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Annomayus
B pabome npeonooicen ancopumm ons nocmpoenusi Heupocemesvix QYHKYuti-kanouoamos Jlsanynosa ¢ yenvio
Mmakcumuzayuu oyeHkKu obnacmu NPUMANCEHUSA NOTONHCEHUSA PABHOBECUAL. ﬂﬂ}l mozco H€06x0()l/lﬂ/l0, ymobwl uHeapu-
AHMHoe I’lO()MHODfC@CI’}’lBO, 3a0a6aemoe MHONCECMEOM YPO6HS, 3AHUMANIO KAK MOJCHO 60]lbmy)’0 00110 nO]lylleHHOﬁ cu-
MyAAyueli SIMIUPUYECKol oyeHKu obaacmu npumsdicenus. Peanuzayus 0anHotl yenu ocyujecmensemcs nymém geoe-
HUsl OONOJIHUMENbHO20 ClA2aemMo20 8 (YHKYUI nomepv. Aneopumm no3goisiem Cmpoums QYHKYuu-KaHouoamsol OJis
cucmem ¢ HEMUHEUHOCMAMU 00CMAmMo4Ho 0bwezo suda. Paboma ancopumma npounnocmpuposana Ha npumepe.
KuaroueBbie ciioBa: QyHkiws JIsmyHOBa, 0051aCTh PUTSHKCHNUS, ICKYCCTBEHHAsI HEHPOHHAS CETh.
Abstract
The paper proposes an algorithm for constructing Lyapunov candidate neural network functions in order to
maximize the estimate of the area of attraction of the equilibrium position. To do this, it is necessary that the invariant
subset, given by the level set, occupy the largest possible share of the empirical estimate of the attraction region ob-
tained by the simulation. The implementation of this goal is carried out by introducing an additional term in the loss
function. The algorithm makes it possible to construct candidate functions for systems with non-linearities of a rather
general form. The operation of the algorithm is illustrated by an example.
Keywords: Lyapunov function, attraction domain, artificial neural network.

Introduction
One of the most important problems in the analysis of control systems is to determine the
stability of the equilibrium position of a closed system. As a rule, in applied problems it should be
asymptotically or exponentially stable. However, there are cases when the area of attraction of a
stable equilibrium position is smaller than the area of operation that is of interest in practice. Thus,
for the target equilibrium position, it is desirable to be able to determine not only stability, but also
the area of attraction.
In engineering applications, stability is often determined by the first Lyapunov method for
a linearized system, but this method is not applicable to non-hyperbolic equilibria, that is, equilib-
ria with zero real part of at least one of the eigenvalues of a linearized system.
There are various methods for determining the area of attraction, but perhaps one of the
simplest and most common methods in practice is numerical simulation from the assigned area at
the current step. In addition, based on the simulation results, one can also judge the stability of the
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equilibrium position, even in the non-hyperbolic case. However, this method relies on the reliabil-
ity of numerical methods for solving the Cauchy problem, that is, it does not prove the stability of
the fact that the resulting region is a subset of the true attraction region.

These two problems can also be solved jointly using the second (direct) Lyapunov method.
If it is possible to construct a Lyapunov function that satisfies certain properties, then the stability
of the equilibrium position is proved. In addition, the resulting Lyapunov function can be used to
estimate the invariant subset of the attraction domain, which is defined by the level set.

The difficulty of applying the second Lyapunov method in practice lies in the absence of algo-
rithms for constructing Lyapunov functions. Such algorithms exist for linear and polynomial sys-
tems [1], but it is known that there is no rigorous formal algorithm for systems of general form,
since the problem of checking the positivity of functions of general form is unsolvable [2

In recent years, methods have been developed for constructing Lyapunov functions repre-
sented as a neural network [3; 4; 5]. This approach has a number of advantages. First, neural net-
works are universal approximators , that is, they are potentially capable of approximating a suita-
ble Lyapunov function for arbitrary systems. Secondly, methods, software and hardware for their
training are currently well developed. Thirdly, in recent years, methods and software tools for veri-
fying neural networks have been developed, that is, checking the fulfillment of certain properties
for given input values, for example, positivity in a certain area [6].

In most works in this area, the Lyapunov function is sought to prove stability, without the
requirement to obtain a maximum estimate of the attraction domain. In this work, a step is taken to
eliminate this shortcoming - an algorithm for constructing Lyapunov candidate functions is pro-
posed in order to maximize the estimate of the attraction domain for general nonlinear systems.

1. Methods for constructing Lyapunov functions for general systems

The paper considers nonlinear dynamical systems defined by differential
%= f(x) (1)
or difference equations
%11 = £ (x0), (2)

where ¥ € R%js the state vector, /* B" = R ap arbitrary differentiable function. We will as-

sume that the equilibrium position of interest to us exists and is zero: flo)= 0 which can always
be achieved by changing the coordinates.

Solution of systems ( 1)and ( 2)with the initial condition Xo € R"as %(t % )and
x(k; xkjrespectively, where t € R s continuous and K € Zis discrete time. We will assume that
the conditions for the existence and uniqueness of the solution are satisfied.
Since the conditions of the second Lyapunov method [ 7] are used below, we briefly recall its for-
mulation.

Theorem 1. Consider system ( 1), where ¥ € D S R" and the zero equilibrium position is
stable. If there exists a continuously differentiable function V: P = Esych that
v(0)=0

V(x) > 0,

for everyone ¥ € D /{03,
Vix) <0

for everyone * € P,

then the zero equilibrium position is Lyapunov stable. If, moreover, V(%) < 0 for g1 x € D / {0},
then the zero equilibrium is asymptotically stable.
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Similar theorems are also valid for discrete systems ( 2). In this case , the first difference is
used AV = V(£ %)) =V (% instead of the derivative V = VVRF(®), and it is enough for the

function Y'to be continuous.
Knowing the Lyapunov function, one can try to find an invariant subset of the attraction
domain. Namely, the set:

. ={x € R*"|V(x) =c} (3)

is an invariant subset of the attraction domain for all € & @sych that {2 = xer|VE< 0%}in

the continuous case or e S (x € R™ | AV < 0}jn the discrete case.
Thus, in order to maximize the estimate of the attraction domain, it is necessary to be able

to construct Lyapunov functions and find such Cthat the set 2chas the maximum volume.

The main disadvantage of this approach is the need to search for the Lyapunov function.
For general non-linear systems, the most promising is the construction of candidate functions
based on machine learning methods, which allow solving problems of large dimensions, but may
not give any formal guarantees.

The idea of using machine learning methods to solve the problem of constructing the Lya-
punov function is not new. In particular, works [ 6; 9; 10]. Later works differ in the type of repre-
sentation of the Lyapunov function in the form of a neural network , the architecture of the neural
network , and the loss function used, which formalizes the Lyapunov conditions. Thus, in [ 11],
the Lyapunov function is sought in the form of a multilayer neural network Ve (®with the number
of inputs equal to the dimension of the system and with one output. The region of interest is set 2,
and the points on which the network is trained are generated in it.

In [ 12], a linear controller and a Lyapunov function of a closed system are simultaneously
synthesized in a similar way. The loss function has the form (without taking into account the con-
trol for the article [ 12])

(4
L(B) = %Z (max[lil, — Ve (x;)) + max {IZI,T?H (x])) + V5 (0)

i=1

In [ 13], the construction of Lyapunov functions for high-dimensional systems is consid-
ered. The neural network has the form @6 : B" = R™ ‘\yhere m is the adjustable parameter. The
Lyapunov function is sought in the form Ve(x) = ll@g(x) — g (0)[13 + Slog(L +1x|I*). Here
8log(1 +l1xI1%)it can be replaced by another increasing function. Obviously, Ve (0) = Ofor

Ve(x) = 8log(1 +|Ix|1*) > Ogyeryone * * 0. Hence, only one term is sufficient in the loss func-
tion:

N (5)
L(8) = %Z max(0, Vg ()2

It is shown that for any € € (0 Land $ € Nthere exists a neural network of the

Va (x)above type with the ReLU activation function and size ©(£ <Jsuch that for any Lyapunov
function of ¥ € C7the corresponding function fwith zero equilibrium position

Ve — Ve = max|Vp(x) ~V(x)| <= (6)

for the right parameters 0
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The work [ 4] is also devoted to the construction of Lyapunov functions for high-
dimensional systems. It is assumed that the system admits the presence of a composite Lyapunov

function, that is, there are functions Yisuch that V(x) = Zi=1 Vi(z), where Z:is some subvector of

the vector %that defines the i - th subsystem. The upper estimate for the number of subsystems is
given as a parameter of the algorithm.
The work uses a single-layer network, divided into blocks, where each block is used for its

subsystem. Let be Amaxthe maximum degree of the subsystem. It is shown that for single-layer
networks with nonpolynomial infinitely differentiable activation functions, the ( 4)

N = D[ndm&xﬂs_dm“l (7)

that is, it grows exponentially not from the dimension of the system, but from the maximum di-

mension of the subsystem @masx.
The loss function is given as:

1(8) = ([Va () + IIXIF],)” + v (W (%) + g [x1[2])? + 2
+([Ve () + eyl Ix117].)%) (8)

and implements the requirements Ve (9 = —lIx[Pang eu(llxll) < Ve(x) < ey (IIxID), where
a(r) = c;rzl [a]- = min(0,a) [a], = max(0,a),

These papers are devoted to the problem of constructing the Lyapunov function, but do not
aim at maximizing the attraction domain. Thus, even if the loss function is zero for the entire re-
gion D, then it is not guaranteed that D is an attraction region, since the inclusion is not guaranteed
n.={x € R"|V(x) <0}

An exception is the work [ 5]. It uses the following idea. Let's assume that we know exactly
the area of attraction 2. Then, one can try to find such parameters Bof the Lyapunov function so

that the area X | Va(x) = cJcoincides with 3, that is, the level lines Ve (%) = ccoincide with the
boundary of the stability region. That is, you can set the decision rule

Va(x) =sign(c — V5 (%)) (9)

and get the classification problem: for any , Xthe label is defined as ¥ = 1if ¥ € Sand -1 otherwise.
The condition for the negative of the derivative must also be satisfied:
y=41 = V(x) <0

In this paper, the Lyapunov function is searched for in the form Ve (%) = g (%) "¢ (%),
where ®a(¥)is the neural network . It is obvious that Ve x) = 0. The loss function has the form:

I(y,%x,0) = max (l], —}r[c — Vs [x:])) + (10)

+ A (?) max(0,AVy (x))

The definition of labels ¥is carried out through simulation. The quadratic Lyapunov func-
tion obtained from the linearized system is taken as the first approximation. For it, the maximum

Crand area are found Sx. Then, to increase the area through simulation, labels are obtained in the
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area with a radius “Sxwhere ® = 1. In general, the algorithm does not guarantee convergence to
the true area of attraction and its increase with each iteration, but always gives some internal esti-
mate of it.

Thus, the problem can be formulated as follows: finding an algorithm for constructing a

candidate function Ye (®)and a constant €such that the region {Xcis an invariant subset of the attrac-
tion region of as large a volume as possible. Provided that the found algorithm works for general
systems.

2. Main result
The work [ 5] considers an online statement of the problem of increasing the attraction ar-
ea, so the simulation is carried out at each iteration to assign labels to points. At the same time,
using simulation, one can directly estimate the area of attraction, for example, by simulating in re-
verse time from some neighborhood of the equilibrium position or from points distributed inside
the area of interest to us.

Let us set the desired domain 2, in which we will evaluate the invariant subset of the at-
traction domain. Let us generate Vpoints in the given area Pxthat serve as initial conditions. By
simulation, we obtain a division Pxinto a set of Sconverging and Ynon-converging initial condi-

tions. The set 2can be interpreted as an empirical estimate of the area of attraction.

However, this method relies on methods for solving differential equations and does not prove that
the obtained points really belong to the attraction region. In addition, for systems of order greater
than four, the question arises of characterizing the attraction domain. For example, belonging to

some point not in the Pxarea of attraction without using simulation.
The paper proposes to obtain a set of points Zbelonging to the boundary of the obtained es-
timate of the attraction domain . For example, the vertices of the convex hull of the points can act

as such points >. Since the attraction domain does not have to be convex, a more accurate bounda-
ry can be obtained using -forms [ 14]. However, in this case, it is required to select the parameter

@ which is difficult if the system dimension is higher than three.
To maximize the attraction region, we will look for such a candidate function Ve (®that, in
addition to the Lyapunov conditions, the level lines Ve (x) = ecoincide with the boundary of the

stability region, that is, Ve (23) = cforall *» € B, To do this, it is proposed to introduce an addi-
tional term into the loss function:

J"-'-B

2D € Vo)

where ¥: € B, Ny = |B|,

Since the number of boundary points in the general case is much less than the number of
points from 2, then during training it is proposed to form a batch from the union of two sub-

batches : from the set Sand from the set &. Thus, at each training iteration, both internal and
boundary points will be present.

The constant €is set during training, let's denote it :, for example, you can always put
¢: = 1 However, after the completion of training, switching on e = FeR V(< E'}(or its
discrete analog) is guaranteed only when the loss function reaches zero. Otherwise, the problem
arises of finding the maximum value of the constant “for which the specified inclusion is per-
formed. In addition, in both cases, it is necessary to verify the obtained candidate function Ve.
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The obvious way is to jointly solve both problems, that is, to find the maximum value “for
which it is possible to verify the Lyapunov conditions. However, since verification generally takes
a long time, this approach seems inappropriate.

It seems more productive to test on a large validation set, also generated in the domain 2.

In this case, points are sought X:from the set of initial conditions Sv Y Sconverging to zero for
which at least one of the Lyapunov conditions is violated. The set of such points will be denoted as

P If it is non- empty , then the constant can be taken equal to the minimum value of the candi-
date function on it:

¢= min Ve(x;)—¢ (11)
where Eis some small constant. If the set is £ empty, then points are generated from some exten-
sion of the area 2, for which the minimum value is also searched. This procedure is especially

simple if Pis a hypercube. Then £ = 1.01 - D'\ Dtne search for a constant €is carried out accord-
ing to the formula above.

Note that the set £of points for which at least one of the Lyapunov conditions is violated
can be added to the training set and further training of the neural network can be carried out.

Thus, the algorithm for constructing a candidate function Y& and evaluating a constant €is
as follows:

Set the area of interest . We generate in it evenly distributed points for training Dr

We run the simulation for all points from DT., we get a set of St convergent to zero initial
conditions.

We find the set of boundary points Br.

Vp: R” - R

We train a neural network with a loss function:

L(B) = Niz (max[ﬂ, —Va(x))+ max(l], Ve (xij}} +

i=1

Ng
1 - -
+'5‘1N E (e, — Vo (y:))" + a; Vg (0),
Bi=1

where Ns = ISzl, Ng = |Brl, @y, a3 > Ogre positive weights, Ceis a constant during training.

We generate Devenly distributed points in the area for validation Dvand find the set > vof
initial conditions converging to zero.

We obtain a set ~of points from SpUs

is not satisfied.

¥for which at least one of the Lyapunov conditions

P D:P=D_\D

If the set is © empty, then we generate points in the neighborhood and new A find
a constant ©:

and complete the algorithm.
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If the number of iterations is less than the specified one, then we add the set Pto the train-

ing sample Stand go to step 4. Otherwise, we find the constant “using formula ( 12)and complete
the algorithm.
Example

To illustrate the method, let us estimate the area of attraction of the zero equilibrium posi-
tion of system ( 12):

1
X, = —le +log(1+x,);

3 1 1
X, =—§x1—3x1x2 +(§x1—x2)cnsx1 (13)

generate N = 16000pgints in the range X1 € [=7: 4], %, € [=1,2; 115]. The estimate of the area
of attraction obtained using the simulation is shown in Figure 1 by a solid line, the boundary
points obtained by constructing the convex hull are shown by filled circles.

— empirical boundary
10 4 —-- common loss
——- proposed loss
® boundary points
a -
6 -
4 -
2 -
0 -

Figure 1 - Evaluation of the area of attraction

Let 's define @1 = 1. @ = 0.1, ¢. = Land train a neural network with 3 hidden layers of
128 neurons with the softplus activation function . For validation , we will generate 128000 points
and we will carry out the training- validation procedure 10 times. The resulting area of attraction
for the loss function of the form ( 4)is shown in Figure 1 by a dash-dotted line, for the proposed
loss function it is a dashed line.
Note that in [ 15] the area of attraction proved for this system is a circle with a radius of 0.51, and
the learning process with the loss function from [ 5] diverges.
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Conclusion

In this paper, an algorithm is obtained for constructing Lyapunov candidate functions in order
to maximize the attraction domain. Although the proposed algorithm can be used for general non-
linear systems, it only allows one to construct candidate functions for which the Lyapunov condi-
tions are satisfied at some finite set of points. Thus, in the future, it is necessary to carry out verifi-
cation, that is, to prove that these conditions are met for all points from the estimated area. In the
current work, verification issues are not considered, it is proposed to use the dReal solver . These
issues will be the subject of further research.
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Annomauyus

C ucnonvzosanuem memoo0o8 MAUUHHO20 00yUeHUs pa3padbomaHnvl Mooeau 0isi nPeoCcKa3aHus pasmepa ove-
pedu 6 3aeucumocmu om noxkasameJisi Xepcma HA OCHOosAaHUU aaHHblx, NOJIY4YEHHbLX npu 6bINOJIHEHUU npe06pa306aHuﬂ
6X00H020 CAMONOO0OHO20 nomoka, pacnpedeﬂeHHoeo no 34KOHY Hapemo 8 NOMOK, ufwefomuﬁ IOKCNOHEeHYUuajlibHoe
pacnpedeﬂeHue npu paeercmee mamemamuiecKkoco 0CUOAHUA U npu paeercmee Mmeouan. Beinoanen cpagHumeﬂbelﬁ
AHAIU3 NOJIY4YeHHblX Mmooenei. Kaowcoas mooensv uccnedosana ¢ ucnoib306anuem czze()y}ou;ux Mempuk Kadvecmeda: Ko-
appuyuenma demepmunayuu, cpeoHeK8AOPAMUYHOU OWUOKY pecpeccuu, cpeoHell abCOIOMHOU OUUOKY, 8elUYUHb]
wmpaga, npeonoiazaemdas 6eIUHUHA ROMePb. JIyuuumu no 8blOPAHHBIM MEMPUKAM Kauyecmed 015 CHocob08 npeoo-
pasoeanus 6X00H020 U 8bIXOOHO20 NOMOKA NAKEMO8 npu pasencmee mamemamu4eckozco 0AHCUOAHUSL SAGNAIOMCSL MOOE-
JU, KOmopbvle UCNOb3YIon Memoobl U30MOHUYECKOLL pezpeccuu U OnOpHvlX 6EKNMOpPOoe6. ﬂﬂﬂ cnocoboes npeo6pa306amm
6X00H020 U 8bIXOOH020 NOMOKA NAKEMO8 npu paeeHcmee Mmeouan JYHWUMU ABIAIOMCA JIUHelHble MOOeU.

KiroueBblie ciioBa: TenekoMMyHUKaIIMOHHAsI C€Th, CaMOTOA00HBIH Tpaduk, mokazareiab Xepcra, IpOU3BO-
OUTEIBHOCTh, pacipeneneHne [lapeTro, moTepw MakeToB, PETPECCHOHHOBIM aHANINW3, METPUKH KadecTBa, (yHKIWS
mrpada, MaIIUHAOE 00yUeHHE.

Abstract

Using machine learning methods, models have been developed to predict the size of the queue depending on
the Hurst exponent based on the data obtained when performing the transformation of an input self-similar stream
distributed according to the Pareto law into a stream having an exponential distribution with equal mathematical ex-
pectation and equal medians. A comparative analysis of the obtained models is carried out. Each model was examined
using the following quality metrics: coefficient of determination, rms regression error, mean absolute error, penalty
value, estimated loss. Models that use isotonic regression and support vector methods are the best in terms of the se-
lected quality metrics for methods of transforming the input and output packet streams when the mathematical expec-
tation is equal. For methods of transforming the input and output packet stream with equal medians, linear models are
the best.
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Introduction. In network traffic, packets at a high speed of their movement through the
network arrive at the node not individually, but as a whole bundle. Traffic in such networks has a
pronounced peak character, which increases the likelihood of congestion in network nodes, which
lead to buffer overflows and cause losses and / or delays [1]. To eliminate the self-similarity of
network traffic, various models and traffic conversion devices are used [2], one of which is the
asynchronous simulation model described in [2], for which there is a software implementation [3].
In the proposed model, the input and output flows were compared with each other in terms of the
value of the mathematical expectation. In other studies [4], the transformation of the input stream
of packets with a self-similar law of distribution of time intervals between packets into the Poisson
law is carried out when the median of the input and output streams is equal.

Formulation of the problem. Using machine learning methods, it is necessary to develop
models for predicting the queue size depending on the Hurst exponent based on the data obtained
by converting an input self-similar stream distributed according to the Pareto law into a stream
having an exponential distribution with equal mathematical expectation and equal medians. Per-
form a comparative analysis of the obtained models and choose the best one.

Since machine learning includes many methods, at the initial stage, for further comparison
with more complex models built, in particular, using deep learning methods, it is advisable to con-
sider only the methods of paired regression analysis, isotonic regression and support vector ma-
chines.

As a quality metric (penalty), we will use a complex indicator [5], which takes into account
both packet losses in the process of traffic conversion and inefficient use of buffer space.

Let's carry out a comparative analysis of the obtained models to predict the queue size, de-
pending on the Hurst exponent of the input stream according to the following quality metrics:

determination coefficient;
rms regression error;
mean absolute error;

the amount of the fine;
estimated loss;
performance.

The solution of the problem. The computer program presented in [6] provides the trans-
formation of the input stream of packets, which is obviously self-similar, into a given distribution
law, in particular, into an exponential one. The object of the transformation is the one-dimensional
density of the distribution of time intervals between packets of the input stream. Using the devel-
oped model, 11,000 tests were carried out and data were obtained for statistical analysis.

Initial data analysis. Figure 2 shows the scatterplots of the dependence of the queue size
on the Hurst exponent for the cases of equal mathematical expectation and equal median input and
output packet streams. The figure clearly shows that there is a certain correlation between the
Hurst exponent and the amount of buffer memory. The level of significance in statistics is an im-
portant indicator that reflects the degree of confidence in the accuracy and truth of the received
(predicted) data. A large volume of tests allows not to calculate p - the significance level, because,

as practice shows, in this case p - the value is much less than 0.05 [7].
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Figure 2. Scatterplot of the dependence of the queue size on the Hurst exponent

Let us preliminarily group the tests according to the value of the Hurst exponent. Let's sin-
gle out 30 groups to estimate the spread of the queue size.
Linear machine learning model. The relationship between the Hurst exponent H and the
queue size is y determined according to the linear equation:
y=by +bH.
Using the least squares method, we obtain the regression equations for the input and output
flows compared by the median (1), for the flows compared by the mathematical expectation (2):

9 =107,79236-97,874061- H (1)
¥ =—611,182635+1077,442810- H (2)

Table 1 shows the quality metrics of the obtained linear models for the methods of convert-
ing the input and output stream of packets when the medians and mathematical expectations are

equal.
Table 1. Linear regression model quality metrics

uality Metrics mathematical expectation is
Quality equalp if the medians are equal
Determination coefficient R2 0.584792 0.49081
EMSE Regression Root Mean Square 130.908538 14.42016

rror
Mean absolute error MAE 96.808209 9.95253
Estimated amount of the fine 55.710275 4.97626
Estimated loss 48.404104 4.976265
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The obtained value of the coefficient of determination for flows matched by mathematical
expectation suggests that 58% of the cases of changes in the Hurst exponent lead to a change in the
queue size within the linear model.

The obtained value of the determination coefficient for flows compared by the median sug-
gests that only about 49% of cases of changes in the Hurst exponent lead to a change in the queue
size within the linear model.

Transforming a packet stream using median equality is less well described than transform-
ing using expectation. This is due to the fact that the spread of buffer memory values when using
the equality of medians is greater than when using mathematical expectations. However, the im-
plied penalty and implied loss of the equal median method are much lower than those of the equal
mean method.

Linear machine learning model in rectifying space. In general, the results obtained are
unsatisfactory for practice, therefore, in the simplest case, it makes sense to consider other meth-
ods using the methods of linearization of nonlinear dependencies. As a result, the nonlinear de-
pendence can be reduced to a linear one, and then the least squares method can be used.

Machine learning model based on hyperbolic regression. For hyperbolic regression, the
relationship between H and y can be described as follows:

. b,
=h, + —.
y O+H

Linearization of the hyperbolic equation is achieved by replacing %it with a new variable,

which we denote by z [7, 8]. Then the hyperbolic regression equation will take the
form y=h, +b;z.

Using the least squares method, we obtain the regression equations for the input and output
flows compared by the median (3), for the flows compared by the mathematical expectation (4):

g-a75,438- 489723

y= —38,443+% (4)

Table 2 shows the quality metrics of the obtained hyperbolic regression models for the
methods of converting the input and output stream of packets when the medians and mathematical
expectation are equal in relation to the initial data .

Table 2. Metrics of the quality of the hyperbolic regression model

Quality Metrics :; H;el mathematical expectation is if the medians are equal
Determination coefficient R2 0.453263 0.53129
I;&rl\r/cl)?E Regression Root Mean Square 150.218740 13.83514
Mean absolute error MAE 110.511548 9.29888
Estimated amount of the fine 63.841249 4.64944
Estimated loss 55.25577 4.649444
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The obtained value of the coefficient of determination for flows matched by mathematical
expectation suggests that about 45% of the cases of changes in the Hurst exponent lead to a change
in the queue size. This is much worse than the value of the coefficient of determination of the line-
ar model.

The obtained value of the coefficient of determination for flows compared by the median
suggests that about 53% of the cases of changes in the Hurst exponent lead to a change in the
queue size. This is better than the value of the coefficient of determination of the linear model.

The transformation of a stream of packets using the equality of the median for this model is
described better than the transformation using the mathematical expectation.

The estimated penalty and the estimated loss of the equal median method are also signifi-
cantly better than the equal mean method.

In general , the results obtained are unsatisfactory for practice, and for this reason it makes
sense to consider another hyperbolic regression model:

1
by +bH

Using the least squares method, we obtain for this model the regression equations for the
input and output flows compared by the median (5), for the flows compared by the mathematical
expectation (6):

y:

- 1 (5)
y =
(-0,029806+ 0,0894069 - H)

0,039996 ; 039720-H ' ©)

Table 3 shows the quality metrics of the modified hyperbolic regression model for the
methods of transforming the input and output packet streams with the equality of medians and
mathematical expectation in relation to the original data.

y=

Table 3. Quality metrics of the modified hyperbolic model

Quality Metrics !f the mathematical expectation if the medians are equal
is equal

Determination coefficient R2 0.591293 0.60839

RMSE Regression Root Mean Square Error 223.798030 14.24760

Mean absolute error MAE 77.543626 8.97085

Estimated amount of the fine 39537133 6.14195

Estimated loss 28.189645 6.141958

The obtained value of the coefficient of determination for flows matched by mathematical
expectation is about 59%, which is somewhat better than the linear model.

The obtained value of the coefficient of determination for flows compared by the median is
about 61%, which is better than the linear model.

The transformation of the packet stream using the median equality for this model is de-
scribed slightly better than the transformation using the mathematical expectation.

The estimated penalty and the estimated loss of the equal median method are also signifi-

cantly better than the equal mean method.

Power regression. In the case of power regression, the relationship between H and y looks

like:

24

J=byH".
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This equation is non-linear in coefficient b and belongs to the class of regression models
that can be brought to a linear form with the help of transformations [7]

Iny=Inby +b InH.

The exponential function is intrinsically linear, so estimates of the unknown parameters of
its linearized form can be calculated using the classical least squares method. The regression equa-
tions for the input and output flows compared by the median (7), for the flows compared by the
mathematical expectation (8) have the form:

§ =16,37597*H 197664 (7
{ =401,143661- H °9663¢ (8)

Table 4 shows the quality metrics of the obtained power regression models for the methods
of converting the input and output packet streams when the medians and the mathematical expec-
tation are equal in relation to the initial data.

Table 4. Quality metrics of the power regression model

Quality metrics if the matlfgﬁrysa(tai;jglexpecta— if the medians are equal
Determination coefficient R2 0.699138 0.61908
RMSE Regression Root Mean Square Error 128 675573 13.94731
Mean absolute error MAE 72.823850 8.94776
Estimated amount of the fine 53.042530 5 418426
Estimated loss 51.394345 5.418426

The obtained value of the coefficient of determination for flows matched by mathematical
expectation is 70%, which is much better than the coefficient of determination of the linear model.

The obtained value of the coefficient of determination for flows compared by the median is
61%, which is much better than the coefficient of determination of the linear model.

The transformation of the packet stream using the equality of the median for this model is
described worse than the transformation using the mathematical expectation. However, the esti-
mated penalty and the estimated loss of the equal median method are also significantly better than
the equal mean method.

Exponential regression. For exponential regression, the relationship between H and § has
the form:

¥ =hyeH.

This equation is non-linear in coefficient b and belongs to the class of regression models,

which are reduced to a linear form with the help of transformations [7, 8]:
Iny=Inb, + HInb,.

The exponential function is intrinsically linear, so estimates of the unknown parameters of
its linearized form can be calculated using the classical least squares method. The regression equa-
tions for the input and output flows compared by the median (9), for the flows compared by the
mathematical expectation has the form (10):

Y = 225,66610- ¢ 208805 9)
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§ = 2,926343. ¢> 089127 H

(10)

Table 5 shows the quality metrics of the obtained exponential regression models for the
methods of transforming the input and output packet streams when the medians and the mathemat-

ical expectation are equal in relation to the initial data.
Table 5. Quality metrics of the exponential regression model

Quality Metrics

if the mathematical expec-
tation is equal

if the medians are equal

Determination coefficient 0.745779 0.60997
R2
RMSE Regression Root 112.443773 14.18827
Mean Square Error
Mean absolute error MAE 65.199678 9.04531
Estimated amount of the fi- 46.768626 5.52332
ne
Estimated loss 45.25324 5.5233289

The obtained value of the coefficient of determination for flows matched by mathematical
expectation suggests that about 74% of cases of changes in the Hurst exponent lead to a change in
the queue size within the framework of the exponential model, which is the best result when using
the methods of paired regression analysis.

The obtained value of the determination coefficient for flows compared by the median sug-
gests that about 61% of the cases of changes in the Hurst exponent lead to a change in the queue
size within the framework of the exponential model .

Let's carry out a comparative analysis of the results obtained for the methods of converting
the input and output stream of packets when the medians and the mathematical expectation are
equal . Let's build graphs of regression equations (Figure 4). Obviously, for flows matched by
mathematical expectation , exponential regression and power regression most closely describe the
relationship between the Hurst exponents and the buffer volume.

For streams matched by median, exponential regression is also used, power regression
most closely describes the relationship between Hurst exponents and buffer volume

== Jluweiinan perpeccus
----- vnep6e 5 perpeccus 1
5 perpeccus 2
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a)
Figure 4. Comparative analysis of the results of paired regression analysis
a) when the mathematical expectation of the input and output flows is equal b) when the medians of the input
and output flows are equal
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Isotonic regression. Let's train the isotonic regression model using the scikit - learn pack-
age of the Python 3 programming language [9-11]. Let's build graphs corresponding to the model
built using isotonic regression for the methods of converting the input and output stream of pack-
ets when the medians and the mathematical expectation are equal (Fig. 5)

1000

y
8
3

Pa3mep ovepean

400

oToKa H

Figure 5. Construction of an isotonic curve in relation to a data set

Table 6 shows the quality metrics of the obtained regression models for the methods of
converting the input and output packet streams when the medians and the mathematical expecta-

tion are equal in relation to the initial data.
Table 6. Isotonic regression quality metrics

Quality metrics the mathematical expectation is if the medians are equal
equal
Determination coefficient R2 0.928199 0.54490
RMSE Regression Root Mean Square Error 54.437567 13.63279
Mean absolute error MAE 39.500659 9.06566
Estimated amount of the fine 21.269167 4.53284
Estimated loss 19.75032 4.5328338

The obtained value of the determination coefficient for flows compared by mathematical
expectation suggests that about 92% of the cases of changes in the Hurst exponent lead to a change
in the queue size within this model, which is much better than models built on the basis of pair re-
gression methods. At the same time, the penalty value for isotonic regression is two times less than
the corresponding value for pairwise regression.

The obtained value of the determination coefficient for flows compared by the median sug-
gests that about 54% of the cases of changes in the Hurst exponent lead to a change in the queue
size within this model, which is much worse than models built on the basis of paired regression
methods. At the same time, the amount of the fine and the expected amount of losses for isotonic
regression is slightly less than the corresponding value for pairwise regression.

Support vector machine. Let's train the model based on SVR . The non-linear nature of the
relationship between the Hurst exponent and the queue size indicates the need to choose a radial
basis kernel for the SVR model . This model was trained using the scikit - learn package of the Py-
thon 3 programming language [9, 12]. On fig. 6 shows the graphs of the relationship between the
queue size and the Hurst exponent corresponding to the trained SVR model for methods of con-
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verting the input and output stream of packets when the medians and the mathematical expectation
are equal

800

600

Pasmep odepean

b)

Figure 6. Graph corresponding to the trained model by the support vector machine method

Table 7 shows the quality metrics of the obtained models using SVR for the methods of
converting the input and output packet streams when the medians and the mathematical expecta-
tion are equal .

Table 7. Quality metrics of the support vector model

Quality Metrics if the ma_thematical expecta- if the medians are equal
tion is equal
Determination coefficient R2 0.901167 0.52283
RMSE Regression Root Mean Square Error 63.868307 13.95936
Mean absolute error MAE 52.506259 8.91937
Estimated amount of the fine 18.374489 5.59611
Estimated loss 15.43061 5.5961137

The obtained value of the coefficient of determination for flows matched by mathematical
expectation is about 90%, which is slightly worse than that of the method using isotonic regres-
sion. However, the penalty for this method is less than in the case of isotonic regression.

The obtained value of the coefficient of determination for flows matched by median is
about 52%, which is slightly worse than that of the method using isotonic regression and worse
than that of models built on the basis of paired regression methods. The penalty for this method is
greater than for isotonic regression.

Based on the nature of the relationship between the queue size QS and the Hurst exponent
H , it is advisable when using SVR to evaluate not the value of QS , but the value of In(QS +1),

thus passing to the rectifying space.

Let's train the model based on SVR using the scikit-learn package of the Python 3 pro-
gramming language [9, 12]. On fig. Figure 7 shows the dependency graphs of the queue size and
the Hurst exponent corresponding to the trained support vector model with the transition to the
rectifier space for the methods of transforming the input and output packet stream with the equali-
ty of medians and mathematical expectation.
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Figure 7. Graph corresponding to the trained model by the support vector machine method in relation to the
data set

Table 8 shows the quality metrics of the resulting model using SVR on a logarithmic scale
for the methods of transforming the input and output packet streams with equal medians and math-
ematical expectation in relation to the original data.

Table 8. Quality metrics of the support vector machine model on a logarithmic scale

Quality Metrics if the mathe_matlcal expectation if the medians are equal
is equal
Determination coefficient R2 0.923960 0.36051
RMS error 56.021631 16.16018

RMSE regressions

Mean absolute error MAE 39.583393 12.87457
Estimated amount of the fine 21.724137 3.58006
Estimated loss 19.950616 3.580060

The obtained value of the coefficient of determination for the flows compared according to
the mathematical expectation is about 92%, which practically coincides with the isotonic regres-
sion method. However, the value of the penalty in this case is less than for the SVR method , so
the transition to the direct space did not lead to an improvement in the quality of training based on
the values of the introduced quality metric, which is the penalty.

The obtained value of the coefficient of determination for flows matched by median is
about 36%, which is much lower compared to the isotonic regression method and much worse than
the models built on the basis of pair regression methods. However, the amount of the fine and the
estimated amount of losses in this case, less than for the SVR method .

Comparative analysis of models. The results of the study are presented in a comparative
table. 9 to evaluate and select the best method for predicting the queue size by the value of the
Hurst exponent for the methods of converting the input and output packet streams when the medi-
ans and the mathematical expectation are equal .

Based on the data of the pivot table, it can be concluded that the best predictive ability
based on the introduced quality metric for the method of converting the input and output packet
streams when the mathematical expectation is equal is the model built using the support vector
machine.

For the method of converting the input and output stream of packets with equal medians,
the best results were obtained using power regression.
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Within the framework of this study, we can conclude that the method of transformation us-
ing the median is better described by linear laws, and the method of transformation using the
mathematical expectation by nonlinear laws.

Table 9. Comparative characteristics of regression methods at 0.5 <H<1

Estimated amount of  |Estimated loss Performance
the fine
mat. median mat. expected median mat. expected | median
expected
Linear
. 55.710275| 4.976265 48.404104 4.976265 0.952730 0.995140
Regression
Hyperbolic o3 611949|  4.649445 55.25577 4.649444 0.946039 | 0.995459
regression 1
Hyperbolic
regression 2 39.537133| 6.141958 28.189645 6.141958 0.972471 0.994001
Power
. 53.042530| 5.418427 51.394345 5.418426 0.949810 0.994708
Regression
Exponential | /¢ Z6a5061 5523329 45.25324 5.5233289 0.95580 0.994606
Regression
Isotonic
regression 21.269167| 4.532848 19.75032 45328338 0.980712 0995573
SVR 18.374489| 5.596114 15.43061 5.5961137 0.984931 0.994535
SVRona
logarithmic  |21.724137| 3.580060 19.950616 3.580060 0.980516 0.996503
scale

Conclusions. Thus, eight models have been studied that allow predicting the queue size
when converting an input stream with a Pareto distribution to an output stream with an exponential
distribution, depending on the Hurst exponent of the input stream, based on machine learning
methods for converting the input and output stream of packets with equality medians and mathe-
matical expectation .

Since the value of losses in the general case does not give any information about the effi-
ciency of using the queue in the process of traffic conversion, a penalty is introduced to assess the
quality of the resulting model, which takes into account not only the value of losses, but also the
irrational use of buffer memory.

Each model was studied using the following quality metrics: coefficient of determination,
regression mean square error, mean absolute error, penalty value, expected loss value.

The best in terms of the selected quality metrics for the methods of converting the input
and output stream of packets when the mathematical expectation is equal are the models that use
the methods of isotonic regression and support vectors.

