides are oxidized, the A parameter
increases to 3 or more (Fig. 1.). We suppose that a part of lignin in the wood was
destroyed not by ozonolysis, but as a result of other mechanisms. For example, the
formation of phenoxyl radicals followed by opening the aromatic ring [19] can be
one of the significant pathways for LG transformations when ozonation. In this
case the formation of unsaturated acids, aldehydes, and peroxide compounds also
takes place.

In addition, processes involving OHe (radicals) are possible, which are gener-
ated as a result of ozone interaction with water [20], and also occur in the course
of further transformations of H202 (a product of O3 reactions with aromatics)
[12,19]. Their role increases at a pH above 3, and at the initial stages of ozonation,
the contribution of these processes can be significant. Ozonation leads to acids
formation, and the pH of contact solutions decreases from 5.6 to 2.5 [6,8], there-
fore, reactions involving OHe more likely at the initial stage of ozonation, and the
role of the mechanism proposed by Ph. Bailey increases at low pHs produced as a
result of biomass ozonation.

Thus, the treatment of pine wood with ozone leads to the destruction of LG,
which is characterized by a stoichiometry of ~2 mol O3/molC9PPU LG. The de-
gree of delignification achieved in ozonation is 40-42%. The main mechanism of
destruction of aromatics in wood is the ozonolysis reaction. The process of 0zono-
lytic delignification is accompanied by the destruction of hemicelluloses biomass,
and at high ozone costs the amorphous part of the cellulose also deconstructs. The
experimental data shows that the ozone specific absorption region (<1.5 mmol
03/g) corresponds to the most efficient process of delignification of pine wood, in
which the change in the degree of polymerization of cellulose is minimal.
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Abstract. The problem of robust control for a linear system with switching
in the presence of delay is studied. The aim of the work is to create a control
system that provides a given tracking error for the reference signal with arbitrary
parameters from the class of possible values. Only the scalar input and output of
the system are available for measurement. Unmeasured bounded perturbations
act on each of the subsystems. The proposed algorithm guarantees tracking of the
reference signal with the required accuracy. The results are illustrated with an
example: tracking a reference signal for a system consisting of three subsystems

Keywords: switching system, robust control, Lyapunov function, reference
signal

1. Introduction

Differential equations with switched parameters are used in traffic control sys-
tems, energy and chemical industries [1], in economic models [2, 3]. Therefore,
in many published works [4-11], various aspects of the operation of such systems
are studied and control systems are synthesized for them. In [4], a control system
is synthesized using the switched Lyapunov function. The general approach to the
analysis of switched systems with an arbitrary method of switching parameters is
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described in [5]. The problem of stabilization using the Lyapunov inequality is
studied in [6]. In [7], the problem of stabilization is solved for a nonlinear system
with a delay of neutral type, when the state vector and the switching signal are
available for measurement. With the help of the Lyapunov-Krasovskii functional,
which is formed for each subsystem, the feedback matrices for each of the subsys-
tems are obtained. The final result is formulated in terms of matrix inequalities.
In [8], a linear system with a delay in state is considered, the control parameter is
the switching signal, the formation algorithm of which is obtained. The principle
of extended invariance is used in [9]. The geometric approach was applied in [10],
the Hoo theory in [11]. In [12], a criterion for the existence of a general quadratic
Lyapunov function for a set of second-order linear systems was developed. Hybrid
mechanical systems with switching force fields, whose mathematical models are
second-order differential equations, were studied in [13-15].

In this paper, switching parameters are considered as parametric disturbances,
which made it possible, using the results obtained in [16, 17], to obtain a robust
control algorithm that allows, without switching the parameters of the control de-
vice, to qualitatively control an object with switched parameters in the presence of
uncontrolled limited external disturbances.

2. Formulation of the problem
Consider the control object, the mathematical model of which is the following
equations:

x(1) = A(q(0))x() + Dy (q(0)x(t =) + B(q(O)u(t) + T'(q(1)) f (0), 1
y(t) = Lx(2),

where x € R" — state vector, y e R, u € R— adjustable and control variables,
f € R — external disturbance, A(q(?)), B(q(2)),'(q(¢)), D;(q(¢) — set of con-
stant numerical matrices, ¢(¢):[¢,,©) —> I ={1,---,r} — switching signal. De-
pending on its value, matrices are switched in equation (1). In other words, there
arer sets of matrices A(q(¥)), B(q(?)), ['(q(¢)), D;(q(¢) , which are switched
during the operation of the system by the signal g(¢) .

It is required to obtain a control algorithm that ensures the fulfillment of the
target condition

y(6) =y, (0| <8, when t>1, 2)

for any given set of matrices for an arbitrary switching signal. In this case
»,,(t) —reference limited signal, which must be tracked with a given accuracy &
for some finite time ¢ .

We will solve the problem of tracking the reference signal for an object with
switched parameters under the following assumptions.
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Assumptions. Object (1) is stabilizing for any values q(t) .

1. The values of the matrices are unknown, but the ranges of possible values
of the parameters of the matrices are known.

2. Themaximumpossiblerelativedegreeisknown y = maxy,;,y, =n—m,; for
transferfunctionsofsubsystems W(L) = R,, (\)/Q,(A) = L(ML,, — 4;)” B
where ). — complex variable in the Laplace transform, n, m; polynomz—
al orders, [, —identity matrix of order nxn.

3. The disturbing action f(t) and the reference signal ¥y, (t) are smooth
bounded functions.

4. The controlled variable is available for measurement, but its derivatives
are not measured.

5. Switching signal q(t) is not measured.

3. Solution method

Let us transform equation (1) into the input-output form and write it in operator
form

0,(P.q(t) y®)+ D (P,q(t) y(t—7) =R, (P.q(t) u(t)+ G, (P.q)f (1) ~ (3)

where P = d / dt — differentiation operator,
0, (P.q()). R,y (P.q(t) .D (P.q(1). G,(P.q() - lincar differential
operators whose parameters are switched by a signal ¢g(z). The indexes of the
operators here and below will indicate their order. The operator O, (P,q(?) is
normalized.

We use the following obvious polynomial equality

O, (PYM 1 (P,i) = 0, (P,)S, (P,)) + Ny (P,i)- )

Here all polynomials are normalized, and polynomials
0,(P,i) M,_(P,i) S,_(P,i) are Hurwitz and normalized. Obviously, there
always exists a polynomial N, ) (P,i), that ensures equality (4).

We multiply equation (4) by y(#).and in the first term on the right side we
substitute y(¢), determined from equation (3)

0, (PYM,_(P.i)y(t) =
=8, {(P.i)(R,, (P.Du(0)+ D(P,i)y(t —7) + G (Poi) f (D)) + Ny o (P.1)¥(0)

Let’s perform «operator division»

Syi—l (Pal)le (Pal) - (l)+
0

= D”_z (P’ l) Nn+y72 (P’ l) — - Kn—2 (P’ l)
M, (P,i) M, (P,i) M, (P,

G —1 (Pal)+ .
v M, _(P,i)
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Here 7, (i) — is the coefficient of the highest degree of the operator R, (P.i).
As a result of the performed transformations, we obtain

Oy (P)y(t) = ro (u(®) + 1, (2, 1), )

Dn72(P9i) u(t)+ Kn72(P:i) y(l)+

xn(tq@) = G}/—I(P’i)y(t)+m M, (P.i)

S, (P,))D (P,i) (—1)+ S, 1(P,)G 4 (P,i) 10
M, (P M, (P,i)
We introduce a new control action in accordance with the formula
u(t) =av(t)
and write an equation for the tracking error e(¢) = y(t) — y,, (¢)
0, (Pe(r) = v(t) +x(t,1). (6)

Herey(#,i) = (rp (@) o —Do(®) + ¢, (1) + O, (P)y,, (1), a>0.
We write equations (6) in vector-matrix form for the i - th set of matrices

E(t) = A,e(t)+bo() +by(t,i) e(t)=Lie(t) i=1,---,r,

7
$(E:0) = (1o (0) = 0(e) + %1 () + O, (P)y (1) @
(i) =—c;Y(t)—7,0,(0)+ g,0,(1) +y (8,0),
o;,(t)=Do; () +by(t), ¢;(t)=D;p;(t)+bu(t),
where L, =[1,0,---,0], bT =[0,---,0,1], , .

n—1 n—1 , X S'Yi71 (P,Z)Gg(P,l)
c,eR" 7,0, eR",YeR, eec RV y(ti)= S(@)

Mn—l (P:i)

YT @) =), v (1), y"™D(@)],Ci> Ti> & — row matrices whose elements
are thp coefﬁc%ents pf the i -th operators Gy_1 (P,i), K -2 (P,‘i) D.n,z (P,i) re-
spectively, written in reverse order, 4,,, D; — are Hurwitz matrices in the Froben-
ius form, whose elements are the coefficients of the operators O, (P) and

M (P,i). Let us introduce the matrices

& T £ o1 G ] w(z,1)
C=|:,T=|: LG=|: Lrp=| : [,o=| > Lo=| |, w@®= : R
c a ‘E r g?‘ FG}‘ G r (P"' w(t7 'V)

Lecmi i = g(t),

and block diagonal matrices
0,ecnu i # q(f).

o=[n, 0,.], 0; ={
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D =diag{D,,---,D,} B=diagi{b,---,b}, Then equations (7) can be writ-
t
e €)= A,e@)+bo()+by(t), e(t)=Le(t),

x (1) =o((rpo. — Do (@) + CY () = To () + Go(1) + y () + O, (P)y,, (D), (9)

5(t) = Do(t) + By(t), ¢(t)= Do(t)+ Bu(t).

We have obtained a system of equations in which all perturbations and uncer-
tainty are concentrated in the function y(¢). In this case, the switching of param-
eters is considered as stepwise parametric perturbations. The task of constructing
a control algorithm is to suppress these perturbations.

Let us use the results of [16] and introduce an auxiliary contour, the mathemat-
ical model of which is the equation

€p (1) = A, e () +D0(1) €, (2) = L1, (7) - (10)

Let’s make an equation for the mismatch vector z(¢) = g(¢) — g, (¢) , subtract-
ing (10) from (9)

Z(t) = A, z(t)+ by(t) C(t)=e(t)—ey(t) = Liz(¢). (11)

From equation (11), taking into account the structure of the matrix 4,,, it fol-
lows that the generalized perturbation ¥(#), can be calculated in accordance with
the formula x(¢) = O, (P)E(?) . Then the ideal control law is determined using the

formula
u(t) =-0,(P)C(1)
In this case, the tracking error equation (9) will be asymptotically stable.

Taking into account that the derivatives of the input and output variables are
not measured, we will form the control signal V('t) in the form

V(1) = =¢u&(0). (12)

where&T (1) =[C(t) PL(t) ..., PTC(t)], — vector of signal derivative esti-
mates {(t), ¢,, — a vector whose components are the coefficients of the operator
0, (P), written in reverse order. Vector §(7 ) obtained with an observer [18]

00 =To0() +do (G -C(1). T =L0(r) . (13)
H RY 0 ] gy=| % & the numbers d, ..., d
ere {(f)eR", T = o oI 0 " yres ut » the numbers d,, ..., d,

are chosen so that the matrix " = Iy + aIL1 was Hurw1tz d= [dl, - dst n>0 -
a fairly small value. We introduce two vectors G - (t)=[C@®), PL(2), -, Py_lg(t)],
N0 =T '00t)-5@t) , T =diag{p’” LU -, 1,1} . Then, taking into account the
equality c(t) 1"00(1)+b(;Y(t) from equation (13) we obtain the equation for
normalized deviations M(¢)
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) = ;Fn(t) —bLN(1) AD=CO-5O=n" MO =p""Ln0O) (14

We substitute the value of v(¢) from (12) into (9), as a result of which we
obtain the equation of a closed system

(1) = A,e(t) + 1" 'bg , A1), e(t) = Lig(0),
£,(1) = A,e, ()= bgE(0), e, ()= Lig, (1), 5(0) =) —2,(1), (15

n@) = :Fn(t)— b (1), At =C(N) - =p" () =p" " Lin(),

where ZT(t) =[n, @), n'l(t), e nly]. We have obtained a singularly per-
turbed system of equations, since p is a small quantity.

Statement. Let the conditions of the assumptions be satisfied. Then there is
a number gy such that when the inequality p < p, is satisfied, the control al-
gorithm (10), (12), (14) ensures the fulfillment of the target condition (2) for the
control object (1) with an arbitrary way of switching parameters.

