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A. B. Yepnsimes [A. B. Cherny shev]
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DESCRIPTION OF A NONLINEAR LINK IN A
CONTROL SYSTEM WITH DISTRIBUTED
PARAMETERS

DI'AO0Y BO «Cesepo-Kaskazckuii gpedepanvHulii yHUGEPCUMENL),
Ilamuczopckuii uncmumym (punuan) CK®Y, e. [Iamuzopck, Poccus,
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Annomauus
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Pe3ynomam, odcyscoenus, 3aKn0uenus

Jano onucanue nenunelino2o O10KA, pearu308aHHO20 & 8UOe UCHOIHUMENbHO20 MEXAHU3-
ma. Coenan 61600 0 pe3yivmame MOOENUPOBAHUSL MECIMOPOHCOCHULL C Y4emoM HeUHEUH020 dle-
MeHma.

KutoueBble c/jioBa: HENIMHEWHBIN AJIEMEHT, OOBEKTOB C PaCHpEEICHHBIMHU MapamMeTpamu,

HEeJIMHEeWHas cucTemMa ynpaBJlieHus, KpUTepuil abCOIIOTHON YCTOWYUBOCTH

Abstract

The problem of adequate representation of models of real objects in the form of systems of
linear equations is shown. As a solution, a method of analysis and synthesis of this class of systems
with a single nonlinear element is proposed. At the same time, the article uses the criterion of ab-
solute stability of V.M. Popov.

Result, discussions, conclusions

A description of a nonlinear block implemented in the form of an executive mechanism is
given. The conclusion is made about the result of modeling deposits taking into account the non-
linear element.

Key words: nonlinear element, objects with distributed parameters, nonlinear control sys-

tem, absolute stability criterion

Introduction

The study and implementation of nonlinear systems with distributed parameters presents
significant difficulties. It is known that a nonlinear system contains at least one link described by a
nonlinear equation. In the practical implementation of the theory of systems, the control of the ob-
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ject model cannot be adequately represented in the form of systems of linear equations. Most of-
ten, such systems are described by ordinary linear differential equations. In many cases, the well-
known procedure for linearizing such systems is unacceptable. The most developed technique for
the analysis and synthesis of this class of systems refers to systems with one nonlinear element [1].

Let us consider the general case for a certain function depending, in addition to time, on
one spatial coordinate. A second-order linear differential equation in partial derivatives can be rep-
resented as:

0°Q
2

o°Q 50 )
xot 228,000 T2+ C Q= F(x)

It is more convenient to write this equation in canonical form:

Q Q

= C(x,t) 21? + Bl(x,t)Z—(j +C,(x,1)Q + f(x,t,u(x,t))

Xg <X<X. t>0 (1)
Initial conditions:

oQ(x,0)
QX0 =Q(x) . & QY . X, <X<X,

Border conditions:

@, Q1) + By ) )

=g, (t,uy (1)) (o0

(%, QUK 1) + B, 1) 225D (Xl’t) =g, tu®)

It should also be noted that for suff|C|entIy small deviations, many nonlinear systems admit
the process of linearization. In this case, one can, for example, use the expansion of the function in
a Taylor series and then take into account only the linear parts of the series, discarding the nonlin-
ear ones due to the high order of smallness. In general form, we can write an equation with some
non-linear operator L :

[x,t,Q(x t),

Q 62(22’6(? 0, ”J
ot ox

P Xg < X< X; >0,
where:

Q1) =Q (x 1) +AQ(x1) " the state of the object, in the form of a function;

Q (x1) ~ some distribution;
u(x,t) — input action;

AQ(x,1) ~ small variation regarding Q (X’t).
In this case, one can write a linearized equation, provided that the function L is twice dif-
ferentiable . The linearized equation will be of relatively small variation AQ (X, t):
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(a—LJAQ(x,t) N ( oL ] 0*AQ(xY) [ oL ] BAQ(X, 1) +( oL j 92AQ(x,1) N

00 00 ot’ o0 ot Q")  ox*

oL | 0AQ(x,1)

+ , +[k Au(x,t) =0
aQ OX ou

where

"_aZQ _aQ ”_aZQ I_aQ

Q= o’ ,Q_ ot ,Q o ’Q ~x Au=u-u

Derivatives with equality Q :Q*play the role of coefficients AB, Al’ Bl’Clof formula

D).

However, in most cases, nonlinear systems, when linearized, cease to adequately describe
the real object, that is, they are not subject to linearization.

Nonlinear elements, in turn, are divided into analytical and non-analytical. Currently, there
are no unified and accurate methods for the analysis and implementation of nonlinear systems. A
unified mathematical apparatus has not been developed, therefore, for each specific problem de-
scribed by a nonlinear system of differential equations, developers are forced to find their own
methods.

One of the most common methods for describing control systems is the use of system
transfer functions. It is known that non-linear systems do not have transfer functions [2]. However,
for a class of control systems with one non-linear element, it is possible to use the developed appa-
ratus of transfer functions with respect to the linear part. The scheme of the system in the form of a
series connection of a non-linear link and the linear part of the system can be generally displayed
as follows (Fig. 1).

X o Yy
> » o(c) |[— W (s) >

T

Fig. 1. Block diagram of the system

In the diagram: x is the input signal of the system; y is the output signal of the system; ¢ (6) —
non-linear function; W ( s ) is the transfer function of the linear part of the system.

non-linear element ( z ) is given by the function ¢ (&), which assigns the value 6 (t) of the in-
put signal of the nonlinear link to the value z (t) of the output signal of the link: z (t)=¢ (s( t)).

For such systems, the criterion of absolute stability by V.M. Popov [3]. According to this
criterion, for the system to be absolutely stable, it is sufficient that on the imaginary axis of the
complex plane there is a real value q (the real part of the complex number) such that the condition
[4-6] is satisfied:

Vo >0:Re[l+ jogW (jo)]> —%
, ()
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1

On the real axis of the complex plane, Popov's line passes through the point K . The sys-
tem is considered stable if the hodograph of the modified frequency response does not intersect
with Popov's straight line (Fig. 2) [7, 8].

-
)A

Xogr+i=o
k

Fig. 2. Graphical interpretation of the absolute stability criterion

The frequency response of the linear part of the system is represented as:

W( jo) = ReW( jo)]+ j ImW (jo)]

According to the criterion of V.M. Popov, a modified amplitude-phase characteristic of the
linear part (AFC LP) is used. The imaginary part of the characteristic is multiplied by the value of
the circular frequency :

W (jo) = Refw " (jo))+ j Imw " (jo)]
Rl (jo)]= RefW(jo)] ImW " (joo)]= oo Imiw (joo)]
X =R (jo)] ¥ = wlmw(jo)]

Here k is the tangent of the angle formed by the straight line limiting the sector from above,
in which the graph of the non-linear characteristic is located (Fig. 3).

(o)
0= =K 520 0(0)=0

z=ko

z = ¢(o)

f 0 °

Fig. 3. Sector bounding the graph of the non-linear characteristic
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When choosing a slope k that defines a straight line as the boundary of a sector that con-
tains a graph of a non-linear characteristic, it is necessary to find one at which the sector will be
minimal. This straight line will be tangent to the curve z =¢(s) passing through the origin (Fig. 4).

z

z=—1oc
-1 :(P'(GIXG_Gl); S|
A Z=ko A

z z Zz=ko

2 ;
| z=0(c) z=¢(o)
(o) G c

a 9]

Fig. 4. Construction of the Popov line

Let us consider the implementation of a non-linear link in the process of water withdrawal using the
example of one well, in which water withdrawal is carried out as a result of self-discharge (Fig. 5).

[ AH(t) U(t)

non-linear Control object Hrex()

element

\ 4

\ 4

&)

A

Current level measurement

A

Fig. 5. Block diagram of the control system

If only water is taken from the well and there is no water injection system, then the system
provides only unidirectional control action. However, the inclusion of a nonlinear element in the
circuit allows both lowering the level value and raising it. In this regard, in wells with self-
flowing, the value of H tech () is limited by the minimum and maximum values:

Hmin < H current (t) <H max.

The non-linear block is implemented in the form of an actuator, which is the movement of

a damper that regulates the useful cross-sectional area of the pipe (Fig. 6).

14 Bbinyck 1, 2022
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Fig. 6. Scheme of the actuator: 1 - damper, 2 - pipe

With a linear uniform movement of the damper, the size of the useful cross-sectional area
will change non-linearly (Fig. 7). A change in cross-sectional area will entail a change in flow rate
and, consequently, a change in level. At the same time, with a fully open damper, the area will be
maximum, therefore, the flow will be maximum, the level will be the lowest possible. When the
damper is fully closed, the flow will be zero, the level is the maximum possible. Wherein:

0<L<d,
where d is the pipe diameter.
S
S’l"‘p 7
0 d L

Fig. 7. Nonlinear dependence of the increase in cross-sectional area

The dependence of the cross-sectional area on the damper movement, and, consequently,
the flow rate, is sigmoidal. Obviously, the dependence of the output function of the nonlinear ele-
ment U (t) from the input action A H (t) will also have a sigmoidal character.

Depending on the maximum possible values of A H and U , the graph of the sigmoidal
function will be transformed, shrinking or stretching relative to the coordinate axes (Fig. 8).
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Fig. 8. Tangents of sigmoidal functions for k = 0.2 (a) and k =0.136 (b)

Accordingly, the slope of the tangent to the graph will change. Thus, on the complex plane,
1

the point K will change its position, moving along the abscissa axis (Fig. 9).

10 10r
s
7
o / )
Imodw) —[10 f—f—'s 0 5 10
7 75'/
r
4 — 10!
X, R(o) X, R(o)
a) b)

Fig. 9. Stability analysis at k = 0.2 (a) and k =0.136 (b)

Depending on the position of this point, the position of the Popov straight line will change,
the position of which determines the conclusion about the stability of the system [10]. It is also
possible that the stability of the system will depend on the speed of the damper.

Modeling of deposits taking into account the non-linear element U(t) will reduce the error
of the model and will enable a more accurate description of the process of controlling the produc-
tion of mineral water from a real well with given parameters. In addition, the inclusion of a nonlin-
ear element in the circuit will make it possible to describe the change in the current level H current (t)
within the given constraints.
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DEVELOPMENT OF THE INTELLECTUAL
SYSTEM "INDEPENDENT SMART ASSISTANT"
FOR PEOPLE BY VISUALLY DISABILITY
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Annomayus

B cospemennvix peanusx ouenb 0Cmpo CmMoum CO30aHusi KOM@opmuou u 6e3dapvepHoll
cpeovl 0nsl 0oell ¢ 02panudyeHHuiMUu 803modchocmamuy. Cywecmeyrom pasziudHvle CcHocoObl
OKA3aHUSL NOMOWU PA3TUYHLIM 2PYNNAM  JH00ell C UHBANUOHOCMbIO OJisL  VAVYULEHUS UX
NOBCEOHEBHOU JHCUSHU U KYIbMYPHO20 0ocyed. 3a cuem YCOBEPUIEHCMBOBAHUSL U PA3GUMUS
COBPEMEHHBIX MEXHONI02U U UCKYCCMBEHHO20 UHMENLIeKmMda OMKPbIBAIOMCs HOBble CHOCOObl
NOMOWU PA3TUYHBIM 2PYNRAM 2PANCOAH.

Mamepuanvt u menmoowl, pe3ynbmamsot

Ha canamopho-kypopmmuoe nedenue u omowvix Haweco Cmasponorbcko2o Kpas makaice
npuesdcaem O0NbULOE KOTUUECMB0 MATOMOOUNHBIX 2PYNN 2PANXCOAH, 8 MOM YUCTe U UHBATUObL HO
spenuro. B Oanmom npoexme npeonacaemcs cozoanue I10 Hanpasnena Ha N0O00ePI’CKY
C1aboBUOAWUX TH00eU U UHBATUOO8 NO 3PEHUI0, A MAKIHCe NONCUNLIX 00l U MATeHbKUX oemeli
nymem CO30aHUs UHMELIeKMYAIbHOU UHGOpMayuonHou cucmemvl «Hezasucumoviti  Ymmoiii
Homownuxy (HYII). B uccnedosanuu onucvigaemcsi cnocod peutenuss npodiemvl noIHOYEHHO20
omovixa u KyIbmypHo20 00cy2a ir0oell ¢ UHBATUOHOCIbIO NO 3PEeHUI0, d UMEHHO paspabomka u
co30aHnue npoepammHozo obecneuenus: «Hesasucumoiti Ymnoiii IlomowHuky u e20 ucnonvb3068anus
8 ycnosusx kypopmos Cmaspononwbckozo kpas Poccutickoii @edepayuu.

3aknwuenue

B uccneoosamenvckom  npoexme  npeonacaemcs — cnocob — c030aHuUs  €OUHOU
UHGDOPMAYUOHHOU cUCmeEMbl C UCNOIb308AHUEM HEUPOHHLIX cemel, Ol 00ne24enUsl blNOTHEe s
CAMOCMOAMENbHBIX OeUCMBULL TH00bMU C 02PAHUYEHHBIMU BO3MONCHOCIAMU NO 3PEHUI0, nymem
gzaumooeticmaus ¢ oamuuxamu 0gudxcenuss u mooyasamu GPS.

KamoueBble cioBa: nudpoBu3anus, ITOIA C OrPAHUYCHHBIMH BO3MOXKHOCTSMH,
WCKYCCTBEHHBI MHTEIJICKT, CAHATOPHO-KYpOPTHOE JieueHue, 0e30apbhepHas cpeaa, He3aBUCHUMBIN
YMHBIA ~ TIOMOITHUK, MPOrpaMMHOE oOOecrieueHrue, WCKYCCTBCHHAas HEWPOHHAs  CETh,
CUTMOMHIaNbHas PyHKIMs, 1aTunku, nuarepgeiic, GPS.

Abstract

In modern realities, it is very urgent to create a comfortable and barrier-free environment
for people with disabilities. There are various ways to help different groups of people with
disabilities to improve their daily lives and cultural leisure. Due to the improvement and
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development of modern technologies and artificial intelligence, new ways of helping various
groups of citizens are opening up.

Materials and methods, results

A large number of low-mobility groups of citizens, including visually impaired people, also
come to the sanatorium treatment and recreation of our Stavropol Territory. This project proposes
the creation of software aimed at supporting visually impaired people and the visually impaired,
as well as the elderly and young children by creating an intelligent information system
"Independent Smart Assistant™ (NUP).

Conclusion

The study describes a way to solve the problem of good rest recreation and cultural leisure
for people with visual impairments disability, namely the development and creation of the
Independent Smart Assistant software and its use in the conditions of the resorts of the Stavropol
Territory of the Russian Federation. The research project proposes a way to create a unified
information system using neural networks to facilitate the performance of independent actions by
visually disability impaired people by interacting with motion sensors and GPS modules.

Key words: digitalization, people with disabilities, artificial intelligence, spa treatment,
barrier-free environment, independent smart assistant, software, artificial neural network,
sigmoindal function, sensors, interface, GPS.

Introduction. In modern realities, it is very urgent to create a comfortable and barrier-free
environment for people with disabilities. There are various ways to help different groups of people
with disabilities to improve their daily lives and cultural activities. Due to the improvement and
development of modern technologies and artificial intelligence, new ways of helping various
groups of citizens are opening up. A large number of low-mobility groups of citizens, including
the visually impaired, also come to the sanatorium treatment and recreation of our Stavropol Terri-
tory. This project proposes the creation of software aimed at supporting visually impaired people
and the visually impaired, as well as the elderly and young children by creating an intelligent in-
formation system "Independent Smart Assistant™ (NUP). The creation of this project also falls un-
der the decrees of the President of the Russian Federation on the development of: culture, digitali-
zation of the population, quality services, a barrier-free environment.

The main goal of the project "Independent Smart Assistant™ is to help people with visual
impairments, thereby simplifying many of the actions that are given to them with difficulty with-
out outside help, thereby preserving their personal boundaries. Each user of this system will have
an individual approach.

Materials and methods. In this project, it is proposed to use modern technologies, namely,
an artificial neural network (ANN), which is the basis of the information system of the "Independ-
ent Smart Assistant".

ANN was created more than 40 years ago, and at the moment, close attention is directed di-
rectly to it from the side of developers, since the artificial network shares some of the physical and
behavioral aspects of bionetworks. The foundation of the ANN structure, which is a parallel sys-
tem, is the biological neural process of the human brain, which is used to solve the complex tasks
assigned to it, the connections and processes of which it tries to imitate in mathematical sets of
systems [1].

As a rule, at least three layers are required to create ANN systems - input, hidden and out-
put. The number of hidden nodes that are dependent on the particular research problem and that
can easily propagate to more hidden layers. At the input there are nodes corresponding to the input
variables, and at the output there are nodes corresponding to the output variables [2]. The state of
the neuron is determined by the formula (1), (2) :
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=1 1)

= ¥y
Where:
n- number of neuron inputs;
x,is the value of the i - th input of the neuron;
w;is the weight of the i - th synapse.
Then the value of the axon of the neuron is determined by the formula (3):

Y = f(5). (3)

The input layer is used to distribute the inputs to several hidden layers, the output of which
is connected to the output layer, where the outputs of the blocks are connected to the inputs of the
next connection. Simply put, weighted joins allow data to be passed between layers through it,
where a node takes data from the previous layer and calculates a weighted sum of all its net inputs.
The sigmoid function (4) [7] is usually used as an activation function.

flz)=—— (4)

14axp(—=z)'

The main task in training is to minimize the objective function of the NN error, which is
found using the least squares method (5):

o
1 5
E(w)= 5 ) 0= d)?,
i=1 (5)
Where:
¥;- the value of the i - th output of the neural network ;
d; is the target value of the j -th output;

p is the number of neurons in the output layer.

The word "sigmoid" refers to something that is curved in two directions. There are various
sigmoid functions, and we are only interested in one. It's called the logistic function, and its math-
ematical expression is quite simple. According to the function, the program code looks like this:

import matplotlib . pylab as plt

import numpy as np

X = np.arange(-8, 8, 0.1)

f=1/(1+ np.exp(-x))

plot.plot(x, f)

plt.xlabel(*x")

plt.ylabel(*f(x)")

plt . show ()

In this project, the neural network is the main module, since in the tasks assigned to it, it
must perform precise actions and at the same time predict the further actions of the NUP user.

During the development process of this project, great attention will be paid to the accuracy
and variation of answers to tasks directly by the user, the accuracy of requests, and so on. It is pos-
sible that some of the received information cannot be processed by the intelligent system itself di-
rectly on the device or in the digital cloud, therefore, with an additional load, an employee of the
resort and health institution will have to control it.
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This project positions itself as a digital original application with a built-in voice assistant
that processes the information received using neural network algorithms.

Also NUP sets itself the goal, in addition to helping people with visual impairments, sim-
plifying their lives, as well as helping employees of health resorts, on the basis of which it plans to
use this product, by introducing modern technologies in the form of geopositioning devices using
GPS capabilities (Glonass ), motion sensors, mobile devices.

"Independent Smart Assistant” in the form of an application can be installed on devices
such as smartphones, smart watches, voice station [8].

The option of using the NUP complex: the vacationer wants to make an independent walk,
directly from the place of residence, to the cultural site and return back to his room. To do this, he
uses a device in the form of a watch or a smartphone, asking a voice request. By separating infor-
mation using neural network processing, a route is built and a connection is made with an employ-
ee of a sanatorium or boarding house. There is also a connection with motion sensors and GPS ,
which will be connected to a single network with the vacationer, will help him navigate in space
and transmit cultural and reference information directly about the place near which he is located.

Navigation will be provided by preventive tracking of the vacationer (tourist) with recom-
mendations for further movement, which is a novelty of the attached idea. The soundtrack can be
performed both through the built-in speaker and using a wired-wireless headset. In an emergency,
the soundtrack is completely transferred to a free employee / operator, to further control the ac-
tions of the vacationer and direct him in the right direction [6].

Results and discussions. The "Independent Smart Assistant” project can be used not only
in the resorts and urban environment of the Stavropol Territory, but also in other regions and re-
gions of the Russian Federation. Due to the flexibility of the developed interface, NUP can be used
for the convenience of life for both the elderly and children, helping both groups of the population
with safe movement [3].

Also, NUP can be used to help foreign tourists who have chosen the Stavropol Territory as
their holiday destination by translating the interface and cultural program into English, helping
them learn more about not the most famous, but significant cultural places in our region.

The potential of this project lies in the direct creation of its fundamental system, debugging
the process and functionality, design, implementation of neural networks, as well as layout and
debugging (of the application interface itself and interaction with it) directly by the author of the
idea. A positive set of circumstances, with the successful implementation of the first stage, the
NUP will help in the development of its complex, by stimulating the development of a technologi-
cal cluster and the development of microelectronic systems of domestic production, thereby
launching the process of import substitution, which will help resolve the issue during the further
implementation of the project in aggregate in other areas.

The project can be implemented within the established limited time frame. During the time pe-
riod of one year, there will be hardware infrastructures and the development of software methods [5].

"Independent Smart Assistant” is supposed to be carried out in the following sequence: de-
veloping your own application, including a mobile one with voice interface support - "Independent
Smart Assistant”, the package of which can be installed and used on smart devices - smartphones,
smart watches, voice stations. Also, the NUP software package can be run on a personal computer.
The second step is to bind and use indoors and in complex street routes motion sensors with a
voice alert function when the user passes the NUP directly in their vicinity, with proper coordina-
tion and position in space. Also in these sensors, GPS technology (Glonnas) should be present, for
more accurate location tracking and to perform the function of transmitting historical information
about the city and place. This stage is quite complicated, as it requires direct binding of all ele-
ments of the Independent Smart Assistant software and sensors, as well as debugging the naviga-
tion systems and voice information interface. Navigation will be directly given by means of voice
messages. Due to this project, a program will be implemented to create a barrier-free environment
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for people with disabilities (blind and visually impaired) by developing the intellectual service
"Independent Smart Assistant”. With a successful start and development of NUP, the system can
be integrated into modern digital systems and spaces of urban municipalities [4].

When creating a project, the question of the duration, cultural richness and convenience of
a particular route will be taken into account, since the safety of vacationers depends on this, and
the impression of the walk itself.

It is also worth considering the issue of the location of the sensors, for the full operation of
the NUP and the control of the vacationer. The routes themselves can be varied, depending on the
situation. The cultural and historical program will be worked out directly with a specialist.

Similar systems. Currently, there are many voice assistants based on neural networks and
machine learning, as well as a set of given commands. As an example, the developments of the
Russian company Yandex, which use in their work direct interactions with a neural network and
learning when interacting with a user.

Of the international services of Google , which also perform their tasks due to developed
databases.

It is also worth giving an example of the domestic information system "Smart City" in the city
of Zheleznovodsk, as a "digital intermediary” between a city resident and information about the ele-
ments of the urban ecosystem, such as finding transport, information about events, and so on.

Project costs. "Independent Smart Assistant™ is an experimental project, so the cost of its
implementation can be quite significant. Options for admission to the implementation of this pro-
ject may be: interaction with Yandex, as a leader in the development of the Russian IT - sphere.
Also due to the fact that the project can be implemented at the expense of the budget, funds, grant
support, when included in the Smart City and Barrier-Free Environment programs.

In the future, the costs of this project can be covered by increasing the flow of tourists us-
ing the resort fee [8].

Priorities for the region. By attracting tourists with visual impairments, this project will
improve the attractiveness of the Stavropol Territory as a convenient, barrier-free resort, which
will attract more tourists, thereby improve budget revenues, develop and create a comfortable and
convenient urban environment.

The Independent Smart Assistant itself can become an example of the region's ability to
create modern and socially significant digital and technological products.

Conclusion. The trend of the modern world requires the creation of modern approaches for
the goals and objectives. Improving the quality of life of people with disabilities and their prob-
lem-free life in society on an equal footing with everyone can be part of the national idea. This
project gives visually impaired people the opportunity to spend their leisure time on their own
without outside help, thereby blurring the existing framework. Due to the implementation of such
projects, there is also a need for the development of other industries, in addition to the social and
cultural issue. The development of the software market and the direct creation of a full-fledged
neural system in the form of the "Independent Smart Assistant” algorithm, as well as the require-
ments for the creation of microelectronics in the form of the simplest sensors and geolocation
tools, which certainly gives the development of the region and the state in the modern world, as a
human resource and the potential in high-tech ideas plays a critical role in the global and devel-
oped society at the moment.

Also, this project is a youth idea, which means that such projects prove the importance of
supporting such initiatives to improve the relationship between the developer and the administra-
tive resource, thereby bringing benefits to the people and the country.

All this suggests that this project covers many areas, the development of which is very im-
portant for our country.
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Annomayusn

Hckyccmeennvlil unmeiniekm ce200Hs 8pemsi COBePUICHCMBYEmcs U HOMO2den 8 peuleHuu
3a0au 6 cghepe busneca, bezonacnocmu, 00pa308anuUs u Op.

B cmamwve paccmampueaemcs HeckonibKko npoekmos HA OCHOBE HEUpPOHHBIX MEXHOJIO2Ul,
Komopbvle O0enaom CYWecmeeHHble Wasu 8 NOMOWU UHBAIUOAM, AHANUIUPYIOMCS NpOoOJeMbl
ocmarouwuecs NoKa ewé He peuleHHbIMU, NPeodla2armcs Nymu peuleHus: OQHHbIX NPooO.IeM.

Kunrouesbie ciioBa: Heliponnsie cetn, 11, maimmaHOe 00yueHNe, HEHPOHHBIE TEXHOJIOTHH.

Abstract: The article discusses several projects based on neural technologies that make
significant steps in helping people with disabilities, analyzes the problems that have not yet been
solved, and suggests ways to solve these problems.

Key words: Neural networks, Al, machine learning, neural technologies.

Beenenue

Ha ceromusimiauii 1eHb UCKYCCTBEHHBIN HHTEIUICKT IPOYHO BOIIEIN B HANIY )KU3Hb U TOMO-
raer C peleHueM MHOTHX 3aJad, a OJIHO U3 CaMbIX MEPCIEKTUBHBIX HAINPaBIEHUH B 3TON cdepe
9TO HEUPOHHBIC CETH. YKE ceiliuac OHM aKTHBHO HCIOJIB3YIOTCA B OM3Hece, Oe3omacHoCTH, cdhepe
pa3BiIeYeHUH M MHOTHX JIpYTHX cepax IesTeNTbHOCTH, HO IPU 3TOM HE Be3Jle UM HE BCE MOTYT
MOJIb30BAThCSl HEKOTOPHIMU U3 TAaKUX MPOEKTOB. SI3BIK KECTOB UCIIONB3YETCS MAJUTMOHAMH JIFOJIEH
110 BCEMY MHUPY, HO B OTJIMYHE OT MCIAHCKOT0, KUTAHCKOTO WJM Jake JIaThIHHU, JJS Te€X, KTO He
MOJKET MM TIOJIb30BAThCS, TIOYTH HET aBTOMATHYECKOTO TEPEBOa M HECMOTPS Ha PACIPOCTPaHEH-
HOCTh HEHPOHHBIX ceTeil, B cepe MPOEKTOB JIJIsl MOMOIIM MHBAIKAM MOYTH HU4ero HeT. [ToaTo-
My B JaHHOHW cTaThe OYAYT PacCMOTPEHBI HEKOTOPBIE MPOEKTHI, KOTOPBIE IMBITAIOTCS MUCTIPABUTH
TaKyl0 CUTYAIHI0, IPOaHAIM3UPOBAHbI IPOOJIEMBI OCTAIOLINECS TOKa elIE He PELICHHBIMHU, Mpe/-
JIOXKEHBI YT PEUICHHUS JaHHBIX TPOOIIEM.

HccnenoBanue npodieMsl U €€ COCTOSIHME HA JAHHBIH MOMEHT

Bcé€ oOmienne MOXKHO pa3/IeuTh Ha JIBE YacTH: CYMTHIBaHHE HH(OPMAINH U ee Tiepeaaya.
Jlnst moziel He MCIBITHIBAIOIIUX TPYIHOCTEH C ATUM BCE MPOMCXOJUT aBTOMATUYECKH, HAlll Opra-
HU3M BCE JIeNIaeT caM, HO JUISI WHBAIWIOB, JIMIICHHBIX 3TOTO, HY)KHBI CIIEIIUAIbHBIE TEXHOJIOTHH,
4TOOBI KOMIIEHCHPOBATh TAKOTO pojaa HeyaobctBa. I[losTomy ans Hauvana pasbepeM HpuemM HH-
dbopmanuu, Ha OCHOBE TEXHOJIOTHI pacmo3HaBanus peun win Speech-to-Text (STT) — texHonorus
npeoOpa3oBaHusl peud B TEKCT. DTO MHOTOYPOBHEBBIH IPOIECC aHAIN3a aKyCTUYECKHX CUTHAJIOB,
UX CTPYKTYPHUPOBAHUS B CJIOBa, (hpa3bl, MPEASIOKEHUS U NMPeoOpa3oBaHUs B TEKCTOBBIN (opMmar.
TexHon0rHI0 pacrio3HaBaHUS PEYH MOXKHO TaK)Ke Ha3bIBaTh TEXHOJIOTHEH paclo3HaBaHUs rojoca.
Takoli METOH HCIOJB3YIOT, B OCHOBHOM, KOTJIa HEOOXOAWMO OBICTPO CO3[aTh MHOTO TEKCTa B
cllyyasix, KOrja rneyaTrarhb 3aTpyAHUTENbHO, YTO KaK HENb3sl KCTaTH OTHOCUTCS K JIFOJISIM C OTPaHU-
YEHHBIMU BO3MOKHOCTSIMH. OOBIYHO BECh TAKOW MPOIIECC COCTOUT U3 CIETYIONINX IIaroB: aHAIIN3
CHTHaJIa, paclio3HaBaHKWE CUTHAJa U MpeoOpa3oBaHKE CUT'Hajla B TEKCT. B kadecTBe nmpumepa, 00-
patuMcs K mpoekTy AVA, 4To 4yTKO pearupyeT Ha pedb YeJIOBEeKa B PEaTbHOM BPEMEHH U MO3BO-
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JSIeT HalaJAUTh OO0IeHue, mpeoldpasysl peub B TEKCTOBYIO MH(POpMaLMIO Ha 3KpaHe. [laHHoe mpu-
JI0)KEHHE MOXKHO HCIIOJIb30BATh MPU 3HAKOMCTBE C HOBBIMH JIIOJIbMH, OJIMH Ha OJUH WU B TPYII-
nax, 4To CAEJaeT Ballld Pa3rOBOPHI TOCTYITHBIMH.

MCTOUHKK poTO: ava.me

Puc. 1. MooubHoe npuiio:kenue AVA

AVA npenocrtapnser 450 MUIIMOHAM TIIYXHUX WK CJIa0OCTBIIIAIINX JIFOJIEH MTHOBEHHbBIC
COOOIIeHus, 4TOOBI CICIUThH 3a JIFOOBIM Pa3roBOpOM M OBITH B Kypce Hpoucxosiiero. JlanHoe
MPUJIOKEHNE, KaK MOYKHO JIOTa/IaThCsl, PEATM30BaHO TPH MTOMOIIHM HEHWPOHHBIX CETEH, YTO MO3BO-
JSIET €My UCIOJIB30BaTh MATMHHOE 00y4YeHHUe B IIporiecce paboThl, YTO TO3BOJISET C KaXKIBIM HO-
BBIM TIEPEBOJIOM PEYH B TEKCT COBEPIICHCTBOBATHCS, UCKIIIOUAsl OMMOKKM M MCIIOJb30BaHUE paHee
3arOTOBJICHHEIX IIA0JI0HOB.

Kirsten

Wait, | want to try.

Puc. 2. lemoncrpamus padorsl AVA

Takxe AVA momoraer He TOJBKO CIyIIaTh, HO U TOBOPUTH, OOIIAsICh C COOECETHUKOM
HaMHOTO OBICTpEE, YeM C MTOMOIIBIO MPUJIOKEHUN IS iepa, OymMard Wi 3aMeTOK, OJ1aroapsi Bce
TOM ke TexHonoruu. Kpome Toro, eciiv Bbl MOAKIIOUUTECH K IPY3bsiM depe3 AVA, nonenuBIInch
C HUMH CBOMM MMeHeM AV A, TO KaXIIbIil YeIOBEeK OyleT 0TOOpaKkaThCsi CBOMM I[BETOM H TO, YTO
BBI BBOJIUTE, cpa3y Oy/eT MOSBISITHCS Ha UX dKpaHax.

OpmHako BCTaeT BOMPOC, UYTO JENATh JIIOSIM, KOTOPhIE HE MOTYT TOBOPUTH, a HH(OPMAITHIO
Heo0X0oIMMO TiepenaTh ObICTPO, HCKITIoUas Habop Tekcta? Ha Ttakue ciiydan ObLUT MPUIYMaH SI3bIK
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’KECTOB, HO MpolyieMa B TOM, YTO €ro 3HAeT HE KaKIbIH YEIOBEK, a KOMIbIOTep TeM Oonee. B
HACTOAIIMN MOMEHT CYIIECTBYET MHOXECTBO METOJIOB JJisi OOHApyKeHUsI 00beKTa Ha H300paxe-
HHUH: CKEJIETHBIE METOAbI, METO Bl Ha ocHOBe 3D u MeToabI Ha ocHOBE 2D.

Onnako u3 Bcex Mojeneit crouT Boiaeauts MediaPipe, Tak Kak OH HE TOJIbKO HaXOAUTCS B
OTKPBITOM JIOCTYIIE, HO ¥ HamOoJiee MEPCIEeKTHBEH W HE TPeOyeT OOJBIINX BBIYUCIUTEIHHBIX
momHocTei. MediaPipe — kpocc-tutatdopma UIst IOCTPOEHUST KOHBEHEPOB 11t 00pabOTKH Tep-
HENTUBHBIX JAHHBIX PA3IMYHBIX MOJAIBLHOCTEH, TAKUX KAaK BHJICO M ayJU0. DTOT MOAXO0] odecte-
YHMBAET BBICOKOE KAueCTBO OTCIECKMBAHUS PYK M MAJbLIEB, UCTONb3YS MAIIMHHOE OOyYeHHE JUIS
oIpejieNieHUs IBa/IlaTH OJHOM KIIFOUEBOM TOUKHM PYKH BCETO M3 OJHOrO Kajapa. B xauectBe mpu-
Mepa, A HarJSAHOCTH CTOUT BBLACTHUTH MPOEKT «SLAIT». DTOT MHCTPYMEHT, JOCTYIHBIN JUIs
00IIero MmoJIb30BaHUsA, KOTOPBIM MOXET MmepeBoauTh 0koJio 200 CIOB M MPOCTHIX MPEIIOKCHUI
JUTS. Hadasla, UCTIOJIb3Yys TOJIBKO OOBIYHBIN KOMITHIOTEp U BeO-Kamepy.

Puc. 3. lemoncTpanus paGoThl OTHOTO W3 MPOTOTHIIOB

[lepeBon BBINONHSAETCSI B aBTOHOMHOM pPEXHMME U MOYTH B PEAbHOM BPEMEHHU Ha JH000M
TeneQoHe WM KOMITBIOTEpE.

[lepeBon — TpyaHas paboTa, TeM 0oJiee UTO SI3BIKU KECTOB M TPAJAUILIMOHHBIE S3bIKU 3HAUU-
TEJBHO OTJIMYAIOTCS IPYT OT Jpyra, HE TOJBKO IO 3HAYEHHUIO CIIOB KaK 3TO UMEET MECTO OBITh B
TPaIUIMOHHBIX S3bIKaX, HO M MO0 CTPYKType caMoro si3bika. [lepeBoa ¢ ¢paHIly3cKOro Ha MCHaH-
CKUI WM C IPEBHErPEYecKOro Ha JCIEepaHTO B HAIIe BPeMs HE COCTABISIET OOJBIIMX TPYHAHO-
creil. Ho sI3bIK KecTOB-yHUKAIBHBIN CITy4yail, ¥ MepeBEeCTH €ro OJHO3HAYHO CJIOXKHO, TOTOMY YTO
OH TPUHIUITAATBHO OTINYAETCSI OT Pa3rOBOPHOTO U IIMCEMEHHOTO SI3BIKOB.

[MombITKM aBTOMAaTHYECKOTO MEPEBOA C sI3bIKA JKECTOB (i1 amepukanckoro ASL (Ameri-
can Sign Language)) mpoucxXoasaT y)Ke MHOTO JIeT: TeXHOJOTrHs oTciexuBanus pyk (2012 rogm),
SignAll (2018 rox), MediaPipe (2019 ron) u BoT Teneps SLAIT.

SLAIT monpasymeBaercs, Kak IuiaTdopma JOCTYIHAs Ui COOOIIECTB TIYXHX M JIOACH
M3YYAIOMIMX S3BIK jKeCTOB. HO MPOEKT TONBKO B CTaguu pa3pabOTKU, XOTh U SABISETCA MEPCIEeK-

Bbinyck 1, 2022 27



CoBpemeHHas HayKa 1 nHHoBauum Nel (37), 2022

TUBHBIM, ITOCKOJIbBKY MOZCIIb IMECPCBOAA KOMIIAHHWU IMOTCHHOUAJIBHO MOXHO HCIOJIB30BATH ITOYTHU
BE31¢C OCO6CHHO, YUYUTBIBAsA KOJIUYCCTBO BUACO3BOHKOB, ITPOUCXOAAIINX B HAIK JHU.

sLAIT S

Hi! How are you? lknow! And| Hi! No,way! Icansee Whatyou
cansee whatyou are saying are signing That's really cool!

I'mgood | will call you How are you doing?

Puc. 4. lemoncrpauus padorsl SLAIT

[Ipensoskenusi U NepcneKTUBDI pelleHUus1 MPodJaeMbl

Ha nmanHbBIii MOMEHT pacCMOTpPEHHBIE MPOAYKTHI SBISIFOTCS HanOoJiee TMEPCIEKTUBHBIMU IS
TOTO, YTOOBI C/IENAaTh KU3Hb JIFOJIeH ¢ TIpolIeMaMu cilyXa U pedu MpoIle U Tydille, HO IaKe 3TH Tpo-
eKTbI HaXOATCS Ha paHHEW CTauu pa3pabOTKK aBTOMATU3alMK TaKUX CJIOXHBIX MporeccoB. OHaKo
TJISI/I Ha TeMITbl Pa3pabOTKU TaKUX MPOEKTOB, Olaroaapsi UCIOIb30BAaHUIO HApaOOTOK APYTUX, U HA
TOT (DaKT, YTO C KaX/IbIM TaKHUM ITPOEKTOM IOCIIEAYIOIINE HACIEAYIOT BCE CaMOe JIydIlee U3 MpeLle-
CTBEHHHKOB, TO B Kaue€CTBE MEPCIEKTUBHI Pa3BUTHUS MOJIOOHBIX MPOIYKTOB MBI Tpe/araeM o0beau-
HUTb YK€ PACCMOTPEHHBIE TEXHOIOruM: nepeBos ronocoB (AVA) u xecros (SLAIT) B Tekct, B oqHY
MHPOPMAIIMOHHYIO CUCTEMY, KOTopasi Oy/eT peajn30BaHa MO TeM >K€ TEXHOJOTHUSM, MPU MOMOIIN
HEHPOHHBIX CETEH U JIOTIOJHATHCS TI0 Mepe HEOOXOIUMOCTH HOBBIMH (PyHKIIMsAMU. [IpumepHbIe anro-
PUTMBI pabOTHI OCHOBHBIX (DYHKIIHI TAKOTO MPOEKTA MPEICTABIICHBI HAa HIYKECIISAYIOIINX PUCYHKAX.

OcHoBHbIE (QYHKIMH WHHOPMAITMOHHOM CHCTEMBI MOXKHO PA3CIUTh Ha JBE YaCTH, COOT-
BETCTBYIOIINE NOTPEOHOCTSAM I0JIb30BATENs: MEPEBOJ] TOJIOCA B TEKCT U MEPEBOJI )KECTa B TEKCT.
Tak, HanpuMep, cO CTOPOHBI coOECeHUKA, KOTOPbII HE MCHOJIB3YET S3BIK JKECTOB PEan30BbIBA-
€TCsl AITOPUTM, NPECTABIECHHBIN Ha PUCYHKE 5.

OO6Hapy’xeHue KecTa, peaTu30BbIBaloIIeecs aJrOPUTMOM, IPECTABICHHBIM Ha PUCYHKE O,
mo3BoUT 00paboTaTh rpaduueckyro nHbopMalnoo Oraronaps KaMepe U MepPeBeCTH ero B TEKCT,
JUTSL JTFO/IEH, He 00J1aJaloluX HaBBIKAMU HEBEpOATHbHOTO OOIIECHUSI.

[Tomumo BBIBOJIa TEKCTA IS TTOJH30BATENS, HE UCIIOJIB3YIOMIETO S3bIK )KECTOB HEOOXOu-
MBIM SIBJIIETCS pean3alys 03BYYMBAHUS ATOTO TEKCTa MPU MTOMOIIM CHHTE3aTOpa PeUuu, alrTOPUTM
KOTOPOTO MPEACTABIIEH HA PUCYHKE 7.

TexHonorust mpeoOpazoBaHUs TEKCTA B pedb. JTO KOMIIbIOTEPHOE MOJIEIUPOBAHHUE YEIO-
BEUECKOW peur M3 TEKCTOBOTO MPEJCTaBJICHHs MPH MOMOIIM METOJO0B MAIIMHHOTO OOydYeHUS.
bnarogapsi cuHTe3y peuu MOKHO MPOYUTATH JIFOOOH TEKCT TOJI0COM, MAKCUMAJIbHO MOXO0XKUM Ha
€CTeCTBEHHBIN. UTO MO3BOHUT UCTIOIB30BaTh HH(POPMALIMOHHYIO CUCTEMY, HE OMacasch TOTO, YTO
M0JIb30BATEb HE YCIEET MM HE CMOXET MPOYECTh TEKCT, MOJIYYECHHBIN B pe3ysbTaTe NMepeBoja
A3bIKa JKECTOB.
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3ByK
Boiuncnlpanny

PasrpanHadnem

O6Hapyx

C6opOpeHTBMmecTe

OnpepO6n

0O6bveguHeHne
Coct3K3emnn

OnpKonunulonocos
PacnozHnlonoca

O6HHecklonocos

Boiuncnlpanny

MpoeKonlonocos

PasrpaHnueHue

‘ Mpeo6BTekcT

TekcT

Puc. 5. Anropurm nepeBosa rojoca B TeKCT
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N306p

Bbiuncnlpanny

Pa3srpanHadnem
O6HapPykn
OnpepO6n
C6opOpenTBmecre
06begnHeHne
CoctIk3emnn TekcT
OnpKonnuPyk nHHrBBAH"p NapcepBxopTekcra
PacnosuXecra nPOCOBAIﬂnp Nunrelpoy
Boiumcnlpanny ®onetbAulp Npocoalpoy Ynpae[anHbie
PasrpaHuueHune AKVCTEAMHP ®ouerlipoy
Mpeo6BTekct Axyctlpoy
Tekcr CuHT3BYK
Puc. 6. Anroput™m nepeBojaa xecra Puc. 7. Aropurm nepeBoja TeKCTa B roJ10COB0e COO0LIeHHe
Ha n306pamemm B TEKCT TaK’Ke Ha OCHOB€ CHHTE3aTopa peun

TakuMm obOpazom, npeiaraemas H”HGOPMaIlMOHHAs CHCTEMa MPUOOpETaeT BUJI, MPEJICTaB-
JICHHBII B BUJIE AJITOPUTMA HA PUCYHKE 8.

Jlnst Takoi CHCTEMBI MPETyCMOTPEHO JIBa PeXUMa pabOThl CO CBOMMHU BXOJHBIMU M BBI-
XOZHBIMH JTAHHBIMH, KOTOPBIE 3aBUCST OT TOT0, YTO HYXKHO IOJIBH30BATENIO: IEPEBECTH BepOab-
HBIM UM HEBepOAJIbHBIN SI3BIK.

CTouT OTMETUTH, YTO MPEACTAaBICHHbIE HAa PUCYHKAaX aJrOPUTMBI MpPEJICTaBJICHbI, KaK
HayvaibHas 06a3a, B KPAaTKUX BepCHUAX U OyayT 10pabaThiBaThCs B AaIbHEUIIEM.

BriBoabl

WTtak, 3a TEXHOJOTHSIMH B Hallle BpeMsl HE YTHaTbCs, IOYTH B KaXJI0i cdepe yxe peanu-
3YIOTCSl IPOEKTHI HA OCHOBE MAIIMHHOTO OOYUYEHUS U JIaXKe TaKUe CIOXKHbIE KaK, HalpuMep, aBTo-
MaTHUYECKHI MEPEBOJ SI3bIKa )KECTOB. IJTa 1ENb, KOTOPasi CTAHOBUTCSI BO3MOXKHOM TOJIBKO C pa3BH-
THEM KOMIIBIOTEPHOTO 3pEHUsSI, HEHPOHHBIX TEXHOJIOTUI U BU3yanu3aluu. B KoHIle KOHIIOB, peub
UJET O KJacce JItoJIei, KOTOpbIe MPUHIUITHAIBHO UCKIIOUYEHBI U3 TOT0, YTO OOIBIIMHCTBO CUMTAIOT
JIMYHOM KOMMYHHUKalMe — peubto. I B KauecTBe CIEAYIOUIEro Iara peajn3alid Takoro poja
MIPOEKTOB MpeJuIaraercsi pa3padoraTh YHHKAJIbHYI0O WH(POPMAMOHHYIO CHCTEMY, rae OyIayT co-
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OpaHbl Bce HEOOXOAUMBIC (PYHKIIMH, HO YYUTHIBAS U TO, YTOOBI HMH MOTJIM TOJIb30BATHCS JIFOIH
0e3 po0JIEM CO CITYXOM U TOJIOCOM.

N306p 3ByK
MNepeBXecToB .
OCHOBHOU
OYHKLUWMNOHAJ1 | Nepesronoca
CUCTEMDI
CunresPeun
CuHTPeub TekcT

Puc. 8. O6muii anropurm Beeit ”HPOPMAIMOHHON CHCTEMBI

Takast cuctema Ui BBOJa COOOIIEHHH OyJIeT MCIIOJIB30BaTh YK€ PACCMOTPEHHBIE TEXHO-
JIOTUU pacro3HaBaHMs peud M xkecTa, Ha ocHoBe MediaPipe u Speech-to-Text TexHonoruii, Kkak B
AVA u SLAIT, a BeiBOguTh cO00IIEHHUSI OHO OYAET C HUCIOJIb30BAHUEM CHHTE3aTOpa PEYH, YTO
UCKITIOYUT MOTPEOHOCTh YeNlOBeKy 0e3 MpobiieM cOo CIIyXOM YHMTaTh MHOTO TeKcTa. Takke TaHHOe
MPUJIOKEHUE JOJKHO 00JIajaTh BO3MOXKHOCTBIO MHTETPAIIMKM B TPATUIIUOHHBIE MIEPEBOTUNKHU, Ta-
KX Kommanuii kak Google u Yandex, 4To MO3BOJMUT OCYIIECTBIATH MMEPEBOJ HA WHOCTPAHHBIC
SI3BIKM U UCKITIOUUTD CO3/IaHKE YacTH 0a3bl JAHHBIX, 38 CUET UCIOJIH30BAHUS V)K€ CO3/IaHHBIX 0a3.
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Annomauus

Teopemuueckue u memooonocuveckue nooxo0bl K KOMNIEKCHOU 3aujume UHQOKOMMYHU-
KAYUOHHBIX 00BEKMO8, 8 0CHO8E KOMOPHIX JIeJHCUN Meopusi usp, onpeoeistom aKmyaibHOCHb U
NPAKMUYECKYIO 3HAYUMOCIb PA3PAOOMKU MAMEMAMUYECKUX mooenell pedibHblx cucmem 8 ¢hop-
mMame KOHEeUHbIX MAMPUUHBIX USD.

Mamepuanvt u memoost

Ilpeonacaemcs aneopumm Gopmanuzayuu npoyeccos 3auumol, KOmopulil obecneyusaem
aghghexmusHocmv UCNONBL308AHUSL PECYPCO8 NPU  OOHAPYHCEHUU BO3MONCHLIX UHYUOEHMO8 HAP)-
UleHUsl cucmembl 3auumsl U/Uny HeCAHKYUOHUPOBAHHO20 OOCMYNA.

Cmamwsi nocssiujena 0npocam NpUMeHeHUss meopuu uep K peuenuto 3a0avu noucka on-
MUMAIbHOU cmpamezuu nogeoeHus U  000CHOBAHUSL 8blOOPA 8 YCIOBUAX HEONPeOesleHHOCHU.
Cywnocms npobnemsl, UCCIe008AHHOU ABMOPOM, 3AKIIUAEMCs 8 MOM, YMo 8blOOp cmpamezuu
3auumovl UHGOKOMMYHUKAYUOHHO20 00beKMA HeoOX00UMO OCYUeCMEIISIMb 8 YCI08UIX AKMUBHO20
nPOMUBOOEUCMBUsL CO CMOPOHbL NOMEHYUAILHO20 3/I0YMbIULEHHUKA. AKmyaibHoCcmb paccmam-
pusaemotl npobiemvl, no Clo8AM ABMOPA, ONPedensemcs mem, 4mo 8 yClo8usx 2100aibHou yugh-
posusayuu Heobxo0uMbvl Hogble N0OX00bl K cucmeme obecnedenuss Oe30nacHocmu 06veKmos, 3a-
HAMBIX COOPOM, 0OpabOmMKOU, XpaneHuem u nepeoayell OAHHbIX.

Cmamus Hayunaemcs ¢ 86e0eHUsl, 8 KOMOPOM U3NA2AIOMCA Yeau U 3a0ayu UcCie008anus,
Odaemcs 0bwasn xapakmepucmuka npooiemvl NpUMeHeHUss Meopuu uep, KaKk UHCmpymenma, onpe-
oensiowe20 HOPMY NOBeOeHUsl VHACMHUKOS 8 KOHIUKMHOU CUMYayuu.

Pe3ynomamul u 0ocyscoenusn

B cmamve aemop oceewaem cnedyowue npobiemsl: 4eiecoodpasHoCms NPUMEHeHUs. AH-
MALOHUCMUYECKUX USP K Pellenuio 3a0aqu obecnedenus, 06e30nacHocmu 00vekma, npusooumcs
apesymenmayusi 8 noib3y ucpvl 00H020 USPOKA, NOOKPEenIeHHas pacyemamu. B cmamve maroice
3aMPOHYMblL BONPOCHl NPUMEHEHUS IKCNEPMHBIX OYEHOK U MemoO0d aKmUusHo20 COYUONOSUYECKO20
mecmupo8arus, AHAIU3A U KOHMPOJs OJisk MOOEIUPOBAHUSL CIPAmMe2uti N0OBeOeHUsl.

3akniouenue

B saxnmouenue asmop ymeepacoaem, 4mo meopemuro-uepo8ou no0xo0 K MoOeiupo8aHuro
KOMNJIEKCHOU 3auumbvl UHDOKOMMYHUKAYUOHHBIX 00bEKmMOo8 pacuiupsient 603MONCHOCMU IUY,
NPUHUMAIOWUX peuleHue, U obecneyugaem npuxamue 3@hekmusrnoco peuieHus 8 YCi08Uusx He-
onpedeneHHocmu. B cmamve nonyuunu ucuepnvisarowjee oceeweHue arcopummul 66100pa onmiu-
MANbHOU cmpame2uu U HOpMbl NOBEOCHUsl 8 CUMyayuu ¢ Hecognaoenuem unmepecos. OcHosHas
YEHHOCMb pAbOmMbl 3aKIIOYAENC 8 AHAIU3ZE BO3MOICHOCIENU, KOMOpble NpedoCmasisienm meopust

Bbinyck 1, 2022 33



CoBpemeHHas HayKa 1 nHHoBauum Nel (37), 2022

uep Npu MOOeIUPOBAHUU CIONCHBIX CUCEM KAK 8 4acmu Onpeoeienus YacmublX cmpameuil 3a-
WUmMbul, Max u 6 4acmu paspadomru KOMNIeKCHO20 N00X00da K 0becneyeHur0 YyeioCmHoCmuy uHQo-
KOMMYHUKayUuornHo2o oowvekma. C npakmuyeckol mouku 3peHus unmepec npedcmasisiom npeo-
JIOJICEHHbIE ABMOPOM ANCOPUMMbL PACHEMA BO3MONCHBIX GbIUSPLIULEN 8 UZPE.

Paccmompennvie 6 cmambe 80npocvl npeocmasiAOm unmepec He moabKo 05 UCCIe008da-
meinetl npod.iem UHGOPMAYUOHHOU OE30NACHOCMU, HO U O NPAKIMUKO8 8 c(hepe NPoeKmupo8anus
cucmem obecneyenust 3auumol UHGOPMayUuU.

KiroueBble cJI0Ba: MATPUYHBIE UTPHI, KPUTCPUH ONTUMHU3AINU; CTPATETHH TOBEICHUS;
JITOPUTM BBIOOpA.

Abstract

Theoretical and methodological approaches to the complex protection of infocommunica-
tion objects, which are based on game theory, determine the relevance and practical significance
of the development of mathematical models of real systems in the format of finite matrix games.

Materials and methods

The algorithm of formalization of protection processes is proposed, which ensures efficient
use of resources when detecting possible incidents of violation of the protection system and/or un-
authorized access.

The article is devoted to the application of game theory to solving the problem of finding
the optimal strategy of behavior and justification of choice in conditions of uncertainty. The es-
sence of the problem investigated by the author is that the choice of a strategy for protecting an
infocommunication object must be carried out in conditions of active opposition from a potential
attacker. The relevance of the problem under consideration, according to the author, is deter-
mined by the fact that in the context of global digitalization, new approaches are needed to ensure
the security of objects engaged in data collection, processing, storage and transmission.

Results and discussions

The article begins with an introduction, which sets out the goals and objectives of the
study, gives a general description of the problem of using game theory as a tool that determines
the norm of behavior of participants in a conflict situation. In the article, the author highlights the
following problems: the expediency of using antagonistic games to solve the problem of ensuring
the safety of an object, an argument is given in favor of a single-player game, supported by calcu-
lations. The article also touches upon the application of expert assessments and the method of ac-
tive sociological testing, analysis and control for modeling behavior strategies.

Conclusion

In conclusion, the author argues that the game-theoretic approach to modeling complex
protection of infocommunication objects expands the capabilities of decision makers and ensures
effective decision-making in conditions of uncertainty. The article provides exhaustive coverage of
algorithms for choosing the optimal strategy and norms of behavior in a situation with a mismatch
of interests. The main value of the work lies in the analysis of the possibilities that game theory
provides in modeling complex systems, both in terms of determining private protection strategies
and in terms of developing an integrated approach to ensuring the integrity of an infocommunica-
tion object. From a practical point of view, the algorithms proposed by the author for calculating
possible winnings in the game are of interest. The issues discussed in the article are of interest not
only for researchers of information security problems, but also for practitioners in the field of de-
signing information security systems.

Key words: matrix games; optimization criteria; behavior strategies; selection algorithm.

Introduction Today, the digitalization of technological processes is becoming an integral fea-
ture of infocommunication objects of any nature. In fact, being the basis of the processes of collecting,
processing, transmitting, storing data, the digital format involves the design and synthesis of new algo-
rithms for managing the security system of objects. The modeling of the complex protection of an in-
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focommunication facility is "burdened"” by the duality of the nature of the facility's security system.
The discrepancy between the interests of a potential intruder and those responsible for the protection
system requires a systematic approach to analyzing the history of incidents, choosing a behavior strate-
gy, predicting possible consequences from data integrity violations and other problematic situations.

Game theory, as a tool that determines the norm of behavior of participants in a conflict
situation, in combination with the method of active sociological testing, analysis and control, pro-
vides the necessary level of adequacy of the mathematical model, the ability to predict possible
damage from an intruder's penetration into the security system of an infocommunication object.
The use of a mathematical apparatus to develop a system of practical recommendations for choos-
ing the optimal behavior strategy and analysis of the opportunities that the game-theoretic ap-
proach provides when modeling complex systems attracts the interest of researchers both in terms
of determining particular protection strategies and in terms of developing an integrated approach to
ensuring the integrity of an infocommunication object .

In the studies of G.V. Basalova, A.A. Vorobiev, Yu.V. Sosnhin [1-3] consider methods for
developing optimization models that provide an effective choice of protection means; separate stud-
ies devoted to the use of game theory to protect systems and networks [4,5] present the results of the
implementation of software applications that allow finding the optimal set of protection tools; pro-
pose to use false network information objects when using binary decision trees. At the same time, it
should be noted that the results of research presented at conferences are, as a rule, applied in nature
and do not have a shade of fundamentality. An analysis of research directions in the field of applied
use of the game-theoretic approach, carried out in the course of the study, suggests that most re-
searchers are focused on solving individual, particular problems of data protection, protection against
unauthorized access (AlA), network protection, etc. Practically failed discover monographs on the
results of research in the field of modeling of complex protection systems.

All of the above served as a starting point for researching the possibilities that such a sec-
tion, operations research as game theory, provides to methodologists and practitioners of develop-
ing systems for the integrated protection of infocommunication objects. The purpose of the study
is mathematical modeling of systems for the complex protection of infocommunication objects,
the use of a game-theoretic approach as a fundamental basis for choosing the optimal strategy for
ensuring the safety of objects.

Materials and methods. The process of designing the complex protection of an infocom-
munication facility has a multidimensional character:

— the constructive aspect is of interest to researchers focused on the development of
structural and functional diagrams of the facility's security system;

— descriptive aspect designing a conflict situation is the definition of a system through its
properties, while under the system it is proposed to consider a set of measures to protect the object;

— the prognostic aspect is the identification of possible options for resolving the conflict;

— the normative aspect of design is the determination of the norm of behavior in a conflict
situation, in this case, the determination of the rules for choosing a strategy that minimizes loss.

Game theory considers the normative aspect of a conflict situation in order to formulate
specific recommendations to participants on choosing a behavior strategy that minimizes losses
from participation in the conflict. The game, in fact, is a mathematical model of a conflict situa-
tion. In accordance with the generally accepted classification [6], games can be with payoffs and
with preferences.

The subject of this study is the methods of formalization of a conflict situation and the
analysis of the possibilities provided by the use of the theory of games with payoffs to develop an
algorithm for the behavior of players in determining the strategy and tactics of behavior in the
game. The optimality of the chosen strategy is determined by such factors as the profitability of the
strategy, its sustainability and fairness.

If the term "profitability”" does not require special explanations, it is obvious that this is the
maximization of gain or minimization of loss, then the terms "stability” and "fairness™ in the con-
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text of the game-theoretic approach need, according to the author, to be clarified. Under the stabil-
ity of a strategy, we mean such a property of it that leads to a reduction / decrease in the gain when
deviating from the strategy; justice is the symmetry of the entry of players into the game. Theoreti-
cally, the symmetry of the entry implies the existence of such conditions / rules of the game that
provide the parties with the same opportunities to obtain the maximum gain. The actual practice of
designing security systems has targets that are different from symmetry, which can be the subject
of further research.

The game, as a mathematical model of the discrepancy between the interests of the infor-
mation security service and a potential attacker, assumes the presence of interested parties (play-
ers) i, whose set is denoted by I : I = {1, 2,...,n }, i.e. i € | ; each of the parties - participants in
the conflict has the ability to perform certain actions, the number of actions is proposed to be con-
sidered finite, the set of actions is the strategy of the player xi ; the set of strategies is the situation
X={x1,x2,...,xn} ; the completeness of achieving the goal or the degree of satisfaction of the
interests of the player i € I in situation X is the payoff Hi ( x).

Thus, at first glance, it is advisable to imagine the design of complex protection of an info-
communication object as a paired antagonistic zero-sum game. To solve such a game in pure or
mixed strategies, information is needed on the size of the payoff received by each side when im-
plementing both a separate move and the strategy as a whole.

a matrix (Table 1), where the FOWS are the strategies of player A (defense system designer), the col-
umns are the strategies of player B (potential attacker ) his use of strategy i and the corresponding
response move j that player B will make. The procedure for solving a zero- sum pair game in pure
strategies is shown in detail in [7].

Table 1
Matrix of paired antagonistic game
The strategies of player Bl B2 bn ai- player A's
B ( the attacker |= payoff

Player A
(Administrator) 3
Strategies

Al a 11 a 12 a 1n1

Az a2 ao a 2n

Am a mi a m2 amn

bj - player B's payoff

It is proposed to consider the process of designing a complex protection system for an info-
communication object as a game in mixed strategies, since a potential attacker who has many
strategies for breaking the protection system should and can be considered by us as an active play-
er, while the activity should be formalized, expressed by a specific number, for example, size po-
tential damage from the implementation of the strategy.