For methods of transforming the input and output stream of packets with equal medians,
linear models are the best.
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CLEANING IMAGES FROM IMPULSE
NOISE IN A BINARY SYMMETRICAL
CHANNEL
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Annomauyus

B pabome npeonooicen nosblill Memoo ouUCMKU HE3AKOOUPOBAHHBIX UZ0OPANCEHUTI OM UMNYIbCHBIX NOMEX 6
0B80UYHOM CUMMEMPUYUHOM KaHAle C6A3U, 20e npu 603HUKHOBEHUU 0mu61<u, oum qu)opMauuu noepema)aemaz U nNuK-
ceju u306paofcemm NPUHUMAION UCKANCEHHble 3HAYEHUS. Xapakmepucmuka makKkoeco utyma coomeemcmeyem UmMnyib-
CHOMY Wymy, 20e UMNYIbCHblE NOMeXU NPUHUMAIOM CYYALHbIE 3HAYEHUs U PACHpeOeeHbl N0 U300PANCEHUI CIyYali-
no. Iuxcenu onpedeﬂﬂromc;l KaK uckasicenHvle npu noMouwiu OyeHKu pasnuybsl Me:»cdy NUKCeIAIMU 86HYmMpuU JIOKA1bHO20
OKHA. Hpu amotul OYeHKe ydumbvleaemcs 3Hadyenue ﬂpkocmeﬁ u y()a/zeHHocmb nuxcenetl GHYMPU JIOKATbHO2O OKHA. Boc-
CManos1eHue U300PaAXCeHUL 8bINOIHACTCA C NOMOWBIO A0ANMUBHOU MEOUAHHOU DUTbMPAYUL.

KiaroueBble ciI10Ba: HIMITYJIbCHBIA IITyM, TBOWYIHBIN CHMMETPUYHBIA KaHAJ CBS3U, MEIUAHHBIN QUIBTP, TUD-
poBas 00paboTKa M300paKeHUH, aganTUBHAS (UIBTPAIIHSL.

Abstract

The paper proposes a hew method for cleaning uncoded images from impulse noise in a binary symmetric
channel, where, when an error occurs, the information bit is distorted and the image pixels take incorrect values. The
characteristic of such noise crnuorresponds to impulse noise, where impulse noise takes on random values and is ran-
domly distributed over the image. Pixels are determined to be distorted by evaluating the difference between pixels
within the local window. This estimate takes into account the brightness value and the distance of pixels within the
local window. Image recovery is performed using adaptive median filtering.

Keywords: impulse noise, binary symmetric channel, median filter, digital image processing, adaptive filter-
ing.

Introduction

Images, as one of the forms of information presentation, which are transmitted as messages
over communication channels, are subject to interference [1]. When transmitting uncoded images
over a communication channel, for example, represented as a model of a binary symmetric
communication channel, each bit can be distorted with a certain probability [2]. If at least one bit
of the image is distorted, interference occurs that distorts the pixel values. Pixel distortion with a
certain probability in a binary symmetric communication channel is similar to impulse noise.
Noisy images can negatively affect the operation of various digital image processing algorithms,
for example, real-time object recognition, as well as incorrectly display data received from
medical or seismological sensors [3].

The problem of restoring an image from impulse noise consists of the problem of finding
impulse noise and the problem of restoring a distorted pixel. One of the simple and effective
methods for removing impulse noise from images is median filters. But the standard median filter
leads to blurring of the image, so modifications of the median filter have been proposed by various
authors. One of the modifications that greatly reduced the negative effect of blurring is adaptive
median filtering. In adaptive median filters, pixels that are not impulsive noise remain untouched,
changes are made only for pixels that have been identified as noisy [4].
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The complexity of the pixel detection task depends on the impulse noise model. In the “salt
and pepper” impulse noise model, where the distorted pixels take two values: an impulse with
minimum and maximum brightness, the detection task is usually not worth it at all. To date, a
number of methods for cleaning and detecting impulse noise are known. In [5], a method was de-
veloped to clean the image from impulse and Gaussian noise, which is a modification of the bilat-
eral filter for determining distorted impulses. The work [6] describes a method that offers an im-
provement to the method of [5] and uses a logarithmic function and threshold transformations for
this. The paper [7] also describes a comparison of methods [5] and [6] and proposes a method that
is another modification of the method [5]. The method introduces a new statistic of the local con-
sensus index, which is calculated by summing up all the similarity values of pixels in its vicinity
and finding the value of the central element.

In this paper, we will consider a model for transmitting images through a binary symmetric
communication channel (BSC). It will be shown that the characteristics of the noise that occurs in
the DSC correspond to the random -valued impulse noise model. The detector of distorted pixels
in the image is based on the estimation of the difference between the pixels. Image distortion in a
binary symmetric communication channel / distortion of images in a binary symmetrical channel .
A channel with a binary input and a binary output, where the probabilities of error and correct
transmission are equal, is called a binary symmetric channel. Since each output binary symbol of a
channel depends only on the corresponding input binary symbol, we say that this channel is
memoryless. Signals can be transmitted via dsk , for example, 0 or 1. Transmission in such a
communication channel is not ideal, because of this, the receiving signal with a certain probability
p may receive an error, which consists in replacing the sign of 1 with 0 or 0 with 1.

transmitted bit X the received bit Y

l-p

Figure 1. Diagram of a binary symmetrical channel

Figure 1. Shows the DSC scheme P - the probability of error, 1— p - the probability of correct transmission.
DSC has input and output signal X € {O,l} and Y € {0,1} , hence

[1-p,ifx =Y
p(XIY)—{p’ 3 2y (1)

Distorted signals in DSC arise as a result of noise. Interference is understood as any ran-
dom effect on the signal in the communication channel that prevents the correct reception of sig-
nals. In communication channels, there are both additive interference, i.e., random processes su-
perimposed on the transmitted signals, and multiplicative interference, expressed in random
changes in the channel characteristics.

Additive interference contains three components: concentrated in frequency (harmonic),
concentrated in time (impulse) and fluctuation . Impulse interference is a sequence of short-term
pulses separated by intervals exceeding the time of transients in the channel. The causes of im-
pulse interference are: the influence of lightning discharges on communication lines; influence of
power lines on communication lines; poor contacts in transmission and power equipment; short-
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comings in the development and manufacture of equipment; operational reasons, etc. Shortcom-
ings in the development and manufacture of equipment lead to the fact that impulse noise occurs
during voltage surges in the supply network or switching from the main elements to the backup
ones. Digital data is often transmitted as a sequence of binary numbers (bits of information). Dur-
ing transmission, noise can distort the original message. The model consists of a transmitter capa-
ble of sending a binary signal and a receiver.

Data transmission in DSC can be described by the Bernoulli scheme. Let Abe a random
variable that counts the number of failures. Then, according to the Bernoulli scheme, the probabil-
ity of k errors in the transmission of n bits through the BSC is equal to

p(A=k)=[EJ p" g ()

where nis the bit depth of the image pixel, p is the probability of distortion of one bit in the DSC.
Based on (2), the density of impulse noise in the image in accordance with the bit depth of the im-
age and the probability of bit distortion is

p=1-p"* ©)
Table 1 shows the density of impulse noise p in the image in accordance with the probability of

bit distortion p.
Table 1. Impulse noise density p in the image

Bit distortion Pixel bit depth, n

probability , p eight 12 16 24
0,01 0,077 0,114 0,148 0,214
0,05 0,337 0,4 60 0,560 0,708
0,10 0,570 0,718 0,815 0,920

Consider an image in which errors occurred during transmission through a binary symmet-
ric communication channel. Figure 2 shows a grayscale image where p=0.01,0.05,0.1every bit
of the image is likely to be corrupted. The paper presents 8-bit images. The frame highlights the
fragments that are considered in the approximation.

b

Figure 2. Image used in simulation: a) original image; b) distorted image p=0,5;
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Figure 3. An example of image distortion transmitted via DSC:

a) the original undistorted image; b) image distorted by impulse noise; ¢) the location of impulse noise in the

image; d) the distribution of pixel brightness in the undistorted image; e) distribution of pixel brightness in a distorted
image; f) the distribution of the brightness of impulse noise in the image.

Figure 3 shows the distribution of pixels in an uncoded image transmitted via DSC. The
figure shows that the distribution of distorted pixels and their brightness is close to uniform.
Random in value and location in the image noise that is uniformly distributed corresponds to the
characteristics of random -valued impulse noise. If the least significant digits of a bit are damaged,
the distorted pixels take on values close to the original ones. Therefore, in Figure 3c , where only
distorted noise values are presented, the silhouette of the original image is visible. To eliminate
this type of noise impact, cleaning methods based on median filtering are suitable.

Method for detecting and cleaning random -valued impulse noise / Method for detec-
tion and cleaning random - valued impulse noise

Let digital images be represented by a set of pixels with intensity values X.i whose
coordinates (i, j) vary over some subset Z* where Z is the set of integers.

In the proposed method, on a noisy image, it is necessary to determine whether a pixel bit
has been distorted. To do this, we introduce an estimate of the difference between pixels in the lo-
cal window. The score is based on two parameters:

1) Parameter difference brightness pixels , which we offer count on formula

2)

V@i, ) =1+{10g, |, ; — X,

_81_8}! Xa,b EQX” ' (4)

Next, sort U and sum the first m/2elements, where m is the number of elements in the local win-
dow Q:

An(xi,,-)=zr_n:V| (Xi,j)' (5)
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3) Parameter geometric distance based _ on the Euclidean metric , which defines difference
between pixels in local window Q

B(Xj Xap) = exp(_HXi,j —Xap

‘I (2a3), (6)

where (i, j)and (a, b ) denote pixel coordinates. The parameter « controls B(x ;,X, ) relative

to the geometric distance.

As a result, the similarity parameters between two pixels are obtained, based on the geometric
distance and the difference in brightness of the pixels in the detector window, with which you can get
an estimate of the difference between the pixels C :

C(Xi,j +Xap) = A(Xi,j Xap)® B(Xi,j +Xap) - (7)

The similarity score under formula (7) forms an array of values, where, using a certain
threshold T, it is possible to determine whether a pixel is an impulse. In the proposed method, the
optimal threshold value for T =20. Therefore, if the Cvalue in the array is greater than the
threshold value, then the image pixel is an impulse.

We propose to use the filter mask of the following form, which is shown in Figure 4. The
distance between pixels in the local window is proposed to be determined by the Euclidean metric

( L,) [8]. The distance R(xij,xab)between pixels x; and X, in the metric L, is determined by the
formula

R(% %) =y(i-a) +(i-b) .

Figure 4. Local window Q. The squares of distances defined by the Euclidean metric are inscribed in the pixel cells
L,.
For pixels defined as distorted in the local area Q, an array of undistorted pixels is formed, in
which the median is calculated. The resulting median value is assigned to the distorted pixel.

Results

For modeling, an 8-bit grayscale image was used, which is shown in Figure 2. Image resolu-

tion is 944 by 768 pixels. In the image, each bit ¢ is distorted with probabilities P~ 0.01,0.050.1
The peak signal-to-noise ratio (PSNR) [9] and structural similarity index (SSIM) [10] were used to
determine the quality of image processing. The results of the experiment are presented in tables 1
and 2. In fig. 5-7 for clarity of the quality of processing, the original, distorted and restored images
are shown.
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Figure 5. a) Fragment of the original image; b) a fragment of the image transmitted via DSC (p=0.01);
c) the result of restoration by the method [5]; d) the result of restoration by the method [6]; e) the result of restoration
by the method [7]; f) the result of recovery by the proposed method;

e

Figure 6. Fragment of the original image; b) a fragment of the image transmitted via DSC (p=0.05);
c) the result of restoration by the method [5]; d) the result of restoration by the method [6]; €) the result of restoration
by the method [7]; f) the result of recovery by the proposed method;
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d e
Figure 7. Fragment of the original image; b) a fragment of the image transmitted via DSC (p=0.1);
c) the result of restoration by the method [5]; d) the result of restoration by the method [6]; €) the result of restoration
by the method [7]; f) the result of recovery by the proposed method;

Tab. Fig . 2. PSNR values for various methods of image cleaning from impulse noise.

Bit corruption Known Methods Suggested
probability, p [5] [6] [7] method
0,01 27, 254 26,866 25,661 28,06 3
0,05 25,723 25,601 25,200 25,770
0,10 24,146 24,152 23,244 24,138
Tab. Fig. 3. SSIM values for various methods of cleaning images from impulse noise.
Bit corruption Known Methods Suggested
probability, p [5] [6] [7] Method
0,01 0,901 0,891 0,795 0,916
0,05 0,762 0,776 0,781 0,775
0,10 0,609 0,637 0,671 0,646

The simulation showed the effectiveness of the proposed method. In tables 2-3, the best results
among the considered methods are highlighted in bold. For the probability of bit distortion
p=0,01, the superiority of the proposed method can be traced. For the bit distortion probability,
p =0,05the proposed method is inferior in performance to SSIM . For the probability of bit dis-
tortion p =0,1, the proposed method takes values close to the best.

Conclusion

The paper considers the transmission of images through a binary symmetric
communication channel, where, with a certain probability, each bit of the image was distorted. The
distribution of distortions in the image showed that the noise, random in value and location in the
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image, which is uniformly distributed, corresponds to the characteristics of random -valued
impulse noise. A method was proposed for detecting and cleaning distorted pixels in images,
which is based on estimating the difference between pixels in terms of brightness and geometric
distance of pixels in the local window. The distances in the local window are defined by the
Euclidean metric.

In the simulation, using the SSIM and PSNR characteristics, it was shown that the
proposed method effectively coped with the task of denoising. The proposed method can be used,
for example, in video surveillance systems, in data transmission using digital television technology
in data networks using the IP protocol. And also in communication channels where weather
conditions distort signals.
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Annomauyus

B cmamwe npedcmaeﬂeno onucanue memooa 6aﬂchup061<u Haepy3Ku eblduciumenlbHoco Kiacmepa yenmpa
oopabomxu oannvix (L{OL) 6 ocHo8y Komopo2o nonodicen 8eposmHOCMHbII NHOOX00 YNpewIcoaroue2o npocHo3Uposa-
HUSL COCMOSIHUL NAKEMHO020 mpaqbuka, cqbopMupoeaHHbzﬁ HA OCHO6€ pe3yibmamoe eco cmamucmu4ecKkoclo, Henuneti-
HO2O0 U cnekmpalbHo20 aHaau3d. CDpaKmaJlebze ceolicmea cemesoco mpad)uka sAens0mesi 000CHOBAHUEM B03MOJHC-
Hocmu npedc;camﬁuﬂ, N0360JI510M ¢ 00CMAMOYHO DONLULOU 6EPOSIMHOCMBIO NPOCHO3UPOBANb NOs6IeHUe HA omoelb-
HbIX 6DEMEHHBbIX UHMEPBAlax 6CN1eCKO8 U cnaooe e2o AKmueHocmu, evlielleHue nepuodos B03MOIICHOU nepecpysKu
cepeepos u cemesoeo 000PYO0BAHUS U  OeNAOM B03MONCHbIM PA3PAOOMKY Memo008 3¢phekmusnoco naanuposanus
u pacnpeoenenus 3a0ay euympu LJO/], obecneuenue cmamucmuiecku pagHOMEPHOU 3a2pPy3Ki €20 (YHKYUOHATbHBIX
2J1eMEHMOB6. CneKmpaﬂbelﬁ AHAIU3 6PEMEHHO20 pﬂda npoeodumc;l nO HOPMUPOBAHHbIM OMKIOHEHUAM d)akmuuecmtx
ypoeneﬁ om C2NAINCEHHbIX. Omcymcmeue CYWeCmeEEeHHbIX NUKO8 CNEeKmMpAIbHbIX OYEHOK 20680pUM 06 omcymcmeuu
nepuoouyeckux xonebanuu. Ilokasano, ymo Cymmupoganue Yyukios pasnoco nepuooa OUHAMUKU 8PEMEHHO20 psaod,
OCHOBAHHOE HA UCNONb308AHUU HAUDOee 3HAYUMBIX caApPpMOHRUKAX cneKkmpa, onpedejmem MOMEHNbl 603HUKHOBEHUA
nocneéyiomux anomanuil e2o paszeumius. B OCHOBY npoyecca 8blA6/IeHUA CYUWEeCMBEHHbIX cAPMOHUK CREeKmpa noJioasce-
HO Uccaeoosanue e20 CHeKMpAaIbHOU NIOMHOCTNIU MOWHOCMU C NOMOWbIO npeobpazosanus Pypve. Paspabomannwiii
Memoo cnocoben obecneuums peulenue 3a0auu 3PHeKmuUeH020 NIAHUPOSAHUS U PACAPeOesieHUsl 3a0ay GbIYUCIU-
mejlibHo2o Kiacmepa UOﬂ C Yejiblo onmumuzayul UCNnoab306AHUsl pecypcos, YCKOPEeHUsl 6P EMEHU 8blNOJIHEHUS 3a0a4 u
COKpawjerus pacxo008 Ha 06pabomKy NPULOAHCEHULL.

KaroueBble cjioBa: makeTHBINA TpaduK, BpeMEHHBIE PAIBI, (PpaKTallbl, OalaHCHPOBKA HATPY3KH, (VYHKIIHS aB-
TOKOppeIAInu, FapMOHI/I‘{eCKI/Iﬁ aHaJIu3, HEJIMHEHHasS JUHaAMHKa.

Abstract

The article presents a description of the load balancing method for a computing cluster of a data processing
center (DPC), which is based on a probabilistic approach to proactive forecasting of packet traffic states, formed on
the basis of the results of its statistical, nonlinear and spectral analysis. The fractal properties of network traffic are
the rationale for the possibility of prediction, allow with a fairly high probability to predict the appearance of bursts
and drops in its activity at certain time intervals, identify periods of possible overload of servers and network equip-
ment, and make it possible to develop methods for effective planning and distribution of tasks within the data center,
ensuring a statistically uniform loading its functional elements. The spectral analysis of the time series is carried out
according to the normalized deviations of the actual levels from the smoothed ones. The absence of significant peaks
in the spectral estimates indicates the absence of periodic fluctuations. It is shown that the summation of cycles of
different periods of the dynamics of the time series, based on the use of the most significant harmonics of the spec-
trum, determines the moments of occurrence of subsequent anomalies in its development. The process of identifying
significant harmonics of the spectrum is based on the study of its spectral power density using the Fourier transform.
The developed method is able to provide a solution to the problem of efficient planning and distribution of tasks in a
data center computing cluster in order to optimize the use of resources, speed up task execution time and reduce ap-
plication processing costs.

Keywords: packet traffic, time series, fractals, load balancing, autocorrelation function, harmonic analysis,
non-linear dynamics.
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Introduction

The computing resources of the data center of cloud systems are implemented in the form
of server clusters and a system for distributing and balancing the load. The task of the load distri-
bution and balancing system is to implement a method that provides an approximately equal com-
putational load on the elements of the data center information system, as well as minimal data
transfer costs. The purpose of this study is to improve the efficiency of the functioning of data cen-
ters that provide information services through the use of a packet traffic management method
based on its fractal and harmonic analysis. The block diagram of the data center information clus-
ter, shown in Figure 1, contains many servers and a load balancing system that distributes requests
based on server status monitoring information.

Virtual Data center cluster

—{ BM |
,.|Server1 [

- I--:\.-:
Load 4

distributor |*

Requests

™,

Server 3 —

w2
:J.
1

Figure 1. Structural diagram of the data center information cluster

One of the most important factors affecting the efficiency of data centers is network traffic
anomalies, which consist in its fractality (self-similarity), frequent bursts and drops in activity, a
cyclic component, powerful peak emissions and, as a result, system overload. Detection of such
anomalies, timely prediction of the time of their occurrence in the future, in order to take measures
to ensure the quality of service, necessitates the creation of more efficient methods for managing a
distributed system of data center clusters. It is known [1,3,5] that the properties of the scale invari-
ance of network traffic can provide, by analyzing over a short period of time, a prediction of its
behavior over longer intervals, thus ensuring the implementation of effective planning and distri-
bution of tasks within the data center, statistically uniform loading of its functional elements . A
measure of the duration of the long-term dependence of a random process, which provides the def-
inition of its fractality (self-similarity), the presence of cycles, long-term memory, and stability, is
the Hurst self-similarity parameter N. A short-term forecast of network traffic states is also pro-
vided by the Fourier transform and spectral analysis [2,4]. The main advantage of spectral analysis
lies in its ability to identify the most significant harmonics of the spectrum of the process under
study. Identification of the most significant harmonics of the time series characterizing the dynam-
ics of network traffic is based on estimating the spectral power density of the process using the
discrete Fourier transform, obtaining the complex amplitudes of the data series, and then calculat-
ing its power spectrum. This decomposition is a spectrum of network traffic dynamics. The points
of maximum values of the amplitudes of the spectrum indicate cycles of periodic oscillations of
various lengths. If we select these cycles from the general spectrum of network traffic, and then
sum them up, then we can determine the further dynamics of the development of traffic anomalies,
the time of occurrence of subsequent powerful bursts of its activity, predict the parameters of the
most probable peak load and the moments of its occurrence. This study proposes a method for dis-
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tributing and balancing the load, which improves the efficiency of the data center by solving the
problem of short-term forecasting of network traffic states in time and forming on this basis con-
trol decisions aimed at maintaining a uniform load on the data center equipment.

1. Research methodology

Experimental studies [6,9,12] confirm the fractal (self-similar) structure of network traffic.
It is known that fractal network processes have a long-term dependence, which is expressed in an
almost infinite correlation interval and makes it possible to predict its state in subsequent time in-
tervals [14]. To implement an effective load balancing system, to ensure statistically uniform load-
ing of many servers in data center clusters, it is necessary to take into account the structure and
properties of network traffic, and to predict the magnitude of possible load intensity jumps. The
solution to this problem is possible by applying a dynamically changing algorithm for distributing
and balancing the load, built on the basis of a statistical analysis of the network traffic entering the
system, assessing the degree of its fractality, Fourier series and harmonic analysis. The monitoring
data of the data center input load used to implement the control action on the load balancing sys-
tem can be represented as numerical series characterizing changes in its parameters over time.
Spectral analysis makes it possible to determine the most significant harmonics of the spectrum of
the obtained time series from all M harmonics, which are in its various samples and have the larg-
est amplitude. The periods of the most significant harmonics of the spectrum determine the perio-
dicity of the cycle. If we separate these harmonic components of the spectrum from its general dy-
namics, and then present them as a sum of cycles of different periods, then we can determine the
further dynamics of the development of the process, as well as provide the possibility of predicting
its further development. The algorithm for solving this problem includes the following steps:

1. Monitoring the input load of the data center, presenting it as a time series, determining
the degree of fractality of packet traffic using the Hurst exponent.

2. Determination using the method of least squares of the linear trend of the time series.

3. Removing a trend from the original time series.

4. From the newly formed time series, the selection of harmonics corresponding to the
highest coefficient of determination and adding them to the model of the dynamics of the time se-
ries.

5. Calculation of Durbin-Watson statistics for the presence and level of autocorrelation.
Confirmation of the acceptable quality of the regression model.

6. Definition of cycles, forecast of their development.

7. Based on the analysis of the fractal properties of network traffic, as well as data on serv-
er load, the implementation of a new load distribution.

2. Study of the Hurst exponent.

The process of network traffic entering the distribution and load balancing system of the
data center is described by the model [7,8,10]

M
Yo =Fp () +D Y +4 (1)
k=1
where F (t)is a long-term trend, trend;

Y, are the harmonics of the Fourier series;

& 1s a random variable .
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The presence of a trend in the aggregation interval of packet traffic, presented as a time se-
ries, determines the H -Hurst index, which is a characteristic of the stability of the statistical pro-
cess, an assessment of the correlation between its elements and is determined by R / S analysis.
The proximity of the parameter H to 1 determines the sufficient trend stability of the process and
the possibility of predicting the degree of its change over time. The basic formula of R / S analysis
is the expression [11]

R/S=(a-N)", 2)
where H is the Hurst exponent;

N is a sample of length N ;
S is the standard deviation of the obtained measurements;

R is the range of relations R =max(Z,)—-min(Z,);
Z,is the accumulated deviation of the series from the mean x_, ;

a is a constant;
S=YNT-3 (% —x).
i=1
Taking the logarithm of the resulting expression, we obtain
H =log(R/S)/log(N/2).
At 0,5<H <1, we have a persistent or trend-stable series. The influence of the pre-
sent on the future is described by the measure of correlation [13]
C=2""-1.
The Hurst coefficient H is a measure of the duration of the long-term dependence and de-
scribes all other fractal parameters of the process under study [15,17]:
— fractal dimension D=2-H;
— correlation parameter g =2(1-H);

— spectral index b=2H +1;
— fractal index a=3-2H.
For a self-similar process x(t)with the 0,5<H <1correlation function decays hyperbolically
[12]
2
R(K):%[(K F1) 2K (K1) .

By definition, the correlation coefficient
7(K)=R(K)/R(o)=R(K)/c*,
hence the autocorrelation function (ACF) will have the form
1

r(K):E[(KH)z“—2K2“+(K—1)2“]. (3)
The calculation of the ACF must be carried out in order to assess the nature of the decrease

in the dependence of the elements of the time series.
The numerical values of the ACF can be obtained from the formula [14]

) DIACECES 4
K== T 00 (4)

where X is the average value of the x series ;
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o’ (x)is the variance of the x series ;
K - time lag.

A slow decrease in ACF values characterizes a slowly decreasing dependence between
traffic elements. A rapid decrease in the ACF values is a sign of the stationarity of the process un-
der study. For fractal processes characterized by the properties of self-similarity and slowly de-
creasing dependence, the autocorrelation function does not vanish when t — .

For a more accurate description of the measure of the long-term dependence of a self-
similar process, inhomogeneous fractal objects, or multifractals, are used [15]. In this case, the
original time series X(t) is divided into N segments of length S and for each segment

y(t)= 3 x(t)

i=1
Function is defined

F(9)= 5 20 )

Next, find the dependence F, (S )on a fixed value g

Fq(S):{%g[Fz(s)]g};

By changing the length S of the time series, for arbitrary values of q , we find the sequence
of values F,(S). If aF, (S) seems to depend [16]

F,(S)0s",
then the time series corresponds to the multifractal set and has a long-term dependence on the
Hurst exponentsh(qg)=H.

3. Harmonic analysis.

It is known that R / S -analysis does not always give correct estimates of the Hurst expo-
nents. A method based on correlation analysis gives greater statistical accuracy. If the expression
is true

7, =k’L(k)+C,
where C—const, 0< <1,
. . . . L(tx
L(k) is a slowly changing function !m% =1,.
then such a process is described by an ACF decreasing according to a power law [12].
When describing a network process, it is preferable to use a harmonic function of the form

M M
Y =Y+ a -cos%+2bk-sinZth (5)
k=1 N k=1 N
M
where a, =£ZYt -cos@,
N & N

M
b, =%ZYt -sin Z%I(t are the harmonics of the Fourier series ;
k=1

M is the number of harmonics in the series;
N - row length.
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To describe the long-term trend of the time series, we use the function [12]
Y, = A_Lsin(z?mJ+ A, cos(%j+ A,.(6)
The period P of the trend cycle is obtained by sequentially dividing its most probable value

into equal time intervals Pand, using regression methods, we determine the coefficients

A, A,, A Next, we select the sequence of time intervals in which

1 2 .
?Z(YT—FTP(LF{)) — min.
t=1

The choice of a model that describes the long-term trend of the network process is based on
an assessment of its accuracy. Obviously, models that provide a smaller discrepancy between real
and calculated values provide greater accuracy. It is most expedient to use the following expres-
sions as indicators of accuracy [17]

.
a) difference of variancesV,, = %Z(Yt . (t))z;
t=1
.

b) approximation error A= %Z

t=1

Yt — FTP
Y,

t

¢) indicator of process determination

_ T
where Y = iZYt Iis the average value of the elements of the time series.
t=1

The theoretical number of frequencies is chosen equal to N/2 with the length of the series
equal to N. In practice, not all N/2 are required, but only some harmonic components that express
the main part of the variation of the series. To eliminate random fluctuations and possible errors in
the estimated traffic values, the resulting non-stationary time series must be additionally pro-
cessed. A possible solution in this case is to exclude its trend by smoothing the dynamics, for ex-
ample, using the centered moving average method, or second-order moving parabolas, i.e. use ab-
solute or normalized deviations of the time series from its long-term trend.

To identify regular periodic cycles that make the greatest contribution to the overall dy-
namics of the network process, we remove the trend from the time series structure. The forecast of
the periods of cycles is built by highlighting the harmonics of the spectrum of the time series with
the largest amplitudes, the formation of the corresponding model and its extrapolation. The func-
tion by which the Fourier transform of the studied time series is calculated has the form [18]

f(x)= %Jri{am cos(mxz—ﬁ}rbm Sin(mxz—ﬂﬂ’

m=1 max max
N-1
wherea, =E+ Y, cos(m@} 0<m<M;
N & N
N-1
b, =%+ ynsm(m@),OSms M;
n=0
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M is the number of harmonics of the studied series;
(x,,y,) —array of sample and values of the time series;
n=0,..,N.
It is known [14] that in order to select from all M most significant time series harmonics,
Fourier series expansion is used

M
f(x):i+z R, cosd, cos(mz—”j+ Rmsinemsin(mz—ﬁj :
2 0= N N
whereR = ./a% +bZ,

a, =R coséd,,
b, =-R,sing,.
Denoting the oscillation frequency as @, =m/N, we write the Fourier distribution in the
form

ao M
f () =?+ZRm cos(2zw,n+6,),

m=1

whereT = L is the cycle period of the time series.

W,

To obtain numerical values of the amplitude and phase of the most probable cycles of the
time series, we use the expressions [13]

A= RIS +1,2(5,)
1 (S.)

— arctg =™ ,
o, arche(Sn)

where S, is the set of frequencies of possible cycles.
Then, the cycle can be described by the expression
f,(t)=A cos(S;t+p,).
If we represent the dynamics of bursts of network traffic as the sum of a set of cyclic com-
ponents, then the periodicity of the time series will be equal to

v (t) = %‘4 f, (t)’

where D is the set of possible cycles of the series.

The sequence of stages for selecting cycles of a time series of data:

a) the choice of the initial time series and the determination of its trend using the method of
least squares;

b) subtraction of the resulting linear trend from the original time series;

c) from the resulting series, the selection of harmonics that provide the highest coefficient
of determination
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It is known [17] that for the most accurate models, the coefficient of determination should
not be less than 0.8. In this case, the correlation coefficient is close to 1;

d) adding selected harmonics to the time series model;

e) checking for autocorrelation using Durbin-Watson statistics

n 2 n
d= Z(yt ~Vis) /Z ;-
t=2 t=1
The value 1,5<d < 2,5is a confirmation of the acceptable quality of the regression model,

f) definition of short-term cycles.
The obtained dependence Y on the interval t [0, N —1] makes it possible to determine the

values Y on the intervalt e [N, N +m].

Using this approach allows you to make a reliable short-term forecast and timely inform
the data center balancing system about subsequent significant bursts of network traffic.

4. Nonlinear forecasting.
TCP packet traffic can be described not only as a simple periodic process, but also as a

process with more complex behavior and described by methods and models of deterministic chaos.
[19]. At the same time, the main method for determining the chaotic nature of this nonlinear pro-
cess is the spectrum of characteristics, consisting of n Lyapunov exponents. The signs of the Lya-
punov exponents quite reliably characterize the type of fluctuations in the studied time series. A
deterministic chaotic process is determined by positive exponents, a zero exponent determines a
quasi-periodic process, a negative exponent is a fixed point of the phase trajectory, called the at-
tractor of the system. Otherwise, all Lyapunov exponents of a deterministic process are negative or
equal to zero, while a chaotic process has at least one positive exponent. Using the chaotic proper-
ties of the studied fractal process, it is possible to construct a predictive model of its development.
The predictive models can be based on the methods of linear, non-linear forecasting, as well as
global polynomial approximation [20]. To determine the spectrum of nonlinear parameters of the
time series, there is a fairly large set of special software. For example, software packages CDA ,
Dataplore , RQA , TISEAN . The set of analysis tools implemented on the TISEAN platform pro-
vides the determination of a fairly complete range of nonlinear characteristics of a deterministic
chaotic process. In this case, the chaotic nature of the process dynamics is determined by the value
of the maximum Lyapunov exponent, which characterizes the rate of divergence of its phase tra-
jectories. To determine the Lyapunov exponent, we use the lyap program of the TISEAN package .
As a result, we obtain the dependence of the coefficient of S(&,m,An)divergence of trajectories

on time [17]

S(&,m,An)= Zln—

(s, )

ny+An — “n+An

>

SREVIEN|

where ¢ is the neighborhood of the point S, ;

m is the fractal dimension of the phase space;
An —time interval,
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U(S,, ) is the neighborhood of the point S, with radius & .

The obtained values S (&, m,An), for various An, characterize the required values of the

Lyapunov exponents.
The general model of nonlinear prediction has the form [19]

X(t+T)= 3 x(t'+T)
Unl iz,
where U _ is the neighborhood of the point x(t).
This algorithm is implemented by the programs lzo-run, lzo-test, false-nearest of the

TISEAN platform.
When using linear prediction, the algorithm [20] is used

x(t+T)=a,x(t)+b,,
> (x(Y+T)—ax(t)-b, )2 — min.
x(t')eUy,
The predictive method of global approximation is implemented by the expression [20]

S (x(t+T)=f (x(t))) - min

t
using the FNN program of the TISEAN platform .
Automation of the process of implementing the predictive model can be carried out using
the methodology described in [19], using programs for determining the value of the autocor lag .
exe , Tayler's window size selection mutual . exe , calculation of correlation dimension d 2. exe .

5. The structure of the load balancing system.

The computing resources of the data center are represented by a set of server clusters and
load balancing tools. The structure of the data center load balancing system is shown in Figure 2.
At the request of users, the balancing system generates virtual machines (VMs) with certain sys-
tem indicators. The local manager analyzes the load of the servers and places the incoming re-
quests on them. The data center monitoring system transmits the received information to the global
manager, which performs the formation of VMSs, manages the load balancing of data center server
clusters, and adjusts the system throughput according to the traffic profile. In this case, the
following tasks are sequentially implemented:

— receiving requests from subscribers for the implementation of services;

— calculation of network statistics, implementation of the forecasting algorithm;

— distribution of requests across cluster servers;

— selection of a server in the cluster capable of fulfilling user requests;

— sending requests to the selected cluster server;

— distribution of implemented software applications across cluster servers;

— formation of a set of virtual machines that implement applications;

— receiving the results of solving problems.
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Figure 2. The structure of the load balancing system

To implement the algorithm for predicting anomalies in the network load of the data center,
the information structure of the balancing system additionally includes a switch connected via the
Gigabit protocol An Ethernet network statistics database with a WireShark sniffer program based
on, for example, the WinPcap library , as well as a high-performance controller that implements a
prediction algorithm. The sniffer program captures traffic, processes it, aggregates it, forms the
required time intervals, and also captures sudden changes in the input load. The resulting level of
bursts of traffic intensity, as well as their duration, inform the forecasting system about the need to
turn on the aggregation of the response system and redistribute the data center hardware and soft-
ware at this interval. At the same time, it is obvious that the delay in the control action associated
with the process of monitoring network traffic can lead to a decrease in the efficiency of the load
distribution and balancing system. Therefore, it is necessary to carry out the formation of a preven-
tive control action, which is directly related to the implementation of the method for predicting the
possible peak load and the time of its occurrence.

Conclusion

Experimental studies of the statistical characteristics of packet traffic in modern computer
networks indicate its fractal structure, the presence of frequent bursts and drops in activity, power-
ful peak emissions, and a deterministic component. Such properties of traffic confirm the possibil-
ity of using fractal models for predicting bursts of its intensity, determining the volume of incom-
ing traffic with the required accuracy and solving, on this basis, the problems of dynamic control
of the distribution system and load balancing of data center cluster servers. The use of classical
Markov (without aftereffect) models and Erlang formulas oriented to the simplest flows to calcu-
late the parameters of the load balancing system, as a rule, leads to incorrect results that are ineffi-
cient for fractal (self similar) flows. The article presents a description of the load balancing meth-
od, which is based on a reliable, probabilistic approach to proactive forecasting of network traffic
states, formed on the basis of the results of its statistical and spectral analysis, fractality level, dis-
tribution density. The problem of short-term forecasting of packet traffic is reduced to the problem
of forecasting a discrete time series. The developed method is able to provide a solution to the
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problem of efficient planning and distribution of tasks in a data center computing cluster in order
to optimize the use of resources, speed up task execution time and reduce application processing
costs. The direction of further research related to improving the operation of cloud data centers is
to represent them in the form of dynamic systems, the use of nonlinear dynamics methods that al-
low identifying phase space attractors and providing deeper research on the impact of self-similar
traffic on performance.
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MATEMATHYECKOE MOJEJINPOBAHUE
VIK 519.6, 519.71 I'maPOJIUTOCP®EPHBIX ITPOLHECCOB C
DOI: 10.37493/2307-910X.2022.3.4 YYETOM IMPOLIECCOB B «KOJOJLAX»

MATHEMATICAL MODELING OF
HYDROLITHOSPHERE PROCESSES TAKING
INTO ACCOUNT THE PROCESSES IN "WELLS"

Cesepo-Kaskazckuii @edepanvholii YHusepcumem,

ITamuzopckuii unmumym (unuan) CK®Y, llamuzopck, Poccun

/ North-Caucasus Federal University, Pyatigorsk Institute (branch) of NCFU Pyatigorsk, Russia, E-mail:
ivmp@yandex.ru

Annomayus

B pabome paccmompena mamemamuueckas mooenb 2UOPOAUMOCHEPHO2O npoyecca ¢ yuemom «KOL0OUa»
chopmuposantoeo dobwisarowell ckeadcurou. Ilpusooumcs onucanue mamemamuideckol MOOeiu 83aUMO0elicmaus
2u0p0ﬂumocqbepﬂblx npoyeccos 6 ((KO]IO()L;@)) C 6000HOCHBIMU 2OpU3OHRmMAaAMU. Pe3y/zbmambl YUCTEHHO20 Moc)eﬂuposa—
HUA 2u0p0ﬂumocd)epyblx npoyeccoe nokassledarom cyuleCmeeHnoe 6iusiHue pa()uyca ((KO]ZO()L;G» Ha Norusdicerue ypoe6-
H5l 8 B0OOHOCHOM copu3oHme.