Thus, as a result of the fact that the mathematical model of the tracking error is
transformed into the form (7), where the switchings are considered as parametric
perturbations, it is possible to obtain a control algorithm without switchings. In
addition, it should be noted that when analyzing the performance, it is sufficient to
use one Lyapunov function.

Proof. Since the system of equations (15) is singularly perturbed, the analysis
of its functioning consists of two stages. First, we study the reduced system, and
then we determine the area of attraction of the system.

Let us use the lemma for the system of equations

()= A,e(0)+ ) 'bg  AD), e(t) = Lig(t),

_ (D.1)
R =T =087 (0, AW = EO =60 =] My (0 =n] " Lm(@),
wherep; =p, =p
Lemmal19] If the dynamic system is described by the equation
x(t):f(xoulaMZ) X(t)ERn, M >Oa Mo >0a (DZ)

wherex € R", f(x,u,ly) — continuous function, Lipschitz in x . and for
Ly =0 thesystem has a bounded closed dissipativityregion Q. = {x: F(x) < K}

where F(x) — continuous, piecewise-smooth, positive-definite function in R
such that, for some € >0 and p, >0 the inequality
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T
sup (aﬁ‘j f(x9 M1 :0) <—€
<o ox at F(x) =C,

then for all sufficiently small W, L, S Wy the set Q, remains the domain of
dissipativity of the system (D.2).

The system of equations (15) is autonomous, so this lemma can be applied to
it. Suppose p, =0 in (D.1). Then we get

E() = Ae(0), e(t) = Lie(0),

. _ o o (D.3)
@O =), A =C@O-CO=p{ N =pn] L),

whence we have lim g(¢) =0, lim 1(¢) = 0 . Therefore, the following relations
t—® t—®

hold lim Y(£) = Y,,(t) lim A(¢) =0, lim &(¢) = 0 where
t—0 t—0 t—0
Y,,T )=y, y'm @) -, y,Vn‘l (¢] - From the equations
£5(1) = Apep () =bg &), €y (1) = Lig (1), (1) = £(t) — £, (1)
following lim g, () = im {(#) =0 .
t— t—o

Consider a function %(?), that is a generalized perturbation
1(1) = —o((rga — D n&(1) + CY (1) - To (1) + Go(t) + y (1)) + 0,(P)y,, () »

6(t) = Do(t)+ By(?), (f)(t):D(p(t)—Bq;l;lEJ(t).
From conditions lim Y(¢) =Y,,(f) lim A(t)=0, lim &(¢) = 0 it follows, that the
t—o0 t—0 t—0

vectoro(#) is limited and lim @(¢) = 0. Taking into account the third condition
t—0o0

of the assumptions, we can conclude that the function %(¢) is bounded in the ab-
sence of switching. If the switching of the elements of the ® matrix is instanta-
neous, then the Y (¢) o(t) ¢(z) w(#) 7, vectors are multiplied by other constants.
Hence, there will be limited jumps. In the case when the control is switched off for
a while during switching, i.e. there is some time for the switching elements to
operate, short pulses will appear. This is due to the fact that in this mode the trajec-
tory of the state vector of the control object will deviate due to the control being
turned off.

Thus, we have obtained that for 1, =0, all variables in a closed system are
bounded. In this case, the quadratic Lyapunov function
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Ve, =e' (OHe(®)+n' (HPN(0) (D-4)
satisfies the conditions of the lemma, where positive-definite matrices are de-
fined by their matrix equations

HA, + AyH =—p\I,, ®F+F'®=—p,[.p;>0,p,>0 (D.5)

Since the conditions of the lemma are satisfied, there exists a number L such
that when the inequalities 1 < g, Ly < L, hold, all variables of system (15)
are bounded values. However, the boundedness of all variables does not guarantee
the fulfillment of the target conditions (2). Let us find out the area of attraction of
the original system, assuming that L1} = W, =. Let us calculate the derivative
of the function (D.4) on the trajectories of the system (D.3), taking into account
(D.5)

V(e,m) =—pi e + 20 'eT () Hbg M) - P2 n) + 2n" (0)@bLY (1)
Mo

Let’s use the ratings:

_ 2 1, > 1
e leT(ngq,EA(t)sMOl\s(t)\ ik 2" OPBL (0 < (o) + ok
0

where k; = sup‘Hqu
inequality

2
k2 = sup‘q)bcy(t)‘ . Then we get the following
t

. _ 2 -1 2 _ (D.6)
V(e ) < —(py + Do) - pil—|n(z>| + 1l + 1ok,
0

It is obvious that there are numbers P1> P2, Ko ensuring the positivity of the
numbers (p,; + u%‘l ) and P2 ~1 Inthis case, from (D.6) we will have an estimate
Mo

of the attraction area (p1 + 1) )‘a(t)‘ JP2t ‘rl(f)‘ <uy kl + 1ok, whence
Lo

follows the chain of inequalities ‘ V() =V, (t)‘ < ‘8(1‘)‘ <

It follows from this inequality that there is a number L, that ensures the ful-
fillment of the target condition (2).

4. Example
To illustrate the results obtained, consider system (1) consisting of three sub-
systems, in which
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3 10 1 1 1 0 0 4 1 0 1
A4=13 0 1B, =|9],4,=|2 0 1[By=|5],4,=/4 0 1| By=|1],
3 00 9 2 00 6 4 0 0 1
1 0 0 1 1 0
D =10 0, IT={2, IhL=|1, Iy=|1|,L=[100], f()=sint+sin2,2,
1 0 0 2 1 3

V() =2sint +2sin0,7¢ . All subsystems are unstable and have different
relative degrees, the largest of them is equal to two. Therefore, we take an auxil-
iary circuit, which is described by the equation

Pzeb () +11Pe, (1) +30e, (1) = 100(8), u(t) = 2v(¢), e(t) = y(t) - y,, (@),
&) = elt) — ey (1).

v(t) =—-0.130&, () + 11, (¢) + 30E5(2)) , where estimates of the deriva-

tives of the signal {(¢) are obtained from the observer

él(t)=é2<r)+§(c<z)—é1(o), £ =830+ 20 -£,0),
u

. 9
&3(1) = F(C(t) —-&(0) , x! 0)=[2,2,2] , the rest of the initial conditions

are zero, u = 0,01 .

ey
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Figure 1. Transition processes

The control action is limited |u(t)| < 50. The switching signal ¢(¢) takes the
values 1, 2, 3. Accordingly, parameters with this number are connected. On fig.
1 shows transients for error and control, as well as a graph of the change in the
function ¢(?), which controls the switching of parameters. It can be seen from the
figure that the maximum bursts of the error signal during switching do not exceed
0.04. The appearance of bursts is due to the fact that an observer with a large gain
is used to estimate the derivatives. However, if we compare this value with the
amplitude of the reference signal, which is equal to four, then we get a very small
value of the relative tracking error.

5. Conclusion

The transformation of the mathematical model of the control object to the form
when switchings are considered as parametric disturbances, as well as the applica-
tion of the approach of constructing robust control systems [16, 17], made it possi-
ble to obtain a tracking system in which the generalized disturbance is suppressed,
resulting in a system with a sufficiently small tracking error. The result obtained
can be easily generalized to systems with delay, as well as to a sufficiently large
class of nonlinear systems. The disadvantage of the proposed method is the fact
that it is not possible to obtain an analytical dependence of the tracking error on
the parameters of the control device. However, this obstacle is easily overcome at
the stage of system modeling.
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Abstract. The hydrodynamic and thermophysical flow models in a horizontal
borehole are formulated and presented in the article. The influence of the mismatch
of fluid densities in the transition zones on the reservoir performance was studied.
The effect of changes in the density of interacting phases by 0-10% on gas-oil and
oil-water contacts has been studied.

Keywords: oil; gas, water, hydrodynamics, thermophysics, horizontal well;
reservoir modeling.

The low permeability oil and gas resources are rich and have great potential
all over the world, which has gradually become the main target of oil and gas
field development. However, after traditional primary and secondary exploitation,
there is still a large amount of oil that has not been recovered. Therefore, in recent
years, enhanced oil recovery technologies for low permeability reservoirs have
been greatly improved to further improve the recovery of crude oil. Since thermal
recovery methods perform best in the extraction of heavy oil from hydrocarbon
reservoirs, such methods would be preferable for oil recovery. These methods
include cyclic injection of steam (especially carbon dioxide), hot water injection,
and gravity drainage with steam.

Factors affecting accurate prediction of fluid contacts are hydrodynamic gra-
dients, reservoir heterogeneities, presence of semi-permeable barriers, and flat-
ness of the sandstone. Accurate determination of the initial liquid contact depth is
essential to assessing reservoir flow performance. Theoretically, formation fluid
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contacts are assumed to be horizontal, but this is not the case in typical formation
conditions if the fluid contacts are non-linearly coupled. However, such a defini-
tion leads to large discrepancies in the estimation of reservoir fluid displacement
and the overall productivity of hydrocarbon production.

Before presenting a thermophysical model of flow in a horizontal wellbore, it
is necessary to formulate a hydrodynamic model.

Hydrodynamic flow model in a horizontal wellbore.

Partial differential equations of an oil emulsion model were used for the study
using the Eclipse 100 simulator, a product of the Schlumberger service company.
Its application was based on the number and type of simulated phases. Here the
water flows together with the hydrocarbon phase (oil and gas). In contrast, when
using a compositional model, both oil and gas are treated separately, in contrast
to an emulsion, which assumes that liquid and gaseous hydrocarbons flow as one
phase. The emulsion model equation is fundamental, cumulative for multiphase
flow control and is the mathematical basis on which the simulation model is built
[1].

Equations (1), (2), (3) below describe an extended emulsion model in which
@SS, and S, represent porosity, oil, gas, and water saturation, respectively.
Variables B, BB describe the reservoir volume ratio (RB/STB) for oil, gas and
water, respectively. The reservoir volume factor is included in the simulation to
correlate the surface fluid flow with the prevailing reservoir conditions. Although
R, and R presented in equations (1), (2), (3), describe the ratio of the volume of
oil to the volume of gas under standard conditions, and the reverse is true for R.
When modeling an emulsion, the relative velocity of phases through a porous me-

dium is taken into account, which is represented as Darcy velocities 1, 1, and u,
measured in meters/day for oil, gas and water phases, respectively.

e e R N
@) Gm)-
PG erGregm)o o

Equations (4), (5), (6) represent the components in the direction of the x ordi-
nate, taking into account the Darcy velocities
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where Gyp — critical gravitational attraction, m/s?.
The relative mobility N, is defined as the ratio of the relative permeability for
the phase flow to its viscosity, therefore,
_ K

N, =
Hi

Phase densities are related to gas solubility coefficients and reservoir volume
using equations (8-10)

(7

Pu =5 [Puse + RusGgec] (8)

Ps = Big[pssc + Rssggsc] %)
— Prsc

Pr =", (10)

Equations (11-13) represent the individual compressibility of oil, water and
gas, respectively, measured in 1 /psi, where ¢ — is rock porosity and S€ — is phase
saturation. In addition, saturation satisfies the expression presented in equation
(14).

CH = Gpusc:% (11)
SE
CB = G}psscﬁ_g (12)
C, = Opeec | =+ Ry =+ R, 2|
r prsc B, HS B, ES B, (13)
S, +5. +5. =1 (14)
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Combining the equations described above results in a mass conservation equa-
tion for each fluid component. Equations (17-20) represent the mass conservation
equations used by the emulsion simulator to simulate the flow of an oil component
in the oil phase, a water component in the water phase, and a gas component in the
oil, water, and gas phases, respectively.

d (pu d (pu d {pu d Sy
-1 (ﬁ“m) +5(B—f%ﬂ)+;(ﬁ“m)]—qn = a(ﬁpmca) (15)

e () 5 (57wn) + 2 ()| = 0a = (00 32 )00

d {Pprsc ResPrse ResPrse )]
-—\-—u, . +r—u,, +—1u 17
[dx ( B. XT B, XH B, XE (17)
d (Prsc RisPrse ResPrse )]
-—\l——u,.+tr—1u,, +t—1u 18
[dy ( B. Yr B, JH By YE (18
d [ Prsc RysPrac ResPrsc )] (19)
——\l—u.+t—u_,+—1u
[dz ( B, Zr B, ZH B, ZB
d 5 Sy 5,
—q- = ar (@prsc [E_+ Rus; +R,, .E‘_]) (20)

Thermophysical model of flow in a horizontal wellbore.

The non-stationary temperature field in the flow region is determined from the
balance equation for the internal energy of a multiphase medium in the control
volumes, taking into account the filtration rates W, found above w based on the
solution of the filtration equation. Assumptions apply: all phases (oil, water, rock)
have the same temperature: T5 = T = T7; the power of internal forces is
negligible; the shape of the streamlines is known and is set during the calculation
[2].