The main task of game theory, as mentioned above, is to give recommendations on the
course of action of the participants in the situation under conditions of uncertainty; in a “defense-
threat-attack™ situation, uncertainty is caused by the lack of information about the intentions of a
potential adversary, the presence of force majeure factors.

The system administrator ( player A) seeks to choose his behavior in such a way as to get
the least loss, player B acts according to his specific plan, which for player A is a set of random
actions.

Formulation of the problem. Player A intends to implement seven main methods of protec-
tion in the projected system of complex protection: physical, technical, cryptographic, software,
hardware, organizational and legal protection and network protection. The response “move” from
player B involves threats in five areas: password guessing, system infection with a virus, unauthor-
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ized access (UAS) and / or data destruction, the introduction of spyware (SW), DDo S attacks;
thus, player A has seven strategies ; Player B has five strategies.

Conventions adopted in the problem: p 1, p 2,... , p m— probabilities of player A using pure
strategies A 1, A2, ..., A m; respectively g 1, q 2, ..., q nare the probabilities of player B applying
pure strategies B1, B2, ..., B .

In this case, the following conditions must be met:

>p=1>q, =1

The use of mixed strategies ensures the implementation of flexible defense tactics; in the
absence of information about the possible choice of the opponent, the players have certain ad-
vantages, and the decisions made have informational stability.

The size of the win is affected by the probability of a particular move (Table 2):

M=>a -p, -q,
here M is the mathematical expectation of the payoff.

Table 2
Probability of players using available behavioral strategies
The strategies of player B | Probabilities | Guessing | Infection of NSD-B 3 Spyware DDoS
( the attacker passwords | the system injection - B | attacks -

Player A (Administrator) -B: with a virus 4 B5

Strategies 3 -B» -
Physical protection A ; p1 0.25 0.13 0.16 0.22 0.07
Technical protection A ; R2 0.17 0.11 0.16 0.14 0.14
Cryptographic protection R 3
As 0.08 0.19 0.17 0.06 0.15
Software protection A 4 R4 0.21 0.06 0.09 0.1 0.2
Hardware protection A s Rs 0.1 0.29 0.12 0.21 0.13
Organizational and legal R
protection A ¢ 0.15 0.11 0.08 0.13 0.2
Network protection A 7 R~ 0.09 0.1 0.2 0.13 0.1

The probabilities of player A using one or another defense strategy in the course of the
study were determined by the method of expert assessments [8].

In general, the system of equations for player A will look like
aupl+aap2+anpd+anapd+asipd+aspb+anp’/<=V
anpl+axp2+anpd3+tanpd+aszpdb+asnpb+anp’ <=V

a13pl+axnp2+asp3+asspld+as3pd+aspb+azp/<=V
awupl+aup2+amupd+tampld+asspb+aspb+azap’<=V(1)
awspl+azxsp2+asspd+aspld+asspd+asspb+arnsp’<=V
awepl+azxp2+azxspd+taspld+asspd+aspb+arsp’ <=V

Here V is the payoff of player A, which must be maximized.

We introduce controlled variables x i = p i/ V and transform the matrix game into a system of line-
ar equations, where (2) is the objective function; (3) - system of restrictions

X1+ X2+...+xm=1/V —>min (2)
anXitanXatasiXstasaXast+tasiXst+taeXet+aziX720ne
apXitaxnXztazpXstaeXstaszXst+taeXet+arzX720ne
a3Xi1taxsXzatassXztasXsatassXstaesXetarzzXz=0ne
auX1tauXztauXstamXstasuXs+aeaXetanxy=13)
apsX1taxsXzatassXztassXatassXstaesXetarsXz=0ne
deX1tazxXa2tazsXztaswXatassXst+aesXet+arzeX7=0N€
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This approach allows solving large- scale problems, performing a structural and functional
analysis of the optimal solution obtained, and the use of spreadsheets provides a graphical interpre-
tation of the solution obtained.

A more thorough analysis of the nature and properties of the conflict between the protec-
tion of the object and possible threats shows that the uncertainty of player B's intentions makes it
impossible to correctly determine the amount of possible damage V .

Statistical data on the size of possible damage can hardly be taken as a basis, since there is
no confidence in their objectivity. Moreover, such a threat as a DDoS attack, being a poorly for-
malized factor, does not allow an effective prediction of possible damage in principle, since in ad-
dition to the actions of an attacker, the outcome is influenced by such factors as the qualifications
of the system administrator, network configuration, composition and structure of software tools.
hardware protection, etc.

Therefore, the expediency of using zero-sum antagonistic pair games as a strategy for-
mation tool raises certain doubts when choosing methods and means of formalizing a conflict situ-
ation that arises at the design stage of an infocommunication object complex protection system.

Results and discussion. The lack of information about the behavior of the “enemy” when
designing the object protection system serves as the main argument in favor of using the “one-
player game” to develop a system for ensuring the object’s security and choosing the optimal be-
havior strategy under uncertainty. Using the method of active sociological testing, analysis and
control [9] identified five main "states of nature” p 1, p2, p3, p 4 P s, each of which means differ-
ent combinations of factors affecting the effectiveness of the object protection system.

The system administrator and design team have seven behavioral strategies; when choosing
a set of measures, the expert commission must take into account five states of nature. Payoff ma-
trix A (7.5), in which at the intersection of rows and columns is the amount of loss from the im-
plementation of a particular strategy i with the corresponding state of nature j (Table 3), contains
the initial data for solving the problem.

Table 3
Initial data for choosing a strategy in the "game with nature”
The strategies of player Guessing | Infectionof | NSD-B 3 Spyware DDoS The maximum
B (the attacker "’passwords the system injection - B 4 | attacks _ - gain with the
Player A (Administrator) -B: with a virus B5_ worst options
Strategies 3 -B» max min aij
Physical protection A 1 17 eleven 15 19 7 7
Technical protection A 2 13 nine eleven eighteen 8 8
Cryptographic protection 4
As 12 4 6 13 nine
Software protection A 4 fourteen 6 five eleven 10 five
Hardware protection A s 15 eighteen nine 16 eleven nine
Organizational and legal 3
protection A ¢ 6 10 3 five 6
Network protection A 7 eleven eighteen 12 16 21 eleven

We will determine the optimal strategy in the game with nature using several criteria: the
maximin (pessimistic) Wald criterion, the minimax (optimistic) Savage criterion, and the Hurwitz
criterion, which takes into account the player’s level of pessimism [10].

Wald's maximum criterion is a criterion that determines the size of the maximum payoff of
player A in the worst conditions for him: V = max min a ;.

Savage's minimum risk criterion recommends choosing a strategy that gives the minimum
risk value in the most unfavorable situation: V = max min rij _

Hurwitz criterion V = max {A min ajj+ (1 - 1) max aij 3,

here Ais a characteristic chosen empirically; the closer Ato 1, the greater the share of the
pessimistic approach.
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In accordance with the Wald criterion, we determine the maximum gain that the implemen-
tation of the protection system will give in the worst conditions:

max min a jj= max {7; 8; 4;5;9;3; 11} = 11

It is obvious that, according to the Wald criterion, it is advisable to implement the strategy A 7

- network protection, as the main strategy for ensuring the security of the object.
To determine the optimal strategy according to the Savage criterion, we build a risk ma-

trix (Table 4) according to the rule: r jj= max a jj- a jj

Table 4
Risk matrix for choosing a strategy in "playing with nature"
The strategies of player B (the | Guessing | Infection of the NSD - B 3 Spyware DDosS attacks
attacker = passwords - | system with a injection - B 4 _-B5_
Player A (Administrator) B virus - B »
Strategies g
Physical protection A 1 2 8 4 0 12
Technical protection A five nine 7 0 10
Cryptographic protection A 3 one nine 7 0 4
Software protection A 4 fourteen 6 five eleven 10
Hardware protection A s 15 eighteen nine 16 eleven
Organizational and legal pro-
tection A g 4 0 7 five 4
Network protection A ; 10 3 nine five 0
max rij 15 eighteen nine 16 12

The amount of the minimum risk is determined by the rule:
min max rij = min { 15; eighteen; 9;16; 12}=9

According to Savage's criterion, it is expedient to adopt strategy A s for implementation - the use
of hardware protection.

According to the Hurwitz criterion, which takes into account the pessimistic and optimistic
assessment of the project implementation conditions for the initial matrix A with the expert pessi-
mism coefficient A= 0.5 assessment of the situation allows you to make a choice in favor of strate-
gy A 7 - network protection

max {0.5* min aij + 0.5 «max a i } = max {13; 13; 8.5; 9.5; 13.5; 7.5; 16} = 16

The mathematical expectation of the gain from the implementation of each strategy can be
calculated, knowing the probabilities of implementing the strategies

M1 \u003d 17 * 0.25 +
+4.18+0,49=12.75
M 2\u003d 13 * 0.17 +
+252+1.12=8.6
M3 \u003d 12 * 0.08 +
+0.78+1,35=4.87
M4 = 14*0.21+

M5 \u003d 15 * 0.1 +
+3.36+1,43=12.59
M6 \u003d 6 * 0.15 +
0.65+ 1, 2=4.09

M7 \u003d 11 * 0.09 +
2.08+2,1=09.37

The calculation of the mathematical expectation of the gain for each strategy shows that the
system administrator can get the maximum gain using the strategies A 1 - physical protection of the
infocommunication object and A s - hardware protection.

11*0.13+15*0.16 +19*0.22 + 7 * 0.07 \u003d 4.25 + 1.43 + 2.4

9*0.11+11*0.16 +18*0.14 + 8 * 0.14\u003d 2.21 + 0.99 + 1.76

4*0.19+6*0.17 +13*0.06 + 9 * 0.15\u003d 0.96 + 0.76 + 1.02

6*0.06 +5*0.09+11*0.1 +10*0.2 = 2.94+0.36+0.45+1.1+2 = 6.85
18*0.29+9*0.12+16*0.21 + 11 *0.13\u003d 1.5 +5.22 + 1.08

10*0.11+3*0.08+5*0.13+6*0.2\u003d 0.9+ 1.1 +0.24 +

18*0.1+12*0.2+16 *0.13+21 *0.1\u003d 0.99 +1.8+2.4 +
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Thus, the analysis of the process of designing the complex protection of an infocommunication
object as a conflict situation with a mismatch between the interests of a system administrator and a po-
tential attacker, performed according to various criteria (optimistic, pessimistic, with a share of opti-
mism) showed the feasibility of applying various behavior strategies. The "mismatch™ of recommenda-
tions for choosing a strategy, compiled on the basis of different approaches, requires the designer to
conduct additional research both in terms of checking the correctness of the initial data and in terms of
choosing the optimality criteria.

Game modeling, as a rule, is carried out in several stages: problematization, goal setting, prob-
lem setting and mathematical model construction, algorithm development, solution method defini-
tion, solution itself, results analysis, model correction if necessary. The stage of building a model
is one of the most significant and complex in this chain of actions, since when building a mathe-
matical model, it is necessary to make a choice between alternative options: take a simple option
as a basis with a small number of parameters / restrictions or bring the model closer to the real sit-
uation by introducing multiple restrictions and additional conditions. In a specific situation - a
game as a choice of a defense strategy - an important role is played by weakly formalized factors,
such as the attacker's profile, the corporate and executive discipline of the company, the infor-
mation culture of team members, etc., which are difficult to take into account at the design stage.

These features, according to the author, can be taken into account if the simulation is per-
formed repeatedly.

The transition from a simple model like a zero-sum pair game, solved in pure strategies to a
model in mixed strategies, then to a more complex model like a one-player game, a game with na-
ture, will make it possible to gradually introduce additional restrictions, comparing the results and
evaluating the adequacy of the chosen algorithm.

Conclusions. Game theory, as a tool for mathematical modeling of the norms of behavior of
opposing parties in a conflict situation, provides interested parties with the opportunity to make a
reasoned choice of a behavior strategy. Despite the fact that the game-theoretic approach to model-
ing under uncertainty often gives conflicting results, it expands the players' understanding of the
possibilities of maneuvering behavior strategies in order to achieve the optimal result.
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Annomauus

ns onpedenenusi 603MONCHBIX HANPABLEHUU NOBbIULEHUS dHepeemuyecKol d¢hgdexmugHo-
CMU MexXHOJI02UYECKUX CXeM HeoOX00UMO OYeHUBAMb YPOBeHb UCNOb308AHUS IHEP2eMUUeCKUxX
pecypcos. s 5mo2o npumeHsom dKcepeemudeckuil. Memoo mepmoOUHAMULecKo20 aHanu3a OJis
OYEHKU MEPMOOUHAMUUECKO20 COBEPULEHCBA MENTOMEXHONI0cUYecKUx cucmem. B pabome pac-
CMOMPEHO GIUSHUE HA MEXHONI02UYECKYIO CUCTeMY NOO20MOBKU 3epHA K NOMOJLY GHYMPEHHUX U

BHEWHUX IKCEP2eMUIeCcKUX nomepb.

Mampeuanvt u memoowt, pe3yaibmamol U 00CYHcOeHUA IKcepeemudecKull AHAIU3 MexHoI02U-
YecKolUl cucmembl NOO20MOBKU 3ePHA K NOMOJLY 8bINOIHEH No Memoouke [1], 6 coomeemcmeuu ¢ Ko-
MOPOUL KIACCUYECKas MeXHONOSUYeCKas UHUsL, a MaKdce 8CNOMO2ameibHoe 000pyoosanue (napo-
KOMNPECCUOHHASL XONOOUTIbHASL MAWUHA, 000pY008aHue 01 6000N0020MOBKU) PACCMAMPUBATUCH &
8U0e MenyiomexHoI02UuecKoll cucmemvl (puc. 1), yciosHo omoeneHHoU om oKpydicaroujell cpedsl 3a-
MKHYMOU KOHMPOIbHOU NO8EPXHOCMbI0. Pacuemul 6azuposanuce Ha Kaccuieckou Mooenu OKpyica-
rowell cpeowl, npeonodicennou Lllapesymom [2]. B kauecmee abconomnozo sKcepeemuyecko2o napa-
Mempa 6blOpana KcepeemuyecKas MOWHOCMb, KOMOopas y4umvléaen He MOJbKO pasiudue napa-
Mempos NOMOKA U OKpYJcarowell cpeobl, Ho U MACCOBbIU PACX00 NPOOYKMA.

3axnrouenue

3nauumenvroe nosviuleHue mepmMoOOUHAMU4ecKou 3¢hghekmusHocmu npeoiazaemon mex-
HOJIO2UU, C YYEMOM NOJYVYEHUs NPOOYKYUU HAONeHcaue2o Kawecmed, 2080pum O HOBbLULEHUU
mepmMoouHamMuieckoll d¢hghekmusHocmu npednazaemoll. mexHoL02UY NPU UCHOIb308AHUU NAPOKOM-
NPECCUOHHOU XONOOWILHOU MAWUUHDL, NO360NIOWEN NPUMEHAMb MENIOHOCUMENU 8 PEeXCUME PeYUupK)-
JayuY, 6e3 8blOPOCa 8 OKPYHCAOULYI0 cpedy U, KaK cledcmsue, Cmeneru ee 3Hep2ocoepediceHusl.

KuroueBble c10Ba: 3¢pHO TPUTHKAJIE, SKCEPrUs, TEXHOJIOTUYECKAs JINHUS

Abstract

In order to determine possible directions for improving the energy efficiency of techno-
logical schemes, it is necessary to assess the level of use of energy resources. For this purpose,
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the exergetic method of thermodynamic analysis is used to assess the thermodynamic perfection
of heat-technological systems. The paper considers the influence of internal and external ex-
ergetic losses on the technological system of grain preparation for grinding.

Matreials and methods, results and discussions

The exergetic analysis of the technological system for preparing grain for grinding was
carried out according to the method [1], according to which the classical technological line, as
well as auxiliary equipment (steam compression refrigerating machine, water treatment equip-
ment) were considered as a heat-technological system (Fig. 1), conditionally separated from the
environment by a closed control surface. The calculations were based on the classical model of
the environment proposed by Shargut [2]. As an absolute exergetic parameter, the exergetic
power is chosen, which takes into account not only the difference in flow and environmental pa-
rameters, but also the mass flow rate of the product.

Conslusion

A significant increase in the thermodynamic efficiency of the proposed technology, taking
into account the production of products of proper quality, indicates an increase in the thermo-
dynamic efficiency of the proposed technology when using a steam compression refrigerating
machine, which allows the use of heat carriers in the recirculation mode, without emission into
the environment and, as a consequence, the degree of its energy saving.

Key words: triticale grain, exergy, technological line

Introduction. When preparing triticale grain for grinding, the fundamental points are: im-
provement of the main quality indicators of grain when removing moisture and its safety during
storage in silos through the use of active ventilation; increasing the efficiency of using waste heat
carriers in recirculation circuits; reduction in the amount of outdoor air used; reduction of specific
energy consumption and use of secondary material resources; achievement of high environmental
friendliness of production.

Goal and tasks.

The purpose of our work was to study the effect of internal and external exergy losses on
the technological system of preparing triticale grain for grinding, as well as to perform the neces-
sary calculations that allow a comparative analysis of the obtained exergy efficiency of the pro-
posed technology, the most promising today, with the traditional one.

The task of the exergy analysis of the thermodynamic perfection of the grain preparation sys-
tem for grinding, in general, was to determine the stages of the implemented processes in the technolo-
gy, where the most significant exergy losses take place, allowing improve the efficiency of the system.

Objects and methods.

The calculation of the exergy loss of the proposed scheme was carried out according to
the method [1], according to which the technological line operating according to the classical
version of the construction of technological stages of production, as well as technological
equipment (vapor-compression heat pump, equipment for hydrothermal preparation), which is
auxiliary, were considered in the form of a heat technological system ( Fig. 1). As a result, this
system and the surrounding space were conditionally separated by a closed surface, in which,
due to the existing heat exchange processes, control surfaces were determined:

| — heat treatment of grain;

Il - preliminary preparation of grain;

I11 - hydrothermal processing of grain ;

IV - vapor compression refrigeration machine;

V - water regeneration.

In this case, all performed calculations were based on the well-known Shargut model [2].

In any presented surface of the developed circuit representing a set of irreversible pro-
cesses, due to the dissipation of energy, exergy decreases with time.
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Since the incoming wet grain is in thermodynamic equilibrium with the environment,
its exergy is set equal to zero and is removed from the calculations.

During processing, the chemical exergy of the grain remains unchanged. The tempera-
ture of the main and auxiliary flows undergoes significant changes. Mechanical interactions
are also taken into account due to the presence of a significant number of processes occurring
with a large pressure transformation of non- main flows. Therefore, the calculations take into
account both thermal and mechanical components of the calculated exergy.

BaERoe

[ i

>

BOYLYX LHPKYIAIHOHb
BOLIA TEXHHUECKES

]
i
]
I
I
i
8
-

BBICYMEHHOE 3¢pHO

Fig. 1. Scheme of the technological line for preparing triticale grain for grinding:
1 - grain dryer; 2 — heating chamber; 3 - cooler; 4 - silos; 5 - cyclone; 6, 9, 36, 37 - pumps;
7 - a set of equipment for the primary separation of impurities; 8, 23 - scouring machines;
10 - wet peeling machine; 11 - screw press; 12 - shredder for shells; 13 — casing dryer;

14 - water collector; 15 - filters; 16, 19, 24 - intensive moisturizing machine; 17, 20, 25 - screw
conveyor; 18, 21 — tempering bins; 22 - a set of equipment for the final separation of impuri-
ties; 27 - compressor; 28 - capacitor; 29, 30 - sections of the evaporator; 31 - TRV; 32-35 -
fan; | — heat treatment of grain; Il - preliminary preparation of grain ; 111 - hydrothermal
processing of grain; 1V - vapor compression refrigeration machine; V - water regeneration

The various fluxes that make up exergy were not the same. Air flows in the process of dry-
ing and cooling of the initial triticale grain were characterized by mechanical exergy, and thermal
exergy during the preparation of grain for grinding is present in almost all flows of the considered
thermodynamic system.
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In the calculations, both reference data [3-5] of the thermophysical properties of air, water,
and triticale grains, as well as those obtained in experimental studies [6-8], were used.

Electromechanical exergy losses [9] occur in every equipment for the mechanical pro-
cessing of triticale grain and by-products of the technology (casings, feed waste) and correspond to
the power of the corresponding drives.

The exergy of the flows under consideration and the exergy losses made it possible to ob-
tain the calculated balance of the proposed system of the processes under study (Table 1).

To obtain the necessary diagrams according to the Grassmann-Shargut method (Fig. 2), the
exergy power E, kJ/h, was chosen, which is the absolute parameter of the exergy. This value is
quite simple to apply when considering thermodynamic systems, the clear priority of which is the
production of high-quality finished products in the required quantity, and not the production of
energy. The parameter E takes into account not only the mass flow of the product, but also how the
values of the parameters of the flow and the environment differ. Table 2 shows the correspondence
of flows to control surfaces.

The calculated exergy efficiency was 7.79%, exceeding by 2.32% the efficiency of the heat
engineering system of the known method [10]. All this makes it possible to recommend the use of
heat carriers in a closed mode, excluding pollution of the surrounding space due to the use of a re-
frigerating machine operating in the heat pump mode.

A sufficiently significant increase in the thermodynamic efficiency of the developed pro-
duction line when compared with the prototype, as well as taking into account the production of
the finished product of the required quality, indicates a high degree of its energy saving.
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Designations of flows on the Grassmann-Shargut diagram of the circuit under study

Table 2

Reference surface

sE 5
G2 Stream name S
© = )
©§ g 5
io) =
1 Original product - |
2 Dry product | I
3 Purified product I 1
4 finished product Il -
5 Feed waste Il -
6 Shells primary Il Il
7 Shells ready Il -
8 Sediment \Y -
9 Drying agent hot v Il
10 | Drying agent dried and cooled v Il
11 | Drying agent circulating I |
12 | Drying agent spent (I1) I |
13 | Drying agent spent (1) | AV
14 | Technical water (I11) \Y I
15 | Technical water (1V) \Y (V4
16 | Waste water " \%
17 | Condensate \% \%
18 | Electricity for fan drives (1) - |
19 | Electricity to drive the scalper, separator, stoner - Il
20 | Electricity to drive the casing grinder - ]
21 | Electricity for fan drives (I1) - ]
22 | Electricity to drive the scourer (11) - I
23 | Electricity for screw press drive - i
24 | Electricity for humidifier drives - 1
25 | Electricity to drive the wet peeling machine - Il
26 | Electricity for screw drives - Il
27 | Electricity to drive the scourer (111) - Il
28 | Electricity for separator and trier drives - "
29 | Electricity to drive the compressor - v
30 | Electricity for pump drives - VvV
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Fig. 2. Grassmann-Shargut diagram for the technology under study. 1-V - numbers of control surfaces
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INCREASED EFFICIENCY OF DRYING OF HIGH
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Annomauus

B 2020 200y ysenuuuncs eanoswiii coop panca ¢ Poccuu u no oannvim Poccmama cocma-
eun 2,6 man m. B 2021 200a pexoponwiti coop cocmasun oxkono 2,9 man monu. CywecmeenHuili
uHmepec K pancy o0yciosieH co30anuem 6e33pyKosblx COPMos ceMsaH OAHHOL KYbMypbl C MALbIM
cooepoicanuem 2n0KO3UHONAmo8 (mMenee 3 me/e cyxoeo eewecmea). /lannoe 0OCmMosmenrbcmeo
N0360JUN0 nepesecmu NPodyKmbl, Noayiaembvle U3 panca, 8 pazpsao NUUessix.

Mamepuanst u memoosl, pe3yibmamasl U 00CYHcOeHUA

IIpogeden ananuz nepcnekmus 8vlpawu8aHusi U nNepepabomKu ceman panca, a makaice
CYUIeCmBYIOWUX MEXHONI02UU CYWKU CeMAH OAHHOU KYIbMypbl U CNOCOD08 NOBbIUEHUS UX IP-
Gexmuenocmu. Ilpeonodcen cnocob cywiku, no3eoaawWull obecnedums CHUNCeHUe Bl1ANCHOCMU
ceMsH panca 00 Kpumuyeckou 3a oOun yuki cywku. Ilposedena cepus 1ab6opamopHuix onvimos u
NPOU3B0OCHBEEHHBIX UCNBIMAHULL NO UCCTIE008AHUI0 KUHEMUKU CYUIKU CeMAH panca npu K8asuu3o-
MePMUYECKUX PEHCUMAX.

3aknrouenue

Ilo pesynomamam npogedennvix 1aO0pAMOPHLIX UCCTEO08AHUL U NPOUIBOOCHBEHHBIX UCHbL-
MAHULL MOJCHO COeamb 8bl800 0 MOM, 4MO NPeoCmAGIeHHblll CNOCoO CYUIKU NO360JIAem CHUUMb
BIIANCHOCMb CeMsIH Panca ¢ HaYyalbHOU 81axcHocmulo bonee 23% 0o 7% 3a 0o0un nponyck uepes cy-
WIUTKY NPU COXPAHEHUU OCHOBHBIX CEMEHHBIX U MEXHOIOSUYECKUX OOCTMOUHCME BbICYULUBAEMBIX Ce-
MSH, a makKace obecneuugaem nogvliieHue nPouU38o0UMenbHOCHb 3epHOCYWUIKU Ha 15%.

KuroueBble cjioBa: Cyllika 3epHa; 3epHOCYIIUIIKA; CEMEHA parica; BHICOKOBIAXKHBIE CeMe-
Ha; KBa3UU30TPEMUICCKUI PEXKIM; PEITUPKYIIAITHUS.

Absrtact

In 2020, the gross harvest of rapeseed in Russia increased and, according to Rosstat,
amounted to 2.6 million tons. In 2021, the record harvest was about 2.9 million tons. A significant
interest in rapeseed is due to the creation of non-erucid seed varieties of this crop with a low con-
tent of glucosinolates (less than 3 mg/ g of dry matter). This circumstance made it possible to
transfer the products obtained from rapeseed into the category of food

Matreials and methods, results and discussions

The analysis of the prospects for the cultivation and processing of rapeseed seeds, as well
as existing technologies for drying seeds of this crop and ways to increase their efficiency. A dry-
ing method is proposed that allows reducing the moisture content of rapeseed seeds to critical in
one drying cycle. A series of laboratory experiments and production tests were carried out to
study the kinetics of drying rapeseed seeds under quasi-isothermal conditions.
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Conclusion

Based on the results of laboratory studies and production tests, it can be concluded that the
presented drying method reduces the moisture content of rapeseed seeds with an initial humidity
of more than 23% to 7% in one pass through the dryer while maintaining the main seed and tech-
nological advantages of the dried seeds, and also provides an increase in the productivity of the
grain dryer by 15%.

Key words: grain drying; grain dryer; rapeseed seeds; high-moisture seeds; quasi-
isotremic regime; recycling.

Beenenue

B 2020 roxy BanoBblii cOop parca B Poccuu moctaBmil HOBBIM pekopa U 10 JaHHbIM Poc-
crara coctaBuia 2,6 miH T. [lo uroram yposxkas 2021 roga okumaercst HOBBI pEeKOPAHBIN cOOp B
00béMe okoio 2,9 mutH ToHH [1]. LleHbl Ha HEro B HACTOSAIIEE BpeMs TaK)Ke HaXOJATCS Ha MaKCH-
MaJIbHBIX OTMETKAX U COCTaBISIOT 45-46 ThIC. py0./TOHHY [2].

YpoxKallHOCTh M KaYECTBEHHBIE XapPAKTEPUCTUKU CEMSH parica B 3HAYUTENbHON CTerneH’
3aBUCST OT TEXHOJIOTUU BO3ZEJIbIBAHUS, MOIOJHBIX YCIOBUN U MpUMEHseMBIX ynoOpenuil. Cpen-
HAA ypoxaitHocTh parica o Poccun 3a mocienHee necsituierue Boipocia ¢aktuuecku Ha 30%,
JTaHHBIA POCT JOCTHUTHYT MPEUMYIIECTBEHHO 32 CYET MPUMEHEHHUS TIEPEIOBBIX TEXHOJIOTUH U TI0-
BBHIIIICHUS KadyecTBa ceMeHHoro marepuana [3]. Ilpu 3ToM copep:kaHue macia B CEMEHax B
OOoJIbIIeH CTETIeHN 3aBUCHT OT MOTOJHBIX YCIOBUW BEreTaIlH, C PAa3HUICH B COJACPKAHWUU JIUIIHU-
108 110 20% [4], 1 TeHETHYECKHX OCOOCHHOCTSIX MPUMEHIEMOI0 COpTa.

Cyl1ecTBEHHBIN UHTEPEC K PAICy OOYCIIOBJIEH CO3/IaHUEM O€33PYKOBBIX COPTOB CEMSH JIaH-
HOW KyJBTYPBI C MaJIbIM COJICpYKaHUEM TIIFOKO3WHOIATOB (MeHee 3 MI/T cyxoro BemiectBa). [lanHoe
00CTOSTENBECTBO TIO3BOJIMIIO TIEPEBECTH TPOAYKTHI, IMOIyJ4aeMble U3 parica, B pa3psiq NHIEBbIX. [1o
JIMITUTHOMY COCTaBY PAriCOBOE Maciio OOraTo HEHACBIIIEHHBIMU KUPHBIMH KHcioTamMu: O6osee 50%
MIPUXO/NUTCS Ha OJIEMHOBYIO KHCIHOTY, 710 30% - Ha MHOMNEBYIO, 10 13% - Ha anbda-TuHOIEHOBYIO [5].

[To cymmapHOMY coJiepaHHIO POTEMHOB U JIMIIUAOB parc olepexaer cor u apyrue 6o-
0oBble KynbTypbl. [10 KOHIIEHTpaluu 0OMEHHOH SHEpruu cemeHa parca Ha 31% npeBocxoasr ce-
MeHa cou [6]. BeIcokoi KOPMOBOM IIEHHOCTBIO 00J1a/1aeT U PAICoBBIN KMbIX, cojepxkamuit 30-
32% ceiporo nporenHa u 8-10% macna, ciocoonoro Ha 80-100% 3aMeHUTH COEBBIN IIPOT B paIu-
OHaxX KOPMJIEHUS CeNbCKOXO3AUCTBEHHBIX KUBOTHBIX U NTHUIBI [7]. IIpoBeaeHHbIe Hcciae10BaHUs
CBUJETEIBCTBYIOT O TOM, YTO BKJIIOUEHHE B PAIlIOHbI KOPMJIEHUSI CBUHEN U OpOiisIepOB MPOJYKTOB
nepepaboTKU parca yBEIHUUIO KHUBYIO MacCy, MOBBICHIIO NIEPEBAPUBAEMOCTh NMPOTEUHA M COKpa-
TUJIO 3aTpaThl HAa KopMma OoJsiee uem Ha 16% [8].

Bbumu poBeieHb! ncclieJoBaHus M0 MPUMEHEHHIO Macia, MOJYyYeHHOT0 U3 CEMsIH parica, B
kauecTBe (puTopHoro xupa [9]. Ilo pesynbraTtam nccieqoBaHuil yCTaHOBJIEHO, YTO MIPH UCIOJIb-
30BaHMM PATICOBOT0 Macja, B CPAaBHEHHUHU C MAJIbMOBBIM, COJIEPKAHUE KUPOB B TOTOBOM MPOIYKTE
cokpartuiock Ha 4,6%. Y4uThIBasi TO, UTO Ha JOJIO HACHIIMICHHBIX )KUPHBIX KUCIOT B MaJbMOBOM
Maciie PUXOAUTCS CYIIECTBEHHAs JI0JIs JIMMUAOB (Ha 0110 MAJIbMUTUHOBOM KHCIOTHI — 45% oT
KUPHOKHCIOTHOTO COCTaBa), TO MEpPeXoJ] UX B M3JENUe KeIaTelIbHO MUHHUMH3UpPOBaTh. Taxxke
HE00X0MMO OTMETHTb, YTO Ha JOJI0 HanboJiee EHHBIX KHUPHBIX KUCIOT ®3 U 6 B MaJIbMOBOM
Mmacie npuxoaurcs Menee 0,3%, Mpu TOM 4TO B paliCOBOM Maciie UX JI0JIsI COCTaBIsET OKOJ0 2%.

B coBokynHOCTH mpecTaBlIeHHbIE KaueCcTBa PacCMaTPUBAEMOM KyJIbTYphl ONpPEenuIn eé
MOMYJISIPHOCTh Y arpapuen, IPOU3BOJUTENIEH KOPMOB M MPOAYKTOB nuTanus. [IpoaykTsl nepepa-
OOTKHM CeMsH parica HallUld MMOBCEMECTHOE NMPUMEHEHHUE B PA3IMUYHBIX OTPACIAX MPOMBIIIIEHHO-
CTH — OT MBIJIOBAPEHUS M KOPMJICHHS CEITbCKOXO3SHCTBEHHBIX KUBOTHBIX W TTHIIBL, 0 TUCTHYE-
CKOT'O MTUTAHUS.

Esxxeronno 1o 75% BasioBoro cbopa 3epHOBBIX U 36pHOOOOOBBIX KYJIbTYp, MacilOCeMsH 1
KyKypy3sl B Poccun nHyxnatorcs B cymike [10]. IIpu BanoBoM cOope cemsiH parica Ha ypoBHe 2,6
MJIH T, B T'OJ] B CYIIKE HY>KJ1aeTcst okoso 1,9 muH T [2].
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VYoopka parca, Kak MpaBUIIO, MPOU3BOAUTCS METOIOM IPSIMOT0 KOMOAHMpPOBaHMS, BCIIE-
CTBHE Y€ro Ha XJIeOOnpHEMHBIE IPEANIPUATHSI CEMEHA parica 4yacTo MOCTYMAOT C Ha4albHOU BIaXKHO-
ctbto 110 30%. CyIika ceMsiH parica yCIOKHSIETCSl TeM, YTO BBHY BBICOKOTO COJIep KaHuUs TUAPOGHOO-
HBIX JTUIHI0B (0K0J10 42%), KpUTHYECKas BIKHOCTh IS CEMSIH parica coctaBisieT 7% [25].

Hcnons3yemble Ha OONBIIMHCTBE J1€BATOPOB M XJICOONPHUEMHBIX Npeanpusituii Poccun maxr-
HbIE TPSMOTOYHBIE CYIIIKU HE MO3BOJISIIOT CHU3HUTH BIAXKHOCTH CEMSIH parica 3a OJIMH MPOIYCK Yepes3
cymiky Oonee yem Ha 5-7%. JlaHHOE OOCTOSITENBCTBO BBIHYKIAaeT (DOPMUPOBATH MAPTHUU 3€PHA IO
BJIQYKHOCTH M OCYLIECTBIISITh CYILIKY 3€pHa B HECKOJIBKO ATArlOB, YTO CYILIECTBEHHO CHMYKAeT KO PUITH-
€HT TIOJIE3HOTO JACHCTBUS XJIEOONPUEMHBIX MOIITHOCTEH M TOBBIIIACT CEOECTOMMOCTD CYIIKH.

B ycioBusix exxerogHoro yBenuueHusi 00bEMOB BBIPALIMBAEMOTO parca, HEXBaTKU 3€pHO-
CYUIWJIBHBIX MOLTHOCTEH M COKpallleHuss YOOPOUHOro Meproa, BOMPOC CYIIKH BBICOKOBIAKHBIX
CeMsIH parica CTaHOBHUTCS BCE 0oJiee aKTyaJbHBIM.

B nocnennee BpeMst ObUI0 OMYOIMKOBAHO 3HAYUTENBHOE KOJIMYECTBO paboT, HAIIETICHHBIX Ha
NOBbIILIEHHE 3(PPEKTUBHOCTH CYLIKH 3€pHA U CEMAH OOOOBBIX W MACIMYHBIX KYJIBTYp, B TOM YHUCIIE
ceMsiH parica. beutn mpoBenieHs! uccnenoanus o ucnonszopanuo CBY [11, 12, 13] u undpakpac-
Horo u3nydeHus [14, 15]. [lanHble criocoObl CYIIKM MMEIOT 3HAUUTEIbHBIM HAyYHO-TIPAKTHYECKUI
MOTEHIIMAII, OTHAKO MAJIOBEPOSITHO, YTO B OJIMKaiiIee BpeMs OHHU MOJIydaT HIMPOKOE MPOMBIIILIICHHOE
IIPUMEHEHHE IPU JOCTATOUYHO BHICOKOM YPOBHE ITPOM3BOJICTBEHHBIX M MHBECTUIIMOHHBIX 3aTpar.

beun onmyOnuKkoBaHbl pabOTHI MO COBEPILIEHCTBOBaHMUIO OapabanHbIX [16, 17, 18] u OyH-
KepHbIX [19, 20,21] 3epHOCYIINIIOK, a TAK)KE IO U3YYEHUIO0 BO3MOXKHOCTH MCIIOJIb30BaHUs 0Tpado-
TaHHOI'O areHTa CYIIKU U OXJIaKJAroLero Bo3ayxa [22, 23, 24]. OHu Takxke 3aciyXKHUBaOT BHUMA-
HUS, HO IPEeJUIaraeMble TEXHOJIOTUYECKUE PEIICHUs HE MO3BOJISIOT PELIUTh MPo0JIeMy olepaTuB-
HOM CYILIKH CeMSIH BHICOKOBIIQXXHOT'O parica, MOCTYMAIOIUX Ha KPYIHbIE 3arOTOBUTEIbHBIC MPEI-
MPUATHSL B 36pHOYOOPOYHBIN MEPHO/L.

OnHUM M3 BO3MOKHBIX PELICHUH SIBJISIETCA MCIOJIb30BAaHUE TEXHOJOTUU PELUPKYISILIMOH-
HOM CYIIKM ¢ MPUMEHEHUEM KBa3MU30TEPMUUYECKUX PEKHUMOB, XapaKTEPU3YIOLIUXCSI PABEHCTBOM
TeMIlepaTyp BBICYLIMBAEMbIX CEMSH B Haudaje M KOHIE mpolecca cymkH. JJaHHbI 3pdexT 00y-
CJIOBJIEH IIPOMEKYTOUYHBIM OXJIAKICHUEM CEMsH 3a CUET MHTEHCUBHOI'O MCIApEHUs BJIaru B Tede-
HUE IPOLECCA CYILIKH.

O0beKThI 1 MeTOAbI HCCJIeI0BAHUS

B kauecTBe 00BEKTa MCCIEOBaHUS MCIOJIB30BATIM CEMEHa sIpoBOro parca copra «Pat-
HUK». DKCIIEpUMEHTaIbHbIE HCCIEA0BaHNS TPOU3BOIMWIN B ABa 3Tana. Ha mepBoM srtare BbINOJI-
HSUTM J1a0opaTopHbIe UCcleoBaHus B JabopaTopun MOCKOBCKOT0 rocyapCTBEHHOIO YHUBEPCHU-
TeTa MUUIEBBIX MPOU3BOJACTB. Ha BTOpOM 3Tame OCyIIecTBIISIIM MPOU3BOJACTBEHHYIO ampoOalinio
Ha JCWCTBYIOIIMX MOJAEPHU3MPOBAHHBIX LIAXTHBIX PELMPKYIALIUOHHBIX 3epHocymmiakax Habe-
PEKHOUYEITHUHCKOTO 3JIeBaTOpa.

JlaGopaTopHbIe HCCIeJOBaHUs TPOBOIMIM HAa SKCIEPUMEHTAIBHON yCTaHOBKE, (DU3UYECKH
MOJIETTUPYIOIIEH OT/eNbHBIE 3Tallbl MpOLecca CYIIKH CeMSH Ha PEUUPKYISAIHMOHHBIX CYIINIKaX.
OKcrepuMEHTANIbHAsL YCTAHOBKA COCTOSAJIA U3 BEHTUIIATOPA BBICOKOTO JABJIEHHUS, DJIEKTPUUYECKOIO
kanopudepa, naTpyOka ¢ 3aBUKKON I PETyIUPOBKH KOJUYECTBA MOJaBAEMOro aTMOCc(hepHOro
BO3/yXa, a TAKXKe CYIIMIbHON KaMepbl U U3MEPUTENIBHBIX IPUOOPOB.

C uenbio NpUBEEHUS YCIOBUMN JIaOOPATOPHBIX OMBITOB K MAaKCUMaJIbHOMY COOTBETCTBHUIO
IpoLeccaM CyLIKH, TPOTEKAIOLUM B JEHCTBYIOINX PELUPKYJIALNOHHBIX 3€PHOCYIINIIKAX, OMBITHI
MPOBOAMIIM Ha CMECH CEMSIH palica ¢ Pa3IMyHOM HAdyaJbHOW BIAKHOCTHIO. YBJIA)XXKHEHHE CEMSH
OCYIIECTBIISUIA B COOTBETCTBUH C OOIICTIPUHATON METOIUKOH [26].

KpaTHOoCcTh cMelieHusi ceMsiH ¢ pa3IMyHON HadallbHOM BIIQXKHOCTBIO ONpPEAEIsuIN 1Mo Gop-
MyJIe:

Wy — Wiy

n—=——————
WEM - WZ
rae: W1 — BJIIQXKHOCTb Hep130171 Hp061>1 CCMH, %;

W2 — BJIaKHOCTb BTOPOI1 MpoObI ceMsiH, %o;
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Wey — TpeOyeMasi BIQXKHOCTh CMECH JIBYX NMPOO ceMsiH, Y.

[TpoaomKUTENFHOCTh KOHTAKTHOTO TEIUIOBIArooOMeHa MpH CMENICHUH CEMSH C pa3jiny-
HOW Ha4aJIbHOM BJIQXKHOCTBIO YCTAHOBHIIM COOTBETCTBYIOLIEH IMPOJOIKUTEIBHOCTH JAHHOIO MPO-
1ecca B JCUCTBYIOIIUX PEIUPKYISIUOHHBIX 3epHOCYMiIKax — 20 = 10 MuHyT.

PacuerHyto ckopocTh BO3/lyXa B 3KCIEPUMEHTATIBHON YCTAHOBKE TAK)KE 33/1aJIM PaBHOM CKOpPO-
CTH BO3]lyXa B JCUCTBYIONMX MaXTHBIX 3epHOcymmikax tuma JICII - Ha yposue ot 0,2 10 0,6 m/c. [Tpu
3TOM CMECh CEMSIH C PA3IMYHON HaYaIbHOM BIIaXKHOCTBIO HATPEBAIN U BBIAECPKUBAIN B TEPMOCTATE IIPU
temmneparype 60°C B repMETUYHOM CTEKIISITHHOM COCYZIE B TEUEHHUE 33JaHHOTO BPEMEHHU.

MakcumanbHyl0 TeMIlepaTypy HarpeBa cemsiH ycTaHoBuiIM Ha ypoBHe 60°C. Ilo manHbIM
MMEIOLICHCSl HOPMATUBHOM JIOKYMEHTANUu [27] 1 Ha OCHOBaHMH MPOBEACHHBIX UCCIe0BaHuM [9],
JTAHHOE 3HAYEHHUE SIBISAETCA MaKCUMAJIbHBIM, IIPU KOTOPOM aKTHBHO ITPOTEKAIOT MPOLECCHI CYIIKH
0€e3 3HAYNTEIbHBIX KAYECTBEHHBIX MTOTEPh BBHICYIIIMBAEMBIX CEMSH.

B kauecTBe CyMIMJIBHOIO areHTa B HKCIIEPUMEHTAIIbHOM YCTaHOBKE HCIIOJIb30BAJIA aTMO-
cepHbIi BO3AYyX, HATPETHIN /0 33AaHHOW TEMIEepaTyphl IMPU MOMOIIU AJIEKTPHUYECKOTO KaJopH-
¢bepa. TemrnepaTypa arenta Cymku Obliia 3a/laHa MO aHAJIOTUU C JACUCTBYIOIIMMH IIAXTHBIMU 3€p-
HOCYIIMJIKAMU M BapbupoBaiach B auamnazoHe oT 80 mo 120°C. IIporomkuTenbHOCTh IMpolecca
CYILIKHM U HaYaJbHYIO BJIAXKHOCTh CEMSIH parica ONpeIeiIId UCXOs U3 KOHCTPYKTUBHBIX U TEXHO-
JIOTHYECKUX 0COOCHHOCTEH JeHCTBYIOMNX PEIUPKYISIIIMOHHBIX 3€PHOCYIITHIIOK.

3a OCHOBHBIE KaUECTBEHHbBIEC IMOKA3aTEIN BBICYLIIMBAEMbIX CEMSIH MPUHSIN BCXOXKECTb U
SHEPTUIO MPOPACTaHMS, TaK KaK YBEIMUYEHUE JaHHBIX [TOKa3aTele XapakTepusyeT Takue Mporec-
Chl, KaK JIeHaTypaius OeIKOB U OKUCIICHHE JIUIHJIOB B COCTaBE CeMsiH. J[Jisl OLIEHKH BIMSIHUSI CYIII-
KM Ha CBOMCTBA CEMSIH TOBApPHOTO HA3HAYEHUS ONPEIEIISIN KUCIOTHOE YUCIO U NEPEKUCHOE Y C-
JI0 Maclia, MOJIy4aeMOro M3 BBICYLIEHHBIX CeMsH. TakKe ¢ LENbI0 MOATBEPKICHUS OTCYTCTBUS
KaHILIEpOTE€HOB B BBICYILIMBAEMBIX CEMEHAX ONPEAEIISIN OCTaTOYHOE CoJiepKaHue OeH3anupeHa.

ITpon3BOACTBEHHBIE UCTIBITAHNS OCYIECTBISUIM HA MOJAEPHU3UPOBAHHON IAXTHOW peLup-
KYJISIIIOHHOM 3epHocymike Tumna «llennanas-36» ¢ TOMOJIHUTENLHBIM TOJIBOJIOM TEIUIa B BEPX-
HIOIO 30HY CyIIKHU. TexHomorn4eckas cxema yCTaHOBKH IIPEJCTaBJICHA HA PUCYHKE 1.

2 ]3 Mpocymwennoe

IepHO

7-esees,
6 boaco0
-\\8
Cripoe 3epHo
s—T | T
— 9
=T || :\10
T T
1 T T
3 —11 12

Peunpkynupyio-
uiee 3epHo

A

Puc. 1. TexHosiornueckasi cxeMa pelpKyJISIHOHHOI 3ePHOCYIUJIKH,
CYIIKa B KOTOPOii MpoTeKaeT NP KBa3UM30TePMUYECKHX pe:kuMax: 1 — onmepaTuBHbINA OyHKep,

2 — penUpKYJIALMOHHAS HOPUS; 3 — peHUPKYJISLMOHHAS IIAXTA, 4 — HANOPHO-PacNpee/MTeJbHbIe KAMePBI
30H OXJIAJK/IeHHsl, 5 — HATIOPHO-pacnpeAe/HTe/IbHAsi KaMepa 30HbI CYIIKH, 6 — HUKJIOHBI-NbLIEOTACTUTETH I
OYNCTKH 0TPa0OTaBIIEro areHTa CyImKH, 7 — KaMepa NpeiBAPUTEILHOr0 HArpeBa 3epHa,

8 — OyHKep-TeNnJI0BJIar000MeHHHK, 9 — BEHTHJIATOP 30HBI CYHIKH, 10 — BEeHTHJIATOPHI 30H OXJIaKIeHHs 3epHa,
11 — maxra oxyiaxaeHus, 12 — Tonka, 13 — HOpHUsI NPOCYIIEHHOT 0 3epHA.
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CornacHo TpeCTaBICHHON CXeMe, ChIpPbIEe CeMEeHa parca MOCTYNaId B ONEPaTUBHBIN OyH-
kep (1), mpenHa3HaueHHBIA ISl BIPABHUBAHUSA MPOU3BOAUTEIBHOCTH 3€PHOCYIIUIIKU, Jajee B
PELUPKYISIIIUOHHYIO HOpHIO (2) U B Kamepy mpeaBaputesnbHoro HarpeBa 3epHa (7). Tam onu
HarpeBajlCh BBHICOKOTEMIIEPATYPHBIM areHTOM CYIIKHM B COCTOSIHUM 3aTOPMOKEHHO-TIJIAI0LIETr0
ciost. ITocne TermiooOMeHa 1 YaCTUYHOTO BIAarooOMeHa ¢ PelUpPKYIUPYIOIIMMU CEMEHaMHU B OyH-
Kepe-TeIyIoBIarooOMeHHUKe (8) ceMeHa parca paclpeaesulich Ha PEeUUPKYISIUOHHYIO MIAXTY
(3) n waxry oxnaxaeHus (11). B BepxHel 30He IAaXT OCYIECTBIIACH CYIIKA IIPU KBAa3UU30TEp-
MUYECKUX peXHMax. B HIDKHHUX 30HAX OCYIIECTBISIIOCH OXJIAXKIECHUE CEMSIH aTMOC(EPHBIM BO3-
nyxoMm. Jlaee ceMeHa U3 pPeUUPKYISIUOHHON 1MIAaXThl (3) MOCTYyNaiu B PEHUPKYISIUOHHYIO HO-
puto (2), Tie OHM CMEUIMBAINCH C CHIPBIMM CEMEHAMHU, IOCTYNAKIIMMU Ha cylKy. [IpocyiienHble
CeMEHa MOCTYMaIl Ha HOPHUIO MPOCYIIEHHOTO 3epHa (13) U HanpaBIsIMCh Aajiee Ha 3aKJIAIKy s
XpaHeHus. B ciydyae HEBO3MOKHOCTH IPOCYLIUTh CEMEHA parica 10 YCTAaHOBJICHHBIX 3HAYEHUH 3a
OJIMH TPOITYCK Yepe3 CYIIMIIKY, UMEEeTCsI BO3MOKHOCTh HAMpPaBUTh UX HA MOBTOPHYIO CYIIKY W3
HOPHH MTPOCyIIeHHOTO 3epHa (13) B onepatuBHEIN OyHKep BiIakHOTO 3epHA (1).

Pexumbl cyliky mpu MpOBEIECHUN MPOU3BOACTBEHHBIX HCIIBITAHUM OMpPEIeTUIn Ha OCHO-
BaHUU JIaHHBIX JAOOPATOPHBIX OMBITOB. Temmeparypa CyHIMJIBHOTO areHTa B KaMepe IpeBapu-
TEJIBHOTO HAarpeBa 3epHa B 000X ombITax coctapisiia 260°C, B 30He KBa3UM30TEPMHUUECKOHN CYIII-
ku - 80°C. B ciyyae CylIKM CEMSIH IO «KJIACCUYECKON» TEXHOJIOTMU PELUPKYJISLIOHHON CYILIKH
rojiaya Teria B BEPXHIOI 30HY HAIMOPHO-OXJIATUTENBbHON KaMmephl (5) MmpuocTaHaBIUBalIach M
CYLIKa CEMSH B JIaHHOM 30HE OCYIIECTBIISIACh aTMOC(HEPHBIM BO3AYXOM.

Pe3yabTaThl U HX 00CY:KIeHHE

CpeaHeB3BEUICHHYIO BIIQXXHOCTh BBICYIIUBAEMBIX CEMSH YCTaHOBWIM Ha YpoBHE 25%.
[Tporopunto CMENIeHNs B TAHHOM OIIBITE ONPEACIUIN B COOTHOIICHUH | K 2 CEMSH BIaKHOCTBIO
33% K ceMeHaM BIaXXHOCTBIO 9% COOTBETCTBEHHO. Pe3ynbTarhl OMBITOB MpEACTABIEHBl HA PH-
CyHKax 2 u 3.

Kak BunHO u3 rpaduka, IpeaCcTaBICHHOTO Ha PUCYHKE 2, TeMIIepaTypa CeMsH pe3Ko CHU-
kaeTcs B Havase npouecca Ha 13-20°C, a B qasibHelIeM HauWHAEeT BO3pacTaTh, YTO SBIJISETCS Xa-
pakTepHBIM AJIsl JAHHOTO Tpoliecca. BaxHO MOAYEpKHYTh, UTO TeMIiepaTypa CeMsH Ha MpOTsKe-
HUU BCETO TIEPUO/Ia CYIIKH HE TIPEBHIIIACT PE/ICITBHO JOMYCTUMYIO TEMIIEpaTypy HarpeBa CeMsH.

CHIKeHHEe TeMIiepaTypbl CEMSH BBI3BIBA€TCS WHTECHCHUBHBIM HCIAPEHHWEM BIard, Ha 4TO
pacxo/ryeTcsl 4acTh TeIuia, aKKyMyJIMPOBAaHHOTO CEMEHAMH B MPOIIECCE MPEIBAPUTEIHHOTO Harpe-
Ba. neHTHYHAs TEHICHIINS CHU)KEHUS TEMIIepaTypbl CEMsH MPHU Pa3IMYHBIX TEMIIepaTypax Cy-
IIMJIBHOTO areHTa 0OBSICHAETCS HETPOIIOPIIMOHAIBHBIM H3MEHEHUEM JIOJIEH Terlia, pacXxo1yeMoro
CYUIWJIBHBIM areéHTOM U CEMEHaMH Ha MCIIapeHUe BJary.

[To naHHBIM, MPEACTABICHHBIM HA PUCYHKE 3, CHI)KCHHE BIQKHOCTH B PacCMaTPHUBACMBIX
ombITax cocTaBmiio ot 6,3 o 11%. JlanHble 3HaYSHUS CBUACTETBCTBYIOT 00 3((hEeKTHBHOCTHU TIPU-
MEHEHUS KBa3UU30TEPMHUYCCKUX PEKUMOB IPH CYIIKE CEMSH parca ¢ BEICOKOW HaYaIbHOW BIIAX-
HOCTBIO.

CKOpOCTh CYIIKH CEMSIH B TCUCHHUE MPOBEJCHHS OIbITa TAKKEe MEHSETCS — MaKCUMAJIbHBIX
3HAUEHUH OHA JOCTUTAET B Hayalle JKCIIEPHUMEHTa, B JAIbHEUIIEM HWHTEHCHUBHOCTH BBIJICICHUS
BJIaTW CHIDKAETCS, TEMITEpaTypa CEMsH MPU STOM HAYMHAET BO3PACTaTh, YTO OOBSICHICTCS yrIyO-
JIEHUEM 30HBI HCTIAPEHUS BHYTPh CEMSIH.

Ha pucynkax 4 u 5 oTpakeHBI pe3yJbTaThl UCCICIOBAHUS BIUSHUS CKOPOCTH CYIIHIHBHOTO
areHTa Ha TPOIECC CYIIKH CMeCH ceMsiH parica. Kak BuAHO Ha pucyHke 4, Temreparypa CeMsH B
HavyaJIbHBIN Tieprof cymku naaaer ¢ 60° mo 44,5-39°C. WccnemoBaHus MOKa3aiv, YTO YBEJIUMYEHUE
CKOpOCTH CyIiIbHOTO areHta ¢ 0,2 m/c 10 0,6 M/c B 3HAUUTENBHOW Mepe HHTCHCU(PHUIIUPYET TPOIIECC
CYIIKH ceMsiH parca. [Ipu 3ToM Temmeparypa ceMsiH OCTa€Tcsl HUXKe TPEIEIbHO JIOMYCTUMOM, a CHU-
KEHHUE UX BIAKHOCTHU COCTaBIsIeT 5% u 0oJiee, B 3aBUCHMOCTH OT BRIOPAHHOTO PEXKHMA.

HHTepecHy0 3aKOHOMEPHOCTh MPEJCTABIAET TOT (akT, 4TO OOJjblliee CHUKEHHE TeMIlepa-
Typbl CEMsIH JOCTUTAeTCs MPU MEHBIIEH CKOPOCTH CYIIMIBLHOTO areHra. JlaHHas o0COOEHHOCTH
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IMO3BOJISICT 00ECICYUTh HCO6X0)II/IMOC OXJIAXKJICHUC CCMSAH 3a YCTAHOBJICHHYIO HNPOAOJIKUTCIIb-
HOCTb BpEMCHHU.

Ilo naHHBIM PUCYHKA 5 CHUYKEHUE BJIAKHOCTH B JJAHHBIX OMBITAX COCTaBUIIO OT 4,8 110 9,8%.
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Puc. 2. KpuBble TemnepaTypbl cMecH ceMsiH panca: 1 — nepuoj Tensiooomena,
2 - mpH cymke areHToM Temmneparypoii 120°C, 3 - npu cyuike arenTom Temmneparypoii 100°C,
4 - npu cymike areHToM Temmnepatypoii 80°C.
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Puc. 3. KpuBble CylIKd cMecH CeMsIH panica: 1 — mepuoj Teni0o6MeHa, 2 - MpM CylIKe areHTOM TeMIepaTypoit
120°C, 3 - npu cymke arenToM Temnepatypoii 100°C, 4 - npu cymke areHTom Temmneparypoii 80°C.
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Puc. 4. KpuBnie TemnepaTyphl cMecH ceMsIH panca: 1 — nepuoJ Teryioo0MeHa, 2 — IpH CKOPOCTH CYIIMJIBHOTO
arenra 0,6 M/c, 3 — Ipu cKOpPOCTHU cylIWJILHOro arenta 0,4 M/c, 4 — Mpu CKOPOCTH cylIMJILHOro arenra 0,2 m/c.
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Puc. 5. KpuBble cyniku cMecu ceMsiH panca: 1 — nepuoj Tenjioo0MeHa, 2 — Np¥ CKOPOCTHU CYIINJIBHOIO ATeHTa
0,6 Mm/c, 3 — npu ckopocTH cylIMiIbHOro arenra 0,4 m/c, 4 — Npu CKOPOCTH CYyIIMJIbHOTO aredra 0,2 m/c.

Pe3ynbrarsl IpOU3BOACTBEHHBIX UCIBITAHUM CYIIKHM CEMSH parica Ha 3€pHOCYLIMIKE C 4Ya-
CTUYHOM pEeLMPKYISIMEN 36pHa U C IPUMEHEHUEM KBa3MM30TEPMHUUECKUX PEKUMOB IIPEACTaBIIE-
HbI Ha pUCYHKaxX 6 U 7 COOTBETCTBEHHO.
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Puc. 6. KpuBble n3MeHeHHs1 TEeMIIEPATYPbI M BJIAKHOCTH Parica NMPH CyNIKe CeMsH ¢ YaCTHYHOM pe-
IHPKyJsanueii: 1 — Temneparypa cbIpbIX CeMfH, 2 - TeMIIEPATypa PeyHPKYJIHPYIOIINUX ceMsH, 3 — TeMIeparypa
CMeCH CBIPBIX U PeNUPKYJIHPYIOIHNX CeMSH, 4 — TeMIepaTypa NPOCYLHICHHBIX CeMSH, 5 — BJIAKHOCTh ChIPBIX
ceMsiH, 6 — BJI2JKHOCTb PelMPKYJIHPYIONINX CeMSIH, 7 — BJA’KHOCTh CMeCH ChIPBIX H PeHPKY/IHPYIOIIUX CEMSH,
8 — BIaKHOCTDH NMPOCYIIEHHBIX CEMSIH.

CHIKEHME BIAXKHOCTH B ONBITE IO CYIIKE CEMSH Ha PELUPKYISIIUOHHONW 3€pHOCYILUIIKE,
pe3yNbTaThl KOTOPOTO MPEACTaBICHBI HA PUCYHKE 6, COCTaBUIIO OKOJIO 2% U MPOUCXOAUIIO B 30HE
npenBaputensHoro Harpesa (0,3%) u oxnaxnaenus (1,7%) 3epHa. KpaTHOCTb cMelIEHUS CHIPBIX U
PELMPKYIHPYIOIINX CEMSH MPHU 3TOM COCTaBuia 6,8.

Ha pucynke 7 orpaxeHbl pe3yJibTaThl OMbITa MO CYIIIKE CEMSIH parca ¢ IPUMEHEHUEM KBa-
3UM30TEPMHUUECKHUX PEeXUMOB. B maHHOM ciiydae oOliee CHUKEHHE BIAKHOCTU CEMSIH COCTABUIIO
o4t 6% U COCTOSIIO U3 CIACAYIOMMX BEIUYMH: 30HA MpeABapUTeNbHOro Harpesa — okoio 0,3%,
30Ha U30TEPMHUYECKON CyIIKH — 3,9%, 30Ha oxyaxkaenus — 1,6%. KpaTtHOCTh cMelIeHus! ChIpbIX U
PEIUPKYIUPYIOMINX CEMSH COKpaTwiachk 1m0 3. OOmiee CHUKEHHE BIAXHOCTH 3a IUKI B HTOTE
YBEITUYWIOCH B 3 pa3a B CPAaBHCHHUH C PEHHUPKYISIIUHHON CYIIKOW cemsiH. JlaHHbI 3G dekT nocTu-
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raercs 3a C4ET aKTHBHOTO MCTIAPEHHUS BIIATH B 30HE KBa3UM30TEPMUIECKON CYIITKHA, OH 00YCIIOBJICH
COBIIAJICHUEM ITOTOKOB TEPMO- M BJIAronpoOBOJAHOCTH B CEMEHH, OCOOCHHO B IIEPHUOJ CHUKCHHS
TEMIIEPaTyphl CEMSIH B Ha4aJie CYIIKH.