KiroueBble cioBa: FHJI[pOJ'II/ITOC(I)epHLIG MpoueccChl, ONMMCAHUC FI/IZ[pOJ'II/ITOC(I)epHLIX MMpOoHEeCCOB B «KOJOALAX»,
MaTeMaTU4C€CKUC MOJCIIU THAPABINYCCKOT'O BSaI/IMO)ZlefICTBI/IH.

Abstract.

The paper considers a mathematical model of the hydrolithospheric process, taking into account the "well"
formed by a production well. A description of the mathematical model of the interaction of hydrolithospheric process-
es in the "well" with aquifers is given. The results of numerical modeling of hydrolithospheric processes show a signif-
icant influence of the “well” radius on the level decrease in the aquifer.

Keywords: hydrolithospheric processes, description of hydrolithospheric processes in "wells", mathematical
models of hydraulic interaction.

Beeaenne. [Ipo6iema parrioHaabHOTO NPUPOIOIIOIB30BAHUS MPU IKCILTyaTalluy THAPOIUTO-
chepHBIX pecypcoB, UMeeT BaxkHOe 3HaueHue s peruoHa KMB [1-3]. B HampaBieHuu perieHus
3TON NMpoOIeMbl, HAa CETOAHSIIHUN I€Hb, TOTYUYEHBbI CIENYIOIINE pe3yIbTaThl: pa3padoTaHbl MaTe-
MaTHYECKHE MOJIEN THIPOIUTOC(HEPHBIX TPOLIECCOB B BOJOHOCHBIX FOpH30HTaxX [4,5];

Pa3paboranbl MeTobl BeprUpUKALUU MaTEMaTUUECKUX MOJIENeH THAPOIUTOCPEPHBIX MPOLIeC-
coB[6-8], a Takxke MeToaMKa (OPMHPOBaHUSA LieNeBbIX QyHKIUH [9] U MeToaMKa CHHTEe3a ajiro-
PUTMOB yIIpaBJieHMs paccMarpuBaeMbiMu Iponeccamu [10,11]. PazpaboTka MareMaTH4eCKUX MO-
JieJIell pacCMaTpUBAEMBIX ITPOLECCOB, C YYETOM TMAPABINYECKON B3aHMOCBS3H TIPOLIECCOB KO-
JOJIIa» ¥ BOJOHOCHBIX TOPU30HTOB IO3BOJIIET CHHTE3UPOBaTh 00Jee KauyeCTBEHHBIE CHCTEMBI
yIIpaBJIEHUs] U MOCTPOUTH OoJiee TOYHBIE MOJEIH MPOrHO3UPOBAHMS PA3BUTUS THAPOIUTOCHEP-
HBIX IIPOLECCOB Ha OJMKHIOIO U aJIbHIOKO MEPCIIEKTUBHI.

M3BecTHO, YTO MpPH IKCIUTyaTallMM JAOOBIBAIOIINX CKBAXHH, MEJKUE (pakiuy MOpoJsl B
AKCILTyaTUPYEMBIX (BOJOHOCHBIX) TOPU30HTaX, OKPECTHOCTU OOBIBAIOIIEH CKBa)KUHBI, MOCTeE-
MIEHHO BBIMBIBAIOTCS. DTO MPUBOIUT K (POPMHPOBAHUIO «KOJIOJIIA» BOKPYT JOOBIBAIOILIEH CKBa-
#UHBI (cM. puc.l). IloHnxeHne ypoBHS B TaKMX KOJOIIaX, MO BCEMY 00OBEMY, MOKHO MOCTOSIH-
HBIM (B 3aJIaHHBII MOMEHT BPEMEHH).

54 Ne3, Bbinyck 39, 2022



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

JoOrIBaromasn
CKBaKHHA

*-/,Konoz[eu

L Bomoymopsr | +
z

[ =)

—F % %C Fo.+FC -+ C I+ CPFC
=
=)

Z
Pucynok 1. Cxema ruipojimtTochepHoro npouecca

Cxema rugposiutochepHoro nporuecca, Ipu COBEPLIEHHOM BOA03a0ope, MoKa3aHa Ha puc. 1.
OnwuieM BIUSHHUE MApaMETPOB KOJOANA HA THAPOIUTOC(EpPHBIE MPOLECCH B BOJOHOCHOM TOpH-
30HTE.

MatemaTudeckasi Mojeb ruapoJurocepHoro nmpomecca. [Ipn onucaHuu maremaruye-
CKOM MOJIEJIM I10JIaraeM, 4TO COCTOSTHHE Haropa BHYTpHU «kojoaua» (I <rg), B CTAlHOHAPHOM pe-
KMMe, HE 3aBUCHUT OT I'.

W3BecTHO, 4TO BOIOOTAAYA (LL) ONPEAENSIETCS U3 CIEAYIOIIEr0 COOTHOILICHUS:

u=V.1V,

rae: Ve — 00beM cBOOOHO-CTEKaroMIel BOIbI; V— 00beM MOPOIBL.

JlaHHBIE TIO BOJIOOT/Aa4€ MPUBEICHBI B COOTBETCTBYIOLINX CIIPABOYHHUKAX.

Jlnst konoaua, NOKa3aHHOro Ha puc.1, puc.2 (B BUAe HMINHIPA, paguyca lo)

npu 3a1aHHOM 0TOOope BobI (AQ M3/c), 3a BpeMs (At), MOHWKEHHE YpOBHS B Kosoie (AHy)
MOKa3aHHOM (CM.pHC.2) , ONpeAeNsieTcsi U3 CASAYIOIIEro COOTHOILECHUS:

V. =V-,u=—Q-At—>(7r-r02-AHk)-,u:—Q-AI
N
AH, =—Q-Ar/(7t-r02 - ).
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Pucynoxk 2. KoJionen
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Omnpenenum ruiomaas OOKOBOW MOBEPXHOCTH KOJIOIIA:

Sk 2277:-r0-|_22 .

[Tonoxum, 4to TomuHa 00KoBOM moBepxHoCcTH (AL,—dZ) , Torna

dsy =27-ry-dz

Hcnonb3ys ypaBaenue Jlapcu, onpeneniM 00beM THIPOMUHEPATBEHOTO ChIPbS, IIOCTYIAoMIe-
O B KOJIOJIell, 32 BpeMst AT (Ioiarasi 4To ypoBeHb B Koyiofue  paBeH Ha):

Lz,
AV =2z -1y - I(er -(Ha(r,2,7) = Hy))- dz (1)
0
[ToBeIIEHNE YPOBHA B KOJOIE, TpHU npuToke AV (3a BpeMsi AT, COCTaBUT):
AHy = (AV ] ) (7 - 13)).
W3meneHnue ypoBHS B KO- k ( k!H ) 0 )
JIOJILIE€ MOYKET OBITh OIPEEIEHO U3 CJIETYIOIIEr0 COOTHOILIEHUS:
OOt TPUTOK THUIAPOMUHEPATILHOTO CHIPbS B KOJIOJELL, 32 BpeMs AT, COCTaBHT:
Vp=-Q-:At+AVi-At .
3anuiineM npupaiieHue YpoBHs B KOJOIE 32 Bpemsl AT:
2
AH, =NVplw)l(z-ry) .
Maremaruueckast MOJIENIb pacCMaTpPUBAEMOTro Mpoiiecca (cM. puc. 1, puc. 2) B HUIMHAPUYE-

CKUX KOOpJHUHATAX:
Omnucanue npoiiecca B TPyHTOBBIX BOJIAX

2 2
on(r,z,7) K, oh(r,z,7) +ﬁ. oh(r,z,7) ik, oh(r,z,7) ; ©)
ot or? r or ’ 8212
O<r<RO<z<L, .
Onucanue IpoLecca B BOAOHOCHOM TOPU30HTE.
«Komogem»
Lz,
AV =2 -1y - I(kzz'(Hz(roiz’f)—sz))‘dZ, 4)
0
oH
L(T):l/ﬂ.(QJ,AVk)/(ﬂ.rO?.).,
or
O<r<ry; LZl <1< LZz' BOIOHOCHBII TOPH30HT
2 k 2 (5)
oH,(r,z,7) —i(k 0°H,(r,z,7) +i.aH2(r,z,r) Lk 0 Hz(r,z,r))
or n o o ol r or 2 ) ’

h<r<R; L, <z<L,,

FpaHI/IqHLIC YCIOBUA 3a1a0TCA B BUIC

(ycnoBus apcwn)
I'pyntoBbie Bojb - «Komoaemn»
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hy(r, L, z)=hyr, L, z)+Dy - (Hy (r,0,7)— hy(r, L, . 7))- o,
Ha (1,0,7) = Hy(r,0,7)=by - (H (r,0,7) =y (r, L, , 7))- or,

O<r<r,

«Komnoaemny - 60koBasi HOBEPXHOCTh

H2,k(r01z1 T): sz(ro’ Z’T)+ Ko, ‘(Hz(ro’ Z’T)— H oy (ro’ 217))’5T1

Hz("o’ Z’T): Hz(ro’ Z'T)_kzz ‘(Hz(ro’ Z’T)_ sz(ro’ Z’T))‘OT'
OoH 5 (0,z,7)/or =0, (7)

(6)

O<z<lL,. .
2
((KOJIOI[GII)) - HWXKHA I'paHuIa

HylrL,, 1)z =0, O<r<r ®

BononocHble TOPU30HTEI

hl(r, LZl , T)= hl(r, LZl , z')+ b, - (HZ(F,O,Z)— hl(r, Lzl,r»- or,

H,(r,0,7) = H,(r,0,7)= by - (H,(r,0,2)—hy(r, L, ,7))- &,

TN C)
nh<r<R.
Hixnss I'paHula BOOJOHOCHOI'O 'OPU30HTA
6H2(r, Lzz,r)/az =0, r,<r<R, (10)

bokoBas rpaus.

hl(R,Z,‘L')ZhLO; O<Z<Lzl, HZ(R,Z,‘L’)ZHZ,O; O<Z<L22.(11)

I'ne: by;—mapamerp neperekanusi; Ny — Haop B rOpU30HTE TPYHTOBBIX BOJI;

H; , Hok— Hanop B u3y4yaeMoM BOJOHOCHOM I'OPU30HTE;

Ky, Ky, KoKy, — KO3 duIIHEHTS QUIBTPALHE B COOTBETCTBYIOIMX FOPU30HTAX, TI0 KOOP/IH-
HaTam I,Z ;

17— YIPYroeMKocTb; LU-K03()PUIMEHT BOJOOTAAYH; I,Z— MPOCTPAHCTBEHHBIE KOOPIMHATHI;
L., Lo R — 3amgannsie 3HaueHus; t—Bpems; hio, Hp o — HavanbHbie cocTosiaust (t=0) BOAOHOCHBIX
TOPU30HTOB.

Matemaruueckas mojaens (3)-(11) ananutudeckoro pemeHus: He umeer. [ aHanu3za pac-

CMaTpHUBAaE€MbIX MPOIIECCOB, ObLIA COCTaBJIEHA YMCIIEHHAs] MOJEIb U MPOrpaMMa YHUCIEHHOTO MO-
JeJIMPOBAHUSI pacCMaTPUBAEMBIX THAPOIUTOCPEPHBIX MpolieccoB. [Ipyu MoaenupoBaHnuU THAPOTU-

Toc(hepHBIX MPOLIECCOB OBLIM MCIIOIB30BAHBI TAPAMETPHI, IPUBEACHHBIE B Ta0. 1 1 Tab1.2
Tabn.1. 'eomerpuueckue napameTpsl

R wm. Lzl Lzz N1 N2
M. M. (uucno maros (uucno mIaroB
TUCKPETH3AIMHA 110 | TUCKPETU3AIH 10
KOOpJIUHATE I) KOOpJIMHATE Z)
100 30 60 100 32

IMaru JAUCKPETU3AUHA 110 IPOCTPAHCTBEHHBIM KOOPANHATAM COOTBETCTBCHHO PAaBHBI:
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A;1=30/(16 -1); A,,=60/(16 -1); A,=100/(100 -1).
Tabn. 2. dusnueckue napaMeTpbl THIPOIUTOCHEPHOrO Mpolecca

ki K,z ka ka; Ny by i

M/CYT. | M/CYT. M/CYT. M/CYT. Um 1/cyr.

0.23 0.23 0.28 0.22 0.0005 0.0000 0.04
7

Havaneubie ycnoBus Obutu 3amaHbl B Buae: hig=30 M, Hy0=60 M. J[eOMT CKBaXUHHBI:
Q=100M3/cyT.

50

"Konmopen"
2 48
e
z
2
a, 46
- \/Hz k
n \\
42.9659
0 10 20 30 40 50 60 70 80 90 Tyac.
50
BomoHocHBII ropH3oHT
49 -
\/// H@=Aré,z=4-Ap 1)
48
47 "
——
46.0466
0 10 20 30 40 50 60 70 80 90 Tyac.

Puc. 3. I'paduku nmepexoHbIX MPOIECCOB B KOJIOALE W 33JJaHHON TOYKE BOJOHOCHOTO TOpH-
30HTa

Vcnonb3ys pe3ynbTaThl MOJAEIMPOBAHUSA, MOCTPOEHBI TPaUKH MEPEXOAHBIX MPOLECCOB M3-
MEHEHHUsI YPOBHS B «KOJIOJIE» U B 3JJaHHON TOYKE BOJOHOCHOTO TOPU30HTA (CM. puc.3).

Hcnonb3ys pe3ynbTaTsl MOAETUPOBAHUS, IOCTPOEHBI Irpaduku (CM. puc.4) U3MEHEHUs YpOB-
HSl B «KOJIOJIIE» U B 3aJJaHHON TOYKE BOJIOHOCHOTO TOPU30HTA, B CTAIIMOHAPHOM pekuMe (TIpH 3a-
JAHHOM J1e0uTe), B 3aBUCUMOCTH OT U3MEHEHHUs pajnyca KOJIoaLa:

puc.4 a) - ”3BMeHeHue ypoBHsI 1pH I=2-Ar, Q:100M3/cyT.;

puc.4 6) - U3MEHEHUs YPOBHS NpH o=6-Ar, Q:100M3/CyT. ;

prc.4 B) - H3MEHEHHUs YPOBHs IpH f=9-Ar, Q=100m%/cyT.,

A=100/(100 -1)=1.0101 m.
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Puc.4. I'paduk u3meHeHus ypoBHS B yCTaHOBUBLIEMCSI pEXKUME

3akuouenue. B pabore monydeHa maremMaTHdecKas MOJIEIb, OMUCHIBAIONIAS THAPOJIUTO-
chepHBIN TPOIECC B «KOJOJLE», TaK K€ MPUBOAUTCSA OMHCAHHE MATEMaTHYECKOW MOJENH B3au-
MOJICUCTBHUS THIPOIUTOCHEPHBIX MPOIECCOB B «KOJOJIE» C BOJOHOCHBIM TOPHU30HTOM W TOPH-
30HTOM TPYHTOBBIX BOJ.

HpI/IBOI[ﬂTCSI pC3YJ'II>TaTI>I YUCJICHHOI'O MOI[CJ'H/IpOBaHI/ISI paCCMOTpCHHBIX BBIIIIC FI/II[pOJ'[I/ITO-
chepHBIX MPOIIECCOB MPHU 33aJaHHOM JebuTe JoOBIBaoIIel CKBaKUHBL. Pe3ynpTaTsl MoIeIpOBa-
HUS THAPOIUTOC(HEPHBIX TPOIECCOB MOKA3BIBAIOT CYIIECTBEHHOE BIIMSHHUE PAJINyca «KOJIO/Ia» Ha
MOHMKEHUE YPOBHSI B BOJJOHOCHOM TOPU30HTE.
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METHOD OF PRIORITY MULTIPATH
MULTIMODAL MESSAGES
TRANSMISSION

FOxcnvtit hedepansuvuit ynusepcumem/ Southern Federal University
Annomayusn
B cmamve npedcmaenen memoo, no3eonsiowull pacnpeoensims NPOmoKoabHble ONOKU OAHHBIX MHO2OMOOANbHbIX
coobwenuti Ha mparncnopmuom yposue mooenu OS|, yyumeieas ux npuopumem. Paccmompena e2o peanusayus 8
umumayuonHol cpede AnyLOQIC, nonyuenvl pesyibmamol UMUMAYUOHHO20 MOOEIUPOBAHUSl C NPUMEHEHUEeM paspa-
bomannoco memooa u be3 neeo.
KaroueBble ciaoBa: MYJIbTUIIOTOKOBAsA ITiepeaada AaHHbIX, MHOTOMOJAJIBHOC COO6H.[GHI/I€, MOJaJIbHOCTD,
HUMHUTAUOHHOC MOACIMPOBAHUC
Abstract
The paper presents a method that allows to allocate protocol data units of multimodal messages at the
transport layer of the OSI model, considering their priority. Its implementation in the AnyLogic simulation environ-
ment is developed, the results of simulation modeling are obtained with the developed method and without it.
Keywords: multipath data transmission, multimodal message, modality, simulation modelling

Introduction

With the widespread use of personal means of communication, such as tablets,
smartphones, questions of their individualization arise. This means that the user device must adapt
to the characteristics and needs of the user in order to provide maximum comfort. In such a scenar-
i0, the use of traditional user interfaces becomes inappropriate, they are replaced by multimodal
interfaces - interfaces that provide a choice of modalities for transmitting various types of infor-
mation and their sharing [1].

Modality should be understood as a physically recorded element of communication (hu-
man-machine and / or interpersonal), including both the information itself transmitted (message)
and information about the individual himself (his state; attitude to the message, to the interlocutor,
to communication, etc.) [2]

On the other hand, modern personal communication media of users are equipped with mul-
tiple communication interfaces and use wireless communication for data transmission. Although
wireless network throughput is predicted to increase significantly in the coming years [3], the
amount of transmitted traffic will also increase. This is due, on the one hand, to the growth of the
Internet of Things (1oT) technology, on the other hand, the role of telecommunications in profes-
sional activities, training and public relations is significantly increasing. Thus, in the structure of
information flows, the share of services that consume significant amounts of the data transmission
resource increases [4]. Thus, the trend of data transmission over wireless communication channels
is also relevant for multimodal information systems.

In addition, one should take into account the fact that the wireless user device does not
have a permanent connection to any access point (base station) that would guarantee the required
level of quality, since it has a large spatial dynamics. In this case, the user can move to areas with
a critically weak network signal or no network signal at all, or to areas with a large number of us-
ers sharing the channel capacity.
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Investigation of the problem and its current state

The analysis of the subject area showed that the issues of multimodal information transmis-
sion in communication networks have not yet been worked out: there are no recommendations and
a unified approach to the transmission of various modalities. Moreover, the issue of using a multi-
stream scheme for transmitting multimodal information has never been considered.

One of the solutions to these problems can be the development of models, as well as meth-
ods and algorithms for transmitting multimodal information by using a multistream data transmis-
sion scheme. In this case, protocol data units (PDUs) of modalities of the same transport stream of
a multimodal message are distributed among several transport substreams, each of which has its
own route.

Due to one of the main principles of the architecture of the worldwide network - the “End-
To-End” principle [5], it is not desirable to interfere with the work of the flow within the network,
this should be done at the ends of the connection. Therefore, the distribution of PDU between
communication channels must be carried out on the terminal sides of the interaction.

In addition, we believe that modalities within a multimodal message have different priori-
ties. The ranking of modalities by priority is relevant for various systems of multimodal interac-
tion, for example, for systems of infocommunication interaction of officials of the public admin-
istration system with the determination of their psychophysical state [6], or for multimodal authen-
tication systems [7].

To solve this problem, a method was developed for priority multistream transmission of
multimodal information, which makes it possible to increase the efficiency of data transmission. In
this case, efficiency is understood as a reduction in PDU losses of a multimodal message.

Proposals and prospects for solving the problem

In the study, we assume that the system of multi-stream information transfer has a client-
server architecture (consists of a source and a receiver). On the source side, PDUs of multimodal
messages are generated, and on the receiver side, service PDUs are generated, which allow to
determine the data transfer statistics.

of multi-modal Ndata are: a L = {L,,L,, ..., L, J.multi -modal message consisting of a PDU
K of modalities of different priority levels with the X = {X,,X,, ..., Xz }volume

The output parameters are the modalities PDUs distributed to the available transmission
substreams.

The initial phase of the method of priority multistream transmission of multimodal in-
formation

At the initial moment of time, the data transmission system does not have information
about the throughputs and transmission delays of available communication channels if the
communication interface was not used before the start of the multimodal subsystem. One solution
is to check the availability of the node using the ping command ( ICMP protocol ) in order to get
the first value of the round trip ( Round - Trip Time , RTT ), however, in this case, the multistream
protocol loses the ability to send data on new substreams. Another solution might be to use the
Round algorithm Robin and automatically switch to the substream that shows the lowest RTT or
the highest throughput. However, in the case of a large heterogeneity in the characteristics of
substreams, the problem of blocking the head of the queue ( Head - of - line blocking ). The most
obvious solution is redundant modality messaging. This is due to the lack of data on the indicators
of the quality of service of communication channels. The transmission of the same data on all
available communication channels increases the probability of data delivery, but does not
guarantee optimal use of the channel resource. The recalculation of network service quality
indicators occurs after receiving service PDUs on each of the communication channels.

After receiving the first service PDU, according to the priority multistream data transfer
method, it is necessary to calculate the available bandwidth of the available communication chan-
nels as follows:
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Cz‘[tl _ tl}] — Al ) +4; ~t';‘_‘i|:1|::i}*\1 oLty tn:':" (1)

where t;is the time of departure of the first group of PDUs along the subflow i, t,is the
time of receipt of the first group of PDUs, X;(t; — t;)is the amount of PDUs of a multimodal mes-
sage sent in the stream iover time t, — t,, 4;(t; — t,)is the amount of PDUs of third-party appli-
cations sent in the stream iover time ty — t,, w;(t; — t;)is the number of losses in the stream
iover time t; — t,.

Thus, the method of priority multistream transmission of multimodal information makes it
possible to obtain the first portion of statistics. Further, according to the method, it is necessary to
initiate the procedure for distributing PDUs of a multimodal message between the available com-
munication channels without retransmitting the same packets to flows, but in accordance with the
policy of distributing PDUs of a multimodal message to subflows.

Distribution of PDUs of a multimodal message into substreams

After the initial phase and the definition of the primary set of communication channels for
sending data and their characteristics, the method of priority multistreaming of data determines the
logic for distributing PDU modalities to the available communication interfaces. Each multimodal
message has a lifetime ttlafter which it will not be transmitted. This is due to the fact that these
modalities are sensitive to delay and ttlwill be irrelevant after the deadline in multimodal commu-
nication. To ensure the transmission of high-priority modalities, the developed method ranks
PDUs of modalities of different priority within a multimodal message: X = {X;},j = 1, K. In this
case, we assume that multimodal messages certainly have a higher priority than data from other
applications.

The amount of data that can supposedly be transferred (resources) within the lifetime of a
multimodal message for each of the substreams is calculated:

Y, = ttl = C,(7) 2
and the total amount of data that can be transmitted across all substreams within £ti:
Y= E§=1 Y, (3

The obtained values of the volumes of resources are ranked from the largest to the small-
estY ={¥V}i=11L

Next, within the framework of the method of priority multi-streaming of multi-modal mes-
sages, it is checked whether PDUs of a multi-modal message Xcan be transmitted within its life-
time on any sub-stream. If the condition is achievable, then the multimodal message is completely
distributed to one of the substreams. Otherwise, the PBDs of each modality are distributed sepa-
rately X;,j = 1,K. In this case, if modality PDUs have already been allocated to one of the sub-
streams, the free amount of resources in this substream is checked to allocate PDUs of the current
modality.

If the PDUs of any modality cannot be allocated to any substream (the resources are all
busy), then the PDUs of the modality are allocated to the next substream. If modality PDUs cannot
be allocated to any substream, then they are distributed in parts, starting with high priority, to all
substreams until all modality PDUs have been allocated or all available resources are occupied.

This approach can be illustrated by the following example (Fig. 1): a multimodal message
consists of PDUs of three modalities of different priority X = {X,,X,, X3}, the user device has two
communication interfaces L = {L,,L,}. Assume that a multimodal message X cannot be transmit-
ted in its entirety on one of the substreams. Then, according to the developed method, it must be
fragmented into modalities {X;, X5, X5}, which will be distributed among substreams depending on
the amount of data that can be transmitted by them.
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Figure 1. The result of the distribution of PDU modalities according to the method of priority multi-
stream transmission of multimodal messages

Within the framework of the proposed method, it is assumed that service PDUs are trans-
mitted from the receiver to the sender, based on the information of which it is possible to calculate
the current throughput of all substreams, the number of losses on all substreams, delays and delay
variation.

According to the proposed method, each time the sender receives a service PDU, it

determines the loss factors «w',,i = 1,Land the values of the current available network

throughputs ¢';,i = 1, Lfor each flow L.

The loss factor w,,i = 1, Lis defined as the percentage of multimodal message PDU losses
that were sent but not delivered to the receiver.
Throughput per time tfor each of the substreams is defined as [58]:

c(t) = '~Ei'~f}*'-.1 —m[w}:', i=T1TL (four)

where 5;(t)is the number of bits sent to the stream in time .

The average PDU delivery delay is the time interval required for the delivery of a message
PDU from the source to the recipient, plus the delivery time of the service PDU. In other words ,
t,the t,delivery delay is determined from the (t, — t;)relation Moreover t, = ty, , ( ta-
t, =< ttl), where ttlis the maximum allowable delay. Exceeding the maximum allowable delay
will cause the message PDU to be lost.

At the same time, the issue of calculating the value of the time interval is relevant t, within
which the available bandwidth is calculated. Since the data rate can change significantly over time,
it is clear that the throughput is a time function depending on the previous values. However, it
should not be so large that old values do not have a significant effect on its value, and not so small
that the throughput calculation is not skewed by short-term changes in the transfer rate. Taking
into account all of the above, it can be concluded that the calculation of the average throughput of
the sub-data streams can be calculated as a function of the moving average. However, its result
will greatly depend on the input load, so it is obvious that it should be considered individually for
each transmission system.

Approbation of the method of priority distribution of multimodal information on a data
transmission network in the anylogic environment

To test the method of priority transmission of multimodal information, an algorithm was
formulated for the priority transmission of multimodal messages in the AnyLogic 8.7.12 simula-
tion environment, which implements the logic of the developed method (Fig. 2).

Ne3, Bbinyck 39, 2022 65



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

The beginning of the PBE distnbution stage
of the multimodal message X

Sort PEB=s by prionity
within the message

¥

(Calculating the amount of Y1
data ttl time transmitted
for each sub-stream 1

J.

L]

" of data ¥ transmutted
ower the ttl time fior all

[ Calculation of the amount ]
- sub-streams

Serting Yi sub-streams from a
large value to a smaller one

PBD distnbution of a Yes

multimodal message X

to the Yi sub-stream i=1 ;
]

No

Yes

Yesl_\' —l

Dhstribution of PEB

i
L4
o

prionty by
subr - streams

The end

Figure 2. Block diagram of the algorithm for priority multi-streaming transmission of multimodal in-

-+ - . -
\; wolume Y | starting with

No

Distribution of PED Xj of a
multmodal message to a sub-
stream Vi with a decreasze in the
resource of thus sub-stream
TI=Ti-K]

formation for the AnyLogic simulation environment

The Source generates a PDU of a multimodal message of a different priority class accord-
ing to the Poisson distribution law. Let's assume that the modalities are synchronized in time.

Algorithm execution starts from the Exit block . The logic of work is implemented through
the Action Diagram. Defragmentation of a message into parts is implemented using the Split block

. Timeout messages are implemented using the Enter 4 block.

As a result of the implementation of the algorithm in the simulation environment, addition-
al restrictions are introduced. Since the value of the number of resources is given in the simulation,
it is assumed that the value of the network bandwidth is known. In addition, it is obvious that dur-
ing simulation there are no service PDUs, and all statistics on the operation of the algorithm are
collected inside the model. Then it is obvious that when considering the reception-transmission

delays, their end-to-end characteristics are taken.
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The structure of the simulation model in the AnyLogic 8 University 8.7.12 environment
with the implementation of the developed algorithm is shown in Figure 3.

enterd
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¢
o 5 T ' .
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split antard seize delay2 release
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Figure 3. Simulation model of multi-stream transmission of multi-modal information with the imple-
mentation of the algorithm for the priority distribution of multi-modal information on the data network in the
AnyLogic environment

To analyze the operation of the algorithm, a number of experiments were carried out with
the following initial data. Let us assume that a stream of modalities is received at the input: a data
stream with an optical resolution of 1280x720 pixels at 30 frames per second and a bit rate of 1536
Kbps [8], an audio stream in mono mode is 128 Kbps. Let's also assume that the upstream band-
width of one of the available networks is 2048 Kbps, the other network is 3072 Kbps. For ease of
modeling, assume that the packet size for all priority levels is the same. Then the formalized rec-
ord of the initial data using the ECR equal to 128 Kbps will look like:n=2, u1=12ECR,u2=1
ECR. The total channel resource in this case is 40 ECR. The packet service time is inversely pro-
portional to the amount of free network resources.

Each experiment lasted 1000 seconds with the random number generator initialized with a
random seed to set the number of generated input messages. The results of the experiments are
given in table. 1 (average values).

When modeling without using the method of priority multi-stream data transfer, modality
PDUs are distributed first to the first sub-stream, if there are resources in it, then to the second sub-
stream.

Table 1 - Message passing simulation results

g Z S
s, 5 5 3 =3 2 8
= s 3 a g 3 3 T .2 25 8
- e & S 8 z @ E E [ E +=
2 E 28 g g5 g 3
5 - g © = © E
z [ [
Without applying the algorithm

Substream 1 2220 0,36 0,08 0,02

Substream 2 2960 592 0,51 0.03 0,01 0,05
Using the algorithm

Substream 1 2400 0,181 0,01 0,01

Substream 2 3000 540 0,266 0,02 0 0,02

Based on the simulation results, the following conclusions can be drawn. It is obvious that
the application of the developed method increases the efficiency of multimodal information trans-
mission in the scenario of multistream data transmission. The number of lost messages in sub-
streams decreased by 2 times. The number of messages sent by timeout has decreased by 3 times.
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There has been a significant decrease in delay values and delay variation in both communication
channels, which increases the likelihood of using interactive services.

Thanks
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transmission in robotic systems” (No. 19-37-90129).
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Annomauyusn

Coenacro dannvim BO3, nabmodaemcs chudcennoe nompebiienue Qpykmos u osoujell cpedu Hacenerus. B
OaHHBIN MOMEHM, NOO0OHbIU depuyum nompebrenus Habmooaemces u 8 Poccuu. Chudicennoe konuuecmeo 8 payuone
NnOOOGHBIX NPOOYKMOE NPUSOOUM K POCMY HEUHDEKYUOHHLIX 3a00N€6aAHUI, YEeAULEHUIO OKCUOAMUBHO20 CIMpeccd 6
opeaHusme 4enoeeka, 4mo 6 c60 oqepedb npueodum U K CHUJICEHUIO AHMUOKCUOAHINHO20 cmamyca. Pewumo nooo 6-
HYI0 NPOGIeMy MOJNCHO 000asleHueM 8 PAYUOH Hel08eKd PA3IUYHBIX (DYHKYUOHALLHBIX NPOOYKMOS C PA3IUYHbIMU
AHMUOKCUOAHMHBIMU KOMIOHEHMAMU C NOBbIUEHHOU AHMUOKCUOAHMHOU aKkmueHocmyio. T10000HOU akmueHocmoio
obaadarom nonugenonvi. Paccmampusanucey 10 epynn @pragonoudos, a makice oCmanpHvle Kpynuvle epynnvl noau-
¢enonos. B npodykmax numanus 8 OCHOBHOM UCNOAb3YIOMCA HEKOmopble rasoHoudsl u anmoyuanuduusl. Ocmans-
Hble cPpYNnnbl, HECMOmMp:s HA UX NOJIe3Hble mepanesmudecKue csoﬁcmea, He UCNONb3YIOmCcs 6 numeeoﬁ NpOMbIULTIEHH O~
cmu.

Coenacno dannwim pecypca PubMed nabniooaemes snawumenvuvlii pocm nyOIuKamugHol aKmugHOCmMU noO
memam QYHKYUOHATbHO20 NUMAanus u noaughenonos 3a nociednue 20 nem xkax 3a pybesicom, max u ¢ Poccuu.

DYHKYUOHAbHBIE NPOOYKMbL C NOJUPEHONAMU 8 OOIbeM KOIUYeCmee NpedCmAGieHbl HA 3apYOedCHbLX
polHKax, Hedxcenu Ha poccutickux. Taxue npodykmoel 3a pyoexcom npeoCcmasieHbl 68 CAMbIX PA3IUYHbIX Ce2MEHMAX
PUIHKA — 6 X7Ie000YI0YHbIX U30ENUAX, MOTOUHBIX NPOOYKMAX, 0E3ANKO20NbHbIX HANUMKAX, CYXUX NPOOYKMAx u cynep-
¢yoax. Ha poccuiickom puvlHke npooyKkmul ¢ NOIUGEHONaMU NPeOCmAseHbl 8 HeOOIbUOM KOIULeCmEe 6 MOJIOYUHBIX
nPOOYKMax, 06e3anK020bHbIX HANUMKAX U CYynep@hyoax, 3auacmyio 3apyOedcHulMu KOMRaHusimu. B coepemenmbix
ycaoeusax makoe pacnpe()eﬂeﬂue nooHumaem npo6ﬂeMy umnopmoszameujenus u HeobX00UMOCMU UCNOIb306AHUS
HAYUHbIX NUWEBbIX OOCMUNICEHUL 8 001ACNU MOJOYHOU NPOOYKYUU U DE3aNKO2ONbHbIX HANUMKOS, ONepexNcds 3apy-
bedicHvle ananocu.

KaioueBble ci1oBa: HOJ'II/I(l)eHOJ'IBI, AHTUOKCHIAaHTHI, Q)yHKHHOHaJILHHe MIPOAYKTHI, 060FaLI.IeHHLIC IIPOAYKTHI,
MOJIOYHBIC ITPOAYKTHI, XJ'I6606YJ'IO‘IHBI€ U3ACINA, HAIIUTKH.

Abstract

According to WHO data, there is a reduced consumption of fruits and vegetables among the population. At
the moment, a similar consumption deficit is observed in Russia. A reduced amount of such products in the diet leads
to an increase in non-communicable diseases, an increase in oxidative stress in the human body, which in turn leads
to a decrease in the antioxidant status. This problem can be solved by adding various functional foods with various
antioxidant components with increased antioxidant activity to the human diet. Polyphenols have similar activity. 10
groups of flavonoids were considered, as well as other large groups of polyphenols. Some flavonoids and anthocya-
nidins are mainly used in foods. The remaining groups, despite their useful therapeutic properties, are not used in the
food industry.

According to the PubMed resource, there has been a significant increase in publication activity on the topics
of functional nutrition and polyphenols over the past 20 years, both abroad and in Russia.

Functional products with polyphenols are presented in greater quantities on foreign markets than on Russian
ones. Such products are represented abroad in a variety of market segments - in bakery products, dairy products, soft
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drinks, dry foods and superfoods. On the Russian market, products with polyphenols are presented in small quantities
in dairy products, soft drinks and superfoods, often by foreign companies. In modern conditions, such a distribution
raises the problem of import substitution and the need to use scientific food achievements in the field of dairy products
and soft drinks, ahead of foreign analogues.

Keywords: polyphenols, antioxidants, functional foods, enriched foods, dairy products, baked goods, bever-
ages

Introduction

According to the World Health Organization, there is a reduced consumption of fruits and
vegetables among the population. Russian researchers have shown that a deficit in the consump-
tion of fruits and vegetables is observed in Russia at the present time [1-3] . Reduced consumption
of various plant products is accompanied by an increase in various non-communicable diseases, an
increase in oxidative stress in the human body, which also leads to a decrease in antioxidant status

[4].

The solution to this problem can be functional nutrition, which includes various compo-
nents. To improve the antioxidant status, various dietary supplements with increased antioxidant
activity can be used [5] . Substances known as polyphenols possess such strong activity. They are
also known as secondary metabolites of plants, whose molecules contain a large number of hy-
droxyl groups, which cause antioxidant and other effects [6] . The use of such additives will make
it possible to enrich the final food products with antioxidant components, correcting the deficit in
the consumption of fruits and vegetables by the population, which is an important task for the food
industry as a whole.

In the concept of the roadmap of the national project " FoodNet 2.0" it is also proposed to
expand certain areas of the market - alternative sources of raw materials and food, personalized
and special nutrition, which considers product segments and the invention of new food composites
for specialized and functional nutrition [7] . The expansion of these segments and directions of the
market fits well into the concept of obtaining a functional product with increased antioxidant activ-
ity, achieved through the use of polyphenolic components.

The purpose of this study is to review the types of polyphenols used in food production
with an increased antioxidant effect, to consider Russian and foreign food products that currently
use polyphenols.

Substances with an antioxidant effect: meaning and classification

The balance between oxidation and reduction is an important element in maintaining a
healthy state of any organism. During the life of living organisms, particles are formed that cause a
violation of this balance. Such particles are such radicals as hydroxyl, superoxide, nitric oxide and
peroxide. Peroxynitrite, hypochlorous acid, hydrogen peroxide, singlet oxygen and ozone, in turn,
are not free radicals, but can lead to the formation of free radicals in living organisms [8] . Such
compounds are called reactive oxygen species (ROS) - they are produced during the life of cells,
in particular, in mitochondria, during the process of oxygen reduction, hydrogen peroxide can be
formed from superoxide [9] . One of the main ways to neutralize ROS in the body is provided by
enzymes - catalase and superoxide dismutase, but if the enzymatic link of the antioxidant system is
weakened, then in this case we observe the phenomenon of an excess of ROS, or oxidative stress
[10].