Internal energy balance equation in integral form
[ £ (p)aV = — [ (1q" + pUw,,)dS @1)
where pU = (pscs + PuCy + prncrn);

T — specific internal energy of a multiphase medium (oil, water, rock) per 1
m?® of volume;
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Tq"™ — specific thermal energy per 1 m? of surface §, transmitted through the
surface due to the mechanism of heat conduction;

pUw, — specific internal energy of a moving medium (oil, water) per 1 m?.

The balance equation of internal energy in algebraic form for the control vol-
ume Vl-}- withi=1,...,N—1,i =1,..., M — 1 will be written as

V;'j(pﬁcﬁ + .IOH.CH + prnCrn:]:":j+lT;'?+l - I:pBCB + ph’.Ch'. + prnCrn:]:":jT:'? = (22)

k kG k+l k ok k+l k+1 kR k+1
r(pﬁ CaWg '~ Py CyWy Ilz’—l,j'ﬁZT:'—i i (ps Ce W +

J
PE C:f Wfﬂ)a'jzla'j'ﬁz’n?“ + f(Qa‘j + Qla’j + Q;)

1§02 Iy jAZ
_ 1k 1y k+1 _ hk+1Y _ gk ‘1i-1, kE+1 _ phk+1
where Qz’j = H‘HLj hHlj(TfH,j Tz’j ) j‘a’j s (Ta; Ta‘—l,j) -

i-1.j

thermal energy per 1 m’ of volume, transferred through the faces I,,;AZ and
l1;-1,;AZ of the control volume (between adjacent control volumes j = const).

The value of the heat flow through the boundary will be equal to the heat flow
as a result of heat transfer from water to the walls of a horizontal well

T, -T
AR = (T, — T) @)
The value of the heat flow through 1 m? of the horizontal well section will be
equal to
T—Thy—
Iy = Ay~ = s (Ty — Tova) (24)

The boundary conditions along the ¥ axis correspond to the absence of heat
transfer at the lower boundary due to the symmetry of the problem being solved
and are similar to equation (23) for the heat flow from the reservoir to the host
rocks recorded for the upper boundary.

Accurate prediction of future reservoir performance is essential to determine
the actual economic feasibility of a crude oil exploration and production project.
Most often, in computational characterization and evaluation of the behavior of
oil reservoirs over time, engineers attempt to approximate critical reservoir pa-
rameters derived from core analysis, well logging, geophysical surveys, and other
data through computer simulations.
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Airport security must always be at a high level. This applies to both airfield
equipment and aircraft. After all, flight safety depends not only on the profession-
alism of pilots, but also on ground technical teams that are responsible for the state
of aviation equipment.

That is why ground support personnel constantly conduct regular inspections
and checks of aviation equipment.

In order to work at the airfields efficiently and efficiently, various service and con-
trol stations are used. But it is worth remembering that aircraft equipment should be
inspected every time before departure in order to identify defects in the system. The
fact is that transport malfunctions can lead to disastrous consequences.

This work is always performed by highly qualified workers who have more
than one year of experience in this field. In order for the repair and maintenance
of aircraft elements to be carried out at a high level, it is necessary to have the
necessary knowledge and skills.

According to the established federal aviation rules, the engineering and tech-
nical service, in accordance with the maintenance regulations, is obliged to carry
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out dismantling and assembly work of individual parts of aviation equipment units
for various checks and diagnostics.

To date, it is hardly possible to find means of ground support for flights with
equivalent wear of elements. The technological level of development of produc-
tion has not yet reached its maximum. Although it is possible that similar details
will appear in the future.

Today in army aviation there is a need to control the part “Blade turn lever”
due to its large loads in flight, which is one of the constituent parts of the control
system of the helicopter carrier system.

The casting process is very complex. When it is controlled, the results are de-
termined by a large number of controlled and uncontrolled factors (the presence
of defects). Some of the factors, due to their small influence on the value under
study, cannot be controlled during the study. However, during experiments, these
uncontrollable factors cause a spread in the values of the quantity under study, i.e.
experiments repeated several times with the same values of controlled factors give
results that differ from each other. In addition, the impact of each of the factors on
the value under study is complicated by the influence of the interactions of factors.
Therefore, recently, along with a deterministic description of foundry processes,
they are increasingly considered from a probabilistic-statistical point of view, and
experimental research uses methods of experiment planning based on the ideas of
mathematical statistics and the mathematical theory of experiment [1].

The quality of the casting depends on the presence of various defects, which
include shrinkage cavities, looseness, porosity, gas bubbles and cavities, sand
cavities, slag cavities, non-metallic inclusions, metal inclusions, sinkholes, films,
junctions, hot cracks, cold cracks, thermal cracks.

When deciding which method of X-ray or ultrasonic testing would better de-
tect defects, it turns out to be dependent on many factors. As is known, the number
of factors determines the number of experiments in a multifactorial experiment,
and an increase in the number of factors included in the study leads to a significant
increase in the amount of experimental work. As is known, the number of factors
determines the number of experiments in a multifactorial experiment, and an in-
crease in the number of factors included in the study leads to a significant increase
in the amount of experimental work. For example, when conducting a full factorial
experiment of type 2¥, an increase in the total number of factors by one unit entails
a doubling of the number of experiments. So, with the number of factors equal to
5, it is necessary to carry out 2° = 32 experiments, and with six factors, the number
of experiments will be equal to 2° = 64.

When establishing the dependence of process parameters on factors, in order to
reduce the amount of experimental work, it is desirable to have as few of these fac-
tors under study as possible. However, it should be borne in mind that experiments
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aimed at finding the optimal conditions for the course of the process may lose all
meaning if at least one factor that has a significant effect on the optimization pa-
rameter is excluded from the number of factors.

Thus, with a large number of factors under study, they tend to reduce their
number by eliminating such factors that have an insignificant effect on the pro-
cess. To exclude, or screen out, factors that do not have a significant impact, it is
necessary to know in advance which process factors and their interactions are the
most significant, and which factors are of little significance. At the first stages of
studying the process, if the researcher does not have data on the significance of
factors, it is recommended to include in the study all the factors that can influence
the process under study. It should be borne in mind that the theory of experiment
has methods for distinguishing essential factors from the total number of system
factors.

Known methods of experimental screening factors, involving a series of exper-
iments and the selection of significant factors based on the results of these experi-
ments. However, considering that even a small reduction in the number of factors
significantly reduces the amount of subsequent experimental work, it is also nec-
essary to use a priori information to filter out factors: literature data, results of a
survey of specialists, etc. On the basis of a priori information, an a priori ranking
of factors is performed, which makes it possible to single out the most significant
factors and filter out factors that have an insignificant effect. At the stage of pre-
liminary study of an object or process, it is possible to conduct a priori ranking,
which consists in an objective assessment of the data obtained as a result of a sur-
vey of specialists or from studies published in the literature [1]. Such an analysis
allows the most reasonable to exclude some factors from further consideration.

Usually, a priori ranking of factors is carried out in the following sequence.
Based on the literature data, a list of factors influencing the parameter under study
is compiled, and the domain of definition of each of the factors is established. Then
they offer specialists working in this field to arrange the factors in a row according
to the degree of their influence. At the same time, each specialist can supplement
the list if, in his opinion, it is not complete or express an opinion on changing
the variation intervals. When selecting specialists, it is necessary to strive for the
presence among them of representatives of the largest possible number of scien-
tific schools. When collecting opinions, each of the specialists is invited to fill out
a questionnaire that lists the factors, their dimensions and the expected ranges of
variation. Filling out the questionnaire, the specialist determines the place of the
factors in the ranked series.

The contribution of each factor is estimated by the value of the rank-place as-
signed by the specialist to this factor when ranking all factors, taking into account
their expected influence. The factor to which the leading role is attributed is given
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the first place, the rest are arranged in descending order of the degree of their
influence on the selected parameter. If it is difficult to determine the prevailing in-
fluence of some factor over another, then they are assigned the same ranks, which
are the arithmetic mean of their estimated sum of ranks. The results of a survey of
specialists are presented in the form of a matrix of ranks (tab. 1) [7].

Factors of influence on the possibility of UST and X-ray testing on cast body
castings:

XRT

UST

1. Distance from tube focal spot to
workpiece

6. Complex shape associated with different
surface curvature and variable thickness in
different areas of the part

2. Forms of the defect and its

7. Presence of irregular structural reflectors

location relative to the direction of
transillumination

3.Characteristics of the film and the
correctness of its photo processing after
exposure

4.The use of intensifying screens

8. Complex shape of discontinuities leading
to strong scattering of the acoustic field.

9. Coarse-grained structure that degrades
UST efficiency due to significant attenuation
of ultrasound

5. X-ray hardness, thickness and density
of the translucent material

10. Increased requirements for the state
of the control surface for roughness and
waviness

For example, four specialists were asked to rank eight factors (x,, X,, ..., X,).
The first specialist arranged the factors according to the degree of their influence
in the following sequence: x,, X, X, X,, X,, X,, X,, X,. In accordance with this
sequence, factor x; is assigned rank 1, factor x, - rank 2, etc. The results of the
survey of specialists are shown in tab. 1. The survey data is processed as follows.
For each factor find the sum of ranks, E}”:l @;; and where m — number of experts
interviewed; a; — the rank of the i-th factor assigned by the j-th researcher. Then
the deviation A of the sum of ranks from the average sum of ranks for each of the
factors is calculated:

Lk m

. R'm _ =
Al = 2=y ag; o &i=1

B )

j=1 %

where A, - deviation of the sum of ranks of the i-th factor from the average
sum of ranks;
k - number of factors;

1w m
P Zimy E;:l f@;;- average sum of ranks.
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Table 2
Matrix of ranks
Researchers Ranks by factors
X [IX X XXX (XX,
1 65141171238
2 7181 6 4] 2 1 3|5
3 4 1518|713 |2]6
4 6 8| 7 |51 ]2 |43
™
Sum of ranks 247 =1 ®ij 2312622523 5 | 8 [12(22
Deviation A, of the sum of ranks from the average s1gl 7 15!-131-10]-6|4
sum of ranks
Deviation squares ﬂ; 25 (64| 49 [25(169]100|36|16

So, for example, for the first factor x, the sum of ranks will get the value
7=y @;; =6+7+4+6=23; for factor x, it will be equal to E”"_l a;; =5+8+5+8=26
and etc
In this example, the average sum of ranks for eight factors will be

1
kzz —5(23+26+25+23+5+8+12+22]=18.

i=1 j=

We find for each of the factors the deviation A of the sum of ranks from the
average sum of ranks. Deviation £1 of the sum of ranks of the first factor from the
average sum of ranks

A=Zr a; —- T I a;=23—-18=5

Deviation A, of the sum of ranks of the second factor from the average sum
of ranks

A, E’“laq— E"lz =26—18=8

Havmg determmed the Values of A, for each of the factors, the degree of agree-
ment between the opinions of the interviewed specialists is assessed. For this, the
concordance coefficient W is used, which is calculated by formula (2) [1].

I - ®)
m2 (k% k)

where S=x5_, A%,
In the example under consideration, the concordance coefficient is equal to

_ 125 12(25+ 64+ 49+ 25+ 169+ 100+ 36 + 16) -0
Comi(k:—k) 42(8% - 8) ’

72,
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It has been established that for k > 7 the value m (k — 1) W obeys the y? - dis-
tribution with the number of degrees of freedom f=k - 1.

The significance of the concordance coefficient W is determined using the Pear-
son test. To do this, find the calculated value ¥> according to the formula (3)

128
_,'E§ = m{k - 1}W = m (3)

The calculated value % 5 is compared with the tabulated value from the Pear-
son distribution found for the accepted level of significance and the number of
degrees of freedom f =k - 1. The hypothesis of the agreement of the opinions of
the interviewed specialists is accepted if X_E > xi

In the given example, ,’E§= m(k - )W =4(8-1) 0,72 =20,2. At a 5% signifi-
cance level (a =0,05) and the number of degrees of freedom f=k—-1=8 -1 =
7 the tabular value ¥ * s 14,1. Since = Xﬁ > xf =, then we can assume that the
opinions of experts are consistent.

After making sure that the opinions of experts are consistent, you can build a
rank diagram. When constructing this diagram, the factors are plotted along the
abscissa in ascending order of the sum of the ranks, and along the ordinate - the
sum of the ranks.