Takxke HeoOX0JIMMO OTMETHTb, YTO B 000MX CIIydasx Ha CYIIKY IOCTYIAJIM CeMeHa parca
HaYaJIbHOM BIAXKHOCTBIO 22% u Oonee. CHU3UTH MX BIAXKHOCTh 0 3HAYCHUM, 00CCIIEUNBAIOIINX
BO3MOXXHOCTh Pa3MEIICHHS Ha XpaHCHHE 3a OJIMH LUKJI CYIIKH, YIaJIOCh, B TOM YHCJIIE, 33 CYET UX
TEIUIOBJIAroo0OMeHa ¢ PEIUPKYITHPYIOIIUMHA CEMEHAMMU.
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Puc. 7. KpuBble u3MeHeHUsI TeMNepaTypbl M BJAKHOCTH CEMSIH Panca B peUPKYJISHUOHHON 3epPHOCYLIMIIKE
NPH KBa3MH30TePMHYECKHX pe:kuMax: 1 — TemmepaTypa ChIpbIX CeMsiH,

2 - TeMmepaTypa peynpKyJHPYIOIHNX CeMsH, 3 — TeMnepaTypa cMecH ChIPbIX H PEHPKYJIHPYIOIIHX CeMSH,
4 — TeMnepaTypa NpoCyIIeHHbIX CeMSH, 5 — BJaKHOCTh ChIPBIX CeMsIH,

6 — BJIAXKHOCTh PENUPKYIHPYIOLIIHUX CeMsIH, 7 — BJAKHOCTH CMECH CHIPBIX 1 PEHHMPKYJIHPYIOIIHX CeMSIH,

8 — BJIaXKHOCTH MPOCYIIEHHBIX CEMSIH.

ITopnepxanue TemiepaTypbl B IIPOLECCE MPOBOAUMBIX OIBITOB HMXKE MPEIAECIBHO JIOIY-
CTUMOM 00YCIIaBIMBaJIO MUHUMAJIbHOE CHM)KEHHE KaueCTBEHHBIX IOKa3aTelel BbICYIINBAEMbIX
ceMsiH. KayecTBEHHBIE XapaKTEPUCTUKN CEMSIH, KOTOPBIE U3MEPSUIN JI0 U MOCIE MPOBEACHUS OIlbI-
TOB, IIPEJCTABIICHBI B Ta0JIULIE.

Tabnuma
KauecTBeHHBIC XapaKTEPUCTUKU CEMSIH parica
Kucnorrnoe
[Tepexucnoe OHeprus
HaumMmeHoBaHue onbiTa HACHo Macha, |-, 010 Maca Bexoecrs, pOpacTaHus
mr KOH/1 r MMOJIB/KT 1/2(’) % 0t ’
Ha ACB a1 0
Cy1ika ¢ 9aCTHYHOM c I[(;H 3,31 6,61 56 44
PELMPKYIISIHEH TTPO- Hy(I)]cl:Jle
CYIICHHBIX CEMSTH 2,9 8,02 38 29
CYIIIKH
Cymrka mpu KBa3uu30- c I[(;H 3,32 6,53 53 41
TEPMUYECKUX PEKHU- Hymn
Max ocie 2,82 748 42 31
CYIIKH

W3 mpencraBieHHBIX JaHHBIX CJIEAYeT, YTO CYIIKA CEMSIH parca MpH KBa3WHU30TEepMUYe-
CKUX pexuMax 00ecreynBaeT Ty4lIyl0 COXPAaHHOCTh KAYECTBEHHBIX MMOKA3aTeleii BBICYIINBAEMbIX
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cemsiH. JlaHHBI 2QdeKT, Cyas Mo BceMy, 00YCIOBIEH CYIIECTBEHHBIM CHIDKEHUEM KPaTHOCTH pe-
UUPKYJSLIUU ChIPBIX U PEHUPKYTUPYIONINX CEMSH, a CJIE0BATEIbHO U CHIKEHUEM JIOTIOTHUTEN b-
HOT'O TEPMUYECKOTO BO3/ICUCTBHS Ha BHICYIIIMBAEMbIC CEMEHA.

Copepxanue OeH3anupeHa B BHICYIIMBAEMbIX CEMEHAX HU B OJJHOM M3 IIPOBEIACHHBIX OIbI-
TOB HE OOHAPYKEHO.

[Tpon3BOAUTENBHOCTh CYIIWJIKH, B Cllydae CYIIKHM CEMSH MIpU KBa3HM30TEPMHUECKUX pe-
*KuMax, coctaBuia 11,2 TOHH B 4ac, IpH CYIIKE ¢ YaCTUYHOM perupKyainueii ceMsad — 12,9 Toun
B uac. CrienoBaTelbHO, JOMOJHUTEIbHAS IM0/1aYa CYIIMJIBHOTO areHTa B BEPXHIOI 30HY CYIIKH
MMOMHUMO TTOBBIIIEHHON COXPAHHOCTH KaueCTBEHHBIX IMOKA3aTeNe M OOJBIIET0 CHYKCHUS BIIaX-
HOCTH BBICYIIUBAEMBIX CEMSH, TO3BOJWJIA YBEIMYUTH OOMIYIO MPOU3BOIUTEIBHOCTh 3E€PHOCY-
IIWIBHOW yCTaHOBKH Ha 15%.

Taxxe HEOOXOIMMO OTMETUTh, YTO BO M30SKaHHE TIeperpeBa CeMsH U, KaK CIEICTBUE, CHH-
KEHUSI UX KaYECTBEHHBIX IOKa3aTelNei, HeoOX0IMMO 00EeCIIeUnTh MaKCUMAIbHBIA KOHTPOJIb 33aH-
HBIX PEKUMOB CYIIIKM Ha BCEX 3Tarax mporecca, B TOM YHCIE 3a CUET CPeACTB aBTOMATU3ALIMU — JIaT-
YUKU KOHTPOJIS TEMIIEpaTyphl U BIAXKHOCTH CEMSIH JOJDKHBI OBITh MPETyCMOTPEHBI Ha KIFOUYEBBIX
JTanax TEXHOJIOTMYECKOrO TMpollecca: Ha BXOAE B PEUUPKYISIMOHHYIO IIIaxTy, B OyHKepe-
TEIJIOBIAro0OMEHHHUKE, B 30HE CYIIKU PEIMPKYIISIIMOHHON W OXJIQIUTEIbHOM I1aXT, a TaKKe Ha BbI-
XOJI€ U3 HUX.

3akiiroueHue

[To pe3ympTaTam MPOBEIECHHBIX JIAOOPATOPHBIX HCCIICIOBAHUN W TPOU3BOIACTBCHHBIX HC-
MBITAHUNA MOHO CIIENaTh BBIBOJ O TOM, YTO MPEACTABICHHBIN CIOCO0 CYIIKHU MO3BOJISIET CHU3UTD
BJIQXXHOCTh CEMSH parca ¢ HadyaJlbHOW BIaXHOCThIO Oosiee 23% 10 7% 3a oauH MpOmycK 4epe3
CYUIWIKY TPU COXPAHEHUU OCHOBHBIX CEMEHHBIX M TEXHOJOTHYECKHX JOCTOMHCTB BBHICYIIHMBaE-
MBIX CEMsIH, a TaK)Ke 00eCIeYMBaET MOBBIIICHUE MPON3BOIUTEILHOCTD 3€PHOCYIIMIIKY Ha 15%.
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Annomauus

Paccmompenvr npobnemvr pocma 3abonesaemocmu nacenenusi Poccutickoii ®@edepayuu
0CmMeonopo3om u noucka sghgexmusnozo eapuanma ee peutenus. OOOCHOBAHA AKMYATbHOCMD
npUMeHeHUs. MOJIOYHBIX NPOOYKMO8 01 NPOPUIAKMUKU OCEMONOPO3d.

Mamepuanst u memoowl, pe3yibmamaol u 00CYHcOeHUA

Llenvio nHayuynozo uccnedosanus A61AemMcs CONOCMagienue peanu308aHHbIX OmedecmeeH-
HBIX U 3aPYOEIHCHBIX HAYUHO-MEXHUYEeCKUX pa3pabomox u mexHoni02UuecKux npuemos 0bo2aujenus
cblpog conamu Kanvyus. Ilpeocmasneno HayuHo 060CHOBAHHOE ONUCAHUE KANCOO20 U3 U3YYEHHBIX
cnocobos.

Ha ocnoee ananuza ucmounuxos ungopmayuu noomeepcoena yenecooopasHocms npous-
600CMEa OAHHOU ZPYNNbl MOJIOYHLIX NPOOYKMO8 (DYHKYUOHANbHO20 HazHauenus. COenan npocHo3
npouU3800CmMEa MOJIOYHBIX NPOOYKMO8, 0002AUeHHBIX BUMAMUHAMU U MUHEPATbHBIMU 8EUECTNEAMU.

3akniouenue

ObocHosana akmyaibHOCMb NPUMEHEHUS MOJOUHbIX NPOOYKMOE 0l NPODUIAKMUKY OCe-
monopo3sa. Paccmompenvl omeuecmeennvle u 3apyoedxcuvie HayuHO-mexHuyeckue paspabomxku u
mexHoso2uyecKue npuemvl 0bo2aujerus cvlpos conamu xkarvyus. Iloomeepowcoena yenecoobpas-
HOCMb NPOU3800CMEa OAHHOU 2PYNnbl MOJIOYHBIX NPOOYKMO8 (PYHKYUOHATLHO20 HA3HAYEHUSL.

Kiamo4deBble cioBa: ChIpOACIINE, O60FaI_HCHI/Ie, COJIM KaJbLHsi, MOJIOYHBIC Q)YHKHI/IOHB.JIL—
HBIC TPOAYKTHI.

Abstract. The problems of the increase in the incidence of osteoporosis among the popula-
tion of the Russian Federation and the search for an effective solution to it are considered. The
relevance of the use of dairy products for the prevention of osteoporosis is substantiated.

Materials and methods, results and discussions

The purpose of the research is to compare the implemented domestic and foreign scientific
and technical developments and technological methods of cheeses enrichment with calcium salts.
A scientifically based description of each of the studied methods is presented.

Based on the analysis of information sources, the expediency of this functional dairy prod-
ucts group manufacturing has been confirmed. The forecast of the production of dairy products
enriched with vitamins and minerals is made.

Conclusion

The relevance of dairy products application for osteoporosis prophylaxis is grounded.
Domestic and foreign scientific and technical developments and technological methods of cheese
enrichment with calcium salts are considered. The expediency of this functional dairy products
group production is proved.

Key words: cheese making, fortification, calcium salts, functional dairy products.
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Introduction . According to the Research Institute of Rheumatology, in 2015, over 30% of
the adult population suffers from osteoporosis [2]. According to the latest literature data, 14 mil-
lion people (10% of the country's population) suffer from osteoporosis in Russia, and 20 million
people have osteopenia. Osteoporosis is a multifactorial disease of the skeleton, the main cause of
which is an insufficient amount of calcium that enters the body with food. 34 million people in
Russia are at risk of osteoporotic fractures. Every year there are 9 million osteoporotic fractures of
the peripheral skeleton and 3.8 million cases of vertebral fractures. Every minute there are 7 frac-
tures of the vertebrae and 17 extravertebral fractures in people over 50 years old, every 5 minutes -
a fracture of the femoral neck. It should be noted that 90% of all hip and vertebral fractures are
associated with osteoporosis. At the same time, fractures of the humerus, ribs, pelvis, ankle and
collarbone in 50-70% of cases are osteoporotic fractures [19]. The 2020 audit of osteoporosis in
the Russian Federation estimated that between 2010 and 2018, the number of people at high risk of
fracture increased by 18% to 40 million, and by 2050 it will increase by another 25% and amount
to 50 million people.

Today, osteoporosis is an urgent public health problem and its prevention is possible only
with the start of preventive measures from childhood. Basic prevention measures include ensuring
a nutritious diet with sufficient calcium intake and, if necessary, calcium supplements.

Developed in addition to [8], the Strategy for Improving the Quality of Food Products in
the Russian Federation until 2030 [27] provides for a number of measures to create conditions for
the production of new generation food products with specified characteristics. Dairy products are
the most suitable market segment for this, as they are one of the most consumed food products in
our country. Therefore, the expected result is an increase in the share of production of dairy prod-
ucts enriched with vitamins and minerals, up to 40-50% of the total production [18]. Including due
to the production of various types of cheeses enriched with calcium.

Materials and methods.

The purpose of this article is to consider domestic and foreign scientific and technical de-
velopments, and technological methods for enriching cheeses with calcium salts and substantiating
the feasibility of producing this group of functional dairy products.

The introduction of additional calcium ions into raw milk is a difficult task. The weak sol-
ubility of inorganic calcium salts and the interaction of calcium with a protein sensitive to it can
lead to coagulation of protein fractions during heat treatment, and a decrease in the nutritional val-
ue of milk proteins. Therefore, special attention is paid to the optimal balance of ingredients, the
selection of the most acceptable form of calcium, which will increase its absorption by the body.
Articles [3, 20] analyzed the evidence base on the bioavailability of organic and inorganic calcium
salts, which confirms the possibility of creating a range of cheeses enriched with them.

In our country, scientific developments in the direction of milk enrichment with calcium phos-
phates in order to partially or completely replace calcium chloride began in the 1960s. In the work of
M.A. Bayramkulov, experiments were carried out on the introduction of calcium phosphates into milk
and their effect on the quality of rennet clots [1]. As a result, it was concluded that by adding calcium
phosphate (single-substituted) to rennet milk, it is possible to increase its gelatinizing properties. At the
same time, it thickens the clot, enhances the release of whey, less fat is released with whey, reduces the
duration of curdling and processing of the cheese mass by 55-60 minutes. The addition of disubstituted
calcium phosphate to milk also helps to increase the gelatinizing ability of milk, improves the quality
of rennet clots, reduces the transfer of fat into whey, but to a much lesser extent than with monosubsti-
tuted calcium phosphate. The processed cheeses with the addition of calcium phosphate were rated
higher than the cheeses with the introduction of calcium chloride.

These findings are supported by more recent studies. During a series of experiments, L.A.
Popova, it was found that the introduction of monosubstituted calcium phosphate into milk instead
of calcium chloride in an equivalent dose gives the following positive results: a reduction in the
duration of milk coagulation by rennet by 15 minutes; the formation of a denser elastic clot; accel-
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eration of the grain processing process by 10 minutes; decrease in dry matter content in serum by
4%; an increase in the yield of cheese by 69 kg during the production of 1 ton of cheese [17].

With the development of nanotechnologies in the Russian Federation and the widespread
use of nanomaterials in the dairy industry, it became necessary to carry out active work to develop
food technologies and prevent the risks of using nanomaterials. In particular, at the All-Russian
Scientific Research Institute of Butter and Cheese Making (VNIIMS), studies were carried out on
the effect of calcium phosphate nanoparticles in the structure of hydroxyapatite (HAP) on gelation
in milk. As a result, the results of earlier studies were confirmed and supplemented by new ones.
In the course of experimental studies, it was found that HAP nanoparticles significantly accelerate
the process of gel syneresis; partially block the action of the enzyme on kappa-casein; physico-
chemical processes of enzymatic gelation in milk with the participation of HAP nanoparticles pro-
ceed differently than with the participation of calcium chloride; at significant concentrations of
HAP, gelation in milk receives an additional, unexplored stage; HAP nanoparticles contribute to
the binding of whey proteins; presumably, HA nanoparticles contribute to lactose binding and in-
creased proteolysis [22].

Calcium-containing additives have gained particular popularity in the production of pro-
cessed cheeses and cheese products. In his scientific work, S.0. Sokhryakov studied the effect of
calcium-containing additives on the mineral composition of a processed cheese product [25]. For
comparison, “food calcium phosphate (E 341)” (TU 100205847.031-2006), “food calcium citrate
(E 333)” (TU 9199-001-0101447096) and a new calcium-containing additive were also added to
the samples of the processed cheese product as a mineral fortifier "Calcium-MACG". This ingre-
dient (MACG) is a nanodispersed amorphous modified form of calcium gluconate. The conducted
studies have shown that the addition of the mineral enricher Calcium-MACH in the amount of
1.5+£0.5% of the total mass of the melting mixture contributes to an increase in the amount of ion-
ized calcium up to 75% with a total amount of 160+5 mg%. When using other mineral enrichers,
"Food calcium phosphate (E 341)" and "Food calcium citrate (E 333)", only values of the mass
fraction of ionized calcium up to 60% can be achieved. The best efficiency of Calcium-MACG is
due to its use in nanoform. Based on the results of the study by S.O. Sokhryakov wrote and suc-
cessfully defended his Ph.D. thesis in 2012, as a result of which the technology of processed
cheese enriched with calcium was developed for feeding schoolchildren and regulatory documen-
tation (STO No. 71063300-001-2012) [26].

A variety of choice of melting salts, both foreign and domestic production, allows you to form
a wide range of processed cheeses. The right combination of melting salts largely determines the or-
ganoleptic characteristics, nutritional value, safety of the product, as well as its stability in storage.

For the production of processed cheeses, mixtures of phosphates under the trademarks
Fonacon and Polifan, which are produced by OJSC REATEX, are widely used. CJSC PKF
Slavyanka (Nizhny Novgorod), a relatively young and successfully developing enterprise, has
been producing food additives under the brand name PHOSPHO-MIX since 2005 [23]. Also in
[21] , popular types of melting salts of domestic production and their most important indicators
characterizing safety and efficiency are considered. The authors concluded that the safest melting
salts of domestic production are citrates, followed by polyphosphates, the most dangerous are so-
dium orthophosphates, in particular disubstituted sodium phosphate, since the dose of its introduc-
tion is 2-2.5 times higher than the dose of other melting salts.

Sodium citrate salts give processed cheese a clean, pronounced cheesy taste, as well as a
pleasant taste of freshness. At the same time, there is no alkaline taste [5]. Special melting salts
"Solva™ and "Yokha" make it possible to obtain thermostable types of cheese, thereby expanding
the circle of consumers [29]. The conducted studies have established that by introducing calcium
compounds into the composition of melting salts, which form additional bonds between casein
subunits during melting, it is possible to achieve a stronger structure of the finished product, as
well as to ensure its thermal stability upon reheating. Food phosphate additive "Fonacon-K-M" in
quality and efficiency is not inferior to the salt melter "Solva S 230" [21].
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Complex mixtures of melting salts " Cremosal " by " Thermphos " (Great Britain) have
good emulsifying properties, perfectly stabilize the protein and increase the shelf life of the fin-
ished product due to its antioxidant properties. Their use allows, using various raw materials and,
without changing the technological process adopted in the production, to produce a wide range of
processed cheeses.

The chemical group "Budenheim” is a well-known name in the dairy world. Phosphates
"Budenheim™ are used to improve the quality of dairy products and improve the technological pro-
cess. The choice is quite wide: SELF melting salts make it possible to produce processed cheese
with a low sodium content, Budal stabilizers and acidity regulators neutralize the problem of an
aggressive increase in acidity and improve the quality of dairy raw materials. "Budals" help to
raise the pH - the level of milk, while effectively neutralizing calcium released during the matura-
tion of milk, which can lead to clotting, bacteriostatic salts protect against mold and other troubles,
mineral enrichment with preparations of the Levall trademark will contribute to the nutritional the
composition of products, especially those in which the natural content of calcium, magnesium,
iron, potassium, etc. is insignificant [6].

In recent years, VNIIMS specialists have completed a large cycle of research work on the
creation of environmentally friendly structure formers, the main component of which is of an or-
ganic nature. Structure formers of two grades have been developed and are being produced: SO-1
and SO-3. They can be used both in the creation of new original products and in the production of
traditional processed cheeses. CO-1 is intended for processed cheeses as the main raw material in
which rennet cheeses are used, structure formers CO-3 are used for cheeses produced on the basis
of cottage cheese. A distinctive feature of the use of structure formers is the achievement of the
required physiological ratio of calcium and phosphorus (1, 3:1, 0) by reducing phosphorus in the
finished product by 2.0...2.5 times [7].

A group of Canadian scientists conducted studies on calcium enrichment of Cheddar
cheese [32]. The aim of the study was to establish a link between the calcium concentration in
cheese and the effect on digestion. Enrichment was carried out with CaCl ; at the stage of curd
curd salting. The samples were represented by one control and two experimental ones with high
and very high calcium content. The study showed that the addition of CaCl , produced significant
organoleptic and physico-chemical changes. The ionic strength and pH increased, the moisture
content of the cheese decreased during the pressing stage. The hardness of the cheese increased
with the increase in calcium concentration, which resulted in the cheese breaking down more
slowly during digestion, however, the lipolysis process became faster, possibly due to increased
lipase activity. In the control sample, despite the faster breakdown rates, the lipolysis process was
the slowest. Thus, the results showed that lipolysis depends on the content of calcium and the ma-
trix that models the access of enzymes to their substrates. This means that the microstructure and
matrix of the food can control the release of lipid nutrients from the cheese. In general, these stud-
ies can be adapted in the food industry, in particular, to control the release of nutrients, the extrac-
tion of bioactive molecules and as evidence of a positive effect on human health.

It is believed that the high sodium content of cheese causes an acid load on the body, which
negatively affects human health. There is a method for reducing the sodium content by partially replac-
ing sodium chloride with alkalizing organic calcium salts [31]. Experiments were carried out using
blue-veined cheeses. These cheeses, obtained by replacing 75% NaCl with calcium lactate, contained
33% less sodium. Replacing NaCl with calcium citrate improved the citrate content by 410%. This
study revealed a significant effect of salt granulometry on sodium content. When using coarse salt, the
decrease in the Na content was 21%. The produced cheese did not differ much in bitter and salty per-
ception compared to the control and can be considered similar in organoleptic characteristics.

Cottage cheese or as it is also commonly called "village cheese" is very popular in Europe
and the USA. Due to its high protein content and low fat content, it has a positive effect on human
health. However, not every consumer is aware of the low calcium content in Cottage cheese.
Therefore, studies were carried out on its enrichment with various calcium salts with taste control
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[30]. The cheese to which the hydrocolloid mixtures were added was tested and compared with
cheese with an equivalent amount of calcium without hydrocolloid and with cheese without addi-
tives. The aim of the study was to increase the calcium content of Cottage cheese without adverse-
ly affecting the organoleptic properties. Various hydrocolloids have been used to study their ability
to mask the bitter taste of calcium salts.

Preliminary tests showed no difference in the taste of the calcium phosphate-supplemented
cheese compared to the control at 28mg per 100g. At a dose of 117mg calcium per 100g, the
cheese was rated as sour, slightly chalky, and slightly bitter. Cheese with added calcium lactate
was rated the same as the control at 28 mg per 100 g. Taste was slightly sour and chalky at 117 mg
per 100 g. addition of 28 mg per 100 g. Calcium lactate was chosen as the source of calcium for
subsequent experiments due to its least bitter taste among the salts tested.

Studies also showed that guar gum and locust bean gum can mask the bitter taste of added
calcium, but the organoleptic rating of these cheeses was lower than that of the control sample.
This is mainly due to the earthy taste of guar gum. The use of purified or more neutral tasting guar
may result in a more acceptable product.

Yaroslavl State Medical Academy (YaGMA), together with VNIIMS, developed a cheese
paste based on whey, which included calcium in the form of carbonate and citrate salts in a daily
dose of 1000 mg in terms of calcium element and vitamin D 3 in a dose of 400 U / day The use of
such a product, enriched with calcium and vitamin D 3 for 12 months, according to studies, led to
an increase in BMD in the spine. It is an effective, safe and well tolerated product that can serve as
an additional tool for the prevention and treatment of osteoporosis [4].

Most preferably, from a technological point of view, the process of cheese enrichment with
calcium is carried out at the stage of milk preparation. Therefore, the following series of patents
may be applicable in the production of calcium fortified cheese. Thus, patent RU2202213 C2 [12]
describes a complex formed by a calcium salt and alkali metal citrate, which makes it possible to
enrich milk drinks and other dairy products without coagulation and precipitation and with im-
proved taste properties. The soluble calcium salt component may be, for example, calcium glu-
conate or calcium chloride, but calcium lactate is preferred. The alkali metal citrate may be sodium
citrate or other food acceptable alkali metal citrate, but potassium citrate is preferred. The compo-
nents of the complex can be added to a liquid food product such as milk or milk drink, either sim-
ultaneously or one after the other, and then they interact to form the complex.

Known patent RU 2541760 C1 "Method of preparing milk for making cheese™ [15], according
to which, in order to increase cheese suitability, monosubstituted sodium phosphate is added to milk in
the form of a solution with a concentration of 35 + 5% after the addition of calcium chloride in an
amount of 0.025 £ 0.015% in the form of a solution concentration 35+5%. The amount of monosubsti-
tuted sodium phosphate varies depending on the purpose of use: to increase the cheese suitability of
milk with its low titratable acidity - from 0.01 to 0.03%; to accelerate the ripening of cheese and in-
crease the plasticity of the cheese mass - from 0.03 to 0.05% of the feedstock.

The description of the invention to the patent RU 2218800 C 2 [11] refers to a calcium
complex obtained as a result of the interaction of a calcium source and a negatively charged emul-
sifier in the presence or absence of an organic or inorganic acid, or their salts. The calcium source
can be calcium hydroxide, calcium carbonate, calcium chloride, calcium phosphate, etc. The nega-
tively charged emulsifier may be an ester of citric acid or monoglycerides, stearoyl lactylate as a
sodium, calcium or acid salt, etc. It can also be hydrated. The calcium complex may be dried.

In patent RU 2254033 C2 [13], the authors developed a lactate-citrate calcium complex
with a low calcium content, which is formed by reacting a suspension of an alkaline source of cal-
cium, such as calcium hydroxide, calcium oxide or calcium carbonate, with a solution of lactic or
citric acids. The complex can be used to fortify milk, milk drinks, dairy products, nutritional
drinks and baby food without protein coagulation or salt precipitation and with improved taste due
to the absence or slight taste resulting from the presence of potassium ions.
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Patent RU 2265338 C2 [10] speaks of an enriching amount of a non-ionic source of calci-
um and a food grade polyphosphate having at least six phosphate groups. The non-ionic source of
calcium includes: calcium, hydrolyzed pectin, calcium citrem, lactate-citrate calcium complex, or
a balanced mixture of calcium lactate and calcium carbonate. EFFECT: invention makes it possi-
ble to prevent coagulation of milk proteins, gelation during storage of milk for two months and
precipitation of calcium when it is added to the product.

Patent RU 2428057 C2 [14] describes a stable calcium composition. It includes at least one
calcium source, at least one citrate source, and at least one metal source selected from an alkaline
earth metal other than calcium and an alkali metal.

Patented RU 2673134 C2 [16] is a method for the production of soft cheese, during the
production of which, before adding a milk-clotting preparation, a suspension of calcium phosphate
nanoparticles in the form of hydroxyapatite is introduced into the milk mixture. Hydroxyapatite
nanoparticles in suspension have sizes from 2 to 20 nm, and their amount relative to the mass of
the milk mixture is 0.02-0.08%. EFFECT: invention allows to reduce the gelation time, increase
the elastic modulus of the gel, reduce the mass fraction of moisture, and also increase the mass
fraction of lactose and calcium in the resulting cheese.

US2003/0021873 Al describes an invention aimed at improving the disadvantages associated
with cellulosic anti-caking agents while further fortifying the cheese product, thereby increasing nutri-
tional value in the form of calcium fortification. It has been observed that fortification over time reduc-
es the drying out of the product. In the present invention, powdered calcium such as calcium carbonate
or calcium sulfate is added to the cheese after it has been ground. The addition of calcium reduces
product clumping in the package while adding nutritional value to the product [37].

Another invention is protected by patent RU 2235482 C 2 [9] a mixture of balanced calci-
um lactate and calcium carbonate stabilized by a source of glucuronic acid. The mass ratio of cal-
cium lactate and calcium carbonate may be from 1:2 to 3:1. The food product may be milk or a
milk-based product. The source of glucuronic acid can be gum arabic.

Using the calcium enrichment system according to the invention protected by the Austrian
patent AU 20011031323 [33], it is possible to obtain calcium-enriched cheese and dairy products
without a significant impact on organoleptic properties. The invention provides a method for pre-
paring aromatic, organoleptically pleasing cheeses and dairy products, including natural cheeses,
which contain significant amounts of calcium supplements. More specifically, the calcium sup-
plement of the present invention is a mixture of calcium sulfate and tricalcium phosphate. Using a
mixture of calcium sulfate and tricalcium phosphate surprisingly and substantially eliminates the
bitterness normally associated with tricalcium phosphate.

This method of enriching cheeses with calcium is protected by patents from different coun-
tries. Canadian patent CA 2342043 dated 2004.11.23 [34], Mexican patent MX PA0100348 A
[36], EU patent EP 1 138 207 A3 dated 2002.09.25 [35], US patent US 6,326,038 B1 dated
2001.12.04 [38].

There is a domestic version of a mixture of calcium salts of biogenic origin, produced by
the Stavropolsky dairy plant under the brand name LaktoMin. It should be noted that this product
can surpass foreign analogues in nutritional status, since, being essentially a sedimentary part of
milk molasses, it contains not only phosphates, citrates and calcium lactates, but also substances
characteristic of molasses with an intermediate molecular weight (vitamins , hormones, polypep-
tides, amino acids, etc.) [28]. Positive results of its complex impact on the organism of animals
have already been obtained. The study of the influence of the mineral supplement "LaktoMin™ on
the human body is a promising direction in the search for ways to use it. The results of the research
will be the subject of future publications.

Conclusion

An analysis of existing domestic and foreign methods for enriching cheeses with calcium
salts confirms the need for further improvement and development of such technologies. The pro-
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spects for their use are due to the attention on the part of the state to the problems of the increase in the
incidence of osteoporosis in the population of the Russian Federation associated with low consumption
of dairy products. The cheese market is the most dynamically developing cluster of the food industry.
Cheese consumption in Russia is growing steadily. In this regard, it is important to note the choice of
cheese for the development of a functional product. However, despite the demand for the product, the
market is still far from saturation in terms of quality and quantity. Therefore, in order to achieve the
goals and objectives of the “Strategy for the Development of the Food and Processing Industry of the
Russian Federation for the period up to 2030 [27], it seems possible to expand the range of cheeses
through the introduction of modern bionanotechnologies that increase not only the nutritional value of
cheeses, but also the biological value. Mass production of functional types of cheese is the immediate
prospect for the development of the dairy industry.
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VIK TEMJIO®PU3NYECKHUE
[665.637.73:536.2]:[678.049.36:664.31] XAPAKTEPMCTHKH U IJIOTHOCThH
DOI: 10.37493/2307-910X.2022.1.8 ~ TEKCAHOBOI'O PACTBOPA ITAPA®HHA,
KAK OBBEKTA KOHBEKTUBHOI'O
KOHLIEHTPUPOBAHHWSA 1 MOJTYYEHUSA
MUIIEBOIO MAPA®HHA

THERMAL CHARACTERISTICS

AND DENSITY OF HEXANE PARAFFIN
SOLUTION AS AN OBJECT OF
CONVECTIVE CONCENTRATION
AND OBTAINING FOOD PARAFFIN

DI'BOY BO «Acmpaxanckuit 2ocyoapcmeennviii mexnudeckuit ynugepcumem» / FSBEI HE «Astrakhan State
Technical University», e-mail: albertd09@yandex.ru

Annomauusn. /{1 nieHOYHLIX CMPYKMYP, UOYWUX HA NPOU3BOOCMBO OUOPA3LA2AEMbIX
VRAKOBOYHBIX MAMEPUANLO8 U ABISIOUWUMUCS NO C80el NPUpooe 2UOPOPUIbHbIMU, CHUSUMb GIUSL-
HUe 8HEWHUX (PAKMOopos, 8 Nepaylo ouepeddb 8lacu, NO360UM UX NAPAGUHU3AYUL, M.e. HAHECeHUe
Ha NOBEPXHOCMb NIEHKU MOHKO20 ClOsl PACNIAGIEHHO20 NUWEeB8020 napapura 0Jisi nociedyioujel
3aWUMbL YRAKOBAHHBIX NUWEBLIX NPOOYKMOE Om 030elCmeus é1dasu u coineynvlx ayyei. Ilpu
npou3e00Cmee 81a200MmMAIKUSAIOUWUX KOMNOZUYUL DOIbUOe 6HUMAHUE VYOETemcs Kauecmay uc-
X00H020 6A3068020 0151 NOJYHUEHUs NUULEB020 NAPAPUHA, 20e OOHUM U3 BAXCHBIX €20 NoKazamenell
bezonacHocmu s161semcsi OMCYmcmeue 6 HeM KAHYEePOSEHHbIX APOMAMUYECKUX Yeie8000P0008.
OonuMU U3 OCHOBHBIX XAPAKMEPUCTUK UCCTIe0YeMO20 MAMEPUANA C YUEemOM NOCMABIEHHOU yelu
ABNAIOMCS €20 NIOMHOCMYb P U menjoguszudeckue xapakmepucmuku (TPX).

Mamepuanst u memoosl, pe3yibmamal U 00CYHcOeHUs
Llenvio uccnedosanusi NOCIYHCUIO 8biAGIeHUE 3aKOHOMepHOCmell apbuposanus TPX u p

8 OUANA30HAX UBMEHeHUsl meMnepamypbl U KOHYEHMpAayuu 2eKCaHo8020 pacmeopa napaguua,
€cOOMBEmMcmayIouux KOH8EKMUBHOMY KOHYEHMPUPOBAHUIO NPU 8bIPAOOMKE NUWEB020 NapaguHa.
Obvexmamu ucciedo8anusl AGIANUCH 2eKCAHONAPAPDUHOBASL CMECh U OUUUYEHHBITE O KAHYEPO2EeH-
HbIX APOMAMUYECcKUx y2ne000po0os napagun. I[lnomnocms onpedensanace NUKHOMEmpudecKum
cnocooom, a TOX memooom KOMNIEKCHO20 UX OnpedeieHus 0ns CblNYYUX, HCUOKUX U NACMO00-
PAa3HbIX 00pazyos, OA3UPYIOWUMCA HA UHEPYUOHHOCMU MEPMUYECKo20 Oamuuxa memnepamyp.
Ymo kacaemcs 2eKCaHo8020 pacmeopa, mo dKCNEPUMEHMAlbHble UCCIe008aAHUs NOKA3ANU, YO
Haubonee payUuoOHAIbHLIMU YCILOBUAMU €20 NOJYYeHUs AGNAIOMCA. meMnepamypa pacmeopumelis
40°C, ¢ yuemom memnepamypuvl niasieHus 00paya u UHMEeHCUDUKAYUU UCNAPeHUs pacmeopu-
mejisl; COOMHOUleHue mexHuyecko2o napaguna u pacmeopumens 1:10, umo odycroereno npak-
MUYEeCKU NOTHOU PACMBOPUMOCIbIO napaguna. s ocyujecmenenus meniogolx pacuemuslx npo-
yeodyp npu nPOEeKMUPOBAHUY ANNAPAMO8 AHATUMUYECKU U ONbIMHbIM nymem Hauldenvl TPX u p

2eKCanonapagpuHosol KOMNO3UYUU 8 ONPeOeNeHHbIX SPaHUYax 6apbUpO8aHUs KOAUYecmeda pac-
meopumeris 8 Hell u ee T, Komopbvie 00YCI06IUBAIOM CNOCOD KOHBEKMUBHO20 KOHYEHMPUPOBAHUSL
uccnedyemoz2o mamepuand.
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3akniouenue

Ilpusedennvie 0anuble He 6X00SIM 8 KOHMAUKM C U3BECIHBIMU Pe3YIbMamamis Opyeux uc-
cnedosamenetl, NOOMBEPIHCOEHbl IKCNEPUMEHMANLHO U CLeOCMBEHHO MO2YM OblMb UCNONb308AHbL
8 UHIICEHEPHOU NPAKMUKe.

KurwueBble ciioBa:

reKcaHomnapaguHOBasi CMECh, BOJIOOTTAIKUBAIOIIEE OKPHITHE, MapaduHU3AIMS, THIIEBOM
napaduH, KaHIEPOTEHHBIC apOMAaTHYECKHE YTIIEBOJAOPObI, KOHBEKTHUBHOE KOHIICHTPUPOBAHUE,
TEIUIO(U3NIECKUE XapPAKTEPUCTUKH, INIOTHOCTh 0OBEKTa HCCIICIOBAHNS.

Abstract

For film structures that are used for the production of biodegradable packaging materials and
are hydrophilic in nature, the influence of external factors, primarily moisture, will be reduced by their
paraffinization, i.e. applying a thin layer of molten food paraffin to the surface of the film for subse-
quent protection of packaged food products from moisture and sunlight. In the production of moisture-
repellent compositions, much attention is paid to the quality of the initial base for the production of
food paraffin, where one of its important safety indicators is the absence of carcinogenic aromatic hy-
drocarbons in it. One of the main characteristics of the material under study, taking into account the
set goal, are its density and thermophysical characteristics (TPC).

Matrials and methods, results and discussions

The aim of the study was to identify the regularities in the variation of TPH and in the
ranges of temperature and concentration of a hexane paraffin solution corresponding to convec-
tive concentration during the production of food paraffin. The objects of study were a hexane-
paraffin mixture and paraffin purified from carcinogenic aromatic hydrocarbons. The density was
determined by the pycnometric method, and the TPC was determined by the method of their com-
plex determination for bulk, liquid and pasty samples, based on the inertia of a thermal tempera-
ture sensor. As for the hexane solution, experimental studies have shown that the most rational
conditions for its preparation are: the temperature of the solvent is 40 ° C, taking into account the
melting point of the sample and the intensification of solvent evaporation; the ratio of technical
paraffin and solvent 1:10, which is due to the almost complete solubility of paraffin. For the im-
plementation of thermal calculation procedures in the design of apparatuses, TPH and a p hexa-

noparaffin composition were found analytically and experimentally within certain limits of varying
the amount of solvent in it and T, which determine the method of convective concentration of the
test material.

Conclusion

The given data do not conflict with the known results of other researchers; they have been
confirmed experimentally and, consequently, can be used in engineering practice.

Key words: hexane-paraffin mixture, water-repellent coating, paraffinization, food paraf-
fin, carcinogenic aromatic hydrocarbons, convective concentration, thermophysical characteristics,
density of the object of study.

Beenenue

JInst IeKTUHOCOAEP AKX TUICHOUHBIX CTPYKTYp, WAYIIMX Ha MPOHM3BOJICTBO OHMOpasarae-
MBIX YITAaKOBOYHBIX MaTEPHUAJIOB U SBJISFOLIMMUCS 1O CBOEH MPUPOe THAPOGUILHBIMU, CHU3UTDH BIIU-
SIHUE BHEITHUX (JaKTOPOB, B IIEPBYIO OYEPEIb BIIATH, IO3BOJIMUT WX NapaduHMU3AIS, T.€. HAHECCHUE Ha
MOBEPXHOCTb TUIEHKH TOHKOT'O CJI0s pacIUIaBICHHOTO MHUIIEBOT0 MapadHHa I MOCIeTYIOIeH 3aliu-
TBI YITAKOBAaHHBIX MHUIIEBBIX MPOIYKTOB OT BO3IEHCTBHS BJIAH M CONTHEYHBIX JTyde. [1pu mpon3Boa-
CTBE BJIarOOTTAJIKUBAIOLIMX KOMIIO3UIIMI OOJBIIOE BHUMAHHUE YIEISETCsl KauecTBY HCXOJHOro 0a3o-
BOTO JUIsl TIOJTYYEHHs MUIIEBOro napaduHa, Tie OAHUM M3 BaKHBIX €ro MOKazaTelneil 0e30MmacHOCTH
SIBJISIETCS] OTCYTCTBHE B HEM KAHLIEPOI€HHBIX apPOMATUYECKUX YIJIEBOLOPOIOB [1].

OaHUMH U3 OCHOBHBIX XapaKTEPUCTUK UCCIETYEeMOro MaTepHralia ¢ y4eTOM MOCTaBIEHHOMN
L[EJH SBJIAIOTCS €r0 IUIOTHOCTh p U Teriodusndeckue xapakrepuctuku (TDX).
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ean uccaenoBanusi
BeisiBiieHne 3akoHoMepHoCTel BappupoBanus TOX u p B quana3oHax U3MEHEHUS TEMIIe-

paTypbl U KOHIIEHTPAIMK T€KCAaHOBOTO pacTBopa mnapadrHa, COOTBETCTBYIOIINX KOHBEKTUBHOMY
KOHIIEHTPUPOBAHUIO P BRIPAOOTKE MUIIICBOTO MapaduHa.

O0BEeKTBI M MEeTOALI MCCJIe10BAHUSA

[TnotHOCTH U151 TeKcaHOBOTO pacTBopa napadunoBoro npoxaykra (I1IT) u ounienHoro mapa-
(vHa ToCIIe yIaJIeHUs U3 HETO PACTBOPHUTENSI BMECTE C PACTBOPEHHBIMU B HEM TOKCHYHBIMHU JICTYYH-
MU KOMITOHEHTaMH, B YaCTHOCTH OCH3-0-TMPEHOM, B TPaHHIIAX BapbUpoBaHHs Temrepatypsl (7) ot
273 °K no 318 °K ggist I1I1 1 H-rekcaHa MEHSIETCSl MaJIO3aMETHO U TI0 3TOM MPUYMHE B ATUX Mpeaesiax
T MOXHO OCYIIECTBUTH €IUHUYHBIN OIBIT MMKHOMETPUYECKUM CIIOCOOOM [2, 3, 4].

B mporiecce KOHBEKTHBHOTO KOHIIEHTPUPOBAHMS M3 TEKCAaHOBOT'O pacTBOpa mnapaduHa moiy-
yaetcs nuesoi [1I1, mpuyem BennurHa p M3HAYATBHOTO U UTOTOBOTO 00pa3iia OTIIMYAETCs O MPU-

YHHE BapbHPOBAHMS JIOJU H-TEKCaHa B HUX. B JaHHOM BapraHTe MO>KHO SMITMPHYECKH HAUTH /T HUX
p,a p CIIPUEMIIEMOH OTPEITHOCTHIO ONPEAEIUTH ITyTeM JINHEHHOM almpOKCHMAIlK B IIpe/ieliax ee
BapbUPOBAHMUS OT UCXOIHOM TeKCaHo napaMHOBOM KOMIO3HIMHK 10 ourtieHHoro [1I1.

B pabotax [5, 6] npennoxeHn MeTo; KOMILIEKCHOTO onpeaeneHus TOX Chlmydnx, KUIKAX
U 1acTo00pa3HbIX 00pa3noB, 0a3UPyIONIMKCS HAa MHEPLIMOHHOCTH TepMHuYyecKoro aatuuka T . Ilo-
CPEICTBOM TAaKOTO MOJX0/a BO3MOXKHO OIIEPATHBHO HAWTH TEILIOEMKOCTH C,, , TEIUIO- A ¥ TEMIIe-

paTyponpoBOAHOCTh @& 00pa3lia B TEUEHUE TEXHOJOIMUecKon onepanuu. Hu ouH U3 U3BECTHBIX
JPYTUX 30HI0BBIX crioco00B HaxoxaeHus TdX He gaet Takoil BO3MOXKHOCTH [7].

C nenbio OCyIIECTBIECHUS ONMBITHOM cepuM no omnpeneneHuto TAX rekcanonapapuHoBoi
KOMITO3UIIMN UCIOJIB30BaNICs 3JEKTPOHHBIN TepMomeTp «JIT-300», rie uyBCTBUTEIBHON 4acTbhiO
CIIY’)KUT IJICHOYHOE IJIATHHOBOE MOKPBITHE KEpAaMHUECKOW MOBEPXHOCTH, KOTOpOE 001aJaeT Bbl-
COKOW BOCHPOM3BOJUMOCTBIO T W JUIMTENBbHON ycToilunBocThio. Huke Ha pucyHke 1 mpezacras-
JIEHAa CXEeMa DKCIEPUMEHTAIbHON YCTaHOBKH.

Pucynok 1. Cxema 3KkcniepuMeHTAIbHOI YCTAHOBKH:
1 — crakaH 11 MccaeyeMoro Matepuana; 2 — MaTepuai, UMEIOIUi TeMIepaTypy BHELIHEH cpe-
IIbI; 3 — BOJIa CO JIBJIOM JJIS MOJICpKaHUs HU3KOW Temmepatypsl, 0oiu3koit k 0°C;
4 — 6ymaxHbIi ctakal; 5 — JIT-300; 6 — uryn u3sMepuTenbHbIH B HAYaJIbHOM TOJI0KEHUH;
7 — LIyl U3MEPUTENbHBIN B KOHEUHOM MonoxeHnn; § — 9BM ¢ nmporpammoii ThermoChart

[Topsimok npoBeneHUsI SKCIEPUMEHTA CIACAYIOMMI. T BOAOJIEAIHON KOMITO3UIIUN B €MKO-

ctu u3 Oymarm pocturaer 1...4°C, mocie 4ero akTUBH3HPYETCS MPOTPaAMMHOE OOeCleYeHHE
ThermoChart, kotopoe ¢ momotipio «JIT-300» pukcupyer 7 Ha KOMIBIOTEPHOM MOHHUTOPE.
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JHanee obpazerr ¢ T OKpyKarolleil ero cpesl, MOrpy>KaeTcsi B pe3epByap I U3YUCHUS,
HaJ KOTOPbIM HaXOAWUTCS €MKOCTh M3 OyMmMaru ¢ 30HIOM U BOAOJENSHON kommosunuei. Jlanee
JATYUK COCTUHSETCS ¢ KOMITBIOTEPOM, Ha MOHUTOPE KOTOPOTO (PUKCUPYETCS BappupoBaHue T , U
OIIEepPaTHUBHO MPOTHIKAETCS THO EMKOCTH M3 OyMaru u 30H] IIPOHUKAET B 00pasell.

[Tocnenyromee HaxoxaeHue TAPX rekcaHOBOrO pacTBOpa MPEAOIPENCISET HAXOKIACHUE UX
3aBucuMoctei ot BenmmunHbl C, B amanasone 0,00<C, <0,91 kr/kr. M3MeHeHNE TEIIOEMKOCTH

[P BapbUPOBAaHUM KOHIIEHTPAIIUM PACTBOPUTEIS B HCCIEAYEMOM PACTBOPE MOXKHO C JIOIYCTUMOMN
TOYHOCTBIO TIPUHSTH JTMHEHHBIM, TIOATOMY MH(OpMAIHS O BEIMYUHE ITOTO IMapaMeTpa B HECKOIBKUX,

KaK MUHHMYM B ABYX TOYKaXx, JAa€T BO3MOKHOCTDH ITOJTYYHThH AIlIIPOKCUMUPYIOUIYIO 3aBUCMOCTDb CM
or C - B 3aJaHHOM JMAaIla30HC, MCIIOJIb3YsI MECTOAbI OKCTPa- NI HHTCPIOJIALINH. Yro kacaercs KOB(l)-
(bl/IHI/IeHTa TEIUIOIPOBOAHOCTHU, TO €I0 UBMCHCHUC B 3aBUCUMOCTH OT BEJIMYMHBI C r B 3aJlaHHOM IHa-

Ma30HE MOXKET ObITh OMPE/IETICHO METOAOM JIMHEHHOW anmpOKCUMAIUU MEXKIY KpalHUMH TOYKaAMH
muanazoHa C,., rJje TOYKOW OTCUeTa CIY)KHT W3BECTHOE 3HAUCHHWE A JUIS MHIIEBOro mapaduHa. A

CIIY’KUT KOMIUICKCHBIM pPaCUCTHBIM IMapaMCTPOM C YUCTOM 3-X BBIIIIE 0603Ha‘-I€HHI>IX, IMO2TOMY II0JIY-

YUTh UCKOMYIO 3aBUCUMOCTb JIIsl 3TOM XapaKTEpPUCTUKHU LIETIECO00pa3HO pacyeTHBIM ITyTeM [7, 8.
HNudopmanus o BennunHe KO3((UIMEHTA TEINIOEMKOCTH HCCIEAYeMOTO PacTBOpa IpH

¢buKcupoBaHHBIX 3HaueHHsX ero C, Obula MOJy4eHa HKCIIEPUMEHTAIBHBIM ITyTEeM Ha ONBITHOM

YCTaHOBKeE, MMpeJICcTaBlIeHHOM Ha GoTorpadun (puc. 2). Ciemxyer OTMETUTh, YTO JaHHAS YCTAHOBKA
o0yajjaeT psaIoM INPEUMYIIECTB IO CPAaBHEHUIO, HAIIpUMED, C auadaTUYECKUM KaJIOpUMETPOM, a
MMEHHO: KOHCTPYKTUBHOM MPOCTOTOM, ONEPAaTUBHOCTHIO 3aMEHbI U3y4aeMbIX MPOO U HU3KOH I0-
I'PELIHOCTBIO0 U3MEPEHUIA.

[Ipumensiemslii crioco0 onupaeTcs Ha TOUHOE HAaX0XKIEHUE KAJIOPUMETPUUECKON KOHCTaH-
Tel K, 00yClIOBIIEHHON TEIUIONOTEPSMH, MOCPEICTBOM BBHICOKOUYBCTBUTEIBHON CXEMbI U3MeEpe-
HUS Jake Majo3HauuTeNnbHbIX (rmopsaka 2°K) BapeupoBanuid T mpoObl U BCErO JUIIb 3@ HECKOJIb-
KO MUHYT IIPOBECTH 3aMeD.

OnbITHBIN cTeHJ (puc. 2) CKOMIOHOBAaH W3 TEPMHUYECKOIO U HU3MEPUTENHHOIO OTCEKOB,
NIEPBbI U3 KOTOPBIX SBISETCS TEPMOCOM, B KOTOPBIN 3arpy:karoTcsi M3ydaeMmble MpoObl, a 2-0i
CKOMIIOHOBAH M3 CX€M IMUTaHMs, 3aMepa Pa3HOCTH 3JEKTPUUECKUX MOTEHILUATIOB U CUJIbl TOKA B
HarpeBaTeNIbHOM y3JI€ U PErUCTpauuu T BO BPEMEHH.

[IpuHnunuanpHas cxeMa ONbITHONW yCTaHOBKU ITPUBE/IEHA HA PUCYHKE 3.

Pl/lcyHOK 2. OnbITHBIA CTEeH/I AJIA ONIPEACJICHUA TENJI0EMKOCTH KUIKUX MaTEePHUAJI0B

K Haxomgurcss u3 TaOylIMpOBaHHBIX BOJHOH C,, M 3aBUCUT OT T, 4TO ILIE€IECOOOPa3HO

YCTaHOBUTH B ONBITHON CEpUU IIPU BapbUPOBAHUU | B TEPMOCTATE.
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11 1 3

8

Pucynok 3. [IpyHOMnuanbHasi cxeMa ONbITHON YCTAHOBKH /IS ONpe/ieJieHHs TeNnJI10eMKOCTH
KUIKMX MaTepuajioB: 1 — ucciieayeMblil )KUAKUNA MaTepuan; 2 — IUCIUIeH TepMOAaTINKa;
3 — KpBbIIIKa KaIopuMeTpa; 4 — BOIBTMETP; 5 — amriepMeTp; 6 — ICTOYHUK TUTAHUS;
7 — xanopumeTp (TepMoc); 8 — AIeKTpoHarpeBaTeb; 9 — TEIION30JALNOHHBIN MaTepHa;
10 — repmomnapsr; 11 — 3BM.

Jlannsle npu BappupoBanuu T B mpenenax 25...40 °C npuBenens! B nmyOnukanuu [9], a
BCJICJICTBUE MaJI03aMETHOTO U3MEHEHMS B JIaHHBIX Ipe/iesaX BapbUPOBaHUS |1 MPUEMIIEMO CUHU-
TaTh ee paBHOU 15,3 JIx. IToroBoe COOTHOIIEHUE [UIl HAXOXKICHUA C,, JKUAKOIO Marepuasga Ha

YCTaHOBKE, MPEACTABICHHON HA PUCYHKE 2 UMEET CIICAYIOIUNA BUI:
U-1-At-K
Cu = ' 1)
M __ AT
rne U — momaBaemoe HampsbkeHHWe Ha HarpeBarenb, B; | — cuia momaBaemoro Toka, A; AT —
BpeMs 3a KoTopoe oOpa3zell U3MEHMJ cBOI0 Temneparypy AT, c; K — KOHcTaHTa KaJopUMETpa,

JIx; M __ —macca oOpasiia, Kr.

o6p

o6p
OneIT 1y0nupyeTcss Kak MUHUMYM TPWKIBl U MONTYYeHHbIE JaHHbIE TaOymupyroTces [5] u
BeIUMCIsIIOTCS TOX.

Pe3yabTaTsl HCCIe10BAHUS H UX 00CYKIEHUE

Uto KacaeTcsi caMOro reKCaHoBOT'O PacTBOpa, TO IKCIMEPUMEHTATBHBIE MCCIEIOBAHUS T10-
kazanu (Tabmn. 1), uro Hanbonee palMoOHAIBHBIMHI YCIOBUSAMHU €T0 MONTYYESHHUS SIBISIFOTCS: TEMIIepa-
Typa pactBopurens 40°C, ¢ yueTom TeMmIiepaTyphl IiaBlieHust o0pasia U HHTeHCU(UKAIIIU UCTIa-
pEHUST PacTBOPHTENS; COOTHOIICHHE TEXHHUYeCKoro mapaduHa u pactBoputens 1:10, uro o0y-
CJIOBJICHO TIPAKTUYECKH MOJTHOW PACTBOPUMOCTHIO TTapaduHa.

Ha pucynke 4 npencraBneHsl ¢pororpaduu MOTYYEHHOTO TEKCAHOBOTO PacTBOpa, UMEIO-
IIETO KOHIIEHTPAIIO CyXUX BemecTB 9,1% M MOJIydeHHOTr0 OYMINEHHOro mapaduHa U3 HEro, B
KOTOPOM MPAKTHUECKH OTCYTCTBYIOT H-T€KCAH U TOKCUYHBIE BEIIECTBA, YAJICHHbBIE BMECTE C HUM.

OnbITHBIE TaHHBIE IO P TOJYYEHHOI'0 F'€éKCAaHOBOTO pacTBopa U KoHeuHoro I1I1 ceenensl B
Tabnure 2.

Tabmuma 1
Pe3ynpTarhl SKCIEpUMEHTATBHBIX UCCIIEIOBAHUH 110 PACTBOPEHUIO TEXHIUUECKOTO NapaduHa

B H-TEKCaHE MPH €0 Pa3INYHBIX TeMIepaTypax

Temnepatypa | Maccatex. | .., pacrteo- | Moayie, | [IpogomkurensnocTs HepacrBopumblii
pacTtBopurens t, | nmapapuna iy
oC m. . puTens my, . ,Hrmp npouecca T, MUH 0CTATOK My, T
30 25 150 1:6 120 ~8,5
30 25 200 1:8 120 ~4,7
30 25 250 1:10 120 ~2.9
40 25 150 1:6 120 ~7,2
40 25 200 1:8 120 ~3,4
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40 25 250 1:10 120 ~0,4
50 25 150 1:6 120 ~6,5
50 25 200 1:8 120 ~2,8
50 25 250 1:10 120 =0,3

a o

Pucynok 4. ®@ororpaduu no pesyjbraraM MccaeI0BaAHUSI PACTBOPEHUS
TEeXHHYECKOro napaguua B H-rekcaHe. a — IOJIy4EHHBII pacTBOP IIPU PALlMOHAIBHBIX YCIOBUAX
IPOBEICHUS MPOLecca; 6 — MOTYYCHHBINH MHUIIEBON apaduH, B3BEIICHHBIN B STHIIOBOM CITUPTE

Tabmumna 2
IT10THOCTH TeKCaHOBOT'O PacTBOpa M MUMIEBOTO MmapaduHa
HaumenoBanme ILtoTHoCTH P, Kr/m®
I'ekcaHoBBII pacTBOp napaduHa, KOHIIEHTpanus cyxux semects 9,1% 64943
[MumeBoit napaduH, NOITy4YESHHBIH METOJIOM KOHBEKTUBHOTO KOHLICHTPHUPOBAHHUS HCXOTHO-
IO PacTBOpa, B KOTOPOM MPAKTUYECKU OTCYTCTBYIOT H-T€KCaH U TOKCUYHBIE BEILECTBA, 89843
YAaJIeHHbIE BMECTE C HUM

Ha pucynke 5 mpexacraBieH rpaduk 3aBUCHMOCTH (H3UYECKOW IUIOTHOCTH P TPH
273...318 °K u kounenTparuu pacrsopureis ot 0,91 mo 0 xr/kr. B ocHOBHOM IJIOTHOCTE 00Opasia
3aBHCHUT OT €r0 XMMCOCTaBa M MPEUMYIIECTBEHHO OT COOTHOIIEHHSI PACTBOPUTENSI U PACTBOPEH-
HBIX BCIIIECCTB B HEM.

1000+ p,-Kr/m

950

900

850 T——

800 —
750 T

700 —

650

600

550

500

Cr,%
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85 90
PucyHnok 5. I'pa¢guk 3aBHCHMOCTH IVIOTHOCTH MCCJIEyeMOro pacTBOpPa 0T KOHLEHTPALINHU
pacTBOpUTE/ISI B HEM, B HHTepBase Temneparyp 273...318°K
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['paduk, mpeacTaBIeHHbIM Ha PUCYHKE 5, JMHEHHO amnmpOKCHUMHUPOBAH Ui JWana3oHa
KOHLIEHTPALUU PacTBOPUTENs B UccaeqyeMoM rekcanoBoM pactsope: 0,00<C,. <0,91 kr/kr npu

T ot 273 no 318°K:
p=898-2,7392C,., (2

rac CF — OTHOCHUTCIILHOC COACPIKAHUC H-I'CKCaHa C paCTBOPCHHLIMU B HCM TOKCHUYHBIMHU BCIIC-

CTBaMHU B 00BEKTE HCcienoBanusl, %o.

B uTore ans pacTBOPEHHOTO TEXHHUYECKOTO HapaduHa B H-TEKCaHe, IPU €ro KOHIIEHTpa-
uu B pactBope 91%, ObLIM MOTYYEHBI CIEAYIOIINE CPeIHIE 3HAUEHUSI NCKOMBIX BEJTUYMH, IIPe/I-
CTaBJICHHBIE B Ta0uIe 3.

OmneitHble ganHble 10 C,, U1 00beKTa UCCIEN0BaHUs IpEJCTaBlIeHbl B Tabauue 4. Jlans-

HEHIllee M3MEHEHHE TEIJIOEMKOCTH PacTBOpa OBUIO TMOTYYEHO, MCIOIB3Ysl METOMBI dKCTpa- HIIU
WHTEPIOJISILINH.
Tabnuna 3
Pe3ynbrarhl no skcnepuMeHTaIbHOMY omnpeneneHuio TOX 00beKTa ucclieI0BaHUs

C. 9 YaenbHast Tensioem- TeMnepaTyponpoBoIHOCTH Kosppuunenr rerro-
Konuenrpamusn C..% | C,, , Mw/(xr-K) a-10°, e npoBoaHoCTH, A,
Bt/(m°K)
~91 ~2321 ~22.59 ~0,34
Tabnuma 4
3HaquI/IH K03(1)(1)I/IHI/ICHT3. TCIIJIOCMKOCTHU I/ICCHeHyeMOFO pacTBOpa
TP Pa3HBIX KOHIEHTPAIUSIX PACTBOPUTEIISI
Konuenrpauust oopasua C,., % Yaeabnast emoemkocts odpasua C,, , Ta/(kr-K)
91 2321
80 2413
70 2421
60 2477
50 2576

Ha pucynke 6 nokasana 3asucumocts C,, mpu 273...318°K u KOHUEHTpalK pacTBOPUTE-
as ot 0,91 mo O kr/kr.