With the accumulation of ROS, a state is possible when they themselves begin to influence
mitochondria and further increase the amount of ROS received [11] . In addition, they can disrupt
the usual mechanisms of cell signaling, oxidize proteins and fats, cause cell apoptosis [12] and
cause cognitive dysfunction [13] , as well as accelerate the aging of the body, reducing its perfor-
mance [11] . Protection of cells from such influences is carried out with the help of various sub-
stances - antioxidants - both the aforementioned enzymes and low molecular weight substances
(vitamin C, uric acid) or high molecular weight compounds such as phenols and polyphenols act in
this role [6] .
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Antioxidants are substances that inhibit the oxidation reaction. They are usually divided in-
to water-soluble (glutathione, lipoic acid and uric acid) and fat-soluble (carotene and ubiquinol).
Water-soluble antioxidants react with oxidants in the cell cytosol and blood plasma, and fat-
soluble antioxidants protect cell membranes from peroxidation [14] . According to their function
or mechanism of action, antioxidants can be classified into:

1. free radical-reactive (or "terminators™), which inhibit the formation of free radicals
in the initiation phase, and "chain-breakers", which interrupt the reaction at the stage of chain
development;

2. metal chelators, which convert metal ions into stable forms that cannot be an
electron acceptor;

3. singlet oxygen reactive antioxidants that reduce oxygen to its base state;

4. synergists (or "regenerators”), which increase the activity or restore other
antioxidants in the mixture;

5. reducing agents that donate an electron to other oxidizable compounds;

6. inhibitors of oxidative enzymes [15] .

Types of polyphenols and their action

Polyphenols are secondary metabolites of plants and are usually involved in defense
against ultraviolet radiation or pathogen aggression [16] . They include a wide range of molecules
that have polyphenolic structures, i.e. multiple hydroxyl groups in aromatic rings, as well as mole-
cules with a single phenolic ring such as phenolic acids and phenolic alcohols. Depending on the
number of phenolic rings they contain and the structural elements that link these rings to each oth-
er, polyphenols are classified into various groups, including phenolic acids, flavonoids, stilbenes,
and lignans. It is believed that flavonoids and phenolic acids are the main components that exhibit
antioxidant activity in medicinal plants [17] .

Flavonoids constitute the most abundant group of plant polyphenols [17] . Their common
structural feature is the diphenylpropane moiety, which consists of two aromatic rings linked via
three carbon atoms, which together usually form an oxygen-containing heterocycle. Depending on
the type of heterocycle involved, flavonoids are divided into six classes: flavones, flavanones, fla-
vonols, isoflavones, anthocyanidins, and flavanols (or catechins) [18] . Flavonols are the most
abundant flavonoids, with quercetin and kaempferol being the most commonly used in foods. Phe-
nolic acids can be divided into two classes: benzoic acid derivatives and cinnamic acid derivatives.
Hydroxybenzoic acids such as gallic acid and protocatechuic acid are found in a few edible plants
(blueberries, blackberries, strawberries, plums, grapes, mangoes, cashews, hazelnuts, walnuts, tea)
[19] . Hydroxycinnamic acids are more common than hydroxybenzoic acids and consist mainly of
p-coumaric, caffeic, ferulic, and synapic acids. Gallic acid, a precursor of many tannins, is one of
the most studied and promising compounds in the group of hydroxybenzoic acids [20] .

Flavonoids are currently the most studied group of polyphenols. They are divided into 10
generally accepted classes based on the degree of oxidation:

1. Catechins

A large number of catechins are known, the most studied being green tea catechins, namely
catechin, epicatechin, epicatechin gallate, epigallocatechin, gallocatechin, catechin gallate, gallo-
catechin gallate and epigallocatechin-3-gallate. The diversity of structures is explained by the abil-
ity of open hydroxyl groups in the composition of molecules to interact with other polyphenols
[21] . They have studied antiradical, antibacterial, anticarcinogenic properties and the effect of
slowing down cell aging [22,23] . However, during storage, catechins tend to darken, and at the
same time, their antioxidant activity decreases [24] , which limits their use in the food industry.
Epigallo-3-catechin gallate is one of the best known and most widely used catechins. It can be said
that it is also the most studied polyphenol in whey protein-polyphenol complexes, as evidenced by
many studies [25,26] . This catechin has a diverse set of functional properties. For example, it may
cause a slight decrease in low-density lipoprotein (cholesterol) [27] , and also has an anti-
inflammatory effect, it can fight cardiovascular, infectious and neurodegenerative diseases [28-31]
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. However, it has a rather low bioavailability due to its instability in the gastrointestinal environ-
ment [32] , which has led to widespread studies of its interaction with various proteins.

2. Anthocyanins and anthocyanidins

Anthocyanins are one of the most studied groups of polyphenols [33-36] . The main source
of anthocyanins are extracts of various berries or their components (the most common extract from
the skin of grapes and an extract from blackcurrant berries). Anthocyanins are widely known in the
food industry and are used as a food additive with the label E 163. In addition to their antioxidant
properties, these compounds are known for their biological properties associated with the elimina-
tion of the consequences of neurodegenerative diseases, diabetes, angiocardiopathy, inflammation
and anticancer activity [37,38 ] . Research is also underway on other therapeutic effects [39] .
Small amounts of anthocyanins entering the intestine are reported - various researchers have from
40 to 85% of the encapsulated material, depending on the conditions and methods of encapsulation
[40,41].

3. Leukoanthocyanins

Leukoanthocyanins are derivatives of anthocyanidins. In free form, they exist in large
quantities in wines, but they are quite easily oxidized, for example, when heated, as a result of
which the amount of anthocyanidins increases. They are responsible for the astringency of the
wine, but if they are excessive in taste, excess bitterness appears, and when they polymerize,
they precipitate, which causes darkening of the wine.

This group of flavonoids has shown to be potentially effective in the study of their effect in
non-alcoholic fatty liver disease (excessive deposition of fatty particles in hepatocytes) [42] .

4. Flavanones

They are colorless ketones, often found in plants in the form of glycosides. In total there
are 15 compounds of this type [43] . The most common are eriodictyol and hesperetin in plant tis-
sues, naringin in grapefruit peel, and hesperidin in orange and tangerine peel. Hesperetin is a de-
rivative of eriodictyol, and hesperidin is in turn a glycoside of hesperetin [44] . It is these polyphe-
nols that give bitterness to the taste of the considered citrus fruits. These compounds belong to the
vitamin P group [45] .

Eriodictyol is found in small amounts in almonds and pistachios [46] , but is also widely
distributed in small amounts in a wide variety of plants, such as sorghum [47] .

5. Flavanonols

This is a subclass of flavanoids that contain two or more oxygen atoms, such as 3-
hydroxyflavanol or 2,3-dihydroxyflavonol. The most well-known examples of substances in this
subclass are dihydroquercetin (taxifolin), dihydrocampferol (aromaderin) and engeletin (dihydro-
campferol-3-rhamnoside). Flavanonol glycosides are present in large quantities in plants [48] .

Dihydroquercetin is found in large quantities in the butt of the Siberian and Daurian larches
[49] . It is included in the State Register of Medicinal Products as a pharmaceutical substance.
Possessing a fairly large number of positive effects [50-52] , it is less toxic than its predecessor
quercetin [52] . In the dairy industry, it is used as an antioxidant to increase the shelf life of canned
milk and products [53] and may enhance the growth of lactic acid bacteria [54] .

Enegeletin is found in the skin of grapes, is found in wine, and is also found in small
amounts in Hymenaea martiana [55] . According to the international patent classification, it refers
to traditional herbal medicines according to codes A61K 36/00 and A61P 43/00.

6. Flavones and Isoflavones

Flavones and isoflavones are a fairly extensive subclass of polyphenols (the most common
are chrysin, apigenin, acacetin, luteolin, diosmetin, chrysoeriol, diuretin and tricine). Of the fla-
vones in human nutrition, rutin (3-rhamnoglucoside quercetin), which has the activity of vitamin
P, is of the greatest interest. It should be noted that this group of substances of their flavonoids is
limited in use, since reactions of reversible cleavage of the pyran ring during alkalization under
mild conditions with further formation of chalcones are possible. It is this reaction mechanism that
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also proceeds with amine-containing compounds, including proteins, leading to the destruction of
the original flavone molecule (Figure 1).

Figure 1. The reaction of flavones with amine-containing compounds

Isoflavones differ in the position of the side phenyl ring, which is in the C-2 position rather
than the C-3 position. Compounds of this type can be found in the root of licorice or harrow [56] .
Their high content in soybeans is noted with the definition of these substances as phytoestrogens
with high biological activity and the ability to inhibit some isoforms of P450 cytochromes, which
can affect the metabolism of pharmacological drugs and change the detoxification function.

7. Flavonols

A rather extensive subclass of flavonoids, a characteristic feature is the presence of OH -
groups in various positions, which just explains the large number of representatives of the sub-
class. Kaempferol and quercetin are the best known substances of this series.

Kaempferol is a 3,4',5,7-terahydroxyflavone found in a wide variety of vegetables and
fruits: apples, grapes, tomatoes, green tea, green beans, peaches, blackberries, and raspberries [57,
58] . It is used in the manufacture of soft drinks [59] and in sports nutrition [60] .

Quercetin is one of the most studied polyphenols. Contained in a large number of plants,
fruits and vegetables - lovage, buckwheat, onions, apples, peppers, garlic, red grapes [61] . It has a
fairly large number of positive effects - it activates mitochondrial biogenesis, which leads to an
increase in the number of mitochondria in brain cells that have undergone traumatic brain injury
[62] . It has an anti-inflammatory effect [63] .

8. Chalkons

A subclass of compounds with an open pyran ring, which is why they are quite reactive
compounds, which means they can enter into dimerization, glycosylation and reduction reactions.
They show antibacterial, antifungal and antitumor properties [64] , and some members of the class
have also shown the ability to block potassium channels [65] . Contained in the bark of the apple
tree, grapes [66] and hops [67] .

Q. Dihydrochalcones

Dihydrochalcones are derivatives of chalcones, differ from chalcones in the presence of a
saturated propane fragment. Depending on the nature of the substituents in the rings, they have a
different severity of sweet taste; in the food industry they are used as sweeteners [68] , for exam-
ple, the food additive E959 - neohesperidin hydrochalcone. It is mainly found in various parts of
the apple tree, such as roots, leaves, shoots and seeds [69] .

10. aurons

Aurones are presented as cis- and trans-isomers. The main difference from other flavonoids
is the content of the benzofuran fragment associated with benzylidiene. These compounds can be
found in various plants, such as snapdragon and cosmea [70] , brown algae [71] . By analogy with
other flavonoids, it is assumed that there are similar biological effects [72] , but only the antifungal
properties of these compounds have been proven [73] .
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Thus, from the classes and subclasses of polyphenols and individual compounds discussed
above, one can single out the potential possibility of their use as a functional ingredient in prod-
ucts. So, stilbenes in the face of resveratrol and pterostilbene show themselves as independent sub-
stances; all flavonoids have problems with bioavailability, and, basically, the protein acts as a
transport molecule. Catechins have been extensively studied, and the best known representative is
epigallocatechin-3-gallate ( EGCG ). This compound is the most studied within the food industry
and various pharmaceutical effects. Anthocyanidins are also quite widely studied, but if in the case
of catechins the clear leader of the subclass is EGCG , then in the case of anthocyanidins there is
no such substance. The raw materials in this case are the most homogeneous - red fruits and ber-
ries, mainly red grapes. In the case of working with flavanones and flavanonols, there is a possibil-
ity that, in addition to problems in extraction (some substances are found in oak bark, for exam-
ple), there will be problems with the organoleptic part (they have a pronounced bitter taste), which
does not occur in the case of anthocyanins (the most common berry sweet and sour taste). Querce-
tin and kaempferol are found in a wide variety of fruits and plants. Also, these substances are indi-
vidual, unlike anthocyanin extracts with a diverse profile of substances. Chalcones, dihydrochal-
cones and aurones are rather poorly studied.

Analysis of food fortification and functional food market.

People consume a large number of functional foods - various bakery products, dairy prod-
ucts, meat and fish semi-finished products, alcoholic and non-alcoholic drinks, snacks and confec-
tionery. A special category is to highlight baby food, where enrichment with various useful addi-
tives has long been practiced. In most of these categories, there is a growing demand for functional
and herbal products. Also, according to the PubMed resource , the publication activity on the topic

under discussion has been growing over the past 20 years:
Table 1 - the number of scientific publications for the keywords ** Functional Foods ** and ** Functional
food POLYPHENOLS ™ according to PubMed .

Request/yea Functional  food » Functional _ food POLYPHENOLS
r - »
2000 205 2
2001 236 2
2002 248 3
2003 262 5
2004 287 7
2005 356 7
2006 369 fourteen
2007 435 four
2008 477 eleven
2009 536 2
2010 655 27
2011 776 3
2012 932 39
2013 1065 61
2014 1266 7
2015 1376 eight
2016 1506 81
2017 1729 108
2018 2042 147
2019 2253 134
2020 2538 157
2021 2631 141
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The data shown are also consistent with the position of Russian researchers in this field,
who recently presented the FoodNet 2.0 concept as part of the national technology initiative. The
concept of " FoodNet " is the systematic development of various segments of the food industry
market, as well as the formation of a globally competitive Russian "food industry 4.0" - new pro-
duction, logistics and marketing solutions based on digitalization, network market models and cus-
tomization of products and services, biotechnology, resource efficiency . Within the framework of
this model, functional foods act as participants in two segments of the food industry market at
once - as an alternative source of food or personalized and special nutrition. It is predicted that the
capitalization of these segments will double by 2035 [7] . However, when using various new tech-
nologies, one should not forget about the issue of security [74] .

The positions of the most famous companies in the market of functional and fortified food
products are considered below. The leaders of Russian and foreign ratings in terms of revenue in
the specified industry were taken as a basis.

1. Bakery products

The Karavay company (St. Petersburg) has in its assortment milk bread with apple, en-
riched with zinc, iron and iodine, vitamins B1, B2, B6, C, PP and prebiotic inulin. Also bread
"Farmer" hearth with the addition of vitamins E, H and group B, calcium, manganese, iron, chro-
mium, and bread "Starorussky" enriched with vitamins and microelements. Bakery and confec-
tionery holding "Kolomenskoye" has 3 types of bread with various additions of large quantities of
pumpkin, flax and sunflower seeds, which provides products with more vitamins and minerals
than in ordinary bread. JSC "LIMAK" offers a choice of "lodized" loaf, enriched with iodized pro-
tein. Also, like BKH "Kolomenskoye", they use flour of various origins in their production to en-
rich their products with various vitamins and macro- and microelements. JSC "First Bakery" has a
whole line of bread for a healthy diet - there are breads with a low glycemic index, enriched with
various additives of pumpkin and flax flour, as well as bread "Grain with calcium”, containing a
vitamin and mineral complex with vitamins B1, B2, B6, folic acid, as well as calcium and iron.
But the most interesting representative for this study is Champion-Leader bread with a high con-
tent of phospholipids and vitamin E (tocopherol). In general, the specified line of breads is shown
as products for a healthy diet. The group of companies "Darnitsa" (brand "Aladushkin™) also has in
its assortment a line of so-called "healthy breads™ enriched with various vitamins and minerals.
Other companies do not produce such useful products (KBK Cheryomushki, SMAK, Volzhsky
Pekar and Khlebzavod No. 28). The products of local producers represented by Stavropol Dairy
Plant JSC were also considered. MKS produces Fermersky bread, which contains Jerusalem arti-
choke flour, which contains various vitamins (A, groups B and C), macro- and microelements.

The company " Nestlé " produces under the brand " Oats & More " a series of various oat-
meal for breakfast, containing both additives in the form of raisins or almonds, and enriched with a
vitamin-mineral complex (7 vitamins, riboflavin and iron are declared). Large company Mondelez
International produces a large number of fortified bakery and confectionery products under various
brands. So, under the Belvita brand , various cookies are produced, enriched with vitamins B2, B6,
as well as thiamine, niacin, riboflavin and iron. Brand " Enjoy " life Food " also produces various
cookies, but they are not enriched, but on the contrary, they are free of various allergens and glu-
ten. " Lu " produce crackers, toasts and crackers, in their assortment they have crackers enriched
with iron, magnesium, folic acid and vitamins B1, B2, B6 and E. Bars " Perfect Snacks with added
superfoods, and high in calcium, potassium, niacin, magnesium, iron, and vitamin E. Associated
british food Plc owns the Burgen brand , which produces a variety of prebiotic-infused breads.
Another brand of theirs, Kingsmill , sells breads with vitamin supplements (vitamin D , iron and
calcium) and increased fiber content.

Considering Russian and foreign bakery and confectionery products, it should be noted that
despite the presence on our market of individual products in the range of the above brands, in the
foreign market such niches are immediately entered by large brands and companies whose goal is
to produce enriched and functional products. The main additives are B vitamins and minerals in
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the form of micro and macro elements. Polyphenols were absent in Russian bakery products;
abroad, it is practiced to add small amounts of various berries (for example, raisins in Oats &
More cereal ), which increases the amount of polyphenols in the final product.

2. Dairy products and drinks.

One of the largest groups of functional foods. Brands " Danone " - "Actual™ (whey with the
addition of fruit juice and a vitamin complex with vitamin D ), a series of baby food "Rastishka"
(also with the addition of vitamin D ), a series of vegetable-based soft drinks " ALPRO " with the
addition of vitamins D and B 12, Actimel fermented milk products ( D 3, B 6 and probiotics). Fon-
terra is practically not represented in Russia , one of its brands is Anchor , which produces various
yogurts enriched with vitamins A and D , calcium, and various prebiotics. PepsiCo brands (repre-
sented in Russia by Wimm-Bill-Dann) - products of the Mazhitel line (a cocktail of milk, whey
and fruit juice), the Immunele line in the form of a fermented milk product with the addition of
vitamins D 3 and B6. Enriched with calcium and a complex of 6 vitamins (C, B1, B6, B9, B12,
PP) Toptyzhka milk from the Milkom company. "Komos-Group"” company - the entire line of
products " Fitness time " consists of superfoods (non-alcoholic drink based on whey, fruit juice
and matcha tea), protein yogurts (yogurts with the addition of milk protein), fortified milk (vita-
min-mineral premix: calcium phosphate, magnesium citrate, zinc sulfate, D 3 and B12) and "al-
bumin curd” (curd mass with the addition of hydrolyzed collagen, whey and albumin). Company «
Foodland » - fermented milk product «Elanochkay» enriched with vitamins A, C, B1 and B2. The
local manufacturer of dairy products, Stavropolsky Dairy Plant, also has products with various ad-
ditives in its assortment. Pasteurized milk with prebiotic lactulose, thermostatic “Snezhok” with
probiotic L. Rhamnosus LGG, “Pure” Bioyogurt with five microorganisms ( Str. thermophilus, L.
bulgaricus, Bifidobacterium sp, L. plantarum, L. acidophilus, L. casei, L. rhamnosus LGG ), bio-
yogurt with the addition of L.casei , milkshake enriched with protein, vitamin D3 and calcium
"Active Milk", sour-milk bio-ice cream with probiotic (acidophilus bacillus) and prebiotic (lactu-
lose).

In the range of soft drinks, fruit juices are the predominant type of product. A significant
market share is occupied by the PepsiCo company with the brands J 7, Lyubimy, Fruktovy Sad,
Ya. Together with them, brands of other companies are presented on the shelves, such as Dobry,
Sady Pridonya, etc. A distinctive feature of such drinks is the absence of the need to add other
functional additives there - fruits and vegetables from which these juices or enriched with various
micro and macro elements, vitamins. However, the Nestle company abroad produces a line of nu-
tritional drinks using milk proteins, soy and stevia - " Boost ". This fortification is more appropri-
ate for sports nutrition drinks, which are not the focus of this review. Note that all drinks of this
brand are enriched with a large number of vitamins and microelements - vitamins D, A, C, E, K,
B6, B12 calcium, iron, potassium, thiamine, riboflavin, niacin, folic acid, biotin, pantothenic acid,
phosphorus, iodine, magnesium, zinc, selenium, copper, manganese, chromium, molybdenum,
chloride and choline. In Russia, stevia is mainly used as an independent sugar substitute and in
various confectionery products.

In this segment, it is not possible to divide companies and brands into Russian and foreign
ones, due to their close coexistence. The main functional additive in dairy products is vitamin D
and B vitamins . Sometimes vitamins of groups A and C are added, as well as various micro and
macro elements or their complexes. Within the production of various yoghurts, there is a tendency
to introduce various pre- and probiotics. Polyphenols are present in small quantities both in Rus-
sian holdings (Komos Group with a line of superfoods based on whey) and abroad (Mazhitel from
PepsiCo ).

3. Dry Foods/Superfoods

Abroad, dry products in the form of dietary supplements are widely represented, packaged
in the form of bags with a zip - lock fastener for reusable use from 100 to 500 grams. So, for ex-
ample, in the top 100 most popular products ordered through the amazon platform . com got the
following superfoods:
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1) Organic Acai Berry Powder, positioning itself as freeze-dried acai (vegetable euterpe),
with a high content of vitamins A and C, iron and calcium. It is used as a base for making various
juices, smoothies, yoghurts [75] .

2) Laird Superfood Instafuel Matcha, this superfood claims two main components -
powdered green tea and original non-dairy creamer powder (includes coconut milk powder,
coconut sugar and coconut oil). It contains a large amount of vitamins A, C, as well as calcium
[76] .

3) Sweetwell Keto Sugar-Free Meringue Cookies is not a superfood, but it captures the
general trend quite accurately. These meringue cookies come in a variety of flavors and are low in
carbs to support a keto diet. The manufacturer focuses on the use of stevia as a sweetener. The
enrichment of various elements depends on each specific taste. So, cookies with chocolate flavor,
due to the large amount of cocoa, have a large amount of magnesium and potassium [77] .

4) Country Farms Super Reds Energizing Polyphenol Superfood is a polyphenol superfood
dry blend containing 48 different berries and fruits rich in antioxidants, phytonutrients and fiber
[78] .

The rest of the products on this list are dietary supplements or specific compounds.

Also the previously mentioned company Mondelez International owns the Tang brand ,
which specializes in low-sugar beverage powders fortified with vitamins C and D. Such a product
can be classified as a superfood. The Associated Company british food Plc " with its brand " An-
thony 's Goods has a fairly large selection of superfoods - and various fruit and vegetable powders,
flour, sugar substitutes and more.

Similar products are beginning to appear on the Russian markets, although they have not
yet gained such great popularity. The brands " Royal " are engaged in the sale and production of
such superfoods. forest " and " SpirulinaFood ". Royal products forest " is mainly made from a co-
coa substitute - carob. It is high in fat and protein, high in fiber, low in carbohydrates, and contains
gallic acid [79] and SpirulinaFood puts more emphasis on spirulina powders and supplements.
However, the products of these companies are not positioned as functional or enriched with any
elements.

The main difference between superfoods and other types of products can be called their in-
dependence - they are made exclusively from plant components, and sometimes they themselves
can act as food additives. All presented positions contain a large amount of vitamins A and C and
various micro and macro elements.

Polyphenols in foreign superfoods and dry products are presented much better than in Rus-
sia - abroad they produce and buy a very large amount of dry products with a large amount of pol-
yphenols in the composition, in addition to other enriched items. There is no wide range of manu-
facturers of such products on the Russian market, despite the popularization of this segment.

Conclusion

Polyphenols have been shown in research to be useful components that can be used in dif-
ferent food systems and exhibit different properties. However, market saturation with products
with polyphenols is low. The largest number of such products is produced abroad - in particular,
superfoods, dry foods and the presence of bakery products with polyphenols in the composition
stand out. In Russia, similar products are currently presented in small quantities on the shelves by
foreign companies in the dairy segment. Superfoods are represented by Russian companies, but
also in small quantities. Thus, the issue of the lack of such products in the segment of bakery
products and dry products is raised, as well as the problem of import substitution within the seg-
ment of soft drinks and dairy products. In such a situation, it is worth focusing on the need to use
scientific nutritional achievements in the field of dairy products and soft drinks, ahead of foreign
analogues.

The market for functional products is growing every year, both in Russia and abroad, but
the foreign market has long been saturated with functional products, while Russian markets are
just beginning to follow the trend of "healthy" nutrition. New companies are emerging, customer
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interest is increasing and publishing activity has been growing over the past ten years, new food
concepts are being developed.

The following polyphenols and flavonoid classes were not present in foodstuffs: phenolic
acids, stilbenes, chalcones, aurones, leukonanthocyanidins and most flavonoids - catechins, fla-
vanones, flavanonols, flavanols (quercetin and kaempferol). Despite this, the demand for such
products is growing both among consumers and among manufacturers and researchers, as litera-
ture data show us. This suggests that functional products with the above polyphenols may soon
appear.

The work was carried out within the framework of the program for supporting scientific
projects of the North Caucasus Federal University.
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HYGROSCOPIC PARAMETERS OF SAZAN
CAVIAR AS A SOURCE OF LECITHIN AND A
DRYING OBJECT AND THERMODYNAMIC
ANALYSIS OF THE STATIC REGULARITIES
OF ITS INTERACTION WITH WATER
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Annomauusn

Tosvluenue s3¢pghexmusnocmu 2nyooKoti nepepabomku colpbs MOBAPHO2O PblOOBOOCNEA, 8 MOM YUCLE MALO
680CMpebOBAHHON HA POCCULICKOM PbIHKE UKPbl NPECHOBOOHBIX Pblh cemelicmaea Kapnogulx, B kauecmege oOvexma uc-
C1e008aHUsL UCNONb30BAHA UKPA U3 CA3AHA, KOMOPAsL AGNAEMCsl NEPCHEKMUBHBIM UCTNOYHUKOM OJisL 8bIpAOOMKU NP U-
POOHBIX IMYNIbeAMOPO8 BbICOKO20 KA4eCcmed, K npumepy, ieyumuna. M3zeecmno, ymo camviM pacnpocmpaneHbim
Ccnocobom KoHcepsayuu OUONOIUMEPOS AGISLEMCSL CYUWKA UCXOOHO20 Cbipbs. AHanuz cnoco6os 06e3601cusanus npo-
O0yKmMo8, NOOOOHBIX cazanbell uKkpe, NoKA3al, 4mo Hauboiee payuoHaIbHbIM U3 HUX O dMOU Yeau A61Aemcs KOHBeK-
TNUBHBLIL NPU BO3MONCHOU KOMOUHAYUU C KOHOYKINUBHBIM IHEP2ON00800, YUMo npedonpeodensem KOHMAaxm o00beKkma
U3yueHUs ¢ Napo8o30YUIHOU Cpedoll U 00YCI06IUBAem YelecO0OPA3ZHOCHb ONpedesieHUs e20 2UePOCKONUYeCKUx napa-
Mempog OJisk PAYUOHATIbHOU OP2AHUZAYUYU NPOYECCa CYUWIKU U XPAHEHUsL 8bICYULEHHO20 NPOOYKMA C Yelbl0 MAKCUMATLb-
HO2O COXpaHeHUusi 8 NPOOyKme Komniekca ocghorunuoos, cocmoauux u3 HeHacblUeHHbIX U HACLIUEHHbIX HCUPHBIX
Kuciom, ¢ocoprol Kuciomsl, 2iuyepund u XonuHa, 8 yeaom npeocmasiarowull cooou neyumun. Llenvro uccredosa-
HUSL NOCIYHCUNLO ONpedeieHUe 2USPOCKONUYECKUX U MEePMOOUHAMULECKUX NaApamMempos8 83aumo0eticmeus ca3aubell
UKPbL € 8000U O/ NPUMEHEHUSL NPU PAYUOHATLHOU Peanu3ayuu MexHoA02UU ee CYuKY U NOLYyHeHUs. TeyumuHad u3 ca-
3aHbell UKPbL C Yerblo BbIsBNIEHUSL YCI08US MAKCUMATLHOU COXPAHHOCMU 8 Hell He0OX00UMO20 Yene8020 KOMNOHEHMA.
B pamxax oannozo uccinedoganus 0si UKOPHO2O RPOOYKMA ONPeOdesilach €20 2UePOCKONUYHOCTb, XaPaAKmepu3yo-
Was pasHOBECHYIO BILANCHOCHL NPOOYKMA, NOCPEOCMEOM MEH30Mempuiecko2o memooda. Ilonyuennvle Qynkyuonaiob-
Hble 3A6UCUMOCTIU 2USPOCKORUYECKUX NAPAMEMpPO8 Om GIUSIOWUX (PAKMOPO8 NO360ISIOM ONPeOeiums YUCIEeHHbIE
BHAUeHUs1 YOeIbHOU MEeni060U dHEPeUU UCRAPerUst 05l NOOCMAHOBKU UX 8 OUD@epeHyuaIbHoe ypasHeHue menione-
PeHoca npu MoOeIupoBaAHUU NPOYECCo8 CYUWKU UKOPHO20 NPOOYKmA. B pezyremame, moocno coenamov 61800 0 mom,
YUMo NOJIYYeHHble 2USPOCKONUYecKue U mepmMoOUHaAMUYecKue napamempsl UKOPHO20 NPOOYKMA MO2Ym YCNeuWHO UcC-
N0Ib308AMbCI NPU PAYUOHATLHOU OP2AHUZAYUY U PeaU3AYUY MEXHOI02UU U MEXHUKU €20 CYUIKU.

Knroueevie cnosa: uxpa cazana, cywra, 6HympesHUll MeniomMacconepeHoc, euspoCKONUYecKue napamempl,
CMamuKa npoyecca Cyuiky, mepmoOUHAMUYECKUll AHAIU3, KOHEUHAS GNANCHOCb.

Abstract

Increasing the efficiency of deep processing of raw materials for commercial fish farming, including caviar
of freshwater fish of the carp family, which is little in demand on the Russian market. As an object of study, carp cavi-
ar was used, which is a promising source for the production of high quality natural emulsifiers, for example, lecithin.
It is known that the most common method of conservation of biopolymers is the drying of raw materials. An analysis of
the methods for dehydrating products like carp caviar showed that the most rational of them for this purpose is con-
vective, with a possible combination with conductive energy supply, which predetermines the contact of the object of
study with the steam-air medium and determines the expediency of determining its hygroscopic parameters for the
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rational organization of the drying and storage process. dried product in order to maximize the preservation of the
complex of phospholipids in the product, consisting of unsaturated and saturated fatty acids, phosphoric acid, glycer-
ol and choline, which in general is lecithin. The aim of the study was to determine the hygroscopic and thermodynam-
ic parameters of the interaction of carp caviar with water for use in the rational implementation of the technology for
its drying and obtaining lecithin from carp caviar in order to identify the conditions for maximum preservation of the
necessary target component in it. Within the framework of this study, for the caviar product, its hygroscopicity, which
characterizes the equilibrium moisture content of the product, was determined using the tensometric method. The ob-
tained functional dependences of hygroscopic parameters on the influencing factors make it possible to determine the
numerical values of the specific thermal energy of evaporation for their substitution into the differential heat transfer
equation when modeling the drying processes of the caviar product. As a result, it can be concluded that the obtained
hygroscopic and thermodynamic parameters of the caviar product can be successfully used in the rational organiza-
tion and implementation of the drying technology and technique.

Keywords: carp caviar, drying, internal heat and mass transfer, hygroscopic parameters, statics of the drying
process, thermodynamic analysis, final moisture content.

Introduction

Increasing the efficiency of deep processing of raw materials for commercial fish farming,
including caviar of freshwater fish of the carp family , which is little in demand on the Russian
market [1, 2], is an important and urgent task.

In modern conditions, the food industry of the Russian Federation needs high quality natu-
ral emulsifiers, for example, lecithins. It should be noted that carp caviar, in particular carp caviar,
contains a large amount of lecithin [3, 4], about 10,000 mg per 100 g of the product [5]. According
to the data of the European Association of Lecithin Manufacturers (ELMA), its world production
is currently more than 250 thousand tons per year, and the need is more than 400 thousand tons per
year [6]. With the increasing demand for lecithin, the question arises of identifying a new raw ma-
terial base for its production.

It is known that lecithin parameters are significantly affected by the source of its produc-
tion [7, 8, 9, 10], in which it is necessary to preserve its target properties as much as possible dur-
ing its conservation until the moment of direct use in the selected technology, while the most
common methods of conservation are drying and freezing of raw materials.

An analysis of the methods for dehydrating products like carp caviar showed that the most
rational of them for this purpose is convective, with a possible combination with conductive ener-
gy supply, which predetermines the contact of the object of study with the steam-air medium and
determines the expediency of determining its hygroscopic parameters for the rational organization
of the drying and storage process. dried product in order to maximize the preservation of the com-
plex of phospholipids in the product, consisting of unsaturated and saturated fatty acids, phosphor-
ic acid, glycerol and choline, which in general is lecithin.

Purpose of the study

Determination of hygroscopic and thermodynamic parameters of the interaction of carp
caviar with water for use in the rational implementation of the technology of its drying and obtain-
ing lecithin from carp caviar in order to identify the conditions for maximum preservation of the
necessary target component in it.

Objects and methods of research

The object of the study was carp caviar,

As part of this study of the hygroscopic characteristics of the caviar product, its hygrosco-
picity, which characterizes the equilibrium moisture content of the product, was determined using
the Van Bamelen tensometric method. According to this static method, samples of the test product
with a predetermined moisture content were kept in desiccators with a solution of sulfuric acid of
various concentrations. At the same time, a certain partial pressure of water vapor corresponds to a
certain concentration of the solution at a given temperature, i.e. a certain value of relative air hu-
midity ¢[11, 12]. A certain amount of the test material is weighed on an analytical balance with an
accuracy of 0.001 g after reaching a constant mass, at which its moisture content corresponds to
equilibrium.
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Equilibrium humidity W}, which was obtained during the experiments, is determined by
the formula:

Wp — G'_'._G'_'-;-h_W:EE:IJ (1)
where W_g,is the initial moisture content of the sample, kg/kg; G,is the initial mass of the
test sample, kg; G- is the mass of the sample upon reaching hygrothermal equilibrium, kg;

The experimental study of the hygroscopic properties is intended to characterize the dry
product under study and give recommendations on the choice of the final moisture content of the
material, which is the most appropriate for the storage process. When constructing sorption curves,
it was assumed [12] that the numerical values of the water activity indicator 4,,.and the relative air
humidity gcoincide, due to the equality of the vapor pressure above the surface of the material un-
der study and its pressure in the desiccator medium.

Research results and discussion

After a series of experiments on a desiccator pilot plant, moisture sorption isotherms of the
dehydrated caviar product were obtained at air temperatures of 25°C and 40°C, which are present-
ed below (Fig. 1).

Wp, %
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Figure 1. Equilibrium curves for moisture sorption by a dry product

The resulting sorption isotherms can be conditionally divided into three sections, which is
especially clearly seen when they are plotted in a semilogarithmic modification (Fig. 2).

TIn Aw

05l The second section

The first section

154 ® 40°C

25l The zero section

Wp, %
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Figure 2. Equilibrium curves plotted in semi-logarithmic coordinates
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According to A.V. Lykov [13], all wet materials are divided into several main groups de-
pending on their colloid-physical properties: capillary-porous, colloidal and capillary-porous col-
loidal, occupying an intermediate position between the first and second. This classification is
widely used in generalizing the results obtained. The dry structure of carp caviar is a capillary-
mesoporous body with a large number of pores and capillaries through which water vapor can
penetrate or be removed. The characterization of the state of moisture in the material and the cor-
responding parameters of moisture transfer is given on the basis of an analysis of the adsorption
phenomena developing on the phase interface (moist air - solid). A generalization of knowledge in
this area is currently the theory of polymolecular adsorption developed by S. Brunauer, L. Dem-
ing, W. Deming, R. Emmett and B. Teller [12], who proposed a classification based on the identi-
fication of five types of isotherms.

The resulting isotherms can be attributed to type |- V , and if the adsorption of gas by a
solid body is described by an isotherm of this type, then this indicates that the dry skeleton of dried
caviar is characterized as a mesoporous body, i.e. is a porous material, the structure of which is
characterized by the presence of cavities or channels with a diameter in the range from 2 to 50 nm
[14]. The type IV isotherm also describes physisorption and multilayer processes, resembling the
type Il isotherm, but now in porous or mesoporous solids, where condensation of gas particles in
small volumes of liquid is possible, and therefore, until the pores are “clogged” with liquid, the
monolayer is not complete .

Type IV isotherms have a hysteresis loop, the lower branch of which is obtained by meas-
uring adsorption with the sequential addition of gas to the system, and the upper branch is obtained
with its sequential decrease (desorption). Effects associated with hysteresis are also possible for
other types of isotherms [14].

G.K. Filonenko proposed a mathematical description of isotherms to be carried out by two
equations. To do this, you need to divide the curve (Fig. 2) into two sections: the first - from Wjto
W,,,; the second - from W, and above. The point W;on the isotherm characterizes the transition
from monomolecular to polymolecular adsorption and is obtained by crossing the normal from the
first singular point on the isotherm to the abscissa axis. Usually, during actual drying of materials,
moisture bound by monomolecular adsorption is not removed, so the isotherm section from 0 to
Whis not described by the isotherm equation. The point W, characterizes the transition from mois-
ture bound by polymolecular adsorption to capillary- and osmotically-bound moisture and is ob-
tained by crossing the normal from the second singular point on the isotherm to the abscissa axis.
Starting from the values W,,,, the isotherm curve sharply goes to the right. Figure 3 below shows a
breakdown of the obtained sorption isotherm at 25°C into 2 sections.

0“ In Aw

-0.51 The second section

The first section

-1.51

b fWo L [Wa —
0 2 K 6 8 10 12714 16 18 20 22 24 26 28
Figure 3. Breakdown into sections with different types of moisture bond with the material:

from 0 to W} - chemical bond prevails; from W, to W,,,— adsorption bound moisture prevails; from
mand above - capillary bound and osmotic moisture

Wm | | | Vle, 0/11

>
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Following the approach described above, on the moisture sorption isotherm of the studied
caviar product (Fig. 3), these areas are distinguished: the area from W;to W), characterizes adsorp-
tion-bound moisture and the area from W,,and above characterizes capillary-bound and osmotic
moisture.

Thus, two sections are distinguished from the empirically obtained sorption isotherms, the
reason for the appearance of which is analytically substantiated. It should be noted that the first
section starts from the moment where the monomolecular adsorption zone ends, in which moisture
IS quite strongly bound to the product, therefore, for the dried polymer material, the most appropri-
ate final moisture content is the one that borders on the adsorption-bound interval:
0,03 = W, = 0,13, i.e. the most rational final moisture for the investigated product is the range
from 10 to 12%.

Carrying out the logarithm facilitates the mathematical processing and interpretation of the
obtained isotherms (Fig. 2), which, for convenience, are divided into 2 sections (Fig. 3) and ap-
proximated by the equations presented below. The calculated error between the approximated and
empirically obtained values is no more than 2%.