For the example under consideration, the rank diagram is shown in fig. 1. In
this figure, the shaded part of the diagram characterizes the degree of influence of
factors on the value under study. The degree of influence of the factor on the value
under study is estimated by the value of the sum of ranks: the smaller the sum of
the ranks of the factor, the greater the effect it has on the value under study.

DakTope!
X5 X6 X7 X8 x1 X4 X3 X2

1]

Cymma panroe

Figure 4.1. Rank chart
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Using the rank diagram, you can highlight the most influencing factors and
weed out factors that have an insignificant impact. If the distribution of the degree
of influence of factors is uniform or uneven, but monotonically decreasing (fig. 2,
a), this means that all factors must be included in the further study of the process.
In the case of a rapid exponential drop in the degree of influence of factors (fig. 2,
b), some of the factors can be excluded from further study of the process.

Daktops! DakTopkl

Cymma paHros
Cymma panros

A) B)
Figure 2.2. Rank diagrams

It follows from the rank diagram that, according to the interviewed specialists,
the factors that influence the test result more than others are the hardness of X-rays
and the thickness of the product during X-ray testing, and the complexity of the
shape and the presence of irregular reflectors affect the ultrasonic testing. Other
factors have a much smaller influence, and they can be excluded from further
consideration.
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Abstract. The purpose of the work is to determine the acute, chronic and
subchronic toxicity of a complex preparation made on the basis of natural zeolites.
The drug includes an antimicrobial agent and agents that regulate metabolic
processes in the body of piglets.
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Acute and chronic toxicity of the drug was determined on white rats weighing
180-200. When determining acute toxicity, the drug was fed mixed with white
bread. The initial dose was 1.12 g/kg, which was doubled after two days. When
determining chronic toxicity, the drug was fed at a dose of 1.0 g/kg of body weight
for 60 days. Subchronic toxicity was determined in piglets of weaning age, which
were given the drug at a dose of 1.0 g/kg of animal weight for 30 days with feed.
During the determination of the toxicity of the drug, the animals were observed,
their behavior, general condition, attitude to food, condition of the coat and visible
mucous membranes were taken into account.

To assess the morphological and biochemical changes in the body of animals

of the experimental and control groups, blood was taken before and after the end
of the experiments, in rats - by decapitation after ether anesthesia, in piglets from
the tail vein. In the blood, the number of erythrocytes, leukocytes, hemoglobin,
leukocyte formula was determined. Changes in metabolic processes were assessed
by the state of protein, carbohydrate-lipid, and mineral metabolism.
It has been established that the drug does not have acute and chronic toxicity for
white rats, subchronic toxicity to weaned piglets. Feeding a prophylactic drug to
piglets for 30 days is accompanied by the normalization of metabolic processes,
a decrease in the processes of endogenous intoxication, and prevents digestive
disorders.

The use of a prophylactic drug for 30 days prevents the development of
disorders of the gastrointestinal tract with diarrheal syndrome, while 30% of
piglets in the control group have such disorders.

Keywords: prophylactic drug, zeolites, rats, piglets, acute, chronic, subchronic
toxicity.

Introduction

One of the reasons for the loss of young pigs after weaning are diseases of the
digestive system, both non-contagious and infectious nature [7, 9, 3]. In recent
years, a wide range of drugs (antimicrobial, probiotic drugs) has been proposed
for the treatment and prevention of gastrointestinal diseases in piglets [6, 1, 11].
However, the use of antimicrobial drugs, in particular broad-spectrum antibiotics,
is accompanied by the rapid development of resistance to them in opportunistic
microflora.

Natural zeolites are used to prevent or reduce the negative effect of ecotoxi-
cants coming with feed on the organism of farm animals. As catalysts and ion ex-
changers, zeolites contribute to better feed digestibility and are a source of micro-
and macroelements, which is important for young pigs, which are characterized
by a high degree of growth. Zeolites have a pronounced effect on the microflora of
the gastrointestinal tract [4], help reduce the processes of endogenous intoxication
[10], and are effective in the pathology of the digestive organs in young pigs [2].
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In connection with the foregoing, we have developed a complex prophylactic
preparation based on natural zeolites of the Vanginsk deposit [5] with the inclu-
sion of antimicrobial agents and agents regulating metabolic processes in the body
of piglets.

The purpose of the work — is to determine the acute, chronic and subchronic
toxicity of the complex drug.

Material and research methods

Determination of acute and chronic toxicity of the drug was carried out accord-
ing to the guidelines for experimental (preclinical) study of new pharmacological
substances [7]. As a model object, 2-month-old male white outbred rats weighing
180200 were used. Subchronic toxicity was determined on piglets of 2-month-
old white large breed. All procedures and experiments on rats and piglets were
carried out in accordance with international rules for the treatment of animals.

When determining acute toxicity, the prophylactic drug was fed to rats mixed
with white bread. The initial dose of the drug was 1.12 g/kg, which was doubled
after two days. To determine chronic toxicity, the drug was given for 60 days at a
dose of 1.0 g/kg.

The determination of subchronic toxicity was carried out on piglets for 30
days, the dose of the drug was 1.0 g/kg of body weight. The drug was given in the
morning feeding mixed with food.

During the determination of the toxicity of the drug, the animals were ob-
served, their behavior, general condition, attitude to food, condition of the coat
and visible mucous membranes were taken into account.

To assess the morphological and biochemical changes in the body of animals
of the experimental and control groups, blood was taken before and after the end
of the experiments - in rats by decapitation after ether anesthesia, in piglets from
the tail vein. In the blood, the number of erythrocytes, leukocytes, hemoglobin,
leukocyte formula was determined. Changes in metabolic processes were assessed
by the state of protein, carbohydrate-lipid, and mineral metabolism.

Results and discussion

The inclusion of the drug in the diet of rats at an initial dose of 1.12 g/kg of
body weight had no effect on the general condition of the animals. The rats ate
the food completely, were mobile, and actively reacted to external stimuli. The
animals ate the drug at a dose of 2.24 g/kg of body weight completely, no changes
in behavior were found. In the following days, the dose of the drug was increased,
while the rats actively took food, water, and showed a lively reaction to external
stimuli. The drug at a dose of 11.52 g/kg of weight was completely consumed by
the experimental rats, no changes were found in the behavior of the animals: they
actively took food and water, reacted to external stimuli.
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The rats did not completely eat the drug at a dose of 23.04 g/kg, 8.972 +1.61 g/
kg of the drug per animal remained in the feeders, while the rats showed no signs
of intoxication - they were mobile, actively reacting to external stimuli. Confirma-
tion of the absence of signs of acute intoxication is evidenced by hematological
parameters of rats of the experimental and control groups (tab. 1).

Table 1
Hematological parameters of rats in the study of the inclusion of a prophy-
lactic drug in an acute experiment(n=10)

Indicators Test Control
Red blood cells, 10'%/1 6,48+0,43 7,56+0,29
Leukocytes, 10%/1 9,90+1,27 10,3+0,60
Hemoglobin, g/l 104,20+6,57 92,0+8,10
Lymphocytes, % 82,4+1,60 80,6+2,33
Basophils, % - -
Eosinophils, % - 1,3+0,88
Monocytes, % - 0,6+0,33
Neutrophils, %
Segmented, % 11,8+1,06 12,8+3,05
Stab-cells, % 4,2+0,8 4,0+1,15
Young, % - 0,6+0,33

Hematological parameters of rats of the experimental and control groups do
not have statistically significant differences, therefore, the drug does not have
acute toxicity.

The inclusion of a complex preparation in the diet of rats at a dose of 1.5 g/
kg of body weight for 60 days did not reveal signs of chronic toxicity. During the
experimental period, the rats completely ate food, the mucous membranes of the
oral cavity are pink, the coat is smooth and shiny. Confirmation of the absence of
chronic intoxication when feeding the complex preparation is evidenced by the
biochemical parameters of the blood of rats of the experimental and control groups
(tab. 2).

From table 2 it follows that feeding the drug to rats for 60 days does not affect
the content of total protein in the blood serum, however, in rats of the experimental
group, the content of albumin is 14.2% higher than in the control, albumin-globu-
lin coefficient (A/G) 1.3 times higher in the experimental group. The inclusion of
a prophylactic drug in the diet of rats does not affect the content of macronutrients
calcium and inorganic phosphorus in the blood serum.
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Table 2
Biochemical and hematological parameters of the blood of rats after 60 days
when feeding the drug in a chronic experiment (n=10)

Indicators Test Control
Total protein, g/l 80,6+1,47 80,1+1,92
Albumins, % 4424275 38,7+3,36
Globulins, % |« 19,1+£0,96 21,9+1,44
B 21,0+£1,55 22,7+1,90
Y 15,6+1,52 16,7+1,99
A/G 0,82+0,09 0,63+0,08
Urea, mmol/l 5,13+0,18 4,524+0,49
Cholesterol, mmol/I 1,64+0,11 1,42+0,38
Glucose, mmol/l 5,28+0,30 4,74+0,45
Calcium total, mmol/l 1,63+0,01 1,47+0,04
Phosphorus inorganic, mmol/l 2,51+0,18 3,23+0,57
MDA, mmol/l 3,52+0,21 4,40+0,23
ASAT, units/l 30,3+2,39 39,5+4,55
ALAT, u/l 21,44+0,33 23,1£1,08
Lysozyme, % 86,3+1,97 87,3+0,33
Hemoglobin, g/l 136,9+2,87 129,0+11,93
Red blood cells, 10'%/1 5,37+£0,24 5,44+0,53
Leukocytes, 10%/1 13,7+1,20 11,3+1,85

Feeding the drug to rats for 60 days is accompanied by a decrease in the lev-
el of malondialdehyde (MDA) by 1.25 times compared with the control group,
which indicates the antioxidant properties of the drug.

The activity of transamination enzymes of aspartate, alanine aminotransferases
(AsAT, ALAT) in the experimental group is lower than in the control, which indi-
cates the hepatoprotective properties of the drug.

Morphological parameters of the blood of rats of the experimental and control
groups do not have significant differences.

It was not possible to determine the average lethal dose (LD, ) since there was
no death of rats from taking the drug at a maximum dose of 23.04 g/kg of body
weight.

The inclusion in the diet of weaned piglets of a prophylactic drug at a dose of
1.0 g/kg of body weight for 30 days contributed to the normalization of metabolic
processes (tab. 3). The data in table 3 show that the content of total protein in the
blood serum of the piglets of the experimental group by the end of the experiment
increased by 5.1 g/l, in the control it decreased by 3.4 g/l. At the same time, in
the composition of the total protein, the piglets of the experimental group have a
higher content of albumins compared to the control.
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An increase in the amount of albumin in the blood serum indicates an increase
in the protein-synthetic function of the liver. Confirmation of this assumption is
the decrease in the level of aminotransferases in the blood serum of piglets of the
experimental group of piglets compared to the control. A high level of urea in the
blood serum of piglets indicates a high breakdown of feed protein in the gastro-
intestinal tract. The inclusion of a prophylactic drug in the diet is accompanied
by a decrease in this indicator by 14%, which is probably due to the inhibition of
opportunistic microflora by the antibacterial component of the drug.

The prophylactic drug does not affect lipid metabolism; at the same time, an
increase in glucose levels by 37% was found in the experimental group compared
to the initial state.

Table 3
Biochemical and hematological parameters of piglet
blood when using a prophylactic drug

Indicators Before the start of the After 30 days
experience
Test (n=22) | Control(n=12) | Test (n=21) Control
(n=11)
Total protein, g/l 62,0+1,84 70,0+3,60 67,1+1,63 66,6+2,40
Albumins, % 40,7+1,79 35,5+1,17 36,543,02 32,143,44
a-globulins, % 19,2+1,77 23,.2+1,17 17,9+1,24 16,1+3,08
B-globulins, % 14,4+1,32 19,8+2,57 24,242,17 26,242,836
y-globulins, % 25,6+1,88 21,1£2,77 21,1+1,57 25,4+3,77
A/G, units 0,69+0,05 0,54+0,03 0,59+0,08 0,47+0,07
Urea, mmol/l 5,26+0,66 6,16+1,00 4,52+1,03 6,16+0,42
Glucose, mmol/l 4,62+0,46 7,29+0,85 6,33+0,21 6,03+0,59
Tot. lipids, mmol/I 2,12+0,13 2,64+0,38 2,33+0,13 2,31+0,06
Cholesterol, mmol/l 2,46+0,13 2,81+0,39 3,17+0,40 2,74+0,20
Calcium, mmol/l 1,77+0,04 1,89+0,38 2,47+0,28 1,66+0,14
Inorg. phosphorus, mmol/l | 2,21+0,21 2,48+0,34 2,49+0,37 2,99+0,04
MDA, mmol/l 3,85+0,38 3,74+0,45 2,91+0,73 3,71+0,62
OMD, nmol/l 2,27+0,19 2,63+0,51 1,99+0,13 2,87+0,15
ASAT, units/l 38,443,86 43,0+1,33 23,34+2,61 39,4+0,98
ALAT, u/l 35,4+£3,18 | 42,3+10,31 25,4+2,84 37,24+0,99
MWM, opt. den. un. 0,311+0,05 | 0,276+0,01 | 0,059+0,005 | 0,171+0,02

Feeding a prophylactic drug to piglets for 30 days is accompanied by an in-
crease in total calcium in blood serum by 40% compared with the initial state,
probably due to the normalization of digestion processes. The level of inorganic
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phosphorus in the blood serum of piglets in the initial state exceeds the physiolog-
ical norm by 13-27%, and during the experiment its level does not change.