2000T €M Jla/ (1K)

2800t

2700+

26004 DKCNepnMeHTANBHEIE 3HAUESHIIA
Kprpas anmpokciMari Py

2500+

2400+

2300+

22001

2100+

2000+

5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
PI/IcyHOK 6 — Fpa(byuc 3aBUCUMOCTH TCIIJIOEMKOCTH UCCIICAYCMOI'0 paCTBOpa OT KOHIICHTpAalIun
pacTBOpUTEIIA B HEM, B HHTepBaJle TeMmepatyp 273...318°K

[Toctpoenue rpaduka 6 OCYIIECTBISUIM MO ANIpPOKCHMHUPOBAHHOMY COOTHOILIEHUIO [
0,00<C, <0,91 kr/xkru T 273 no 318°K:

C,, =2820-5,4835C, . 3)
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A HE MOJYHUHSETCS MPABIITY aTATHBHOCTH, IIO3TOMY HEOOXOMM MHOM ITOAXO0/I K BBISABIICHHIO €TI0
3aBucuMoctH oT C .. IIpakTHdecku noiHas paCTBOPUMOCTb TEXHHUUYECKOTO NapaduHa B H-TeKCaHe

HaOJI0AaeTCsl OPUEHTUPOBOYHO NpU MX cooTHomeHuu 1 k 10, mpu KOTOpoM ObUT 3KCIEPUMEH-
TaJIbHO ompeeiaeH KodQPUIMEHT TEIIONPOBOIHOCTH JaHHOTO pacTBopa (Tadxn. 3). CimenyeT oT-
METHTb, YTO TPU YBEJINYCHUU COACPIKAaHUS TEXHUYECKOTO napaduHa B pacTBOpUTEIE BBILIE AaH-
HOTo mopora oOmiasi cMech MpEACTaBlsAeT coOO0M yKe He PAacTBOP, a HEOAHOPOIHYIO CHCTEMY,
BCJIEJICTBHE €0 YaCTHYHOW PAaCTBOPHMOCTH, IMO3TOMY C LEJIbIO MOJTYYECHHUS 3aBUCHUMOCTH K03(-
(buLMeHTa TeIIONPOBOIHOCTH OT BesnuuHbl C ., HY’>KHOH 11 MOAEINPOBAHUS IIPOLIECCa KOHBEK-

THBHOT'O KOHIICHTPUPOBAHHS, HEOOXOIUMO OIPEACTUTHCS C €ro 3HAYCHHUSAMHM B JBYX TOYKAaX, OJTHA
13 KOTOPBIX COOTBETCTBYET YricToMy muiieBoMy mapaduny (A =0,26 Brt/(m-°K) [10]), a BTOpas —
pacTBOpPY ¢ TPaHMYHBIM OTHOCUTEIILHBIM cozep:kanueM pactBopureis (A = 0,34 Br/(m-°K)).

BBHy HEBO3MOXXHOCTH 3KCIIEPHUMEHTAILHOTO ONPEACICHHUS MPOMEKYTOYHBIX 3HAYCHHUN
Kod((UIIMEeHTA TEIUIOMPOBOTHOCTH MEXAY dTHMH TOYKAMHU JOCTATOYHO OYJET MPOBECTH MEXKITY
HUMH PHOTM3UTENBHYIO JTUHEHHYIO alpoKcUManuto (puc. 7).

O0O0CHOBAaHHOCTh TAKOTO JIOMYIICHHUS MOXKHO OYIET OINPEACIUTh IyTeM CPaBHEHUS pe-
3yJITATOB PEIICHUS MAaTEeMaTHYECKOW MOJICIM KOHBEKTUBHOI'O KOHIICHTPHPOBAHUS T€KCAHOBOTO
pacTBopa ¢ IMIUPUICCKUMHU JTAHHBIMH 10 TEMIIEPATYPHBIM PEKUMAaM U KUHETHKE 3TOTO MPOIeC-
ca. Hmwke mpencraBicHa ammpoOKCUMHUPOBAaHHAs JIMHEHHAs 3aBUCHUMOCTh KO3 (HIMEHTa TEIIo-
nposoaHoctd oT C, B auanaszone: 0,00<C,. <0,91 xr/kru T ot 273 no 318°K:

A =0,00088C,. +0,26, 4)

4+, Br/(m*K)
0351

0.34¢
0.331
0.321
0314

0.31
0.29¢
0.28¢
0.271
0.261
0.25¢

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
PucyHnok 7. I'pa¢guk 3aBUCHMOCTH KOI(PPUIMEHTA TENIONPOBOJIHOCTH HCCJIE1YEMOro
PACTBOPA OT KOHIEHTPAaLlMH PACTBOPUTE/ISI B HEM, B HHTepBaJie Temneparyp 273...318°K

rac CF — OTHOCHUTCIILHOC COACPIKAHUC H-I'CKCaHa C PpAaCTBOPCHHLIMU B HEM TOKCHUYHLIMU BCIIC-

CTBaMH B 00BEKTE Hccie10BaHus, %o.
a musa C, uccnenyemoro pactsopa ot 0,0 mo 0,91 kr/kr ompenensiercss H3BECTHBIM COOT-

(%)
c(C)p(C,)’
A=f(C.),c="f(C,) u p=1(C,) yxe usBecrHsl.

HI/I)KC, Ha pUCYHKC 8, MMpeaACTaBJICH Fpa(bI/IK 3TOH 3aBUCUMOCTH AJId UCCIIEAYEMOIro paCcTBO-
pa B 3aJaHHBIX UHTEPBAJIaX TEMIICPATYP U OTHOCUTCIILHOI'O COACPKAHUA H-TCKCaHa B HCM.

HomenueMm: a(C,)= JUISE KOTOPOTO MaTeMaTHYEeCKHUE 3aBHCHMOCTH BEIHYWH
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-~
a*108, m%/c

2t
20}
181
161
144
121

10+

Cr, %

6 % lb 15 Zb 25 3b 33 4b 4% 5b 55 Gb 65 Tb 73 Sb 85 9b 9?

Pucynok 8. I'padguk 3aBucumMocTu ko3pPpuumeHTa TeMnepaTyponpoBOIHOCTH HCCJIeyeMOro
pacTBOpPa OT KOHLEHTPAIMU PACTBOPHUTEIS B HEM, B HHTepBaJse Temnepartyp 273...318°K

BriBOA
Jns ocymiecTBiaeHus TEIUIOBBIX PAaCUETHBIX MPOLEAYP IPU INPOESKTUPOBAHMM anlapaToB
AQHAJIMTUYECKU U OMBITHBIM myTeMm HaiaeHsl TOX u p rexkcaHonapaduHOBON KOMITO3UIIUU B

OIIpeJIeJIEHHBIX I'PaHMIIaX BapbUPOBAaHUS KOJIMYECTBA pacTBOpUTEIN B Hell U ee T , KOTOpbIe 00y-
CIIOBIIMBAIOT CIIOCOO KOHBEKTUBHOTO KOHLIEHTPUPOBAHMS HCCIIEYyEMOT0 MaTepHaa.

[IpuBeneHHbIE TaHHBIE HE BXOJAAT B KOHQUIMKT C W3BECTHBIMHU PE3YJIbTaTaMU IPYTUX HC-
cieoBaresnel, MoATBEPKACHbl IKCIEPUMEHTAIbHO U CJIEICTBEHHO MOTYT ObITh MCIOJIb30BaHBI B
WH)KEHEPHOW MPaKTUKE.
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THE MATHEMATICAL JUSTIFICATION
OF THE EXTRACTION PLANT
ELEMENTS OPERATION
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Annomauus

Onucan npunyun pabomuvl dxcmpakyuonnou ycmanosku ¢ COz-akcmpakmopom,
ucnapumesnem, KOHOeHCamopom u nyibcamopom. (OcoOeHHOCmbl0  YCMAHOBKU  AGNAEmCs
B03MOJICHOCIb UCNONb308AHUS MUCYENTbl 8 Kadecmee pacmeopumens. B yciosusax ob6vémHO20
KUNeHUsi pacmeopumeinsi NPOBEOEH pacuém ucnapumens 0 pa30eneHus MUCYeubl.

Mampuanvt, memoowl, pe3yibmamul u 00CysHcOeHU:

Lenv uccnedosanuii — onmumuzayus NApamempos pabomul KCMPAKYUOHHOU YCIMAHOBKU
ona nonyyenus CO2-skempaxmos. Onucan npunyun pabomul sxcmpaxyuonnou yemanosku ¢ CO2-
IKCMPAKMOPOM, UCHApUmMeNemM, KOHOeHCamopom u nyiscamopom. Ilpedcmasnena cmpykmypHas
cxema npouszeoocmea CQOz2-sxecmpaxkmos. OcoOeHHOCMbI0 YCMAHOBKU AGNAEMCS 803MONCHOCHb
UCNONbL306AHUS MUCYeETTbL 8 Kayecmee pacmeopumens. Tennoguzuueckue xapakmepucmuku npo-
yeccos menioooOMeHa paccuumvléaiomes Oe3 yuéma usAHUs NOKANbHLIX CKOPOCMeEll HCUOKO20 U
easoobpasnozo CO2 na xapakxmepucmuxku Kunenus u KOHOEHCayuu, Y4umvleds Mmoabko 00bEMHbLU
xapakmep Kunemusi u no08epPXHOCMHOU KOHOEHCAYUU 8 YCIO8UAX 83AUMOOEUCmEUs ¢ MpyOHbIMU
MenI000MEeHHbIMU 2NeMeHmamu. B ycrnoeusax 00vémMH020 Kunenus pacmeopumens nPo6eoén pac-
uém ucnapumens 015 pas0eeHus MUCYeulbl.

3aknwuenue

Tonyuennas ungopmayus modxcem OblMb UCNONBLIOBAHA NPU NPOEKMUPOBAHUU 2AZ0HNCUO-
KOCMHbBIX YCIMAHOBOK.

KarueBbie cioBa: CO2-3KCTpaKTOp, UCIIAPUTENb, KOHIEHCATOP, MYIbCaTOp, TEIIOPHU3U-
YEeCKUE XapaKTEPUCTUKH.

Abstract

The aim of the research is to optimize the parameters of the extraction plant for the pro-
duction of CO; extracts. The principle of operation of the extraction unit with a CO> extractor,
evaporator, condenser and pulsator is described. A block diagram of the production of CO, ex-
tracts is presented.

Matrials, methods, results and discussions

A special feature of the installation is the possibility of using miscella as a solvent. The
thermophysical characteristics of heat exchange processes are calculated without taking into ac-
count the influence of local velocities of liquid and gaseous CO> on the boiling and condensation
characteristics, taking into account only the volumetric nature of boiling and surface condensation
in the conditions of interaction with pipe heat exchange elements. Under the conditions of volu-
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metric boiling of the solvent, the calculation of the evaporator for the separation of the miscella is
carried out.

The information obtained can be used in the design of gas-liquid installations

The principle of operation of the extraction unit with a CO; extractor, evaporator, conden-
ser and pulsator is described. A special feature of the installation is the possibility of using miscel-
la as a solvent.

Conclusion

Under the conditions of volumetric boiling of the solvent, the calculation of the evaporator
for the separation of the miscella is carried out.

Key words: CO; extractor, evaporator, condenser, pulsator, thermophysical characteristicsio

Introduction . The use of liquefied gases as solvents for valuable components of plant raw
materials is one of the promising areas of work for extraction enterprises. Significant progress in
this direction has been achieved by scientists and specialists of the scientific and pedagogical
school "Scientific foundations and practical implementation of the processing of agricultural raw
materials with liquefied and compressed gases” created at KubGTU under the scientific guidance
of Professor Kasyanov G.I. In order to optimize the production processes for the production of CO
2 -extracts, mathematical modeling methods were used [1]. Gas-liquid technologies for extracting
valuable components from raw materials have their own specific features [2]. The resulting food
additives in the form of co2 extracts have an antibacterial effect on a number of pathogenic micro-
organisms [3]. In addition to the target products in the form of CO ; -extracts, an additional prod-
uct is obtained - CO 2 -meal, which is a carbohydrate-protein-lipid additive [4].

Participants of the scientific and pedagogical school, on the eve of the 100th anniversary of
KubGTU in 2018, published materials about their achievements [5, 9, 10]. Information about the
features of obtaining and using extracts from the standpoint of system analysis is presented [6, 7].
Thus, carbon dioxide, known for its properties as a refrigerant, is confidently gaining the position
of an extractant [8].

Materials and methods.

Figure 1 shows a block diagram of the production of CO » -extracts, developed with the partici-
pation of the authors, which differs from the known system of using GZh-miscella as a solvent.

Let us present the thermophysical characteristics of carbon dioxide used in the system as a
solvent. CO ; pressure in the flow path of the plant Pn = 6.4 MPa. This corresponds to the satura-
tion temperature t n = 24.7 ° C. Liquid density p ” =718 kg / m 2, vapor density p '=240kg/ m 3
Specific heat of vaporization r = 123.5 kJ/kg. Dynamic viscosity for steam n ' =2-10 ®°Pa- ¢, for
liquid n ” = 6:10  Pa‘s. Steam kinetic viscosity v' = 8.3 - 10 ¥m 2/s, for liquid v =8.3- 10 8m 2

Cp
/' s . Steam thermal conductivity A ” =35 -10 ® W/(m'K). Prandtl number Pr = —H ; couple pr

= 6.0, liquid Pr ” = 5.0 Heat capacity with , = 3.3 - 10 ®J/(kg-K). Critical parameters of CO 2 Pcr
=7.3 MPa ; Tkr =304 K. Characteristics of heating water and cooling liquid : density p =965 kg /
3 | heat capacity C in=4.2-10 3J/(kg-K). Thermal conductivity of water A in=0.65 W/(m'K)
coolant A on=0.55 W/( s m-K). Kinematic viscosity of water v in=4.43-10 "m 2/ s, coolant v
on\u003d 1.5 - 10 ®*m 2/'s. Prandtl number of water Pr = 3, Coolant Pr = 11.4.

The thermophysical characteristics of heat transfer processes are calculated without taking
into account the influence of local velocities of liquid and gaseous CO  on the characteristics of
boiling and condensation, taking into account only the volumetric nature of boiling and surface
condensation under conditions of interaction with pipe heat exchange elements.

Results and discussion.

When calculating the characteristics of the evaporator, which is part of the extraction unit,
the following data were used. The temperature of the heating water t in 1 \u003d 65 ° C. Water
consumption G in = 0.28 kg/ s (1 m 2/g), heat exchange surface F = 0.62 m 2. Let us determine the
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coefficient of heat transfer from water inside the pipes. Number of pipes n = 7, water speed inside
the pipe:

V_ G% _ 2GB
d? nzd?S
n S
4 1)
2
g ¢ co,
3 B2
—
<] 39]34
Fa
Bs 4
S5
/6
BBy B

Fig. 1. Structural scheme for the production of CO :-extracts: 1 - evaporator, 2 - condenser,
3 - collector, 4 - hatch, 5 - extractor, 6 - pulsator

Here, half the flow rate G g /2 is taken for each of the symmetrical water inlets. Substituting the
inner diameter d = 20 mm \u003d 2 - 10 2m , we get the water speed:

V- 2.0,282 : 0,066
7-3,14-(2-10) -965
( ) m/s 2

The Reynolds number is used in the case of a change from the laminar regime of the flow
of heating water in the apparatus to turbulent
-2
:\/_d: 0,066-2 19 _ 2980
Vy 4,43-10 3)
Since 2.1-10 3<Re <10 *, then the flow regime: transitional from laminar to turbulent. In this

case, the Nusselt number for the heat transfer of water in the pipe is determined using the extrapo-
lation formula:

Re

0,64In NUV
N = Nuﬂ( Re j ( Nm)
2100 (4)

where the number N y1is the Nusselt number in the laminar flow regime, N ym is the Nusselt num-
ber in the turbulent regime with the Reynolds term Re = 10 4. For laminar flow in a pipe and at a
constant target heat flux N v =4.36. For turbulent flow in a pipe:

N ut=0.023 Re °8Pr %4=0.023-(10470.8 3 %4=156.6 (5)
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The resulting Nusselt number for the heat transfer of water in a pipe

2980 jo,64ln(56v%36)

2100

N = a,,d
From the definition of the Nusselt number A where a v is the heat transfer coefficient

from water to the pipe, d - pipe diameter, A - thermal conductivity of water, we get the heat trans-
fer coefficient from water to the pipe

yl 0,65
=N, -Z=774.—"2 =252 Bm
e 2.10% %MZ'K) W

The thermal resistance of the pipe wall is calculated using b s - wall thickness, 1 sis the
coefficient of thermal conductivity of the wall material

bcm 2’10_3 -5 2.[{
=D =3,3.10° " K/,

N, —436(
=7.74 (6)

" A, 60 " 8)
As the upper limit of the heat flux, we take the value
t, —t -
qmax — 1Bl n _ 165 24, 7 210071Bn/ ,
R, 55 +3310° M
e )

where tn = 24.7 @ C js the saturation temperature of CO , -miscelles at operating pressure P
= 6.4 MPa; t g 1= 65° C is the temperature of the heating water.
In the first approximation, the thermal power of the evaporator is determined by the maxi-
mum heat flux W max=F - g max=0.62 - 10071 = 6.24- 10 > W.
water temperature at the outlet of the evaporator t g2 from the heat balance equation G g - C
B-(te1-tg2)=W:
3
t, =t, — W 562410 - =59,7°C
R C TR O 0,28-4,2-10 (10)
In the second approximation, the evaporator power is determined from the power W 1 re-
quired to evaporate a given solvent flow rate — liquid CO 2, G co 2= 45 kg/hour = 0.0125 kg / s,
and power W 2 for heating vapors C O 2 to operating temperature t 2 = 30° C
Wi1=Gcoz-r=0.0125-123.5-103=1544 W,
W2 \u003d G coz- Cp(tz-tn)\u003d0.0125-3.3-10%- (30-24.7) =219 W
W =W 1+ W>\003d 1544 + 219 \u003d 1763 watts.
The average logarithmic temperature difference in this case is equal to

(ty-t,)—(t, —t,) (65-24,7)-(59,7-30)
- t, —t - 65—-24,7

In B In
t,, —t, 59,7-30 (11)
The boiling heat transfer coefficient is determined by a formula based on thermodynamic
similarity

=34,7°C

}\lln

~1015-(R, ) (T, ) * (M) . /(014+22Pi]

v (12)
Here g is the heat flux density, which is calculated taking into account the power determined in the

second approximation and the given heat transfer area F

W 1763—2844377/
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we get
a,, =1015-(7,14)/ .(304) /& .44 %5 . 28447 -(0,14+ 2,2. %j _

=1015-1,6-6,72-10°-0,623-389-2,04 = 5395 Bm/
(- K)

(14)
Heat transfer coefficient
1 1
K= = =201 37
1 d 1 1072 2,

— 1 +R, 4+ i.2’410_2 +3,3-10° + 1 (M K)

%, @, 252 2,0-10 5395 (15)
F= ~75 26109 30y~ 97

a/wm .(th _tZ) ! ( - ) (16)

This area is the sum of the area of the parts of the tubular elements (0.62 - 0.22) = 0.4 m? and shirt

oy 2 - - - - -
surface area 2% = 0561 \when calculating the capacitor, the following information was used.

CO, t1=30°C_ Coolant ts, =6°C

Vapor temperature B temperature . Coolant flow rate

_ 3 _ 2 )
Gg =2m" [uac peqat transfer surface © =41 | Let us determine the power consumed for cool-

ing CO »to saturation temperature t,=24 C:

W'=Gg, -C, (t,-t,) =0,0125-3,6-10° -(30-24)=270 Bm (17)
To calculate heat transfer in the annular space, we use the formula for the transverse flow

around a staggered tube bundle
NU = 0’195' Reo'e. Pr0,33

(18)
The speed is determined by the average section:
G
Veo, == ] D1 8d ) O’zojcf 5'1 49 1o 15~ 23107
p' 1-(D-8d,) e m/s (19)

where | = 1,490 is the length of the capacitor. Reynolds number
Ve -d 107%.2.1-1072
Re,, =% 2,31-10 2:;L 10 58,6
’ g 8,310 (20)
Nusselt number for annulus

N, - =0,195-(58,6)"°-6°* = 4,1

(21)
Heat transfer coefficient in the annulus during steam cooling
A 3,5-107
aMT = Nu — = 4,1’—72 = 6,8 By 2.
d 2,110 e 22)
GB

V, =—£
The speed of the cooler in the pipe * nexd? 14 where n =22 - the number of pipes
conducting the flow in one direction, 2.0 10 2 - inner diameter of pipes; from here
4.2/3600 0.08

Vp = \2
22.314-(2-107) s 23)
Reynolds number as a criterion for the similarity of the miscella flow
_v,-d 0,08-2:107
9,  15.10°

Re =1,07-10°

(24)
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In this case, the laminar flow regime and the Nusselt number for the tube space N yr=3.6. As a
result, the heat transfer coefficient in the pipe o tand the total heat transfer coefficient during cool-
ing K " are equal to:

aTzNuT'ﬁ:?’!G' 0’5532=9972
1 1
K'= = ——=6,39 37 ,
L ,0;, 1 1 10° 1 (2 K)
Ay A aer 6,8 60 99 (26)
Heat exchange area required to cool CO 2 vapor to the condensation temperature
W’ 270

F'= =2,07 »?

K(alt-t)-t,) 6.2:(27-6) 27)

Thus, most of the heat exchanger serves to cool CO 2 vapor . The area left directly for condensation

F "\ u003d F - F '\u003d 4.1 - 2.07 \u003d 2.03 H 2 (28)
To calculate the condensation process on horizontal pipes, we determine the Reynolds number of
the condensate film

Re=J ,”?
r-r (29)
where 9 is the average heat flux
_ W" r-Gy 123,5-10°-0,0125
= = 2 — ! ! = 760 Brm, 2 30
q F” F" 2’03 Az ( )
Wherein
-3
~ 760-3,14-21-10 6.8 (31)

° 123,5-10°-6-10°
This number is less than the critical value Re - = 50 corresponding to the transition to the turbu-
lent regime. The heat transfer coefficient from the side of the condensing CO?2 is determined for
these conditions by the Nusselt formula

(32)

5”3',0”'(,0”_,0')'9"’ 0.25
a, =0,726-
77”.dH (tH _tCT)

where t s is the unknown pipe wall temperature. Substituting the values of quantities, we obtain

0,25
(85-10)- 718 (718 240)-9,8-123,5-10° 9738
o, =0,726- — = = o o . 0B
6-10°-21-10°-(24,7—t,, ) (24,7-1,,)

(33)
The wall temperature is determined from the condition of equality of heat fluxes from the coolant
and condensing steam:

t.,. —t

u:0‘1<'(tu_tcr) (34)
1 O

ar A

As a result, we obtain the equation 99 (t., —6) = 2738-(24,7t.,. "

Solving it, we obtain the wvalue t ¢1=24.08° C and heat flux
q=99(tcr-tg1)=1797W / m 2 This heat flux turns out to be greater than necessary
q =760 27, . Thus, on the remaining area P ' =2.03 m 2 condensation occurs completely.
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Conclusion

The calculation of the evaporator is reduced to the conditions for approaching the bulk
boiling temperature. At a flow rate of liquid CO 245 kg/h, the required amount of hot water is 1 m
3/h.0.022 is used directly for evaporation m ? heat exchange surface. The rest of the surface of the
tubular elements and the surface of the heating jacket are sufficient to heat CO 2 vapor to 30°C.

When calculating the condenser, the processes of CO 2 vapor cooling @nd film condensation are
taken into account. To cool vapors to a condensation temperature of 24.7°C, 2.07 m 2 °f heat ex-
change surface is required. Directly for condensation, 0.82 m 2 °  surface is required.

The information obtained can be used in the design of gas-liquid installations.
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OCPAHUYEHO UX HUSKOU PACMBOPUMOCBIO 8 800€ U BbICOKOU 4YECMBUMETbHOCHbIO K OKUCIEHUIO, 8
CBA3U C YeM 8 UX COCMA8 66005IM PA3IUYHbIE AHMUOKCUOAHMbL, APKUM Npeocmasumenem KOmopbix
AGNAEMCS  ACMAKCAHMUH, — KOMOPbIU, N0 NOJIYYEHHbIM — PA3IUYHBIMU — VUEHbIMU — OAHHBIM,
oemoHcmpupyem  d¢hghekmueHocms  NpUMEHeHUsi 8  Kauecmee — HYMPUMUBHOU — NOOOEPIHCKU,
obecneuusas opeaHu3m HeoOXoOUMbIMU IJIeMEeHMAMU OJisl €20 NOCMPOeHUsi U 0OHOBIeHUs, CHAOCAsL
HeoOX00UMbIM — KOMUYECMBOM — JHEpeuu U Beujecmeamu,  V4ACMEVIOWUMU 6  peyisayuu
QuzuoNOcULeCKUX Npoyeccos, a MakKdxce OciaonAn  pemMoOelupo8arHue  cocyoos,  Nooasisis
npoaughepayuro 21a0KOMbIUEUHbIX KIeMOK coCcy008, Yayuuias QyHkyuro mumoxonopuu. Oownaxo,
pabom, NOCEAUEHHBIX UCCIe008aHUI0 pastudHblx Oezonachocmu ghopm [TH)KK 6 npoyecce xpanenus,
npakmuyecku Hem. Tem He MeHee OHU MO2YM AGNAMbCA NOMEHYUANLHBIM UCHOYHUKOM ONACHOCIU
OJI51 OP2AHUBMA, 8 CBA3U C MeM, YMO 8 Npoyecce OKUCTIeHUsl, 00pA3VIOMCs NPOOYKIbL OKUCLEHUS, KAK
aupsl enuyudona, MOKUObL, BMOPUUHLIE NPOOYKMbL OKUCIEHUSl, HEPACMEopuMble 8 NempOoeliHoM
aupe, Komopovie 001a0aOM MEPAMOSEHHBIM, MYMALEHHbIM U KAHYEPOLEHHbIM Oeticmeuem. B cessu ¢
IMUM Yelb HAUE20 UCCIeO08AHUA COCMOUM 6 CPAGHEeHUU OU0N02UYecKoll 3pgdekmusHocmu u
bezonacnocmu unkancyauposannvlx  gopm ITH)XKK ¢ cooepocanuem awmuoxkcuoanma u 6e3
maxoeoco. B pabome ucnonv3zyemca oduienpunamele memoowvl, Komopvle HOPMUPYIOM
bezonacHocmv U KA4eCcmeo  HCUpos,  peclamMeHmuposamuvie  Bcepoccuiickum  Hayumo-
UCCIe008ameNbCKUM — UHCIMUMYmom  dcupos.  boinu  uccnedosanvl  cnedyiowue  nokazamenu:
onpeoenenue KOHYEHMpayuy dNOKCUO08, ONpeOelleHUuss KUCIOMHO20 YUCid No peakyuu ¢
KOHYEHMPUPOBAHHOU (POchopHOU KUCTIOMOTU, NEPEeKUCHO20 YUCTA NO Peakyuu ¢ Mmuocytb@amom
Hampus, onpeoeieHue CYMMAPHO2O COOEPHCAHUS NPOOYKMOB OKUCIEHUS, HePACMEOPUMbBIX 6
nemponetiHom s¢gupe. B pe3ynbmame uccnedoeanus dHcupogoco KOMNOHEHMA UCCHedyeMblX
obpazyoe xuciomuoe uucio cocmaeisiem 58 me KOH / 2, umo npesviuiaem MAaKCUMAibHO
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oonycmumoe 3HaueHue 6 06a pasd. dmo He CmaduIbHble KOMHNOHEHMbl, OHU peazupylom opye ¢
opyeom uu ¢ Opyeumu npoOyKmamu OKUCTEHUs. U ux cooepacanue eapvupyemcs. Konuuecmeo
INOKCUO08 UCCTIeOyeMbIX Kancyl cocmasisem 48,4 mmonv/ke, ymo npumepHo 6 08a pasa npesviuidaem
OONYCIUMbILL YPOBEHb, YMO He MOJICem He 6bl3bléamb OeCNOKOUCmMEa YUéHbIX 6ceco mupd. Hucno
9NOKCUO08 He HOPMUPYEMCA HU 8 OOHOM U3 HOPMAMUBHO-MEXHUYECKOM OOKYMEHMO8, HO 68 HAYYHbIX
UCCTE008AHUAX OOKA3AHO, YUMO OaHHblE NPOOYKMbl MOKCUUHDL.

3akniouenue

Ilokasamenu  6esonachocmu  HCUPOBO2O — KOMNOHEHMA,  pPe2laMeHMUpPOBAHHbIE
mexHuyeckum peznamenmom TamodrcenHo2o corw3a ne ompax)caom 6 NOaHOU mepe mpebo8aHus.
bezonacHocmu K JHCUPOBOMY KOMHOHEHmMY OUON02UYeCKU aKMUBHbIX 000a680K, mMAaK Kak
OMCYMCMEYIOmM HOPMAMUBbl 8ANCHEUWUX NOKa3ameneli 6e30NACHOCMU HCUPO8 — COOEPICAHUSL
8MOPUUHBIX NPOOYKIMOE OKUCTEHUSL.

KiroueBble cj0Ba: crienuaIn3upoOBaHHAs MMPOIYKIUS, aCTAKCAHTHH, KauecTBO, Oe3omac-

HOCTB, )KHpOBOfI KOMIIOHCHT

Abstract

Polyunsaturated fatty acids (PUFA) are widely used in high performance sports and fitness. It
is worth noting their ability to reduce muscle damage and the inflammatory response after strength
loads, improve the function of external respiration and normalize the athlete’s body composition.

Materials, methods, results and discussions

Nevertheless, the direct use of PUFAs in food and beverages is limited by their low solubility in
water and high sensitivity to oxidation, and therefore various antioxidants are introduced into their
composition, a striking representative of which is astaxanthin, which, according to various scientific
data, demonstrates effective use as a nutritional support, providing the body with the necessary ele-
ments for its construction and renewal, supplying the necessary amount of energy and substances in-
volved in the regulation of physiological processes, as well as weakening vascular remodeling, sup-
pressing the proliferation of vascular smooth muscle cells, improving the function of mitochondria.
However, there are practically no works devoted to the study of various safety forms of PUFAs during
storage. Nevertheless, they can be a potential source of danger to the body, due to the fact that during
the oxidation process, oxidation products are formed, such as glycidol ethers, epoxides, secondary ox-
idation products, insoluble in petroleum ether, which have teratogenic, mutagenic and carcinogenic
effects. In this regard, the aim of our study is to compare the biological effectiveness and safety of en-
capsulated forms of PUFAs with and without an antioxidant. The work uses generally accepted meth-
ods that normalize the safety and quality of fats, regulated by the All-Russian Research Institute of
Fats. The following indicators were investigated: determination of the concentration of epoxides; de-
termining the acid number by reaction with concentrated phosphoric acid; peroxide number by reac-
tion with sodium thiosulfate; determination of the total content of oxidation products insoluble in pe-
troleum ether. As a result of the study of the fat component of the test samples, the acid number is 5.8
mg KOH / g, which is twice the maximum allowable value. These are not stable components, they re-
act with each other or with other oxidation products and their content varies. The amount of epoxides
in the studied capsules is 48.4 mmol / kg, which is approximately twice the permissible level, which
cannot but cause concern for scientists around the world. The number of epoxides is not standardized
in any of the regulatory and technical documents, but scientific studies have proven that these products
are toxic.

Conclusion

The safety indicators of the fat component regulated by the technical regulations of the
Customs Union do not fully reflect the safety requirements for the fat component of biologically
active additives, since there are no standards for the most important safety indicators of fats - the
content of secondary oxidation products.

Key words: specialized products, astaxanthin, quality, safety, fatty component
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Introduction. The constant pursuit of athlete excellence is achieved through regular and
planned training and quality nutrition. The use of specialized sports nutrition products is designed
to contribute to the performance of an athlete, maintaining his health, preventing the development
of diseases and rapid recovery [1].

Encapsulated forms of polyunsaturated fatty acids (PUFAs) are currently the most popular.
The advantages of such forms include easier selection of dosage and masking of strong odors or
tastes of oils. However, it should be noted that the exclusion of the possibility of gustatory sensa-
tion of the product and the perception of the consumption of biologically active substances only as
the use of a “pill”, without the possibility of assessing taste and smell, excludes the “organoleptic
control” of the consumed products [2].

However, direct use of PUFAs in foods and beverages is limited by their low water solubil-
ity and high sensitivity to oxidation. Oxidation reactions are involved in various pathologies of the
body, including cerebral and cardiac ischemia, reperfusion injury [3]. For these reasons, these bio-
logically active substances must be encapsulated. A number of innovative technologies are suita-
ble for this. For example, coacervation, spray drying, freeze drying, spray cooling and fluid bed
coating [4]. Lipid oxidation can be prevented to a certain extent by the addition of antioxidants [5].

In numerous studies, scientists have found that the use of antioxidants is most effective in
relation to terrestrial animal fats and vegetable oils. Due to the presence of a number of unique
physical and chemical properties , astaxanthin is widely used as an antioxidant. The pigment is
able to be included in the composition of biomembranes and protect them from the action of free
radicals and other destructive agents. In particular, it can help reduce the risk of atherosclerosis
[6]. This is associated, first of all, with the inhibition of lipid peroxidation in the composition of
low-density lipoproteins [ 7]. The pigment also has a beneficial effect in diabetes. It is an anti-
inflammatory agent [8-11], protects the skin from damage by UV rays, prevents deterioration of
vision [11, 12], memory impairment, and a number of other disorders of higher nervous activity
[13-15]. Astaxanthin has a beneficial effect on the circulatory system [15-17] and metabolism in
general [18-20], muscle function [21,22], male fertility [23,24]. The pigment also has an anti-
cancer effect [25-27]. It was concluded that " astaxanthin promotes blood thinning in arterial hy-
pertension and restoration of vascular tone" [28]. It is important to note that astaxanthin can have a
preventive and curative effect through the suppression of neoangiogenesis in ophthalmology [29],
as well as attenuate vascular remodeling by suppressing the proliferation of vascular smooth mus-
cle cells, improving mitochondrial function [30].

It should be noted that sports nutrition products with astaxanthin as an antioxidant is ac-
quired during a pandemic, when after suffering COVID -19 (Covid-19) - an infection-mediated
disease caused by the SARS - CoV -2 coronavirus , occurring in various variants (from asympto-
matic carriage of the virus to terminal conditions), characterized by the development of a clinical
picture Not only acute respiratory infection, but also lung injury, nervous system, including brain
structures, gastrointestinal tract, liver, kidneys, endocrine organs, organs of the reproductive sys-
tem, skin, intoxication, disseminated intravascular coagulation syndrome (DIC) of a subacute
course and multiple organ failure, it is much more difficult to maintain the health of an athlete.
The pathogenetic mechanisms of DIC in COVID -19 are represented by
three interconnected processes that form a vicious pathological circle:
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- cytopathic damaging effect of the virus on vascular endothelial cells, which carry ACE 2
and CD 147 molecules, with which the virus gets the opportunity to interact with the destruction of
the air-blood barrier and developing viremia .

- " cytokine storm”, which has a damaging effect on the vascular endothelium and provides
an inflammatory response with recruitment of leukocytes, macrophages, lymphoid elements to the
site of damage and activation of blood coagulation (“inflammatory- coagulation (thrombotic) tor-
nado"). Generalized endotheliopathy is accompanied by the release of high molecular weight von
Willebrand factor , which stimulates the activation of both the plasma and platelet pathways of
blood coagulation. A hyperergic immune response to SARS - CoV -2 in some patients causes a
rapid development of an immune inflammatory response, a pronounced systemic inflammatory
response syndrome, DIC, with severe alteration of lung tissue in the form of diffuse alveolar dam-
age, damage to other organs and tissues, with the development of a picture of septic shock.

systemic vasculitis with lesions of small and medium-sized vessels. The appearance of an-
tiphospholipid antibodies may modify the developing DIC. The role of virus-induced autoimmune
reactions is also not excluded.

Additional pathogenetic syndromes that develop during DIC are bacterial complications,
including sepsis, hemodynamic disorders (hypotension, hemodynamic shock), decreased barrier
functions of the vascular wall and mucous membranes, and impaired tissue repair.

In May 2020, edited by prof. Zayratyantsa O.V. a detailed Atlas "Pathological Anatomy of
COVID -19" was released. The authors note that morphologically, with this infection, microangi-
opathy is determined in the form of a destructive-productive thrombovasculitis and hypercoagula-
ble syndrome. Persistent inflammatory status in patients with severe and critical severity of
COVID -19 acts as a trigger for activation of the blood coagulation cascade. [31].

Based on the foregoing, the correct selection of safe and high-quality nutritional supple-
ments for athletes is a hot topic. At the moment, there are a significant number of studies confirm-
ing the beneficial effect of the consumption of various dietary supplements [32-35]. However,
there are practically no works devoted to the study of their safety during storage [1]. Nevertheless,
they can be a potential source of danger to the body, due to the fact that during the oxidation pro-
cess, oxidation products are formed, such as glycidol esters [36-38], epoxides [39-40.], secondary
oxidation products that are insoluble in petroleum ether, which have teratogenic, mutagenic and
carcinogenic effects [41].

Due to this the purpose of our study is to compare the biological efficacy and safe-
ty encapsulated forms of PUFAs with and without antioxidant content.

The objects of the study were capsule forms of dietary supplements " Astaxanthin +
Omega-3 + Omega-6 + lodine™ (Russia), which include Artemia crustacean extract. Capsules
contain: astaxanthin 50 mg/100 g; PUFA (omega-3) 28 g/100 heicosapentaenoic acid 26.80 g/100
gulf-linolenic acid 1.18 g/100 g, PUFA (omega-6) 8 g/100 g, iodine 1.2 mg/100.

The shelf life of prototypes is 12 months. Studies of the fat component were carried out on
the 10th month of product storage.

Research methods
The work uses generally accepted methods that normalize the safety and quality of fats,

regulated by the All-Russian Research Institute of Fats.
Were explored the following indicators :
= definition concentration epoxides [42, 43]
= definitions acidic numbers on reactions with concentrated phosphoric acid ;
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= peroxide numbers on reactions with thiosulfate sodium ;

= determination of the total content of oxidation products insoluble in petroleum ether
(TPPE) according to the method described in the manual of the All-Russian Research Institute of
Fats with the following additions. A mixture of oxidation products insoluble in petroleum ether
was dissolved in hot ethyl alcohol, concentrated on a water bath to a small volume, quantitatively
transferred into a 50 cm3 volumetric flask * made up to the mark with ethyl alcohol, and mixed
well. The resulting solution containing TPES from 5 g of the fat fraction was divided into 2 equal
parts. One part was dried to constant weight and then calcined to determine the ash, as described in
the main method. Based on the data obtained, the content of CHPE in oxidized fat was calculated
in % of the mass of fat, given that the treated solution contains CHPE from 2.5 g of fat. In the sec-
ond part of the solution, the content of fatty acids was determined by titration with a 0.1 mol/dm3
alkali solution. Based on the results obtained, the content of SPE in oxidized fat was calculated in
mmol /kg of fat [44];

= fatty acid composition determined method gas-liquid chromatography methyl ethers
fatty acids according to GOST R 51483-99 " Oils vegetable and fats animals . Definition method
gas chromatography mass shares methyl ethers individual fatty acids to their sum ". Methyl ethers
fatty acids prepared on GOST R 51486-99 " Oils vegetable and fats animals . Receipt methyl
ethers fatty acids ."

Statistical processing was carried out in accordance with GOST R ISO 5725-2-2002. The
measurement result is taken as the arithmetic mean of the results of two parallel determinations
performed under conditions of repeatability (convergence) if the acceptance condition is met.

The results of the fatty acid composition of the capsule form of dietary supplements
Astaxanthin (Russia) composition are presented in table 1.

Table 1
Fatty- acid composition of the capsule form of the dietary supplement
" Astaxanthin + Omega-3 + Omega-6 + lodine"

Name acids |\ victi | palmiti | Palmitolei | Stearic | Oleic "'?Co'e "'”i‘;'e” Bgszn

cCl14:0 | cCl16:0 | ccCl6:1 C18:0 C18&:1 C182 | C183 | C22:0
Content , % 0.6 7.9 1.3 3.3 29.9 55.4 1.0 0.6

From the data presented in Table 1 it follows that the fatty acid composition (FAC) of the
studied oil corresponds to the FAC of liquid vegetable oil, as evidenced by the low content of satu-
rated acids - palmitic acid (C16:0) and stearic acid (C18:0) and high the content of unsaturated ac-
ids - linoleic acid (C18:2) and oleic acid (C18:1). According to the data of [45], it can be conclud-
ed that the FA of the sample corresponds to the FA of sunflower oil.

The results of the study of some safety indicators of the capsule form of the dietary sup-
plement " Astaxanthin + Omega-3 + Omega-6 + lodine™” (Russia) are presented in Table 2.

Table 2

The results of the study of some safety indicators of the capsule form
of the dietary supplement " Astaxanthin + Omega-3 + Omega-6 + lodine" (Russia)

Acid number, | Peroxide value, 't\i/l;rfsp];gcjgg i%igl)ﬂgiz Content epoxides ,
1
Name sample | MIKOH/g | Mmol20/ke | 5 betroleum ether % mmol /kg
" Astaxanthin +
Omega-3 +
Omega-6 + lo- 5.8 1.0 0.6 48.4
dine" (Russia)
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In the study of the fatty component, the content of free fatty acids was determined. This indica-
tor in the Russian Federation is controlled by technical regulations in fatty products. The content of
peroxide value, mg KOH / g: permissible level - 0.6 - 4.0 (according to the regulatory documentation
of the Russian Federation). Thus, in the test sample, this indicator exceeds the maximum allowable
value by one and a half times.

The peroxide number shows the presence of peroxides in the product - the primary products of
oxidation. Peroxides are toxic to the body and therefore are regulated by TR / TS 021/2011 on safety.
Peroxides, when ingested in large quantities, cause necrosis of the cells of the gastrointestinal tract,
the development of cancer cells. Content of peroxides, meq . / kg: permissible level - no more than
10.0 ( according to the regulatory documentation of the Russian Federation) . This indicator for the
tested sample is within the normal range.

The content of copolymers insoluble in petroleum ether (TPPE, %): the permissible level is no
more than 1.0 [ 46 ]. This indicator does not exceed the norm, but these values correspond to frying
fats subjected to repeated thermal exposure; for native fats, this indicator is not normalized.

Content of epoxides , mmol /kg: recommended level - no more than 17-24 mmol /kg. The
amount of epoxides in the prototype is 48.4 mmol/kg, which is about twice the recommended level.

At the 11th international conference Biosystems Engineering-2020 [1], we raised the problem
of the quality and safety of encapsulated forms of sports nutrition products of Russian and foreign

production. The data are presented in table 3.

Table 3
The results of the study of the fatty component of capsules o -3-6-9 for sports nutrition
) Peroxide I_\/Ias_s fraction of 0X- Content
Acid number, idation products in- :
Name sample number , meq / ! epoxides , mmol
mg KOH/g K soluble in petroleum K

g ether,% g
Capsules ®-3, 6,
®—9 Sportline ( Rus- 0.4 41 1.1 8.5
sia)
Capsules ®-3, ®-6,
®-9 Maxler (USA) L7 4.0 10 9.6
Capsules Multip- 19 48 0.7 9.8
ower ( Germany )

Normalized safety indicators of the fatty component of capsules o -3, » -6, ® -9 for sports
nutrition have indicators that do not exceed the regulated norm.

The mass fraction of oxidation products in Maxler products reached the level of the maxi-
mum allowable value, while Sportline products exceeded the values by 0.1%. In Multipower cap-
sules, all the studied indicators, except for the mass fraction of oxidation products, are normal.
Thus, despite the encapsulated form, the fat component is subject to oxidation.

From the data of both studies , it is clear that antioxidants significantly stabilize such an in-
dicator as peroxide value, in contrast to the content of epoxides . Given that athletes of many
sports [ 47, 48. ] use sports nutrition products daily, there is a need for further clarifying studies on
the safety of the fat component.

Discussion

When studying the fat component, we determined the content of free fatty acids, which,
although they do not affect the safety of the product, indicate one or another degree of oxidation -
if their content is too high, then saponification of fats occurs, respectively, a change in the
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organoleptic characteristics of the product. These data correlate with the data obtained by scientists
conducting research on the fatty component of vegetable oils from various raw materials [49]. In
the studied samples, the acid number is 5.8 mg KOH / g, which is twice the maximum allowable
value . These are not stable components, they react with each other or with other oxidation
products and their content varies. Excessive intake and limited excretion of free radicals, as a rule,
leads to oxidative stress, triggers a chain reaction that disrupts the integrity of cells, leads to their
damage or death, initiates oncological processes [50, 51], the development of arthritis and
neurodegenerative diseases [ 52 ].

The amount of epoxides in the studied capsules is 48.4 mmol /kg, which is approximately
twice the permissible level, which cannot but cause concern for scientists around the world. The
number of epoxides is not standardized in any of the normative and technical documents, but
scientific studies have shown that these products are toxic. Researchers from different countries
have confirmed the toxic effect of epoxides on various body systems. For many of them,
toxicological studies have shown cyto- and genotoxicity , carcinogenicity and mutagenicity, and
can also be a precursor of leukotoxins that can cause degeneration and necrosis of leukocytes,
disrupt the endocrine system, block the estrous cycle in rats, stimulate the proliferation of human
breast cancer cells [53, 54]. Epoxidation serves to activate many known chemical carcinogens;
Chemical carcinogenesis is a multi-stage process that includes initiation, promotion and
progression. Epoxides trigger initiation, the first critical and irreversible step in carcinogenesis,
requiring covalent binding of the carcinogen to DNA [55]. They integrate into the nucleotide and
change the genome of the organism, i.e., they are mutagenic products [56].

One of the secondary products formed during the oxidation of oils and fats are polyhy-
droxy acids . The quantitative content of these compounds is determined as the total content of ox-
idation products insoluble in petroleum ether. From the literature data, a close correlation is known
between the content of fat breakdown products that are insoluble in petroleum ether and the effect
of oxidized fats on the body [57]. Negative effects on the blood and biochemical parameters of fat
metabolism were recorded in experiments on animals [ 58 ]. Oxidation products, insoluble in pe-
troleum ether, have a proven toxic effect and have carcinogenic and cocarcinogenic effects [59].

The experimental data obtained by us in the study of some safety indicators of the capsule
forms of the dietary supplement " Astaxanthin + Omega-3 + Omega-6 + lodine” (Russia) have a
significant correlation with the experimental data on the study of the safety of fats described in the
literature.

Conclusion. The safety indicators of the fat component, regulated by the technical regula-
tions of the Customs Union, do not fully reflect the safety requirements for the fat component of
biologically active additives, since there are no standards for the most important safety indicators
of fats - the content of secondary oxidation products - TPES and epoxides . In our opinion, the
conducted studies necessitate further study of the safety indicators of the fat component of sports
nutrition products during storage in order to additionally control the safety of the fat component .
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Annomauus

DYHKYUOHAIbHOE NUMAHUE 0OHOM U3 NPUOPUMEMHBIX HANPAGIeHULl PA38UMus NUMAHUS 8
21 seke, socmpebosanHoe U akmyaibHoe, OblIcmpo passusaroujeecs. AxkmyanvHocms 300p06020
0bpaza JHcu3HU, PayUoOHAIbHO20 NUMAHUS, 0COOEHHO NePCOHANUIUPOBAHHO20, C Y4emomM UHOUBU-
0yaIbHLIX 0CODEHHOCMell OpP2aHU3MA 4el08eKd, He MOIbKO AKmMYAalbHO, HO U 80CmpebdO8aHo 8
Poccuu u cmpanax Eepasuiickozo coobujecmsa.

Mamepuanst u memooo, pe3yibmamst U 00CyHcOeHUSA

B cmamve npedcmasnenvl pesyrvmamul UCCie008aHUA. USMEHEHUE OpP2aHOJIeNnMUYecKux
nokaszamerneii xaeba 6e1020 NUEHUYHO20 U3 MYKU BbICULE20 COpMA, NYmeM 3aMeHd 4acmu MYKu
CMechbl0 MYKU U3 36peH KYKypy3vl U HYmMa 8 IKCNePUMEHMATIbHbIX NPONOpYUsX, U 0b02aueHus xie-
0a UHAKYIAMOM Y4auHo20 epuda ¢ Yeavlo NOAYYeHUs UHHOBAYUOHHO20 NPOOYKMA NUMAHUs OJisl jle-
yeOHO-NpoghuIaKmuyecko2o numarnus aroet, cmpadarowux caxapuvim ouabemom | u.llmuna

3akniouenue

B pezynomame npogedennvix ucciedo8anuii:

1. Uzyuen  onmumanvuwlii  00veM  88e0eHUs.  OONOIHUMENbHLIX  PACMUMETbHBIX
unepeouenmos 6 usoenue Ojisl NOJIYYEHUs ONMUMATbHBIX OP2AHONENMUYecKUx noxkazamenei u
BUMAMUHU3AYUU NPOOYKMA,

2. U3yyeno usmenenue opeaHoIenmuyecKux HnoKazameneu u3oenus npu 66e0eHuu 6
uzoenue pacmumenbHulx 000a80K OYHKYUOHATLHO20 HAZHAYEHUS

3. M3yuen Xxumuueckuil cocmae u nuwWe8as YEHHOCMb MACA UHOEUKU, ONUCAHbl eé
OCHOBHble NpeumMyujecmsa U noKazamenu, yKazvleanowue HA HeoOX0OUMOCMb HPUMEHEHUs
O0aHHO20 8UOA U30eNUs 8 NUMAHUU.

4. H3yuen xumuyeckuii cocmag KOpHs ceivoepes, ONUCAHbL €20 OCHOBHbLE NPEeUMyUiecmsd
U nokasameinu, yKazvlearouue Ha HeoOX0OUMOCMb NPUMEHEHUs OGHHO20 8UOA U30eNUsl 8 NUMAHUU.

5. M3yuen xumuyeckuii cocmas OAQuKOHA, CEEKIbl, NEKUHCKOU KANYCmbvl, ONUCAMbL UX
OCHOBHble npeumMywecmsd U HNOKA3amenu, yYKazvlearwwjue Ha HeoOX0OUMOCMb NPUMEHEHUs.
O0aHHO20 8U0A U30eUsL 8 NUMAHUU.

6. IIposedén ananuz xumuyeckoeo cocmasa u NUWesol YeHHOCMU RPOOYKMO8 U U30eNUs.

Cneoyrowjue smansl uccie008aHUs C8A3aHblL C ONPeOeNeHUeM:
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KuroueBble cioBa: oboraiieHue, HHAKyIAT, HYT, KYKypy3a, MEIyW3HH, UHHOBAIMOHHBII
MIPOJIYKT.

Abstract

Functional nutrition is one of the priority directions of nutrition development in the 21st
century, in demand and relevant, rapidly developing. The relevance of a healthy lifestyle, rational
nutrition, especially personalized, taking into account the individual characteristics of the human
body, is not only relevant, but also in demand in Russia and the countries of the Eurasian Com-
munity.

Materials and methods, results and discussions

The article presents the results of the study: changing the organoleptic parameters of white
wheat bread from premium flour, by replacing part of the flour with a mixture of flour from corn
and chickpeas in experimental proportions, and enriching bread with kombucha noculate in or-
der to obtain an innovative food product for therapeutic and preventive nutrition of people suffer-
ing from diabetes mellitus I and I.Type I.

Conclusion

As a result of the conducted research: 1. The optimal volume of the introduction of addi-
tional herbal ingredients into the product has been studied to obtain optimal organoleptic parame-
ters and fortification of the product;

2. The change in the organoleptic parameters of the product was studied when plant addi-
tives of functional purpose were introduced into the product

3. The chemical composition and nutritional value of turkey meat have been studied, its
main advantages and indicators indicating the need to use this type of product in nutrition have
been described.

4. The chemical composition of celery root has been studied, its main advantages and indi-
cators indicating the need to use this type of product in nutrition have been described.

5. The chemical composition of daikon, beetroot, Peking cabbage has been studied, their
main advantages and indicators indicating the need to use this type of product in nutrition are de-
scribed. 6. The analysis of the chemical composition and nutritional value of products and prod-
ucts was carried out. The following stages of the study are related to the definition

Key words: enrichment, noculate, chickpeas, corn, meduizin, innovative product.

Introduction

The development of the market for innovative products is reactionary, based on constantly
emerging incentives in the economic, political, social and cultural environments of human exist-
ence. At the same time, the formation of an innovative product is facilitated by many external fac-
tors, as well as internal factors occurring in society and the state as a whole.

Therapeutic, preventive and functional nutrition in the context of coronavirus disease (
COVID -19), associated with severe acute respiratory syndrome-coronavirus-2 ( SARS - CoV - 2),
leads to multiple respiratory disorders, failure of several systems and organs, followed by death,
which ultimately represents a global health problem both in states with a highly developed eco-
nomic component and in developing countries [1-6].

Improving immunity with the help of biologically active compounds that are part of func-
tional and therapeutic and prophylactic foods, as noted by foreign and domestic scientists and this
position is supported by the World Health Organization (WHO), is considered as a first-line treat-
ment and is one of the main components involved in the complex treatment of patients with
COVID -19 who are on medical treatment. In the future, it is understood that the development of
one of the priority areas of gerontological nutrition, since proper nutrition not only increases the
body's immunity to diseases, including COVID -19, but also reduces the recovery period [9]
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Immunomodulation and stimulation is an actual direction for the treatment of patients with
COVID -19, both in the food and pharmaceutical industries [7,8,10-14].

The relevance of the development of enrichment of bakery products with functional selec-
tive biologically active compounds of products from flour of various types is due to the fact that
this product is one of the most popular products among various population groups (Fig. 1).
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Source: Rosstat data, Federal Customs Service, IndexBox analytics
Fig. 1. The level of consumption of bread, bakery products

Materials and methods of research

The widespread use of wheat bread, from high-grade flour in large quantities, is one of the
factors in the occurrence of diabetes, which is associated with the following:

e The almost complete absence of coarse fiber in wheat flour. The technology for making
wheat bread is based on the use of premium flour, in which there is practically no bran part of the
grain, which contains an increased amount of easily digestible carbohydrates.

e High glycemic index of bakery products made from premium flour.

Scientific development is a technology for obtaining bread enriched by replacing part of
the flour with a mixture of corn and chickpea flour in experimental proportions using kombucha
inoculum, in order to obtain an innovative food product for the nutrition of people suffering from
type I, 1l diabetes mellitus .

A technology, a recipe have been developed, rheological studies of the finished product
have been carried out, differing in the following:

1. Received a bakery product with an average glycemic index

2. Additionally enriched with biologically active compounds of selective action.

3. Containing an antimicrobial compound - meduizin, due to the use of kombucha inocu-
lum, a bakery product with a longer shelf life was obtained.

4. With high rheological parameters.

As enriching composites, we used: chickpea and corn flour, inoculum of Kombucha.

Chickpea flour , enriches the developed bakery product with vitamins and minerals com-
pounds: vitamin B 1 - 32.4%, vitamin B 5 - 12.1%, vitamin B ¢ - 24.6%, vitamin B ¢ - 109.3%, po-
tassium - 33.8%, magnesium - 41.5%, phosphorus - 39.8%, iron - 27%, manganese - 80%, copper
- 91.2%, selenium - 15.1%, zinc - 23.4% [ one]
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Corn flour enriches the bakery product not only with vitamins B 1 - 23.3%, vitamin PP -
15%, but also with mineral compounds involved in the construction of organs and systems of the
human body: phosphorus - 13.6%, iron - 15%, selenium - 19, eleven]

e Kombucha inoculum is rich in such vitamins and minerals as: vitamin B 2 - 11.1%, iron -
11.1%, manganese - 15% [1]

Research results

The purpose of the study was to study the organoleptic and chemical characteristics of the
innovative product "Wheat bread enriched with composites containing biologically active com-
pounds of selective action: corn and chickpea flour, kombucha inoculum™.

To achieve this goal, the proportions of wheat, corn and chickpea flour were experimental-
ly selected (the ratio of flour of different types - 1:1:1 was chosen as a control sample), water, as
an ingredient, was replaced by inoculum. In order to determine the optimal rheological properties,
a different ratio of flour in % was selected. (Table 1.)

Table 1
Experimental ratio of different types of flour for obtaining bakery products
Indicators %
Wheat flour 33 40 46 fifty 55 60
Corn flour 33 thirty | 27 25 22.5 twenty
chickpea flour | 33 thirty | 27 25 22.5 twenty
The resulting | liquid | liquid | mediu | Thick, Thick, The optimal ratio,
consistency of m available for | available | the consistency
the semi- density | kneading for corresponds to the
finished kneading | indicators for
product semi-finished
(dough) bakery products
(dough)

In terms of the total mass, it turns out: 300 g of wheat flour, 100 g of corn flour and 100 g
of chickpea flour and 250 ml. inoculum.

According to the classic recipe, 7 g of edible salt is introduced. Yeast was added to the rec-
ipe in the amount of 10 g, since the lifting force of tea inagulate from kombucha was not enough to
raise the dough. Yeast was preheated to room temperature and added in loose form directly to the
dough. This was done for the following reason: kombucha inagulate has an acidic pH , which
means that the yeast will passivate in this environment [15-20, 24-30] and as a result, carbon diox-
ide will not form, which provides the dough with lift [ 21-23]. To confirm this thesis, we will per-
form a microscopic study of yeast activity by the following method: Let's prepare two samples of
yeast. One using distilled water, the other with kombucha inoculum. Spent coloring that does not
cause damage to the structural cells of yeast cells. For differentiation, Buri-Gins or Buri-Leffler
staining was used. In this case, all dead cells will be stained black.

As a result of yeast studies, about 50-60 percent of yeasts were inactivated or died when
kombucha inoculum was introduced (Fig. 2).

A slight increase in acidity in bread does not prevent damage to the internal structures of
yeast fungi and ensures their activity.

At the next technological stage of bread production, the dough is sent for proofing. Proof-
ing is carried out with two punches. A recipe with sponge was used as a control sample [30-36].

The product was baked at 160 degrees for 30-40 minutes, after which it was placed in a
combi oven for 20-30 minutes.

According to the requirements for bread and bakery products, acidity is an identification
indicator of the safety of a bakery product [20-27]. The study of acidity was carried out by the ti-
trimetric method with the product of 3 measurements. Determination of the change in acidity, ti-
trimetric analysis was carried out as it cooled. The overall result was entered in table 2.
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a) Yeast staining according to Buri-Leffler prior to the introduction of Kombucha inoculum
b) yeast taken immediately after mixing with the inoculum. Void and dead cells are highlighted

in black color. Buri-Leffler staining
Fig. 2. Study of yeast activity in the medium of kombucha inoculum

Table 2
Results of a titrimetric study of the acidity of bread.
measurements 1 sample 2 sample 3 sample
pH values 5.5+0.25 6.0+0.25 6.0+0.25

Based on the data in the table, it can be noted that over time (in the process of cooling), the
acidity of the bread decreases, which is associated with a decrease in the moisture content of the
bread and the decay of third-party acids when the native biobackground of the bread changes.

Table 3

Organoleptic, rheological and physico-chemical and some microbiological indicators

of the innovative product.

The name of indicators | Bread with optimal flour mixing ratio.

Organoleptic indicators.

Consistency Soft, homogeneous, with small inclusions of coarser cornmeal

Appearance The bread is gray-brown, in the form of a loaf, the surface is smooth,
dense

Color The surface is gray, the base is gray-orange with darker spots

The form Semicircular flattened

Elasticity Elasticity is high, bread quickly restores its shape

Smell Pleasant bread smell, the smell of corn, a faint smell of chickpeas.

Humidity The crumb has a medium moisture content, the crust has a low mois-
ture content

Uniformity Homogeneous, porous, with small inclusions of coarser flours

Density and depth of crust | The crust is light, not deep (1-2 mm), soft.

Taste Pleasant, tender, soft, sour. The taste of bread and grains. A bit rough

on the mouth feel.

Rheological indicators

Elasticity Elasticity is high, bread quickly restores its shape and does not
change it. When lining up after baking, the height did not change
(there is no fall)

Viscosity The crumb is not viscous.
stickiness The crumb is not sticky.
Surface adhesion Adhesion of surfaces is high, easily absorbs moisture.
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pH and general microbiological parameters

pH 5.8

General microbiological | Yeast found

background

Yeast activity Missing
Conclusion

As a result of the research, the issues of the relevance of the use of selective bakery prod-
ucts in diabetes mellitus with non-insulin-dependent diabetes mellitus were considered. As a result
of the experiment, the rheological and organoleptic characteristics of the finished product were
identified and evaluated, and the chemical and microbiological indicators were studied.
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Annomauus

Hunosayuonnoe pazeumue ompacieu 3a6ucum om chReyuaiucmos, CHOCOOHbIX K UHHOBA-
YUOHHOU OessmeNbHOCMU, NOO20MOBIIEeHHbIX 8 CO8PeMEHHbIX YHUugepcumemax. B ocnose nayumno-
UHHOBAYUOHHOU OesAMENbHOCMU NeHCUM HAYYHO-MEXHUYeCKoe MEopUecmao.