Approximate Equations 2 and 3 for the sorption isotherm plotted at 40°C.

Plot 1: 0,03 < W, < 0,13:

In Ay, = 13,142W, — 2,141. 2)

Plot2: 0,13 = W, = 0,27:

In 4,, = 3,041, — 0,828. (3)

Approximate Equations 4 and 5 for the sorption isotherm plotted at 25° C .

Plot 1: 0,03 < W, < 0,13:

In Ay, = 9,179W, — 1,47. 4)

Plot2: 0,13 = W, = 0,27:

In 4,,, = 2,386W,, — 0,587. (5)

Due to the fact that the process of drying the caviar product under study proceeds, includ-
ing in the hygroscopic region, a thermodynamic analysis of the static laws of heat and mass trans-
fer is necessary to identify the influence of the nature of moisture binding with the dry residue on
the quality of the resulting dry semi-finished product. In addition, the result obtained must be tak-
en into account when making design decisions for the rational implementation of the processes
under study.

On the basis of the obtained equations, graphic dependences of energy changes on the
moisture content of the material are constructed, which are shown in Figure 4.

Ax/Mmons
)
Q
Q
o
1

—— 1
0,05 0,1 0,15 02 0,25
wp

. . gaF gas . dAE . .
Figure 4. Change in free ——, bound T' ——and internal ——energy depending on the moisture content
Wy aWp BWp

of the material
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The graphic dependences presented in Figure 4 show that the statics of the processes of in-
teraction with water and the analysis of sorption isotherms allows us to establish and quantify the
nature of the change in the thermodynamic components of the Gibbs-Helmholtz equation for an
isobaric-isothermal process:

AF = AE — TAS, (6)
where AF, AE, ASare, respectively, changes in free, internal energy (enthalpy) and entropy,
according to moisture content Wpat P,T = const.

Equation 6 in differentiated form looks like this:

JAF JAE dAL
(Gie) o (ﬁ)m 7 (3;)
where the entropy component of the free energy T - (:%Vi

) (7)
T.B
) plays a significant role for
T.P

most products.

The calculation of differential changes in the bound sorption energy for different tempera-
tures is necessary in order to determine the value of the specific heat of vapor formation r, (J/kg)
under different technological conditions of the drying process. Figure 5 graphically shows the de-
pendence of the specific thermal energy of evaporation on the equilibrium humidity in the process
of sorption of water vapor by dry caviar product for two sections in the interval:
0,03 < W, <0,27.

4000

I, KAX/Kr

2500

T p—
0,05 0,1 0,15 0,2 0,25
Wp

Figure 5 - Graphical dependence of the specific thermal energy of evaporation on the equilibrium humidity in
the process of reducing the humidity of the material under study.

T T T T T T T T T T T T

It should be noted that the nature of the dependence r = f[w;,)for the product under study
is typical for most food materials, and is due to various energy forms of the relationship between
the moisture in the sample and its dry residue.

Heat of vaporization associated with the material for 1 section:

r = 2437230+ [294724 — 1808985w;| + |9028?99M{,— 1541193]. (8)
The heat of vaporization associated with the material for section 2:
r= 2437230+ [113953 — 418438”{,| + |13?126?M{P — 545714 9)

Functional dependencies (8 and 9) make it possible to determine the numerical values of
the specific thermal energy of evaporation for their substitution into the differential heat transfer
equation when modeling heat and mass transfer processes of caviar product drying.

Conclusions

As a result, it can be concluded that the obtained hygroscopic and thermodynamic parame-
ters of the caviar product can be successfully used in the rational organization and implementation
of the technology and technique for drying it and obtaining lecithin from carp caviar, because
make it possible to determine the conditions for the preservation of the necessary target component
init.
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INPUMEHEHUE BAPHEPHbIX
TEXHOJIOT U JJIAA MPOJIOHI'MPOBAHUSA
CPOKOB XPAHEHHS KOJIBACHbBIX
W3EJIUI

APPLICATION OF BARRIER
TECHNOLOGIES TO PROLONG THE SHELF
LIFE OF SAUSAGE PRODUCTS

Cesepo-Kaskasckuit pedepansuviit ynusepcumem/ North Caucasus Federal University

Annomauyus

H3yll€Hbl 3AKOHOMepHOCmMU U ONMUMU3UPOBAHbL  pEedHCUMbl  CcuHmesa KOHYyeHmpama azcpecamueHo-
YCmouyugblx Hanouacmuy cepedpa. Hcciredosarno enusHue ycioguil OUCHePCUOHHOU cpedbl HA 8bIX0O0 HAHOYACTUY
cepebpa 6 cocmase bOuonocuyecku akmuguol gpakyuu. Teopemuyecku 0O0CHOBAH U IKCNEPUMEHMANLHO OOKA3AH
CUHepeemuyecKull aHmuMuKpoOHslll 3¢hpexm Hanowacmuy cepedpa u AHMUMUKPOOHOU KOMNO3UYUL npu obpabomke
nosepxHocmu xonbac.

KiroueBble ca0Ba: HaHOYACTHIB cepeOpa, aHTUMHKPOOPEIA dPPEeKT, aHTUMUKPOOHAST KOMITO3HIHUS, KOJI-
OacHbIe U3 €A

Abstract

Regularities have been studied and modes of synthesis of a concentrate of aggregation-resistant silver nano-
particles have been optimized. The influence of the conditions of the dispersion medium on the yield of silver nanopar-
ticles in the biologically active fraction was studied. Theoretically substantiated and experimentally proven synergis-
tic antimicrobial effect of silver nanoparticles and antimicrobial composition in the surface treatment of sausages.

Keywords: silver nanoparticles, antimicrobial effect, antimicrobial composition, sausages

Introduction. C yueTom CI0XHBIIEHCS 3KOJIOTHYECKON CHUTYaIlUH, COBPEMEHHOTO COCTOS-
HUS pabOunX MOIIHOCTEN MPEANPUITHI MsiconiepepadaThIBArOIIEH TPOMBIIIUIEHHOCTH U Psla APY-
rux (aKkTopoB, HEOIATOMPUITHO BO3JICHCTBYIOMIMX HA 0€30MAaCHOCTh MPOAYKIIUU, CETMEHT PhIHKA
MIPOU3BOJICTBA MTPOIYKTOB MUTAHUS HYXKJAETCS B COBPEMEHHBIX 3()(DEKTUBHBIX CPEJICTBAX 3AIUTHI
kojbac OT moTepb. 3aJadya ATUX CPEICTB 3aIIUTHl — OOecleueHne rapaHTUPOBAHHON TOITOBpe-
MEHHOM TMTHEeHUYECKON 0e30MacHOCTH U COXpaHEeHHE MoKa3aTelnel KauecTBa KOJIOaCHO! MpoayK-
uuu [1].

AHaIM3 KPUTHUECKUX KOHTPOJBHBIX TOYEK Ha 3Talax «IIpOU3BOJCTBO — XpaHEHUE — pea-
TU3alus» TOMYKOMYEHBIX, BAPEHO-KOMYEHBIX M CHIPOKOIMYEHBIX KOJI0AC MOKa3bIBAET, YTO OJHOMN
W3 CYIIECTBEHHBIX MPHUYUH CHUIKEHHUS CPOKa TOJHOCTH ATOW MPOIYKIUU SIBIISETCA Pa3BUTHE Ha
MOBEPXHOCTHU U3JIENINNA HEXeNnaTeIbHON MUKpOdIopsI [2].

3TOro pe3ynbTaTa MOKHO JIOCTHYb CJIETYIOIIUMHU CIOCOOaMMU:

- IPUMEHEHUE MOHU3UPYIOUIETO U3IyUYEeHUsI, OJHAKO 3TO MPUBOJUT K BOBHUKHOBEHHUIO Ta-
KHX XUMHYECKUX H3MEHEHUM, KOTOPBIE MOTYT YXYAIIUTh BKYC, 3aMaxX, KOHCUCTEHITUIO, OMTACHOCTh
00pa3oBaHMs BPEIHBIX COCTMHEHUI BO BpeMs OOJIyUEHHUs U MOCIIe HEro, pa3BUTHIO (hepMEHTATHB-
HBIX MPOIIECCOB BO BpeMs XpaHenus [3, 4, 5, 6];

- oOnydeHue ynpTpaduoIeTOBBIMU JTy4yaMH, TIPU STOM TOYHBIE PEKHUMBI XpaHEHHUS MSCO-
MPOAYKTOB B ycioBusix oonyuenus Y DJI eme He mocratouno paszpaboranbl. CieayeT OTMETHUTh,
yto Y®JI omacHsI 7151 4enoBeKa, B OCOOCHHOCTH UX JCHCTBHS HAa KOXKY U Ta3a [7];

- HCTIOJIb30BaHME 3JIEKTPHUUECKOr0 TOKA BHICOKOTO HATIPSIKEHMSI JIsl TOBEPXHOCTHOM o0Opa-
OOTKM MHIIEBLIX MPOJYKTOB, HO MPUMEHEHHE IIIEKTPOCTATUYECKOTO MO YCKOPSET JIUIIL OJWH
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U3 3TarnoB 00pabOTKU U MOTOMY HE MPHUBOAMT K CYILIECTBEHHOMY COKPAIIEHUIO TEXHOJIOTHYECKO-
o Mpolecca B LEIoM;

- UCTIOJIb30BaHNE KOHCEPBAHTOB JJIsi 00PaOOTKM MOBEPXHOCTU KOJIOACHBIX M3IEIHH, STOT
BUJ| 0apbepHBIX TEXHOJIOIHH Hallel IUPOKOe IPUMEHEHHE B TPOMBILIIIEHHOCTH, B TOM YHCIIE JUIS
00pabOTKH TOIYKOITYEHBIX M BAapPEHO-KOIMYEHBIX K0JI0ac, M3rOTOBICHHBIX B HATYPaJbHBIX U HC-
KYCCTBEHHBIX 000JI04KaX 110 TEXHOJIOTUHU C UCIOIb30BAHNEM TylHpoBaHus [1].

Hecmotpss Ha paspaboTaHHBIE BBHICOKOA((EKTHBHBIE aHTUMHKPOOHBIC NpenapaThl s
00paboTKM MOBEPXHOCTH Kojbac, 1enecooO0pa3HbIM U CBOCBPEMEHHBIM SIBJISETCS MPOAOIKEHHE
UCCIICIOBAaHU TIO0 pa3pabOTKe HOBBIX CHHEPreTHYECKHX J00aBOK K JTHM COCTaBaM JUIs
MOBBIIEHUS A(PPEKTUBHOCTH HMX JCHCTBUS M PACIIMPEHHUS aCCOPTUMEHTa CPEICTB 3alUThI
KOJIOaCHBIX 000JIOYEK PAa3IUYHON MpUpoabl. B 3TOH CBsI3M 3acimykKMBaeT BHUMaHUs IPUMEHEHHE
OapbepHBIX TEXHOJOTHI C HMCIOIB30BAaHUEM BBICOKOA(P(HEKTUBHBIX OAKTEPHLIMIHBIX MpenapaToB
Ha OCHOBE HAHOYACTHIL cepedpa, CTaOUIN3UPOBAHHBIX BBICOKOMOJIEKYJIIPHBIMU [TOJIUMEPAMH.

Marepuananl u metoabl / Materials and methods.

Monspuyto maccy IIBII ompenensiii BUCKO3MMETPUYECKMM METOIOM C IOMOIIbIO Ka-
IIEJIbHOI0 BUCKO3UMETpPA JAIOLIET0 CPEAHEBI3KOCTHOE 3HAUEHUE MOJIEKYJIIPHONU MacChl.

AKTUBHYIO KUCJIIOTHOCTb HCCJIEI0OBAJIM MMOTEHMOMETPUYECKUM METOJI0OM, OCHOBAHHBIM Ha
M3MEpPEHUH IEKTPOABIKYIIMX CHII ¢ Ucodb30BaHUuEM pH-meTpa «Okenept — 101».

MaccoByto gomo cepedpa B cioe ¢apiia HEMOCPEICTBEHHO KOHTAKTUPYIOLIEM ¢ 0005104-
KOM, OMpeJeNsli ¢ HOMOIIBIO BBICOKOYYBCTBHTEIbHOM KaueCTBEHHOH peaknuy Ha Hammaus Ag®
110 00pa30BaHUIO AUTHU30HATA cepedpa.

Jnis ompeneneHus pasmMepa HaHOYACTHUIl cepedpa METOIOM (OTOHHOW KOPPEISIUOHHON
CIIEKTPOCKOIMH HCIIOJIb30BAIM CIIEKTPO()OTOMETp JHMHAMUYECKOro pacceBanusi cBera Photocor
Complexx.

Mopdornorus HaHO4acTHIl cepedpa B METAJUI-IIOJUMEPHON KOMITO3UIMH U3y4yallach METO-
JlaMH 3JIEKTPOHHOW MHKPOCKOIIUHM C HMCIIOJb30BAaHUEM IPOCBEUMBAIOLICH 3JIEKTPOHHOM MHKpPO-
ckonuu Ha ycraHoBke JEM 100B ¢upmsr JEOL.

AXTUBHOCTb BOJIBI (Ay) B FOTOBBIX BapEHO-KOIMYECHBIX KOJIOACHBIX M3JCIHUAX OMPEACIISIIH
KPUOCKOIMYECKIUM METOJIOM C IoMolbio nprudopa ABK-4.

Jlns onpeneneHys MacCOBOW JIOJU BJIard B TOTOBBIX BapeHO-KOIMUYEHBIX KOJOACHBIX M3J1e-
JIMSIX UCTIOJIB30BAJIM aHAIM3ATOP MHUIIEBBIX MPOAYKTOB «FoodScany tum 78800.

Pe3yabTatsl u o6cy:knenne / Results and discussion.

B ocHOBY cuHTe3a momumep-cTaOMIN3UPOBAHHBIX BBICOKOJUCIIEPCHBIX YACTUI[ METaJlIU-
YeCKOro cepedpa ObUT MOJIOKEH CIIOCO0 MOYYSHHUS! KaTaTUTHYECKH aKTUBHBIX KOJUIOUJIATBHBIX U
CyOKOJUIOMIAIbHBIX YacTUI[ OJIarOpOHBIX METAJIOB IIyTeM BOCCTAaHOBJIEHUS UX KaTHOHOB B cpe-
7ie c1aboro BOCCTAHOBUTEISI — 3TaHOJIA, B IPUCYTCTBUH TUAPOPUIBHOTO TOJIUMEDA.

OOHapyXeHO, YTO HEOOXOIUMBIM 3JEMEHTOM CHHTE3a SIBJSETCS MacCUBAIUs BHYTPEHHEH
MOBEPXHOCTU PEAKIIMOHHOTO amapaTa MeTAIUIMYECKUM cepedpoM MyTeM IpeIBapUTEIbHOTO Ipo-
BEJICHUS B HEM PEaKlMU BOCCTAHOBJIEHUs HUTpaTa cepeOpa B CHIbHO pa30aBIEHHBIX pacTBOpax
[1BII (0,005 - 0,01%). B npoTtuBHOM ciy4yae MpH BBICOKMX KOHIEHTPALUSAX ITHIIOBOTO CIIUPTA, a
TaK K€ KOHIEHTpAlUsAX HUTpaTa cepedpa B peakMOHHON Macce MPOMCXOIUT OTIIOKEHHE MeTalja
Ha CTEHKax amnmapara B BUJE «CepeOpsIHOrO 3epKalia» WK arperays BHICOKOIUCIEPCHBIX YaCTHII
cepebpa.

C y4eToM 3TUX JAaHHBIX, IPEAJIOKEH CIIOCOO MOMyUYeHUsI TAKUX KOMITO3UIUH, KOTOpBIE pe-
aJIM3YIOTCS B3aMMOJECHCTBUEM HUTpaTa cepedpa ¢ BOAHO-CIUPTOBBIM pacTBopoMm I[IBII mpu cre-
IOYIOIMX KOHIIEHTPAIUSAX MHIPEIMEHTOB B PEAKIIMOHHOM cucTteMe (Ipeenbl): HUTpaT cepedpa
0,1 - 2% (macc.); stunoBsbrit ciupt 10 - 15% (macc.); TIBIT 10 - 30% ( macc.); Boia — ocTaJibHOE.

[TpoBenenmne cuHte3a B 0HOGA3HBIX CHCTEMAaX, KaK MPaBHJIO, IPUBOAUT K 0Opa30BaHHUIO
HAHOYACTHUI] cepedpa ¢ pasIUuYHBIM YPOBHEM MOJIUIUCIIEPCHOCHOCTH, MIPU ITOM aHTUMHUKPOOHAS
aKTUBHOCTh HAHOYACTHI[ cepelpa sBisieTcss pa3mepHo3aBucuMmon ¢yHkmueit. C yMeHbIIEHUEeM
pa3MepoB HAHOUYACTHII cepedpa UX aHTUMHUKPOOHAsi aKTUBHOCTD YBEJIMUMBAETCS M IOCTUTAET MaK-
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cumyMa B uHTepBaie 1 — 10 HM (Tak Ha3pIBaeMasi OMOJIOrMYeCcKU-akTUBHAs (ppakius). Takum 00-
pa3omM, B IHCCEPTAlMOHHON paboTe 0cob0e BHUMaHHE OBbUIO YIEIEHO MOJTYYEHHIO arperaTHBHO-
yCTOMYMBBIX HAHOYACTUL cepedpa ¢ ruaMerpoM < 10 HMm.

B cooTBeTCTBHMU C METOIOJIOTHEH alPUOPHOTO PaHXHPOBAHHS, YUUTHIBAS JTUTEPATYPHBIC
JaHHBIE U PE3yJbTAThI MPEABAPUTEIHHBIX KCIIEPUMEHTOB, OBUT MPOBEIEH 0OTOOP OCHOBHBIX IEpe-
MEHHBIX TIapaMEeTPOB, OKa3bIBAIOIINX 3HAYNMOE BIIMSHUE HAa pa3Mepbl HAHOYACTHUI] cepedpa U BbI-
X0J1 OMOJIOTMYECKH aKTUBHOH (paKIiy HaHOJacTHUIl cepedpa (ae 6omnee 10 HM).

B kxauecTBe mepeMeHHBIX IapaMeTpoB ObUIM BBHIOpPaHBI (PaKTOPHI, MPEACTABICHHBIE B Ta0-
e 1.

Ta6aunna 1 — ITapameTpsl Iu1aHa

HaunMenoBanue mapameTpoB, 0603Haue- VYpoBHU BapbHPOBaHMS IEPEMEHHBIX
HUYSI
Maccosast nonst AgNOs, %, (a) 1 15 2 2,5
Maccosas nois [1BI1, %, (b) 5 10 15 20
Temneparypa, °C, (c) 50 60 70 80
MaccoBas 107151 THII0BOTO criupTa,%o, (d) 2 3 4 5

B pesynbpTare 00pabOTKH SKCHEPUMEHTAIBHBIX JaHHBIX BBIBEICHBI PErPECCHOHHBIC 3aBU-
CHUMOCTH JUIsl MCCIIElyeMbIX MOKa3aTeleil oTpaxaroliue BIUsHUE (PAKTOPOB, CKOPOCTU UX HU3Me-
HEHHS 1 MeXK(PaKTOPHBIX B3aUMO/ICHCTBHIA. BbIBeiIeHHbIE ypaBHEHHUS aJIeKBATHO OMMCHIBAIOT MPO-
uecc. [Tonydyennble ypaBHEHUS perpecCUU MPUBEIEHBI B TPHIIOKECHUSIX.

Kpome 3Toro, momydeHHble pe3yibTaThl ObUIM 00pabOTaHBI C HMCIOJB30BAaHUEM IIaKeTa
MpHUKJIaaHbIX Tporpamm Statistica Neural Networks v.4.0e.

Ha nauvanpHOM 3Tame aHanm3a MOJYYCHHBIX SKCIEPUMEHTAIBHBIX JaHHBIX ObLIAa CO37aHa
HEHpPOHHAs CETh, T.€. MHOTOCTIOWHBII MEePCEeNnTPOH C YETHIPbMS BXOJIHBIMU IIEPEMEHHBIMU U OJTHOM
BBIXOJIHOW NIEPEMEHHOMN — PyHKIIMEH (pucyHok 1).

Y CTaHOBIEHO, YTO ONTHUMAIbHBIMU YCIOBHUSIMH MOJTYYCHHS arperaTUBHO YCTOWYMBBIX Ha-
HOYacTHI] cepedpa ¢ pazmMepamu He 6osiee 10 HM SIBIISIFOTCS CIIEAYIOLIHE:

MaccoBast 10751 HUTparta cepedpa 0,75+0,05%
Maccosas nons [1BII 25+1%
Temmeparypa 50+5°C
MaccoBas 1o1s1 cipra 7,5+0,2%
TIPOME’KYTOYHEIE HEHPOHEL

MAacCOBadA T0JIH
GHoTOrEIeCKHE
akTHBHOH (parman,%o

4 maccosas gons crmpra,% O
3 renmeparypa C

2 maccosan goma [BIL%

DAKTOPEI

1 maccoeas goma _-\g,'\.'Cr3

Pucynok 1. MHoroc/10iiHbIii mepcenTpoH, aJaNTHPOBAHHBIN K MO/IeJH NMpoLecca MoJyYeHUs] HU3KO0-
Pa3sMepPHBIX arperaTHBHO YCTOHYHUBBIX HAHOYACTHIL cepedpa

Boixon Ouosnornuyecky akTHBHOM (pakuMu HaHOYAcTHI[ cepeOpa cocrasuser 22 + 2%
ArmpoGanusi ONTUMAIbHBIX MapaMeTpoB, MPOBEJIEHHAs B JIAOOPATOPHBIX YCIOBHUSX, IOKasaja
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NPaKTHYECKH TOJHYIO aJIeKBaTHOCTh PACUETHBIM JaHHBIM, BOCIPOHM3BOAUMOCTH PE3YNIBTAaTOB, a
TaK)ke BO3MOKHOCTh MOJTyYEHHS KOHILIEHTPATa arperaTuBHO-yCTOMYNBBIX HAHOYACTHUI] cepedpa.

DOTOKOPPENALMOHHAS CIIEKTPO(OTOMETPHSI MOJYYSHHOTO KOHILEHTpaTa (PUCYHOK 2, Tal-
nuna 2) CBUACTEIBCTBYET HE TONBKO 00 3(pPeKTUBHOCTH pa3pabOTaHHOTO MpoIlecca CHHTE3a ar-
peraTMBHO YCTOHYMBBIX HAHOUYACTHIl cepedpa, HO M O €ro JOCTaTOYHO XOpOIIeH arperaTMBHOMN
YCTOWYHMBOCTH, T.K. CKOPOCTh YKPYIHEHHS HAHOYACTHIl cepeOpa B TeUCHHE CpPOKa HAOIIOJCHUS
ObuIa IPEHEOPEKNMO MaJjia, a CoAepKaHue OMOJOTHYECKH aKTUBHOM ()paKIMKU HAHOYACTHIL Cepe-
Opa cocrasisuia He meHee 20%.

Solution
OTH.

0.1 1 10 100
HHTEHCHEHOCTE DACITDENENSHEA, HIT

Pucynok 2. I'mcrorpamMmma pacnpegeneHus HAHOYACTHUIL cepedpa 1Mo pa3MepaM B KOHIEHTpaTe

Tabnuua 2 — AHanu3 pacnpeesieHusl HaHoyacTUll cepedpa

Dpakuus Maccosas nois, % lcp, HM
1 21,8 0,703
2 78,2 26,50

CrexTp morioneHus BOAHOTO PacTBOpa MOJTYYEHHOTO oOpasiia HaHOYacTHI] cepedpa (pu-
CyHOK 3) B Y@ u BUANMON 0ONACTIX C Ayaee = 440 HM CBHUIETENBCTBYET O TOM, YTO B CHUCTEME
MIPUCYTCTBYIOT YJIbTPaJAUCIIEPCHBIE YaCTHUIIBI cepeldpa ¢ pasmepamu MeHee 10 HM.

JlomoHUTENBHO, pa3Mephl KIacTepoB cepedpa, cTaOMIM3UPOBAHHBIX BOJIOPACTBOPUMBIM
MOJINMEPOM, OBUIH ONpPEIEIeHbl METOAOM (DOTOHHON KOPPENSALMOHHONW CHEKTPOCKONMUU Ha CIEK-
TpOMETpe JAMHAMHUYECKOTo paccesiHus csera Photocor Complex. Ha craguu MUKPOSIECKTPOHHBIX
WCCTIEIOBAaHUI YCTAHOBJIEHO, YTO HAHOUYACTHUIIBI cepedpa uMeroT hopmy cdep, TPeyroJbHUKOB, a
TaK)Ke CTEp)KHEH, MpU ATOM aHTUMHUKPOOHBICE W aHTUBUPYCHBIC CBOMCTBAa HAaHOYACTHII cepedpa
MIPOSBIISAIOTCA B MIEPBYIO OUYepeb 3a CUET HAIMYMS UX B chepuueckoil popme.
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Pucynok 3. CriekTp 0NTHY€CKOro MOrJIOIEeHUsl BOAHOH CHCTeMbl HAHO-YaCTUIIbI cepedpa —
NMOJTMBHHHJIITHPPOJIUIOH

Ananu3 Mukpogororpaduil Moly4eHHbIX C MOMOIIBIO MPOCBEYMBAIOLIETO JIEKTPOHHOTO
MHUKPOCKOTIA, MTOATBEP)KAAET JaHHBIE IMOJYYEHHBIE CIIEKTPO(YOTOMETPHUECCKUMHI METOAAMH U T103-
BOJISIET TOBOPUTH O HAJIMYUH B KOJUIOMTHOM PAcTBOpPE OMOJIOTMYECKU-aKTUBHOM ()paKkLMy HaHOYA-
ctul cepedpa ¢ pazmepamu ot 1 10 10 HM.

HccnenoBanust 30HbI I0IaBICHUS POCTa MUKPOOPTaHU3MOB [I0Ka3aJId, YTO C YBEJIUUYEHUEM
KOHIIGHTpAIlUU pacTBopa HaHO pazMmepHoro cepedpa ¢ 0,001 go 0,010%-Ho# Kk 7 cyTKaM 3KCIO3U-
MK HaOJIOJAeTCs YBEIUUCHUE JMAaMETPOB 30HBI MOJABICHUS POCTa MHUKpOOpraHu3smoB Esche-
richia coli, mukpockonmyeckux rpubos Aspergillus niger, Penicillium expansum u moso4Hoit
mwiecenn Endomyces lactis.

ITpu 0,001%-H0¥ KOHIIEHTpallMK pacTBOpa HAHOYACTHUIl cepebpa HabroMaeTcs MmoaaBie-
HUE TOJIBKO MUKPOOPTaHW3MOB IPYMIIbI KUIIEYHOH nanouku (21 MM), B TO BpeMsl Kak Ha YpOBEHb
pocta Mukpockonuueckux rpudos Aspergillus niger, Penicillium expansum wu moso4Hoi miece-
Hu Endomyces lactis nanHsIii mpenapar He OKa3bIBaeT HAMPABICHHOTO BO3CUCTBUS. Y BEIUUCHHUE
KOHLEHTpauuu naHHoro pactsopa a0 0,003%-Hoi nmpuBesio K MOJABIEHUIO Pa3BUTHS HCCIEaye-
MBIX MHEKpoopranuzmoB — Aspergillus niger — 14 mwm, Penicillium expansum — 6 mM, Endomyces
lactis — 17 mm, 30na nogasnenust Escherichia coli yBenuuninace Ha 14% 1o cpaBaenuio ¢ 0,002%-
HOW KoHIeHTpauueil pactBopa. [Ipu 0,005%-Hol KOHIEHTpalMu pacTBOpa HaHOYACTHUILl cepedpa
TaK)K€ OTMEYaeTCsl YBEIMYEHHE 30H IOJAaBJICHUS pPOCTa U3y4aeMbIX MHMKpOOpraHusmoB. Tak,
HauOoJplIee MOJaBIEHHE MUKPOOPTaHU3MOB, IO CPAaBHEHMIO C MpeblAyIIed KOHIIEHTpaluei
pactBopa, HaOmoAaeTcs B otHoteHun Penicillium expansum — B 2,78 pasa u Aspergillus niger — B
1,5 paza. CreneHp NOAABICHUS TAKUX MUKpOOpraHu3MoB, kak Escherichia coli m Endomyces lactis
HaxOJMJIOCh Ha OJHOM YPOBHE M yBenM4wWioch B 1,1 pa3. JlanpHelee yBenudeHUE KOHLEHTPA-
UM pacTBopa HaHowacTul] cepedpa 10 0,007%-Hoil mokazano Gosiee HHTEHCUBHYIO CTEIEHb I10-
JABJICHUS POCTa BCEX BUIOB M3y4aeMbIX MHUKPOOpPraHu3MmoB. IIpuyem Hambosnblas cTeneHb IMo-
naBneHus HaOmroaanack aus Endomyeces lactis — wa 49% u Aspergillus niger — na 38%, B oTHO-
mennun Penicillium expansum u Escherichia coli rutomans 30HbI MogaBacHNs ObUTa HACHTUYHA U
cocraBuia 28% IO OTHOLIEHHIO K MPEbIAyLIEN KOHLEHTPALUU pacTBOpAa HAHO pa3MEpHBIX Ya-
cTuIl cepedpa.
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Ha ocHoBaHuM aHanM3a OTEYECTBEHHBIX M 3apYOEKHBIX MyOIMKAIMK, MTOCBSIIEHHBIX B3a-
UMOJICHCTBHIO MOHOB cepeOpa, KOTOpble FeHEPUPYIOTCA C MOBEPXHOCTU HAHOYACTHI] cepedpa, C
KJICTKaMH TPO- U SYKApUOTHBIX MUKPOOPTaHU3MOB CIIEAYET, YTO TOKCHUECKUH 3(PPEKT HOHOB Ce-
peOpa 00ycIIOBIEH €ro CBSI3bIBAHHEM C MEMOpaHHO-aCCOLIMMPOBAHHBIMU O€JIKAMU U JIUIHJIHON
CTpoMOil MeMOpaH, BCJIEICTBUE YETO TPOUCXOIUT U3MEHEHUE TPAHCMEMOPAHHOIO TIOTEHIMAA U,
B HEKOTOPBIX CIIy4asiX, IpoOOH KIETKH.

Takum o6pa3om, 1o pe3yabTaTaM MPOBEIECHHBIX MCCIEOBAHUN MOXHO CHETAaTh BBIBOJ O
TOM, 4TO BCE HCCIIeAyeMble IpenapaTsl 0o0JaJatoT aHTUMHKPOOHBIMU CBOWCTBaMM, IPUYEM I10
3¢ (GEKTUBHOCTH JAHHBIX MPEMapaToB HAa U3y4aeMble TPyl MUKPOOPTaHU3MOB, UX MOYKHO pac-
IIOJIOKUTD B CIIEAYIOLIEH MOCIEA0BaTENbHOCTU: pacTBOp npenapara «Aimo3ud-Heo» —»  pac-
tBOp HY cepebpa —> koMIuieKCHBIN npenapat «Autro3uH+Agy». [loBeilleHHOE aHTUMUKPOOHOE
JeiCTBUE KOMILIEKCHOTO npenapara «AJjuio3uH+Agy», 10 BCEl BUAUMOCTH, SIBJISIETCS pPe3yJIbTa-
TOM CHHEpPreTu4eckoro 3(dexra JaHHBIX PENapaToB B OTHOLIEHUH MUKPOOPTraHU3MOB.

[Tony4yeHHble pe3yNnbTaThl UCCIEAOBAHUN aHTUMUKPOOHON aKTMBHOCTH Ipemapara «Aj-
mo3uH-Heo» B 11e510M KOppenupyroT ¢ paHee U3yYeHHBIMU aHTUMUKPOOHBIMU CBOMCTBAMHU, KOTO-
psie ObuTH moryueHs! cienunanuctamu MI'VIIB [8, 9, 10].

B pesynbTare 06pab0oTKM OBEPXHOCTH BapEHO-KOIMYEHBIX KOJI0AC aHTUMUKPOOHBIMHU TIpe-
rapaTaMy yCTaHOBJIEHO MHTHOUPYIOIEee BIUSHUE Ha pa3BUTHE IIeCEHEN (PUCYHOK 4).
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Pucynok 4. [Lnomanp niecHeBeHHs KOHTPOJIHHOTO M ONMBITHBIX 00Pa3[0B BapeHO-KOMYeHbIX KoJidac Ha 10-30
CYTKH XpaHeHust, % (. — KOHTPOJIb; ﬂ - «Anmo3nH-Heoy; O - «Amio3uH+AQ»)

3akarouenue / Conclusion.

N3yueHbl 3aKOHOMEPHOCTH U  ONTHMHU3UPOBAHBl PEKUMBI CHHTE3a KOHIIEHTpara
arperaTuBHO-YCTOMYMBBIX HAHOYACTHIl cepeOpa B MPUCYTCTBUU NoJduBUHMINUppoiauaoHa (I1BIT)
1. 0 (TIIBII) - 25%;. ® (AgNO3) - 0,75%; ® (CzHsOH) - 7,5%; Temneparypa 50°C.

HccnenoBano BiustHAe yCinoBuit nucnepcuonHoi cpeasl (o (IIBIT), %;. o (AgNO3), %; ®
(CoHsOH), %; Temmeparypa 0C) Ha BBIXOJ HaHoyacTtuil cepedpa (<10 HM) B cocraBe
OMOJIOTUYECKH aKTUBHON (paKIny.

N3yuensl pu3nKo-XxMMUYECKHE CBOMCTBA U MOP(HOJIOTUS HAHOYACTHI] cepedpa B cocTaBe
OMOJIOTUYECKH aKTUBHON (paKIInu.
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Teopernueckn  00OCHOBaH M JKCIEPUMEHTAJIBHO  JIOKa3aH  CHHEPreTHYECKHM
AHTUMHUKPOOHBIN 3(peKxT HaHouacTul] cepedpa U aHTUMUKPOOHON KOMITO3UIIUHU «AJLTto3uH-Heo»
B COCTaBE€ KOMIUIEKCHOTO aHTUMHKpPOOHOTO mpernapara «AJmro3uH+Ag».
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Annomauusn

Tlokazano, umo aHmMuUOKCUOAHMHASL AKIMUBHOCMb 6 POV KYPKYMUH, OUC-0eMeMOKCUKYPKYMUH, O0eMemOoK-
cukypxymun cuudxcaemces. Onpeoenena eenuvuna TEAC 0ns Kyprymuna, 6uc-0ememoxCcukypKymMuta, 0ememokCcuKyp-
Kymuna, komopas cocmasasiem 0,41, 0,32 u 0,21 coomeemcmeenno. Cymmapmslil npenapam KypKYMUHOUO08 001ada-
em aHMUMYMa2enHolu aKmMusHOCmoi0 npu Konyenmpayuu 8,3 me/n 6 mecm cucmeme wmamma S. typhimurium TA100
u S. typhimurium TA98.

KarueBble c10Ba: KypKyMUHOUIBL, KyPKYMHH, TEMETOKCUKYPKYMHH, OHC-EMETOKCHKCHUKYPKYMUH, aHTH-
okcuaaHt, antumyrared, AbTC-paaukan, Tposokc.

Abstract

As a result of studies, it has been shown that the antioxidant activity in the series curcumin, bis-
demethoxycurcumin, demethoxycurcumin decreases. The TEAC value was determined for curcumin, bis-
demethoxycurcumin, demethoxycurcumin, which is 0.41, 0.32 and 0.21, respectively. The total preparation of curcu-
minoids has antimutagenic activity at a concentration of 8.3 mg / | in the test system of S. typhimurium TA100 and S.
typhimurium TA98 strains.

Keywords: curcuminoids, curcumin, demethoxycurcumin, bis-demethoxycurcumin, antioxidant, antimuta-
gen, ABTS radical, trolox.

Introduction.

Turmeric Rhizome Curcuma longa L. _ serve as a source of highly active compounds that
are widely used in the food industry [1, 2]. Chemical analysis of the composition of turmeric rhi-
zome extracts showed that the plant material contains carbohydrates (69.4%), water (13.1%), pro-
teins (6.3%), fats (5.1%) and minerals (3.5%). %), essential oil (5.8%), and curcumin (3-6%) [3]

The active components of turmeric extracts are curcuminoids [4]. Curcuminoids are a mix-
ture of curcumin (K) and two of its derivatives, demethoxycurcumin (DMC) and bis-
demethoxycurcumin (BDMC) [ 5 ]. The ratio of curcuminoids in the composition of curcumin is
52-63% for K, 19-27% for DMC, and 18-28% for BDMC. Due to the presence in their structure
of two benzenemethoxy rings connected by an unsaturated chain, these compounds exhibit keto-
enol tautomerism. Aromatic groups in the structure of molecules provide the hydrophobicity of
curcuminoids, and the presence of an isoprenoid linker causes flexibility, tautomeric transitions of
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the structure, and also affects their hydrophobicity and polarity [ 5 ]. Due to the peculiarities of the
chemical structure, curcuminos are poorly soluble in water at acidic and neutral pH values, but
soluble in methanol, ethanol, dimethyl sulfoxide and acetone.

Curcuminoids and their derivatives have a wide spectrum of biological activity, including
antioxidant, anti-inflammatory, antitumor, bactericidal, neuro-, cardio- and radioprotective [6, 7].

A number of studies have shown that the administration of curcuminoids to laboratory an-
imals at a dose of 300 mg/kg has a neuroprotective activity under conditions of hypoxia of the
nervous tissue and significantly reduces the percentage of neuron and neuroglia death, and reduces
the risk of cerebral infarction [8]. The introduction of the drug at a dosage of 5-100 mg/kg led to a
decrease in the symptoms of ketamine-induced syndrome in laboratory animals [9], the preserva-
tion of the functional activity of GABAergic receptors and the normalization of GABA metabo-
lism in the nervous tissue, reducing the toxic effects caused by the administration of streptozotocin
to rats [10 ]. The introduction of the curcuminoids drug led to inhibition of peroxidation reactions
of microglia cell membranes and a decrease in the production of nitrogen monoxide. Moreover,
the inhibitory activity decreased in the series demethoxycurcumin, bis-demethoxycurcumin, and
curcumin [11].