The inclusion of a prophylactic drug in the diet of piglets for 30 days helps
to reduce the processes of lipid peroxidation and oxidative modification of pro-
teins, which is confirmed by a decrease in the level of malondialdehyde in the
experimental group by 1.3 times, while unchanged - in the control. A decrease in
oxidatively modified proteins (OMP) by 1.14 times compared with the initial state
was noted.

The basis of the prophylactic preparation is the natural zeolites of the Van-
ginsk deposit, which have a high absorption capacity. Due to these properties,
the prophylactic drug helps to reduce endogenous intoxication, as evidenced by
a decrease in the level of medium-weight molecules (MWM) by 5.2 times in the
experimental group compared to the initial state.

The use of a prophylactic drug for 30 days prevents the development of gas-
trointestinal disorders, while 30% of piglets in the control group have digestive
disorders. During the experimental period, the piglets of the experimental group
were mobile, actively fed, and reacted vividly to external stimuli.

Studies have established the absence of acute and chronic toxicity in the drug
for white rats and subchronic - for weaned piglets. The drug contributes to the
normalization of metabolic processes in piglets when used for 30 days.
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Abstract. The paper examines the issue of the formation of wheat grain yield,
its quality under the influence of mineral fertilizers and the construction of a
system of forest strips in the Volga steppe. The revealed patterns of the influence
of LP on microclimatic factors and the yield of spring wheat can be used in
the precision farming system to increase the productivity of crops and reduce
resources. Regression-correlation analysis revealed that the greatest influence on
the yield of spring wheat is the dose of fertilizers and openwork, then the dose of
fertilizers and the distance from the forest strip and the least — the openwork and
the distance from the forest strip.

Keywords: wheat, yield, mineral nutrition, agroforestry, regression.

Introduction

Grain production is a priority direction for the development of the crop industry
of the steppe Volga region. The leading grain crop of the Saratov region is wheat,
including spring wheat, which played an important role in the gross grain harvest
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of 6.3 million tons in wet 2017. The most important factors in increasing the yield
of wheat grain are chemical and forest reclamation. In the farms of the Right Bank
of the Saratov region, unique objects of completed systems of protective forest
strips have been created, the purpose of which is to improve the microclimate of
adjacent fields and increase the productivity of crop rotation crops. [1. 4, 5, 6, 7].

Research methods

The experiment in 2015-2017 was conducted according to a three-factor
scheme. Fertilizer doses: Al — without fertilizers; A2 - N60P60K20 (140 kg/ha);
A3- N60P90K60 +N30 (tubing, 220 kg /ha); in wet 2017, the experiment option
was tested with a dose of fertilizers A4- N9OP90OK40 + N45 (tillering) + N45
(earing) (310 kg /ha); for which the plots of the A3 variant were divided in half
by 25 m2 (5x5). Terms of application: P and K-for winter, N- fractional in spring
and during the growing season. The PZLP designs were formed according to the
VNIALMI methodology [3]. The laying, carrying out, processing of experimental
data were carried out according to BA. Armor [2].

The soil of the experimental site is southern medium loamy black soil un-
washed and slightly washed on heavy loams. The thickness of the soil horizons
A+B = 0.6-0.7 m with humus content in the horizon A - 3.9-4.2% (Table 1). The
depth of groundwater is 15-20 m with a total mineralization of up to 1.2 g/I.

Forest strips contribute to the acidification of soil solutions both in the plan-
tation itself and near it (the pH of the water extract is 6.9-7.0, respectively, at the
control of 7.4).

Table 1
Agrochemical properties of southern chernozem
Mobile forms, mg/kg
Observation | Sampling | Genetic | Humus,% | pH water
point depth, cm | Horizon extraction| N, PO, | K,O
Forest strip 2-30 A 4,39 6,9 8,7 11,0 337
31-80 B 2,81 7,0 7,7 6,9 340
3H 0-25 A 4,20 7,1 9,0 12,0 321
26-70 B 2,77 7,3 8,1 6,8 315
10H 0-23 A 3,93 7,2 9,6 10,5 311
24-60 B 2,50 7,4 8,0 5,8 311
Control, 0-22 A 3,90 7,4 8,4 9,5 309
25H 23-60 B 2,46 7.6 80 | 40 | 301

H- protective height of the forest strip (H=8m)

According to the Saratov weather station, the average annual precipitation is
410 mm with an oscillation amplitude of 250-668 mm . The least precipitation
falls from December to April (112 mm), and the bulk falls in June-July in the form
of showers (87 mm). During the warm period (April-October), precipitation var-
ies between 200-350 mm. The wind rose is generally dominated by western and
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north-western directions, bringing precipitation, dry winds - south and south-east
directions. The average number of days in a year with blizzards is 29 days, and
with dry winds is 19.

The formation of a stable snow cover is observed by the end of November —
beginning of December, and it lies until the first decade of April, which is a period
of 120-127 days. Precipitation for the period December-March is about 101 mm,
which corresponds to 25% of the annual norm, the average annual water supply in
snow in spring is 80 mm.

A comparison of three years of research (2015-2017) showed that in the aver-
age years for the humidification of the growing season of spring wheat, the effect
of LP designs and fertilizers is approximately the same, with some advantage of
fertilizers — by 4.7-7.3%. In wet years, the advantage of fertilizer exposure over
the LP design increases by 7.3-67.7%.

On average, over the years of research (2015-2017), the increase in the yield
of spring wheat under the influence of optimal LP designs increased by 2.4%,
fertilizers — by 0.5%, together — by 3.0%. In wet years, in accordance with soil
moisture reserves, it is necessary to increase the dose of mineral fertilizers in the
form of top dressing during the growing season of spring wheat cultivation.

The dynamics of wheat yield is largely determined by the design of forest
strips. The openwork, in turn, affects the microclimatic indicators of the crop field,
and the effect depends on the moisture of the growing season of wheat cultivation.

In average humidification years, the greatest impact on wheat yield in the PPLP
system is caused by air humidity (p) (R2= 0.93) - Fig., water balance deficit (d)
(R2=0.70). This is indicated by a decrease in the coefficient of determination and
a significant increase in the average absolute deviation and the average absolute
error as a percentage when excluding this factor from the data model. The third
most important factor is the air temperature (t) in the surface layer (R2 = 0.59). A
slightly less significant influence is exerted by the distance from the PZSP H, and
it has not only a linear, but also a quadratic term in terms of H.

p=129"H-0012"H+ 0,74"A; R?=0,93

Figure. The dependence of the air humidity in a wheat field on the openwork
and distance from the forest strip in the average humidification in 2015
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In wet years, air temperature (R2=0.96) has the greatest impact on wheat yield
in the system of forest strips, followed by air humidity (R2=0.92) and water defi-
cit (R2=0.75). The analysis allowed us to establish that the maximum impact on
yield during the years of a stable cyclone with a low temperature is exerted by
the product tA, which characterizes the mutual influence of air temperature and
the tracery of the forest strip. Less important are the factors t*p (temperature and
humidity), temperature and water deficit (t*d). For the first time, we studied the
effect of openwork and distance from the PPLP, time of day on the illumination
of spring wheat crops. The measurement was carried out with a luxmeter-thermo-
hygrometer TKA-PCM every two hours from 5 to 20 hours of the day on July 25,
2017 with a cloudless sky. Observations were carried out on the windward side of
the PZLP at a distance of OH (the edge of the forest strip), 1H, 3H, 5SH, 10H. For
the convenience of regression analysis, we used relative illumination, as the ratio
of illumination under the influence of PPLP to the illumination of an open wheat
field at an identical distance. Practically, the illumination of the crop from the
windward side of the PPLP reaches the values of the open field by 9-10 o’clock
in the morning with a coefficient of determination of the coupling of parameters
0.93. Wheat yield decreases at a distance from the PPLP to 1H, depending on the
design and humidification of the growing season by 2.3-13.6%, on average by
8.0%. Regression-correlation analysis showed that the greatest impact on the yield
of spring wheat, regardless of the moisture of the growing season in the system
of forest strips, is the dose of fertilizers and openwork (R2 = 0.98), then the dose
of fertilizers and the distance from the LP (R2=0.76; 0.97) and the smallest is the
openwork and the distance from the LP (R2=0.63; 0.68).

Conclusions

Form protective forest strips of blown construction, with the scheme: maple-
oak-oak-oak-maple; take a significant zone of reclamation influence of the system
of forest strips on the microclimate and yield of spring wheat: for dense LP —
20N, openwork — 30N, blown — 40N; apply a dose of mineral fertilizers for spring
wheat 220 kg / ha (N90P90K40): nitrogen — 90 kg/ha, phosphorus — 90 kg/ha,
potassium - 40 kg/ha. During the wet growing seasons of cultivation of crops with
moisture reserves in the soil of 75-80% HB, the dose of tuks increases to 310 kg /
ha with an increase in nitrogen application in the form of two 45 kg/ha fertilizing
-N180P90K40.
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Abstract. The replenishment of natural fertility by increasing the specific
proportion of artificial fertility has shown low efficiency. The energy analysis of
the use of agricultural machinery and forest strips is based on a comparison of
energy expenditure indicators in the production of 1 ton of products. The economic
and energy assessment showed the advantage of cultivating alfalfa with a seeding
rate of 13 kg/ha among the forest strips of the produced structure.

The highest level of profitability corresponds to the alfalfa seed seeding rate of
13 kg/ha and ranges from 150.2 to 188.3%, which is higher at other seeding rates
by 15.0 — 39.1%. The highest coefficient of energy efficiency was obtained on a
variant of the experiment with a seeding rate of alfalfa seeds of 13 kg/ha among
the LP of the purged structure.

Keywords: alfalfa, seeding rate, ecology, economy, resource conservation,
yield, energy.
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Bioenergetic assessment of the efficiency of the technology of cultivation of
agricultural crops has recently become of great importance, which allows us to
determine the payback of total energy costs with energy, as well as to identify the
level of energy intensity of the resulting products. The programs implemented
recently are orienting the Russian economy to increase or preserve resource con-
sumption in the natural environment.

Measures to compensate for the decrease in natural fertility by increasing the
specific share of artificial fertility have shown their low effectiveness. It should be
noted that incorrect assessment of natural resources can significantly reduce the
effects of an environmentally oriented economy and a resource-saving develop-
ment model. Therefore, the most relevant is the use of the energy method, which
complements and significantly expands the possibilities of economic analysis and
contributes to a more competent justification of the impact of agrotechnical and
agricultural techniques on obtaining additional profit by increasing the photosyn-
thetic and productive potential of crop rotation crops.[1, 2, 3, 5, 6].

The variance and regression-correlation analysis was performed according to
the professional version of standard computer programs and the methodology of
B. A. Dospekhov [4]. The energy analysis was carried out according to the meth-
ods of the Institute of Agriculture [7, 8, 9].

The economic and energy assessment showed the advantage of cultivating al-
falfa with a seeding rate of 13 kg/ha among the forest strips (LP) of the blown
structure, despite the cost of seeds and the cost of care in planting (Tables 1, 2).