Mamepuanviu memoosi, pe3yiomamal u 00CYHcOEeHUA

Tlonamue u cywHocms meopuecmsa Gopmuposanucy u mpancghopmuposanucs 8eKamu ¢ yue-
mom ocobenrocmeti smanog passumusi ooujecmsa. OmauuumensHol 0CO6eHHOCMbIO COBPEMEHHO20
obuecmea A6JAemcs MexHOBeweCmeeHHOCH1b, NPEeONnoNaAarwas NPOEKMUPOBArHUe U KOHCMPYUposa-
HUe HOBUECME C 3a0AHHBIMU CBOUCMEAMU C NPUMEHEHUeM UHGOpMayuoHHbIX mexnonozuil. Ilpuopu-
MEeMHbIM HAYYHBIX HANPAGIEHUEM Pa3eumus UHOYCMpUY NUMAHUsA AGIAEMCs KOHCMPYUPOSaHue npo-
OVKMO8 CHeyUanu3upo8anHo20 HA3HAYEHUS, NPeOCMAGIAIouUx cobol MHO2OKOMNOHEHMHble CUCHe-
Mbl KaK pe3yibmam UHICceHepHo20 meopyecmea. [lokazana MHO20aCneKmHOCmb MEOPYecKol Oes-
MENbHOCMU CNeYUATUCIA HOB020 NOKONEHUs, NPeOCmasiaiowds cobol uHmespayuio HayK u cneyu-
ANbHBIX OUCYUNTUH 8 HAYYHO-00pA306aMENbHOM Npoyecce YHUGepCcumema.

3aknwuenue

Ilokazana axmyanbHOCMb NPOEKMUPOBAHUL HOBLIX NPOOYKMOE CNEYUATIbHO20 HA3HAYEHUS
8 cucmeme «Hayka, obpazoeanue - nPouU30OCMBE0O — PLIHOKY, NPU KOMOPOM HA KAANCOOM dmane
npoyecca CO30aHUs HOBUWECEA PEKOMEHOYeMmcs NPUMEHAMb Memoobl HAYYHO-MEXHUUECKO20
meopuecmsa.

KiloueBble ciioBa: TBOPYECTBO, HAYYHO-TEXHHYECKOE TBOPUECTBO, MPOEKTUPOBAHUE
HoBIIECTBa, pazpabotka CIIII, cnenuanucT, MHAYCTPHS MUTaHUS

Abstract

The innovative development of industries depends on specialists capable of innovative ac-
tivities, trained in modern universities. Scientific and innovative activity is based on scientific and
technical creativity. The concept and essence of creativity have been formed and transformed over
the centuries, taking into account the characteristics of the stages of development of society.

Materials and methods, results and discussions

A distinctive feature of modern society is techno-materiality, which implies the design and
construction of innovations with given properties using information technologies. The priority sci-
entific direction in the development of the food industry is the design of specialized products,
which are multicomponent systems as a result of engineering creativity. The multidimensionality
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of the creative activity of a new generation specialist is shown, which is the integration of sciences
and special disciplines in the scientific and educational process of the university.

Conclusion

The relevance of designing new products for special purposes in the system "science, edu-
cation - production - market" is shown, in which at each stage of the process of creating an inno-
vation it is recommended to apply methods of scientific and technical creativity.

Key words: creativity, scientific and technical creativity, innovation design, development
of SFP, specialist, food industry

Introduction. A distinctive feature of a modern university lies in the sequence of processes
that form a specialist: training - research - creation of innovations - commercialization of innova-
tions. Innovation as a result of scientific and innovative activity is based on creativity aimed at
generating ideas and their implementation.

Results and discussions. The level of formation of creativity in a person largely deter-
mines the dynamics of the formation of social relations. It was of interest to trace the formation of
the concept of creativity at different stages of the development of society. The analysis of scien-
tific and technical literature was carried out and a selection of the concepts of the term “creativity"
was made in chronological order (table 1).

Table 1
Definitions of the concept of "creativity" in chronology
Source | Definition
Pre-industrial period
F. Bacon Creativity as a successful - but largely random - combination of already existing ele-
ments

Industrial period

Berdyaev N.A. The mean- | The process of cultural human activity, as a result of which qualitatively new materi-
ing of creativity, 1916. al and spiritual values are created. The ability of a person from the material delivered
by reality to create a new reality that satisfies the diverse needs of a person.

Post-industrial period

Philosophy of science and The activities of people aimed at creating a new, earlier not famous; human capaci-
technology, Dictionary, ty from known to create in the process of labor a new reality that meets the diverse
2016 social needs. Scientific creativity - creation of new theories, new scientific disci-
plines, discovery of new phenomena, introduction new concepts and terms.

Novoselov S.V. Theoretical | Creativity and philosophical aspects of scientific and technical creativity, together
Innovation , 2017 with the main scientific and technical features of modernity, are the basis for scien-
tific and innovative activities and innovative development of the life of society

A comparative description of the term shows that the industrial period already characteriz-
es creativity as a productive ability of the human imagination. At the present stage of the devel-
opment of society, scientific and technological progress based on the scientific and technical crea-
tivity of specialists is based only on the integration of science and production as an element of in-
novative development aimed at consumer satisfaction.

The result of generalizing the concepts of “creativity” from different points of view of au-
thors and periods is the understanding that:

- creativity is an activity or a component of an activity;

- the source of creativity - a person endowed with certain creative abilities, possessing the neces-
sary skills and abilities;

- the result of creativity - something new, as a result of fundamental and / or applied research,
aimed at satisfying human needs.

The concept of "creativity" is multifaceted and is studied within different disciplines and
sciences, such as philosophy, psychology, sociology, aesthetics, pedagogy, science of science ,
cybernetics and others. Interest in creativity as a process and its results contributed to the for-
mation of a special science that specifically studies creative activity - eurylogy . The concept of
"creativity" in different fields of knowledge is given in Table 2.
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Table 2
The concept of "creativity” from the point of view of different sciences

Science Definition creativity

An activity that generates something qualitatively new and is distinguished by originality, originality
Philosophy | and socio-historical uniqueness; the creator can be both natural intelligence (human), and its continu-
ation - artificial (computer)

Socially significant activity to create new material and spiritual values in the interests of society in a
specific local socio-cultural environment. It is a means of self-expression, self-realization of the indi-
vidual to achieve success in socially significant activities, in winning leadership positions in a partic-
ular area.

Sociology

The ability of a teacher / person to learn through the prism of individuality and effectively apply tra-
Pedagogy ditional methods and techniques of pedagogical activity in new conditions, to create new socially
valuable pedagogical technologies, methods and techniques.

A type of human activity aimed at solving a new problem, creating something that has never been
Psychology | created by anyone else. The products of human creative activity are objects of material and spiritual
culture, as well as the transformation of nature and society.

Aesthetics Creation new aesthetic values .

Increasing the efficiency of scientific work of the information symbiosis of a machine and a person,
i.e. direct interaction between a person and an information-logical machine in the process of creativi-
ty in solving scientific problems.

Cybernetics

The unifying element in the interpretation of the term "creativity" by different sciences is
"novelty". The basis for the innovative development of industries (regions) is also the novelty of
technical/technological solutions. The term innovative product: a new, competitive product de-
manded by the market and confirmed by intellectual property [2].

One of the types of creativity is technical creativity, since it is associated with technologi-
cal transformations, relies on the mechanisms of creative thinking based on visual-figurative and
visual-effective components, and its result is an invention [1].

Technical creativity is a cyclical process that includes the stages that are presented in
Scheme 1.

Analysis of the

initial factors,
the promotion
of the problem

Material - in the
form of a
technical object

The embodiment Intuitive construction

of the projectin a of a hypothesis (basic

drawing, drawing, ideas of a future
model technical solution)

Logical
development of
the idea and

detailing of the
project

Fig 1. The process of technical creativity

The last stage of the cycle of technical creativity is aimed at creating technical objects and
systems. A technical object (TO) is a man-made and really existing device, method, material de-
signed to meet certain human needs. All technical objects consist of elements that are indivisible
parts of the whole. If the functioning of one element of TO affects the functioning of another ele-
ment, then such TO is commonly called technical systems (TS) [3].

A promising direction in solving the problem of healthy nutrition of the Russian population
is the development of specialized food products (SPS), which are multicomponent systems. This
indicates that scientific and technical creativity is a component of the process of designing such
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products as technical systems. NGN design, including search design, is based on the principle of
interdisciplinarity . Table 3 contains a list of sciences (disciplines) that form and activate the crea-
tive activity of a specialist.

Table 3

Characteristics of disciplines that form creative activity based on the principle of interdisciplinarity
Discipline Characteristic

An interdisciplinary field of knowledge covering a wide range of brain and neural processes:

neuroscience from molecular structures to the operation of neural networks and brain in in general, the con-

nection of nervous processes with general physiology and human behavior.

A theory covering all phenomena of creativity: scientific discovery, technical invention, artistic

Eurylogy creation, as well as practical activities aimed at creation.

Science _ about thinking. A field of activity related to the analysis of knowledge (concrete the-
ories) and the provision of knowledge for further development.

Cognitive modeling is the vision of specialists in organizing the process of cognition in the
“subject-object” system. The subject is a specialist (creative team), the object is an innovation
being developed with specified properties

Cognitive science (
theoretical )

It is aimed at developing the ability for logical thinking, analysis, systematization, generaliza-
Logic ( the science | tion, critical understanding of information, setting research problems and choosing ways to

of thought ) solve them, publicly present research results, and conduct discussions taking into account the
characteristics of professional activity.

Studies the human psyche, patterns in the behavior of individuals and their groups, as well as
the features of their interaction with each other; mental processes, both conscious and uncon-
scious. The purpose of science is the accumulation of knowledge of practical value for various
spheres of life and professional activity.

Psychology

Branch of mathematics that studies discrete objects, sets (combinations, permutations, arrange-
ments and enumerations of elements) and relations on them (for example, partial order).

food combinatorics - the scientific and technological process of creating new
forms food products, including SPP.

Combinatorics

A component of professional pedagogy aimed at training specialists implementing engineering
activities. The object of engineering pedagogy is the pedagogical system for training engineer-
ing personnel, and the subject is the design and implementation of the content of vocational
Engineering education, methods and teaching aids. Engineering pedagogy considers two aspects: engineer-

pedagogy ing and pedagogy; includes the theory and practice of design, construction, management of ob-
jects and systems, etc. From the point of view of pedagogy: the theory and methodology of
teaching technical, technological knowledge, skills and abilities, the formation of methods of
engineering activity

An organizational function and set of processes for creating, promoting, delivering a product or
service to customers and managing customer relationships for the benefit of the organization.
Marketing is a management system aimed at motivating a potential consumer to buy a product.
Important when saturating the NGN market and bringing them to the consumer

Marketing

It is of interest to consider the presented sciences (disciplines) in the system "science, edu-
cation - production - market", which is the main "formula” of innovative development. The analy-
sis shows that the main task for innovative development is to train a specialist who is able to gen-
erate an idea (innovation) and then gradually designs (develops) the SPP, taking into account the
capabilities (potential) of the enterprise and the demand for a new product on the market. In the
absence of demand, the task of a specialist is to create demand.

An important role in solving the issues of development, production and bringing a new
product to the market is played by the search for new methods for solving problems. Problem solv-
ing is a complex and multifaceted thought process in which important components are: under-
standing the problem and psychological readiness to solve it [4].

There are numerous classifications of task types. G. Bedny and W. Karwowski offer the
following criteria for classifying such a classification [5]:

ethe degree of uncertainty of the initial data;

euncertainty of the main goal of solving the problem;

einformation redundancy in the representation of the problem;
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econtradictions in the conditions of the problem;

etime constraints in the formulation of the problem;

especificity of instructions, as well as their descriptive power;

ecompliance of the subject's past experience with the requirements of the task.

Research tasks are divided into formalized and non -formalized :

- a formalized task is a task in which all its elements and the relationships between them
are known. The content of such a problem can be shown in the form of a mathematical model that
has an exact solution algorithm. To solve such problems, automation is applicable, and the role of
a person is minimized,

- non-formalized task - a task in which it is difficult or impossible to single out elements
and determine relationships between them. The solution of such problems often defies mathemati-
cal description; the development of the algorithm is associated with great difficulties, there is a
need for cognitive thinking.

Non-formalized tasks, in turn, are divided into tasks that require mnemonic data reproduc-
tion; tasks that require simple mental operations with data; tasks that require complex mental oper-
ations with data; tasks requiring data reporting; tasks that require creative thinking.

In Table 4, non-formalized tasks are ranked in order of increasing cognitive complexity
and operational value. The analysis of non-formalized tasks with the description of their essence is
carried out and methods of the scientific and technical decision for concrete groups of tasks are
offered.

Table 4
Types of problems and possible methods of solution based on NTT
Type tasks Essence tasks NTT methods in solving research problems
Tasks requiring mnemonic  |cognitive general education - questioning
data reproduction actions - sevenfold search method

- cognitive models of V.M. Sergeeva - V.L. Tsim-
bursky, P. Zhane

Tasks that require simple cognitive general educational , |- drawing up a formula

mental operations with data |logical actions - method of control questions
- Model of P. Janet

Tasks that require complex  |cognitive general educational , |- method of control questions

mental operations with data |logical actions - brainstorm

- method of morphological analysis
- Algorithm for solving inventive problems (ARIZ)

Tasks requiring messages Regulatory, cognitive, - brainstorm

data communicative actions - "round table"

synectics method

- cognitive model of K. Levin

Tasks requiring creative Regulatory, cognitive, communi- |- heuristic methods (random search strategy)
thinking cative, personal actions - Model of B. Spinoza
- Algorithm for solving inventive problems (ARIZ)

The analysis of tasks and solution methods testifies to the expediency of their application at
the stage of designing new SSS in the system "science, education - production - market". When
preparing a specialist for the food industry, it is important to form, along with professional skills,
superprofessional ones . For this, scientific and technical creativity of students in the scientific and
educational process is relevant at the university. Disciplines with elements of the sciences present-
ed in Table 3 are expedient. These can be disciplines: Fundamentals of scientific research, Student
research work (SRW), Design (modeling) and development of specialized food products, Funda-
mentals of scientific creativity, Engineering pedagogy, etc.

Conclusion. Thus, the innovative development of the food industry is directly related to
the renewal of the education paradigm, an important component of which should be scientific and
technical creativity. One of the trends in education is practice-oriented training of a specialist. In

Bbinyck 1, 2022 123



CoBpemeHHas HayKa M MHHoBauum Nel (37), 2022

this regard, the developed projects of new products/technologies should include elements of the
"science, education - production - market" system. Designing an innovation is a non-formalized
task, therefore, it is important to apply the methods of scientific and technical creativity in solving
it. Analysis and comparison of scientific developments in the field of NGN shows a preponderance
towards the availability of developments and a lack of their finished products on the market. This
confirms the expediency of development in the system "from idea to consumer™ and shows the po-
tential for economic efficiency and social effect of projects.
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Abstract

This article examines the main types of tourist recreation on the Crimean peninsula. The
problems in the field of organizing cultural tourism recreation, namely in the organization of ca-
tering establishments located near the museum and exhibition complexes, have been identified.

Key words: domestic tourism, types of tourist recreation, catering establishments, museum
and exhibition complex, region, Crimea Peninsula

In 2020, the temporary suspension of foreign holiday destinations, due to restrictive
measures related to the pandemic, forced us to reorient ourselves towards the development of do-
mestic Russian tourism destinations. [one]. As a result, the demand for domestic tourism has in-
creased. “For 9 months since the beginning of the year, the flow of tourists to Crimea amounted to
8.3 million tourists. This is 25% higher than the level of the same period in 2019, “’the head of the
Crimea Sergey Aksenov said on October 1, 2021 on his page on the VKontakte social network [2].

Crimea attracts tourists with various types of recreation. The most common type of recrea-
tion in the summer is the beach. The Crimean peninsula is washed by the Black and Azov seas, so
there are beaches for every taste: sandy and pebbly, "wild" and well-maintained.

Active types of recreation on the peninsula include: hiking in the mountains, visiting cave
cities, caves, waterfalls. Horse riding and cycling are in demand.

A large number of museums and exhibition complexes on the peninsula contribute to the
development of cultural recreation. Unlike beach and active recreation, cultural recreation in Cri-
mea is year-round, so it is so important that the development of this type of recreation is aimed at
improving the conditions for tourists.

“Bread and circuses” is a well-known expression, reminding that no matter what type of
vacation a tourist chooses, catering will be one of the important indicators in assessing the quality
of a vacation.

Considering various types of tourist recreation in the Crimea in terms of catering, problems
were identified that tourists face when visiting most museum and exhibition complexes.
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To date, a tourist who has visited the museum and exhibition complex, after the tour, is forced to
look for catering establishments (cafe, restaurant, canteen) that are within walking distance to eat. At
best, he will find an institution that offers either fast food or purchased products, and then only in season.
In other cases, catering establishments may not be within walking distance.

In our opinion, the solution to this problem can be the organization of public catering es-
tablishments within walking distance from the museum and exhibition complex. It is desirable that
the concept of the institution coincide with the concept of the museum and exhibition complex and
be its continuation.

A vivid example of such a symbiosis can be seen on the tourist streets in the city of Bakh-
chisarai, where cafes and restaurants offering dishes of the national Crimean Tatar cuisine for eve-
ry taste and “purse” are located near local attractions. The architectural appearance of these cater-
ing establishments is made in the historical style and is a continuation of the architectural style of
the museum and exhibition complex. All these factors allow the tourist to fully plunge into the his-
torical era, not only spiritually, but also gastronomically.

Conclusion: Tourism is one of the main directions of development of the Crimean peninsula.

Tourism is a multifaceted phenomenon, covering a huge number of human interests and
hobbies. [3]

Various types of tourist recreation attract a large number of tourists to the Crimea.

Considering various types of recreation in terms of organizing public catering, the main
problems in organizing public catering establishments near most of the museum and exhibition
complexes of the peninsula were identified, namely:

- lack of catering establishments within walking distance from the museum and exhibition
complexes;

- public catering establishments existing near the museum and exhibition complexes oper-
ate only during the tourist season (summer period), despite the fact that the museum and exhibition
complex operates all year round;

- the concept of public catering enterprises existing near the museum and exhibition com-
plexes does not correspond to the concept of the museum and exhibition complex.

The solution of the problems listed above will increase the level of tourism services pro-
vided, which in turn will lead to an increase in the tourist flow.
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Annomauus

3a nocreonue HecKonbKo Jlem NpAsUMenbcmed 60 6cex CMPAHAX O0eMOKPAMU4ecKo20
cnekmpa HeoOHOKPAmMHO npube2any K 4pe3mMepHOMy HAO30pY U OUCKPUMUHAYUOHHOMY O2paHuye-
HUI0 €80000, 02PAHUYUBANU NEPEeOsUdCEHUE U Maccogble cobpaHus. [lpumenanuce nacunbcmee-
Hble 02PaHUYeHUsl CO CIOPOHbL He20CYOapCmeeHHbIX Cyobekmos. bonvuioe konuvecmao n1024CcHO
unpopmayuu 8 HeKOMoOpvIX CAYYAAX NPEOHAMEPEHHO CO30AHHOU NOIUMUYECKUMU TUudepami,
CKPbI8AI0 00CMOBepHble OaHHble U 8600UI0 8 3a0NyJHCOeHUe COMHU epadcoal. Bosnukna nompeo-
HOCMb 8 NOOOEPHCAHUU CIMAOUILHOU 0eMOKPAMUU U HOBbIX (hopM eé nposenenus. s makou 3a-
oauu HeoOX00UMO COANAHCUPOBAHHOE 3AKOHOOAMENbCMBO U UHCMUMYMbl 3auuwarnuue om
HAaKONJIEHUsL 61ACMU 8 PYKAX MEHbUUHCMEA.

Mamepuanwst, memoowvl, pe3yibmamot u 00CyHcOeHUA

C mouku 3penus 2eonoOIUMUYECKO20 N00X00d, HACMosuee CMmpemieHue 20cyoapcme K
VCUTIeHUIO pe2yIUpOBaHUs NOGbLULAEm PUCK UCHONb308AHUSL GIACMU NPABUMENbCNEOM 8 CEOUX,
yensax ywemass npasa epaxcoan. Haubonee mHocoobewarouee 3ak0H00amensCmeo 0Jisl peuleHust
Mol npodieMvl HanpagieHo HA OHIAUH NPOCMPAHCMEO, NPU 0OHOBPEMEHHOM NpUBeOeHUU KOp-
NOPAMUBHOU U 20CYOAPCMBEHHOU NPAKMUKU 8 COOMBEMCMEBUE C MEeHCOYHAPOOHBIMU NPUHYUNAMU
npae uenosexa.

CoyuanvHnvie cemu, maxue kax Facebook u Twitter, oasno cnocobcmeyiom npooguiceHuro
3a0au u pabomaiom Kax UHCMpYMeHm npooeudlceHUs 0eMokpamudeckux yeunocmeu. OHu nooHu-
marom uHgono8oovl Ha 2106aNbHBIN YPOBEHb U 0Opawjarom GHUMAaHUe 00UeCm8eHHOCU HA 803-
Hukuue npodnemsl. CoyuanvHvle cemu Cmaiu 8adiCHbIM MeCMOM NPoedeHUs psaoa yice ycma-
Ho8leHHbIX chep Oesimenvrocmu. Cpedu HUX OJisl UCCIe008aHUSL Hauboee UHMePEeCHO NOaUmuYe-
cKoe yuacmue 6 popme 06CcyHcOeHUl U 8bIPANCEHUS NOJUMULECKUX 63215008.

3aknwuenue

Paccmompennviii 6 cmamve onvim codvimuil npouieouieco 0ecamuiemus NOKA3an lusHue
NOAUMUYECKOU aKMUBHOCMU 8 COYUANILHBIX CemsaxX HA Npoyeccbl 0eMOKpAmusayuy u noaumuye-
CKOU KOMMYHUKAYUU C NPUMEHEHUeM MEeXHOI02UU IN1eKMpOHHOU demokpamuu. Taxoce 3aceude-
MebCmBo8AHO NOAGIEHUE HOBOU (DOPMbL NOTUMUYECKOL AKMUBHOCMU, KOMOPAs NPOUCX0OUM UC-
KAIOYUMENbHO 8 COYUATIbHBIX CeMmsX.
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KarwueBble ciaoBa: JleMokparu3zamus, apabckas BecHa, nporectsl B Benrpuu 2014 rog,
MOJIUTUYECKAsl aKTUBHOCTb, NOJUTUYECKAass KOMMYHUKAIMS, SJIE€KTPOHHAS I€MOKpATHs, IPpaxiaH-
CKasi aKTUBHOCTb.

Abstract

Over the past several years, governments across the democratic spectrum have repeatedly
resorted to excessive oversight and discriminatory restrictions on freedoms, movement, and mass
gatherings. Violent restrictions by non-state actors were applied. A large amount of false infor-
mation, in some cases deliberately created by political leaders, concealed reliable information and
misled hundreds of citizens. There was a need to maintain stable democracy and new forms of its
manifestation. Such a task requires balanced legislation and institutions to protect against the ac-
cumulation of power in the hands of the minority.

Materials, methods, results and discussions

From a geopolitical perspective, the real desire of states to strengthen regulation increases
the risk of the government using power for its own purposes, infringing upon the rights of citizens.

The most promising legislation to address this issue is directed at the online space, while
aligning corporate and government practices with international human rights principles.

Social media such as Facebook and Twitter have long been instrumental in advancing the
agenda and working as a tool for promoting democratic values. They raise news feeds to the glob-
al level and draw public attention to the problems that have arisen. Social media has become an
important venue for a number of already established fields of activity. Among them, the most in-
teresting for research is political participation in the form of discussions and the expression of po-
litical views.

Conclusion

The experience of the events of the past decade considered in the article has shown the in-
fluence of political activity in social networks on the processes of democratization and political
communication with the use of e-democracy technologies. Also witnessed the emergence of a new
form of political activity, which occurs exclusively on social networks.

Key words: Democratization, Arab Spring, protests in Hungary in 2014, political activity,
political communication, e-democracy, civic engagement.

Main part of the study. The relevance of the topic is due to the need to transition coun-
tries with a democratic way to a new level of democratic development using innovative technolo-
gies in the field of communication and management of political processes.

Modern political processes are characterized by many factors and are largely determined
by the peculiarities of the political system and the existing regime. The democratic system corre-
sponds to the type of political process, which is distinguished by the socio-political activity of in-
dividuals and social groups. The formation of such a regime is characterized by gradual steps to
introduce democratic principles into the political system, public institutions, culture, and lifestyle.
Such a conflict-free transition to a democratic regime can be called democratization.

According to S.F. According to Huntington, there have been three waves of democratization in
modern history. The first wave lasted from 1828 to 1926, the second wave called the "short wave"
lasted from 1943 to 1962, the third wave began in 1974 after the change of authoritarian regimes in a
number of countries in Africa, Europe and Latin America and after the partial liberalization of a num-
ber of countries. At the same time, Huntington defines a wave of democratization as a group of transi-
tions from non-democratic to democratic regimes that take place within a certain period of time and the
number of such transitions exceeds the number transitions in the opposite direction.

A number of researchers consider the processes of democratization in conjunction with the
economic inefficiency arising from the transformation of the political regime. There are problems
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of delegation of authority from higher authorities - a conflict between the expansion of political
rights and the economic feasibility of delegating financial authority to local governments.

Other researchers associate democratization with the possibilities of Internet technologies.
They see a potential way in the use of Internet technologies for the real participation of citizens in
the activities of government and the development of deliberative democracy. Known and de-
scribed are examples of such use of Internet technologies and communication within the network
in different countries, including authoritarian ones. A number of researchers are ambivalent about
the role of the Internet in the processes of democratization and turn their attention to the problem
of reducing civic activity. N. Luman [10] points to the "Digital Divide" as a phenomenon in which
part of the population will not be able to contribute to the functioning of the political system of
society due to unequal access to the Internet.

Examples of democratization and political participation with the use of information
and communication technologies. One such example was recorded in Guangdong Province, Chi-
na. In 2003, Sun Zhigang was taken into custody for not having a temporary residence permit and
an identity card to present to the police. Sun Zhigang died three days later. The official cause of
death was a heart attack. An autopsy, sanctioned by relatives, found evidence of a severe beating
of the prisoner, after which the story was transferred by Sun Zhigang's parents to the liberal news-
paper Southern . metropolis Daily . After the publication of the newspaper's own investigation,
newspapers and websites across the country re-published it on their resources, the story quickly
became national and raised a wave of outrage. The central government was forced to conduct its
own investigation, after which twelve people were found guilty of San's death. The case where
malfeasance was exposed and punished in 2003 was very rare in China and sparked nationwide
discussions about "guardianship and repatriation” measures, resulting in many Chinese citizens
posting their stories and outrages online about their own experiences with government agencies.
Online petitions were created asking for a review of the work of law enforcement agencies, after
which it was closed more than eight hundred detention centers throughout the country [3].

The Sun Zhigang case was one of the first unique examples of indirect e-democracy in a
country like the People's Republic of China. The positive results of such a case were the massive
involvement of citizens in the political process, the unification of the masses by one idea and the
effectiveness of e-democracy.

In modern public politics, representatives of power structures seek to find ways for the de-
velopment of forms of public participation in the processes of making political and managerial de-
cisions, and interest groups are trying to improve the quality of the policy and its legitimacy. At
the same time, the tools of e-democracy are not the reincarnation of the old means of political
communication; in such cases, we are talking about democratization and neoliberal ideology with-
in civil society.

In this environment, e-participation affects not only the issue of public engagement in po-
litical processes, but also the role of innovation in general. And it can be considered not only as a
tool of democratization, but also as a tool of authoritarian control, including as a means of influ-
encing the electorate.

Another striking example of civic activism and the influence of the majority of citizens through
the online medium was the revolutionary wave of Arab Spring demonstrations. After a sole act of pro-
test on December 18, 2011 in Tunisia, a wave of controversy and discontent followed. Protest moods
have affected Oman, Sudan, Kuwait, Western Sahara, Saudi Arabia and Iran. Protest moods gained
rapid and wide coverage with the help of Facebook and Twitter , virtual controversy turned into street
manifestations that led to a revolution and regime change of President Zine el-Abidine Ben Ali. The
former US Secretary of State (as part of her keynote speech at George University) praised the role of
social media in promotion of democracy in Middle East [5, p. 675679 ].

Such experience of the events in Tunisia and Egypt showed the online environment as a
new, but not the only way to consolidate people with a common ideology.
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Phenomena such as the Arab Spring have made the use of ICTs a strategic factor to bypass
institutionalized political and information chains to promote political participation. The goal of
such movements is not to democratize communication, but to influence the political system wide-
ly. Moreover, in this regard, some authors note a greater dependence of these processes on struc-
tural factors, and not on the use of non-traditional means such as social media [2, p. 167-188 ].

Russian reality is full of similar examples, these are protest rallies after the party reform,
which significantly changed federal legislation from 2012-2014. The reform reduced the minimum
number of political party members to 500, exempted registered parties from collecting voter signa-
tures, and restored direct gubernatorial elections. The most striking of the subsequent protests,
mobilized with the help of online space and social networks, is the “Swamp Revolution” protest
movement, mass protests in 2019, 2020-2021.

Under the influence of new approaches to the study of the phenomenon of participation,
with the advent of new tools of political communication, some researchers of public administration
processes find formatted public participation to be highly costly and inefficient [8, p . 564-575 ].
For the functioning of public participation as a tool for ensuring the rights and opportunities of the
public with subsequent participation in the decision-making process, a phased organization is re-
quired, consisting of five steps: informing, identifying opinions, discussion, decision-making,
feedback [11].

While e-democracy involves all stages of organization in political decision-making, infor-
mation is most important for political participation.

Mass demonstrations and major protests over the past decade have shown the active inte-
gration of social media into political communication and into collaborative political decision-
making. Uniting like-minded people, organizing demonstrations or creating collective petitions
happens in a short time. A fundamental factor in the rapid organization was the informing of the
masses through social networks. As a result of the use of this format by the population to unite
people for political purposes, the importance of society as a political unit has increased, the pace of
democratization has increased, democratization has been actively initiated from the bottom up, and
the quality of e-democracy has increased.

On the example of the country, the unique experience of democratization in the history of
Hungary is interesting. The peculiarity of democratization in the country was the prevailing condi-
tions by the beginning of the transitional stage in 1962. The country achieved certain long-term
economic reforms and a liberal mood in society until 1980, the rhetoric of power changed. Eco-
nomic, political and social conditions of democratization have developed in the system of relations
“power — population”. Pluralism in the political sphere became a political condition: the adoption
by the parliament of the “democratic package”, the changed social and public moods, reflecting
the society's readiness for change.

In the summer of 1989, a number of round tables were held between the opposition and the
current government. The subject of discussion was the main ways and mechanisms of transition
from authoritarianism to democracy. As a result, 1989 became a bifurcation point, after which a
full-scale transition began from the one-party regime of the Hungarian People's Republic to a mul-
ti-party parliamentary republic, and in November 1989 a referendum was held to consider issues
that could not be resolved during the round tables.

In 1990, after free and competitive parliamentary elections, the center-right Christian
Democratic Party won a landslide victory, Hungary became a parliamentary republic, a member of
NATO since 1999 and a member of the European Union since 2004. The example of Hungary in
the transformation of the political regime can be considered unique due to the initiation of the tran-
sition to democracy from above from the ruling party after the removal of Janos Kadar from the
post of HSWP General Secretary.

Until recently, Hungary's democracy has developed steadily after the transformation of the
political regime, despite initial economic difficulties, stagnation and economic expansion in order
to expand the sphere of influence.
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In accordance with the recommendations of the Council of Europe, which describe the
conditions for the establishment of e-democracy: "E-democracy flourishes best where there is po-
litical will and leadership capable of working effectively to introduce structural changes, reforms,"
the Hungarian government sets a state goal - the modernization of public administration and ex-
panding the use of modern information and communication technologies in the interaction be-
tween government agencies and between government agencies and citizens, the development of e-
government. Until 2010, the country observed the use of ICT exclusively for the creation of e-
government and e-inclusiveness, but after 2010, the first online platforms began to function to
promote civil initiatives. Mostly new technologies and online space were used for debate, commu-
nity building and social movement mobilization. Such a development of the political regime would
have been impossible without the previously created conditions and subsequently strengthened the
prerequisites for further democratization of relations between the authorities and the popula-
tion. After the change of government in 2010, the vector of ICT use in the country's politics
changed. If, before the change of power, ICT was used to increase the transparency and openness
of political processes with a general view of online communication as a progressive tool, after that,
the main reason for using such technologies was the implementation and demonstration of political
statements from the opposition.

The main technologies of e-democracy in Hungary, on the way to its democratization, were
online portals for the adoption of civil initiatives, technologies for organizing the political process
using online space, and now the Internet space and social networks are an active participant politi-
cal processes in Hungary.

Drawing an analogy with other European states, it is worth noting the Kingdom of Norway,
where political television advertising is illegal due to its great influence on the masses and may
reflect a distorted view of the complex problems in the country, slowing down the democratization
process. At the same time, there are no restrictions for political advertising on the Internet, stimu-
lating political communication in the online space. As a result, political parties are allocating an
increasing share of their budgets to digital platforms, and there is an outflow of human and finan-
cial capital in favor of digitalization.

The space of political communication is functionally connected with a triangle consisting
of politicians, citizens and the media [1].

The Hungarian legal system in relation to the channel of political communication - the media
- is ambiguous. The Hungarian Media Law grants control of the press to a media council composed
of representatives of the ruling party, with council members empowered to decide on fines for print
media for unbalanced reporting and violation of moral principles. Such a policy is negatively per-
ceived in society as restricting freedom of speech in the country, hindering democratization and sub-
jected to harsh criticism in the European Union. The European Parliament adopted a resolution on
the media in Hungary. In response to the worried rhetoric from the international community and the
European Union in particular, the Hungarian government cites the example of a number of EU coun-
tries, including Austria, Belgium, Denmark and Sweden, in which, according to the Hungarian gov-
ernment, the media are less independent of the government than in Hungary because . members of
the media regulatory bodies in these countries are appointed by the government.

It is worth noting the existence of nuances in the appointment system, which were not men-
tioned in the statements of the Hungarian government. In Sweden, the press council is funded by
the Journalists' Union and the Association of Newspaper Publishers. There is a mechanism for
self-regulation of the media - an ombudsman independent of the editor-in-chief or the editorial
board, with the functions of monitoring observance of the rights and interests of the media audi-
ence. Given the above, countries such as Sweden are more independent and to the greatest extent
independent of the government, have independent observers, in the case of the ombudsman - em-
ployees with the responsibility of monitoring the quality of the media.

The uniqueness of the legislation in Hungary in relation to the media lies in the opportuni-
ties for more intensive development of online channels for the dissemination of political infor-
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mation. In accordance with an amendment to the media law in Hungary, bloggers and individual
users of Internet resources do not belong to the media and, as a result, are not subject to the law,
while there is an ambiguous policy towards Internet resources. In 2015, the popular information
site “444. hu " for posting a link to a YouTube video that damaged the reputation of the right-wing
nationalist political party Jobbik . Despite this, open Internet sites do not go unnoticed and are be-
coming the most in demand for political communication, especially from the opposition. There is a
growing popularity of their use to identify public opinion on fundamental political decisions and
developments in the country. rises use of the network as a platform for political discourse and
election campaigns, to provide information about the electoral process in the country and for other
forms of e-democracy.

The ruling party's 2014 initiative to impose a telecommunications tax on the use of Internet
traffic proved the importance of the Internet not only as an information function, but also as a chan-
nel for political communication. The fact of this was the emergence of active protests in the network.
The civil initiative on Facebook created the page “One Hundred Thousand Against the Internet
Tax”, which collected 225 thousand “likes”, a large number of thematic hashtags of protest content
addressed in support of the protest appeared on the social network Twitter . Such initiatives are a
vivid example of the manifestation of e-democracy. Political discontent among citizens was also re-
flected in two major protests in Budapest. Despite the previously recorded broad opposition of civil
society to the government in 2014, a large number of those who took to the demonstrations (accord-
ing to Reuters , about 100 thousand people came to Jozsef Nador Square) [9] expresses the desire of
the population to freely use the functions of Internet resources. The Hungarian government also does
not engage in politically motivated blocking or filtering of online content, but the declining diversity
of online media deserves consideration, which can be attributed to politically biased distribution of
advertising revenue. This distribution has led to the closure of some independent online publications
over the past few years, such as Magyar Nemzet , Budapest beacon .

As a result of interviews with protesters, general protest moods were identified, to a greater ex-
tent related to the widespread dissatisfaction of people with the government. The telecommunications
tax served only as a last resort for demonstrations, and the issue of the network traffic tax proved to be
formal and suitable for consolidating a number of complaints and grievances against an oppressive
government, opening the door for extended criticism towards the regulator. There are also opinions
against taxes on the Internet based on the power of the "Internet” idea that can be mobilized to counter
politics. For many people in Hungary, the new tax would be a big financial burden that would cause
them to abandon access to the Internet, including from the possibilities of e-democracy. Comparing the
reasons for the protests, we can conclude that the Internet is a symbol of various types of social pro-
cesses and political values, as an independent platform with free entry [ 4, p. 1-16 ].

Thus, the population protects not only the right to use Internet opportunities, but also ex-
presses its desire to actively use a number of opportunities for e-democracy. This is an open politi-
cal discussion on the Internet and the use of an independent information field, while the population
justifies this with the daily practice of using the Internet, emphasizing the importance of e-
democracy.

The Ministry of the Interior is responsible for establishing the general principles of e-
government in Hungary, for shaping government policy regarding the development of information
technologies in the field of public administration and the development of services, as well as for
coordinating legislation related to e-government. For comparison, in Norway, the participants in
the administrative chain responsible for elections and e-voting are the Ministry of Public Admin-
istration and Reform, the Ministry of Local Government and Regional Development, the Norwe-
gian Technology Council (The Norwegian Board of Technology ( NBT )). This distribution of
governing bodies in Norway compared to Hungary speaks of a narrow focus on development in
the field of technology and detailed control over execution.

Modern trends in the democratization of political communication. The mediatization
of political communication has expanded the capabilities of citizens, allowed the democratization
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of the online space, made political actors and the media the main producers of information. The
new role of citizens and, as a result, of other political actors has reduced the level of mediation.
Today, anyone with a social media account, a computer, tablet or smartphone with Internet access
can become part of political communication.

This form of political participation is considered one of the lower forms of participation,
since it is evasive and impersonal [6].

The progress of information technology is not the only reason for the introduction of e-
democracy and the democratization of political institutions. Statistical studies of recent years con-
firm the general positive changes for democratization and consequent changes in political activity.

On the example of the Russian Federation, according to VTsIOM for 17 years, the number
of Russians participating in elections has reached a minimum value, but at the same time, the par-
ticipation of citizens in collective appeals (petitions) has increased from 4% to 8%, the number of
civil activists has increased from 9% to 20% , the number of Russians participating in public or-
ganizations and local self-government has tripled. General public attention has shifted from elec-
tions to other collective initiatives aimed at improving the living environment and self-
organization.
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Fig.1. Reasons for refusal to participate in public and political life in Russia,
in % of those who did not participate in public and political life

Of those who do not participate in political and public life, 28% argue their position with
the lack of time, 20% prefer to leave it to professionals, 19% fully trust the regulator and 16% are
convinced that their participation in politics is pointless, this figure peaked in 2021 over the period
2007 according to the All-Russian Center for the Study of Public Opinion [12].

Summarizing the considered trends, we can talk about a change in priorities in the political
activity of citizens, about a decrease in interest in one of the most common forms of civic partici-
pation in the public and political life of the state - elections. Interest in collective appeals, online
petitions, collective initiatives, targeted communication has increased, as a result, the importance
of using online space and e-democracy tools has increased.

Conclusion

The concept of decentralized civic engagement has always been considered central to un-
derstanding the phenomena of democracy in its various forms [7]. The emergence of one of these
forms was facilitated by the development of many technological online platforms that can stimu-
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late civic participation and e-participation in equal measure. Promoting more decentralized, work-
able civic participation platforms outside of the traditional public e-participation ecosystem could
provide a democratic platform for promoting civic engagement, building a network to communi-
cate and actually address and impact emerging issues rather than function as a mere public service.
The available statistical studies have shown the interest of the population of the Russian Federa-
tion in using such opportunities. In this case, the government should take the place of the coordi-
nating center and link the network relations between civil society and the state. With the help of
such platforms, lobbying activity of citizens can be carried out online, the need of the population
for rallies, protest marches, and demonstrations will decrease, examples of which are described in
this paper. The need for other protest forms of public expression of public opinion on topical is-
sues of a predominantly socio-political nature will also decrease.
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THE EVOLUTION OF PRESIDENT VLADIMIR
PUTIN'S VIEWS ON CIVIL SOCIETY
AND ITS ROLE IN THE "RISK SOCIETY™"

Ilamuczopckuii 2ocyoapcmeennslit ynugepcumem, 2. Ilamuzopck, Poccus/ ITamuzopckuii 2o cyoapcmeen-
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Annomauus

B nauane XXI sexa neped uncmumymom 20cyoapcmea 803HUKAIOM HOBbLE 8bl308bl U PUCKU,
CBA3aHHbIe He MONbKO C HOBbIMU HEOOHO3HAYHBIMU MEHOCHYUAMU 2100ANU3AYUOHHBIX NPOYECCO8 8
MUpe, HO 8bI306aMU U Y2PO3aAMU 8 NOJUMUYECKOU, COYUATbHO-IKOHOMUYECKUX chepax, a 8 Yelom
NOAUMUYECKOU CIMAOUTLHOCIU U YCIMOUYUBOMY DA3BUMUIO.

Mamepuanst u memoowl, pe3yibmamaol u 00CYHcOeHUA

OcobenHo aKkmyanbHblMU HANPAGIEHUAMU OeAMeNbHOCIU 20Cy0apcmea 8 OAHHOM KO-
meKcme CMAaHOo8AMCs NOUCK HOBbIX U NEPCREKMUBHBIX Pecypcos 0l obecnedenus noaumudecKoll
CMabuIbHOCMU U YCMOUYUBO20 PA3BUMUSL U AOEK8AMHO20 OMEemd HA 8O3HUKAIOWjUe Yepo3bl U
8b1306b1 NPU OCYWECMEIeHUU NOIUmMmu4ecko2o ynpasienus. Ilosmomy oOopoxpamuueckuti anna-
pam 20cyoapcmea 8blHYHCOeH 00pauamscs K epaxcoanckomy obwecmasy. M ons smozo eocyoap-
CMB0O 3aUHMEPEeCcO8AHO 8 CIMUMYIUPOBAHUU NOABNEHUS U CMAHOBIEHUS UHCIMUMYMO8 2PANCOAH-
ckozo oouecmea. C npuxooom k enacmu B.B. [Iymuna éonpocwi pazsumus u QyHKYUOHUPOBAHUsL
2PAANCOAHCKO20 0bWecmaa Cmanu OOHUM U3 3HAYUMBIX HANPAGIEeHUl 8 NOJUMUYeCcKOM npoyecce
cospemennou Poccuu.

3aknrouenue

B omoti ceazu oOnum u3z eadxcuetiuiux ¢haxmopos, onpeoensirouux HanpasileHHoCmy
passumusi epaxcoanckozo odbwecmea 6 Poccuu, Oviia u ocmaemcs nyoOIUYHAs NO3UYUS
npesuoenma Poccutickou @edepayuu B.B. Ilymuna, evicmynarowezo yeHmpaivbHol @ueypoi 6
BLICIPAUBAHUU B3AUMOOCICIBUS MeNCOY BIIACMbIO U UHCTNIUMYMAMU 2PAXCOAHCK020 0bujecmaa,
a 6 yeiom pazeumusl U aKmusu3ayuu 2paxcoancko2o obwecmea. B amom konmexcme uzyuenue
OCHOBHBIX HANPAGNEeHULl NPUBNEUeHUs pecypca 2paricOaHcKo2o obujecmea npeocmasiaemcs
00CMAamo4HO aKMyaIbHbIM.

KiroueBble c10Ba: Tpa)IaHCKOE OOIIECTBO, MOJIMTHYECKOE YIIPABJICHHUE, MOJUTHICCKUN

mponecc, rocyaapCTB€HHas BJIaCThb.

Abstract

At the beginning of the XXI century, the institution of the state faces new challenges and
risks associated not only with new ambiguous trends of globalization processes in the world, but
also with challenges and threats in the political, socio-economic spheres, and in general, political
stability and sustainable development.

Materials and methods, results and discussions

In this context, the search for new and promising resources for ensuring political stability
and sustainable development and an adequate response to emerging threats and challenges in the
implementation of political governance become particularly relevant areas of state activity.
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Therefore, the bureaucratic apparatus of the state is forced to turn to civil society. And for
this purpose, the state is interested in stimulating the emergence and formation of civil society in-
stitutions.

Conclusion

With the coming to power of Vladimir Putin, the issues of the development and functioning of
civil society have become one of the most important areas in the political process of modern Russia. In
this regard, one of the most important factors determining the direction of the development of civil so-
ciety in Russia was and remains the public position of the President of the Russian Federation V.V.
Putin, who acts as a central figure in building interaction between the authorities and civil society in-
stitutions, and in general, the development and activation of civil society. In this context, the study of
the main directions of attracting the resource of civil society seems to be quite relevant.

Key words: civil society, political management, political process, state power.

In modern concepts of political management, civil society appears as its integral element,
which performs a number of control functions in relation to the authorities and acts as a customer
and client before the state [13].

This is the so-called public policy as a sphere of political management controlled by the
public, which involves the involvement of public control in the implementation of state programs,
the coordination of interests between various social groups, as well as between them and the state .
In this regard, the emergence of civil society is associated with a discussion about improving polit-
ical governance and increasing its effectiveness. In accordance with this, the mechanisms of politi-
cal management reach the greatest development where a strong civil society has been formed,
which, through its institutions, can constantly and effectively influence the state, the development
and implementation of political decisions in the country [30] . And, conversely, without a develop-
ing civil society capable of controlling the ruling bureaucracy, the state will never be democratic,
it will become one of the varieties of authoritarian regimes [13] .

Today, a versatile discussion is underway in many areas of development and the state of
civil society in Russia. It should be noted that more often the conversation begins with a statement
of the inefficiency and weakness of civil society. Thus, characterizing the current state of civil so-
ciety in Russia, a number of researchers emphasize the insufficiency / weakness of the participa-
tion of civil society in the political process. O.V. Gaman-Golutvina notes that “we have to state the
weakness of civil society in the country, not least due to insufficient resource provision ...” [15].
According to T.E. Tkachenko "“the unformed civil society is one of the features of the civilizational
development of Russia” [29] . In his opinion, this happens due to the immaturity of civil society
institutions, which should limit the omnipotence of state authorities and control their actions. Re-
searchers D.Yu.Znamensky and A.N. Shilenkov believe that the main problems of inactive interac-
tion between the state and civil society are "the weak work of public institutions and the unwill-
ingness of power structures to carry out a direct dialogue with citizens" [6] .

The starting point of the modern period of development of civil society in Russia is un-
doubtedly connected with the onset of the post-Yeltsin era and with the coming to power of V.V.
Putin. In this regard, one of the most important factors determining the direction of the develop-
ment of civil society in Russia has been and remains the public position of the President of the
Russian Federation V.V. Putin, who is the central figure in building interaction between the au-
thorities and the institutions of civil society, and in general the development and activation of civil
society. In this regard, it is interesting to follow how the discussion about the essence, place and
role of civil society in the political process of Russia developed. Why has there been a turn to-
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wards the development of civil society? What is the actual political meaning of the appeal to civil
society? What prompted V.V. Putin, since 2001, to regularly return to the conversation about civil
society and how the tone of V.V. Putin in relation to civil society? What are the President’s expec-
tations from civil society?

In search of answers to these questions, we will start from the official speeches of President
V.V. Putin in the period from 2000 to 2008 , using materials on the kremlin website as a source
base . ru, and others found by the query "civil society".

First of all, we note that for the first time about the ways of formation and development of
civil society on behalf of the state V.V. Putin spoke on June 12, 2001 at a meeting with representa-
tives of non-governmental associations and NGOs on the eve of the first Civil Forum. Experts note
that this event was the first all-Russian "platform for determining ways of dialogue between civil
society and the authorities, as well as searching for opportunities for civil society to influence the
course of reforms in Russia" [9] .

Further, already at the opening of the Civil Forum itself on November 21, 2001. the head of
state expressed the key problems and tasks of the development of civil society “our civil society
cannot yet be considered finally formed”, and at the same time the task was voiced “to create the
most favorable environment for the development of civil society [7]”.

The formulation of this problem makes it possible to emphasize the importance of civil so-
ciety in the political process in Russia. In particular, V.V. Putin noted that the state “is judged not
only by political success and economic development, but, above all, by people, by the level of
their personal freedom. By how influential civil society is there”.... “Without a truly partnership
between the state and civil society, there can be neither a strong state, nor a prosperous, prosperous
society. We need a dialogue on an equal footing here,” while the President stressed that “the effec-
tiveness of this dialogue largely depends on us, on the authorities, on the authorities as a whole,”
and expressed the state’s readiness to “take the necessary organizational and, if necessary, legisla-
tive measures.” to provide effective "feedback" of the society with the state apparatus [7] ."

Thus, the importance and necessity of civil society was noted, some prerequisites appeared
for strengthening the influence and role of civil society in the state and political life of the country.
Actually, the key task was voiced - the creation of conditions, conducive to the formation of a de-
veloped civil society in the country, balancing and controlling power. Thus, the president stressed
that the authorities in our country are ready to engage in dialogue with civil society, agree to estab-
lish constructive interaction, and recognize the importance of such cooperation.

In the 2002 FC message, the topic of civil society was inscribed in the context of the for-
mation of a strong state, in which information about the activities of state bodies should be “pub-
licly available” for the development of civil society and the interaction of civil society and state
bodies. In particular, it was emphasized that “it is necessary to decide on a clear list of information
that state bodies are obliged to make publicly available. And this list must be approved by law, as
it is necessary for the development of civil society [17]. The head of state also stated that “full-
fledged interaction between the authorities and civil society institutions is impossible without in-
formation openness, which consists in establishing channels for two-way communication between
state bodies and public organizations dealing with similar problems” [17].

The continuation of the theme of the need for transparency and openness in the activities of
state power structures, the elimination of unreasonable state interference in the economy took
place during the direct line of President V.V. Putin on December 19, 2002. In particular, when an-
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swering a question that was raised, the topic of which was relevant and had a high socio-political
significance. The essence of the question boiled down to the fact that “no matter what they say in
Moscow about simplification of conditions for small business, here the bureaucracy is invincible.
If you want to work, you still have to pay fees. For officials, we entrepreneurs are a class enemy.
And that is why we need to be pressured with checks and put in our place, to beat out bribes. Is
there anything that can be changed?"

When answering the question, recognizing the problem of bureaucratization and corruption
as one of the key issues, the head of state stressed that "administration should be transparent, clear,
understandable and technological.” He further explained that the regulation of issues and problems
of this kind requires a civil examination “we must, getting rid of excessive regulation, in the future
establish a procedure in which the state body must prove any new regulation, and prove it publicly,
with the involvement of civil society expertise [27] ™.

Thus , in our opinion, the desire of the head of state to activate civil society is aimed at
solving the traditionally strong influence of bureaucracy on public life in Russia, the informational
closeness of public authorities, which consists in the constant desire of state structures not to inter-
act with civil society, but to manage them, ignoring bottom impulses .

On May 16, 2003, in the Address of the President to the Federal Assembly of the Russian
Federation, the topic of civil society became one of the key ones. In fact, this message clearly and
unequivocally recorded the inextricable link between a developed civil society and democracy,
capable of creating decent conditions for people's lives "Russia should be and will be a country
with a developed civil society and stable democracy" [20].

Moreover, it was in this document that a strategic line was outlined to increase the role of
the state in the formation and functioning of civil society institutions "in the country, conditions
have been created for the development of a full-fledged civil society.” In addition, in the Address ,
“ consolidation, mobilization of intellectual forces, the combined efforts of authorities and civil
society [20] ” were considered in the context of solving national problems, including: “unstable
and very weak economic foundation, underdeveloped political system, inefficiency of the state ap-
paratus , non-competitiveness of most sectors of the economy, population decline, difficult inter-
national situation, high level of competition in the global economy”.

It is noteworthy that in the message of 2003 it was emphasized that the reduction of the
functions of state structures is one of the core conditions for strengthening the role of civil society
"a fully developed civil society will arise only in conditions of a radical reduction in the functions
of the state apparatus, overcoming mistrust between various social groups” [20] .

Thus, the content of the speeches of the President of Russia V.V. Putin emphasizes that the
development of civil society is becoming one of the main political tasks of the state. Since the
formation and development of civil society institutions are considered by the President of the Rus-
sian Federation, first of all, as the most important resource for solving urgent socio-political prob-
lems and maintaining political stability and sustainable development, through.

The need for a mature civil society and the “duty of the state to create the necessary legal
and economic base” for the development of a “capable civil society” was repeatedly discussed by
the head of state in 2004 in the context of pre-election tasks. Thus, in particular, on February 12,
2004, at a meeting with trusted representatives, it was noted that “without a mature civil society, it
is impossible to effectively solve pressing problems. I am convinced that only a developed civil
society can ensure the inviolability of democratic freedoms, guarantees of human and civil rights”
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[5] . In addition, the task of strengthening civil society was discussed on March 15, 2004 at a
meeting with journalists at the campaign headquarters for the presidential elections in Russia “We
will strengthen civil society. And at the same time, we will create conditions under which neither
officials, hiding behind the interests of the state, nor all sorts of rhetoricians, hiding behind demo-
cratic phraseology, could fill their pockets” [23]. In addition, the commitment to the development
of civil society was also emphasized in the course of answering a journalist's question about the
priority of the planned reforms in domestic policy, “ We must make much more efforts in order to
strengthen the institutions of civil society. Now, if we manage to do all this, then this will be a
good basis for building a modern economy” [3] .

Thus, we observe that the president expresses the readiness of the state to provide an eco-
nomic and legal basis for the formation of a developed civil society, continues to demonstrate the
desire to strengthen civil society, considering it the basis for countering bureaucratic arbitrariness, as
well as solving economic problems and challenges .

In the May 26, 2004 message to the FC, the topic of civil society was inscribed in the con-
text of the implementation of three "national projects”: overcoming poverty, modernizing the
armed forces and housing reform. “Certain economic opportunities, political stability and an active
civil society” were declared the most important prerequisites that could lead to the expected re-
sults in the implementation of these projects “a high standard of living in the country, a safe,
free and comfortable life, a mature democracy and a developed civil society, strengthening Rus-
sia’s position in the world [eighteen]".

Thus, in 2004 the issues of strengthening and developing civil society continue to be one of the
most significant areas in the official speeches of the Russian leadership.

In this regard, there is every reason to assert that one of the grounds for the head of state to
turn to the resource of civil society is the current risks and challenges to political stability and sus-
tainable development of Russia. Thus, for example, the problems of terrorism and the threats and
security risks caused by it prompted the authorities to turn to the resource of civil society. In par-
ticular, in 2004, the tragic events that took place in Beslan became the starting point for political
reforms, one of which was directly related to civil society. First of all, we are talking about the
creation of the Public Chamber. “We are counting on society's help in the fight against terrorists.
In this regard, | consider the idea of establishing a public chamber as a platform for a broad dia-
logue to be thought out,” said President V.V. Putin on September 13, 2004 during a speech on the
problems of state building and external threats and challenges . It was also noted that "the fight
against terror is our common and main goal, and its achievement directly depends on how effec-
tively all the resources of the state and civil society are mobilized [8]".

Thus, it can be argued that against the backdrop of threats and challenges of the spread of
terrorism, attempts to activate civil society continue. Undoubtedly, the leading and decisive role in
countering terrorist activities belongs to the state and their competent authorities, but at the same
time, the leadership of state agencies in these matters does not exclude, but, on the contrary, in-
volves the involvement of civil society institutions, traditional religious communities, and scien-
tific institutions in countering terrorism. and educational institutions, mass media, NGOs [28].

In addition, the course pursued in the country for the development of civil society in 2004
received reinforcement through the creation of the Council under the President of the Russian Fed-
eration to promote the development of civil society institutions and human rights (since 2011 - the
Council under the President of the Russian Federation for the development of civil society and
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human rights) . The Council is an advisory body formed to assist the head of state in exercising his
constitutional powers in the field of ensuring and protecting the rights and freedoms of man and
citizen, informing the President of the Russian Federation about the state of affairs in this area,
promoting the development of civil society institutions, preparing proposals for the head of state
on issues within the competence of the Council” [16] .

Thus, in 2004, the calls in the speeches of the President of the Russian Federation V.V. Putin to
strengthen and develop civil society were reinforced by creating, including on his initiative, a number
of civil society institutions that determine the image of civil society in modern Russia.

So, during the first term of his presidency, the core idea in the speeches of President V.V.
Putin had the idea of unlocking the potential and strengthening civil society in Russia and building
up interaction between the government and civil society . These tasks were considered as manda-
tory objective prerequisites, without which it is impossible to resolve the accumulated urgent prob-
lems and ensure order and political stability and sustainable development, as well as to counter the
challenges and threats that are relevant at the beginning of the 21st century.

The tasks of strengthening and activating civil society, involving civil society in interaction
with authorities at all levels were repeatedly discussed in presidential speeches in 2005. So, on
April 25, 2005, in the Address of President V.V. Putin's FS contained a repeated appeal to the
problems of civil society and the formation of Russian democratic statehood. In particular, the de-
velopment of civil society as a whole was designated as one of the three priority areas along with
the development of the state and the strengthening of the law, and the development of the political
system, increasing the effectiveness of justice.

At the same time, the message contained criticism of the mechanisms of interaction be-
tween the authorities and civil society in Russia. In particular, harshly assessing the role of the bu-
reaucracy in the development of the country and civil society, it was emphasized that “our bureau-
cracy is still largely a closed and arrogant caste that understands state interests as a kind of busi-
ness. If we do not fight this, corruption will continue to flourish, the isolation of officials from so-
ciety, the potential of civil society will remain unclaimed ” [19]. At the same time, in order to pre-
vent such an option, the need was emphasized “to expand the control functions of civil society in-
stitutions, to provide them with direct access to state television [14] ™.

Thus, one of the most important factors determining the direction of the development of
civil society in Russia has been and remains the desire to reduce the traditionally strong influence
of bureaucracy on public life in Russia, which carries risks and threats to political stability and
sustainable development.

Of particular interest in 2005 is also the formulation of the task of developing civil society
in the context of combating corruption, which has taken “acute forms” in the country. This is evi-
denced, in particular, by the president's response to a question from the CBS television channel , in
which he expressed confidence that "we will be able to effectively fight corruption only if we real-
ly contribute to the development of media independence and the creation of effective civil society
institutions™ [ 24].

The topic of civil society in the context of combating corruption was touched upon on Sep-
tember 27, 2005 and during the annual direct line. In particular, the president focused on the need
for civil society to control the spending of budgetary funds, “I very much hope that civil society
and various public organizations will control the spending of budgetary funds” [27] .
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Thus, the president's appeal to civil society in the context of combating corruption, as was
said, is justified in connection with the growth of corruption. So, in particular, on July 21, 2005, G.
Satarov's article on corruption in Russia, published in Izvestia, noted that "in 4 years, corruption in
Russia has grown almost tenfold.” The scale of this phenomenon in Russia is confirmed by the ste-
reotype of a “corrupt official and politician” that has formed in Russian society [2], which exacer-
bates the feeling of social injustice among the broad masses of the population and poses a real
threat to the sustainable development of the state and the implementation of national projects, un-
dermines the population’s trust in the authorities.

At the same time, it should be noted that it is impossible to effectively fight corruption
within the framework of only state structures. Hence, there was a radical reassessment of the role
of civil society, which began to be regarded as an important element aimed at improving public
administration, capable of ensuring openness and transparency of the activities of government
bodies, combating corrupt practices and ensuring the protection of human rights and freedoms.

In 2006 , the President paid attention to the topics of civil society in his Address to the
Federal Assembly and at a meeting with representatives of political parties .

The Message of the President of the Russian Federation to the Federal Assembly dated
May 10, 2006 reaffirms the strategic course for the development of democratic statehood in Rus-
sia, expresses Russia's readiness to counter existing external threats, including terrorism, strength-
ening the nuclear nonproliferation regime. At the same time, it is stated that “we will not be able to
solve any of the urgent tasks facing our country without ensuring the rights and freedoms of citi-
zens, without the effective organization of the state itself, without the development of democracy
and civil society” [22].

In addition, at a meeting with representatives of political parties on December 6, 2006, the
subject of civil society was touched upon in the context of countering terrorism and extremism
“countering extremism is not only the task of the state, although, of course, the state must first of
all respond to manifestations of this kind. Effectively one state is not able to cope with this prob-
lem. Here we need the consolidated efforts of political parties, other public organizations, the en-
tire civil society, all citizens of the country [4] .