The study of the antioxidant effect of the total preparation of curcuminoids and its individ-
ual components showed the presence of pronounced activity in various test systems. Thus, the ad-
ministration of curcuminoids to laboratory rats at a dosage of 50-250 mg/kg led to the induction of
synthesis and an increase in the activity of enzymes of the antioxidant system: serum and erythro-
cyte glutathione peroxidase, superoxide dismutase, and catalase [12, 13]. In the urine of the exam-
ined animals, a decrease in the level of biomarkers of oxidative stress, allantoin, m-tyrosine, 3-
nitrotyrosine, and 8-hydroxy-2-deoxyguanosine, was observed [14]. Similar studies were obtained
in the study of the oxidative status of the tissues of the heart, kidneys, and liver of laboratory ani-
mals [13]. In the phosphomolybdenum and DPPH model systems, the studied preparations showed
pronounced antioxidant activity [15, 16].

Curcumin preparations showed pronounced anticancer and antiproliferative activity against
a number of cell lines: MCF-7 human breast tumor cells [17], K 562 human leukemia cells [18],
HeLa cells [19], H22 mouse hepatoma cells [20] , HT1080 human fibrosarcoma cells [21], rectal
cancer cells [22, 23], A549 human lung adenocarcinoma cells and A549 cisplatin-resistant cells
[24], HMEC1 dermal capillary endothelial cells [25].

On a model object, a histidine auxotrophic mutant strain of Salmonella typhimurium TA97,
the presence of mutagenic activity of curcuminoids was shown when exposed to the cultivation
medium at concentrations of 10-50%, which is expressed in an increase in the amount of re-
vertants [26].

The cardioprotective activity of curcuminoids has been shown when the drug is adminis-
tered to laboratory animals at a dosage of 75 mg/kg. Oral administration of curcuminoids led to
significant improvements in the physiological and functional parameters of the heart, a decrease in
necrotic zones, and a decrease in the level of serum markers in an experiment on an induced myo-
cardial infarction model [27].

Along with antioxidant activity, the presence of radioprotective activity was shown for the
curcuminoids preparation. Oral administration of curcuminoids at a dose of 50 mg/kg to laboratory
rats caused a significant decrease in the number of necrotizing cells and a significant decrease in
the number of chromosomal mutations [28, 29].

The antifungal and antiviral activities of the curcuminoids preparation have been shown
against strains of the pathogenic fungus Candida albicans [30] and influenza virus [31].

A number of authors have shown that curcuminoids have a pronounced anti-inflammatory
effect. Experiments on cell lines and when administered to laboratory animals showed a decrease
in the activity of calmodulin-dependent protein kinase Il and, as a result, inhibition of NO synthase
activity [32]. Along with a decrease in the immunoreactive status of the organism and activation of
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enzymatic systems of xenobiotic metabolism, there was a decrease in the migration of neutrophils
from the bloodstream to tissues and an increase in the barrier function of the endothelium [33].

In recent years, intensive studies have been carried out on the bioavailability, safety and ef-
ficacy of curcuminoids, which are used in complex therapy or as an independent drug in the treat-
ment of various diseases. Due to the pronounced biological activity and low toxicity of curcumi-
noids, they can be used as part of functional foods [34—36].

The aim of the work was to study the antioxidant and gene-protective properties of curcu-
minoids.

Materials and methods.

The object of the study were curcuminoids: curcumin, demethoxycurcumin, Dbis-
demethoxycurcumin, obtained from the rhizome of turmeric ( Curcuma longa L.).

Determination of antioxidant activity.

The antiradical activity of curcuminoids was evaluated in the model system for the reduc-
tion of the radical cation ABTS + [37, 38]. The generation of radical cations ABTS '+ was carried
out in the presence of ammonium persulfate. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), a water-soluble analog of vitamin E, was used as a standard antioxidant. under
the action of the test compound) and calculated by the formula:

% inhibition=100*(1-A2/Al),

where Al is the optical density of the ABTS + solution at a wavelength of 734 nm without
adding the test sample; A2 is the optical density of the ABTS + solution 6 min after the addition of
the test sample.

The results were plotted as percent inhibition versus test substance concentration. To calcu-
late the IC50 and TEAC values, a calibration curve was constructed for Trolox as a standard anti-
oxidant. According to the calibration curve, a linear regression equation of the form y=ax+b was
calculated, which was used for further calculations.

Determination of antimutagenic activity

The antimutagenic effect of purified curcuminoids was studied in a series of in vitro exper-
iments using one of the variants of the Ames bacterial test, the FAT plate test (High Throughput
Fluctuation Ames Test) [39, 40]. Histidine auxotrophic strains of Salmonella typhimurium TA100
and TA98 were used as test objects . 2-nitrofluorene was used as a standard mutogen causing
frameshift mutations in the S. typhimurium TA98 strain. Sodium azide was used for base pair sub-
stitution mutations in the S. typhimurium TA100 strain. These substances caused a reverse muta-
tion in test strains, as a result of which they acquired the ability to develop in an environment defi-
cient in histidine and return to prototrophy. An increase in the number of revertants in this test in-
dicates that the test compound induces gene mutations. When standard mutagens and curcumi-
noids under study are introduced into the incubation medium of Salmonella typhimurium strains ,
a decrease in the amount of revertants indicates that the tested compounds have antimutagenic ac-
tivity [41, 42]. For analysis, the total preparation of curcuminoids was dissolved in 96% ethanol.
Studies were carried out at 2 concentrations of the total preparation of curcuminoids, the final con-
centration of which in the test systems was 1.7 and 8.3 mg/l. To exclude the influence of the sol-
vent, 96% ethanol was used as a negative control. To prevent contamination of the culture medium
by microorganisms, the initial solutions were filtered through a sterile filter tank with a pore size
of 0.2 um.

Results and Discussion

Traditionally, turmeric is used as an active component in the composition of herbal
remedies, in everyday nutrition as an independent seasoning (turmeric) or as part of spices [1, 2].
As a result of clinical trials, curcumin was recognized as safe and classified as a hazard class 5 (is
not hazardous). According to the decision of the US Food and Drug Administration (FDA US),
turmeric is included in the group of "generally recognized as safe” compounds [1]. Curcumin has a
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wide spectrum of biological activity, which makes it possible to use it in functional foods. In this
regard, it is important to determine its antioxidant and gene protective properties.

Antioxidant activity of curcuminoids. Studies have been carried out on the antioxidant
activity of the total preparation of curcuminoids and individual compounds included in its
composition: curcumin, demethoxycurcumin and bisdemethoxycurcumin. The antioxidant activity
of curcuminoids was studied in the model system for the reduction of the radical cation ABTS +.
Trolox was used as a standard antioxidant. Antioxidant activity was expressed as a percentage
decrease in the concentration of the radical cation ABTS + in the reaction system as a result of its
reduction by the molecules of the test compound.

Based on the obtained results, graphs of the dependence of the percentage of inhibition of
the ABTS" * " on the concentration of Trolox and the curcuminoids preparation were plotted
(Figure 1).
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Figure 1. Dependence of the inhibition of the radical cation ABTS" *on the concentration of trolox (a)
and curcuminoids preparation (b)

For the resulting plots, linear regression equations were calculated and used for further cal-
culations of Trolox equivalent (TEAS) and IC 5.

For Trolox, the IC 5g vaie was 12.04 umol/L, and for the total preparation of curcuminoids it
was 24.45 umol/L. The TEAC value of the total preparation of curcuminoids, calculated as the
ratio of the tangents of the slope of the curves presented in Figures 1a and 1b, was 0.44. This indi-
cates that the studied preparation of curcuminoids has a 2.3 times lower antioxidant activity com-
pared to Trolox.

The antioxidant activity of individual curcuminoids was studied using a series of standard
solutions with different concentrations of curcumin, demethoxycurcumin, and bisdemethoxycurcu-
min in 96% ethanol. To calculate the IC 5o and TEAC values, the corresponding graphs were con-
structed and linear regression equations were calculated for curcumin (Figure 2a), demethoxycur-
cumin (Figure 2b) and bisdemethoxycurcumin (Figure 2c).
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Figure 2. Dependence of ABTS + inhibition on the concentration of curcumin (a), demethoxycurcumin
(b) and bis-demethoxycurcumin (c)

The antioxidant activity of individual curcuminoids with respect to the ABTS ™ radicals
formed in the aqueous phase depends on the amount of methoxy and OH groups in the aromatic

rings of their structure (Figure 3). The efficiency of reduction of ABTS

+e radicals

with the presence of a —C=C —bond conjugated to the aromatic ring.

For Trolox, the 1C 50 vaie Was 12.04 umol/L (3.13 a), and for curcumin, demethoxycurcumin,
and bisdemethoxycurcumin, it was 30.19 pumol/L, 58.41 pmol/L, and 37.97 pmol/L, respectively.
The calculated TEAC values for these compounds were 0.41, 0.21 and 0.32, respectively. The data
obtained indicate that in the series curcumin, bisdemethoxycurcumin, demethoxycurcumin, the anti-
radical activity is reduced compared to trolox by 2.4, 3.1, and 4.7 times, respectively [43]. The cur-
cuminoids preparation exhibits antioxidant activity mainly due to curcumin and bis-
demethoxycurcumin, and to a lesser extent, demethoxycurcumin.
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Figure 3. Structural formulas of curcumin (1), demethoxycurcumin (2) and bis-demethoxycurcumin (3)

Thus, the antioxidant activity of curcuminoids, as a rule, is maximal in the presence of a
pyrocatechin group, which increases the stability of the phenoxy radical. A significant contribution
is made by the presence in the structure of the molecule of two double —C=C —bonds conjugated
with aromatic rings. Such a structure ensures the delocalization of the spin density of the phenoxy
radical [44]. In the absence of one of these structural fragments, the antioxidant activity of curcu-
minoids, as a rule, decreases.

Antimutagenic activity of curcuminoids preparation. An analysis of the literature data

showed that curcuminoids are characterized by antioxidant and anticarcinogenic activity [41, 42].
To evaluate the antimutagenic activity of the obtained total preparation of curcuminoids, a series
of experiments was carried out using the Ames test. Histidine auxotrophic strains of Salmonella
typhimurium TA100 and TA98 were used as test objects . Due to the difference in genotype, the
parallel use of these strains makes it possible to fairly fully assess the nature of the DNA-
damaging effect of mutagenic substances - base pair replacement for the S. typhimurium TA100
strain or frame shift for S. typhimurium TA98 [39, 40].
To assess the antimutagenic effect of curcuminoids, a standard mutagen, 2-nitrofluorene, was in-
troduced into the S. typhimurium TA 98 test system, which caused the formation of a large amount
of prototrophic revertants. In the presence of antimutagenic activity in curcuminoid compounds,
their introduction into the incubation medium caused a decrease in the amount of formed re-
vertants, due to their inhibition of frameshift mutations. caused by 2-nitrofluorene. For the S.
typhimurium TAZL00 strain, a standard mutagen, sodium azite, was used. The presence of the anti-
mutagenic effect of the total preparation of curcuminoids was taken into account by reducing the
frequency of induction of reverse mutations from histidine auxotrophy to prototrophy.
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The final concentration of the total preparation of curcuminoids after adding the working
solution to the test system of strains S. typhimurium TA98 and S. typhimurium TA100 was 1.7 and
8.3 mg/l.

The results of the study of the antimutagenic activity of the total preparation of curcumi-

noids in the test system with the S. typhimurium TA98 strain are shown in Table 1.
Table 1 - The results of the antimutagenic effect of the total preparation of curcuminoids with the mu-
tagenic effect of 2-nitrofluorene in the test system with the S. typhimurium TA98 strain

concentration of curcuminoids, concentration of curcuminoids,
1.7 mg/l 8.3 mg/l
Sample Share of positive Share of negative Share of positive Share of
wells, % wells, % wells, % negative
wells, %
Standard mutagen 14,58 85,42 50,00 50,00
(2-nitrofluorene)
1 0,
Negative control (96% ethyl 8,33 91,67 8,33 91,67
alcohol)
Total preparation of 8,33 91,67 25,00 75,00
curcuminoids

When the total preparation of curcuminoids at a final concentration of 1.7 mg/l was intro-
duced into the test system of the S. typhimurium TA98 strain containing 2-nitrofluorene in the cul-
ture medium, the level of induced mutagenesis did not decrease. An increase in the final concen-
tration of the total preparation of curcuminoids in the cultivation medium of the test object S.
typhimurium TA98 to 8.3 ug/ml leads to an increase in gene protective activity. There is a de-
crease in the proportion of positive wells by 42.87% when an alcohol solution of the total prepara-
tion of curcuminoids is added.

Table 2 shows the results of a study of the antimutagenic activity of the total preparation of
curcuminoids in a test system with the S. typhimurium TAZ100 strain.

Table 2 - The results of the antimutagenic effect of the total preparation of curcuminoids with the mu-
tagenic effect of sodium azide in the test system with the S. typhimurium TA100 strain

concentration of curcuminoids, concentration of curcuminoids,
1.7 mg/l 8.3 mg/l
Sample Share of positive Share of negative Share of positive Share of
wells, % wells, % wells, % negative
wells, %
Standard mutagen 83,33 16,67 100 0,00
(sodium azide)
1 0,
Negative control (96% ethyl 12,50 8750 16,67 83,33
alcohol)
Total preparation of 75,00 25,00 14,58 85,42
curcuminoids

According to the results of the test, the presence of a total preparation of curcuminoids at a
concentration of 1.7 mg/l in the cultivation medium of the S. typhimurium TA100 strain did not
lead to a significant antimutagenic effect. With an increase in the final concentration of the total
preparation of curcuminoids in the test system of the S. typhimurium TAZ100 strain to 8.3 mg/l,
there is a decrease in the frequency of induced mutations in the S. typhimurium TA100 strain by
more than 6 times (p<0.01) to a level comparable to spontaneous mutagenesis.

The conducted studies allow us to conclude that at low concentrations, the total preparation
of curcuminoids does not show a pronounced antimutagenic effect in the considered test systems.
With an increase in the final concentration of the total preparation of curcuminoids to 8.3 mg/l, a
pronounced antimutagenic effect is observed, preventing 50% of the frameshift mutations for the
S. typhimurium TA98 strain under the action of 2-nitrofluorene. At this concentration, the curcu-

Ne3, Bbinyck 39, 2022 111



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

minoids preparation prevented base pair substitution mutations for the S. typhimurium TA100
strain under the action of sodium azide to a spontaneous level.

Conclusion.

A study was made of the antioxidant and gene-protective activity of the total preparation of
curcuminoids and individual compounds included in its composition: curcumin, demethoxycurcu-
min and bisdemethoxycurcumin. The antioxidant activity of curcuminoids was studied in the model
system for the reduction of the radical cation ABTS +. For Trolox, the IC sq vaiue was 12.04 umol/l,
and for the total preparation of curcuminoids - 24.45 pmol/l, and for curcumin, demethoxycurcumin
and bisdemethoxycurcumin - 30.19 umol/l, 58.41 pmol/l and 37. 97 umol/l, respectively. The cal-
culated TEAC values for these compounds were 0.41, 0.21 and 0.32, respectively.

The TEAC value of the total curcuminoids preparation was 0.44. This indicates that the to-
tal preparation of curcuminoids has a 2.3 times lower antioxidant activity compared to Trolox.

The data obtained indicate that in the series curcumin, bisdemethoxycurcumin, demethoxy-
curcumin, the antiradical activity is reduced compared to trolox by 2.4, 3.1 and 4.7 times, respec-
tively. The antioxidant activity of individual curcuminoids depends on the number of methoxy and
OH groups in the aromatic rings of their structure, as well as on the presence of a —-C=C —bond con-
jugated with the aromatic ring.

To assess the antimutagenic activity of the total preparation of curcuminoids, the Ames test
was used on histidine-auxotrophic strains of Salmonella typhimurium TA100 and TA98. Studies
have shown that at a concentration of curcuminoids of 1.7 mg/l, the antimutagenic effect on both
strains is not manifested. At a concentration of the total preparation of curcuminoids of 8.3 mg/l, a
pronounced antimutagenic effect is observed, preventing 50% of the frameshift mutations caused
by the action of 2-nitrofluorene for S. typhimurium TA98. At this concentration, the curcuminoids
preparation prevented base pair substitution mutations for the S. typhimurium TA100 strain under
the action of sodium azide to a spontaneous level.

Thus, the conducted studies showed that the total preparation of curcuminoids and individ-
ual compounds curcumin, demethoxycurcumin and bis-demethoxycurcumin, due to their antioxi-
dant and gene-protective properties, can be recommended for use in the food industry to create
functional foods.
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PA3ZPABOTKA HOBBIX BU1OB
OYHKIINMOHAJIbHBIX
MACOPACTUTEJIBHBIX
HOJNY®ABPUKATOB C
NPEBUMOTHYECKHAM JEMCTBUEM

DEVELOPMENT OF NEW TYPES OF
FUNCTIONAL MEAT AND VEGETABLE
SEMI-FINISHED PRODUCTS WITH
PREBIOTIC EFFECT

DI'AO0Y BO «Cesepo-Kaskazckuii pedepanvnuiii ynusepcumemy/ North Caucasus Federal University

Annomauyus

B nacmoswee epems ocobyio akmyanvHocms npuobpemaem paspabomra QYHKYUOHALIbHBIX NUULEEbIX NP O-
ayKWlOG npod)uﬂakmuuecmﬁ HanpaejleHnocmu, 6 mom ducie onst nepCcoHaAIU3IUPOBAHHOCO NUMAHUAL, aodexsamno obec-
nevyuearnyux opecaHuIm 4eiloeeKkad OCHOBHbIMU UCMOYHUKAMU ICCEHYUANbHBbIX 6eecm8 — He3AMEHUMbIMU AMUHOKUC-
Jomamu, HCUpPHuIMU KUucjiomamu, BUMAaAMUHaAmMu, MUKpO-, MaKpoajiemeHmamu u nuujesobimu 60JI0KHAMU.

B cmamwve npedcmasnenvt pesyromamol paspabomku peyenmyp QYHKYUOHATbHBIX MACOPACMUMENbHBIX NO-
nyabpukamos co coOanancupO8aHHbIM HYMPUESHMHbIM COCMABOM, NPEOUOMUYECKUM OeliCIBUeM, 8blCOKUMU OP2aHO-
JNeNMUYecKuUMU C60UCMEA U NOBLIULEHHbIM 8bIX000M. Bbicokutl YpoeeHsb nuu;esoﬁ u buono2uYecKou yeHnocmu paspa-
bomanHwix noxygadbpuxamos, npoduiIAKMuUYecKas HaAnPaeiIeHHOCMb U NOHUNCEHHAS ceDeCmoumMocms 00CHMUSHYMbl
3a cuem KOM6uHal4uu CbIPbA AHCUBOMHO20 U paACmMUmelbHo20 npoucxo:)fcbeHuﬂ, BKJIIO4YEeHUsl 6 cocmaes peyenmyp UHHo-
B8AUUOHHO20 NUWEB8020 unzpe()uenma — Menaccvl MOJIOYHOU C JlaKmyJZOS’Oﬁ U UCNoOIb306AHUSL COBPEMERHBLX UHCMPY-
MEHNO0B KOMNbIOMEPHO20 Modeﬂupoeanwz.

KiroueBble cioBa: GyHKIIMOHAIBHBIE NTUIIEBbIE IPOIYKTHI, NPEOMOTHKH, JIAKTYJI03a, HyTPUEHTHAas cOaIaH-
CHUPOBAHHOCTH, MEJIacCa MOJIOYHAA, ICPCOHATIMZNPOBAHHOC NUTAHUC

Abstract

Currently, the development of functional food products of a preventive orientation, including for personalized
nutrition, adequately providing the human body with the main sources of essential substances — essential amino acids,
fatty acids, vitamins, micro-, macroelements and dietary fibers, is of particular relevance. The article presents the
results of the development of formulations of functional meat-vegetable semi-finished products with a balanced nutri-
ent composition, prebiotic effect, high organoleptic properties and increased yield. The high level of nutritional and
biological value of the developed semi—finished products, preventive orientation and reduced cost are achieved
through a combination of raw materials of animal and vegetable origin, the inclusion of an innovative food ingredient
in the formulations - milk molasses with lactulose and the use of modern computer modeling tools.

Keywords: functional foods, prebiotics, lactulose, nutrient balance, milk molasses, personalized nutrition
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Introduction

Malnutrition is a major social problem worldwide. The change in the lifestyle of a modern
person and the associated decrease in the physiological need for energy consumption, insufficient
intake of vitamins, minerals and other essential substances in the body, led to the development of
the functional food industry and the formation of the FoodNet market [8]. Considering the grow-
ing number of nutritionally dependent diseases, stress factors and natural disasters, expanding the
range and providing the population with high-quality functional food products is one of the most
important national tasks [8].

Personalized nutrition in the context of a healthy lifestyle today is becoming one of the new
directions in the development of a range of functional food products [9]. Along with dietary and
preventive nutrition, it is called upon to play an important role in the prevention of non-
communicable alimentary- dependent diseases [11]. In accordance with the recommendations of
nutritionists, the development of new functional food products should be aimed at improving the
health of target consumer groups, include technological solutions to reduce the content of beet
sugar, salt, cholesterol in formulations, enrich products with high-grade animal and vegetable pro-
teins, vitamins, dietary fiber, micro- , macronutrients and prebiotics. When creating functional
food products, an important role is given to such issues as biomedical requirements for raw mate-
rials and products, prescription base and additional components, biologically active substances,
giving them a preventive focus, taking into account the balance, compatibility and cost of the
components [1].

Materials and methods of research

The aim of the research was to develop meat and vegetable semi-finished products with a
functional orientation with a prebiotic effect, expanding the range of products for healthy, includ-
ing personalized nutrition, with a balanced amino acid composition, consistently high consumer
properties, nutritional and biological value, organoleptic characteristics and yield due to specially
selected components, in including reducing the cost of the product.

The meat of chickens and ducks was used as the main raw material for functional semi-
finished products. To ensure the nutritional balance of finished products, their preventive orienta-
tion and prebiotic effect, when modeling recipes, raw meat was combined in optimal proportions
with various vegetables and functional ingredients.

Recipe modeling and calculation of the nutrient composition of meat and vegetable semi-
finished products were carried out using the Etalon software package [2, 3] (registration certificate
No. 2005610751). The vyield of finished semi-finished products was determined according to
GOST 31988-2012 as the ratio of the mass of the finished product after heat treatment and cooling
to the mass of the semi-finished product before heat treatment [5]. The organoleptic evaluation of
the quality of the finished product was carried out according to a 5-point scale according to GOST
9959-2015 [6].

Results and discussion

The recipes of the developed functional meat and vegetable semi-finished products with
prebiotic action contain duck meat and mechanically deboned chicken meat in an optimally select-
ed ratio of 6: 1, beef protein, carrots, white cabbage, sweet pepper, milk molasses with lactulose,
semolina, egg powder, soybean oil, wheat bran, breadcrumbs and spices.

The combination of duck meat with mechanically deboned chicken meat in a prescribed ra-
tio made it possible to obtain minced meat with optimal nutritional value at a reduced cost. It is
known that duck meat is one of the most balanced in terms of nutrient composition , contains a
large number of various vitamins and minerals (vitamins A, PP, E, almost all B vitamins), its fat
includes a large amount of omega-3 unsaturated fatty acids, beneficially affecting the cardiovascu-
lar system and improving brain function [4]. An important advantage of mechanically deboned
poultry meat is the absence of a deficiency of essential amino acids, a rather low content of phe-
nylalanine relative to other types of meat raw materials [4], as well as an increased calcium con-
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tent, which makes it possible to bring the “calcium -phosphorus” indicator in the finished product
closer to the recommended medical and biological norm.

Beef protein (for example, fibrillar collagen "VT-PRO", manufacturer JSC "Verkhnevolzh-
sky tannery") is used in the formulation of semi-finished products as a structure-forming and func-
tional protein ingredient. The established advantages of its use include: increasing the amino acid
balance of the prescription composition; increase in the output of products by reducing thermal
losses; improving the organoleptic properties of finished products and improving their quality, in-
cluding by improving the consistency of minced meat and the structure of the finished product by
creating a protein matrix; cost reduction due to partial replacement of the main raw material with a
relatively inexpensive protein of animal origin; decrease in adhesion (sticking of stuffing to the
forming parts of the equipment), which improves the process of mechanized molding of the prod-
uct.

The use of dry milk molasses with lactulose ( LaktuVet-1, produced by Stavropolsky Dairy
Plant JSC) in the formulation of semi-finished products made it possible to reduce thermal losses,
increase product yield, juiciness of finished products, improve their color characteristics, nutrition-
al value, taste and obtain pronounced health-improving and preventive effect. The obtained results
are associated with the presence of lactose and lactulose in LaktuVet-1, as well as a whole com-
plex of micro- and macroelements at its low cost, since it is a by- product of milk processing [7].

An important advantage of using "LaktuVet-1" in the formulations of semi-finished prod-
ucts is that during their heat treatment, lactulose diffuses into the protein molecules of the product,
but no chemical reaction occurs. Lactulose retains its structure and bifidogenic activity [10]. Of
particular note is the high content of calcium in LaktuVet-1 (at least 3.4%), which forms the basis
(together with phosphorus) of human bone tissue, activates the activity of a number of important
enzymes, participates in maintaining ionic balance in the body, affects processes occurring in the
neuromuscular and cardiovascular systems [12].

Among other macronutrients contained in milk molasses with lactulose, an important role
belongs to magnesium and potassium. Magnesium is of interest from the point of view of vasodi-
lating action, as well as stimulating intestinal motility and increasing bile excretion. Magnesium
salts help reduce cholesterol with an increase in its content in the blood plasma, participate in the
formation of bones, the regulation of the nervous tissue, in the metabolism of carbohydrates and
energy metabolism. Potassium stimulates heart contractions, regulates acid-base balance. It is in-
volved in the transmission of nerve impulses, activates the work of enzymes. It is believed that po-
tassium has a protective effect against the undesirable effects of excess sodium and normalizes
blood pressure [3].

As a result of the research, recipes for meat and vegetable semi-finished products with a
high level of balance in essential amino acids were obtained (Figure 1).

iR =l 00 O

P

[ T e e R R e
[ e e Y e Y e N e

[

[ |
— R
[ |

0,00

- o I = - - =

1 < J . J 0 { 5
Figure 1. Graphical interpretation of the amino acid balance of meat and vegetable semi-finished
products of prebiotic action (*1- Leucine, 2- Isoleucine, 3 - Lysine, 4 - Methionine + Cystine, 5 - Phenylalanine +
Tyrosine, 6 - Threonine, 7 - Tryptophan, 8 — Valine)
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The general and partial indicators of the desirability of the amino acid balance of the de-
veloped product are close to the reference values equal to one. The obtained indicators (Figure 1
and Table 1) indicate a high biological value of the developed semi-finished products.

Table 1 - Criteria for nutrient adequacy for essential amino acids

The name of indicators Meaning
General desirability criterion D (fraction of one) 0.956
Mass fraction of protein, g/100g of product 10.15
Minimum speed (fraction of unit) 0.881
Utility factor (fraction of unit) 0.876
Comparable excess ratio (g/100g protein) 4.498
Essential Amino Acid Index (INAC, fraction of one) 0.995
Difference coefficient AK, KRAS,% 0.313
Biological value of protein in the product,% 99.687

The energy value of the developed semi-finished products is 177.8 kcal, of which 22.8% is
provided by protein, which allows them to be classified as food products with a high protein con-
tent.

The ratio between saturated and unsaturated fatty acids in the product is equal to that taken
as a reference value (Table 2). The product contains at least 28.6% of the recommended daily in-
take of the prebiotic lactulose.

Table 2 - Indicators of nutrient balance, nutritional and energy value of meat and vegetable semi-finished

products
The name of indicators Meaning
Protein, g/100 g product 10.15
Fat, g/100 g product 11.23
SFA, g/100 g lipids 25.05
PUFA, g/100 g lipids 25.66
MUFA, g/100 g lipids 37.08
NFA/UFA 0.4

Dietary fiber, g/100g of product 1.68
Lactose (not less than), /100 g 1.01
Lactulose (not less than), /100 g 0.572

Energy value, k/kcal 744.4/177.8

The combination of meat, vegetable raw materials and functional ingredients made it pos-
sible to most significantly provide the developed food product with protein, PUFAs, vitamins, mi-
cro-, macroelements, where the ratio of calcium and phosphorus is close to optimal. The semi-
finished product contains all the necessary nutrients, micro-, macro-elements and antioxidants (ta-
ble 3). This made it possible to solve a set of problems aimed at creating a functionally oriented
product with a prebiotic effect, with a balanced amino acid composition, consistently high con-
sumer properties, nutritional and biological value, organoleptic characteristics and yield due to
specially selected components, including those that reduce the cost of the product.

Table 3 - The content of micro-, macroelements and vitamins in the developed product

Content in 100 g of finished semi-finished products,
Nutrient taking into account losses during heat treatment % of RSP*
vitamins

Vitamin A, ret. equiv., mcg 138.00 15.35/17.26
Vitamin B ; , thiamine, mg 0.065 4.34
Vitamin B ,, riboflavin, mg 0.0947 5.26
Vitamin B 3 niacin, mg 2.089 10.45
Vitamin B 5, pantothenic acid, mg 0.341 6.81
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Vitamin B 4, pyridoxine, mg 0.113 5.65
Vitamin B ;,, cobalamin, mcg 0.072 2.4
Vitamin C, mg 8.297 8.3
Vitamin D, mcg 0.16 1.1
Vitamin E, current. equiv., mg 0.6658 4.44
Macronutrients
Potassium, mg 198.498 5.67
Calcium, mg 153.822 15.38
Magnesium, mg 39.44 9.39
Phosphorus, mg 144.338 18.04
trace elements
Iron, mg 0.733 7.33/4.07
Zinc, mg 1.012 8.43

* RDA - recommended daily requirement in accordance with MR 2.3.1.0253-21 (for men / for women)

Analysis of the data in Table 3 shows that, in accordance with TR TS 022/2011, the devel-
oped product is a source of micro-, macroelements and vitamins, namely, calcium and phosphorus
with their recommended ratio and vitamin A, and also contains most B vitamins, vitamin C and
fat-soluble vitamins D , E, macronutrients potassium, magnesium and trace elements iron and zinc.

The conducted studies showed that the inclusion of milk molasses with lactulose LaktuVet-
1 (experiment) in the recipe of meat and vegetable semi-finished products allows increasing their

yield by an average of 3.5% (table 4).

Table 4 - Results of determining losses during heat treatment of meat and vegetable semi-finished
products ( m ,, = £0.5)

Name of indicator An experience Control
G % G %
Weight of semi-finished product prepared for heat treatment 133.1 100.0 134.1 100
Weight of finished product after heat treatment 129.7 97.4 125.7 93.7
Losses during heat treatment 3.4 2.6 8.4 6.3
Weight of finished product after cooling 127.1 95.5 123.4 92.0
Losses during heat treatment, taking into account losses 6.0 4.5 10.7 8.0
when cooling down
Product yield - 95.5 - 92.0

Table 5 shows the organoleptic characteristics of the developed meat and vegetable semi-
finished products with the inclusion of milk molasses with lactulose (experiment) and without it

(control) in the recipe.

Table 5 - Results of organoleptic evaluation of semi-finished products

Samples Appearance Taste Color Smell Consistency juiciness Overall
semi-finished rating

products

Control 4.9 4.8 4.8 4.8 4.7 4.7 4.78
An experience 4.9 4.9 4.9 4.8 4.8 5.0 4.88

Organoleptic evaluation was carried out according to a five-point system. Its profilogram is
shown in Figure 2.
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external appearance

juiciness

Consistency

—o— test sample =& Control sample

Figure 2. Organoleptic profile of finished semi-finished products

The following indicators were taken into account: appearance, color, smell, texture, taste
and juiciness. For almost all of them, the control sample of the semi-finished product has im-
proved performance.

Thus, the developed semi-finished products have the following advantages:

- have a high balance of amino acid composition of proteins, which guarantees a consist-
ently high nutritional and biological value;

magnesium, etc.) easily accessible for assimilation by the body ;

- contain components that provide high quality, consumer characteristics, increased yield
and, at the same time, reduce the cost of the finished product.

Conclusion

The formulation and technology of nutritionally balanced meat and vegetable semi-finished
products of directed action, which have functional and preventive properties, have been developed
to improve the health of wide consumer groups and prevent the most common alimentary-
dependent diseases. The use of the proposed semi-finished products in the diet of various catego-
ries of the population will contribute to the normalization of the gastrointestinal tract, strengthen-
ing the musculoskeletal system, and slowing down the aging process. The presence in finished
products of such micro and macro elements as calcium, phosphorus, iron and zinc helps to prevent
cardiovascular diseases, osteoporosis, and strengthen teeth. Zinc takes part in the formation of the
most important hormones, neurotransmitters, blood cells, creating favorable conditions for the
cells of the body for full functioning, and iron, in turn, is involved in the formation of hemoglobin.

The inclusion of milk molasses with lactulose in the recipe of meat and vegetable semi-
finished products allows not only to carry out daily prevention of common deficient conditions of
the body associated with a lack of prebiotic substances and the most important micro-, macro-
elements of milk, but also to reduce thermal losses, increase the yield of products, juiciness of fin-
ished products, improve them color and taste characteristics.
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AHHOTAIHUSA

Lenv pabomer 3axmouanace 6 ucciedosanuu 3PhexmusHocmu UCHONb308AHUL ACRUPAYUOHHO20 000PY008a-
nust muna BBL] u e2o 3¢hghexmusnocmov ucnonv306anus Ha ce200HAUHUL O€Hb NO CPASHEHUIO ¢ Nepedo8blMU 00CMU-
JHCEHUSMU TMEXHUKU NO ACRUPAYUU 8 Ie6ANMOPHOU NPOMBIUIEHHOCIU 0I5l NPOYeCca CO30aHUsl PA3PSICEHUs 6030yXa U
VOaneHust 3epHOBOU NbLIU NPU IKCHIYAMAYUY 0060py008aHUs HA NPUMeEPe COBPEMEHHO20 CULOCHO20 DIIe8amopa éme-
cmumocmuio 20000 moun, npu KpynsaHom npou3eoocmee, 8Ka0Uarowem 8 cebs npuemKy u Xpanenue KOHOUYUOHHO20
3epHa./[na 0ocmudiceHus yeau uccie008anus U omeema Ha nOCMasIeHHble UCCIe008amenbeKue 8onpocul 00 g ghex-
MUSHOCMU YCMAHOBOK bamapetinvix yukionos muna BBL] 6vin npouzseden pacuem no KOIUYeCcmasy 6blopacbiéaemotl
3epHOBOI NbLIU 3a Nepuod 6 365 OHell IKCNAYAmayuu 31e6amopa npu pexcume 6 3 cmenvl no « Bpemennoit memoouxe
pacuéma niaHosvlx nokazamenel no OXpame ammoc@epHo2o 6030yxa 3epHonepepadamviéarwux npeonpusmull u
aneeamoposy, 6 coomeemcmeuu ¢ «Memooukoli pacuéma acnuUpAyUOHHLIX YCMAHOBOK U G3PblEOPA3PSIOHBIX
yempotiemey, cepusi 14, evinyck 1 «IIpomvluiientnas 6e30nacHocmy 63pbl8OONACHbIX 00bEKMO8 XPAHEeHUs U nepepa-
oomxu 3epHay. Co2nacHo NOLYUEeHHbIM Pe3yIbmMamam no Npous3ge0eHHoMy pacuemy Obll YCMAHO8IeH Ko duyuenm
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oyUCmKU bamapeHvix YcmaHo8ok, Komopulii cocmagun 95-96%, koauuecmso yoaneHHOU 3epHO80L NbLIU 3d 200 pa-
bomul snesamopa cocmagnsiem 40,16 monn. /lannulil nokazamend NOIOACUMETLHO GIUAEH HA OYEHKY dhdeKkmusHo-
cmu pabomsl bamapennvix acnupayuoHHbIx yemanosok muna BBL]. Buvisgienvl psid HeOOCmamKos u npeumywecms
acnupayuonnwlx ycmanogox muna BBL] neped cospemennvim acnupayuonHbim 000pyO008anuem Ha npumepe moyeu-
HO20 JoKanvHoeo gurempa.Ha cecoonswnuii oenv bamapetinvie ycmanosku muna BB aensitomes s¢hgpexmusHbiv
acnupayuouHbiM 060py00BaAHUEM, HECMOMPS HA HEOCHOPUMbLE NPEUMYUeCMBd UHHOBAYUOHHBIX MOYEYHbIX TOKANb-
HbIX QUALIMPOB, CYUECMEEHHOU NPOOIEMOT KOMOPLIX AGISAEMCSL UX MALO YHUBEPCATIbHOCTD.
KuiroueBble ci1oBa: 31eBaToOp, 3€pHOBAas NbLIb, bBLI, BO3aYyX, 3arpsi3HeHUE, OUHUCTKA.

Abstract

The purpose was to study the efficiency of the use of aspiration equipment of the BC type and its efficiency of use
today in comparison with the advanced achievements of aspiration technology in the elevator industry for the process
of creating air dilution and removing grain dust during the operation of equipment using the example of a modern silo
elevator with a capacity of 20,000 tons, in grain production, including acceptance and storage of air-conditioned
grains. In order to achieve the purpose of the study and answer the research questions about the effectiveness of the
installations of battery cyclones of the BC type, a calculation was made on the amount of grain dust emitted for a pe-
riod of 365 days of elevator operation in 3 shifts according to the "Temporary method of calculating planned indica-
tors for the protection of atmospheric air of grain processing enterprises and elevators", in accordance with the "Cal-
culation Method aspiration installations and explosion-discharge devices", series 14, issue 1 "Industrial safety of ex-
plosive grain storage and processing facilities™. According to the results obtained, according to the calculation, the
cleaning coefficient of battery installations was established, which amounted to 95-96%, the amount of grain dust
removed during the year of operation of the elevator is 40.16 tons. This indicator has a positive effect on the evalua-
tion of the efficiency of battery-operated aspiration units of the BBTS type. A number of disadvantages and ad-
vantages of BBC type aspiration units over modern aspiration equipment have been identified on the example of a
point local filter. To date, battery installations of the BPC type are effective aspiration equipment, despite the undeni-
able advantages of innovative point local filters, the essential problem of which is their low versatility.

Keywords: elevator, aspiration equipment, grain dust, BBTS, air, pollution, cleaning.