Table 1
Bioenergetic assessment of irrigated alfalfa under
the influence of seeding rate and LP design

. . Total energy
Seeding rates, Yield dur.mg Er.lergy content costs for alfalfa Em.argy
the growing in the crop, R efficiency
kg/ha cultivation, .
season, t/ha GJ/ha coefficient
GJ/ha
Tight construction
11 8,93 416,8 75,5 5,52
13 9,57 446,6 76,4 5,84
15 8.37 390,6 77,1 5,07
On average 8,95 418,0 76,3 5.48
Openwork design
11 9,92 462,7 77,3 5,98
13 10,24 477,2 78,1 6,11
15 9,96 462,7 79.3 5,83
On average 10,04 467,5 78,2 5,98
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Blown design
11 10.48 494.9 76,6 6,46
13 11,38 532,6 77,5 6,87
15 10,16 485,6 78,7 6,17
On average 10,67 504,4 77,6 6,50

Observations show that the highest total energy content in the crop depends
on the LP design with the advantage of blown LP compared to dense and open-
work, respectively, by 19.2 and 11.5%. The energy costs of maintaining the LP
construction by caring for plantings are compensated by the yield of alfalfa: the
energy efficiency coefficient, regardless of the seeding rate, when using a blown
LP structure is higher than dense and openwork, respectively by 18.6 and 8.7%.

It was found that as productivity increases, the profitability of alfalfa cultiva-
tion will increase: for a dense structure, it was 111.6 — 150.2%, openwork — 141.1
— 156.1% and blown — 149.2 — 188.3% (Table 2). The greatest profit in the culti-
vation of irrigated alfalfa in the LP system was obtained with a seeding rate of 13
kg/ha and a blown LP structure — 15.67 thousand rubles/ha, which is 29.4% more
than with a dense structure.

Table 2
Economic efficiency of alfalfa cultivation depending
on the seeding rate and the design of forest strips

Seeding Hay yield Costs, The cost of Profit, Profitability
rates, c/ha| ¢/ha tk thousand | production, | thousand level,%
units/ | rubles/ha thousand rubles/ha
ha rubles/ha

LP canvases
11 8,93 | 4,38 7,79 18,83 11,04 141,7
13 9,57 | 4,69 8,06 20,17 12,11 150,2
15 8,37 | 4,10 8,33 17,63 9,30 110,6
On 8,95 | 4,38 8,06 18,83 10,77 134,5
average

Openwork LP
11 9,92 | 4,86 8,22 20,90 12,68 1542
13 10,24 | 5,02 8,43 21,59 13,16 156,1
15 9,96 | 4,88 8,70 20,98 12,28 141,1
On 10,04 | 4,92 8,45 21,16 12,71 150,4
average

Blown LP

11 10,48 | 5,14 8,05 22,10 14,05 174,5
13 11,38 | 5,58 8,32 23,9 15,67 188,3
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15 10,16 | 4,98 8,59 21,41 12,82 149,2
On 10,67 | 5,23 8,32 22,49 14,17 170,3
average

Notes: 1. 1 ton of alfalfa hay feed contains 0.49 tons of k units of oats;

The highest level of profitability corresponds to the alfalfa seed seeding rate of
13 kg/ha and ranges from 150.2 to 188.3%, which is higher at other seeding rates
by 15.0 — 39.1% (Table 2). The highest costs for growing alfalfa were obtained
among the openwork LP design, which involves additional felling of crown care,
as opposed to dense and blown. The maximum profitability of alfalfa cultivation
is typical for the LP of the blown structure with a seeding rate of 13 kg / ha, which
is higher in comparison with dense and openwork, respectively, by 32.2 — 38.1%.
On average, regardless of the rate of sowing alfalfa seeds, the blown structure is
the most cost—effective: 19.9 - 35.8% (Table 2).

Regression-correlation analysis showed that 99% of the energy efficiency co-
efficient, showing the ratio of the total energy content in the crop to the energy
costs of growing alfalfa, is due to crop yield, seed seeding rate and the construc-
tion of forest strips. Quadratic values of yield and alfalfa seed seeding rates had a
negligible effect on the energy efficiency coefficients.

When growing alfalfa, energy efficiency does not depend on market condi-
tions, therefore objectively evaluates the results of research. The highest coeffi-
cient of energy efficiency was obtained on a variant of the experiment with a norm
of sowing alfalfa seeds of 4 million/ha (13 kg/ha) among the LP of the blown
structure - 6.87, which is 17.6% and 12.4% more than dense and openwork, re-
spectively. The same pattern persists with a seeding rate of 3.5 (11 kg/ha) and 4.6
million/ha (15 kg/ha). Energy costs per unit of alfalfa crop for hay at a seeding
rate of 13 kg/ha on average for LP structures: dense — 8.52 GJ/t, openwork — 7.80
GJ/t, blown — 7.17 GJ/t, which is lower by 8.4 and 15.8%, respectively, compared
with dense. Along with the economic one, an energy assessment is necessary. The
latter does not depend on market conditions and most objectively reflects the prof-
itability in the application of agrotechnical, forest reclamation.
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Abstract. Water consumption and productivity of grass pastures are closely
related to the type and openness of the agricultural landscape one of the main
indicators of the type of agricultural landscape is the slope slope, which determines
the level of soil fertility and productivity of agricultural land. The productivity and
water consumption of pasture lands depends on the level of soil fertility, autumn
moisture, snowiness of winters, moisture of the growing season of pasture grasses.

Keywords: Water consumption, agroforestry, agricultural landscape,
productivity.

Introduction

An effective way to preserve fertility is to create forest strips as protective
boundaries, and to conduct agro-reclamation techniques in the interstitial spaces.
For 2008. In Russia, 2.47 million hectares of protective forest plantations (ZLN)
have been preserved out of 5.2 million hectares created. It is necessary to have 7
million per ZLN to bring the forest cover to normalized indicators: arable land-
2.5%, land-3.8%. Of the agro-reclamation techniques, mulched slitting turned out
to be universal and conjugate. On pasture slopes 3-80 bush scenes have proven
themselves reliably [1, 3, 5, 6, 8].
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The purpose of the study is to develop forest-reclamation and agrotechnical
techniques for increasing the productivity of natural grasses of eroded pastures by
types of agro-landscape in the steppe of the Volga upland.

Research methodology. Research methodology

The research was carried out on 5 types of agricultural landscape with a com-
plex of anti-erosion techniques: plakor (<10) and gentle hollow (1-30)-forest
strips and cracks with mulch; sloping (3-50) and sloping-steep (5-80)-forest strips,
shrubby wings; shafts; steep (>80)-protective plantings on terraces. The experi-
ments were performed according to the methodology of VNIALMI, B.A. Dospek-
hov, A.N. Kostyakova. Covariance analysis using standard computer programs
was used for mathematical processing of research materials[1, 3, 4, 5, 7].

Research results, discussion

The effectiveness of the anti-erosion and forest reclamation system is deter-
mined by the optimal placement of its elements in agricultural landscapes, the
reliability of hydrological justification, and the availability of appropriate recla-
mation techniques.

The soils of the experimental site are southern chernozem, underdeveloped,
crushed stone, medium loamy, from weakly-strongly washed on the flask. The
thickness of soil horizons A+ B < 0.5 m with a humus content of 1.97-4.85%,
depending on the type of agricultural landscape.

The created forest strips, shrub wings, protective plantings on steep-slope types
of agricultural landscape (>80) with a preliminary arrangement of terraces are de-
signed to contain soils at an acceptable level of erosion equal to 0.3 t/ha [7, 9].

Studies of the elements of the water balance of moisture availability and pro-
ductivity were carried out by types of agricultural landscape, the characteristics of
which were based on the steepness (slope) of the slope (Table 1). In the conditions
of the arid climate of the South-East, the degree of their provision with moisture
in all phases of plant development has a decisive influence on the productivity of
agricultural lands [1,2,5,8].

Table 1
Fertility indicators of southern chernozem by types of agricultural landscape
Indicators Type of agricultural landscape
power Slightly Gently Sloping, Pokato- Cool,
Flat, sloping, 3-5° cool, >8°(20%)*
<1° 1-3° 5-8°
Horizon 64/65 56/57 50/52 40/43 20/26"
Power
A+B, cm
Content in
the horizon
A:
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-Humus, % | 4,69/485 | 4,08/426 | 3,79/407 | 321/3,56 | 1,97/2,33"

-N,mgkg | 20,7272 | 18,1/243 13,1179 | 10,1/153 | 5,111,1°

-P, mg/kg 23,1/32,7 | 20,7/29,1 169212 | 112176 | 69/128

K, mg/kg | 329,3/347,1 | 303,4/329,6 | 248.4/275,6 | 171,0/205,3 | 140,7/174,6

l—(NPK, mg/ | 373,1/407,0 | 342,2/383,0 | 278.4/314,7 | 192,3/238.2 | 152,7/198,6'
g

* Indicators on the bulk part of the terrace;

In the steppe zone in the spring after snowmelt, the soil to a depth of 1 m or
more is often moistened to the lowest moisture capacity (HB), by the beginning of
sowing - up to 70% HB, and by the time of harvesting reaches a dead reserve [2].
Analyzing the data of water reserves in snow for 2015-2018, it can be stated that
on the eve of snowmelt there were two average snow (2014-2015 - §9-94 mm and
2016-2017- 77-91 mm) and two multi-snow winters (2015-2016-129-139 mm,
2017-2018-114-238 mm). Moreover, the winter of 2017-2018. it is noted as very
snowy with snow height on pasture lands, depending on the type of agricultural
landscape 64-70 cm.

Along with snow, the sediment of the vegetation period of plant regrowth
(May-June) belongs to the formation of the grass harvest of pastures of the 1st
mowing. Over 4 years of research, different years were observed for the humidifi-
cation of the growing season: average (GTK= 0.69), medium-moist (GTK=0.81),
humid (GTK=2.35), acutely arid (GTK=0.40). Drilling was carried out at intervals
of 10 days to a depth of 1 m to determine the subsurface moisture reserves at
the experimental sites, which made it possible to trace the movement of mois-
ture to establish the water consumption of natural grasses and pastures. Under
the influence of protective forest plantations, the highest moisture reserves in the
soil were recorded, which were formed due to ascending water currents from the
lower layers of the aeration zone-up to 35 mm. Moisture reserves at the beginning
of grassland regrowth largely depended on autumn precipitation and the amount
of snow under the influence of the SLN (agroforest landscape), and subsequent-
ly-precipitation during the growing season.

The productivity of pastures decreases under the influence of the type of agri-
cultural landscape, regardless of the moistening of the year and the use of anti-ero-
sion techniques: the decrease is 38.3-105.8%, and on average for 2015-2018 up to
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64.2%. The decrease in the productivity of grasses is associated with a decrease
in the level of soil fertility by types of agricultural landscape (slope steepness)-see
table 1. A particularly sharp drop in the productivity of pasture grasses compared
to lowland types of agricultural landscape (<30) occurs on steep slopes (200),
because the potential (humus) and effective (NPK) soil fertility decreases. There
is a very low content of nitrogen, phosphorus and potassium in the soil, including
areas under the influence of 35-year-old ZLN. The average content of nitrogen,
phosphorus and potassium in the soil is inherent in the sloping (3-50) and sloping
(5-80) types of the agricultural landscape under the influence of HLS. The high
(>30 mg/kg) nitrogen and phosphorus content in the soil was not recorded, which
indicates a promising application of mineral fertilizers (Table 1).

Regardless of the moisture content of the growing season, the water consump-
tion coefficient of pasture grasses increases with increasing slope steepness, es-
pecially on erosion-prone types of agricultural landscape (>30). Moreover, in a
wet year, with an increase in the steepness of the slope, the coefficient of water
consumption increases by 1.0-42.2%, in a dry year - by 11.9-66.3%, and on aver-
age for 2015-2018- by 5.7-61.0%. The coefficient of water consumption of pasture
grasses under the influence of HLN, depending on the type of agricultural land-
scape, decreases in comparison with open terrain in wet years by 10.1-12.8% in
dry years — by 28.3-32.3%. The lower value of the decrease in the coefficient of
water consumption corresponds to erosion-hazardous types of agricultural land-
scape (> 30). On average, in 2015-2018, the decrease in the coefficient of water
consumption with the same downward trend is 8.0-12.6%.

The coefficient of water consumption of grass pastures of 1-mowing is 99%
due to the type and openness of the agricultural landscape, in other words, the
slope (steepness) of the slope and the degree of protection of the slope of the ZLN.