Despite the fact that it was possible to significantly reduce the level of terrorist threat and
the number of terrorist attacks on the territory of Russia, the threat of the spread of extremism and
terrorism in Russia in 2006 has not been completely eliminated. In particular, we are talking about
an attack on government officials in the North Caucasus and the explosion of the Nevsky Express
train, on August 21, 2006, an explosion at the Cherkizovsky market in Moscow , which killed 14
people and injured 61 people [26] .

And it is quite natural that one of the aspects and forms of countering this type of threats and
challenges has become the need for a comprehensive solution to the problem through cooperation in
anti-terrorist actions of special services and civil society. Religious organizations occupy a special
place among public associations in the context of the struggle against terrorism and extremism under
consideration. No less significant in countering terrorism is the role of the mass media.

Thus, in the light of the ongoing events regarding the threat of the spread of extremism and
terrorism , it has become a fairly serious reason for adjusting the political system in the direction
of further strengthening civil society.

In 2007, in his public speeches, the head of state again expressed his desire to strengthen
and significantly expand the areas of interaction between state power and civil society.
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First of all, on January 11, 2007, at a meeting with representatives of the public, the presi-
dent noted that “the state will continue to support civil society structures, including in the imple-
mentation of public control over the activities of law enforcement agencies, in the fight against
extremism, drug addiction, youth crime and child homelessness” [25].

The topic of combating corruption through civil society was raised at the annual press con-
ference on February 1, 2007. Despite the ongoing state anti-corruption policy, the political mecha-
nisms involved, the situation in our country has not changed significantly for the better, continuing
to cause serious concern on the part of society. This is evidenced by the question addressed to the
president regarding "how can officials prevent theft by officials of the budget allocated for the
APEC summit in the Far East." When answering the question, it was emphasized that “the most
effective way to fight corruption is to strengthen civil society and develop the media” [10].

All these and other facts testify to the fact that it is impossible to effectively fight corrup-
tion within the framework of state structures. Hence the growing importance of civil society.

The topic of Russian civil society became one of the key topics in the President's Address to
the Federal Assembly in 2007. First of all, the message clearly outlined national priorities - the for-
mation of a capable civil society, the construction of an effective state that ensures the safety and de-
cent life of people, the establishment of free and socially responsible entrepreneurship, the fight against
corruption and terrorism, the modernization of the Armed Forces and law enforcement agencies, and
finally, significant strengthening of the role of Russia in international affairs” [19].

As confirmation of the positive dynamics in the development of civil society, an increase in
the number of registered media and non-governmental associations (NGOs) was noted, and it was
emphasized that “in a democracy, it is impossible to imagine political processes without the partic-
ipation of non-governmental associations, without taking into account their opinions and posi-
tions” [19].

Particularly positive was the impact of the Civic Chamber “on rule-making activities, on
the activities of the Government and the Federal Assembly, as well as on the administrative prac-
tice of ministries and departments. The Public Chamber did not stand aside from the fight against
xenophobia and hazing in the army. It makes a significant contribution to strengthening the rule of
law and protecting human rights [19].” Summarizing what was said, the head of state emphasized,
“All these are real indicators of the formation of an active civil society in Russia [19] .

Emphasizing the importance of civil society, the Russian leadership is active in its speech-
es, not missing the opportunity to make proposals on various aspects of the activation and
strengthening of civil society. Thus, on December 17, 2007, during a speech at a meeting of the
VIl Congress of the United Russia party, the president emphasized the importance of dialogue
with civil society organizations “United Russia should be open to dialogue and cooperation with
civil society institutions, with all responsible and constructive political forces in the country™ [6].

Thus, during the second presidential term after the stabilization of the political and socio-
economic situation in the country, V.V. Putin revealed in sufficient detail in his speeches at vari-
ous meetings and forums his vision of the formation of civil society in Russia and the features of
its functioning in the Russian political system. The emphasis was placed not on the classical and
self-sufficient confrontation between the institutions of civil society and the state, but on their in-
teraction aimed at consolidation and social responsibility, public control and civic activity [1].

It was repeatedly emphasized that it is the degree of development of civil society, its insti-
tutions and the degree of interaction between the institutions of power and civil society that deter-
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mine the solution of such tasks as: combating corruption and other negative manifestations in the
institutions of state power; increasing the responsibility of the state apparatus and state institutions
to society; effective fight against terrorism and extremism .

Thus, the analysis of the public speeches of the Russian president allows us to identify sev-
eral trends in addressing the topics of civil society within the framework of official public dis-
course.

During the first period of presidential rule V.V. Putin emphasized, first of all, the need to
strengthen and unlock the potential of civil society in Russia. This task was seen as an obligatory
objective prerequisite, without which it would be impossible to resolve the accumulated urgent
social problems and ensure order and stability in Russian society.

During the second presidential term, the emphasis was placed on the interaction of civil so-
ciety and government agencies, aimed at consolidation and social responsibility, public control and
civic activity.
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KaK HeKas CO80KYNHOCHIb YCHEeWHbIX U HEYCHEUHbIX NONbIMOK NOGIUAMb HA NPOYECC NPUHAMUS
NOIUMUYECKUX peuleHull. YueHvle, noceamusuie c80u UCCIe008aHUsL NOJUMUYECKOM) YUACTUIO,
CO2NAWAIOMCSl, YMO OHO MOodcem npuobpemams paziuynvie Gopmvi. OOHAKO NO-NpedlcHeM) Hem
€OUHOU MOYKU 3PEHUsl, KaKUe KOHKPEeMHO (hopmbl credyem paziudams u Kaxk ux oughgepenyupo-
sams. Llenv Hacmosawe2o ucciedo8anus coOCmoum 6 mom, Ymoovl CUCMEMAMU3Upo8ams cyuje-
cmeyowue 8 aumepamype Kiaccuguxayuu Gopm noaumuuecko2o ydacmus u paspabomamo
0000WaAOWYI0 UX MUNOJIO2UIO.
Mamepuanst u memoosl, pe3yibmamaol u 00CYHcOeHU
B cmamve asmop, nodsepenys ananusy wupoKull niacm coomeemcmeayoujel Hay4Hou iu-
mepamypul, 8blAGsem mpu nooxo0d K onpeoesenuio NOIUMU4ecKo20 Y4acmus: «ONnmuMucmuy-
HBIUY, «NECCUMUCTUYHBILY U «peanucmuynslily. JJokazviéas npeobiadanue 8 COBPEeMEeHHbIX UC-
Ce00BAHUAX «Peanucmuiio20» nooxood, OH NPUXOOum K 6ble00y, UMO YHeHble AHAIUSUPYIOM
bonvuoe pasHoobpazue hopm NOIUMULECKO20 YYACMUsL, KOMOpoe mpebyem cucmemamusayuu.
3aknwuenue
B umoce on npeonacaem aemopckyro munono2uro oopm noaumuyecko20 y4acmus, K-
yarwyro 6 cebs ceMb Kpumepues.
KutoueBble ci1oBa: MOJUTUYECKUI TpoIECC, MOIUTHYECKOE y4acTHe, (OPMBbI MOJIUTHYE-
CKOT'0 y4acTHsl, KOHBEHLIMOHAIbHOE Yy4acTHe, HEKOHBEHIIMOHAIbHOE y4acTHe

Abstract

In modern political science, which is not so common in relation to its basic concepts, a
consensus has been reached on the whole as to what is meant by political participation. Today,
most authors conduct their research in line with a "realistic" approach, in which political partici-
pation is interpreted as a certain set of successful and unsuccessful attempts to influence the polit-
ical decision-making process. Scientists who have devoted their research to political participation
agree that it can take various forms. However, there is still no single point of view on which spe-
cific forms should be distinguished and how to differentiate them. The purpose of this study is to
systematize the existing classifications of forms of political participation in the literature and to
develop a generalizing typology of them.

Materials and methods, results and discussions

In the article, the author, having analyzed a wide range of relevant scientific literature,
identifies three approaches to the definition of political participation: «optimisticy, «peSsimistic»
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and «realistic». Proving the prevalence of the «realisticy approach in modern research, he comes
to the conclusion that scientists are analyzing a wide variety of forms of political participation,
which requires systematization.

Conclusion

As a result, he offers the author’s typology of political participation forms, which includes
seven criteria.

Key words: policy-making process, political participation, forms of political participation,
conventional participation, unconventional participation

Introduction and relevance. In modern political science, which is not so common in rela-
tion to its basic concepts, there is generally a consensus on what is meant by political participation.
Today, most authors conduct their research in line with a “realistic” approach, in which political
participation is interpreted as a certain set of successful and unsuccessful attempts to influence the
political decision-making process. Scholars who have devoted their research to political participa-
tion agree that it can take many forms. However, there is still no single point of view on what spe-
cific forms should be distinguished and how to differentiate them. The purpose of this study is to
systematize the classifications of forms of political participation existing in the literature and de-
velop a typology generalizing them.

Materials and methods. The results and conclusions of this study were obtained using
comparison and classification methods, which made it possible to single out both the actual forms
of political participation and build a typology that includes various classifications. In parallel, a
content analysis of specialized literature was used, which made it possible to substantiate the crite-
ria for distinguishing these forms.

Literature review. In the political science literature, there are three main approaches to under-
standing political participation, which can be called "optimistic", "pessimistic” and "realistic". From
the point of view of the "optimistic™ approach, political participation is the direct participation of citi-
zens in the decision-making process. According to, for example, K. Gould, political participation is
characterized by the direct and direct involvement of stakeholders in the decision-making process [1].
In her opinion, only those activities that involve the direct exercise by citizens of the power given to
them, and not its delegation to one or another representative, can be called political participation. Ac-
cording to B. Barber, political participation is rather the self-government of citizens, weakly connected
with the activities of the government [2]. As a consequence, political participation can only take place
in spaces that are not part of national and regional participatory systems. Based on a “pessimistic” ap-
proach, ordinary citizens cannot have any influence on the political decision-making process and there-
fore are content with only conversations and discussions. Hence, political participation is the participa-
tion of citizens in political discussions that flare up around certain pressing problems. So, S. Chambers
argues that political participation is focused not so much on the decisions made, but on the formation
of an opinion that accompanies these very decisions [3].

In the "realistic" approach, which is most widespread and prevailing in the texts of text-
books and scientific articles, political participation is a certain set of attempts, both successful and
unsuccessful, to influence the process of political decision-making. So, according to S. Verba and
N. Nye, political participation refers to the actions of private citizens, i.e. citizens who do not hold
official positions, aimed at influencing the government, either on the choice of government per-
sonnel, or on the choice that these government personnel make [4]. From this perspective, partici-
pation is an instrumental act by which citizens attempt to force elements of the political system to
obey their will, a mechanism of representation through which officials are informed about the
preferences and needs of society and encouraged to respond to these preferences and needs.

All so-called. "classic™ definitions of political participation are formulated within the
framework of this approach. L. Milbreth and M. Goel call political participation the actions of or-
dinary citizens, through which they try to influence the government and politics or support them
[5]. M. Kaase and A. Marsh define political participation as any voluntary activity of individual
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citizens aimed at having a direct or indirect influence on political choice at various levels of the
political system [6]. G. Perry, D. Moiser and N. Day understand political participation as the ac-
tions of citizens aimed at influencing decisions made by members of the public and officials [7].

Based on the definitions developed within the "realistic” approach, political participation
has the following main properties. First, political participation refers to individuals in their role as
citizens, not as politicians or civil servants. Secondly, political participation is activity; the study
of political materials broadcast on television or published on social networks, or political state-
ments cannot be considered participation. Thirdly, political participation is an activity undertaken
by citizens voluntarily, and not under the coercion of the ruling class or in compliance with certain
laws (this property does not apply if we assume the existence of autonomous and mobilization par-
ticipation). Finally, fourthly, political participation concerns the entire mechanics of the political
system, not limited to specific stages (for example, the adoption of parliamentary decisions) or
specific levels (for example, national elections) [8].

Results and discussion. With almost complete consensus on the essence of political partic-
ipation, researchers distinguish many of its specific forms. An analysis of the specialized political
science literature shows that most often, to classify forms of political participation, scientists are
guided by seven criteria: the scale of involvement, the degree of involvement, incentives for par-
ticipation, the type of participants, the environment for participation, the type of activity, and com-
pliance with norms.

The first criterion for classifying forms of political participation used by scientists is the
scale of involvement. From this point of view, political participation can be individual and collec-
tive. A citizen can donate funds to one or another political party, individually getting involved in
political activities. At the same time, a citizen can take part in political demonstrations or rallies,
which involve the interaction of many participants and, therefore, collective activity. The choice in
favor of individual or collective participation largely depends on the personality traits [9].

The second criterion for the classification of political participation can be called the degree
of involvement of citizens. Based on this criterion, democratic, balanced and limited participation
are distinguished [10]. Democratic participation implies the constant and diverse involvement of
citizens in the activities of political institutions, as a result of which they receive real leverage.
With balanced participation, citizens are involved in politics periodically and more uniformly, and
they are able to exert any significant influence only after reaching a consensus with the authorities.
Limited participation occurs when citizens are involved in politics only in situations and in forms
beneficial to the authorities. In this case, they have no opportunity to influence the decision-
making process, acting only as a legitimizing resource.

The third criterion used in science to distinguish between forms of political participation is
the incentives that push citizens to such participation. Based on this criterion, political participa-
tion is divided into autonomous and mobilization [11]. Autonomous participation implies that citi-
zens independently, voluntarily, engage in political activity, pursuing their own interests. Mobili-
zation participation, on the contrary, assumes that citizens are not independent, forcibly involved
in political activity, reacting to administrative pressure or adhering to traditions. As a rule, auton-
omous participation is characteristic of systems with democratic regimes, and mobilization is
characteristic of authoritarian regimes, which are characterized by frequent attempts to symbolical-
ly involve citizens in various political events in order to simulate mass support [12].

The fourth criterion for classifying participation is the type of participants. According to
this criterion, two forms of political participation are distinguished: the participation of public ac-
tors and the participation of political consumers. They differ from each other in interest and organ-
ization. If social actors are focused on solving problems that are significant for the whole society
and are more or less formally organized, then political consumers are focused on realizing their
own interests and act in an informal way. As a result, the former, who are called "political opti-
mists”, treat the world of politics with much more confidence than the latter, who constantly
demonstrate their pessimism [13].
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The fifth criterion for the classification of political participation, which is now widely used
in scientific research against the backdrop of the rapid development of Internet resources and in-
formation technology, is the environment of participation. Based on this criterion, offline partici-
pation and online participation are distinguished. As the names suggest, offline participation in-
volves the involvement of citizens in actions held in a physical, real space, while online participa-
tion involves actions in the Internet space [14]. Researchers have different attitudes towards sin-
gling out online participation as a separate form. Some consider it a new full-fledged form of par-
ticipation [15], while others point out that it is just an illusion of real participation [16].

The sixth criterion for classifying forms of political participation is the type of activity. So,
S. Verba and N. Nye in their often cited classification distinguish 4 types of political participation:
voting, campaigning activity (for example, work in the interests of parties, etc.), contacts with of-
ficials, public activities (interactions focused on problems of the local community) [17]. J. Theo-
rell, M. Torkal and H.R. Montero offer an even broader classification, covering 5 types: electoral
participation (voting in elections), consumer participation (financial donations, signing petitions,
etc.), party participation (party membership), protest participation (participation in rallies, demon-
strations, etc. .) and contact participation (contacts with politicians, officials, etc.) [18].

Finally, as the seventh criterion for classifying forms of political participation, one can sin-
gle out compliance with norms. Participation may or may not comply with laws, traditions, ac-
cepted practices. J. Ekman and E. Amna distinguish between formal (voting in elections and refer-
endums, contacts with political representatives and civil servants, monetary donations to political
parties and organizations, etc.) and informal political participation, the latter being subdivided into
legal (boycotting, signing petitions, distribution of leaflets, etc.) and illegal (civil disobedience,
politically motivated attacks on property, etc.). At the same time, these scientists refer formal and
informal participation to manifest participation, which is preceded by latent participation, which
consists in showing citizens' interest in political problems [19]. Analyzing the links between polit-
ical trust and forms of political participation, M. Hooghe and S. Marien proceed from the division
of forms of participation into institutional and non-institutional [20]. However, most often scien-
tists, trying to classify the forms of participation on the basis of the criterion of compliance with
the norms, operate with the concepts of conventional and non-conventional participation, as is
done, for example, by I. Lamprianu [21] and E.N. Maksimov [22].

Table
Typology of forms of political participation
Criterion Forms
Scale of involvement individual, collective
Degree of involvement Democratic, balanced, limited
Participation Incentives Autonomous, mobilization
Participant Type Participation of public actors, participation of political consumers
Participation environment Offline participation, online participation
Activity type Voting, campaign activity, contacts with officials, social activities

Electoral participation, consumer participation, party participation, protest participa-
tion, contact participation

Compliance Formal, informal
Institutional, non-institutional
conventional, non-conventional

Conclusion. After examining various classifications of forms of political participation, a
typology can be proposed that includes the following criteria: scale of involvement, degree of in-
volvement, incentives for participation, type of participants, environment for participation, type of
activity and compliance with norms (Table 1).
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Annomauus

Ilepecmpotixa u nocreoyrowuii pacnad Cosemcxoco Corw3sa cmanu npuvuHou msdxiceneli-
WUX COYUATILHBIX NOMPSACEHULL U 8bI30808 HAYUOHAILHOU Oe30NACHOCMU NPAKMUYECKU 80 8CeX HO-
8000PA308AHHBIX 20CYOAPCMEAX NOCHICOBEMCKO20 NPOCMPAHCEA.

Mamepuanvt u memoowl, pe3y1omamol U 00CYHcOeHUA

Ocnabeswas enacmo Mockevl pazmoposuna 3mHonoaumudeckue Kongauxkmol Ha Kaskase
(6 Hacopnom Kapabaxe, Abxasuu, FOxcnoti Ocemuu, Yeune) u cnposoyuposana cenapamusm
Monoasuu (I'acayszus, Ilpuonecmposve), obocmpuna medxdcomuuveckue npomusopequs 6 Illew-
mpanvhot Azuu. Ilocmcosemckue 3mHonoaIUmMu4ecKue KOHQIUKmMbl, mo ecmsv me, 4mo C653aHbl C
80NPOCAMU NOUMUYECKO20 CAMOONPeOeleHUs IMHOCO8, DbLIU BCeyeslo CKOHYEHMPUPOBAHbL 8 pe-
euone, nazvieaemom bonvwum Ipuyepnomopvem, Kyoa noMumo NPUOPENHCHBIX 20CYO0apPCme OMHO-
cam Apmenuio, Azepbaiiddican, a maxdice HeKOmopbvle 6AIKAHCKUe CMPAHDL.

3akniouenue

Buicoxas xoughnuxkmoeennocms bonvuioeo Ilpuuepromopss 6 couemanuu ¢ e2o abconom-
HOU 2e0CMPame2utecKoll 3HAYUMOCTbIO NPEOONPEOeNUNIU BAHCHOCb PESUOHA O/ UHMEPECO8 OJis
MAKUX KIH0Ye8blX aKmopo8 CO8PEMEHHbIX MeHcOYHapoOousix omuouenutl, kak HATO, EC, avicmy-
narowux eounvim porumom, u PD. Ocobyro ponv 6 pecuone uepaem Typyus, ymeno barancupys
MedHcOy uHmepecamu KoeKkmusHo2o 3anaoa u Poccuetl u npoosueas He3asucumyro nogecmky.

KawueBble cioBa: bonbmoe [IpuaepHoMopse, cucremMa 0€30macHOCTH, TeoCTpaTernye-
CKasl TOYKa, ITHOMOJIUTUYECKUI KOHDIHUKT, Oananc cui, OpraHu3aius 4epHOMOPCKOTO SKOHOMHU-
YECKOI'0 COTPYAHUYECTBA, HEUTPAIUTET.

Abstract

Perestroika and the subsequent collapse of the Soviet Union caused severe social disturbances
and challenges to national security in almost all newly formed states of the post-Soviet space.

Materials and methods, results and discussions

The weakened power of Moscow reenergized ethno-political conflicts in the Caucasus (Na-
gorno-Karabakh, Abkhazia, South Ossetia, Chechnya) and provoked separatism in Moldova (Ga-
gauzia, Transnistria), exacerbated interethnic contradictions in Central Asia. Post-Soviet ethno-
political conflicts, that is related to the issues of political self-determination of ethnic groups, were
entirely concentrated in the region called the wider Black Sea region, which, in addition to the
coastal states, includes Armenia, Azerbaijan, and also some Balkan countries.

Conclusion

The high conflict potential of the wider Black Sea region, combined with its absolute geo-
strategic significance, predetermined the importance of the region for the interests of such key ac-
tors in contemporary international relations as NATO and the EU, acting as a united political
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player, and the Russian Federation. Turkey plays a special role in the region, skillfully balancing
between the interests of the collective West and Russia and promoting an independent agenda.

Key words: wider Black Sea region, security system, choke point, ethno-political conflict,
balance of power, Organization of Black Sea Economic Cooperation, neutrality.

Introduction. The specificity of the Greater Black Sea region, which consists in a combi-
nation of two fundamental factors of the conflict potential of this region: the rarest religious and
ethnic diversity and the high geostrategic significance of the territory, excludes the stochastic na-
ture of ethnopolitical movements. Such movements and the conflicts corresponding to them are
quite natural and even textbook in the conditions of the indicated features of the region. And, on
the contrary, the absence or even a small number of ethnopolitical movements in the Black Sea
region would be completely illogical and would contradict the basic principles of geopolitics. As
Georgetown University professor Charles King notes, “for most of the past two centuries, the stra-
tegic environment of the Black Sea zone has been shaped by three factors: the changing balance of
power between European and Eurasian states and empires; political ambitions of small states and
peoples directly affected by the actions of these powers; and the region's status as a transit point
for goods on global east-west and north-south trade routes. In many ways, these factors continue to
determine the problems and interests in the Black Sea region today” [7]. Indeed, incorporating the
Caucasus and almost the entire Balkan Peninsula, it is fair to designate the Great Black Sea region
as a key region of the Eurasian space, where the interests of the great powers of a particular era
were regularly suppressed. Occupying the border area between Europe and Asia and always being
at the crossroads of transregional and even transcontinental trade arteries (the Great Silk Road, the
route “from the Varangians to the Greeks”, etc.), this region has always been one of the most sig-
nificant geostrategic points in the world. Given the above and the role that the region plays in the
foreign policy interests of the Russian state, the relevance of creating a sustainable security system
in the Greater Black Sea region is beyond doubt.

Research methodology. The study was conducted within the framework of the theories of
neorealism and constructivism. As the main methods of analysis, retrospective, comparative geo-
political, conflictological and prognostic methods are used.

Research material: statistical data, individual and collective research studies, materials of
congresses, conferences, symposiums.

Research results and their interpretation. Over the past centuries, the main actors in the
region have been Russia, Turkey and the so-called collective West, consisting of countries con-
cerned about Russia's expansion in the Balkans. Control over the Black Sea straits, access to the
warm seas was one of the priority goals of Russia's foreign policy in the 18-19 centuries. Having
lost many years of struggle for the Balkans, Russia returned there by the middle of the 20th centu-
ry, almost completely covering the Balkans with its sphere of influence, not including only Greece
and Turkey (largely due to the implementation of the Truman Doctrine). The collapse of the USSR
radically changed the balance of power in the region. Weak post-Soviet Russia could not oppose
anything to the methodical strengthening of the positions of the collective West in the form of the
EU and NATO in the entire Greater Black Sea region. The key stages of this strengthening were
expressed in the following events:

1. The Yugoslavian wars, as a result of which NATO and the EU increased their influence in the
Balkans.

2. Accession to NATO of Bulgaria and Romania in 2004.

3. Unilateral declaration of independence of Kosovo in 2008.

4. Color revolutions in Georgia in 2003 and in Ukraine in 2004 and 2013-2014.

How productive were these events for the Western agenda in the region, how destructive
they were for the Russian? However, by the mid-2000s, the Russian state managed to return to the
path of restoring its geopolitical positions in the region, which led to a new round of confrontation
in the region along the Russia-West line. If Russia could not physically prevent the unilateral
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recognition of Kosovo’s independence in any way, being situationally limited only by diplomatic
tools, then in the case of the events in Georgia in 2008 and in Ukraine in 2014, which had an open
anti-Russian background, Moscow showed unshakable determination in the matter of maintaining
its influence in life. important post-Soviet space and curbing the ambitions of the Euro-Atlantic
community to turn the Black Sea into a "NATO lake". As a result of these events, the Russian
Federation recognized the independence of Abkhazia and South Ossetia in 2008, and returned
Crimea to its territory in 2014.

Nominally, the configuration of forces in the Greater Black Sea region in terms of ensuring
military-political security is currently dichotomous. On the one hand, these are NATO forces, rep-
resented not only by member countries, but also by states loyal to the Alliance represented by
Georgia and Ukraine, and on the other hand, by the Russian Federation. In fact, the situation is
multifaceted. In recent years, there has been a development of close cooperation between Russia
and Turkey in the issue of ensuring regional security, as well as bilateral relations. The growing
political and economic interaction between the two countries, which has obvious signs of a forced
situational alliance, equally distributes the influence of both states in the region. Recently, Turkey
has been systematically increasing its influence in the Balkans, the South Caucasus and the Middle
East. Given the fact that Turkey is a NATO member and has the second largest army in the Alli-
ance after the United States, it would be logical to expect another Russian-Turkish confrontation
for zones of influence in the Great Black Sea region, of which there have been more than enough
in history. Nevertheless, the two states have so far not only managed to avoid the deterioration of
relations, but also successfully agree on many important issues, including such fundamental ones
as the joint settlement of the Nagorno-Karabakh conflict and the division of spheres of influence in
Syria. Favors the development of bilateral cooperation between Russia and Turkey and the growth
of trade between the countries. In recent years, major investment projects have been implemented,
such as the construction of the Turkish Stream gas pipeline and the Akkuyu nuclear power plant.
And the purchase by the Turkish side of the Russian S-400 anti-aircraft missile systems led to a
deterioration in relations between Turkey and the United States.

Ankara's actions to promote an independent agenda in the region, which contradicts the
principle of solidarity of NATO member countries and led to a tactical partnership with Russia,
testify to the presence of a virtual third independent force in the region. Thus, the global trans-
boundary nature of the Greater Black Sea region today is represented by the watershed of the
spheres of influence of the West represented by NATO, Russia and Turkey, balancing between
them and promoting an independent agenda. This situation surprisingly accurately reproduces the
triangle of confrontation between the Russian Empire, Western countries that acted collectively in
the policy of containing Russia in the Balkans (for example, in the Crimean War), and the Otto-
man Empire in the 18-19 centuries. Even individual historical events in the region, such as, for ex-
ample, the annexation of Crimea to Russia in 2014, tend to repeat themselves.

In the context of the presence of relatively equal in potential actors opposing each other,
one of the most effective mechanisms for ensuring the security of the region seems to be the bal-
ance of power. In essence, such actions as the recognition of the independence of Abkhazia and
South Ossetia, as well as the incorporation of Crimea by Russia, in addition to the obvious context
of defending their national interests, are also an attempt by Moscow to maintain the balance of
power in the region, upset in favor of the West as a result of NATO expansion in the Balkans and
pro-Western orientation of Georgia and Ukraine. The effectiveness of regional security based on
the balance of power has been tested by time and does not require a detailed analysis. This mecha-
nism will continue to play a stabilizing role in the region until the military-strategic potentials of
the warring parties are relatively equivalent or until the agendas of these parties coincide, thereby
eliminating the grounds for confrontation. In the context of fundamental differences in the views
of Russia and the West on many key issues in the development of international relations, the latter
assumption seems to be very utopian.
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Nevertheless, the balance of power cannot be a panacea for ensuring security, and even
more so for such a complex and geostrategically attractive region as the Greater Black Sea region.
The West still has trump cards up its sleeve in the form of the potential accession of Georgia and
Ukraine to the North Atlantic Alliance [1, 2], while Russia, in fact, will have nothing to answer for
this. Of course, Moscow can recognize the independence of the so-called L-DNR or include them
in its composition, but this will not be an adequate response to the membership of Georgia and
Ukraine in NATO. However, it is unlikely that Russia will take such legally unjustified steps, be-
cause joining any international organization is the sovereign right of states, and thus Russia will
demonstrate disrespect for the principle of territorial integrity, to which it appeals, in particular, in
the issue of recognizing the independence of Kosovo. The apparent parallel with the annexation of
Crimea is actually false - the peninsula was annexed on the basis of the will of the people of Cri-
mea under the conditions of the illegitimate government of Ukraine as a result of a coup d'état, on
which Moscow's official position is based [3]. Now the Ukrainian authorities are recognized by the
Russian Federation. In addition, recognition of the independence of the "people's republics” of
Donbass or their inclusion in Russia will reveal the inconsistency of Moscow's statements regard-
ing the lack of alternatives to the Minsk agreements [5], which, of course, will be a severe blow to
the business reputation of the current Russian government.

Thus, in today's rapidly changing world, the balance of power can be a very ephemeral
phenomenon. In addition to attempts to maintain a balance of power, it is also necessary to build
full-fledged cooperation in the region. To a certain extent, this can be done within the framework
of the Black Sea Economic Cooperation Organization (BSEC). Today, the BSEC is the only inter-
governmental organization uniting the countries of the Greater Black Sea region. The absence of
diplomatic relations between some of the BSEC member states (between Armenia and Azerbaijan,
Armenia and Turkey, Russia and Georgia) did not become an obstacle to their work in the organi-
zation. Consequently, the development of the BSEC seems to be one of the mechanisms within the
framework of the strategy of building a full-fledged security system in the Greater Black Sea re-
gion. The high interdependence of the countries of the region will inevitably level out the existing
contradictions and make possible a productive dialogue based on mutual concessions.

Other approaches are also being developed. For example, the idea of a Euro-Atlantic vector
for the development of the security system in the Greater Black Sea region is quite popular in
Western scientific circles, rejecting the significant Russian factor and the attraction towards Mos-
cow of literally all unrecognized quasi-states in the region. For example, political scientists Di-
mitrios Triantafillou and Mitat Chelikpala propose to be guided only by the NATO factor and the
implementation of the Euro-Atlantic security model in the region on the grounds that “three of the
six Black Sea coastal states are NATO members, and the other two (Ukraine and Georgia) are ac-
tively cooperating with Alliance” [9].

However, it is obvious that without a dialogue with Moscow it is impossible to build a truly
effective security model for the Black Sea region. Moreover, ignoring the interests of Russia in the
region is fraught with the growth of tension, which in the end can aggravate the situation. There is
a need for a dialogue between all the forces in the region with the possibility of a compromise. In
fact, modern Russian-Turkish relations can serve as a vivid example of such an approach. There
are many contradictions between Moscow and Ankara. Turkey does not recognize Crimea as Rus-
sian, declaring this at any opportunity. The countries implicitly compete in the South Caucasus and
Syria. But despite all the differences, they manage to find common ground and negotiate. Such
could be Russia's relations with other actors in the Black Sea region. In fact, all that is needed is
political will.

Some steps in this direction are already being taken. From 2017 to 2021, a major scientific
project was implemented on the basis of the University of Graz to exchange knowledge in the
Black Sea region [8]. The project united 12 research centers of the Black Sea countries, including
Russia (Pyatigorsk State University) [8]. Also, since 2019, under the auspices of the Vienna Insti-
tute for Security Policy, a series of expert seminars has been held with the participation of repre-
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sentatives of Russia, the United States, the countries of the European Union and the post-Soviet
states of the Greater Black Sea region [4]. These meetings have already revealed and confirmed
both the existing contradictions and common ground [4].

It is easy to see that today Austria plays a special role in the context of building a dialogue
between Western countries and Russia. This, above all, contributes to the neutral status of the Aus-
trian state. In this regard, the well-known Russian political scientist-Caucasian Sergey
Markedonov, together with his Austrian colleague from the University of Vienna, Alexander
Dubovy, expressed an interesting idea of another approach to ensuring the security of the Greater
Black Sea region. Markedonov and Dubovi draw an interesting parallel with the international or-
der after the Second World War and the order that, in his opinion, can be constructed today in the
region. According to researchers, after World War 11, Austria, being on the border of the spheres
of influence of the USA and the USSR, chose the path of neutrality, agreed not to enter into mili-
tary alliances and not allow foreign military personnel to enter its territory [4]. Neutrality became
synonymous with independence and helped the country to find a new strong state identity after the
loss of the imperial heritage and the mistakes of building the first Austrian republic [4].

Markedonov and Dubovi describe the possibility of an original understanding of their neutrali-
ty by the post-Soviet countries of the Great Black Sea region: “speaking of neutrality and the Austrian
concept of neutrality as an example to follow, we must remember that there is no single correct con-
cept of neutrality. Just as Austria developed its own understanding of neutrality based on the Swiss
model, the post-Soviet states of the Black Sea region can develop their own understanding of neutrali-
ty. Neutrality is a complex, multifaceted process, not a dogma or a "bargaining chip”, but a way of life.
It is not a panacea, but a long-term process within the framework of public policy. By the way, the
adoption of neutrality in fact is impossible without the definition of certain rules of the game between
the great powers. The same Swiss model was the result of the “European Concert” that took shape at
the final stage of the Napoleonic Wars and during the work of the Congress of Vienna. The Austrian
model was given an external impetus by the American-Soviet consensus about the future of this coun-
try after the end of World War II. <..> “In connection with the change in the world order and the lack
of trust between the collective West, Russia and some states of the Black Sea region, neutrality can and
should be compensated by multi-vector economic cooperation. Thus, it will contribute to the diversifi-
cation of the foreign policy of the Black Sea countries and the development of partnerships with other
centers of power involved in regional geopolitics™ [4].

Conclusions. The Great Black Sea region, due to its high geostrategic significance and cultural
and civilizational heterogeneity, plays a special role in the modern system of international relations and
is subject to serious security challenges. The security of the region can only be ensured by a combina-
tion of mechanisms for the balance of power, the development of trade and economic relations be-
tween the countries of the region, civil diplomacy, as well as by establishing the neutral status of the
post-Soviet countries of the Greater Black Sea region. The latter approach, formulated by the Cauca-
sian scholar Sergei Markedonov together with the Austrian researcher Alexander Dubovi, is very real-
istic and fully meets the requirements of the time and circumstances in the issue of designing a security
system in the region. The neutrality of Armenia, Azerbaijan, Georgia, Moldova and Ukraine will em-
phasize their special status, set them apart from the politically biased states of the region, and make
relations with them more trusting and stable. This became a good guarantee of the stability of the secu-
rity system in the Greater Black Sea region for a fairly long term.
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Annomauus

IIpoosudicenue Poccuu u Berukoopumanuu x epanuyam Bocmounou Ilepcuu 6 nocieoneii
mpemu XIX.: ceononumuueckue unmepecvl cmopou u npod.iema HayyHo20 0C80eHUsl Pe2UOHA.

Mamepuanvt u memoowl, pe3y1omamol U 00CYHcOEHUA

Ioneoe spems 6 Poccuu ne umenu mounvix ceedenuti o0 Bocmounotu Ilepcuu. Hccrneoo-
8aHUS 3aPYOENHCHLIX ABMOPO8 MAKICe He MO2IU YCHeWHO peuums 0aHHylo 3adavy. Tak Kak,
00CMOBEPHOCMb COOEPHCABUIUXCSA 8 HUX CBeOeHUll bl3bleana Oonvuiue commenus. OHu 3aya-
CMYyI0 ONUPANUCHL HA PACCKA3bl MECMHbBIX dcumeneti U ucciedosanus boiee paHHux asmopos,
3a4acmyio He co8nNa0ABUUX ¢ pealbHOCmblo. Boennoe edomcmeo cmpanvl, cocmasnas cnpa-
gounuxu no Ilepcuu u ceocpaghuuecxkue kapmel, cmpemMuirocb coopams obcmosmenvHuvle cge-
OeHUsL 0 pACCMOAHUU MeHCOY OCHOBHbIMU HACENeHHbIMU NYHKMAMU CMPAHbl U COCMOSHUU
MPAHCROPMHBIX KOMMYHUKAYUL

3aknrouenue

Benuxobpumanus, ucnonwv3ys ceoe 60eHHoe U IKOHOMUYECKOe npesocxoocmeo Hao llep-
cuetl, cmpemMumcs nepecmMompems ee 0CMOYHYIO 2panuyy 8 noavsy Ageanucmana u bpumanckotu
Hnouu. B pezynemame ona nassazana Tecepany HeCKOIbKO He 8bl200HbIX 002080P08 O 0eMapKayuu
2PAHUYDL, YMO NPUBENO K CYUECMBEHHbIM MePPUMOPUATbHBIM nomepam. 3aboma Benukoopuma-
Huu 006 Ageanucmarne 8 OCHOBHOM OOBACHANACH ee dHcelanHuem co30amov oOygep medxncoy Poccueti u
bpumanckou Unoueii, 6 mom uucne 6 ciyuae 3axeama Canxm—Ilemepoypeom Xopacana u opyeux
pationos Bocmounoti [lepcuu.

Knrwuegwie cnosa: Poccus, bpumanus, npomusocmosnue, Bocmounas Ilepcus.

Abstract

The advance of Russia and Great Britain to the borders of Eastern Persia in the last third
of the XIX century: the geopolitical interests of the parties and the problem of scientific develop-
ment of the region.

Materials and methods, results and discussions

For a long time, Russia did not have accurate information about Eastern Persia. Studies
by foreign authors also could not successfully solve this problem. Since the reliability of the in-
formation contained in them caused great doubts. They often relied on the stories of local resi-
dents and the research of earlier authors, which often did not coincide with reality. The military
department of the country, compiling reference books on Persia and geographical maps, sought to
collect detailed information about the distance between the main settlements of the country and the
state of transport communications

Conclusion

Great Britain, using its military and economic superiority over Persia, seeks to revise its
eastern border in favor of Afghanistan and British India. As a result, it imposed on Tehran several
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unprofitable agreements on the demarcation of the border, which led to significant territorial
losses. Britain's concern for Afghanistan was mainly explained by its desire to create a buffer be-
tween Russia and British India, including in the case of the capture of Khorasan and other areas
of Eastern Persia by St. Petersburg.

Key words: Russia, Britain, confrontation, Eastern Persia.

Sistan becomes an important disputed territory in the relations of Persia with Afghanistan
and British India [1]. After the collapse of the power of Nadir Shah, Sistan becomes the object of
confrontation between Persia and Afghanistan. During this period, Sistan retained an independent
status for some time. In 1802, most of Sistan was captured by Persia, which prepared the ground
for the natural entry of the region into the country, trying to negotiate with local leaders. During
this period, British diplomacy relied on the war between Persia and Afghanistan, not doubting the
victory of Kabul [2]. In 1872, under the patronage of Great Britain, Sistan was divided between
Persia and Afghanistan; as a result, Tehran recognized the partial loss of territory [3]. Great dis-
putes over the delimitation were caused by the question of the division of the region's water re-
sources, which were claimed by both Persia and Afghanistan. When there were disputes about the
division of Sistan, London in this conflict constantly considered Sistan as a possible outpost of
Russia to strike at India. The campaign of the Russian army through Afghanistan to India was
fraught with great risks, due to limited resources and endless struggle with local tribes. The cam-
paign through Sistan allowed Russia to bypass troubled Afghanistan [4]. In addition, in the region,
her army could replenish supplies for a further campaign. In this regard, London chose the least of
the "two evils", transferring a significant part of Sistan to Afghanistan.

Kabul claimed a number of other areas, raising the question of the need to populate the
Sistan desert and irrigate it [5]. In 1896, a territorial dispute arose again between Afghanistan and
Persia, Tehran turned to London for assistance, after which most of the border between the states
was demarcated by 1903. The process of establishing the eastern borders of Persia dragged on in
some areas until 1935. [6] The state border between Persia and Afghanistan violated the traditional
routes of movement of nomadic tribes, to their great displeasure. True, they could easily bypass
border points, but as control over the border tightened, tension on both sides of the border grew. In
conditions of drought or locust invasion, the flow of migrants from Afghanistan was directed to
Persia or vice versa. Often the two streams intersected.

The legal registration of the border between Afghanistan and Persia did not stop Kabul's
new claims to Tehran. In the 80s-90s. 19th century Afghanistan more than once arbitrarily cap-
tured the border regions of Persia, including in Khorasan. This circumstance caused great concern
in Russia. The inhabitants of the border regions were frightened by the hostile actions of Afghani-
stan, so more than once V.A. Oranovsky heard the question from the Khorasans about who is
stronger Russia or Afghanistan [7].

Disputes between Persia and Great Britain arose over the determination of the border in
Balochistan. From the 30s. 19th century Great Britain begins to actively interfere in the affairs of
Balochistan. After the death of Nadir Shah, the region remained nominally dependent on Tehran
without defining clear boundaries. It becomes a buffer between British India and Persia. British
diplomats and the military understood the exceptional role of Balochistan in protecting India and
Afghanistan in the event of a war with Russia. Through the region it was possible to quickly trans-
fer troops to Herat and Kandahar [8]. In 1841 and 1854, London imposed treaties on the Kelat
(Kalat) Khanate, making it, in fact, its own protectorate. In 1870-1871 the governor of Kerman
undertook a campaign in Balochistan to consolidate the sovereignty of the country over the prov-
ince. In 1871, he captured the port of Chehbahar, which had previously belonged to the Sultan of
Oman. The successes of Persia caused concern in London. In 1870, he forced negotiations be-
tween Persia and Afghanistan on a delimitation in Balochistan. They were joined by negotiations
between Great Britain and Persia on this matter. British experts drew a demarcation line without
taking into account the opinion of the Persian side. The Persian delegation at the talks was headed
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by a great patriot of the country, he refused to sign the agreements and achieved the transfer of ne-
gotiations to Tehran [9]. However, the Shah's government eventually capitulated to the British. As
a result, in 1863-1872. a significant part of Balochistan became part of British India.

The demarcation of the border in Balochistan did not stop the British from further expan-
sion in the region. At the beginning of the twentieth century. their attention was attracted by the
city of Nusretabad, which became an important center for the intersection of communications, in-
cluding the telegraph line. Roads connecting Sistan with Kerman ran through the city, rich water
reserves were located in the city, and a fertile valley was located around it [10]. In the event of the
capture of the city, it became an important outpost for the further expansion of Great Britain in the
Persian part of Balochistan, Kerman and Sistan. The justification for expansion in Balochistan was
the talk of the British about their civilizational mission and the need to modernize the "wild land".

Since the 70s. 19th century an important factor determining the policy of Persia in Central
Asia is the promotion of Russia in the region. The Russian offensive in Central Asia enters an ac-
tive phase in 1869, when troops under the command of General N.G. Stoletov landed on the east-
ern shore of the Caspian Sea, creating a stronghold - Krasnovodsk [11]. Russia gradually moved
towards the borders of North-Eastern Persia. For some time, the lands inhabited by Turkmen tribes
acted as a buffer between Russia and Persia. But this state of affairs was temporary.

After the fall of the Khiva Khanate in 1873 [12], Russia began to show interest in the
lands of the Turkmen tribes, which could lead to its conflict with Persia, which traditionally close-
ly followed the development of events north of Khorasan [13]. It should be noted that the appear-
ance of Russia in Central Asia and its military successes, according to Niva journalists, led to the
growth of its political authority within Persia [14].

In the first third of the XV1II century. most of the Turkmen lands were part of Persia, then
Tehran gradually loses control over them. The lands of the Turkmens became the object of the
struggle for dominance in the region of the Khiva Khanate and Persia. Attempts to restore the for-
mer influence over the Turkmens were unsuccessful for Persia in 1861, when the Persian army
was defeated by the Turkmen tribes. In 1869, the Persian army won, but it had a local character
and did not lead to a significant strengthening of the position of Persia in the region [15].

Persia's policy towards Russian advancement in the Trans-Caspian region was ambiva-
lent. On the one hand, Persia was afraid of Russia's exit to Khorasan. On the other hand, Persia
itself constantly suffered from the raids of warlike Turkmen tribes. Capturing the southeastern
coast of the Caspian Sea, Russia reached the borders of Persia. In 1880-1881 General M. Skobelev
carried out a successful Akhal-Teke operation, taking the Geok-Tepe fortress by storm in January
1881 [16]. Ashkhabad fell a few days later. This was a significant success of Russia in advancing
in the zone of residence of the Turkmen tribes. In 1881, difficult negotiations were held between
Russia and Persia, as a result of which Tehran recognized the accession of Turkmen lands to Rus-
sia by signing the Akhal-Khorasan Convention and the Tehran Treaty. The negotiations were suc-
cessfully held by the Russian Ambassador to Persia, I.A. Zinoviev. This treaty and subsequent
events caused a great stir in London. The British public was worried about the fate of Merv, which
opened the way for Russia to the eastern part of Khorasan and Afghanistan [17]. By the way, Brit-
ish intelligence rather quickly, using their intelligence, got a map of the territorial delimitation be-
tween Russia and Persia [18].

When demarcating the border with Persia, the Russian side realized its complete igno-
rance of the landscape of the border area, without which it was impossible to establish a clear bor-
der. To eliminate this circumstance, a special expedition is sent to the Transcaspian region [19].
Her materials accelerated the course of negotiations. Finally, all the controversial points in the
drawing of the border were settled by the Russian-Persian treaty of 1893 [20]

The drawing of the border between the Trans-Caspian region and Khorasan gave rise to
many problems. Firstly, the use of water resources of the border rivers, which were claimed by
both sides. Some of them started their course in the Transcaspian region [21]. The paradox was
that Russia's access to the borders of Persia led to an increase in the population in Northern Khora-
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san and its economic activity. This has led to an increase in the consumption of water resources.
This trend also manifested itself in the Trans-Caspian region. Therefore, conflicts began to arise
over the distribution of river flows between the Russian administration and the authorities of
Khorasan [22]. In Khorasan, there are even problems with land irrigation. In 1881, the inhabitants
of Persia in the Manysh valley, in violation of the agreements, significantly expanded their crops,
which led to a sharp consumption of water and the shallowing of the Annau-Su River. As a result,
a Russian military detachment occupied the area, destroyed fields and canals, returning the status
quo [23]. Such conflicts arose in other parts of the border. In 18841885 the parties appoint au-
thorized persons who monitor the use of water resources. As a result, the size of the population in
the border areas, the size of sown areas and water consumption were clearly stipulated.

Secondly, the border cut the routes for the movement of nomadic Turkmens. For almost
nine months they were in the territory of the Trans-Caspian region, and went to Khorasan for the
winter. This moment also forced Russia and Persia to settle this controversial point. Most Turk-
mens accept Russian citizenship, as they paid less taxes in Russia than in Persia. In addition, they
could count on the support of Russia, being in the territory of Persia. Tehran tried to win the
Turkmen over to its side, temporarily completely exempting them from paying taxes [24]. As a
result, some tribes went to Persia. Part of the Turkmen aristocracy also faced the choice of which
state to swear allegiance to? Often, the decisive argument was the receipt of military ranks and
gifts, in which Tehran was most successful. In this victory of the Persian Shah in Russia, he did
not see anything terrible, doubting the business and personal qualities of many local aristocrats.
The actions of Russia in the border zone were carefully monitored by British intelligence, in par-
ticular, the activity of the expedition of P.M. Lessar was the object of its close attention.

In January 1884, Merv (Mary) recognizes its entry into the Russian Empire [25]. Prior to
this, the rulers of the city hatched a plan to join Persia, but nothing happened to them. The Turk-
mens repeatedly turned to Persia for help during the battles with the Russian army in the 80s. X1X
century, but Tehran preferred to avoid open confrontation with Russia. In 1882, Russia created the
Transcaspian region, and in 1880-1888. builds the Trans-Caspian railway, which testified to the
thorough consolidation of its positions in Central Asia.

As a result of the demarcation of the border, not only the lands inhabited by Turkmens be-
came part of Russia. In a number of cases, auls with a Persian population appeared on the territory of
the empire. After the border was drawn, they were abandoned, and their inhabitants left for the territory
of Khorasan. One of these auls was the Russian border checkpoint Garmuba. During the residence of
the Persians in the village there were large orchards, solid dwellings. After their departure, everything
fell into disrepair [26]. After the border was drawn, part of the Kurds also ended up on the territory of
Russia, the Persian authorities forcibly resettled them in Khorasan so as not to lose the taxable popula-
tion, although Russia did not mind that they remained on its territory.

The demarcation of the Russian-Persian border did not completely stop the Turkmen raids
on Persian territory, the actions of the Turkmens engaged in banditry caused concern among the
Russian administration. 1.A. Zinoviev noted big problems with the protection of the border in the
Transcaspian region, since the Turkmens, Kurds and other peoples who lived here were distin-
guished by obstinacy and even “predatory inclinations” [27]. Therefore, St. Petersburg had to take
decisive measures to strengthen the border, using force and at the same time trying to find some
kind of compromise with the local peoples.

In 1890 Lieutenant General VN Kuropatkin was appointed commander of the troops in
the Transcaspian region. He will make great efforts to restore order on the border and combat ban-
ditry. In 1895, he went to Tehran to inform the Shah about the coronation of Nicholas Il . During
this visit, in addition to ceremonial functions, VN Kuropatkin discussed a number of problems in
bilateral relations with representatives of the highest authorities of Persia. The central theme was
the restoration of order on the border and the struggle against the Turkmen tribes [28]. The parties
agreed to take measures to disarm the Turkmens, which, in their opinion, should have somewhat
defuse the situation. True, V.N. Kuropatkin did not really believe in the combat effectiveness of
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the Persian army and the country's financial capabilities, since such an action required significant
resources. Instability on the northeastern and eastern borders of Persia forced Tehran to appropri-
ately deploy armed forces on the territory of the country. Large military garrisons were stationed
in Mashhad and Kerman.

According to I.A. Zinoviev, the annexation of the Transcaspian region was of great im-
portance, both for Russia and for Persia. Russia secured its possessions in Central Asia from the
raids of the Turkmen tribes, having received the opportunity to develop the resources of this re-
gion, especially after the completion of the construction of the main branch of the Trans-Caspian
railway. Moreover, Russian exports got the opportunity not to be limited to trade with Northwest-
ern and Central Persia, but to expand their potential by penetrating into Eastern Persia, including
Khorasan, Sistan, Balochistan, Kerman, Yazd, and even Shiraz. In the diplomat's opinion, Persia
also received undeniable advantages. Firstly, she was no longer subjected to constant attacks from
the Teke Turkmen. Secondly, the relative stability on the borders of Khorasan led to its economic
development and the growth of the well-being of the local population. Thirdly, Khorasan and other
eastern provinces of Persia got the opportunity to create and expand economic ties with Russia and
other European states.

Until the last third of the XX century. Eastern Persia was one of the little-studied regions
of Central Asia, remaining a "blank spot" in the military-political and scientific circles of Europe.
It did not belong to the calm regions of the country, which made it difficult for Russian and British
researchers to study it. Gradually, Eastern Persia becomes a buffer between Russia and British In-
dia, this fact caused its active study by scientists and military men from Russia and Great Britain.

Territorial disputes with Russia, Afghanistan and British India become a serious test for the
country. In 1881, Persia was forced to sign the Akhal-Khorasan border convention with St. Peters-
burg, recognizing the border with Russia along the Atrek River. The advance of Russia to the bor-
ders of Khorasan caused an ambiguous attitude in Tehran.

Great Britain, using its military and economic superiority over Persia, seeks to revise its
eastern border in favor of Afghanistan and British India. As a result, it imposed several unfavora-
ble border demarcation treaties on Tehran, which led to significant territorial losses. Britain's con-
cern for Afghanistan was mainly explained by its desire to create a buffer between Russia and
British India, including in the event that Khorasan and other regions of Eastern Persia were cap-
tured by St. Petersburg.
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Annomauusn

Bonpoc o nayuonanvhoii udee poccuticko2o 20cyoapcmea 60 6ce pemMeHa 8bl3bl8al Henoo-
OebHbI UHmMepec 8 HAYYHOM coobuecmse, 8 NOJUMULECKUX KpY2ax, cpeou uiocodhos u mviciu-
meneu. Ocmaemcs akmyaibHblM OH U 8 co8peMeHHOoU Poccuu, cmonxkHyswetics ¢ 2100anu3ayuoH-
HBLIMU 8b13068aMU CEKYIApHO20 mupa. Ha pasnvix obujecmeeHHvlX YpOSHAX mema HAYUOHATLHOU
uoeu 8bl3618aem OHCUBIEHHbIE OUCKYCCUU U CNOCOOCBYem B803HUKHOBEHUIO Yel020 psadd UCCLe0o-
8amenbCKUX NPoeKmos.

Mamepuanst u memoowt

Llenv: 632nHymv na 6b160p HAYUOHANLHOU UOEU CKBO3b NPUSMY NPABOCIABHLIX OYXOBHO-
HPABCMBEHHBIX YeHHocmell. Memooonozun: KOMNIEKCHbIU pempoCneKmueHbslll aHalu3 UCmopuu
paseumusi HaYuoHanvbHou udeu 6 Poccuu, cunmes cospemennvix 6327151008 HA OAHHYIO NPOOIeMY,
0000ueHIe NOYYeHHbIX OAHHBIX, POPMUPOBAHUE KOHKPEMHBIX NPEON0NHCEHUU HA NEPCNEeKMUS).

Pe3ynomamul u 06cyrcoenusn

B pe3zynemame pempocnexmugnozo 632110a 6 omeuecmeeHHy0 UCMOPUIO BbISGIEHO, YUMo
UMEHHO NPABOCIasHbILL (haKmop AGNANC KII04Ue8blM NPU 8bl00pe HAYUOHATIbHBIX Uoell 0l pOCCUli-
cK020 2ocydapcmed. Omo 00YClo8leHO YHUKAILHOU PONbio NPABOCIAUS 8 JHCUSHU 00ujecmaa, Ko-
MOpyI0 CLONHCHO nepeoyeHums. Hecmomps na ceemckuti xapakmep cospemennou Poccuu, npaso-
cnasue Nno-npejicHemy OCmaemcsi OOHUM U3 BANCHEUUUX CAMOUOEHMUDUKAMOPOE POCCULICKO20
Hapooa.

3akniouenue

Bmecme ¢ mem, 6 nayunom ouckypce mema ucciedo8anus poiu npagociasusi 8 popmuposa-
HUU POCCUTICKOU HAYUOHALHOU udeu umeem ciadwvlil OMKIUK, 8 MO 8peMs, KaK 8 oouecmee u 2ocy-
oapcmee ykasamhas npobiemamuxa npuobpemaem 6ce 0ONbWLYIO AKMYANbHOCMb. B smoti césa3u
aemop npuxooum K 6bl800y 0 HeoOX0OUMOCMU NPUBLEYEHUs. BHUMAHUSA HAYYHO20 CO0DWecmea K
O0aHHOU meme 8 Yesx pazpabomu HayuHo 0O60CHOBAHHOU 0A3bl 0151 POPMUPOBAHUSL KAYEeCBEHHOT
u s¢ghpexmusnoll co8pemMeHHol HAYUOHANbHOU Udeu, OCHOBAHHOU HA NPABOCIABHBIX OYXOBHO-
HPABCMBEHHBIX YEeHHOCHIAX.

KuroueBble cj10Ba: npaBociaBue, HAllMOHANLHAS UJIes, HAIIMOHATFHOE CAaMOCO3HAHHE, PyC-
CKasl IpaBOCIaBHAas [IEPKOBb, IIEPKOBH M HAIIHA.

Abstract

The question of the national idea of the Russian state at all times aroused genuine interest in
the scientific community, in political circles, among philosophers and thinkers. It remains relevant
in modern Russia, which has faced the globalization challenges of the secular world. At different
social levels, the topic of the national idea provokes lively discussions and contributes to the emer-
gence of a number of research projects.

Materials and methods

Purpose: to look at the choice of a national idea through the prism of Orthodox spiritual and
moral values. Methodology: a comprehensive retrospective analysis of the history of the develop-
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ment of a national idea in Russia, a synthesis of modern views on this problem, a generalization of
the data obtained, the formation of specific proposals for the future.

Results and discussions

As a result of a retrospective look at Russian history, it was revealed that it was the Ortho-
dox factor that was the key in the choice of national ideas for the Russian state. This is due to the
unique role of Orthodoxy in the life of society, which is difficult to overestimate. Despite the secular
nature of modern Russia, Orthodoxy remains one of the most important self-identifiers of the Rus-
sian people.

Conclusion

At the same time, in the scientific discourse, the topic of the study of the role of Orthodoxy in
the formation of the Russian national idea has a weak response, while in society and the state this
problem is becoming increasingly relevant. In this regard, the author comes to the conclusion that it
is necessary to attract the attention of the scientific community to this topic in order to develop a
scientifically grounded basis for the formation of a high-quality and effective modern national idea
based on Orthodox spiritual and moral values.

Key words: orthodoxy, national idea, national identity, russian orthodox church, church and
nation.

Introduction

In recent years, in the public-state and scientific space, discussions have increasingly arisen
about the formation of a “national idea” designed to unite the Russian people, thereby ensuring the sta-
bility of the intensive development of the state. In our opinion, the solution of this problem must begin
with a historical analysis of the issue and an assessment of the age-old Russian experience in this area.
The purpose of this study is to study the issue of choosing a national idea through the prism of Orthodox
values. The research methodology is based on a comprehensive retrospective analysis of the history of
the development of the national idea in Russia, a synthesis of modern views on this problem, a generali-
zation of the data obtained, and the formation of specific proposals for the future.

Research term base

First of all, let us turn to the concept of the national idea. The term "nation" comes from the
Latin " natio " - tribe, people. Over the past two centuries, the concept of a nation has been the sub-
ject of numerous scientific disputes, but so far no universal definition has been developed, since
there is no consensus on the criteria for the membership of a nation, its territorial and cultural
boundaries, etc. In the framework of this study, the term “nation” will be identified with the Russian
people as a whole, since it seems to absorb the category of “ethnicity”, creating a broader communi-
ty, for which the state, culture and economic activity are the determining factors.

As for the concept of "idea", it is derived from the Greek ideiv - image, representation, and is
used in philosophy in various semantic meanings. For this study, the encyclopedic definition seems
to be the most appropriate, by virtue of which “an idea is a form comprehension in thoughts phe-
nomena objective reality , including in myself consciousness goals And projections further
knowledge And practical transformation of peace” [1]. Thus, the concept of "national idea” in-
cludes two ambiguous terms that do not have a single definition. Accordingly, in this regard, the
concept itself is also ambiguous and polysemantic.

The Philosophical Encyclopedic Dictionary proposes to understand the national idea as “a sys-
tematized, time-stable generalization of national self-consciousness, most often presented in the form of
socio-philosophical or socio-political, artistic works, i.e. which can have both a rational and a figurative
form [2]. According to Kutafin O.E., the national idea is “a concentrated expression of the identity of the
people, a powerful integrator capable of consolidating the people into a single social integrity” [3]. The
team of authors, led by Sulakshin S.S., defines the national idea as a way of internal self-identification of
an individual citizen: “the national idea is turned inside the country, it asks and answers the questions:
“Who are we? Why are we and why? What is our identity and meanings? How exactly do we live in
order to live?” [4]. Korovnikova N.A. in her dissertation " Prerequisites and prospects for the formation
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of the national idea of modern Russia" [5] proposed the following definition of the national idea: "a
multifaceted, multifaceted concept that accumulates fundamental values and interests that contribute to
the unification of all or the majority of the country's population, regardless of ethnicity, social status and
forms some ideal as the goal of the development of the nation. Shchuplenkov O.V. defines the national
idea as a trinity of the divine, social and state: “the logical structure of the national idea is not reduced
either to its supermundane beginning - the divine plan, or to its reflection in human consciousness - the
social ideal, or to its historically specific embodiment - the state, but represents is an interdependent
unity of all the indicated moments of the idea, a system of dynamic synthesis of its superhuman and
human, ideal and real nature [6].

As can be seen from the above definitions, they are based on various categories: national
self-consciousness, the identity of the people, the synthesis of superhuman and human nature, the
internal self-identification of an individual citizen, and fundamental values. Although these catego-
ries really determine the uniqueness of a particular nation, they are not identical to the national idea:
N.A. Berdyaev characterized the national idea most succinctly and concisely. In his opinion, “the
idea of a nation is not what it thinks of itself in time, but what God thinks of it in eternity ... wit-
nessed by the religious character of the people, transformed and indicated by the most important
events and the greatest personalities of our history [7].” In other words, the national idea is deter-
mined by God's plan, which is revealed to the people in a historical perspective in the context of
their religiosity. Despite the fact that the principle of de-ideologization is formulated in the constitu-
tions of many states, including the Russian one, not a single state can exist without a national idea.
The presence of a common idea, which is a kind of consensus of various worldview positions,
unites the people. In the absence of a national idea, society becomes amorphous and destructive, and
its development, devoid of a meaningful goal, is chaotic and inefficient.