Beeagenne Cenbckoe x03siicTBO Poccun — KpyrHas oTpacib 3KOHOMUKU cTpaHbl. Poccus 3a-
HUMAaeT NIEPBOE MECTO B MHUPE 0 IKCHOPTY MIIEHUIIBl. B yacTHOCTH, 3epHOBast MPOMBIIIIIEHHOCTD -
OJIMH U3 OCHOBHBIX HCTOYHUKOB JI0X0/1a CTPaHbl NP IKCIopTe cenbxo3npoaykuuu [1,3] B cBssu ¢
MEePCIIEKTUBHBIM PA3BUTHUEM CEIIbCKOXO3SHUCTBEHHOW MPOMBIIIIEHHOCTH, TJI€ YKCIOPT 3epHA SIBIIS-
€TCsl CTPAaTEerMueckd BaXKHBIM (DAKTOPOM JIJIsi SKOHOMMKH T'OCy/apCcTBa, BO3PACTAET aKTYaJbHOCTh
CTPOMUTENHCTBA MPEANPHUATHI M0 XpaHEeHHUIO U TiepepaboTke 3epHa. [lo cTaTHCTUUECKUM JaHHBIM Ha
2020 romx oOmuii 00bEM IKCIIOPTA CEIBX03-ChIPhS M TMPOJAOBOJILCTBHS JOCTHT 30 MIIpJA JT0JUIApOB
[5,7,12].

CroJsib THTEHCUBHBIN POCT Pa3BUTHS 36pHOBON MPOMBILIUIEHHOCTH BJI€UYET 3a COOON aKTHBHBIN
CIPOC Ha CTPOUTEIHCTBO 3J1€BaTOPOB. OCHOBHBIM COMYTCTBYIOIUM SIBIIEHUEM IIPpH paboTe Takoro
MPEANPUATHS SIBISETCS HAIWYUE 3€PHOBOM IMbUIM, KOTOPAsi COAEPKUT BPEIHbIE BEIECTBA, BIIUSIO-
IIM€e Ha 3]I0pOBbe pabounX M HaceJeHUs OJU3b PACIONOKEHHBIX OT TEPPUTOPHH 3jeBaropa [2,6,9].
OaHMM U3 KU3HEHHO BaXKHBIX 3JIEMEHTOB OKpY’Karollled Hac MPUPOJIHOM cpenbl ABISETCS aTMO-
cdepublit Bo3ayx [4,8,11], 0coOyro omacHOCTh MpPEACTaBIAET HAX0XKICHNUE YaCTUI] 36PHOBOM TBLITN
B HEpa3psLKEHHOM BO3/YLIHOM IPOCTPAHCTBE, YTO BEJET K B3PHIBOOIACHOM CUTYalluu Ha IpEaIpu-
atuu. J{ns aToro Ha sneBaropax cornacHo «IIpaBuiam 6e30mMacHOCTH B3pBIBOMOKAPOOIACHBIX MPO-
M3BOJICTBEHHBIX OOBEKTOB XpaHEHUS U MepepadOTKHU PaCTUTENILHOTO ChIPbs», YTBEpKAEHHBIX [Tpu-
ka3oM Pocrexnamzopa ot 15 HosOps 2016 roma Ne 475, cinenyet UCconbp30BaTh CHEHATLHOE aciu-
paIrMoHHOe 000pyIOBaHHE.

Ha ceronusmnuii 1eHpb Uil pa3psbKeHHs] BO3AyXa IPU TPAHCIIOPTUPOBKE 3€pHA HA MPEANpUsi-
THUU U yJAJIEHUs 3€pHOBOM MbUIM BCE Yallle MCIOIb3YIOT CPAaBHUTEIBHO COBPEMEHHOE 000pyA0oBa-
HUE, TAaKOE KaK TOYEUHBIE JIOKAJIbHBIE (PUIIBTPHI, TOApa3yMEBaIOLINE Pa3psyKeHHE BO3IyXa KaXKI0T0
o0opyIoBaHUs OTAENbHO, HE OoOBeauHsss B oburyro ceth [10,13]. Omnako, mapajieTbHO HOBBIM
TEXHUYECKUM OTKPBITUSM MHOTHE MPEANPUATHS MO-TIPEKHEMY BOT yKe 0Oojee MojyBeKa akTUBHO
UCHoJNB3YIOT Oatapeiinble ycraHoBkM Tuna bBLl, Bxonsuiie B coctaB acnupanuoHHON ceTu [14].
Takoit BbI00p 000CHOBaH 3HAYMMBIMU (PAKTOpaMU, KOTOPbIE UCCIIEIOBAHbI M MIPECTABICHbI B JaH-
HOW CTaTh€ HAa MPHUMEPE COBPEMEHHOTO CHIJIOCHOTO 3yieBaTopa BMecTUMOCThO 20000 TOHH, mpu
KPYISTHOM IIPOM3BOJICTBE, BKIIOYAOIIEM B ce0s IPUEMKY M XpaHEHHE KOHIUIIMOHHOTO 3epHa.
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Martepuaiabl 4 MeTOAbI HccaeA0BaHMIT.OO0BEKTOM HCCICIOBAHUS SIBISCTCS aCUPAIMOHHOE
obopynoBanue tuna bBL u ero 3¢ ¢GekTuBHOCTh UCIOIL30BAaHUSI HA CETOMHALIHUI JIeHb MO0 CpaB-
HEHHUIO C MIEPEIOBBIMU JOCTHXKEHUSIMH TEXHUKH 110 aCTIUPALIUU B 3JIEBATOPHOM MPOMBIIIJIEHHOCTH U
JUIS TIpoLiecca CO3AaHUsl pa3psKeHUsI BO3AyXa U yAaJeHUs 36pHOBOM IbLIH MPU KCIUTyaTaluu 000-
pYIOBaHMS Ha MPUMEPE COBPEMEHHOTO CHUJIOCHOTO 3yieBaTopa BMecTUMOCThI0O 20000 TOHH, mpu
KPYIISIHOM MTPOU3BOJICTBE, BKIIIOUYAIOILIEM B ce0sl MPUEMKY M XpaHEHHE KOHIWLIMOHHOTO 3epHa (puc.
1).

B TexHONO0rHYeCKHil KOMIUIEKC BXOJAT CIAEAYIOUINE 3aHUSI U COOPYKCHHUS:

1. YerpoiicTBo npuema 3epHa U3 aBTOTPAHCIIOPTA Ha JiBa rnpoe3ja (mo3. 1);

2. biok u3 aByx OyHKEpOB IJIsl OTXOAOB (1103. 2);

3. YerpoiicTBo oTrpy3ku 3epHa Ha aBToTpancnopT OAT2xCK]15/7-45 (mos. 3);

4. Tloct ynpasnenus u 1] (mo3. 4);

5. Emxoctu s xpanenust 3epna CIIJ[ 18/19 — 4 m, o6meit BMectumocthio 20000 TOHH
(mo3. 5...8);

6. KonBeliepHbie Ha3eMHbBIC AcTaka bl (1M03. 9...12)

YcTPOMCTBO MPMEMA 3EPHO 13 GBTOTPOHCMOPTA
Ha gea npoesga (mos, 1)

NL2 NLL
EmkocTe 19 xpaHerusa sepHa CM4 18719 (nos. 7, 8) { {
KoHeerepHaa HagaemHas actakaga (noa. 11,120 A UcTPOMCTRBO OTFDY3KU 3eDHA

S e

D Ha agToTPaHCMoPT CKA9/7-45 (nos. 3)

T l KoHeeriepHaA Hog3emHas
3cTakaga (o3, 9)

Acn. yet. N2

! Bnok 3 1BYX BYHKEPOB

no03.8 nos./ | ans otxogos (o3, &)
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[Avavava| r~
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Ned N2.10
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EMkocTs 4na xpaneHns sepHa Cl14 18/19 (nos, 9, 6)
KoHsenepHas HagaemHas acTokaga (noa. 10)

Acn. yet. NI

nos.6 nos.d

Acn. ycT. N3
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Pucynok 1. Texnosoruueckasi cxema 3jieBaropa BMecTumMocTbio 20000 Tonn

CxeMoi TeXHOIOTMYECKOT0 IIPOIECCa TPEAYCMOTPEHO BBIMOIHEHHUE CIIEIYIOIIMX ONEpaLlUii:

- [Ipuém 3epHa U3 aBTOTpaHCIOpTa C Mojadell B JIOOON psJ €MKOCTEeH NJs XpaHEHUs 3epHa
CIIa 18/19;

- [lepexauka 3epHa U3 €MKOCTH B €MKOCTb, a TaKXKe U3 KaXKIO0ro psijia eMKOCTel B JII000M psil
€MKOCTEH;

- Otrpy3ka 3epHa u3 emkoctei it xpanenus sepaa CI1J[ 18/19 na aBroTpancnopt

VYnpasiieHue Ipou3BOJACTBOM OCYLIECTBIISIETCS aBTOMAaTHUECKON CHCTEMOH YIpaBJIEHUS TEX-
HonorudeckuM mporeccoM (ACYTII) Ha 6a3ze mepcOHATBHBIX KOMITBIOTEPOB C YCTAHOBKOW 000pY-
JIOBaHUS B TOMEILIEHUHU TIOCTA YIIPaBJICHUS.

Pexxum pabotel — 3 cmensl, 365 qHell B rony.
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OuncTtka BO37yXa B aCUPAIIMOHHBIX YCTAHOBKAX MPEAYCMOTPEHA HA YCTAHOBKAaX OaTapelHBIX
nukinoHoB bBBI[ OO0 «Kopnoparusa «CKOCCy» ¢ ucnoap30BaHUEM BEHTHUIATOPOB (GPUPMBI «3aBOJ
«BEHTUWJISATOP»». s ymeHbIICHHS OOBEMOB BBHIOPOCOB MBUIM O HOPMATHUBHBIX IPEACIOB
MpelyCMOTPEeHa acupalusi Bcex MecT mblieoOpa3oBanus. K Takum MectaM OTHOCSTCS: MECTO OT-
TPY3KH 3epHa C aBTOTPAHCIIOpPTA B MpHUEMHBbIC OyHKepa; OalllMaky HOPWH; MECTa 3arpy3Kd U BHI-
IPY3KH KOHBEHEPOB HAJICHIIOCHBIX, MOJACWIOCHBIX U TPAHCHOPTUPYIOLIMX MO npennpustuto. [Ipo-
M3BE/ICHa KOMIIOHOBKA aCIUPAIIMOHHBIX CETeH B OOIIYIO CETh, IO MPUHIIUIY COTJIACOBAHHOCTH U
OJTHOBPEMEHHOCTH PabOThl 000PYAOBAaHUS B LIENAX 0o0Jiee pallMOHAIBHOIO MCIIOJIb30BAHUS SHEPIO-

pecypcoB (tabmuma 1). Pacder u mogbop oOopymoBaHHS OCYIIECTBIEH Ha OCHOBE MACIIOPTHBIX
JAHHBIX YIOMSHYTBIX BBIIIE (GUpM.

Tabauua 1. - KoMnoHoBKa aciipanuOHHBIX YCTAHOBOK
Hopma otcoca Bo3nyxa

Bceero

Haumenosanne Otm. yera- | Kom. or oTCACH [TbineotyeuTeNs,
ACTTHPUPYEMBIX MaIIHH HOBKH | Mammu 1 maruHbl 3, BEHTHJIATOP
3 BO3IYXa M /uac
M uac
1 2 3 4 5 6

YCTpoiCTBO IIpreMa 3epHa U3 ABTOTPAHCIIOPTa Ha JiBa poe3fia (1o3. 1)
AcnupariiorHas yctaHoBKa Nel

|Veranoska Oarapeiras muknor0B BBII-500
0,000 1 1300x5 6500 INe3.1
Bentumsrop BLIT 7-40-5 Nod. 1

byHKepb! YCTPOKCTBA IpUEMa 3epHa
113 aBTOTpancnopra bl

QBent.=6500x1,05+150=6975 w*/aac

AcnupanuorHas ycraHoBka Ne2

Hopus 11-175 Nel. 1 0,000 1 1540 |Veranoska Oarapeiras muknoHOB BBII-350

550 070 N32
Konseiiep ckpeOxoBblit Ne2.2; +16 500 3 510x3 Benrunarop BIII 5-45-4,25 Ned.2
No2.5; Ne2.11 +30.200

Qent.=3070x1,05+150=3376 m°/uac
AcnvpanorHas ycraHoBka Ne3

-5,450
Hopus [1-175 Nel 2 1 1540 [YeranoBka OarapeiiHast HUKIOHOB
KorBeiien cknelroBsit 0,000 3070 bB11-350 Ne3.4

P Ckp 0,000 3 510x3 Bentunstop BLI 5-45-4,25 Nod.4

Ne2.6;Ne2.7; Ne2.10 +30.200

Bent.=3070x1,05+150=3376 m°/uac
Q

AcnupanioHHOE 000pyA0BaHKE MTPEIHA3HAUEHO JUISl YJAJIEHUs 36pHOBOM MMbUIM U ra30B, KO-
TOpbIe 00pa3yIOTCs B X07e pabOThl TEXHOJIOTHYECKOTO 000pyI0BaHuUs HA MPEATPUSITUH.

3epHOBast MbUIb — CYOCTAHIUS, COCTOSIIAS U3 MEJKUX YacTHI], BO3HUKAIOIINX OT Mpolecca
TPEHUsI 3€PEH JIPYT O Apyra U O CTEHKHU 000pyI0BaHUS MPH MEPEMEICHUN Ha MTPOU3BOJICTBE. 3ep-
HOBas MbUIb MHOTOTPAaHHA TI0 CBOEMY cocTaBy. OHa CONEPXKUT MUHEPAIbHYIO MBLIh (ITOYBA), pas3-
PYILIEHHOE 3epHO M YaCTH PACTEHUH, CEMEHa COPHIKOB, MHUIICIIUU U CHOPBI TPUOKOB, MUKPOOOB,
HAaCEKOMBIX M KJIEIIeH. 3epHOBas MbUIb U CIOPHI TPUOKOB OIMACHBI JJIS 370POBhsI pabOTAIOINUX U
HACEJICHUS MPUIIETAIONINX K MPEINPHUITHIM CETUTEOHBIX TEPPUTOPHUL. SBISETCS UCTOYHUKOM TaK
Ha3bIBAEMOU «3€PHOBOM JIMXOPAKN», XPOHUUECKUX MOPAKECHUNA JETKUX (WIETKHE GepMeEPOB») U

JPYTUX CUCTEMHBIX MOPAXEHUI BHYTPEHHUX OPTaHOB IPHU BO3JIEHCTBUN 3€pHOBON MbLIH (Tabnuia
2).
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Taoauna 2. - Ilpeaeabno nonycrumble Kouuenrpamnuu (I1IJIK) 3epHoBoii nbliun
ITJIK MakcuManbHO KOHIIEHTPAIUs 36PHOBOM BTN B AaTMOC(HEPHOM BO3yXE

pas3oBas CpegHeCcyTOYHas

TOPOJCKOE HACEeIICHHE 0,5 Mr/M° 0,15 Mr/M°

CEJIbCKOE HAaCEJICHHNE 0,5 Mr/M° 0,15 Mr/M°
[TIK 3epHOBO# BIIN B BO3AYXE Pab09ero mpoCTpaHCTBa

4 mr/v®

I'maBHOI ONACHOCTBIO SIBJIAETCS JIETKask BOCIIIIAMEHAEMOCTh 3TOM CyOCTaHLIMU B COUETAaHUH C
CO3/1aHHEM MOHMKEHHOI'O JIaBJIEHUS IIPU TPAHCIOPTUPOBKE 3epHAa. OHA OTHOCUTHCA K 3-My KJlac-
Cy OIIACHOCTH 110 TOKCUYHOCTH U B3PBIBOOIIACHOCTH.

OOBEeKTOM HCCIIeIOBAHMS SABJISETCS acupalionHoe obopynoBanue tuma bBL] u ero a¢dex-
TUBHOCTb UCIOJIb30BAaHUS HAa CETOAHSIIHUMN JCHb 110 CPABHEHUIO C NEPEIOBBIMU JOCTHKECHUSMU
TEXHUKH II0 aCIMpalyy B JIEBATOPHOM IPOMBIIUICHHOCTH. barapelinble ycraHoBku Tumna bBI|
IIPEIHAa3HAYEHBI Ul YJIABIUBAaHUS CPEIHEIUCIEPCHOM IBUIM B CHCTEMaxX IHEBMOTPAHCIOPTa H
acCIHUpalMOHHBIX YCTAHOBKAX (puc. 2).

Kopob Brmxmon BOok

e

EaTapeH IIHMKIOHOB

KOHYC OCAKICHHA ITHITI

ITnro30Boit 3arBOp

Pucynok 2. barapeiinas ycranoBka tuna BBI{

IIpuHIUI 1EeNCTBYS 3aKIH0YACTCs B BBIBEACHUH 3alIBIIICHHOIO BO3/1yXa, KOTOPBIN MTOCTYIIAET
yepe3 BXOJHOW MaTpyOoK MOCTyNaeT B HUKIOHBI U MOJIy4aeT BpallaTeIbHOE BUHTOOOpa3HOE ABU-
xeHue. [log neficTBreM LEHTPOOEKHOM CHUJIBI YaCTHUIIBI IBUIM MPHKUMAIOTCA K CTEHKaM IUKIIO-
HOB, TEPSIOT CKOPOCTh M OCAX/1al0TCA BHU3 B COOPHBIN KOHYC. [Ipy moMoIm 1iIr030BbIX 3aTBOPOB
coOpaHHast IbUIb BBIBOAUTCS B MBUIEOTBO, a OYHMILEHHBIN BO3AYyX Uepe3 BBIXJIOMHbIE TPYOb! IIUK-
JIOHOB U COOpPHYIO KOPOOKY BBIBOJUTCS U3 LIMKJIOHOB BBEPX MJIM BOOK B BO3/1yXOBOJ OUMILEHHOTO

BO31yXa (puc. 3).

Hopus Nel.1
VYeTaHoska Y —
3ambIICHHBIIT 3 OuHIEeHHBI BO3IYX
OaTapelHEIX BT 5-45-4.25 oo R
IHKIOHOB Ned 2 PY
BBI-350 Ne3.2 o

Komuseiiep ckpeOKOBbIH
Ne2.2; Ne2.5;Ne2.11

3epHOBas LU B
OYHKEp OTXOTOB

Pucynox 3. Cxema IBHKeHHSI BO3AYIIHOI Macchl B aCNUPALIMOHHOI ycTaHOBKe No2
(cm. Tabdauny 1)

132 Ne3, Bbinyck 39, 2022



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

JUnist TOCTHKEHUS 1IeTTM UCCIIEI0BAHMs U OTBETa Ha MOCTABJICHHBIE MCCIIEI0BATEIbCKHE
BOIPOCHI 00 3(HEKTUBHOCTH YCTAaHOBOK OaTapelHbIX NMUKIOHOB THNa BBIl Obu1 iponsBeneH
pacder Mo KOJUYECTBY BhIOpachIBa€MOU 3€pHOBOM MBLIHM 3a MEpUOa B 365 AHEH 3KCIuTyaTa-
LMY 3JIeBaTopa Mpu pexxume B 3 cMeHbI 10 «BpeMeHHON MeToAuKe pacyéTa IIaHOBBIX MOKa-
3areneil o oxpaHe aTMoc(hepHOro Bo3jayxa 3epHorepepadbaThIBAIONINX NPEANPUATHIA U dJe-
BaTOPOB», B COOTBETCTBUM ¢ «MeTOauKON pacuéra acnUpalMOHHBIX YCTAaHOBOK U B3PBIBO-
pa3psAIHBIX YCTPOUCTBY», cepusi 14, Boimyck 1 «IIpombinuienHas 6€30MacHOCTh B3phIBOOIAC-
HBIX 00BEKTOB XpaHEHUsI U NIePepabOTKU 3epHa.

Oprann3oBaHHBIM HCTOYHUKAM BbIOpOCOB IpHcBOeHbl HOMepa ¢ Nel mo Ne3, coorBeT-
CTBEHHO HOMEpaM aCIHUPAIIMOHHBIX YCTaHOBOK.

Pacuer npousBoautcs no popmye:

m =V X Zk, r/cek, rae:
M - BEIOPOC MBLIH, T/CEK;
V - 06beM BO3/1yXa, BHIOPACHBACMBIN HCTOYHHKOM, M°/CEK.
Zk - KOHLUEHTpPALUA MbUTK B BO3AYXE MOCIIE OYUCTKH, r/m®,
O0béM Bozayxa (V), BRIOpackIBaeMbIii HICTOYHUKOM OIIPEACIIAETCS IO (hopMyIie:
2oom. ><1,05)+Q6.y. e,

3600 rie:

Qs.y. - KONNYECTBO BO3yXa, 10JICACHIBAEMOTr0 B INKJIOHAX, M>/aac.

KoHnuenTpanus npu B BO3JyXe Iociie OUUCTKU (Zk) ompenensercsa no Tadmune 10
(mpunoxenue 32) «Metoauku pacuéra aclUpalHOHHBIX YCTaHOBOK M B3PBIBOPA3PSIHBIX
YCTPOHCTB» B 3aBUCHMOCTH OT KOHIIEHTPAIMH MBUTH U CKOPOCTH BO3/yXa Ha BXOJIE B IBLICO-
TACTHUTEIb.

-

YCTpOoKCTBO ITpUeMa 3epHa U3 aBTOTPAHCIIOPTA
Ha aBa npoesnaa (1mo3. 1)
Ucrtounuk Ne 1
AcnupanuonHas ycranoBka Ne 1

3arps3HsoIIee BEIIECTBO - IIBLJIb 3€pPHOBAs
O06bEM BO3MyXa - 1,94 m”/cex
JlnameTp BBIXJIOITHOTO Bo3ayxoBoaa - 0,50 m
BricoTa BeIOpOCa - 2,5 m ot ot™. 0,000 coopyxenust
Bpems pabotsl - 1450 ygac/ron
[TeuteotTnenmmuTens - ycTaHOBKa Oarapeiinas rukiaonoB bBI[-500
Koa¢¢unuent ounctku Gpuisrpa - He MeHee 95%
KoHneHTparyst s B
HaumenoBanue acnupupyemMoro O0beM oTcackBaEMOro
3 BO3JIyX€E, OTXOSIIEM OT
000pyI0BaHUS BO3JlyXa, M~/4ac

o0opynoBaHus, /M’

byHkepa ycTpoiicTBa mpreMa 3epHa U3 aB
TOTPAHCIIOPTA HA JBa MPOe3/1a 6500 1,3

CpenHeB3BeNIEHHAs! KOHIIEHTPALMS MbUIM 10 OYUCTKH - 1,21 /v’
KonnuecTBo NbUH B BO3IyX€ 0 OYUCTKU:
m=1,21x1,94 = 2,35 r/cek
KonueHnTtpanus nsum B Bo3ayxe nocie ounctku — 0,0625 /v’
BbIOpoc mbUTH TTOCTIe OYUCTKH COCTABHT:
m = 0,0625x1,94 = 0,12 r/cek; 0,63 1/Tox
Koaddunment ounctku OarapeitHoil ycTaHOBKH cocTaBuT - 95 %
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Hcrounuk Ne 2
Acnupanmodsas yctaHoBka Ne 2

3arps3HsIOIIee BEIIECTBO - TIBUTH 3epHOBAs
O06bEM BO3MyXa - 1,54 M/cek
JuameTp BeIxJomHOTro Bo3ayxoBoga - 0,450 m
BricoTa BEIOpOCa - 11,9 m ot oM. 0,000 coopyxeHHs
Bpems pabotsr - 1450 ygac/ron
[TputeoTnenurens - ycTaHOBKa Oarapeitnas rukiioHoB bbI[-350
Koa¢ppunment ounctku Gpuisrpa - He MeHee 96%
HaumenoBanue acnupupyemMoro O0BeM 0TcackBa€MOro BO3- KonuenTpanus s.H B
obopymoBaHuUs Jyxa M/aac BOSALYXE, OTXOHﬁmeMgoT
’ obopynoBaHus, /M
Hopus 11-175 Nel.1 1540 2,0
Konseiiep ckpeOkoBbIii Ne2.2; Ne2.5; 510x3 0.8
Ne2. 11

CpenHeB3BelIeHHAas KOHLIEHTPAIUs bUIM 1O OYUCTKY - 1,28 /v,
KonuyecTBo mblTu B BO3/AyXE 10 OYUCTKH:
m = 1,28x0,94 = 1,2 r/cexk.
KonnenTpaius neuin B Bo3ayxe nocie ounctku — 0,0513 /M
Br1Opoc nbmu mociie OUUCTKU COCTABUT:
m = 0,0513x0,94 = 0,048 r/cex; 0,25 T/Tox
Kosdpdunment ounctku O6arapeitHoil ycTaHOBKH cOCTaBUT - 96%

Hcrounuk Ne 3
Acnuparnmontas ycranoBka Ne 3

3arps3HsoIIee BEIIECTBO - IIBLJIb 3€PHOBAs
O06bEM BO3MyXa - 1,54 M/cex
JnameTp BBIXJIOMHOIO Bo3ayxosoga - 0,450 m
BricoTa BeIOpOCa - 11,9 m ot ot™. 0,000 coopykeHuUs
Bpems pabotsl - 1450 ygac/ron
[TeuteotTnenmmuTens - ycTaHOBKa Oarapeiinas nukiaonoB bBI[-350
Koa¢¢unuent ounctku Gpuisrpa - He MeHee 96%
KoH1eHTparmst mpuiy |1
HaumenoBanue acnupupyemMoro OO0BeM oTcackIBaEMOTO BO3/1yXa,
3 BO3J1yX€, OTXOJIAIIEM O
o0opynoBaHus M-/4ac 3
o0opymoBaHus, T/M
Hopwust 11-175 Nel.2 1540 2,0
Konseiiep ckpeOkoBbiit Ne2.6; Ne2.7;
No2 10 510x3 0,8

CpenHeB3BenIeHHAas! KOHIIEHTPALUs MbUIA 10 OYUCTKH - 1,28 /M,
KonnuecTBo NbuH B BO3IyX€ 10 OYUCTKU:
m = 1,28x0,94 = 1,2 r/cexk.

KonueHnTtpanus nsum B Bo3ayxe nocie ounctkn — 0,0513 /v
BrIOpoc nbLIH MTOCIIE OYUCTKU COCTABHT:

m = 0,0513x0,94 = 0,048 r/cex; 0,25 1/TOx
Koa¢ppunment ounctku O6arapeitHoOi ycTaHOBKH cOCTaBUT - 96%
B nporecce skcmyaraiuy OpeArnpusThs, KpoMe 3arps3HAIONIMX BEIIECTB, BHIOPAChIBAEMbIX
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B arMocdepy, 00pazyroTcss HEKOPMOBBIE OTXOABI OT aCHUPAIIMOHHBIX ycTaHOBOK Nel...3, KoTopbIe
HaKaIuIuBaeTcsl B OJIOKE U3 JBYX OYHKEPOB JUIsl OTXOM0B (1103. 2). Ilo Mepe HaKOIJIEHUs OTXOIbI
OTTPYKalOTCA Ha aBTOTPAHCIIOPT JJisi BbIBO3a Ha noyiuron ThO.

CBOI[HaSI Ta6n1/1ua JaHHBbIX 10 OpPraHU30BAHHBIM HCTOYHHKAM BbI6pOCOB ACIIMPaOHHbIX
yYCTaHOBOK INpHBeacHa B Tabmue 3. KomnuecTBo U XxapakTepuCTHKa OTXO/I0B MIPHUBEICHA B TaOIH-
e 4.

Tadnuua 3 — CBogHas Ta0/IMIA JAHHBIX 10 OPraHN30BAHHBIM HCTOYHHKAM BHIOPOCOB aCUPAIMOHHBIX

YCTaHOBOK
Tun
MBIICOTICITUTEIS
i Kon-o | KonnuectBo Koad
O0bEM . Juamerp Bpewms pa
NeNe BBIIENSAE | BBIAEIAEMON| 3arpA3HsIO- b Bricora BbI
Bosnyxa]| = BBIXJIOITHOT] OOTEHI HC-
UCTOY MO IbUTH TIBUIX TIOCTIC iee ¢bu Opoca,
ceTtu BO3-11a, TOYHHKA,
HHUKOY 3 JI0 OYHCT. OUYUCTKHU BEILIECTBO Tuna BBL] |uueH M
M°/cek M qac/rox
r/cek r/cex 04nd
KH
%
1 2 3 4 5 6 7 8 9 10
bt YcraHoBka 6atg
1 1,94 2,35 0,12 SePHOBAS peitnas ko 95,0 0,500 2,5 1450
P HoB BBII[-500
Tbuin YcraHoBka 6atg
2 0,94 1,12 0,048 SePHOBAS peitras mmkimo4 96,0 0,355 11,9 1450
P HoB BBII-350
VYcranoBka 6atg
[Ibu1b 3 o
3 0,94 1,12 0,048 eOHOBAS peitras ko4 96,0 0,355 11,9 1450
P HoB BBII-350
Tabauua 4 — KojimyecTBo 1 XapaKkTepHCTHKA 0TX010B
duszuko- Hcnone3oBanue 0TX010B
XUMHUYECKast (t/Tox)
XapaKTepUCTH-
P P IIepuo-
Mecrto Ka OTXO-
Knace nquaHocts|  Kom-Bo ot-
obpazoBa- JIoB(cOCTaB, Ilepenano | CkiagupoBa-
Hanwm. OTacHo- o0pa3oBa{ XOJOB, T/TOX
HUS OTXO- coJiepKaHue JPYTUM Op- | HHE B HAKOITH-
cTH HUS OT-
JI0B JJIEMEHTOB, raHmsa- TeNAX, Ha T10-
XOJI0B
COCTOSIHUE, LHSIM JIUTOHAX
BIIAXKHOCTH U
T.1)
1 2 3 4 5 6 7 8
Yerpoi-
Hexkop- CTBO NpHU- IIbu1b acniupa-
MOBBIE eMa 3epHa IIUOHHAsI, 0ca-
OTXOJIBI U3 aBTO- m kmaemas B | IlocTosH- 4016 ) BriBo3 Ha mo-
3€pHO- TpaHCIop- YCTaHOBKax HO ' muron ThO
BOT'O Ta Ha JiBa GatapeitHbIX
CBIPbS npoesja IIUKJIOHOB
(mos. 1)

Pesyabrarsl nccjieqoBanuii 1 ux oocyxaeHus. COniacHO NMOJyYEHHBIM PE3ylbTaTaM KOJIH-
YeCTBO y/IaJeHHOM 3epHOBOM IBLIH 3a roj paboTsl seBaropa cocraniusgeT 40,16 TonH. JlaHHBIH TTO-
Ka3areib MOJIOKUTENbHO BIUSIET Ha OLIEHKY 3(h()EeKTUBHOCTH pabOThl OaTapelHbIX acIUPAI[MOHHBIX
ycraHoBoK Tumna BBIl. Tak kak BblAe/NeHHas 3€pHOBas MbUIb HE TOJBKO IPENOTBPAIIAET M0OKAPO-
B3pPBIBOONIACHYI0 OOCTaHOBKY, CIIOCOOCTBYET COXpPAHEHHIO 3[J0POBBSl PAOOTAIOIINX MPEANPUATUS U
Omkaiiiiue TeppUTOPUANBHO OT 3JIeBaTOpa HACENEHMs, HO BIUSET Ha KAueCTBO 3aroTOBISEMOIO
JUIL XpaHEHUsl 3epHa MpPHU KPYISIHOM MPOU3BOJCTBE. DTO CYIIECTBEHHOE MPEUMYIECTBO JAaHHBIX
YCTaHOBOK IIepe/l TOUEUHBIMH JOKATbHBIMH (DUIBTPAMU, IPUHLIKI paOOTH KOTOPHIX KMEET HEMHOTO

pyryto cnenuduky (puc. 4).
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BenTtumarop ¢ mpueomom

Brixion B6ox Brxmon BoOK

ITepmarnueckuii mxad
(BIIyCK c3KaTOro BO3IyXa)

'\ [IneBmaruueckuii mkad

] (BIIyCK CKaTOT0 BO3IyXa)

—__ Koprmye

Pucynok 4. JlokanbHblii GUIBTP AJI51 BEPTHKAJIBHOIO MOHTAXKA

JlokasbHBIA (QUIBTP YCTaHABIMBAETCA HEMOCPEICTBEHHO Ha 000pyaoBaHHE, KOTOPOE
MOJUIEKUT aclupaluyd M padoTaeT MapajieIbHO C HHUM, TO €CTb, KOIZIa TPAaHCIOPTUPYETCS
IPONYKT U MPOUCXOJUT 00pa30BaHME MbLIN — 3aIyCKaeTcs U JIOKaIbHbINH GuibTp. COOTBETCTBEHHO
UCue3aeT HEOOXOIMMOCTb BO3JyXOBOAOB. B MOMEHT, Korga TpaHCIOPTHOE OOOpYAOBaHHE HE
pa0oTaeT, JIOKaJbHBIA (UIBTP TakkKe OTKIIOYeH. B kaxxaom wmecte oOpasyromiascs IbUIb
yIaBIUBAeTCA M BO3BpamaeTcst 3QGEKTUBHO B MPOLECCHBIA MOTOK, MPU 3TOM TOAJICPKUBACTCS
HEe3HAauUTeJIbHOE OTpULIATEIbHOE JaBlieHHe B cucTeMe. B pesynbrare He MPOUCXOAUT YTUIU3ALMS
LIEHHOTO IPOJYKTa, MOBBIIIAETCS BBIXOJ MPOAYKTa U MPOU3BOAUTEIBHOCTh. B 3TO0 3akitoyaercs
Psi1 IPEUMYLIECTB TOYEYHOT'O JIOKAJILHOTO (PUIIBTpA.

OnHako, Tak KaK IPUHIUI paboThI JIOKAILHOTO (DMIIBTPA HE TPEATONaraeT OTBOAA 3€pPHOBOM
IBLIM, a MYCKAIOT €e 00paTHO B MPOAYKT MPH TPAHCIIOPTUPOBKE COXPaHss BBIXOJ MPOAYKTA, HO
CHMJKAeTCA KadeCTBO 3arOTOBIIIEMOTO ChIPbsl, OCOOEHHO 3TO BaXKHO, €CJIM 3arOTOBJISIEMOE ChIPbE
UJET Ha nepepaboTKy B KPYISTHOE WK MYKOMOJIBHOE IPOU3BOACTBO.

Tak kak nokanbHble (QUIBTPHI PabOTArOT, MCHOJB3YS CXKAThI BO3AYX, TO 00s3aTeIbHBIM
IIYHKTOM CTAaHOBMTCS IOCTpOIKa KOMIpeccOopHOH. DTo mpobieMa cKas3blBaeTcs Ha OOJBIIMX
pacxogax B 3KOHOMHUYECKOM IuIaHe. ToueuHble JIOKalbHbIE (QHIBTPHI SIBISIOTCS COBPEMEHHOM,
BBICOKOP((GEKTUBHOM 3aMEHOH ILIEHTPAaJM30BaHHBIX cucTeM acnupauud. Ho mnpoGrema
3aKJIFOYAEeTCsl B TOM, YTO COBPEMEHHBIE (PMPMBbI BBITYCKAIOIINE JJAHHBIE (PUIIBTPBI, U3TOTABINBAIOT
UX aKLUEHTHUPOBAHO MOJ pa3Mepbl HOBOTO TEXHOJOTMYECKOro o0opynoBaHus. B cBsi3u ¢ 3TuM He
KaXJ10e NpeANpUsITHEe MOXET Mojo0parb (GWIBTP IMOJ CBOM THMOpa3Mep U IEpedTH Ha ero
UCIIOJIb30BaHHUE.

3akimiouenne. B cBA3M ¢ NEPCHEKTHBHBIM  Pa3BUTUEM  CEIBCKOXO3SAMCTBEHHOU
MIPOMBILIIEHHOCTH CTPaHbl, IJI€ SKCIOPT 3€pHA SBISIETCS CTPATerHuecKy BaKHBIM (PaKTOPOM JIs
9KOHOMMKH I'OCYIapCTBa, BO3PACTAET aKTyaJIbHOCTh CTPOUTENILCTBA MPEANIPUATHI 110 XPAHEHHUIO U
nepepadboTKe 3epHa.

B  nmanHoOli cratbe OBUIM  PAcCCMOTPEHBI  OCHOBHBIE  OTpULATEIbHBIE  (DAKTOPHI,
COIIyTCTBYIOIIME 3KCIUTyaTallud »3JieBaropa. bbUIO [aHO ompenesneHue 3epHOBOM IbUIM, Kak
CyOCTaHIIMM M3 MEJKHX YacTHUIl, 3aKIIOYAIONINX B ce0e psJl HeraTUBHBIX SIBICHUI: Bpe. 3I0POBbS
pabOTHUKY MpEennpHusATHs M HAceJIeHHBbIM IYHKTaM, BXOASIIMM B pailoH paboThl 3jeBaropa,
NpOBOLIUMpYIOIIKE 3a00JeBaHUsl JIETKUX; B3PBIBOMO)XAPOOMACHOCTh; BIUSHHE Ha KayecTBO,
3aroTOBJISIEMOTO MPOYKTA.

Jns acniupanuu 0060pynoBaHUs TPEANpHITHs Oblla BbIOpaHa OarapeiiHas aciupalioHHas
yctaHoBka Tuna bbIl. Ha npumepe mnpeanosaraeMoro COBpPEMEHHOIO CHIJIOCHOTO 3JIEBATOpa
BMecTUMOCTbI0 20000 TOHH, MPU KPYISHOM IMPOU3BOJCTBE, BKIIOYAIOMIUN B Ce0sl MPUEMKY H
XpaHEeHUEe KOHAMIIMOHHOTO 3epHa, Oblia paccMOTpeHa A(PPEKTUBHOCTh pabOThl YCTAHOBOK THIA
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BBII.

Ilo npousBeneHHOMY pacyeTy ObII YCTAHOBIEH KOA(PQPUIMEHT OYMUCTKU OarapeiHbIX
YCTaHOBOK, KOTOpBIHA cocTaBusl 95-96%. KonuuecTBo 0TX010B A1 yrunusauuu cocrasuia 40,16
T/TOLL.