Conclusion

The greatest accumulation of humus is characteristic of erosive types of agri-
cultural landscape (>30): an increase in humus content -by 0.28-0.36%, nutrients
(NPK)-by 13.0-30.0%. The productivity and coefficient of water consumption of
grass pastures, depending on the type and openness of the landscape, is prede-
termined by soil fertility. The coefficient of water consumption increases with
an increase in the slope slope, depending on the moisture content of the growing
season of pasture grasses on erosive types of agricultural landscape by 4.8-66.3.
The coefficient of determination equal to 0.99 indicates a very close relationship
between water consumption and pasture grass productivity.
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Abstract. The analysis of the metabolic profile of muscle tissue extracts of
catfish (Anarhichas minor) samples containing various amounts of total arsenic
was carried out. The main metabolites were determined by 'H-NMR spectroscopy.
Metabolites in aqueous extracts of catfish muscle tissue have been identified
and quantified. It has been established that with an increase in the content of
arsenic, there is a clear trend towards an increase in the concentration of leucine,
isoleucine, valine, alanine, glutamic acid, p-alanine, glycine, anserine, ribose,
uridine, histidine, tyrosine, phenylalanine, methionine, dimethylamine. Using the
method of principal components, it was found that for catfish with different arsenic
content, the following metabolites make the main contribution to the change in the
metabolic profile: glycine, p-alanine, glutamic acid, and tyrosine.

Keywords: NMR, metabolites, arsenic, aquatic bioresources, catfish.
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Introduction

Currently, the fishing industry faces a number of important tasks related to
solving the problem of assessing the anthropogenic impact on the state of aquatic
biological resources, developing objective methods for characterizing both the
biological indicators of objects and confirming their quality from the standpoint of
further food use. When solving these problems, foreign practice uses a wide range
of analytical methods, as well as modern “omics” technologies: genomics, tran-
scriptomics, proteomics and metabolomics. Fish as a biological living system is
considered from the standpoint of a complex interaction of the flow of substances,
energy and information between the four main levels - genome, transcriptome,
proteome and metabolome. A special place is occupied by metabolomics, since
the main area of research is devoted to the study of low molecular weight organic
compounds - metabolites, both intermediate and end products of metabolism in
body fluids and tissues. Metabolites are the most accurate reflection of the phe-
notype of an organism, and their systematic study (obtaining a metabolic profile)
allows a better understanding of biochemical processes and a detailed differentia-
tion of the stages of the corresponding chemical transformations when exposed to
an aquatic organism [1].

NMR spectroscopy is one of the first analytical platforms used in metabolo-
mics and is a fast and highly reproducible spectroscopy technique based on energy
absorption and re-emission of atomic nuclei due to changes in external magnetic
fields [2]. NMR makes it possible to detect a large number of endogenous metabo-
lites in the body, and then obtain extensive information about the target samples
[3]. The advantages of NMR are good stability and repeatability of detection re-
sults [4]. In addition, the sample pretreatment method based on the NMR metabo-
lome is relatively simple, and the sample can be analyzed without destroying it [5].

In recent years, with the rapid development of industrialization, the issue of
pollution of water bodies with heavy metals, such as cadmium (Cd), lead (Pb),
mercury (Hg), arsenic (As), which cause serious harm to environmental organ-
isms, and also pose a danger when use for food purposes [6-8]. The most acute
problem is the increased content of total arsenic (As) and its compounds in fish
raw materials [9]. With the accumulation of arsenic in the body, an increase in the
content of phenylacetaldehyde and y-aminobutyric acid was found, while the con-
tent of glutathione and alanine decreased, which indicates oxidative stress in the
body, which results in a decrease in the metabolism of electrophilic compounds
and a violation of DNA and protein synthesis.

In this regard, the aim of the work was to study the metabolic profile of the
muscle tissue of catfish (Anarhichas minor) with different contents of total arsenic.

Materials and methods

The samples of catfish (4dnarhichas minor) were used as objects of study,
which were harvested immediately after the catch, frozen and delivered for re-
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search to VNIRO. The content of arsenic was determined in the samples, which
amounted to 4.2 mg/kg in sample Ne 311 - 4.2 mg/kg; Ne 312 - 9.5 mg / kg; Ne
313 -47.5 mg/ kg.

The main metabolites in the catfish muscle tissue were determined by NMR
spectroscopy at the Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry,
RAS by obtaining aqueous extracts according to the procedure [10]. NMR spectra
were recorded on a Bruker Avance III instrument (Bruker Biospin Gmbh, Ger-
many) with an operating proton frequency of 800 MHz at 303 K with a solution
of TSP (3-trimethylsilyl[2,2,3,3-2H4]sodium propionate) as an internal standard.
The spectra were processed using TopSpin 3.6.1 software (Bruker BioSpin, Bill-
erica, MA, USA). Metabolic profile results were analyzed using principal compo-
nent analysis using the XLSTAT add-in for Microsoft Excel (XLSTAT version
2022.3.2, Addinsoft) and Origin Pro 2021 (OriginLab Corporation).

Results

One of the most important safety problems for a number of aquatic biological
resources is the accumulation in muscle tissue of various forms of arsenic with dif-
ferent toxicity and degree of bioaccumulation [11, 12]. In this regard, studies are
underway to assess the possible regulation of arsenic compounds, which pose the
greatest danger in the use of products for food purposes. However, it is important
to comprehensively determine the risks for introductory biological objects and
their state at different levels of arsenic, to identify markers that characterize the
biological state of fish at each stage of the life path.

For this purpose, studies of the metabolic profile of catfish samples were car-
ried out, which contained different amounts of total arsenic: 4.2; 9.5 and 47.5 mg/
kg by NMR spectroscopy. The analysis of "TH-NMR spectra of extracts of muscle
tissue of catfish samples was carried out (figure 1) and the content of the main
metabolites was calculated. The quantitative content of identified metabolites for
three catfish samples is shown in figure 2.

As can be seen from Figure 2, with an increase in the content of arsenic in
catfish, there is a clear trend towards an increase in the concentration of leucine,
isoleucine, valine, alanine, glutamic acid, f-alanine, glycine, anserine, ribose, uri-
dine, histidine, tyrosine, phenylalanine, methionine, dimethylamine. It should be
noted that for some metabolites there is no variability in the change in concen-
tration, while for fumaric acid, creatine, trimethylamine-N-oxide and choline, a
decrease in their content in muscle tissue is observed.
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Figure 1. High-field (A), mid-field (B), and low-field (C) regions of the 'H-NMR
spectrum of the extract in TCA of the muscle tissue of catfish samples: black -
MNe 311, blue - Ne 312, red - Ne 313

Designations: Leu (leucine), Ile (isoleucine), Val (valine), La (lactic acid),
Ala (alanine), Ace (acetic acid), Meth (methionine), SA (succinic acid), DMA
(dimethylamine), TMA (trimethylamine), Cre (creatine), TMAO (trimethylamine
oxide), Glu (glutamic acid), f-Ala (B-alanine), Fu (fumaric acid), Tyr (tyrosine),
Phe (phenylalanine), Tau (taurine), Gly (glycine), Ino (inosine), IMP (inosine-5’-
monophosphate), Hx (hypoxanthine), Fo (formic acid), Na (nicotinic acid), Cho
(choline), Ans (anserin)
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Figure 2. Quantitative content of identified metabolites in catfish samples:
green - Ne 311, blue - Ne 312, red - Ne 313.

Designations: Leu (leucine), Ile (isoleucine), Val (valine), La (lactic acid),
Ala (alanine), Ace (acetic acid), Meth (methionine), SA (succinic acid), DMA
(dimethylamine), TMA (trimethylamine), Cre (creatine), TMAO (trimethylamine
oxide), Glu (glutamic acid), f-Ala (B-alanine), Fu (fumaric acid), Tyr (tyrosine),
Phe (phenylalanine), a-Man (o-mannose), a-Glc (a-glucose), Tau (taurine), Gly
(glycine), Ino (inosine), IMP (inosine-5’-monophosphate), His (histidine), Hx
(hypoxanthine), Fo (formic acid), Na (nicotinic acid), Xol (choline), Ans (anse-
rin), Rib (ribose), OACart (o- acetyl-L-carnitine), Ura (uracil), Gua (guanosine)

The processing of the data array was carried out by the principal component
method (PCM), which is one of the most widely used chemometric methods for
analyzing a large data array. From the constructed combined graph of scores and
loads (biplot) for catfish with different arsenic content, it follows that the follow-
ing metabolites make the main contribution to the main component (F1): glycine,
B-alanine, glutamic acid, and tyrosine (figure 3).

Previously, it was shown that with the accumulation of arsenic in the body of
fish, the content of a number of amino acids changes, which leads to a decrease
in the metabolism of electrophilic compounds and disruption of DNA and protein
synthesis.
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Figure 3. Biplot (combined graph of scores and loads) for clustering according
to the content of arsenic in catfish according to table 1.
Designations correspond to figure 1

Obtaining an additional array of data on metabolites in samples with different
arsenic contents will make it possible to most reliably reveal the mechanism and
draw a conclusion about possible disturbances in the metabolism of fish and the
consequences for their biological state.

Conclusion

An analysis of the metabolic profile of catfish samples with different contents
of total arsenic in muscle tissue: 4.2, 9.5 and 47.5 mg/kg was carried out by NMR
spectroscopy. It has been shown that with an increase in the content of arsenic in
catfish, there is a clear trend towards an increase in the concentration of leucine,
isoleucine, valine, alanine, glutamic acid, f-alanine, glycine, anserine, ribose, uri-
dine, histidine, tyrosine, phenylalanine, methionine, dimethylamine. Using the
method of principal components, it was found that for catfish with different arsenic
content, the following metabolites make the main contribution to the change in the
metabolic profile: glycine, B-alanine, glutamic acid, and tyrosine.
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Abstract. As a result of detailed work on the northeastern outskirts of the
Volga-Ural anteclise (south of the Komi Republic) within the Zimstan knot, intense
local gravity anomalies (Frolovskaya, Chetdinskaya, Lokchimskaya and others)
were revealed, promising for the detection of bodies of the main (ultrabasic (?))
composition in the production of geological and geophysical works. Within them,
a database of XYZ (recorded and extrapolated) in arbitrary units of the gravity
field and their rectangular coordinates was created in the Microsoft EXCEL
program, with more than 1600 values, and the creation of grid files based on them
formed the basis for calculations in the Golden Software SURFER program for
the purpose of constructing models of the deep structure.

As a result of the interpretation of the gravity field in the area of the triple
Junction of the structures of the Kirov-Kazhim trough, the Komi-Permyatsky dome
of the Volga-Ural anteclise with the Vychegodsky trough of the Mezen syneclise
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[10, 11, 15], complicated by the presence of highly magnetized rocks of the
Lokchim “trapp” field [2, 16], in the conditions of the almost complete absence
of seismic profiles, geological and geophysical models of the deep structure in the
area of three local gravity anomalies of increased intensity were built and their
mineragenic features were considered.

Key words: deep structure, tectonics, fault zones, anomalous gravitational
field.

Introduction. On the territory of the northeastern margin of the Russian Plate
according to geological and geophysical data as a result of the interpretation of
maps of magnetic and gravimetric fields of various scales, cosmogeological maps
and maps of fault tectonics, as well as as a result of studying the features of the
deep structure of the earth's crust, lithospheric and sublithospheric upper mantle
according to geophysical data, two systems of orthogonal faults are traced [8] —
submeridional-sublatitudinal (N-S, W-E) and diagonal (NW-SE, NE-SW). The
Zimneberezhno-Krasnovisherskaya linear fault zone is most contrasting in the ge-
ophysical fields, within which we managed to identify the intersection nodes of
deep faults: Zimnebrezhny, Vashkinsky and Zimstansky (Fig. 1), probably having
similar mineragenic specifics. In the vicinity of the Zimstan junction, intense local
gravity anomalies (Frolovskaya, Chetdinskaya, Lokchimskaya and others) were
revealed (Fig. 2), promising for the detection of bodies of basic (ultrabasic (?))
composition in the course of geological and geophysical works.

= iy N w .

Figure 1. Scheme of location of orthogonal faults and nodes of their intersection in
the European North-East of Russia [4, 5, 6, 7, 8, 10, 11, 13, 15 and etc].

Legend: boundaries of structures: 1 - supra-order; 2 - I order; 3 - transverse
Ural's; 4 - orthogonal faults and nodes of their intersections: 1 - Zimnebrezhny,
2 - Vashkinsky, 3 - Zimstansky, 4 - Izhma-Pechora, 5 - Korotaikhinsky.
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Figure 2. Scheme of localization of the Zimstan node
of intersection of orthogonal faults.
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Legend: 1 - faults and Zimstan node of their intersections; 2 — gravity field
anomalies [3], isolines are drawn through 1 mGal; 3 — parametric wells; 4 — local
anomalies of the gravimetric field.

As aresult of field reconnaissance geological and geophysical work and schlich
sampling in the Frolovsky area near the Zimstan intersection of orthogonal faults,
we have identified a cluster of local magnetic anomalies enriched in unrounded
chrome spinels of an ideal octahedral habit, the Cr203 content in some of them
exceeds 64% [9, 12].