The historical path of transformation of the Russian national idea

The national self-consciousness of the Russian people, their identity, spiritual archetype and
moral values are firmly connected with Orthodoxy. Once disparate tribes that were baptized, took
shape in a single people who adopted the Christian tradition. Orthodox culture has introduced
unique components into Russian life that have taken root and become key in the self-consciousness
of the Russian people: an orientation toward sacrifice and duty (in contrast to Western rationalism
and the motivation for benefit), catholicity (in contrast to Western individualism), the priority of
spiritual values (in contrast to from the Western desire for consumerism as an end in itself), asceti-
cism (in contrast to the Western culture of material prosperity), etc. In other words, metaphysical
values and striving for God have been invested in the character of the Russian people for centuries.

The earliest attempts to fix the national idea are found in such ancient Russian works as the
“Sermon on Law and Grace” by the Kiev Metropolitan Hilarion and “The Tale of Bygone Years” by the
monk Nestor of the Kiev Caves Monastery. Their teachings contain the origins of the concept of the
Russian national idea, based on Orthodox dogma and spiritual and moral self-improvement. However,
the first, clearly defined national idea: “Moscow is the third Rome, and the last”, was proposed by the
monk of the Pskov Elizarov Monastery Philotheus during the period of the Muscovite kingdom. Its
appearance is connected with the tragic events that shook the Orthodox East - the fall of Byzantium and
the signing by the Greeks of the Ferrara-Florentine Union with the Latins. In this laconic formulation,
quite significant thoughts are hidden, caught from the historical context, namely: loyalty to Orthodoxy, a
symphony of church and state authorities, a focus on the monarchy. All these factors together served to
significantly strengthen state power both in internal affairs and at the level of interstate relations.

For several centuries, this national idea has successfully fulfilled its functions, helping the
state grow to imperial status and unite many peoples under the Russian flag. In the 17th - 19th cen-
turies, the significance of Orthodoxy in the context of the national idea was especially expressed in
the spiritual quest of the Slavophiles, who saw in Russia originality and their unique destiny, in
contrast to the Westerners, who appealed to the universal European path of development. Thoughts
about the special historical mission of Russia and its spiritual and cultural identity are found in the
works of Aksakov K.S. [8], Dostoevsky F.M. [9], Kireevsky I.V. [10], Khomyakov A.S. [11]. How-
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ever, the most resonant work of that period, reflecting the idea of the national idea, was the concept
of the Russian idea of Solovyov V.S. [12]. According to the author, the Russian idea is connected
with the strengthening of the role of Orthodoxy and its values for the Russian people, and Russia
should become a spiritual authority to unite all Christian countries. Reflections of Solovyov V.S.
prompted other thinkers to study this problem: soon the works of N.A. Berdyaev appeared [13],
Ivanov V.I. [14], llyin LA. [15], Lossky N.O. [16] and others who talk about the national idea of
Russia. At the same time, it is important that, despite the diversity of views, the authors agreed on
the main thing - in the central role of Orthodoxy and spiritual and moral values that determine the
Russian national idea. In the 19th century, the Minister of Public Education of the Russian Empire
Uvarov S.S. modernized and clarified the definition of the national idea, proposing a triune formula:
“Autocracy. Orthodoxy. Nationality".

Thus, Orthodox axiology for many centuries underlay the state-legal mechanism of the Russian
state and was one of the basic categories of national self-consciousness. And even in the Soviet godless
years, the value paradigm of society was preserved in the Moral Code of the builder of communism,
which called for traditional Christian values (love, care, mutual assistance, friendship, etc.) [17]. In fact,
the Soviet government made an attempt to secularize the Orthodox teaching on morality. It is this ploy
that seems to have contributed to the short-term success of communist ideology.

In the post-Soviet years, the government did not abandon the search for a national idea. In
the early 1990s, a course was taken for the de-ideologization and liberalization of Russian society,
which threw off the shackles of communism. According to E.T. Gaidar, Deputy Chairman of the
Government of those years, the Russian state needed to “change its social, economic, and ultimately
historical orientation, to become a republic of the “Western” type” [18]. In the mid-1990s, the Pres-
ident of Russia Yeltsin B.N. an attempt was made to search for a new national idea. On his initia-
tive, a group was formed under the leadership of G.A. Satarov, who was instructed to conduct a
media study on the most common variants of the national idea. The result of this study was the work
"Russia in search of an idea™ [19] which, however, did not find practical application. By the end of
the 90s, there was a reorientation towards a conservative direction and the beginning of the era of
the current President Putin V.V., who indicated the need for a national idea, understood as: “patriot-
ism, sovereignty, statehood and social solidarity” [20].

Modern ideas about the Russian national idea

It must be said that in recent decades, the topic of the need to implement the national idea has in-
creasingly become a subject of discussion not only in political circles, but also within civil society.

So, in 2012, a team of authors led by the General Director of the Center for Problem Analy-
sis and State Management Design Sulakshin S.S. formulated the Russian national idea as follows: "
My country must be, and must always be [21] " The six-volume collective work, which reveals
the concept of implementing this idea, proposes measures for social and economic restructuring,
and also substantiates the need to change the model of government in order to improve the suc-
cess and viability of the state. As a result of the study, the authors came to the conclusion that the
viability of Russia is directly related to the implementation of the national idea and the 20 high-
est values, including: the eternal existence of the country of Russia itself, the service of the state
to the people of Russia, the rejection of discrimination, the public good in harmony with the
good of every person, love and family, social justice, altruism and empathy, etc. At the same
time, the authors called for fixing the national ideas in the Constitution.

In 2017, the participants of the Leaders of Russia project took part in the discussion of the
national idea of Russia [22]. The first four places among the proposed options were occupied by
the following formulations of national ideas: “UNITING WITH LOVE, COLLECTING THE
BEST, REVEALING EVERYONE!”, “SOCIAL JUSTICE”, “CITIZEN IS THE MASTER OF
HIS COUNTRY” AND “CATHOLICITY, POWERFULNESS, NATIONALITY!”.

The theme of the national idea is also relevant and in demand in the modern scientific
community. The studies of M.l. Bogachev [23], Mchedlova M.M. [24, 25], Panarin A.S. [26, 27,
28], Pinkevich V.K. [29], Drunk E.P. [30], Stepin V.S. [31, 32], Shchipkov A.V. [33] and others are
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devoted to it. In the works of these authors, there are diametrically opposed points of view on the
significance of Orthodoxy in the concept of the modern national idea, however, the authors agree
that the historically national self-consciousness of Russians is rooted in spiritual and moral values.
At the same time, there are very few works concerning the Orthodox implications of the modern
national idea. Among the studies of recent years, one can note the works of Eremenko Yu.E. [34],
Ivashchenko Ya.S. [35], Tkach N.N. [36,37,38], Jiawen Q. [39]. There are also a number of disser-
tations on the topic of the national idea [40-46], but none of them examines the Orthodox factor as
a determining factor in the formation of the national idea.

Consequently, in modern scientific discourse, the question of the role of Orthodoxy in the
formation of the national identity of Russians, in the formation of the national identity of the Rus-
sian people, in the evolution of the national idea is poorly developed. Meanwhile, in the context of
the actualization of interest in this issue in society and the state, such studies can significantly facili-
tate the task of developing a high-quality and effective national idea based on enduring Orthodox
spiritual and moral values.

Conclusion

Given the above, we can state that the history of the Russian state convincingly proves the
key mobilizing role of the idea in the turning points in the life of the state. “The country was then
successful, significant and attractive to its people and other peoples and countries of the world,
when she understood what the meaning of her “life” was, when she had an idea and a project, her
life, like the life of individuals, was ideological and soulful. Not self-interest, consumption and
prosperity have always been and remain the driving force of Russia in history, but the idea [4]. And
vice versa, the absence of a national idea is disastrous for the social and state forms of Russian civi-
lization. The nation loses its identity and becomes a conductor of foreign national interests and an
easy target for political exploitation.

For centuries, it was under the influence of the Russian Orthodox Church that the formation
of the national identity of the Russian people took place, Orthodoxy was the key semantic element
of the proposed historical national ideas. And even during the period of atheistic power, spiritual
and moral values remained on the pedestal of the ideological policy of the state. These factors indi-
cate that centuries of being under the spiritual patronage of the Orthodox Church determined the
national identity of the Russian people, shaped its identity and rooted spiritual and moral values.
Based on the foregoing, the developers of the national idea of modern Russia need to take into ac-
count the historical context of the problem and pay special attention to Orthodox values that have
determined the vector of the national policy of the Russian state from time immemorial.
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Annomauus

B Poccuiickot @edepayuu 00 Hacmosue2o epemenu OMmCymcmeyiom 3aKoH00amenbHble
HOpMbl, Onpeoensaowue NOHAMUE «A2IOMEPAYUL» U «20POOCKAs A2OMepayusy, NOpsaooK u npo-
yeoypul ux opmMuposanus, Kpumepuyu OmHeceHus: meppumopuii. MyHUYUnalbHulX 06pazo8aHuil K
20POOCKUM A2TIOMEPAYUAM, NOTHOMOUUS OP2AHO8 20CYOAPCMBEHHOU BIACTU U MECHHO20 CAMO-
VApasneHus, a makice cUucmemsl U opmuvl Ynpasienus makumy azioMepayusmi, omeemcmeeH-
HOCMU 30 peanu3ayuio npoexmos.

Mamepuanvt u memoowl, pe3yibmamsl u 3aK1104eHUe

Coyuanvro-3KonoMuyeckoe U NOAUMUYEcKoe NPOCMPAncmeo, NPeoCmasieHHoe 20poo-
CKUMU A2IOMepayuamu, KaKk ocobo2o ¢henomena UHHOBAYUOHHO20 PA3GUMUS, OMAUYAEMCS PA3HO-
obpazuem OpeaHU3ayUOHHBIX GOPM YNPAGLeHUs, HAYUOHATLHBIMU OCOOEHHOCMAMU U MPAOUYUs-
mu. Ha ocnose omeuecmeennou npakmuxu a2iomepayuoHHulx npoyecco8 paccMomper KOMNIeKe
Haxkonusuiuxcsi npooiem 8 smou ousHec-cpepe. Hx ycmpanenue 6yoem cnocoocmeogams hopmu-
POBAHUIO COBPEMEHHOU MOOeNU NPOCMPAHCIMBEHHOU OP2AHU3AYUU U PA3BUMUS IKOHOMUKU CIPa-
Hbl, QOCMUNCEHUIO A2TIOMEPAYUOHHBIX P DeKmos.

KiroueBble cioBa: arjioMepanus, ropoJackas ariomepanus, peruoH, CTpaTerusd, OuzHec-
IMpOoHECChI, IPOCTPAHCTBECHHOC PAa3BUTUC, CONUAJIBHO-OKOHOMHUYCCKAA CUCTEMA

Abstract

To date, there are no legislative norms in the Russian Federation defining the concept of
"agglomeration” and "urban agglomeration”, the procedure and procedures for their formation,
criteria for assigning territories of municipalities to urban agglomerations, the powers of state
authorities and local self-government, as well as systems and forms of management of such ag-
glomerations, responsibilities for the implementation of projects.

Materials and methods, results and conclusion.

The socio-economic and political space, represented by urban agglomerations, as a special
phenomenon of innovative development, is distinguished by a variety of organizational forms of
management, national characteristics and traditions. Based on domestic practice of agglomera-
tion processes, a complex of accumulated problems in this business area is considered. Their elim-
ination will contribute to the formation of a modern model of the spatial organization and devel-
opment of the country's economy, the achievement of agglomeration effects.

Key words: agglomeration, urban agglomeration, region, strategy, business processes, spa-
tial development, socio-economic system

Introduction

In the Russian Federation, there are still no legislative norms that define the concept of
"agglomeration™ and "urban agglomeration”, the procedure and procedures for their formation, the
criteria for classifying the territories of municipalities as urban agglomerations, the powers of state
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authorities and local self-government, as well as systems and forms management of such agglom-
erations, responsibility for the implementation of projects. In modern scientific research, agglom-
erations are considered as engines of the country's development, territories of advanced growth,
centers of regional settlement systems, and catalysts for regional development. They perform a
dual role, on the one hand - a spatial model of the organization and development of the economy,
on the other - it is a form of ensuring "human life" [27, p. 13]. Thus, about 30% of the country's
population lives on the territory of the 9 largest agglomerations of Russia, more than 40% of the
RF GDP is produced, ensuring high efficiency of the functioning of enterprises, which increases
by 1.5-2 times relative to traditional forms of management [13, p. 28].

Multi-vector processes of a theoretical and applied nature contribute to the development of
research areas for various models of urban agglomerations. Therefore, the issues of the formation
of modern approaches and concepts of spatial organization and management of the post-industrial
economy for the sustainable development of the country are the most relevant.

Materials and methods of research

A review of modern theoretical and practical approaches to the study of the processes of
"urban agglomeration”, as well as to the evolution of the concept of "agglomeration™ as a socio-
economic and political space, is made. Legislative restrictions and obstacles are identified that
hinder the implementation of the country's spatial development strategy and the formation of the
supporting frame of large agglomerations and the transport network.

Results and discussion

In the scientific literature, the concept of "city"” as a special phenomenon has a wide range
of interdisciplinary research and is often considered in a specific historical context. According to
A.S. Senyavsky, it contains "fundamentally different social phenomena” [41, p. 34]. Playing im-
portant socio-economic functions, cities become a place of "concentration and distribution of sur-
plus product" [35, p. 155], having “the ability of self-reproduction and expanded development”
[15, p. 25]. Professor R.A. Romashov explores the city as a socio-cultural and economic-legal
phenomenon that forms urban space and a “market settlement”, ensuring the functioning of com-
munication systems and an independent urban culture [40, p.59; 61]. Cities are also viewed as a
political institution in which political contradictions between the objective need for the develop-
ment of the state and limited resources have become aggravated [25, p. 152].

According to UN estimates, if in 1950 about a third of the world's population lived in cit-
ies, in 2019 - 56%, then in 2030 their share will be 60%, and by 2050 - about two thirds of the
world's population [28]. According to the Federal State Statistics Service, the share of the urban
population in Russia as of January 1, 2021 reached 74.8%, and by 2035 it will increase to 75.8%.
At the same time, about 40 large and largest urban agglomerations with a population of over 73
million people are distinguished on the territory of Russia [43].

The concepts of agglomeration and urban agglomeration appeared at the beginning of the
last century in the field of interdisciplinary research in geography, economics, sociology, politics
and other sciences. Since the 1980s, agglomeration has been understood as a form of functioning
of a large city [6, p.4]. However, a unified theory of their study has not yet been formed, although
new types of such formations have appeared - conurbation (less dense agglomerative formation)
and hypercities (hyperclusters) [13. c. 32].

Depending on scientific views and the scope of research, there are a significant number of
definitions of these concepts (Table 1).

Table 1
Characteristics of the concepts "agglomeration™ and "urban agglomeration™
Animitsa E.G. [ 2] Integration of settlements and new urban forms (p. 39)
Bose E.[5] One of the tools for managing the development of socio-economic processes
in Russia
Volchkova I.V., An integral set of urban and rural cooperating territories, which is character-
Eliseev A.M. [7] ized by common patterns of development, as well as sustainable infrastructure
interactions aimed at achieving socio-economic effects
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Vilner M.Ya. [ 8] Self-developing, giving a synergistic effect of stimulating socio-economic
development, a group form of population resettlement - the concentration of
cities and other populated areas (p. 27)

Galinovskaya E.A., The totality of urban or urban and rural settlements united by stable economic,
Kichigin N.V. [nine] transport, cultural and other ties, which has territorial integrity (p. 146)

Goryachenko E.E., Mosienko | Production system or settlement system, a naturally formed special socio-
N.L., Demchuk N.V. [10] territorial object

Dubrovin P.1.[ 14 ] Close cluster of urban-type settlements

Kuznetsova O. [ 26] An objectively existing territorial entity, not necessarily an official unit of
territorial division with unified governing bodies. There is a core of the ag-
glomeration - the central city (C.10)

Lappo G.M. [17] A compact territorial grouping of urban and rural settlements, united in a
complex dynamic local system by diverse intensive ties of communal, eco-
nomic, labor, cultural, recreational, as well as the joint use of this area and its
resources

Lappo G.M.[19] Urban and rural settlements united in a dynamic local system by diverse in-
tensive ties: industrial, business, labor, cultural, recreational and others, as
well as the joint use of resources of the agglomeration area (p. 48)

Lyubovny V.Ya.[ 20 ] The supporting frame of settlement and one of the main directions for improv-
ing the spatial organization of the country (P. 7)

Pertsik E.N. [ 32] A group of closely located cities, towns and other populated areas with close
labor, cultural, community and industrial ties

Pertsik E.N. [ 33] A system of geographically close and economically interconnected settle-

ments united by stable labor, cultural, domestic and industrial ties, a common
social and technical infrastructure (p. 32)

Novoselov A.S. [39] Settlement system, a naturally formed special socio-territorial object (p. 112)

Kharchenko K.V. [44] A territory that includes a core city (several such cities) and a set of foci of the
urban environment united by a common economic and social ties

Analytical assessments of the concepts of "agglomeration™ and "urban agglomeration™ in-
dicate a wide range of their interpretations, which is explained by an interdisciplinary approach to
the objects of study. For example, urban agglomerations are presented as the economic space of
the region, the effect of their functioning is expressed in the reduction of transaction costs, the en-
largement of the labor market and the development of infrastructure [4]. From another point of
view, agglomeration is assessed as a production system and a settlement system, forming a special
socio-territorial object [11]. The median position characterizes this macro-object not from the
point of view of the integrity of the production and settlement systems, but from the point of view
of the integrity and connectedness of markets: labor, real estate, land [5].

Probably, theoretical models for the study of urban agglomerations [31], which are repre-
sented by national characteristics and traditions, are associated with a similar approach:

- European, in which agglomerations are based on the spatial diversification of production,
while the center uses production facilities and the population of the periphery;

- American, when the center uses the periphery (territory, infrastructure, recreational areas)
to prevent the process of overpopulation (agglomerations based on the diversification of settle-
ment);

- Russian agglomeration based on the integration and joint use of recreational, information-
al, educational and other types of potentials that ensure the accelerated growth of production, eco-
nomic and human capital.

In the Russian scientific literature, three levels of development of the urban environment
(urban planning systems) are also distinguished: 1) spatially isolated sections of the urban envi-
ronment (elements of the complex - microspace); 2) separate town-planning complexes of the so-
cial needs of the population, represented by a closed cycle of relations "work - life - rest” (as an
urban organism); 3) urban agglomerations - the level of urban clusters (urban organisms), includ-
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ing settlements that form autonomous territorial production complexes and economic systems [12,
p. 217-220].

According to the Constitution of the Russian Federation, the federal structure of the coun-
try is based on the state integrity and unity of the system of state power, consisting of subjects of
the Federation - regions (republics, territories, regions, etc.) [24, art. five]. Accordingly, the region
should be considered the most stable and manageable economic system.

Carrying out certain comparisons of the concepts of "region” and "agglomeration" it is pos-
sible to reveal some unity and differences. In particular, according to the complex definition of a
“region”, which includes the physical environment, the socioeconomic , political and cultural envi-
ronment, as well as the spatial structure [45, p. 17], one can agree with the conclusions of M.D.
Rakhmaninova that the reorganization of urban spaces is a powerful diffuse political process [38,
p. 138] development of agglomerations of various levels. This approach ensures the unity of the
socio-economic and political space of the subject of the Federation and the urban agglomeration.
In the context of the consolidated combination of these conclusions and the spatial organization of
management functions, in fact, a natural process of the formation of urban agglomerations takes
place, which, as a rule, covers the entire space of a subject of the Federation (for example, Mos-
cow) or the most important territorial production complexes, including the administrative center of
the region (Astrakhanskaya region).

In case of discrepancy between the boundaries of agglomerations and administrative-
territorial boundaries, it is proposed to use the concept of "urbanized region™ or "territorial-spatial
system", within the boundaries of which the design and management of the urban agglomeration is
carried out [34, p. 127].

In numerous scientific studies, the types and stages of development of various urban ag-
glomerations are distinguished: industrial agglomeration; agglomeration of the transformation pe-
riod; dynamic agglomeration; developed post-industrial agglomeration [5]. The concept of "inno-
vative agglomeration” is introduced, represented by a complex spatial grouping of settlements that
have objects of innovative production, social, environmental, transport and engineering infrastruc-
ture, united by pendulum functional and compositional links [23, p.15].

Despite the different interpretations of the concept of agglomeration, their common fea-
tures are distinguished in the form of the presence of: urban clusters around a pronounced center-
core; sustainable pendulum migration of the population; stable and developing industrial, social,
labor and cultural and household ties [34, p. 127], the need to form a supporting framework that
combines large centers, the interconnectedness of the economic, political and cultural life of the
country (region), united by main transport networks [18, p. 113].

Thus, modern trends in the development of agglomerative processes are associated with the
peculiarities of the state and maturity of national economic systems, cultural and historical values
and traditions of states and peoples, the evolutionary development of which is carried out evolu-
tionarily from simple to complex, as an ascending process of development.

The initial stage is associated with the emergence of cities and the subsequent transfor-
mation of large cities into major centers and megacities, classified as urban agglomerations. Ac-
cording to Professor A.A. Neshchadin, such formations must meet certain criteria [31]: 1) main-
taining a stable pendulum migration of the population from suburban areas to the city and back; 2)
providing the population and business with high transport accessibility in time (total travel time is
about 1.5 hours per day); 3) achievement of multimodality - balance of different types of transport
in transport corridors; the presence of unified transport hubs (airport, railway and river terminal
hubs. M.E. Monastyrskaya and O.A. Peslyak propose to detail the level of accessibility by setting
a threshold value depending on the size of the agglomeration core: for the largest cities - 120
minutes; for large cities - 90 minutes, for large cities - 60 minutes [29, p. 114].

Considering that the urban agglomeration is a multidisciplinary object of study, it is char-
acterized by the conjugation of five scientific approaches: economic, economic-geographical, ar-
chitectural-planning, demographic, organizational and managerial aspects [21, p. 15].
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The process of agglomeration as an object of the spatial development of the state was de-
scribed by chroniclers, studied by historians, geographers, urban planners and other fields of sci-
ence, and was also based both on the natural course of events - the integration of settlements, and
was considered as a whole [2, p . 39; 47]. Accordingly, business processes have acquired natural
procedures for managing these spaces and urban agglomerations. This development is accompa-
nied by the impact of positive and negative factors, which are also described in the theoretical lit-
erature as factors that expand and narrow the multifunctionality of development, in particular, ru-
ral areas [1; thirty]. The most important of them are: economic, social, demographic, environmen-
tal, managerial, market, spatial and others.

It is no coincidence that the current stage of the development of civilization by individual
experts is defined as the "era of agglomerations” [6, p. 6]. In the history of agglomeration thought,
there has been a transition from the urban planning concept to managerial aspects [21]. At the
same time, special attention in the agglomeration theory is paid to the so-called "pulling factors",
through which the urban center of the agglomeration redistributes regional resources (labor, finan-
cial) in its own interests, exacerbating the relationship "center - periphery” [21, p. 39; 65]. The ter-
ritorial expansion of settlement systems stimulates the development of transport infrastructure sys-
tems [22, p. one]. On the other hand, the development of high-speed transport infrastructure is ac-
companied by a contraction of the space of the region and the country as a whole [21, p. 40].

According to Professor O. Kuznetsova, in the next 30 years, the existing system of settlement
in developed countries will not undergo fundamental changes [26, p. fourteen]. At the same time,
some forecast trends in settlement for the next twenty years are provided for by [31]: 1) the transition
from a point to an agglomerative system of settlement; 2) exacerbation of the demographic problems
of economic development (infrastructural development of agglomerations; development of medium
and small towns, as well as rural areas; population aging and rising costs of social services; reduction
of own sources of filling local budgets and the potential for their development).

Under these conditions, the problems of development of transport and modern infrastruc-
ture are of particular importance. During the discussion at the meeting of the Presidium of the
State Council of the transport strategy of the Russian Federation until 2030 and the forecast until
2035, the key principle of the strategy was formulated: customer-centricity, manufacturability, the
introduction of the mechanism of the Unified Basic Transport Network, accelerated digitalization
and the implementation of the concept of sustainable development [42].

As the most important tasks of the transport strategy, the need to increase: 1) spatial con-
nectivity and transport accessibility of territories; 2) population mobility and the development of
domestic tourism [42]. These approaches are objectively interconnected with the provisions of the
Spatial Development Strategy of the Russian Federation for the period up to 2025, which singles
out “largest urban agglomeration” and “large urban agglomeration”, which differ in population
size. Thus, “large urban agglomeration”, as the main (most common) form of agglomeration, is a
set of compactly located settlements and territories between them with a total population of 500
thousand people or more. up to 1000 thousand people These spaces are connected by the joint use
of infrastructure facilities and are united by intensive economic ties (labor, social, etc.) [43].

The Ministry of Economic Development of Russia has developed a draft federal law "On
urban agglomerations™ dated September 4, 2020, in which the concept of an urban agglomeration
is presented as "the territory of an urban district or an urban district with an intracity division, or a
city of federal significance, combined with the territories of other municipalities sustainable social,
economic and economic ties” [37].

These norms, presented in the documents [43] and [37], to a certain extent are in mutual
exclusion of certain provisions. Thus, the wording of the last document is quite abstract, since ac-
cording to the current Constitution of the Russian Federation on the unity and integrity of "sustain-
able ties" enshrined in Article 5, fully applies to the subjects of the Federation and does not char-
acterize the exclusive features of agglomerations as a phenomenon of innovative spatial develop-
ment .
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This draft law also received a significant number of comments from legislators, in terms of
the lack of clear criteria for distinguishing agglomerations, giving the term “agglomeration” the
status of a territorial entity that has not a legal, but an economic character, etc. [16].

Specialists of the Institute for Urban Economics Foundation conducted a study of the prac-
tice of institutionalizing the management of the development of urban agglomerations in 32 con-
stituent entities of the Russian Federation, the results of which showed the low efficiency of the
implementation of these business projects (Table 2).

Table 2
Barriers preventing agglomeration processes
Factors Restraining Agglomeration Processes % of
respondents

Imperfection of federal legislation 71.2
Fears of municipalities to lose independence 69.9
Legal and regulatory framework for inter-municipal interactions 68.5
Inconsistency in development strategies of municipalities 46.6
Undeveloped mechanisms for coordinating management decisions 46.6
Low density road network, poor quality 37.0
Insufficiently active actions of the administration of the subject of the federation 27.4
Differences in the quality of life of the population of the center and the periphery 26.0
Other 11.1
No barriers or obstacles 3.2

Source: data [11, p. 105]

Analytical results of surveys of heads of municipalities show: 1) the dominant negative im-
pact (from 68.5% to 71.2%) is exerted by three fundamental factors (imperfection of federal legis-
lation, fear of municipalities of losing independence and imperfection of the regulatory framework
for intermunicipal interactions); 2) a significant negative impact (from 26.0% to 46.6%) is occu-
pied by the following factors (inconsistency in development strategies of municipalities, undevel-
oped mechanisms for coordinating management decisions; low density and poor quality of the
road transport network, as well as differences in the quality of life of the population center and pe-
riphery); 3) other factors have an adverse effect (about 11.1%).

These barriers that hinder agglomeration processes (see Table 2) are aggravated by the
problems of developing the road transport network and modern infrastructure, which are noted by
67.1% to 78.5% of respondents [36, p. 106].

The structure of the results of sociological surveys allows us to conclude that the strategy
of spatial and agglomeration development is focused on more active participation in these process-
es of federal and regional government bodies, whose consolidated policy is able to achieve a high
agglomeration effect based on an innovative approach to the implementation of the country's spa-
tial development strategy.

Conclusions

In the modern post-industrial economy, the concepts of agglomeration and urban agglom-
eration are being transformed, which are most actively carried out in the field of scientific and the-
oretical research. However, the existing practice and legislative framework for the institutionaliza-
tion of management of the development of urban agglomerations lag far behind the needs of the
development of Russian society.

Numerous problems of state “construction” have not yet made it possible to form the sup-
porting frameworks of large agglomerations and a transport network that ensure the socio-
economic and political interconnectedness of the country's regions, united by a single backbone
transport network.

Developed business projects for the creation of urban agglomerations often do not take into
account the diversity of infrastructural and institutional factors of spatial development. The declar-
ative nature of individual decisions, the lack of a proper regulatory, legal and regulatory frame-
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work, scientific, methodological and conceptual developments do not ensure the achievement of
the expected agglomeration and socio-economic effects.
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Annomauus

B cmamve paccmampusaiomes nocreocmeusi pacnpocmpanenust KOpoHA8UPYCHOU UH-
Gexyuu COVID-19. Obobwenvt u cucmemamusupo8anvl COYUAIbHO-NOIUMUYECKUE U IKOHO-
Muueckue uzmenenus u menoenyuu. Hapsoy ¢ acnekmamu, obwumu 0Jis 6ce20 MUpPo8o2o  Co-
obuecmsa, oceeujenvl cneyuguueckue nooxoovl U mMepvl NPOMUBOOeCmeuss pacnpocmparne-
HUI0 nandemuu, npunumaemvle 6 Poccuiickoii edepayuu, 3amponymsl 0cobennocmu cumya-
yuu Ha FO2e Poccuu.

Mamepuanvt u Mmemoowl, pe3yibmamot

B uccneoosanuu ucnonv3osan cpasHumenvHulli Memoo npu aHAIUu3e PasiudHbIX peak-
YUl NOAUMUYECKUX CUCEM U COOOWeCmE HA PUCKU U YePO3bl De30NACHOCTU, NOPOICOCHHbLE
b0 ycunenuvie nandemuetl. Coyuonocuueckutl Memoo nPUMeHeH NPU GbISICHEHUU COYUATbHOU
00y CN08IEHHOCMU YeNesblX YCMAHOBOK, PeaKyull U NpOoseLeHUll PasiuiHbIX Cmpam oouecmsa
Ha npoyeccwyl, NOpodcoeHuvle nanoemuel. Konuuecmeennvlii u cpasHumenbHulll Memoowvl Uc-
NOIb306AHbL NPU AHANU3E OAHHBIX NEPUOOULECKOU NeUamu U COYUAIbHbIX cemell, NePenoiHeH-
HbIX ROJEMUKOU NO U3YHAEMOM) BONPOCY.

Haubonvuwuii 0dvem ungopmayuu no ucciedyemoi meme nOYEPnHYm u3 NIAHOBLIX U
OMYEMHBIX MAMEPUATIO8 AOMUHUCTIPAMUBHO-YAPAGTIEHYECKUX CMPYKMYP, O0p2aH08 30paso-
OXPAHeHUsl, HAYYHO-UCCIe008AMENbCKUX YUPEHCOCH U, AHATUMUYECKUX PA3pabOmoK Cneyuaiu-
3UPOBAHHBIX OP2AHUZAYUL, TAKICEe VUMEHAd NONeMUKA 8 CPedCmBax MAaccosol un@opmayuu,
COYUANBHBIX CEMSIX.

3akntouenue Asmop obochosvisaem, umo ocobennHocmu dKoHoMuku Poccuu cmseuunu
neeamusnoe 8ozoeticmeue COVID-19. Haubonee 3snauumvimu nocie0Cmeusmu Cmaiu usmene-
HUe Xxapakmepa npou3800CMEeHHbIX OMHOWeHUl, pacuiupenue yugposuszayuu. Ilandemus cno-
€c0OCme06ana yCUleHuio NpPOmMecmHol aKmugHOCMU U PA3MENCEBAHUID «NPUBUBOUHUKOBY U
«AHMUBAKCEPOBY, NPOSABULA OUCOATIAHC MENCOY 0esTMeNbHOCHbIO 20CYOAPCMEEHHBIX CIMPYKIYD
U yeposamu 06e30nacHoCmu, 8vlasula npoodieMvl 30pa800XPaAHeHUs, NOPOOUNLa USMEHEeHUs Hd
PpblHKe mpyod, U3MeHUu8 CIMpyKmypy 3aHsamocmu, nepeseia 00pazoeanue 6 OHIAlH, Y8eauduld
KOIUYECMB0 NCUXUYECKUX pacCcmpolcme. IKcmpemaibHble YCI08US MEHAIM COYUATbHYIO Oeli-
CMBUMEeNbHOCMb, OONOJHAA ee BUPMYANbHOU PealbHOCMbIO U PeopeaHu3ys HOPMAMueHvle
02paHuvenus, 660051 HO8ble CMbICIbl U yeau. MacumabHvle usMeHeHUs, NOPOAHCOeHHble IKC-
MPEMAanbHbIMU 8030€UCMBUSMU, HAPSOY C He2AMUBHBIMU UMEION U NOZUMUBHbLE NOCIEOCMBUS,
NPUBHOCSM HOBbIE BO3MOICHOCMU PA3BUMUSL IKOHOMUKU, NPOAGIAIOM Clladble Mecma 8 pasiui-
HbIX COYUATbHO-NOTUMUYECKUX Chepax.

KuawoueBbie ciioBa: koponaBupyc, COVID-19, nanmemus, pbIHOK Tpynaa, OHIAiH-
o0Opa3oBaHKe, COIUATBHO-TIOJTUTHYSCKAE N3MCHEHHS, SKOHOMHYCCKAss YCTOWYNBOCTh, aHTHBAK-
CepBbl, MPOTECTHBIN MOTSHIINAT, ICUXUYECKOE 3/IOPOBBE.
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Abstract. The article examines the consequences of the spread of the coronavirus infec-
tion COVID-19. Socio-political and economic changes and trends are generalized and systema-
tized. Along with the aspects common to the entire world community, specific approaches and
measures to counter the spread of the pandemic taken in the Russian Federation are highlight-
ed, the specifics of the situation in the South of Russia are touched upon.

Materials and methods, results. The study used a comparative method when analyzing
various reactions of political systems and communities to risks and security threats generated
or intensified by the pandemic. The sociological method was applied to clarify the social condi-
tioning of target attitudes, reactions and manifestations of various strata of society to the pro-
cesses generated by the pandemic. Quantitative and comparative methods were used in the
analysis of data from periodicals and social networks, overflowing with polemics on the issue
under study. The largest amount of information on the topic under study was gleaned from the
planned and reporting materials of administrative and managerial structures, health authori-
ties, research institutions, analytical developments of specialized organizations, and controver-
sy in the media and social networks was also taken into account.

Conclusion. The author proves that the peculiarities of the Russian economy have miti-
gated the negative impact of COVID-19. The most significant consequences were the change in
the nature of industrial relations, the expansion of digitalization. The pandemic has contributed
to an increase in protest activity and delimitation of “vaccinators” and "anti-vaxers", showed
an imbalance between the activities of state structures and security threats, identified health
problems, generated changes in the labor market, changed the structure of employment, trans-
ferred education to online, increased the number of mental disorders. Extreme conditions
change social reality, supplementing it with virtual reality and reorganizing normative re-
strictions, introducing new meanings and goals. Large-scale changes generated by extreme im-
pacts, along with negative ones, also have positive consequences, bring new opportunities for
economic development, and show weaknesses in various socio-political spheres.

Keywords: coronavirus, COVID-19, pandemic, labor market, online education, socio-
political changes, economic resilience, anti-axers, protest potential, mental health.

Introduction. The situation with the spread of COVID-19 and the organization of coun-
termeasures has become a powerful factor influencing most areas of human life, has no ana-
logues in terms of the breadth of planetary coverage and strength of influence over the past few
decades, and is one of the most relevant areas of research in modern science. The pandemic hit
the world economy, accelerated the crisis in the economy and the foundations of the liberal
world order, showed national selfishness to the detriment of international cooperation, in-
creased conflict at all levels - from confrontation between blocs of states to intra-municipal
contradictions and interpersonal disagreements.

The purpose of the article is to search for and study the most objective data on the issues
under study, to separate sound assessments from unfounded statements aimed at achieving op-
portunistic and counterproductive goals. The key task in this case is to fix the existing contra-
dictions and analyze the prerequisites for strengthening social confrontation. Political science
should contribute to resolving one of the most difficult problems of the last two years, namely,
finding a balance between the need for restrictive measures aimed at saving many lives, and the
preservation of existing freedoms and rights of citizens.

Materials and methods, results. Since the pandemic has affected almost the entire
population of the planet, has become the subject of discussions and conflicts at all levels of the
scientific community, the political leadership of countries and block associations, various or-
ganizations and citizens, the volume of sources and studies at various levels on this topic seems
redundant. This includes publications of health organizations, legalization of government and
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administration, decisions of governments and international organizations, discussions on social
networks and much more. Since the beginning of the pandemic, many institutions and organiza-
tions have been summarizing and systematizing the relevant security risks and threats, and
providing forecasts of the possible development of the situation. Despite the great interest in
this issue, there are few generally accepted conclusions and assessments, the reliability of the
existing messages is subject to constant doubt and refutation. Therefore, the greatest interest in
the context of the issues under study are generalized analytical calculations of large structures,
"thought factories™ and other organizations that have material and organizational resources and
have access to diverse information.

Thus, in expert assessments of the long-term consequences of the pandemic, published
in December 2020 by the research institute of the financial conglomerate Credit Suisse group
AG”, discusses the negative consequences of COVID-19. At the same time, the collective opin-
ion of specialists is built on an optimistic message about the transformative effect of crises.
They note that “throughout history, health crises have helped propel scientific and social inno-
vations that shape the paths of future economic recovery.” [1]. Having become a catalyst for
emerging trends, the pandemic contributed to the expansion of states and the digitalization of
life. The stagnation of the economy can contribute to the strengthening of regional ties and the
revival of small towns, the development of scientific and social technologies and practices.

Credit Experts Suisse identified ten major trends to watch. Among them are the growth
of deflationary risks, the increase in the power of states, the development of regional ties, the
slowdown in globalization and the strengthening of regional diversification. It also noted the
expansion of the practice of monitoring the population and the collection of personal data,
which creates the preconditions for violations in the field of protecting privacy and individual
rights. The specialists outlined the prospects for the development of the practice of remote
work, which contributes to the expansion of flexibility and new standards of labor relations. In
the field of education, continuous learning is becoming the norm, an adaptable workforce is be-
ing formed, and the prerequisites are being laid for increasing the competitive superiority of
man in machine production. A set of problems caused by social and property inequality is
named, in response to which Credit specialists Suisse offer greater tax redistribution, workforce
incentives and targeted capital investment. In addition, in their opinion, the increased risks of
infection of crowds in large cities should lead to regional decentralization and the revival of
small settlements.

The World Bank, in a preliminary assessment of the consequences of COVID-19, iden-
tified "four shocks" that the global economy has experienced. Experts attributed to them: a
sharp increase in unemployment, a drop in international trade by more than 25%, a significant
decline in tourism, a change in the structure of household demand and ways of purchasing
goods, which led to a reduction in consumption through ordinary stores by 15% [2].

In March 2021, the US National Intelligence Council published a report on world develop-
ment trends, where it summarized and systematized the dangers generated by COVID-19 [3].
Among the main problems, experts of the American intelligence community name the imbalance
and destruction of the structures and organizations of international systems, primarily healthcare,
the complication of the realization of the desires of the majority of people, which gives rise to mass
demonstrations. The pandemic has accelerated and exacerbated social differentiation, deepened na-
tionalism and inequality, destabilized global supply chains, caused public debt to rise, and stepped
up government intervention in the economy. The complication of governance has reduced public
confidence in government institutions, including medical ones. During the pandemic, the role of
non-state actors has increased, while at the same time, the ability and readiness of states for multi-
lateral cooperation in solving common problems is increasingly doubtful.

*

The strengthening of social polarization in almost all countries, not excluding Russia, is

due to a decrease in the confidence of a certain part of the population in the statements and ac-
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tions of authorities and administration, the lack of reliable information about the development
of the disease and the effectiveness of countermeasures. This was reflected in skepticism and
protest manifestations, up to mass clashes. At the same time, under the influence of COVID-19
, quite certain processes developed in the socio-political and economic sphere.

These include, first of all, the growing global imbalance, including the lag and incon-
sistency of international, state, public and other structures with the risks, challenges and threats
to security generated by the pandemic. The weakness of coordination measures contributes to
the growth of protest moods, doubts about the effectiveness and viability of social structures
and management principles. Shifts in lifestyle, employment and other areas are growing and
giving rise to new trends that have consequences that are difficult to predict.

Since the beginning of the spread of the disease, two poles of its perception have devel-
oped: people who recognize the high danger of the threat and the need for vaccinations, as well
as other countermeasures, and their opponents - " crown-skeptics”, COVID-dissidents, anti-
vaxers who question the actions of authorities and medical institutions on control and reduce
the risk of disease. Between these poles, there are different perceptions and interpretations of
the impact of the coronavirus , which is reflected in different attitudes towards compliance with
or denial of restrictions. The confrontation between vaccine supporters and their opponents
(“anti-vaxers”) in many countries, including Russia, has given rise to significant social disen-
gagement and confrontation, up to mass actions and clashes.

of public health and medicine were most noticeable Social inequality was reflected in
differences in access to health care, and the lack of medical resources forced the systemic work
to combat many other diseases to be actually interrupted. Moreover, the economic impact of
COVID-19 has particularly affected the poor and deepened inequalities.

The response to the pandemic was the rise of isolationism and nationalism in many
countries building various barriers and obstacles to protect their citizens and interests. No less
significant changes are taking place within states: in different countries, processes of internal
delimitation are taking place with varying intensity based on the attitude to the perception and
assessment of the danger of COVID-19 and the countermeasures taken. Social polarization
leads to the formation of groups of supporters and opponents of anti-COVID measures taken by
authorities and administration. At the same time, opponents are distinguished by increased ac-
tivity in the search for and identification of the perpetrators, promotion of their views in social
networks and the media, and holding various actions.

The movement of anti-vaccinators (or “anti-vaxers”) appeared long before the COVID-
19 pandemic , at the beginning of the 19th century, and is characterized by a lack of scientific
justification for the positions of its supporters, their increased emotionality, and a penchant for
conspiracy theories [4]. However, it should be taken into account that there are rational argu-
ments in the arguments of anti-vaccinators, they should be taken into account, since in some
cases they reveal real shortcomings and contradictions in the actions of the authorities.

Thus, one of the acute issues discussed in the context of anti-COVID measures is the pro-
spect of strengthening totalitarianism based on a system for tracking the movements of citizens us-
ing a QR code, and connecting electronic cards to this system. And the famous journalist Giuli-
etto Chiesa , in his last interview in April 2020, expressed concern that some people with serious
power, under the guise of a pandemic, are trying to radically change the behavior and lives of peo-
ple in order to achieve total control over humanity [5]. He believed that an attempt to change the
social system is a new form of globalization, the essence of which is the organization of universal
control over the actions of people. Those who do not want to obey the new rules run the risk of be-
ing isolated from society and may become the object of massive pressure.

The natural desire of people to protect themselves, relatives and friends from a danger-
ous disease, including through vaccination and following restrictive measures, encounters
doubts and objections. They can be grouped into two main blocks based on the difference be-
tween the main objects of mistrust:
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1. Distrust of the authorities gives rise to various fears and manifests itself in statements
about the lack of systematic and effective steps taken by the government. Anti-vaxxers pointed
to the lack of clear statistical data, the incompleteness of formal vaccine testing procedures, the
chaotic nature and weak effectiveness of the measures taken. The main reason for such mani-
festations is believed to be the desire of a certain part of officials to plunder the budget funds
allocated for the fight against the pandemic.

2. Distrust of the medical community, primarily large pharmaceutical companies (“big-
pharma”), manifests itself in fears that they massively deceive ordinary consumers in pursuit of
profit, sell ineffective drugs that cause harmful side effects, falsify data on diseases with to in-
crease drug sales [6]. Anti-vaxxers note that such activities involve the reliance of "big pharma"
on corrupt politicians, officials and scientists, as well as pressure on doctors who seek to objec-
tively assess the risks of vaccination, attempts to discredit such specialists.

These attitudes, present in the public mind, exacerbate social differences. Antivaxers
point to elements of the compulsory nature of vaccination and the increasing aggressiveness of
the opposing side. At the same time, anti-vaccinators are also accused of using violence, includ-
ing against officials - police officers, prison staff and bailiffs, teachers and employees of social
institutions [7]. The growth of aggression forms one of the most serious threats to social stabil-
ity, undermines the authority and trust in state institutions, complicates interaction and deepens
social polarization. Aggressive actions of even one of the parties rule out controversy on a ra-
tional basis, impede the objective perception of arguments.

Problems of governance and cooperation in countering global risks arose and escalated
long before the pandemic [8]. The dominance of the interests of individual states and the
growth of conflict prevented constructive interaction and expanded the zones of instability, the
processes of atomization and state paternalism deepened, the value of individual rights and
freedoms decreased in exchange for the security and “guardianship” of the state. But it was
COVID-19 that most acutely manifested negative trends, making it difficult to implement
measures to reduce poverty and disease.

Liberal societies in a pandemic are forced to resolve the contradiction between the need
for restrictive measures and existing freedoms: “The state has stalled and is faced with the diffi-
cult task of finding an appropriate balance between freedom and protecting the lives of its citi-
zens” [9]. Many countries had to solve this dilemma during the pandemic, and they demonstrat-
ed different approaches - from the almost complete elimination of any restrictive actions (Swe-
den, Belarus) to the adoption of tough measures (China, etc.), including curtailing the freedoms
of the population and severe penalties for violation of accepted regulations.

Under these conditions, the political leadership and responsible departments of Russia
sought to implement a balanced set of measures. Since the beginning of the pandemic, deliber-
ate steps have been taken to sanitary protection of the country's territory, the implementation of
the national plan for prevention of the importation and spread of coronavirus infection, as well
as unprecedented quarantine measures [10]. In August 2020, the Ministry of Health of the Rus-
sian Federation was the first in the world to register a vaccine for the prevention of COVID-19,
developed by the N.N. Gamaleya, which greatly contributed to strengthening the international
prestige of Russia.

The restriction of civil liberties was accompanied by monitoring the attitude of citizens
to anti-COVID measures, assessing the protest potential and the likelihood of mass demonstra-
tions. The scale of the silent rejection of the actions of the authorities was also assessed. A
change in the opinions of Russian citizens regarding the fight against COVID-19 has been rec-
orded . Thus, a study conducted in May 2020 did not yet allow us to assert that any of the pos-
sible positions dominates: 36% of respondents believed the coronavirus to be very dangerous,
38% considered this danger exaggerated, and 26% found it difficult to answer [11]. Note that at
that time, only every seventh respondent had friends and relatives who had COVID-19. But by
the end of 2021, the given ratio had changed, which was facilitated by an increase in the inci-
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dence. Most citizens were convinced of the danger of infection. Currently, many periodicals are
conducting express surveys demonstrating that approximately two-thirds of the population of
the Russian Federation perceive the anti-COVID measures with understanding, weakening
phobias in front of various digital identifiers [12]. The number of vaccinated citizens is increas-
ing, and at the end of 2021 it exceeded half of the adult population [13].

In general, the perception and attitude towards the disease is determined by sociocultural
circumstances and the availability of reliable information. An analysis of the socio-economic
and political factors of the region made it possible to single out the most significant points.
Among them: population density, its number, degree of urbanization; mobility of the population
within the region and country, the development of international tourism, as well as the degree
of transport and other connectivity with centers of infection; the level of development of the
health care system and its impact on reducing the mortality of infected people; lifestyle, socio-
cultural attitudes and traditions of the population [14].

Most of these factors seem obvious. Thus, the city of Rostov-on-Don, which is the largest
transport hub in the South of Russia, has also become the main focus of the disease in the region.
However, specific factors, which were previously practically not taken into account, also have a
significant influence. For example, the influence of sociocultural attitudes and traditions requires
explanation. The situation can be illustrated by the example of Dagestan, where an outbreak of
COVID-19 was observed in mid-2020 , affecting not only the capital of the republic, but also re-
mote mountain villages [15]. It was found that the level of “ COVID -skepticism” was initially
high in this republic. When the epidemic caused the first victims, according to customs, the whole
village gathered for the funeral, relatives from neighboring areas came, condolences traditionally
included bodily contacts (handshakes, hugs), which contributed to the spread of infection. Ac-
cordingly, the republic soon became one of the leaders in terms of the proportion of infected peo-
ple, which gave the authorities reason to strengthen regime measures.

It should be noted that the South of Russia, like many southern regions of the world, is
characterized by a minimum distance between people, a large number of tactile contacts in the
communication process, a significant share of small-scale commerce in the structure of the
economy, and other factors that contribute to the spread of infectious diseases. However, "
COVID-dissidents™ point to relatively low incidence rates compared to other diseases present in
the region. Nevertheless, according to immunologists, the number of people who recover from
an infectious disease in practice, as a rule, is ten times higher than the number of officially con-
firmed diseases [16].

*

The events and measures related to countering the coronavirus have generated a number
of economic and socio-political effects. The most noticeable changes have taken place in the
labor market. The mass transition to remote work has allowed employers to hire employees not
only in large cities, but also in the provinces, in remote regions. This allows promising special-
ists, especially in the technological field, to find a job in large corporations. Relations between
employers and employees are changing, many enterprises are expanding the geography of hir-
ing, creating virtual centers in the regions, including in the South of Russia [17].

In general, the formation of a new structure of the economy, dominated by the digital
sector, is accelerating. Manufacturers' attention is shifting to social issues and the service sec-
tor. Digital technologies are fundamentally changing the needs and habits of the population,
ways to meet them, and form new patterns of behavior.

It should be noted that quarantine measures have led to a drastic reduction in economic ac-
tivity in almost all areas of activity. The IT industry was among the few sectors of the economy that
have grown significantly during the rise of COVID-19. We can say that the coronavirus has activat-
ed the progress of digital technologies. New requirements due to the spread of the epidemic forced
almost all organizations to switch to remote work in order to stay afloat in the changed conditions.
Information technologies are being intensively introduced into the practice of Russian companies. It
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can be stated that force majeure accelerated the development and decision-making in the field of IT
, set the digital vector for the development of the economy and business, making the digital econo-
my the basis for the growth of prosperity. Russia has risen to seventh place in the world in terms of
the involvement of people in the digital economy [18], however, security threats remain due to the
fact that it is built on foreign operating systems.

*

The growth of anxiety in society, especially among young people, was facilitated by
falling incomes, limited mobility, the flow of unverified information and uncertainty about the
future. Experts identify negative psychological consequences. A retrospective study showed
that more than a third of coronavirus patients suffer from long-term mental disorders [19].
However, optimists argue that at the same time, social isolation gives a chance to strengthen the
family: parents began to spend more time at home, and the “digital generation” got a chance for
personal communication. Let's see how true this is.

The spread of coronavirus infection creates very serious consequences in the field of
mental health. Among the first mass measures to counteract the spread of the pandemic, the an-
nouncement of mass self-isolation stands out, which created a crisis situation. According to ex-
perts, in 2020, 3.4 billion people were in self-isolation and quarantine, which is 43% of the
world's population [20]. Obviously, in developed countries, the proportion of the population in
self-isolation is much higher.

This often contributes to the development of severe stress and various psychological
dysfunctions, which are characterized by the disorganization of public consciousness, the de-
struction of rational behavioral standards, increased anxiety and the emergence of "corona pan-
ic" [21]. The most common psychological reactions to the COVID-19 pandemic are symptoms
of anxiety and depression, which were identified in 28% of the examined patients [20].

There is also a deterioration in the condition of people classified as borderline mental
disorders who do not have a clearly expressed pathology . In the ordinary state, they practically
do not manifest themselves, but in a situation of prolonged stress, breakdowns and outbreaks of
unmotivated violence are possible. According to experts, the number of people with an unstable
mentality has approximately doubled, and there is also a worsening and exacerbation of mild
mental disorders [22].

*

Coronavirus restrictions have given a certain acceleration to "cloud services" and new
technologies. Companies specializing in the delivery of food, electronics and consumer goods
made a powerful rise, and the turnover of e-commerce increased.

Remote communication technologies, in particular, telemedicine, have been developed. The
issues of maintaining and promoting health have become almost a cult, many countries are moving
towards total medicalization, and physicians are gaining unprecedented power in the field of social
control. A completely different status is acquired not only by healthcare, but also by the social
sphere as a whole, which becomes the main object of investment, the recipient of grants [23].

Experts are not so positive about the forced transition of education to online. Employees of
institutions of secondary and higher education note that a significant part of teachers failed to switch
to distance teaching, to master new teaching technologies. Most of the students were also not ready
to fully work remotely, and parental control turned out to be ineffective in most cases.

Initially, online learning was introduced into the Russian educational space in order to
increase the accessibility and convenience of learning, as well as to transfer some of the rou-
tine functions of a teacher to machines. However, rather quickly, online learning began to be
seen "as a way to commercialize the activities of higher education institutions™ [24]. Among
the risks of its implementation, we note the high probability of the expansion of e-learning
from the capitals to the regions and the subsequent displacement of the regional teaching elite
from the educational services market. A likely consequence of such a development of events
may be the monopolization of such an important public institution in the hands of a rather
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narrow circle of people, which is fraught with a decrease in the diversity and versatility of the
educational process.

The traditional form of contact education in classrooms has certain advantages in terms
of subject development of students' intellect, emotional contact and live energy of communica-
tion with a teacher. At the same time, the opportunities and strengths of online education should
not be underestimated. In the context of the COVID-19 pandemic, its indisputable advantage
has come to the fore, namely, accessibility for any participant with the necessary device. Online
education allows you to use a variety of educational resources, including inviting (or using lec-
ture notes) highly qualified scientists, specialists in various fields of practical activity. Howev-
er, the same conditions of self-isolation contribute to a decrease in the educational and social
activity of students. Violation of the habitual way of life of young people prevents the realiza-
tion of their basic needs in communication, the achievement of visible signs of social self-
realization. At the same time, young people are required to perform an increased amount of
homework, which creates a shortage of time, there is a lack of physical activity, and a lack of
movement outside the premises. It is noteworthy that the crisis conditions during the COVID-
19 period are not perceived by all young people as unambiguously negative. The survey
showed that an approximately equal number of young people consider the conditions of self-
isolation conducive to both degradation and creative activity [25].

In general, the lifestyle of young people during the coronavirus pandemic contributed to
a decrease in their social and educational activity, the development of social deprivation, had a
negative impact on social health, and reduced the opportunities for constructive activity and
self-realization in society [26].

Returning to the assessment of online education during the pandemic, we note that most
of the teachers familiar to the author note the low effectiveness of online classes and, at the
same time, higher fatigue than with a regular classroom lesson. They talk about psychological
problems, lack of contact with students, the inability to see the reaction to the material provided
during the lesson, and also that the lack of feedback significantly complicates the filling and
control of the teaching process. In addition, the use of free services often leads to a disruption
of the lesson due to intermittent technical problems. Online labs proved to be ineffective. Prac-
tice has shown that not only a medical surgeon cannot be taught a complex profession online,
but also an archaeologist, teacher and students of many other specialties.

*

Agricultural producers in the context of the pandemic were forced to quickly optimize
management and management processes, which allowed the domestic agro-industrial sector to
gradually regain its position in production.

The situation is complicated by the presence of restrictive barriers to the export of prod-
ucts of Russian agricultural enterprises, which is due to the sanctions adopted by the United
States and the countries of the European Union. The global quarantine imposed in connection
with the COVID-19 pandemic has caused a new global recession. The danger of such a devel-
opment is due to the fact that agriculture is one of the most vulnerable sectors, since it is largely
dependent on government subsidies. Under the conditions of COVID-19, significant changes
had to be made quickly in this area. The structure and culture of consumption has changed,
supply chains have been rebuilt [23]. The speed and convenience of consumption are becoming
a key direction for the development of the agro-industrial industry. As a result, agricultural pro-
duction was among the few industries that, along with the IT sector, showed relatively stable
growth in difficult conditions. At the end of 2020, the increase in production amounted to al-
most 2% compared to the previous year and, against the background of stagnant imports, ex-
ceeded the target indicator of the federal project "Export of agricultural products™ for 2020 [27].
It should be noted that the devaluation of the ruble and rising prices on world markets played a
certain role in stimulating the export of agricultural products, the same factor contributed to the
growth of domestic prices. Given the fall in incomes of the population, the government was
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forced to turn to new tools for regulating food prices; at the end of 2020, a number of relevant
government decrees were adopted.

The goal of developing agricultural production in a pandemic requires innovative and
investment activity of agricultural producers with constant and multifaceted support from the
state, as well as the widespread use of digital technologies. The unconditional importance of
this direction is dictated by the interests of ensuring the country's food security.

*

Summing up, we note that in the process of adopting and strengthening anti-COVID
measures, many citizens expressed concerns about the increased risks and security threats. In
particular, measures to maintain quarantine were seen as a revival of totalitarianism - first
through a system for tracking the movements of citizens using a QR code, and then by extend-
ing the tracking system to electronic cards, making them mandatory for any transaction in gov-
ernment institutions. Similar restrictions are envisaged for the acquisition of travel documents
and transportation.

Concern is often expressed on social media that the tightened control measures taken
temporarily during the quarantine period may become permanent. Obviously, the historical
memory of Russians recorded that the centralized measures of state structures aimed at improv-
ing the situation of the majority of citizens and implemented through coercive actions often led
to negative results. Apparently, this is why the authorities in the course of a large-scale vaccina-
tion campaign periodically emphasize its voluntary nature and distance themselves from pro-
posals regarding discrimination against Russians who have not been vaccinated against the
coronavirus [28]. Such an expression of position is necessary, since, according to a number of
researchers, in the face of the coronavirus, human rights and their guarantees from state institu-
tions are in the greatest danger [29].

The greatest number of complaints arises about the proportionality of the actions taken
by the authorities to the threats of a pandemic. Human rights activists and experts see attacks on
law, freedom and institutional principles in acts of transferring emergency powers to executive
authorities, violations of the principle of separation of powers into legislative, executive and
judicial, empowering unconstitutional institutions with powers on a wide range of issues, as
well as violations of the system of law, the hierarchy of legal documents [30].

*

Drawing conclusions, we note that the indicators of the global recession due to COVID-
19 in Russia turned out to be not so large due to the peculiarities of its economy. Among these
features, high monopolization of industries, a low share of small and medium-sized businesses
with a significant share of the public sector, a small share of the service sector in the sectoral
structure of the economy, and relatively low competition are distinguished. Also, the regulatory
functions of the state made it possible to mitigate the consequences of the coronavirus. In addi-
tion, the dominance of large state-owned enterprises in the economy, which had sufficient re-
sources to pay salaries on non-working days and provide targeted state assistance, and support
in debt restructuring, played a role.

The nature of industrial relations is radically changing and the productive forces in the
digital environment are reaching a new level. In the context of accelerating digitalization, which
is changing the structure of the economy, it is especially important to direct state support to the
sectors of the real sector of the economy that have confirmed their demand, including agricul-
ture, the food industry, and pharmaceuticals.

The pandemic has undermined the confidence of part of the population in the govern-
ment and caused an increase in protest activity. The imbalance between the activities of state
structures and the security threats generated by the pandemic has become visible . The changes
that have taken place in the way of life and work activity have initiated new trends in the devel-
opment of society. The confrontation between representatives from the poles of the perception
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of the disease, conventionally referred to as "vaccinators” and " anti- vaccinators”, contributes
to social disengagement, often in an acute form.

COVID-19 has revealed health problems exacerbated by social inequality, limited ac-
cess for a significant number of people to medical care.

Isolationism and nationalism have increased in many countries, and disengagement is
growing based on different assessments of the danger of COVID-19 and countermeasures. Ide-
as about artificially inflating the risk of infection in order to return to totalitarianism, achieve
complete control over humanity, and start the "great reset” [31] were widely spread . The main
doubts are built on distrust of the authorities, "big pharma", the world of financial capital . So-
cial divisions are escalating, outbreaks of violence and an increase in aggression have been rec-
orded . On the other hand, constructive steps, such as US support for the proposals of India and
South Africa to abandon the protection of intellectual property related to COVID-19 vaccines ,
which should strengthen production capacity and make the drug more affordable [32], are cause
for cautious optimism.

Liberal societies do a poor job of resolving the tension between the need for restrictions
and freedoms. Different countries have taken different paths - from eliminating restrictive ac-
tions to taking tough measures. There are also intermediate options. Thus, in Russia, where the
world's first vaccine for the prevention of COVID-19 has been developed , a balanced set of
measures is being implemented. An increase in the number of people wishing to be vaccinated
is recorded; they make up the majority of the country's population.

The fight against coronavirus has generated changes in the labor market, remote work is
becoming the norm, the employment structure has changed, the geography of hiring has ex-
panded, and virtual production centers are being created . A new structure of the economy is
being formed with the dominance of the digital sector. Significantly reduced economic activity
in most areas of activity, with the exception of the IT industry and agriculture.

At the same time, anxiety in society has increased, and the number of mental disorders
has increased. Mass self-isolation has exacerbated the manifestations of the crisis, “coronapan-
1c” 1is recorded.

Education was forced to move online, which contributed to a decrease in the educational
and social activity of students, a drop in the quality of the educational process.

In general, despite the difficult situation, restrictive measures in Russia are being re-
duced. Probably, the authorities have decided that the ups and downs of COVID-19 activity , its
mutations can be long-term in nature, but restrictive measures that have an indefinite duration
cause too serious damage to the economy and socio-political stability of society, undermine the
education system. There is a phasing out of the "medicine that is worse than the disease.” At the
same time, the easing of restrictive measures is accompanied by an intensification of the vac-
cination campaign with an emphasis on the fact that people bear the main responsibility for the
health of themselves and those around them.

Conclusion. Practice has demonstrated a change in social reality under stressful condi-
tions. Virtual reality is being dynamically formed, normative restrictions are being destroyed,
traditional and modernist patterns of behavior are shifting and mixing, new meanings and goals
are emerging. The need for reunification and consolidation of Russian society requires in-
creased attention from state structures to the development of measures to strengthen social in-
teraction, social activity, and integration of the population at all levels.

We note the opinion, which is confirmed by historical experience and a number of stud-
ies, that epidemics and other diseases have not only negative, but also positive consequences,
primarily in the economy, and also show the real state of affairs in healthcare, various socio-
political spheres.

The publication was prepared as part of the work on the research topic ""Ethno-social and
political-legal institutions and processes in the South of Russia™ as part of the State task of
the SSC RAS for 2021 (00-21-19, state registration number AAAA - A 19-119011190185-9).
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Annomauus
Cmamus nocesawjena npuHYUnam U UHCMpyMeHmam 6epexciuso2o ynpasieHus, a maxice
pe3yIbmamam npumMeHeHuss KOHYenyuu 0epexiciugo2o ynpasieHus Ha npeonpusmusx. Aemopamu
NnOOPOOHO ONUCAH NPOYecc BHEOPeHUsl KOMNJIEKCHbIX N00X0008 0epedCiublX MeXHONO0SUU Ha
Npeonpusmusx, KOmopbsli MOXNcem Cmams 0CHOB0U dhhekmusHo2o ynpasieHus KpynHviMu npo-
eKmamu U npoZPpaAmMMaMy 80 MHO2UX 00IACMAX 0esIMeNbHOCIU.
Knrwouesvie cnoea: 6epexanBoe MPOU3BOJCTBO, YIPABICHUE MPOU3BOACTBOM, Yiydllle-
HUE OU3HEC-TIPOIECCOB, KOMIUIEKCHBIH MOIX0/1, METOINKA OEPEKITMBOTO TIPOU3BOICTBA.

Abstract. The article is devoted to the principles and tools of lean management, as well as the
results of applying the concept of lean management in enterprises. The authors describe in detail the
process of implementing integrated approaches of lean technologies at enterprises, which can become
the basis for effective management of large projects and programs in many areas of activity.

Key words: lean manufacturing, production management, business process improvement,
integrated approach, lean manufacturing methodology.

Introduction

In modern economic conditions, ensuring the stability of the production process, timely
implementation of production volumes with high market saturation and progressive competition is
one of the important points at enterprises [14]. The introduction of lean manufacturing at industrial
enterprises is one of the trends in domestic economic development. However, all developments
related to lean manufacturing relate mainly to the main production shops and management struc-
tures of the enterprise [1]. This is due to the fact that it is in the subsystems of the main production
that value is created, for which consumers are willing to pay money [7]. At the same time, some
enterprises decide to introduce lean production tools first into the main production, and then into
auxiliary subsystems [2]. However, in a saturated market with a large number of similar products
and companies with strong, recognizable brands in such an environment, a price cut by one of the
competitors will provoke a price war that reduces the profitability of all participants. Thus, the
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original goal of increasing or maintaining competitiveness will be leveled [11]. It follows that an
innovating enterprise can use the reputational factor created by lean management for marketing
purposes (creating value for the client, producing quality products, etc.).

1. Theoretical and methodological aspects of the study

The lean production methodology is a process of continuous improvement, every day and eve-
ry hour, allowing you to evaluate the existing processes in the enterprise and analyze why the existing
processes do not allow you to achieve the company's goals to reduce costs [18]. Tools and methods of
lean manufacturing allow you to consider and see the full chain of movement in the company. Such a
vision allows you to find losses and realize why the goals set were not achieved [14].

To improve the efficiency of the company, the productivity of the enterprise [4], to im-
prove and maintain the quality of products and increase the competitiveness of the organization,
we will consider the tools and methods of lean production. This methodology allows companies to
achieve continuous and continuous improvement. For practical implementation at enterprises, var-
ious methods can be used [14]:

1.Total system productive Maintenance ;

2. Product value stream map;

3. 5S-systems ;

4. Kaizen - FI / QFI teams ;

5. Visualization;

6. SMED analysis;

7. Error prevention method;

8. Just in time on time );

nine. Overall equipment efficiency (operational, production efficiency, CUTE system );

10. Kanban;

11. System meetings (Factory Driving System);

12. 5 Why.

The entire production potential, the entire infrastructure of the enterprise should be based
on line operators, workers [10]. Lean production involves the involvement of each employee in the
optimization process and maximum customer orientation [13]. The personnel of the enterprise is
the main wealth, and only with the help of it the enterprise can achieve the intended results [9].
Based on this, it can be argued that the main task of lean production systems is to improve, im-
prove all production processes at the level of line personnel [12]. And only taking this into ac-
count, the company's management should set new tasks for subordinates, since for effective man-
agement of the production process, it is necessary to analyze all existing processes in the work-
place, and not just analyze indicators. The management of the company must understand and know
the problem areas and losses in the enterprise.

Materials and methods of research

Lean manufacturing originated during the time of the samurai in Japan. The question of the
location of the samurai sword for its more efficient use was considered. At the moment, Toyota [6]
is a leader in the implementation of lean manufacturing methods, which allowed it to become a
leader in its industry and increase the competitiveness of the enterprise. This company was in a
ruined state after the Second World War [13]. For the company, and for the entire industry as a
whole, one goal was set - to catch up and overtake the United States in car production. And only
having conquered the US automobile market, the Americans began to study the industry in the
field of organizing production in Japan. To achieve high results, each employee must follow at
least 3 principles in their [14]:

1. Organize the workplace in such a way that everything is in its place in the absence of
unnecessary items. All this helps to improve ergonomics and eliminate the risk of injury, to protect
slippery and dangerous places, to reduce defects and time for search and movement. This method-
ology is called 5 S. 5 steps: Sort - Create - Maintain - Standardize Follow.
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2. To reduce the number of breakdowns, improve equipment maintenance and operation. Op-
erators are assisted by FI (focused improvement) teams that focus on solving a specific problem.

3. Improve processes using lean manufacturing techniques to reduce waste and increase ef-
ficiency.

In order to involve each employee in this process, it is necessary that everyone clearly and
specifically understand what requirements are presented to him and how the company's manage-
ment operates, how it is connected with the need to survive in a highly competitive environment
[5] , then create a desire for worker in a lean manufacturing environment is quite realistic. An im-
portant point is that each employee understands what losses are and how they are related to his
work. Also, to involve employees, it is possible to introduce, create and use key target indicators (
KPI — key performance indicator ) [2]. But in order to use them more effectively and get more out
of them, it is necessary that each employee understands how he can influence the goals. It is also
important to convey to employees that the increase in work efficiency will not affect their hourly
wage rate and layoffs in any way.

Research results and proposals

Our studies have shown that as a result of the development of the organization of produc-
tion as a science, from mechanized to lean production, the following principles of production or-
ganization can be distinguished, which formed the basis of all modern production systems:

1. Unconditionally, there is a trend towards a constant decrease in the resources used, while
improving the quality of products.

2. Human resource is one of the key factors in the development of modern industrial enter-
prises, for the effective management of which it is necessary to sharply improve the quality of the
use of scientific methods of organizing production. First of all, it is necessary to organize continu-
ous training and retraining of personnel (mainly in practical methods) in order to increase the effi-
ciency of using their creative potential [8]. It follows from this that it is necessary to develop the
creative abilities of workers by offering them the latest modern production tools.

3. Creating favorable opportunities for innovative transformations of the production system
and maintaining a high level of trust and trust between workers and administration ensures the ef-
fectiveness of their business interaction and is the key to the success of any production system by
liberating the creative potential of workers.

4. The idea of frugality should become a kind of “medicine” for enterprises against waste-
fulness, reducing the share of processes that do not add value to the production of products. The
key should be the principle of " Just - in - Time ", which allows you to "cure" production processes
from excessive resource intensity by producing a strictly necessary amount of products.

5. The rational organization of the use of flexible and quickly changeable equipment allows
not only to quickly respond to innovative market demands, but also to effectively use the resources
of the production system used.

6. Today, when not material, but information resources are becoming the decisive sources for
the development of production systems, the observance of ethical standards, which apply, in particular,
to technological information (sufficiency, reliability, timeliness, etc.), and controlled not as much by
the management of the firm as by the workers themselves, or rather their community.

Conclusions

Thus, the prospects for using an integrated approach to lean management in enterprises
allows more flexible changes in the process of implementing lean production. The practical
significance lies in facilitating the process of implementing lean management in enterprises, as
well as the simplicity and efficiency of links between mesoprocesses due to procedures. Team
building in the proposed scheme of work deserves a more detailed study, since developers, in fact,
should be not only change leaders, but also specialists capable of development. In relation to the
rest of the pool of employees, the main problem is usually the resistance of the staff, which can be
reduced through training.

Bbinyck 1, 2022 207



CoBpemeHHas HayKa M MHHoBauum Nel (37), 2022

JIUTEPATYPA

1. Bekimbetova, G. (2019). General methods of analysis in decision-making and selec-
tion efficiency of investment projects. Bulletin of Science and  Practice.
Https://doi.org/10.33619/2414-2948/40/36

2. Bekimbetova, G. M. (2020). Evaluation of the efficiency of investment projects by the
method of the Cobb-Douglas derivative function. Eurasian union  scientists.
https://doi.org/10.31618/esu.2413-9335.2020.1.74.729

3. Bekimbetova G.M. (2020). Doctor of Philosophy. In Definitions (Vol. 330).
https://doi.org/10.32388/4endto

4. Raya Khajibaevna, K. (2021). THEORY OF FINANCE AND FINANCING
STRATEGIES. International Journal of Advanced Research. https://doi.org/10.21474/
ijar01/12480

5. Shaturaev, J. (2021). A Comparative Analysis of Public Education System of Indone-
sia and Uzbekistan. Bioscience Biotechnology Research Communications. https://doi.org/
10.21786/bbrc/14.5/18

6. A.Turnosoit, (2005). [TpousBoacTBenHas cucrema ToOHOTHI.

7. Asgeea, E. C. (2020). [IpumeHeHne KOHIEHIMH OEPEXIIMBOTO MPOU3BOJICTBA K
BCIIOMOTaTeNIbHOM MOJICKHCTEME TMPOMBIILICHHOTO npennpustus. Journal of Economics, Entrepre-
neurship and Law, 10(2), 355-364. https://doi.org/10.18334/epp.10.2.41574

8. Anxanosa, P. P. (2019). iHHOBaniMOHHBIE MMOAXOABI K MHBECTUPOBAHHIO B YeIIOBEYE-
ckuii kanurain. 175-180.

9. Artwn Huk, JI. K. (2013). Onenka Kommanuit: Anamus U IIporrnosuposanue C Hc-
nonb3oBanueM OtuetHoctu [To Mcdo / Huk Antumn, Kenner Jlu ; [lep. C Anrn. [JI. JlonatHu-
koB] — H»6.Pd. https://a36.pd/catalog/002178 000020 BGUNB-BEL%7C%7C%7CBIBL%
7C%7C%7C0000063634/

10.T'ane6nbIx, E. B., & ®okuna, O. B. (2019). Ynpasnenue Amxaitn-IIpoextamu B Be-
pexxmBoM IIpomsBoactBe. Leadership and Management, 6(3), 201-208. https://doi.org/
10.18334/1im.6.3.41003

11.3aiines, A. A. (2017). Ouenka Bnusaus Konnenuu bepexnusoro [Ipoussoacrsa Ha
dunancoBo-OxoHoMuueckue Ilokasarenn Munoanmonnoro Ipeampustus. Russian Journal of
Innovation Economics, 7(3), 257-280. https://doi.org/10.18334/vinec.7.3.38196

12.3opuna, H. A., & Yepenuun, U. A. (2019). Tpancdopmanus MotuanuonHoit Cu-
crembl Opranu3zatuu [Toxg Brusiauem ®@akropos Buenineit I Buyrpenneii Cpenpsl. Russian Jour-
nal of Labor Economics, 6(1), 385-398. https://doi.org/10.18334/et.6.1.39959

13. Menbuukos, O. H., Jlapuonos, B. T'., & Tanbkun, H. A. (2016). OcHoBHbIE DTarbl
NunoBannonnoro Pazsutus Opranusanuu [IpomsBoactea C Ilozunuii Junamuku KMcnons3oBa-
nus [Ipunnunos bepexmuoro IMpoussoacra. Russian Journal of Innovation Economics, 6(3),
239-258. https://doi.org/10.18334/vinec.6.3.36996

14.P.3.Cyneiimanos, A. W. 111. (2015). BepexxnuBoe mpou3BOJICTBO KaK MHHOBAIIMOHHAS
¢dbopMa yripaBieHHs IPEATNPUATHEM.

15. Bekimbetova, G. (2019). General methods of analysis in decision-making and selec-
tion efficiency of investment projects. Bulletin of Science and  Practice.
Https://doi.org/10.33619/2414-2948/40/36

16. Bekimbetova, G. M. (2020). Evaluation of the efficiency of investment projects by
the method of the Cobb-Douglas derivative function. Eurasian union scientists.
https://doi.org/10.31618/esu.2413-9335.2020.1.74.729

17.Bekimbetova G.M. (2020). Doctor of Philosophy. In Definitions (Vol. 330).
https://doi.org/10.32388/4endto

18.Raya Khajibaevna, K. (2021). THEORY OF FINANCE AND FINANCING
STRATEGIES. International Journal of Advanced Research.
https://doi.org/10.21474/ijar01/12480

208 Bbinyck 1, 2022



CoBpemeHHas HayKa M MHHoBauum Nel (37), 2022

19. Shaturaev, J. (2021). A Comparative Analysis of Public Education System of Indone-
sia and Uzbekistan. Bioscience Biotechnology Research Communications.
https://doi.org/10.21786/bbrc/14.5/18

20. A.Turnosoit, (2005). IIpousBoacteeHHas cucreMa TOHOTHL.

21. AneeBa, E. C. (2020). IlpuMeHeHue KOHIEHIIMH OCPEHIIMBOTO MPOHM3BOJCTBA K
BCIIOMOTaTeNIbHOM MOJICKHCTEME TMPOMBIILICHHOTO mpennpusatus. Journal of Economics, Entrepre-
neurship and Law, 10(2), 355-364. https://doi.org/10.18334/epp.10.2.41574

22. Anxanosa, P. P. (2019). lHHOBanMoHHBIE MOAXObI K MHBECTHPOBAHUIO B Y€JIOBEYC-
ckuii karmran. 175-180.

23. Aatumn Huk, JI. K. (2013). Ouenka Kommanwmii: Ananms U Ipornosuposanue C Hc-
nonb3oBanueM OtdetHocTH 1o Mcdo / Huxk Antunn, Kenner Jlu ; Ilep. C Anra. [JI. JlonaTtHu-
koB] — H»6.Pd. https://u36.pd/catalog/002178 000020 BGUNB-BEL%7C%7C%7CBIBL%
7C%7C%7C0000063634/

24.Taneonnix, E. B., & ®okuna, O. B. (2019). Yupasinenue Amxkaitn-IIpoekramu B be-
pexiauBoMm IIpomssoacre. Leadership and Management, 6(3), 201-208. https://doi.org/
10.18334/1im.6.3.41003

25. Zaiines, A. A. (2017). Ouenka Biusuus Konnenuun bepexnuboro IIpoussoacrsa Ha
dunancoBo-OxoHomuueckue Ilokazarenn Munoanmonnoro Ipeampustus. Russian Journal of
Innovation Economics, 7(3), 257-280. https://doi.org/10.18334/vinec.7.3.38196

26.30puna, H. A., & Yepennun, U. A. (2019). Tpauncpopmarms MoruBaumonno Cu-
crembl Opranuzaiuu [lox Biusauem ®akropos Buemneir 1 Baytpenneit Cpenpl. Russian Jour-
nal of Labor Economics, 6(1), 385-398. https://doi.org/10.18334/et.6.1.39959

27. Mensuukos, O. H., Jlapuonos, B. I'., & Tanpkun, H. A. (2016). OcHoBHBIC DTarbl
WNunoBanuonnoro Passutus Opranuzanuu [Ipoussoactsa C Ilosunuit Junamuku Mcnons3osa-
uust [punnunos bepexmusoro ITpowssoactea. Russian Journal of Innovation Economics, 6(3),
239-258. https://doi.org/10.18334/vinec.6.3.36996

28.P.3.Cyneiimanos, A. U. 11I. (2015). BepexnuBoe MpOU3BOACTBO KaK MHHOBAIIMOHHAS
(dhopMa yripaBiICHHS IPEATPUITUEM.

REFERENCES

1. Bekimbetova, G. (2019). General methods of analysis in decision-making and selec-
tion efficiency of investment projects. Bulletin of Science and  Practice.
Https://doi.org/10.33619/2414-2948/40/36

2. Bekimbetova, G. M. (2020). Evaluation of the efficiency of investment projects by the
method of the Cobb-Douglas derivative function. Eurasian union  scientists.
https://doi.org/10.31618/esu.2413-9335.2020.1.74.729

3. Bekimbetova G.M. (2020). Doctor of Philosophy. In Definitions (Vol. 330).
https://doi.org/10.32388/4endto

4. Raya Khajibaevna, K. (2021). THEORY OF FINANCE AND FINANCING
STRATEGIES. International Journal of Advanced Research.
https://doi.org/10.21474/ijar01/12480

5. Shaturaev, J. (2021). A Comparative Analysis of Public Education System of Indone-
sia and Uzbekistan. Bioscience Biotechnology Research Communications.
https://doi.org/10.21786/bbrc/14.5/18

6. A.Tiglovoj, (2005). Proizvodstvennaya sistema Tojoty.

7. Avdeeva, E. S. (2020). Primenenie Koncepcii Berezhlivogo Proizvodstva K Vspomo-
gatel'noj Podsisteme Promyshlennogo Predpriyatiya. Journal of Economics, Entrepreneurship and
Law, 10(2), 355-364. https://doi.org/10.18334/epp.10.2.41574

8. Alhanova, R. R. (2019). Innovacionnye podhody k investirovaniyu v chelovecheskij
kapital. 175-180.

Bbinyck 1, 2022 209



CoBpemeHHas HayKa M MHHoBauum Nel (37), 2022

9. Antill Nik, L. K. (2013). Ocenka Kompanij: Analiz | Prognozirovanie S
Ispol'zovaniem Otchetnosti Po Msfo / Nik Antill, Kennet Li; Per. S Angl. [L. Lopatnikov] —
Neb.Rf. https://neb.rf/catalog/002178 000020 BGUNB-BEL%7C%7C%7CBIBL%7C%7
C%7C0 000063634/

10. Ganebnyh, E. V., & Fokina, O. V. (2019). Upravilenie Adzhajl-Proektami V Be-
rezhlivom Proizvodstve. Leadership and Management, 6(3), 201-208.
https://doi.org/10.18334/lim.6.3.41003

11. Zajcev, A. A. (2017). Ocenka Vliyaniya Koncepcii Berezhlivogo Proizvodstva Na
Finansovo-Ekonomicheskie Pokazateli Innovacionnogo Predpriyatiya. Russian Journal of Innova-
tion Economics, 7(3), 257-280. https://doi.org/10.18334/vinec.7.3.38196

12. Zorina, N. A., & CHerepnin, I. A. (2019). Transformaciya Motivacionnoj Sistemy
Organizacii Pod Vliyaniem Faktorov VVneshnej | Vnutrennej Sredy. Russian Journal of Labor Eco-
nomics, 6(1), 385-398. https://doi.org/10.18334/et.6.1.39959

13. Mel'nikov, O. N., Larionov, V. G., & Gan'kin, N. A. (2016). Osnovnye Etapy Inno-
vacionnogo Razvitiya Organizacii Proizvodstva S Pozicij Dinamiki Ispol’zovaniya Principov Be-
rezhlivogo Proizvodstva. Russian Journal of Innovation Economics, 6(3), 239-258.
https://doi.org/10.18334/vinec.6.3.36996

14. R.Z.Sulejmanov, A. I. SH. (2015). Berezhlivoe proizvodstvo kak innovacionnaya
forma upravleniya predpriyatiem.

Bekimbetova, G. (2019). General methods of analysis in decision-making and selection
efficiency of investment projects. Bulletin of Science and Practice. Https://doi.org/10.33619/2414-
2948/40/36

29. Bekimbetova, G. M. (2020). Evaluation of the efficiency of investment projects by
the method of the Cobb-Douglas derivative function. Eurasian union scientists.
https://doi.org/10.31618/esu.2413-9335.2020.1.74.729

30. Bekimbetova G.M. (2020). Doctor of Philosophy. In Definitions (Vol. 330).
https://doi.org/10.32388/4endto

31. Raya Khajibaevna, K. (2021). THEORY OF FINANCE AND FINANCING
STRATEGIES. International Journal of Advanced Research.
https://doi.org/10.21474/ijar01/12480

32. Shaturaev, J. (2021). A Comparative Analysis of Public Education System of Indone-
sia and Uzbekistan. Bioscience Biotechnology Research Communications.
https://doi.org/10.21786/bbrc/14.5/18

33. A.Twurnogoi#, (2005). [IpousBoacTBeHHas cucTeMa TOHOTHI.

34. AmpeeBa, E. C. (2020). IlpumeHeHue KOHIEMIIMH OEPEkKIMBOTO MPOU3BOJACTBA K
BCIIOMOTaTeNILHOM MOJICKHCTEME TIPOMBIIeHHOTO Tipennpusatus. Journal of Economics, Entrepre-
neurship and Law, 10(2), 355-364. https://doi.org/10.18334/epp.10.2.41574

35. Anxanosa, P. P. (2019). IHHOBanmMoHHbIE MTOAXO0/IBI K HHBECTHPOBAHUIO B UEIIOBEYE-
ckmii karmuran. 175-180.

36. Antmt Huk, JI. K. (2013). Onenka Kommnanwii: Ananmus U [poraoszuposanue C Hc-
nonbs3zoBanueM OtuetHoctu ITo Mcdo / Hux Antunn, Kenner Jlu ; Ilep. C Anrn. [JI. JlonatHu-
koB] — H»06.Pd. https://H36.pd/catalog/002178 000020 BGUNB-BEL%7C%7C%7CBIBL%
7C%7C%7C0000063634/

37. T'anebnbIx, E. B., & ®okuna, O. B. (2019). Ynpasnenune Amxaiin-IIpoekramu B be-
pexxsmBoMm  [IpomsBoncte. Leadership and Management, 6(3), 201-208. https://doi.org/
10.18334/1im.6.3.41003

38. 3aiines, A. A. (2017). Ouenka Bmusuus Konnenuu bepeximoro [IpousBoacrea
Ha ®unancoBo-DxoHomuueckue Ilokazarenu Munosarmonnoro Ilpeampustus. Russian Journal
of Innovation Economics, 7(3), 257-280. https://doi.org/10.18334/vinec.7.3.38196

210 Bbinyck 1, 2022



CoBpemeHHas HayKa M MHHoBauum Nel (37), 2022

39. 3opuna, H. A., & Yepennun, U. A. (2019). Tpauchopmarus Motuannonnoit Cu-
crembl Opranmzanuu [lox Biausanem ®akropos Brerineii I Buyrpenneii Cpeapl. Russian Jour-
nal of Labor Economics, 6(1), 385-398. https://doi.org/10.18334/et.6.1.39959

40. Menbuukos, O. H., Jlapuonos, B. I'., & I'anpkun, H. A. (2016). OcHoBHbIE DTaIibl
WNunoBanuonnoro Passutus Opranuszanuu [Ipoussoxactsa C Ilosunuit Junamuku Hcnosas3osa-
uus [punnunos Bepexmusoro Ilpoussoacrea. Russian Journal of Innovation Economics, 6(3),
239-258. https://doi.org/10.18334/vinec.6.3.36996

41. P.3.Cymneiimanos, A. U. I11. (2015). BepexirBoe MpoOU3BOACTBO KaK HHHOBAI[HOHHAS
(dhopMa yrpaBiIcHHS IPEATPUITHEM.

OBb ABTOPE/ ABOUT AUTHOR
Py3ueBa [Iuano3a AGaycamaTroBHa, IperojaBaTelib-cTaxep kadeapsl «byxramnrepckoro
ydera u ayauTay, JKoHoMu4eckuil pakynprer Kapakanmakckoro rocyapcTBEHHOTO YHUBEPCUTETA

Ruzieva Dilnoza Abdusamatovna, Trainee Teacher of the Department of Accounting and
Auditing, Faculty of Economics of Karakalpak State University

Hara nocrynnennsa B pegakuno:12.01.2022
ITocne penensupoBann::23.02.2022
Jata npuaaATHa K ny6amkanym:13.03.2022

Bbinyck 1, 2022 211



CoBpemeHHas HayKa M MHHoBauum Nel (37), 2022

I'.B. Kopotkosa [G.V. Korotkova]
E.A. Tumanosckwii [E.A. Timanovsky]
A.C. ®aneesa [A.S. Fadeeva]

NCCIEJOBAHUE BJIMSAHUA ITAPAMETPOB
INPOLHECCA HA BbIXO/J BUOJAU3EJIA
B PEAKIIUU IEPEDTEPUOUKALINN

YK 665.11
DOI: 10.37493/2307-910X.2022.1.23
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Annomauus

Ilpoyecc nonyyenus kauecmeenHo2o OGUOOU3ENSL U3 PACMUMENbHBIX MACel U3V4eH He NoJ-
Hocmblo. buodusens sA615emcs d9Kon02UUecKU YUCMulM NPOOYKMOM, Ymo Oelaem e20 KOHKYPEHmo-
CHOCOOHBIM C KIACCUHeCKUM MONIUBOM U3 Hedhmenpodykmos. Ha npoyecc npoussoocmea 6uoou-
3e/1 6UAem MHONCECMBO (haKmopos, OCHOBHbIE U3 KOMOPBIX pACCMOMPeEHbL 8 OAHHOU pabome.

Mamepuanst u memoowt

Onmumanvusie ycio8us peakyuu nepesmepugurayuu 3aKioyaomecs 8 uyyeHuu memne-
PAmMypHO20 pedcuma, ONUmerbHOCmuY npoyecca, muna U KOHYeHmpayuu npumeHsemvlx Kamaiu-
3amopos u guzuueckux yciogus npoyecca. Takoice 21asHbIM YCI08UEM ABIAENC NPUMEHIeMOoe
Cblpbe Ha OCHOBAHUU KOMOPO20 NPOmMeKaen paccCMampusaemas peakyus.

Pe3ynomamul u 0o6cyscoenus

Buisignen onmumanonwiti kamanuzamop 0ns peakyuu nepesmepughuxayuu. Ilpedcmasnena
cxema nomyyeHus Ouoousens Ha OCHOBAHUU CYWEeCmBYIowux cxem npouzeoocmea. Ilposeden ana-
U3 OMUMENbHOCIU peakyuu Om NPUMEHIeMblX MmeMnepamypusix pescumos. I[Ilpedcmasneno
000CHOBAHUE UCNONB30BAHUIO YEHMPUPDYSUPOBAHUSL 8 NpoYecce NPOU3B00CMEad 6UOOU3esl.

3aknrouenue

B ces3u ¢ pocmom sKon02utecKy Yyucmulx npooyKmos, KOmopbiM Aeliaemcs 6uoousenn, nony-
JISIPHOCMb pACCMampueéaemo2o npooykma oyoem eozpacmamv. Taxum obpaszom 6 OamHou pabome
paccmompetvl, NPOAHANUZUPOBAHLL U NPEOCMABIeHbl 2lIaéHble (YaKmopbl, GIUAIOuUe HA Ka4yecmso
20mo6020 npodykma. Takawce npedcmaegnensbt NOKa3amenu 8b1xo0a 6uooU3ens U3 paziuyHblx Macel.

Knroueevie cnosa: nepesmepuguxayus, Ouoousenv, CLOHCHbLE IPUPbL.

Abstract

The process of obtaining high-quality biodiesel from vegetable oils is not fully understood.
Biodiesel is an environmentally friendly product, which makes it competitive with classic petrole-
um fuels. The biodiesel production process is influenced by many factors, the main of which are
considered in this work.

Materials and methods

The optimal conditions for the transesterification reaction are to study the temperature re-
gime, the duration of the process, the type and concentration of the catalysts used and the physical
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conditions of the process. Also, the main condition is the raw material used on the basis of which
the considered reaction proceeds.

Results and discussions

The optimal catalyst for the transesterification reaction has been identified. The scheme for
producing biodiesel based on existing production schemes is presented. The analysis of the dura-
tion of the reaction from the applied temperature conditions is carried out. The rationale for the
use of centrifugation in the biodiesel production process is presented.

Conclusion

Due to the growth of environmentally friendly products, which is biodiesel, the popularity
of the product in question will increase. Thus, in this work, the main factors affecting the quality of
the finished product are considered, analyzed and presented. Indicators of the yield of biodiesel
from various oils are also presented.

Key words: transesterification, biodiesel, esters.

Introduction

The trends of recent years are the rational, economical and efficient use of non-renewable
energy resources, with the gradual abandonment of their use in favor of environmentally friendly
energy sources. This movement is associated with existing environmental and economic problems.
At the moment, there are several ways to obtain and use renewable energy sources. One of which
is the transesterification reaction, which results in biodiesel.

The aim of the work was to determine the optimal conditions for the reaction to obtain bi-
odiesel from raw materials, which are considered vegetable oils. As reaction conditions, the tem-
perature regime, the duration of the process, the type and concentration of catalysts, as well as the
physical conditions of the process are studied.

Materials and methods

Interesterification is a chemical reaction that results in the exchange of structural elements
of triacylglycerides and alcohols. As a result of the reaction, alkylated ethers (biodiesel) and glyc-
erol are formed.

The scheme shows the reaction of the transesterification of triglycerides, whereR 1, R 2, R
aare triglyceride fatty acid radicals.

=0 =0
HZIC_O_C.__R1 Hzf—OH R1—C.___0_C2H5
-0 Kat -0
-0-C " 5. +C2HsOH - + -C~
H(i o-C _‘gz 2Hs50 ——--H(i. OH R2 6\8_C2H5
H:C -0 -CZ . H:-OH Rs-CZ5_ c,Hs
Oil Ethanol Glycerin Ethyl ether

From the presented mechanism of the transesterification reaction, it can be concluded that
3 mol of fatty acid ethyl esters (biodiesel) and 1 mol of glycerol are formed.

According to the literature, this reaction proceeds in the presence of such catalysts as KOH ,
NaOH , NaOCH 3 and KOCH 3. This catalytic process can be either homogeneous or heterogene-
ous [8].

It should be noted that when mixing homogeneous Brensted basic catalysts, namely KOH ,
NaOH , and NaOCH3 with alcohol, an alkoxide ion is formed, which attacks the carbonyl carbon
atom of the triglyceride molecule [2] .
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During the study, 2% and 10% NaOH solution were considered as a catalyst. As a result of
using the catalyst in a homogeneous form, the reaction did not proceed. Which highlights a num-
ber of disadvantages of homogeneous mixtures.

The disadvantages inherent in the use of homogeneous catalysts can be overcome by using
solid catalysts. Heterogeneous catalysts are more easily separated from the reaction products; soap,
which is a salt of free fatty acids, also does not form.

On the surface of solid catalysts, there are a large number of strong acidic and basic sites,
which explains their activity. Also, heterogeneous acidic and basic catalysts have not only
Bronsted, but also Lewis active sites [7].

As a source of triacylglycerides for the transesterification reaction, vegetable oils were
considered: sunflower refined (1) and unrefined premium grade oil (2), refined corn oil (3) of a
deodorized brand, and refined linseed oil (4) of first grade bleached oil. Deep frying of used re-
fined sunflower oil has also been investigated (5).

Ethanol was used as alcohol, since the production of biodiesel is aimed at obtaining energy
from renewable components. Sodium hydroxide was used as a catalyst. One of the advantages of
ethanol is the rate of reaction with triacylglycerides; it also easily dissolves the catalyst used [6].

The experimental procedure was as follows: initially, 9 ml of the studied oil and 1 ml of
ethanol are mixed, with the addition of 0.1 g of sodium hydroxide as a catalyst. This is followed
by the process of heating the resulting mixture to a temperature of 60°C, with further holding for 2
hours. The next step is settling and centrifuging the mixture.

This scheme of the experiment duplicates the existing schemes for the production of bio-
diesel [9].

One of the factors affecting the reaction rate is temperature. The experiment was carried
out at different temperature conditions. So, at room temperature at 20°C, no signs of the reaction
were observed for several days. A further increase in temperature in increments of 10°C accelerat-
ed the reaction by about a factor of two.

Glycerol is formed in the reaction products of the target biodiesel. In view of the close val-
ues of the densities of the components of the mixture, complete separation does not occur. Solving
this problem was one of the objectives of the study.

KOH /g) has a special effect on the yield of ethyl ethers. Thus, the recommended level of
the acid number of oil for sending it to the synthesis of biodiesel is less than 1.0 mg KOH/g [8].
Table 1 shows the values of the acid number and the mass fraction of moisture in%, which in turn
also affects the final yield of biodiesel.

Table 1
The value of the acid number and the mass fraction of moisture
in the studied oils according to GOST 1129-2013.
Research oil Acid number, mg KOH/g, no more Mass fraction of moisture, %,
no more

one 2 3
Sunflower refined 0.30 0.10
Sunflower unrefined 4.00 0.20

one 2 3
corn 0.35 0.10
Linen 0.7 0.10
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To determine the qualitative composition of the product mixture, a qualitative reaction was
carried out for glycerin with Fehling's reagent, the signs of which are the formation of a dark blue
solution of copper (1) glycerate.

Results and discussions

The results of the catalyst selection experiment showed that the use of crystalline NaOH is
the most optimal. This catalyst greatly speeds up the process. In a number of works, it was noted
that the conduct of heterogeneous processes in this case is more efficient [6].

The optimal temperature for the process was established by experimental method, it is
equal to 60 °C; in this case, the interesterification reaction proceeds for two hours. It should be
noted that with a further increase in temperature, alcohol boils, which leads to a number of explo-
sive consequences. Figure 1 shows the dependence of the reaction time on the temperature regime.

60

50 R\
\

40 \

£ \
GE; 30 \
l_ 20
. T
20 30 40 50 60
Temperature,’C

Figure 1. Graph of the duration of the reaction at various temperature conditions

To resolve the issue of decomposition of the reaction products into fractions, centrifugation
was used on a laboratory centrifuge TSLMN-R10-01-Elekon.

As a result of the experiments, the mixture was separated in a laboratory centrifuge for 3
minutes, with a rotation speed of 3000 rpm. As a result, the separation of the mixture into two
fractions was observed, with a clearly defined boundary, which indicates the complete separation
of the components.

For the purpose of a comparative analysis of the yield of biodiesel, the ratio of glycerol and
biodiesel to the total volume of the studied oils, presented in the graph (Figure 2), was determined.

After analyzing the obtained results, the percentage of biodiesel in the studied oils was cal-
culated. Table 2 shows the percentage yield of biodiesel.

Also in the course of the study, organoleptic indicators of the obtained biodiesel based on
the oils used were revealed. Table 3 presents the organoleptic characteristics of biodiesel.
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Figure 2. Volumetric yield of biodiesel
Table 2
Biodiesel output
Research oil Biodiesel yield, %
Sunflower refined 88.0%
Sunflower unrefined 72.4%
Corn 85.7%
Linseed 92.7%
Deep frying fat 70.0%
Table 3
Organoleptic indicators of biodiesel
Oil based biodiesel Color Smell
Sunflower refined Transparent Blunted
Sunflower unrefined Light lemon Weakly perceptible
Corn Pale yellow Weak
Linseed Light brown Imperceptible
(with impurities)
Deep frying fat Pale yellow Weak

In the course of the study, the staining intensity of the qualitative reaction to glycerol,
which is a by-product of the esterification reaction, was evaluated. According to this indicator, it is
possible to draw a conclusion about the quality of the obtained biodiesel. Because a qualitative re-
action should have a dark blue color. The linseed oil sample showed the brightest and most intense
indigo staining. Other samples, in turn, had a dirty blue with a hint of green. What can indicate the
inadequate quality of the products received.

Also, as a result of the study, another qualitative indicator of the resulting biodiesel was
analyzed. This indicator is the acidity of the medium, which should be in the neutral zone. As a
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result of the determination of acidity, a neutral environment was found in biodiesel from linseed
oil and deep frying fat. At the same time, other studied samples had an acidity of 4-5 pH .

High acidity indicates the content of free fatty acids, as well as technical acids. The presence of a
high acid content leads to an increase in deposits in the fuel system and increases corrosivity [1].

Conclusion

The yield of biodiesel is affected by a complex of factors, which includes such indicators
as the acid number of the initial product, the amount of water content, the reaction conditions, and
other indirect factors.

According to the results of the work, the optimal temperature was revealed, at which the
reaction lasts 2 hours. The minimum values of the centrifuge speed at which the mixture is com-
pletely separated into fractions are presented. Analyzed the quality indicators of the obtained bio-
diesel, as well as indirect factors that affect the final quality of the product.

Data on the percentage of biodiesel output are presented. So the highest yield of 92.7% was
recorded in biodiesel based on linseed oil. Also in this sample, optimal acidity was revealed, which
indicates the proper quality of the finished biodiesel. At the same time, this sample had a large
amount of impurities, which were identified during the organoleptic analysis. It should be noted
that the lowest yield of biodiesel was observed in the deep-fried sample, this figure was 70.0%. In
this sample, the acidity of the medium and organoleptic indicators were of good quality.

It should be noted that one of the main criteria for the raw material from which biodiesel
will be produced is its cost. Thus, after analyzing all of the above, we can conclude that the most
suitable for the manufacture of biodiesel in all factors, except for its percentage yield, is deep fat.
As a result, the considered raw material can be used as a secondary one.
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Annomauus

B cmamve paccrazvisaemces o cnocobax meniogoi 0opabomxu npooykma, 0coOeHHOCMSX
Kanico020 cnocoda, ux npeumyueCmeax u Omiuyusx opye om opyea Ha npumepe OIUHYUKO8 C Msi-
com. B kauecmee mennogoit 06pabomku Obliu 8blOPanbL Cledyiouue Cnocodwbl: HCAPKA HA CKOBO-
PpoOe, dcapka é aspoepuie, 3anekanue 6 0yxoeom wxagy, npucomosiernue 6 CBY-neuu.

Mamepuanvt u memoowt

B cmamve ucnonvzosanuco cnocodwvl mennogoi 06pabomku OIUHOE ¢ MACOM.

B kauecmee 00bekmog uccied08anus BbICMYNANU: HcAPKA OIUHO8 HA CKOBOPOOe, dHCAPKA
O1uH06 6 aspoepune, 3anekanue oaunos, CBY-nazpes 61uH08.

Ipu scapre 6aun08 — nonygabpuxkamos uemvlpoMs pa3HbIMU CNOCOOAMU ObLT NOCYUMAH
npoyeHm nomepsv OISl KAHCO020 U30eUs, A MAKICe NPOBEOeH OPeAHOJIeNMUYECKUll AHAIU3 BCeX
yemuvlpex U008 20MOoBbIX U30ENUL.

Pe3ynomamut uccnedosanus

B pabome nposedeno uccredosanus cpasnenusi menniogou 0opabomku Ha npumepe OJIUHO8 C
msicom. CpasHumenvbHoe ucciedosanue cnocobo8 mepmuieckoco 6030elCmeust, makue Kak: HeapKa
Ha CKOBOpOOe, HcapKa 8 aspocpulie, 3anekanue 6 0yxo6om wxagy, npucomosnerue ¢ CBY-neuu.

Obcyrcoenue u 3aKknouenue

Camvim ONMUMATLHBIM BAPUAHMOM MENI080U 00PAbOMKU OIUHO8 C MACOM ABNAEMCs
JHcapra 6IUHO8 Ha CKOBOPOOe.

Ilo opeanonenmuyeckum NOKA3amesnsm orunvt umeiom NPUGIEKAMENbHbIU BHEUHULL 81O, SIPKO
BbIPAICEHHBII APOMAM U BKYC, CBOUCMEEHHbIN OAHHOMY 8UOY NPOOYKMA, A MAaKi#ce MASKYI0, 00-
HOPOOHYI0 KOHCUCTEHYUIO

Knrwoueswie cnosa: 6unvl, mennogas obpabomxa, sHcapka, aspocpuns, 3aneKanue, nomepu,
cnocoo.

Abstract

The article describes the methods of heat treatment of the product, the features of each
method, their advantages and differences from each other using the example of pancakes with
meat. The following methods were chosen as heat treatment: frying in a pan, frying in an airfryer,
baking in an oven, cooking in a microwave oven.

Materials and methods

The article used methods of heat treatment of pancakes with meat.

Research results
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The study carried out a comparison of heat treatment on the example of pancakes with
meat.

Discussion and conclusion

The best way to heat pancakes with meat is to fry the pancakes in a pan.

Key words: pancakes, heat treatment, frying, airfryer, roasting, losses, method.

Introduction

Heat treatment of a product is a process of softening a product by heating it, resulting in an
improvement in organoleptic characteristics (color, aroma, taste, texture) and further better absorp-
tion of food by the human body. Moreover, at high temperatures, food is disinfected as a result of
the death of microorganisms, so heat treatment is of great importance in the food industry [1].

Methods of heat treatment of the product are divided into basic (boiling, frying), auxiliary
(sauteing, blanching) and combined (stewing, baking, braising).

COOKING - this is the heating of products in water, broth, milk or steam. Cook vegetables
for soups, appetizers, main courses and side dishes. They are boiled in a large amount of liquid
(the main method), steamed, as well as in a small amount of water or in their own juice.

FRYING - heating food in a hot pan with fat (most often vegetable oils are used as fat). As
a result of frying, a crust forms on the product. Vegetables are fried raw or boiled.

EXTINGUISHING - combined method of heat treatment. When stewing, the products are
first fried, and then poured with sauce or broth, spices are added and stewed until tender.

Cooking in a microwave oven consists in exposing the product to microwave radiation.
Under the influence of high-frequency electromagnetic oscillations, the products are heated to a
high temperature, which makes it possible to reheat or even cook dishes without the use of classic
thermal heaters.

grill is a convection oven that cooks food using hot air. Thanks to this preparation, the food
retains all its beneficial properties.

For frying pancakes, the Mystery -1501 air grill was used. The main characteristics of the
equipment: adjustable temperature 100-250 ° C, power 1200 W, timer for 60 minutes, bowl
capacity - 12 liters.

Baking - heating the dish in the oven until golden brown. It is divided into three types:
open (grilling), closed and short. Closed baking can be under the lid and in foil. Short baking is
that the finished or almost ready dish is placed in the oven for 20-40 seconds to acquire a crispy
crust and readiness to the end [2].

The same dish can be prepared in different ways, and as a result, dishes with different
appearance, color, aroma, taste and texture can be obtained [3]. For example, flour products can be
fried in an air grill or in a frying pan using a large amount of fat, or you can bake in an oven or a
combi steamer and get dishes with different crusts and flavors [4].

Speaking of flour products, it is important to note that these are products that use flour. All
flour products are divided into two main groups: culinary and confectionery. The first group
includes dumplings, pancakes, pasties, pizza, khachapuri, belyashi. These are products of a given
shape from a semi-finished dough product. Produced from fat, eggs, flour with a high sugar
content. These are high-calorie, easily digestible foods. These include: cake, waffles, cookies, pies,
gingerbread, cakes.

Flour products occupy a special place in the food industry. The products included in the
formulation of dough products have a high energy value and are an important source of carbohy-
drates (starch and sugars), B vitamins, valuable minerals and dietary fiber (flour). The role of flour
dishes and products is especially great in Russian cuisine, a feature of which is a wide range and a
large proportion of flour dishes. Their nutritional value is determined primarily by the chemical
composition of the flour [3].

Pancakes are a culinary product made from batter, the classic composition of which in-
cludes flour, milk, chicken eggs, sugar and soda. In the classical form, pancakes are round and can

220 Bbinyck 1, 2022



CoBpemeHHas HayKa M MHHoBauum Nel (37), 2022

be used as an independent dish or together with fillings, which can be completely different:
minced meat, cheese with ham, cottage cheese, jam, condensed milk, etc.

During heat treatment, many foods decrease in weight (meat, fish, most vegetables, etc.),
while some, on the contrary, increase (cereals, pasta). It depends mainly on the loss or absorption
of water by the product [5].

Materials and methods of research

The purpose of this study is to compare the methods of heat treatment using the example of
pancakes with meat.

The objects of the study were: frying pancakes in a pan, frying pancakes in an air grill, bak-
ing pancakes, microwave heating of pancakes.

When frying pancakes - semi-finished products in four different ways, the percentage of
losses for each product was calculated, and an organoleptic analysis of all four types of finished
products was carried out (Table 1).

Research results

To conduct research and determine which method of heat treatment is the most convenient
and optimal, frozen semi-finished pancakes were chosen, which included the following
ingredients: premium wheat flour, drinking water, chicken meat , soy flour, bacon, vegetable oil,
sugar, milk dry skim, salt.

Table 1
Table for calculating losses after heat treatment of semi-finished pancakes

Type of heat treatment of the product

Indicator Frying in a pan Air frying baking microwave heating
Pancakes W|th_a flat Pancakes with a Pancakes with a flat Pancakes with a flat
surface, folded into an surface, folded in an .
Appearance . flat surface, folded surface, folded in an
envelope with a golden . envelope, there are
in an envelope envelope
crust burnt
Color golden brown Brown Brown Light brown
Pronounced, p?‘”"a“e Pancake dough and | Pancake dough and Pancake dough and
Aroma dough and minced . . : . . .
chicken minced chicken minced chicken minced chicken
Taste Pancake dough and Pancake dough and Burnt dough and Pancake dough and
minced chicken minced chicken minced chicken minced chicken
soft, solid, Solid Soft, homogeneous
Consistency with a fried crust, the | the filling is homo- | the filling is homo- ’ fiIIing
filling is homogeneous geneous geneous g
Weight before 208.4 214.3 219 210.3
cooking, g
Weight after 192.8 160.5 167 160.6
preparation, g
Losses, % 8 21 23 24

As a result of the study, it was found that the most optimal results were for pancakes

cooked in a pan with sunflower oil (see Fig. 1). They have the most preferred organoleptic charac-
teristics, namely, a more attractive appearance, a pronounced aroma and taste characteristic of this
type of product, as well as a soft, uniform texture [6-8]. In addition to these indicators, pan-fried
pancakes have minimal weight loss, three times less than pancakes cooked in a different way. Al-
s0, pancakes cooked in an air grill have an attractive appearance, but their texture turned out to be
too hard and crunchy [9-11].

During cooking, denaturation of proteins is most often caused by heating. Heat treatment
significantly changes the quality of food proteins.

With proper heat treatment, protein-like substances of the connective tissue of meat in pan-
cakes, consisting of a substance that is not absorbed by the body, insoluble in water - collagen -
turn into a glue that is digestible by the body, soluble in water - glutin; at the same time, the true
protein of the muscles is made more available for the action of digestive juices.
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When frying pancakes with meat, aromatic substances are formed that increase the taste
properties of the product and their absorption.

Fig.1. Pancakes with chicken cooked in a'pan (left) and cooked in an air fryer (right)

Discussion and conclusion

Products that were baked in the oven and heated in the microwave oven have a less attractive
appearance. Microwave pancakes are very pale in color and have no crust [12—-14]. The consistency of
these pancakes is very soft, homogeneous and sprawling. But at the products from the oven, under the
given mode, the edges were slightly burnt, which in turn affected the taste of pancakes, it became bitter
from the burnt edges of the dough. The consistency of baked pancakes is very similar to the consisten-
cy of pancakes from an air grill. Also, pancakes prepared in these two ways have the largest weight
loss after heat treatment. The appearance of pancakes is shown in Figure 2.

Fig.2. Oven-cooked chicken pancakes (left) and microwave-cooked pancakes (right)

At a public catering enterprise, it is necessary to be highly responsible in choosing the heat
treatment of a particular product so that the sold product is in high demand and evokes positive
emotions in the consumer [11]. It is important to do all the technological operations repeatedly to
identify any reasons why the dish is not recommended to be sold and to choose the most optimal
and high-quality method of preparing the dish.

In the course of laboratory work, the method of heat treatment was compared using the ex-
ample of pancakes with meat. The best option was obtained by frying pancakes in a pan.

When frying pancakes, the formation of carcinogens occurs.
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ACMNPAHNTAMMN, JOKTOPAHTAMM M COMCKATCIAMNYYCHDIX CTeNeHen

JKypHan my6nuKyeT MaTepuanbl B pa3aenax:

Texnudeckne HAyKN: KTACCUIECKIE UCCTETOBAHNA Y MHHOBAIINU

VudopmaTuka, BBIYUCTUTENbHAS TEXHUKA U YIIPaBIeHIe

TexHOMIOIMA NIPOXOBOIBCTBEHHBIX IPOYKTOB

JIMCKyCcCHOHHBIE CTaThU

Kparkue cooGmenns

Ilonurnyeckne HayKu

ITonnTonorna

Marepuassl B pefaKLIo )KypHaIa IPUHUMAIOTCA B COOTBETCTBUH C TPeGOBAHMAMMU K OPOPMIIEHNIO U CHade py-
KOIMCel IOCTOSTHHO ¥ MYOJIMKYIOTCA IOCTIe 00513aTe/IbHOTO BHYTPEHHETO PELIeH3UPOBAHUSA U PeIleHNsA pefaKLMOH-
HOJI KOJUIETMH B TIOPAJKe 04ePeJHOCTH IOCTYIUIEHN ¢ YY€TOM pyOpUKaLUy HOMepa.

1. Jlna onTMMM3aUM PefaKLMOHHO-U3MIAaTe/IbCKOI TIOTOTOBKM pefaKLuA IPUHUMAET OT aBTOPOB PYKOIIUCU U
COIYTCTBYIOLIME MM HEOOXOAMMbIe JOKYMEHTBHI B CIefyIOLIell KOMIUICKTAIUM:

1.1. B neyaTHOM BapMaHTe:

OTneyaTaHHDIN K3EMIULAP PYKOILUCH

O6wpem craTbu: 6-12 cTpanul (OpUrnHanbHasA ctaTbs), 15-20 ctp. (0630pHas cTaThs),2-3 CTp. KpaTKoe coobiie-
Hue. TpeboBaHysa K KomnbloTepHOMY Habopy: popmar A4; kernmp 12; mpudt TimesNewRoman; MeXXCTpOUHBIT MH-
TepBat 1,15; HyMepauus CTpaHUL] BHU3Y 10 LIeHTPY; NOJIA BCe 2 cM; ab3aHblii oTcTy 1,25¢M.

CeeneHus 06 aBTope (Ha PycCKOM M aHITTUIICKOM A3BIKAX)

CBeieHMs NOJDKHBI BKIIOYATh crepytomyio nHdpopmanuio: ®VO (OMHOCTDIO), y4eHasA CTelleHb, y4eHOe 3BaHUe,
TOKHOCTb, MECTO U afipec pabOThI, afjpec STIEKTPOHHOI MTOYTHI U Telne(OHBI /I CBA3M.

1.2. Ha amekTpoHHOM HOcuTeNte B OTAenbHbIX ¢aitmax (CD-DVD puck mwin ¢rreni-kapTta): D7eKTPOHHBI Bapu-
aHT PYKOIMCHU B TeKcToBOM pepakTope Word (HasBanme daima: «Pammwma_J.O._ctatba»); CeefieHusa o6 apTo-
pe (nasBanme ¢aivta: «Pammnusa_J.O._ceneHus 06 aBTope»).

1.3. OT3bIB HAyYHOTO PYKOBOAMTENA (/I aCIMPAHTOB, aIlbIOHKTOB U coycKareneit). [TofmmcpiBaeTcsA HAyYHBIM
PYKOBOJMTENTEM COOCTBEHHOPYYHO.

1.4. PenieH3uACIeliManncTa B JAaHHOI HAy4YHOII cepe, MMEIOLIETO yYeHyIo cTeneHb. [Tofmch pelleH3eHTa JOMK-
Ha OBITh 3aBepeHa COOTBETCTBYIONIEH KaJlpOBOI CTPYKTYpoil (pelieH3usA MO/DKHA OBITh BHENIHEN IO OTHOIICHMIO K
Kadenpe win APyromy CTPyKTYPHOMY HOAPA3[ETIEHNI0, B KOTOPOM paboTaeT aBTop).

1.5. OKCIepTHOE 3aKIIIOUeHMe (I/IA TEXHMYECKUX HayK). Bo BceX MHCTUTYTax CO3JaHbI SKCHEPTHbIE KOMUCCHY,
KOTOPBIE TIOAIIMCHIBAIOT SKCIIEPTHBIE 3aKTIOUEHN O BO3MOKHOCTY OITyOIMKOBAHUA CTATbU B OTKPBITON TeYaTH.

2. CraTbsi O/DKHA COTEPXKATh CIEAYIOLINeE 37TeMeHThl 0()OPMICHNS:

uapekc YK (Ha pyccKoM M aHITIMIICKOM A3bIKaXx);

(daMmmnio, UM, 0TYECTBO aBTOpa (aBTOPOB) (MM M OTYECTBO IOTHOCTBIO) (Ha PYCCKOM M aHIJIMIICKOM A3BIKaX);

Ha3BaHNe; (Ha PyCCKOM M aHITIMIICKOM SA3BIKaX);

MecTo paboTsl aBTOpa (aBTOPOB) (B CKOOKAX B MIMEHUTEIbHOM Iafieke) (Ha PyCCKOM U aHIVIMIICKOM sI3BIKaX);
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KpaTKyI0 aHHOTALMIO COfepKaHuA pykomucu (3-4 cTpodky, He JO/DKHBI IOBTOPATb Ha3BaHMe) (Ha PYCCKOM U
AHIJIMICKOM SI3BIKaX);

CIIMCOK KITI0YEBBIX CJIOB WM CIOBOCOYeTaHMUII (5-7) (Ha pycCKOM U aHITIMIICKOM A3bIKAX);

B KOHI[e CTaTby pedpepaT Ha aHIIUIICKOM A3BIKE;

3. OdopmiieHne pucyHKOB, GOPMY U TaOINLL:

PucyHkn u TaGIMIBI BCTAB/IAIOTCA B TEKCTe B HY)HOe MecTo. CChIIKM B TEKCTe Ha TaO/MNUIIbI M PUCYHKM 06s13a-
Te/IbHBL. 3a Ka4eCTBO PUCYHKOB W (poTorpaduit pefakiysa OTBETCTBEHHOCTI He HECeT.

3.1. Odopmrenne pucyHKoB (rpadyuKoB, fUArpaMm):

BCe HaJINMCK Ha PUCYHKAX JJO/DKHBI YATAThCSA;

PUCYHKM O/DKHBI OBITh OOPMIICHBI C Y4eTOM OCOOCHHOCTH YepHO-6e/Iol medaTu (peKOMEHIYeTCA UCIONb30-
BaTh B KadecTBe 3a/IMBKM Pa3MuHble BUAbI LITPUXOBKU U Y30pPOB, B rpadMKax pasnuuHble BUABI INHUN — IyHKTUP-
Hble, CIUTOIIHbIE U T. [I., pa3Hoe 0()OpPM/IEHNE TOUYEK, IO KOTOPBIM CTPOUTCA TpapMK — KPY>KOUKM, KBAJPAThl, POMOBI,
TPeYTOJIbHUKM); IIBETHBIE U ITOJTyTOHOBbIE PUCYHKY VICK/TIOYAIOTCA;

PUCYHKM TOJDKHBI YUTAThCS OTAEIBHO OT TEKCTa, IO3TOMY OCU IOJDKHBI MMETh Ha3BaHUe U eIVHULIBI U3MEPeHNS;

pucyHku HyMepytoTcs camu3y (Pucynok 1 - HasBanme) m BhImonHAOTCA B rpaduyeckom pemakrope 10 ker-
neM (upudTom).

3.2. Odopmrenne popmymn: GOpMyIIEL BBIIONHAIOTCA B Iporpamme pefakrop popmyn MathType; 12 mipudrom,
BBIPAaBHUBAIOTCA 110 LIEHTPY, MX HOMepa CTaBATCA IIPY IOMOIIY Taby/IATOpa B KPYI/IBIX CKOOKAX 110 IPaBOMY Kpalo.

3.3. Odopmrenye Tabmuy: TabMIULbI JO/DKHB MMeTh HazBaHMe. TaGmuisl HymepyoTca cBepxy (Tabmmuma 1 -
Hassanme) n Boinonssiiorcs 10 kermem (mpngTom), MeXIYCTPOYHOE PACCTOSIHIE — OMHAPHOE.

4. bubnmorpaduueckuit cimcok.PasmeriaeTcss B KOHIle CTaTby. B HeM MepedncisoTcs Bce UCTOYHMUKY, Ha KOTO-
pble CChUTaeTCs aBTOP, C MOJHBIM OubmorpaduyecknuM annaparom uspanus (B coorsercrsun ¢ TOCTP 7.0.5-2008).

5. ABTOpCKOe BU3UpOBaHUeE:

aBTOP HeCEeT OTBETCTBEHHOCTb 3a TOYHOCTb IIPMBOAMMBIX B €rO PYKOIMCU CBEHEHMII, LIUTAT U IPABIIBHOCTD
yKa3aHNs1 Ha3BaHMII KHUT B CIIVICKe IUTEPATYPBI;

aBTOp Ha MOC/IenHell cTpanulie numet: «O0beM CTaTbU COCTABNIAET ... (YKa3aTb KOMMYECTBO CTPAHMIL)», CTABUT
[aTy U IOINCh.

Appec pepakuumn: r. ITaturopck, yiu. 40 mer Oxtabps, 56

CraTby ¢ KOMIUIEKTOM IOKYMEHTOB B XypHaI «CoBpeMeHHas HayKa ¥ MHHOBAINI» CHAaBaTh:
r. ITaturopck, yi. 40 net OkTa6ps, 56, kabd. Ne 45 OITIO HIP,

OTBETCTBEHHOMY ceKpeTapio xypHana: Opobunckoit Banepun Hukonaesue

Konrakrusie renedomnr: (8793)33-34-21; 8-928-351-93-25
e-mail:nauka-pf@yandex.ru, orobinskaya.val@yandex.ru
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Hayuynoe nusganne

COBPEMEHHAI HAYKA
U
NMHHOBAIINN

Hay4yHblil )XypHan

Bermyck Nel (37), 2022

CBOBOJJHAA HEHA

HayuHoe pefjakTipoBaHue, IpOBEPKa CTaTell HA AHTUIUIATUAT PYyOPUKK
«Texunueckne Haykn» — B.H.OpobuHckas
ITepeBoji aHHOTAIIMII, K/IIOYEBBIX C/IOB, pedpepaToB Ha aHITMIICKuMII A3bIK — E.B. l'anpun
Koppektuposka rekcra - T.B. MyxopToBa

TTopnmcano B mevarn 28.03.2022 Beixon B cBet 30.03.2022

Dopmat 200x280. Y. neu. 1. 21,97 bymara odcernas. Iledarb odcernast.
Tupax 500 5k3. 3aka3 Ne

OrTIeyaTaHo C TOTOBOTO OPUTHMHAJI-MAKeTa, IIPeICTaBIeHHOTO aBTOPaMIL,B TUIIOrpaduu
®r'AOY BO«Cesepo-Kaskasckuit ¢enepanbusiit yuusepcurer»dunmnana CKOY B r. [lsaturopcke
357500, CraBpomonbckuit Kpai, . [laturopck,
yi1. Oktsa6pbekas / np. 40 et Oxrsa6ps, 38/90.

Ten. 8(8793) 97-32-38