On the periphery of the intense Chetda gravity anomaly, as a result of field
geological and geophysical studies, the Chetda radon anomalous region was dis-
covered [14] comparable with data on radon volumetric activity within the known
radium field in the village of Vodny, Ukhta region of the Komi Republic.

It is quite obvious that the northern part of the Volga-Ural anteclise of the Rus-
sian Plate, in the conditions of the almost complete absence of seismic profiles and
deep drilling, requires specialized complex research work and detailed geological
and geophysical studies to determine the mineragenic specifics of the region. The
advantage of the gravimetric method is that it can be used to obtain important ge-
ological information about deep structures in those regions where seismic surveys
are not available and are not planned. Therefore, we attempted gravity sounding
in the area of three identified local anomalies of the gravity field by sequentially
excluding anomalous components from the observed field in order to construct
deep geodensity sections. This article presents the results of the research.

Research methodology. When interpreting, gravimetric maps were used in
the Bouguer reduction (gravity field Vz) 1:200000 and 1:1000000 scales [3],
which were used to solve all problems related to the identification of density in-
homogeneities in the sedimentary cover and the upper parts of the consolidated
earth’s crust.

To calculate the regional background (Vz rf), the operation of simple arithme-
tic mean averaging was used with a step of 1 km in a sliding window 11x11 or
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15x15 in the center of the palette. The size of the palette window was determined
by the size of the research objects. The difference between the observed value of
the field in the center of the palette (Vz) and the regional background (Vz rf) is the
local anomaly (Vz loc), which was used in constructing the density section. Re-
sidual and regional anomalies were again processed to study deeper horizons. The
principle of successive exclusion of anomalous components from the observed
(residual) gravity field was used by the author in interpreting the gravitational
field. An increase in the depth of research occurred due to operations with residual
anomalies by performing calculations to calculate the regional background and
local anomalies at a level of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 km, according to which
sections of anomalous objects.

Vertical and horizontal derivatives of the first (Vzz, Vzx) and second order
(Vzzz, Vzxx) were calculated to delineate blocks with different values of rock
density over the area and in the section, which made it possible to more correctly
interpret the zoning of the territory. It is known that the zero crossing points of the
second derivatives and the extrema of the first derivatives reflect block boundaries
and fault zones. The construction of density boundaries was carried out according
to the gradients of the first and second orders, as well as according to the calculat-
ed local anomalies due to the influence of anomalous masses with increased and
decreased density values.

Research results and discussion. In the geological structure of the north of
the Volga-Ural anteclise and the adjacent part of the Vychegodsky trough of the
Mezen syneclise, two structural-formational stages take part.

The lower one corresponds to the crystalline basement of the platform and,
according to the available ideas, is composed of metamorphogenic rocks of the
Archean and Lower Proterozoic. The depth of the crystalline basement on the
anteclise is 1.5-3.5 km, and in the Vychegda trough it is 3.5—4.5 km or more. The
upper structural-formational stage is represented by formations of the sedimentary
cover of the Riphean-Vendian, Devonian, Carboniferous and Permian ages, over-
lain by Quaternary deposits [1, 10, 11, 15]. When constructing density sections,
the AR-PR1 boundary of the crystalline basement is most clearly identified, and
two more boundaries are traced in the sedimentary cover, associated with the top
of the R—V and, probably, Permian deposits.

Previously, we [8] carried out the detailing of the gravity field in the Bouguer
reduction with the density of the intermediate layer 6=2.3x10 kg/m? along the
strike of the latitudinal fault and localization of the location of the Zimstan node.
The Zimstan area of the intersection of orthogonal faults is characterized by a
complex structure of the gravity field (Fig. 2), confined to the junction zone of
the superorder structures of the Volga-Ural anteclise and the Mezen syneclise, the
boundary between which is drawn along a series of deep faults of northwestern
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strike, characterized by a zone of high gravity gradient fields. The sublatitudinal
fault is quite confidently traced along the anomaly pinch zones, areas of inten-
sity attenuation and ruptures of linear anomalies, elbows of capture. Frolovskaya,
Chetdinskaya, Lokchimskaya and other intense local gravitational anomalies, hav-
ing small dimensions in diameter (2—4 km), were found on the detail strip, which
we named after the nearest settlements.

The Frolovskaya local anomaly of the gravity field is located near the Zimstan
intersection of systems of orthogonal deep faults in the area of the triple junction
of the Kirov-Kazhimsky trough and the Komi-Permyatsky arch of the Volga-Ural
anteclise with the Vychegodsky trough of the Mezen syneclise, complicated by
the presence of highly magnetized rocks of the Lokchim trap field. In the block
structure of the Archean-Early Proterozoic crystalline basement of the Russian
Plate, the site area is located in the zone of edge dislocations of the northeastern
extremity of the Volga-Ural anteclise. In the structure of the sedimentary cover, it
is confined to the northeastern side of the Kirov-Kazhimsky trough or to the slope
of the Komi-Permyatsky dome, being in the area of junction with the Vychegod-
sky trough of the Mezen syneclise (Fig. 1).

The shape of the Frolovskaya anomaly resembles the shape of a horseshoe
(3*3.5 km) with two intense maxima (1*2 km). Faults within the anomalous zone
are represented by sublatitudinal, submeridional and diagonal (NW-SE) systems
of discontinuities (Fig. 3A), obtained as a result of a complex interpretation of
derivatives of the first and second orders. The density section (Fig. 3B) crosses
two epicenters of the horseshoe anomaly with maximum values of the gravity field
strictly from west to east. Its length is 16 km, and the depth of research reaches
7 km. Calculations have shown that the Frolovskaya anomaly is located between
two systems of deep faults with a subvertical strike. It was possible to identify and
trace along the profile the behavior of the surface of the crystalline AR-PR1 base-
ment, which lies here at a depth of 2.1 to 3.5 km. In the zone of the eastern fault
system, there is a loss of correlation of the boundary of the crystalline basement,
probably, the mathematical apparatus for calculating derivatives could not cope
with the complex geological conditions in this section of the profile, since it is here
that the zone of edge dislocations of the Volga—Ural anteclise and its junction with
the Vychegda trough of the Mezen syneclise is located.

The anomalous objects of the Frolovskaya local gravity anomaly are located
within the sedimentary cover, limited by vertical crustal faults and the surfaces
of two geodensity boundaries within the sedimentary cover, associated with the
top of the R—V and, probably, Permian deposits. But their inversion character of
strike in the section and insignificant thickness up to 800 m at the epicenter of
two intense positive gravity anomalies versus 1700 m in the central part of the
“horseshoe” with low field values, allow us to conclude that the sedimentary rocks
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within this interval of the section are probably contain elements of rocks of basic
(ultrabasic (?)) composition.

Apparently, the pre-Mesozoic within-plate magmatism of the East European
Platform, revealed by the results of high-precision aeromagnetic survey [2, 16], is
also reflected by the results of interpretation of the gravity field of the Frolov local
anomaly in the zone of the triple junction of tectonic structures.

The Chetda local isometric anomaly of the gravity field is located within the
eastern side of the Kirov-Kazhimsky trough in the field of development of stripe
anomalies of the gravity field (Fig. 1, 2), elongated in the meridional direction. The
anomaly has a pear-shaped shape (4*4 km) with one intense maximum (1.5%1.5
km) in plan view.

The density section (Fig. 4B) crosses the anomaly from southwest to northeast.
Its length is 18.5 km, and the depth of research is 10 km. The surface of the crystal-
line AR-PR1 basement lies here, according to gravimetric data, at a depth of 2.2
to 2.8 km. It was possible to identify and trace along the profile two more density
boundaries within the sedimentary cover, associated with the top of the R—V and,
probably, Permian deposits. In the zone of the southwestern fault system, there is
a loss of correlation of these gravity boundaries in the upper part of the section.

Anomaly-forming objects are located here deeper than in the area of the Fro-
lovskaya anomaly, in the field of development of the Riphean-Vendian deposits of
the sedimentary cover, they are limited by deep vertical faults. It is here, in the area
of the greatest subsidence of the roof of the consolidated basement (2.5-2.7 km)
in the zone of high gradient of the gravitational field, that there is a system of deep
faults with a subvertical strike, which probably determines tectonic movements in
this region. Surprisingly, in the upper part of the section, in the zone of distribution
of rocks of the upper structural stage (V3 - P2), according to gravity data, vertical
faults up to 1 km long are clearly identified, making it difficult to trace the main
structural-formation stages. According to these faults, one can probably assume
the penetration of various types of fluidizates with elements of basic and ultrabasic
rocks from a high-density reservoir into the near-surface parts of the geological
section in this region. Probably, as they move upward, they retouch the uppermost
gravity-active boundary (Fig. 4B) until it completely disappears, which is quite
clearly fixed in neighboring areas.

The Lokchim system of local anomalies is located on a sublatitudinal fault
near the Zimstan node of intersection of deep faults and consists of two closely
spaced intense local anomalies of different signs. In the block structure of the Ar-
chean-Early Proterozoic crystalline basement of the Russian Plate, the site area is
located in the junction of the Kirov-Kazhimsky trough and the Komi-Permyatsky
arch of the Volga-Ural anteclise; in the structure of the sedimentary cover, it is
confined to the transition zone from the Namskaya step of the Kirov-Kazhimsky
trough to the Lokchimsky uplift of the Komi - Permian vault.
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The anomaly of increased values of the gravity field is less intense and more
isometric (2*4 km), the anomaly of low values of the gravitational field (2*6 km)
is gradient and locally elongated in the meridional direction. Faultings within
the anomalous zone are represented by sublatitudinal and submeridional rupture
anomaly systems (Fig. 5SA). The density section (Fig. 5B) crosses two epicenters
with maximum and minimum values of the gravity field from west to east. Its
length is 14.5 km, and the depth of research is 10 km. It was possible to identify
and trace along the profile the behavior of the surface of the crystalline AR-PR1
basement, which lies here at a depth of 1.7 to 1.9 km. In the fault zone, there is
a loss of correlation of the basement boundary. It is likely that it was processed
during complex geological processes in this section of the profile. Most likely,
it is here that the zone of edge dislocations and movements from the side of the
Komi-Permyatsky arch and its junction with the Kirov-Kazhimsky trough of the
Volga-Ural anteclise is located.

Anomaly-forming objects of the Lokchim local gravity anomaly with low den-
sity values are located within the sedimentary cover, limited by crustal faults and
the surfaces of two identified geodensity boundaries inside the sedimentary cover,
associated with the roof of the AR-PR1 basement and, probably, Permian depos-
its. Due to the thinness of the Riphean-Vendian deposits or their complete absence
in this study area, according to the R—V gravity data, the boundary in the Lokchim
area cannot be identified. However, the presence in the upper part of the section of
discontinuities in the distribution of the boundaries of structural-formation zones
near faults, the nature of the strike in the section and insignificant thicknesses up
to 1500 m indicate that sedimentary rocks within this interval of the section may
contain elements of rocks with abnormally low values of rock density (defluidiza-
tes, tuffizites, etc.).

Conclusions. As a result of the detailed work carried out on the northeast-
ern margin of the Russian Plate (south of the Komi Republic), the location of
the Zimstan deep fault intersection node was localized and intense Frolovskaya,
Chetdinskaya, Lokchimskaya and other local anomalies of the gravity field were
revealed in its vicinity. Within their limits, the interpretation of gravitational data
was carried out, during the implementation of which the anomalous components
are consistently excluded from the observed gravitational field and the depth of
research is increased. Calculations of horizontal and vertical derivatives of the
first and second orders, local, regional and residual anomalies were carried out.
This made it possible to build geodensity sections to a depth of 10 km and extract
information about the features of the deep structure of poorly studied objects.

The source of the Lokchim anomaly is a gravity-deficient body with a densi-
ty deficit at a depth of 1 km, the roots of which go down to a depth of 10 km in
the field of decompacted rocks. The Chetdinskaya and Frolovskaya gravimetric
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anomalies are caused by gravity-active objects with excess density values located
within the sedimentary cover at a depth of 1 km and 2 km, respectively, in the field
of development of relatively dense rocks.

According to the results of the interpretation of the gravity field, the mirogenic
specificity of the Chetda object is most likely associated with the formation of
the R-V rocks of the Kirov-Kazhim trough of the Volga-Ural anteclise; with the
Vychegodsky trough of the Mezen syneclise, and the Lokchimsky trough with the
products of defluidization of decompacted rocks in the zone of responsibility of
the steep western side of the Komi-Permyatsky dome of the Volga-Ural anteclise.
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