BoIsABIIEHBI psiZl HEIOCTATKOB U IIPEUMYIIECTB aClIMpalMOHHBIX ycTaHOBOK Tuna bbIl nepen
COBPEMEHHBIM aCIUPALMOHHBIM 000PYOBaHHEM Ha IpUMEpPE TOYEYHOIo JOKaibHOro ¢uisrpa. K
HEIOCTAaTKaM OTHOCHUTCS: HEOOXOAMMOCTh B HAJIMYUU ACHUPALMOHHON CETH, BKIIOYAIOIIEH B ce0s
Pa3IUYHOM HPOTSHXKEHHOCTH BO3AYXOBOJIbI, KOTOPBIE CO BPEMEHEM CTUPAIOTCA OT MOCTOSHHOIO
COIPUKOCHOBEHMsI aOpa3WBHBIX YaCTHUI] 3€pHOBOM MBUIM CO CTEHKaMHU TPYObI; OCaXICHHE B
KaMepax YacTH MPOAYKIMH COBMECTHO C 3€PHOBOW MBUIbIO; OOS3aTeIbHOCTh YTHIU3AIUH
coOpaHHbIX 0TX00B. K  mpeumyiiectBaM  OTHOCUTCS:  BBICOKas  CTENEHb  OYMCTKH;
YHHUBEPCAJIbHOCTh JAHHOM AaCMUPAllMOHHOM YCTaHOBKM MJI Pa3IMYHOIO TEXHOJIOTHMYECKOTO
00OpyIOBaHUS; SKOHOMHUYECKH BBIFOJHEE, TaK KaK IPUCYTCTBYET TOJbBKO MOTpeliieHue
AIIEKTPOIHEPT U, HET HEOOXOAMMOCTH B KOMIIPECCOPHOM B OTIMYHME OT JIOKAJIbHBIX (PHUIIBTPOB.

Takum 06pa3oM MOXKHO clenaTh BbIBOJ, YTO Ha CETOAHSALIHUN JIeHb OaTapeiiHble yCTaHOBKH
tuna BBl  saBiustorcs 3G (GEKTUBHBIM  acCHUPAIMOHHBEIM  O0OPYIOBaHHEM, HECMOTpsS Ha
HEOCIIOpUMbIE NPEUMYILECTBAa HHHOBALMOHHBIX TOYEYHBIX JIOKAJIBHBIX (PUIBTPOB, CYLIECTBEHHOM
PpOOIEMOil KOTOPBIX SIBIISIETCS UX MAJIO YHUBEPCATBHOCTD.
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Annomauusn
Conooopawgerue — 00UH U3 CAMbIX OMEEMCMBEHHBIX SMAN08 NPU NPOU3BOOCMEE NUBOBAPEHHOU NPOOVKYULL.
On secbma npoOoodNCUMENbHBIL U MOJCem npoxooum 6 meuenue 7-10 Owell, 3a 5mo 8pems UCNOIb3yemble CeMeHd
npespawamcs HenocpeoCmeeHHO 8 20Mo8oe Cbipbe, CON00. IMOMm Nepuood XapaKxmepusyemcs nPOMmMeKaHuem Crodic-
HbIX OUOXUMUHECKUX NPOYECCO8, NPOXOOAWUX 8 3ePHe U UMEHHO NOIMOMY OH 0COOEHHO mpebosameneHn K IKCRpecc-
HOMY U 8bICOKOMOYHOMY KOHMPOMIO noKazamenel kavecmaa. /[na yoosnemeopenus nodooHvix nompebnocmetl Heoo-
X00UMO 8HeOpeHUe COBPEMEHHBIX MEMOO08 OYEHKU KAYecmad, Hanpumep GomortoMuHecyeHmHo20 Memood aHalu3d.
IlooobHoe mexnonocuueckoe peuienue no38oaum 6 Kpamuauuiue Cpoky npou3800ums 00CMAmoyHo mouHvle AHANU3b]
8 YCIL0BUSIX NPOU3BOOCMBEHHOU 1AOOPAMOPUL U ONEPATNUBHO DA3PEUAMb 8biA6TIEHHbLE NPOOIEMbL.
Mamepuanvt u memoowi, pe3yromamul u 00CyIHcoeHus
Jlna adanmayuu oomonoMuHecyeHmHo20 Memooa KOHmMpOis NOKAa3amesel Kauecmea conooa Ovliu npoge-
OeHbl IKCNEePUMEHMAIbHbIE UCCTIe008aHUs C €20 3epHamu. H3mepenue cnekmpog npogoounu no pawee papabomat-
HOU asmopamiu MemoouKe Ha OCHO8e AnnapamHo-npoOcPAMMHO20 KOMNIEKCd, COCMOAWe20 U3 MHO2OQDYHKYUOHATbHO-
20 cnekmpognyopumempa «DPmoopam-02-Ilanopamay u Komnviomepa ¢ YCMAHOBIEHHbIM NPOSPAMMHBIM 0becneye-
Huem «PanoramaProy. Hamepenue 6uoxumuueckux noxkazameneil: MyYHUCTIOCIU, IKCMPAKMUSHOCMU U KUCLOMHO-
cmu npoGooUNU 8 OUOXUMUYECKOU 1aDOPAMOPUY U C UCNOTL30BAHUEM COOMBEMCMBYIOUe20 000pY008aHUsL CO2NACHO
memooam koumpoas, onucannvim ¢ TOCT 29294-2021. /lns 6écex uccredyemvix 06paszyos noayHaiu cemeicmsa xa-
PAKMepUucmuK 8030YHcOeHUs U TIOMUHECYEHYUU O 3epeH PA3IUYHOU CIenenu MyYHUCIOCIU, IKCMPAKMUBHOCIU U
KUCTIOMHOCMU.
3aknwouenue
B pesynbmame nposedennvix ucciedoganuii.
1. 3yuenvl cnekmpanvHvle Xapakmepucmuru 6030Y24COeHUs U TIOMUHECYEHYUU 3ePeH SIYUMEHHO20 U 08CSIHO20
€0100a Pa3UYHOLU CMeneHu RPOPAacmManus.
2. U3yyena ounHamuka uzmeHeHus MyyHUCMOCMUY, IKCMPAKMUEHOCMU U KUCTOMHOCMU SIUMEHHO20 U 08CAHO-
20 €0100a 8 X00€e NPOPAUUBAHUSL.
3. [Ilpedcmagnenvl 3a8UCUMOCHU NOMOKA THIOMUHECYEHYUU OM UCCLE008AHHBIX OUOXUMUYECKUX XapaKmepu-
CMUK.
4. BvigeOeHbl ypasHeHUs TUHEUHOU annpoxkcumayuy 0Jis 3eper AUMEeHHO20 U 08CAHO20 CON00d.
5. Ilpu nomowgu a0OuUmMu8HO20 MOOEIUPOBAHUs 8bl8EOEHbl YPABHEHU, NO3BOAIOUUE NPOSHOZUPOBAMb 8DEMS
01 00CMUdICeHUs HOPpMbI NOKA3amerell coi00d 8blcuie2o Kuaccad.
6. Paspabomana mexuonocuueckas cxema npoyecca 3KCHPecc-OUdSHOCTIUKYU MYYHUCIMOCMU, IKCIPAKMUE-
HOCMUU U KUCIOMHOCIU CONI0OA.
THonyuennvie pezynrbmamsi NPOBEOCHHBIX CNEKMPALbHBIX U OUOXUMUYECKUX UCCLe008AHULL ABTIIOMCS YyeHHbL-
MU IKCREPUMEHMATIbHLIMU OAHHBIMU, KOMOPbLE MO2YN CIAMb OCHOBOU 01 OANbHeUUX HAYYHbIX U3bICKAHULL 8 0014-
cmu uzyuenusi 3epHa u conooa. Tak gice noyuenHvie pe3yibmamvl MO2Ym Jiedb 8 OCHO8Y npubopa TIOMUHECYEHMHO20
KOHMPOJIsi NApaMempo8 Kauecmsa conood.
KiarwueBple cjioBa: CICKTp JIOMHHECIICHIIUU, OBEC, SYMEHbB, COJIOJ, MyYHHCTOCTh, SKCTPAKTHBHOCTD, KHC-
JIOTHOCTb, aATUTHBHAS MOJICITh, INHEHHAS alllIPOKCHMAIIHSI.
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Abstract

Malting is one of the most important stages in the production of brewing products. It is very long and can
take place within 7-10 days, during which time the seeds used are converted directly into finished raw materials, malt.
This period is characterized by the course of complex biochemical processes taking place in the grain and that is why
it is especially demanding for express and high-precision quality control. To meet such needs, it is necessary to intro-
duce modern methods of quality assessment, for example, the photoluminescent analysis method. Such a technological
solution will make it possible to produce sufficiently accurate analyses in a production laboratory in the shortest pos-
sible time and promptly resolve the identified problems.

Materials and methods, results and discussions

To adapt the photoluminescent method of malt quality control, experimental studies were conducted with its
grains. The spectra were measured according to a technique previously developed by the authors on the basis of a
hardware and software complex consisting of a multifunctional spectrofluorimeter "Fluorat-02-Panorama™ and a
computer with the installed software "PanoramaPro". The measurement of biochemical parameters: powdery content,
extractivity and acidity was carried out in a biochemical laboratory and using appropriate equipment according to
the control methods described in GOST 29294-2021. For all the samples studied, families of excitation and lumines-
cence characteristics were obtained for grains of varying degrees of powdery content, extractivity and acidity.

Conclusion

As a result of the conducted research:

1. The spectral characteristics of excitation and luminescence of barley and oat malt grains of various de-
grees of germination have been studied.

2. The dynamics of changes in the powdery content, extractivity and acidity of barley and oat malt during
germination has been studied.

3. The dependences of the luminescence flux on the studied biochemical characteristics are presented.

4. Linear approximation equations for barley and oat malt grains are derived.

5. With the help of additive modeling, equations are derived that allow predicting the time to reach the norm
of indicators of malt of the highest class.

6. The technological scheme of the process of express diagnostics of powdery content, extractivity and acidity
of malt has been developed.

The obtained results of spectral and biochemical studies are valuable experimental data that can become the
basis for further scientific research in the field of grain and malt studies. Also, the results obtained can form the basis
of the device for luminescent control of malt quality parameters.

Keywords: luminescence spectrum, oats, barley, malt, powdery content, extractivity, acidity, additive model,
linear approximation.

Introduction

Food safety and quality are becoming increasingly important, so there is an increasing fo-
cus on new control methods. These innovations include near infrared ( NIR ) spectroscopy, which
has gained wide popularity and recognition over the past 15 years due to its ability to be used in
research aimed at determining the quality of food products. In particular, the NIR method was
used to assess the fuzzy consumer properties of the food environment [3], to identify butter [5], to
study vegetable oils and their blends [6], to determine the vitreousness of wheat [10], to detect a
high content of deoxynivalenol in barley [13].

Spectrophotometric methods can be applied in the field of food and agriculture, as methods
for monitoring and studying the quality of products of plant and animal origin, for example, to
control the color of vegetable oils during their refining [8], to study the composition of the pig-
ment complex of rapeseed oil [9], to create spectral portraits of the optimal nutrition menu [7], to
classify botanical origin and determine the falsification of raw honey [14], to predict the rheologi-
cal properties of Tilsit cheese [15] .

Absorption and scattering of optical radiation are two main optical properties for turbid bi-
ological materials. To control food spoilage, the initial data for the development of an optoelec-
tronic device were determined [2]. A simplified fiber optic system was also developed to deter-
mine the quality of mangoes [16].

In Russia, a large number of determinations are carried out annually to assess the quality of
agricultural products according to various indicators, including extractiveness, flouriness and acid-
ity of grain material. The methods used are time-consuming and low-productive. For example,
GOST 29294-2021 describes the process for determining extract, flouriness and acidity to estab-

Ne3, Bbinyck 39, 2022 141



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

lish the quality of malt. Arbitration methods are carried out in special laboratories with the de-
scribed equipment, have a relatively low speed of research and a high cost of one analysis.

To solve such problems, various optical research methods are currently used, based on the
spectral analysis of the intermediate product and its comparison with the spectrum of the previous-
ly studied and obviously true finished product. As shown above, such definitions are successfully
used in various countries to conduct express analyzes of a number of indicators of the quality of
agricultural products.

The main advantages of all known optical instruments are: reduced analysis time, energy
efficiency, the absence of specific consumables and reagents, and simpler requirements for the
qualification of maintenance personnel. The issues of creating new methods for studying quality
and equipment for their implementation are being dealt with both in our country and abroad.

Developed on the basis of the experiment, the technological process of express diagnostics
of flouriness, extractivity and acidity will allow, firstly, to make a decision with high accuracy on
the end, continuation or adjustment of the germination conditions (changes in temperature, hu-
midity, conditioning, etc.) and, secondly, to predict the time to reach the norm of high-class malt
indicators.

Materials and methods

To find dependencies and, subsequently, to create such a technological process, it is neces-
sary to conduct a laboratory experiment to study flouriness, extractivity, acidity and spectral char-
acteristics of malt on each day of germination. Determination of the percentage of flouriness ( P ),
extractivity ( E ) and acidity ( A ) of malt was carried out in accordance with the requirements and
in accordance with the recommendations of GOST 29294-2021. The results of experimental bio-
chemical and spectral studies are presented in Table 1.

The spectral characteristics of excitation n . (A) and luminescence ¢ | (1), as well as their
parameters ( Ain, max» M e, max » M, max» © 1, max ) TOr barley and oat malt were measured according to a
previously developed method [ 11] on a Fluorat-02-Panorama diffraction spectrofluorimeter with
the PanoramaPro software. The results of the spectral analysis of barley and oat malt are presented
in Figure 1 and Figure 2, respectively. Each curve in the graphs is an average of 20 individual
measurement curves.

N,.9,. 0.€.

400 450 500 550 600
)\.. nm
Figure 1. Spectral characteristics of excitation and luminescence of grains of barley malt with different
degrees of flouriness, extractivity and acidity
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Figure 2. Spectral characteristics of excitation and luminescence of grains of oat malt with different

degrees of flouriness, extractivity and acidity

The parameters of this family of characteristics for barley and oat malt are presented in ta-
bles 1 and 2, respectively.
Table 1. Parameters of the spectra of barley malt grains of varying degrees of flouriness, extractivity

and acidity.
Excitation spectrum AL Luminescence spectrum

t.h Ai, ced. Ei, % Pi, % N. o.u }\fw.max., M e.max nm, F. o.u D in.max., @ 1.max.,
T nm p.u. T nm 0.u.
0 3.78 37.3 39 173+ 10 424 3.2 98 | 210+ 10 522 2.0
24 3.30 45.3 _ 47 180+9 424 3.3 98 | 249+15 522 2,2
48 2.84 51.4 52 186+ 11 424 3.4 98 | 319+20 522 2.5
72 2.31 62.0 68 202+ 10 426 3,8 96 | 398+19 522 3,3
96 1.90 68.6 _ 75 216+ 13 426 4.0 96 | 437+25 522 3.6
120 1.48 76.6 89 237 + 16 426 4.3 90 | 471+30 516 4,1
Table 2. Parameters of the spectra of oat malt grains of varying degrees of flouriness, extractivity and acidity

Excitation spectrum Luminescence spectrum
A, o 0 AN,

T h c.ed. Eo % | Ro, % N o.u Do max » T e.max nm F ou P in.max. s D 1.max. »
T nm p.u. T nm 0.u.
0 2.40 59.7 67 292+13 448 5.2 60 659+ 33 508 5.9
24 2.08 66.8 73 370 £18 444 6.8 58 907 +51 502 8.1
48 1.95 67.2 77 527 £27 424 10.0 78 1179 £81 502 10.6
72 1.79 69.4 80 581 +26 426 11.0 76 1297 + 84 502 11.8
96 1.54 73.2 87 631 +£36 42 6 12.4 62 1373 +£92 488 12.6

{ 6 4 1 14 4 1

20 47 4.2 0 61+35 26 3.4 2 60+89 88 3.6

minescence flux on flouriness, extractivity and acidity of malts.

So, on the basis of the data obtained, we derive the equations for the dependence of the lu-

Dependences P  (F) and P , (F) for barley and oat malt are shown in Figure 3 (a, b) and lin-
early approximated by equations (1) and (2).
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Figure 3. Dependence of the relative luminescence flux on the flouriness of malt grains
P, = 0,184 — 2,6245
)
P, =0,027% + 48,09,
2)

The coefficients of determination R, = 0,971, R = 0,921, that is, by 97.1% and
92.1%, the total scatter of the results relative to the average flouriness of the grains is explained by
the obtained regression equation.

Similar dependences E ; (F) and E , (F) are shown in Figure 4 (a, b) and linearly approxi-
mated by equations (3) and (4).

D,
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Rice. Figure 4. Dependence of the relative luminescence flux on the extractivity of malt grains
E; = 0,1491% — 46264,

E, =00

(3)
(4)

163® + 49,72,

Determination coefficients RZ. = 0,984, Rz = 0,908, that is, 98.4% and 90.8% of the to-
tal scatter of results relative to the average grain extractivity is explained by the obtained regres-
sion equation.

Dependences A , (F) and A , (F) are shown in Figure 4 (a, b) and linearly approximated by
equations (5) and (6).
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Figure 5. Dependence of the relative luminescence flux on the acidity of malt grains
Az = —0,0084% + 55172,

)

(6)
The coefficient of determination Rjﬂ = 0,992, st = 0,945, that is, by 99.2% and 94.5%,
the total scatter of the results relative to the average acidity of the grains is explained by the ob-
tained regression equation.
Applying the additive modeling method to the obtained experimental data, we derived
equations for predicting the time until the standard of barley and oat malt quality indicators is
reached:

Ay, =—0,0011% + 3,1397.

80— E @)
TjE = »
£ 0,334
_85—P (8)
To, = 0,4 °
7 =4~1 ©)
42 0,019
N 75— E (10)
Ea  po72’
90 — P
T, = '
Po ™ 0,147 (11)

Results and discussions
Now, having all the desired equations, we can draw up a block diagram of the technologi-
cal process of express diagnostics of the characteristics under study (Fig. 6).
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Figure 6. Block diagram of the technological process of express diagnostics of flouriness, extractivity and acidi-
ty of malt

Express diagnostics of malt quality indicators with excitation of photoluminescence in the
range of about 400-470 nm and its registration in the range of 450-600 nm can be recommended
for malt grains from various crops.

The technological process begins with sample preparation. The test samples are placed in
one to one and a half layers in a dark, light-tight chamber and aligned horizontally. In parallel with
this stage, the type of product is identified and a number of grain parameters can be measured (or
established in another way, for example, according to the accompanying documentation), which is
necessary to establish the appropriate diagnostic algorithm, for example: type (barley, wheat, rye,
etc.), variety, humidity, harvest time. Then, the excitation of the photoluminescence of the grains
is carried out by radiation of a narrow spectral range with a maximum of A=424 nm for 20 ps. A
signal is registered proportional to the photoluminescence flux @ in the spectral range 450-600
nm. The process takes 2-3 seconds to average the result. The received photosignal (photovoltage
U, photocurrent 1), proportional to the flux @, is amplified by the amplifier. Further, the amplified
photosignal enters the microprocessor, where it is processed taking into account the a priori infor-
mation available in its memory - a linear characteristic of the dependence of the luminescence flux
on flouriness, extractivity and acidity of malt P(F), E(F), A(F).

Based on the results of determining the powderiness and the mass fraction of the extract in
the dry matter of malt, a decision is made on further actions: changing conditions, ending or con-
tinuing germination.

The decision to continue germination is made when a correspondence is established be-
tween the germination time and the P, E, A indicators identified during express diagnostics. The
germination time and the corresponding biochemical characteristics of barley and oat malt are
shown in tables 1 and 2, respectively.

The decision to complete the germination is made at P>85%, E>80% and A<1.

A decision to change the germination conditions is required if the sum of the time from the
beginning of germination to the control measurement and the time calculated by formulas (7-11) is
more than 168 hours by >8.4 hours.

It is desirable to carry out measurements several times with averaging of the obtained re-
sults. When integrated into other technological processes, continuous (in-line) control of the bio-
chemical characteristics of malt is possible.

Conclusion

The spectral characteristics of excitation and luminescence of products of different powder-
iness, extractivity and acidity are qualitatively similar, but with an increase in the presented pa-
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rameters, the curves reflecting the spectral characteristics shift upwards on the graphs. The de-
pendences of the integral photoluminescence fluxes on flouriness, extractivity, and acidity can be
statistically reliably approximated by linear regression models.

The developed photoluminescent method for express diagnostics of flouriness, extractivity
and acidity of barley and oat malt serves to improve the technology of malting and can form the
basis of an optical device for monitoring grain and malt quality indicators.
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ELIMINATION OF DEFECTS IN PHOTOS
USING NEURAL NETWORKS

DI'AOY BO «Cesepo-Kaskazckuii pedepanvnuiii ynusepcumemy, Ilamuzopckuil uncmumym (gunuan)
CK®Y, Poccusa/North Caucasus Federal University

AHHOIM(H{EI}I HpuMeHeHue Mmamemamudeckoeo annapama HeﬁpOHHblx cemell CMAaHoOBUMCS 8eCbMA BANCHBIM
UHCMPYMEHMOE NPU peerHuu pa3iudnblx 3a0ay UCKYCCMBEHHO20 UHmMelleKkma. K ucity maxkux 30044 MOJNCHO OmHe-
CMu U 3a0ayu pacno3Hasanus 06pasos. B oannou pabome npusooumcs npumep UCHoab308aHUs HEUPOHHOU cemu Os
uoenmugurayuu depexma na pomoepaghuu, a 3amem ycmpaneHusi maxo2o oegpexma.

Mamepuansvt u Memoosl, pe3yibmamsl U 00CyHcoeHus. B npednacaemon cmamve paccmampusaomes cne-
YUAIbHLLE ANOPUMMbL PAOOMbL HEUPOHHOU Cemu, KOMopbvle NPeOHA3HAueHbl OJisi PACNO3HABAHUS 2paguyeckux oopa-
308, @ MAKICE ANOPUMMBL NOUCKA 0eDEeKMO8 HA 2PaAPUUeCKUX U300PANCEHUSIX C NOCLEOYIOUWUM UX YCIMPAHEHUEM.

Ocpomnoe koauwecmso pomozpaduii Ha OYMANCHBIX HOCUMENSX CO BPEMEHEM XPAHEHUs. N008eP2aomcs Gu-
BUYECKUM NOBPEHCOCHUAM (8 OMAUNUU Om Pomozpapuil Ha INeKMPOHHBIX Hocumensx). Ymobvl pewums makywo 3a-
dauy 8 HeobXo0umo paspabomams AICOPUMMbL NOUCKA U PACHO3HABAHUSL Oedekmos Ha pomozpadusix, a marxice
aneopummoes no yCmpaHeHuo omux ded)ekmoe C NOMOUWbIO mamemamu4decKkozco annapama HeﬂpOHHOIZ cemu.

3aknrwuenue. Peuienus, komopvle npediazarmcs no pe3yibmamam GblNOIHEHHOU padomyvl 8 pamKax pac-
cmampusaemoii cmamol, 0a0ym B03MOICHOCTL NOIb30BAMENSIM 860CCMAHOSUMb cmapule gomoepaghuu ¢ oegpexma-
MU, KOmopbie Mocym Oblmb OecyeHHbIMU He MObKO OJi HUX, HO U OIS 8ce20 obwecmea — Hanpumep, homozpaguil
UCMOpUYECKUX coOObIMull, 8eTUKUX JF00ell Haule2o 20Cy0apCmed.

KaroueBble cioBa: AJIrOPUTM, HeﬁpOHHaﬂ CCTh, I/ICKYCCTBCHHHﬁ HUHTCIIICKT, HeﬁpOH, MEPCCUTPOH.

Abstract. The use of the mathematical apparatus of neural networks is becoming a very important tool in
solving various problems of artificial intelligence. Pattern recognition problems can be attributed to the number of
such problems. This paper provides an example of using a neural network to identify a defect in a photograph, and
then eliminate such a defect.

Materials and methods, results and discussions. The proposed article discusses special algorithms for the
operation of a neural network that are designed to recognize graphic images, as well as algorithms for finding defects
in graphic images with their subsequent elimination.

A huge number of photographs on paper are subject to physical damage over time (unlike photographs on
electronic media). To solve such a problem, it is necessary to develop algorithms for searching and recognizing de-
fects in photographs, as well as algorithms for eliminating these defects using the mathematical apparatus of a neural
network.

The article discusses approaches to the development of a neural network for recognizing defects in photo-
graphs with their subsequent restoration.

Conclusion. The solutions that are offered based on the results of the work performed within the framework
of this article will enable users to restore old photographs with defects that can be invaluable not only for them, but
for the whole society - for example, photographs of historical events, great people of our state.

Keywords: algorithm, neural network, artificial intelligence, neuron, perceptron.

Introduction. This article discusses approaches to using a neural network to recognize de-
fects in damaged photographs and eliminate these damages.

To date, there are many photographs that have lost their usefulness over time, but are very
important for our citizens, in particular photographs of war times. In old wartime photographs,
there is no color at all. The durability of photographs, in the form in which we are accustomed to
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seeing them, leaves much to be desired, because photographs lose their structure in a relatively
short period of time.

To date, a huge number of tools have been developed that allow you to find defects in pho-
tographs and restore it. At first glance, it seems that a graphical editor can be used to solve such a
problem. Another approach for solving problems of this kind is to use the theory of neural net-
works.

Figure 1 shows an example of photographs with defects that need to be recognized, and
then the background corresponding to these defects should be restored.

% L4,
Figure 1. Photo defects

Restoring photos using traditional tools consists of the following steps:

- it is necessary to find all the defects in the image: breaks, scuffs, glare, holes, bends;

- you also need to paint over the found defects, using a special technology based on
the pixel values around the damage;

- colorize the image with the received data.

Restoring photographs using a neural network makes it possible to determine possible de-
fects as input data, and then, based on the developed neural network, replace areas of photographs
with defects with the background of areas where these defects were detected.

Materials and research methods. To implement this task, it was decided to develop a
neural network. Based on the mathematical model (1) of a single neuron developed a neural net-
work.

N K
y0) = )| 4+, n(zamxk <t>+amkj -
i=1 k=1

wherei =1,2,. .., ~ - the number of neurons in the second layer;

k=1, 2,..., k —the number of neurons in the first layer;

f1, f, —activation functions of neurons of the first and second layers;

aq— INitial excitation of the kth neuron of the first layer;

a 20 — Initial excitation of the i - th neuron of the second layer;

a,, ay are the weight coefficients of the i - th neuron of the second layer and kn neuron of the
first layer;

y  (— I- th coordinate of the output vector;

x « () IS the k-th cOOrdinate of the input vector.

Figure 2 shows a block diagram of a multilayer network, which is used in the development
of a neural network:

Enter First layer Second layer Third layer
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Figure 2. Structural diagram of a three-layer network

In order to build a neural network that would recognize images, while not being difficult
from a computational point of view, and also providing invariance to various image distortions, it
IS necessary to apply in this case convolutional neural networks.

Research results. The developed network architecture implements the main paradigms:

- on the input neuron ( output previous neuron ) is served not all image , but only her
separate part ;

- usage very small set by weight coefficients , for big quantities connections ;

- decrease spatial dimensions photos .

The next stage of work is training the neural network to recognize defects. In order to eval-
uate the quality of defect recognition in photographs, in the presented work, the root-mean-square
error function is used as a criterion, which can be calculated by the following formula:

E":%(D"-O(Ip,\/\/))z (2)

where E P is the standard error of defect recognition for the p - th training pair, D  is the
desired network output, O( | P W ) is the network output depending on the p -th input and the
weighting coefficients W.

Using the error function as a criterion for assessing the quality of recognition, while the
values of the error function can be applied in order to improve the quality of defect recognition. To
do this, the graph of the error function is constructed, and then the search for the minimum of the
function is carried out using gradient methods. We expand the resulting analytical error function in
a Taylor series, we get:

dE(W, d® E(W,
( c ) 2 ( - C ) +... (3)
dw (dw*)

For the resulting function (3), we find the derivative, which we equate to zero in order to

find the extrema of the error function. After a series of elementary transformations, we obtain the
following expression:

EQW) = EQW, )+ (W-W, ) =0 + 2 (w- )

w

min = C sz dW (4)

The optimal value of the weight coefficient calculated by formula (4) makes it possible to
increase the efficiency of defect recognition in photographs, which ultimately increases the effi-
ciency of the proposed solutions.

In the process of training a neural network, it is necessary to take into account the maxi-
mum size of identified defects, so that later such a defect can be eliminated with a certain probabil-

ity .

W _(dz E(Wcj_ CdE(W,)

To eliminate defects, image sections with defects are segmented, and then they are painted
over with a certain color, after which, taking into account the background closest to the defect,
color reconstruction is performed. To solve this problem, a special class has been developed that
implements a convolutional neural network of arbitrary architecture and apply them to various
tasks. A very important result of this work is the development of a neural network training algo-
rithm, which takes some time. The developed algorithm for training a neural network with a teach-
er, which is shown in Figure 3.
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Figure 3. Block diagram of the supervised learning algorithm

Conclusion. An experiment was conducted based on the results of the neural network. The
same photo was edited using the Photoshop editor and using the developed neural network, the
results are shown in Figure 4.

P ‘_!'_'I L -mn

Figure 4. The results of the neural network

a) in Photoshop b) in the neural network

Ne3, Bbinyck 39, 2022 153


http://online-photoshop.org/
http://online-photoshop.org/
http://online-photoshop.org/

CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

Thus, the developed neural network, with its normal training, allows, firstly, to recognize
defects and its background, and then to restore them. The solutions proposed in this paper can be
used to restore a huge number of photographs that are of great value to most people.
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Abstract

The article reveals the main directions of youth policy, defines strategies for the implementation of youth
policy, describes technologies for managing political processes in the youth policy of the region..

Key words: youth policy, strategy, youth, technology, region.

In modern reality, the study of technologies for managing political processes in the youth
policy of the region is relevant. V.V. Putin, in his Address to the Federal Assembly on December 1,
2016, noted that he sees “in the younger generation a reliable, strong support for Russia in the
turbulent, complex XXI century” [1]. Eliseev A.L. states that the state implements the state youth
policy, the purpose of which is to create all the necessary conditions for the socialization of youth
[16]. Merkulov P.A. in his work “Legislative regulation of state youth policy in Russia” says that
now there are completely new goals and objectives for youth policy in our country [16].
Samokhvalov N.A. notes that young people can become "the main driving force in Russia in the
long term” [19].

A number of researchers were engaged in the research of youth policy, such as Ph.D. N.
Shapinsky V.M., Doctor of History, prof. Krivoruchenko V.K., Machulskaya 1.G., Ph.D. Chuprov
V.1, Doctor of History Ruchkin B.A., Volodina E.P., Academician of the Academy of Medical
Sciences Doctor of Medical Sciences, prof. Serdyukovskaya G.I., Doctor of Medical Sciences,
prof. Sukhareva L.M., Doctor of Philosophy, prof. Ozhegov Yu.P., Ph.D. n. Inozemtseva G.lI., and
others [9].

Knyazkova E.A. notes that the methodological and regulatory tools and recommendations
on the main areas of youth policy were developed in the works of AA Zelenin, 1.M. llyinsky, V.K.
Krivoruchenko, V.A. Lukova, Yu.l. Masterova, V.E. Panshin [4], [5], [9], [10], [17], [18].

In accordance with the goals of implementing the youth policy, the main strategic
directions are defined: value strategy, health saving strategy, strategy for developing socio-
economic potential, strategy for the formation of a young family, information strategy.

The value strategy is aimed at "... the formation of a moral and civil system of values,
taking into account the multinational basis of our state, the value of cultural, historical, national
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heritage ...". The educational strategy contains the development of "... innovative educational,
educational and educational technologies ..." [2]. The health saving strategy is aimed at "... the
formation of healthy lifestyle values, the creation of conditions for the physical development of
young people, the formation of an environmental culture, as well as an increase in the level of
safety culture for the life of young people ..." [2]. The strategy for the development of socio-
economic potential defines "... creating conditions for realizing the potential of young people in
the socio-economic sphere ..." [2]. The strategy for the formation of a young family basically
contains "... the creation of favorable conditions for young families aimed at increasing the birth
rate, the formation of family culture values and the image of a successful young family,
comprehensive support for young families ..."[2].

The information strategy is aimed at "... the formation of an information field favorable for
the development of youth, the intensification of feedback mechanisms between government
agencies, public associations and youth, as well as increasing the efficiency of using the
information infrastructure in the interests of patriotic and civic education of youth ..." [2].

In accordance with the strategies, technologies for the implementation of the state youth
policy are determined: value, technology for the formation of a young family, technology for
health saving, technology for the development of socio-economic potential, information
technology. The use of technology in youth policy is necessary to manage political processes with
the help of technological procedures, techniques and methods of activity, which makes it possible
to find algorithms for solving problems in the field of youth policy, both at the state level and at
the regional level. The description of the results of the theoretical and methodological research
consists in the implementation of research technologies for the state youth policy. Each technology
has its own implementation algorithm. Let us present a brief description of them [6].

Technological aspects of creating and becoming a young family: positive motivation;
family forms of education; Information support. So, for large families, support is provided in the
field of medicine, education, and employment at the state level. Technology of formation of
national and international values: development of projects and programs aimed at the formation of
an active position in all spheres of life; popularization of professionals and their copyright systems
of professional activity; development of mechanisms to ensure the availability of youth
infrastructure [6].

Educational technology basically contains the following aspects: creation of conditions and
a system of motivation that contribute to the education and self-education of young people, includ-
ing persons with disabilities, in the humanitarian, legal, economic, professional areas; training of
specialists in organization of work with youth; development of youth self-government in educa-
tional organizations [6].

Health saving technology is based on the following provisions: development of motivation
for regular physical education, for a healthy lifestyle: implementation of projects in the field of a
healthy lifestyle; ¢ improving infrastructure for a healthy lifestyle. Promoting a healthy lifestyle
and education in this direction is an important condition for the physical activity of young people
[6]. Physical culture and sports have an impact on the moral and aesthetic development of the in-
dividual [20].

The technology of development of socio-economic potential is based on the following po-
sitions. Creation of conditions for vocational guidance work. Creation of the mentoring institution
in organizations. Support for youth programs and projects at the international, Russian, and re-
gional levels. Creation of conditions for self-realization of youth in the socio-economic spheres

[6].

The implementation of information technology is represented by the following algorithm.
Development of principles of information support for youth. Development of regulatory and legal
mechanisms for informing young people. The study of factors and the creation of conditions that
affect the increase in the culture of information security. Formation of youth information systems.
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Formation of effective mechanisms for informing young people. Information self-realization of
youth: participation in competitions, projects, creation of information systems.

The effectiveness of the technology for the formation of a young family can be determined
through the following criteria. Quantitative criterion — the number of created families and born
families for a certain period of time. In 2019, 7.1 thousand marriages were concluded in the Li-
petsk region, or 6.2 marriages per 1,000 inhabitants. Compared to 2018, their number increased by
5%. 30% of men and 25% of women get married at the age of 20-28 [15].

Changing the marriage structure of the population has a certain impact on demographic in-
dicators. In 2021, compared to the previous year, in the Lipetsk region there is an increase in the
number of marriages by 18% (from 5692 to 6739) and an increase in the number of divorces by
7% (from 4828 to 5171) (diagram 1) [11].
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&000 5692
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4000
3000
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Figure 1. The number of marriages and divorces in the Lipetsk region for 2019-2021
(blue — marriages, pink — divorces)

A qualitative criterion is comprehensive support for creating a young family. Currently, the
Lipetsk Region is implementing the subprograms "Mortgage lending”, "Own House", "On state
support in providing housing for young families" of the state program of the Lipetsk Region
"Providing the population of the Lipetsk Region with quality housing, social infrastructure and
Sustainable development of rural areas of the Lipetsk Region for 2014 — 2021 and for the period
up to 2021” of the state program of the Lipetsk region “Development of agriculture and regulation
of agricultural products, raw materials and food markets in the Lipetsk region” [21].

The technology for the formation of national and international values can be determined by
its effectiveness through the number of young people involved in the development of society, the
number of programs for young people aimed at the formation of national and international values
at all levels of educational levels. The formation of value orientations of youth is facilitated by
events that are held within the framework of Presidential grants received by young people in areas
relevant to the Lipetsk region. Among them: "volunteering”, "sports, healthy lifestyle, tourism",
"patriotic education”, "initiatives of creative youth". In 2019, 354 young people took part in the
Presidential Grants Competition. In the first half of 2020 — 154. In the regional competition
"Youth Project” in 2019, 82 people took part [3].

Diagram 2 shows the number of personnel who are engaged in research and development
(excluding part-time workers and employees under civil law contracts). If in 2015 there were 701
people, then in 2020 — 570 people.
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Figure 2. The number of personnel involved in research and development.

Health saving technology is based on the following criteria for evaluating its effectiveness:
the availability of projects, infrastructure, the number of young people engaged in regular physical
education. In the Lipetsk region, more than 517 thousand people are systematically engaged in
physical culture and sports, this is 49.4% (against the planned 47.4%) of the total population (2020
—45.8%).

In 2021, 407 regional physical culture and sports events were held. There are 3928 sports
facilities in the Lipetsk region. The level of provision of the population with sports facilities based
on the one-time throughput of sports facilities amounted to 78.7% (in 2020 — 76.2%).

As part of the implementation of the federal project “Creation for all categories and groups
of the population of conditions for practicing physical culture and sports, mass sports, including
increasing the level of provision of the population with sports facilities, and preparing a sports re-
serve” (“Sport is the norm of life”’) with the involvement of funds of the federal budget, TRP
grounds (small sports uniforms) were created in Dolgorukovsky and Volovsky districts, an open-
type sports and recreation complex in the city of Lipetsk (district MAOU secondary school No.
48). The construction of a sports and recreation complex was completed in the area of MBOU sec-
ondary school No. 14, Lipetsk (put into operation on 23.08.2021).

In the Lipetsk region, more than 19 thousand people are engaged in adaptive physical cul-
ture and sports, which is 27.9% of the total number of people with disabilities who do not have
contraindications for physical education and sports (25.8% in 2020). In 2021, 15 regional sports
events and 3 sports events for the disabled were held.

As part of the implementation of the “Accessible Environment” subprogram of the state
program “Social Support for Citizens, Implementation of the Family and Demographic Policy of
the Lipetsk Region”, for 2021, sports and recreational activities for the disabled (swimming) were
held, coverage — 40 people.

Piskunova Anna, Borisov Evgeny, Terekhov Evgeny (sports of persons with POD, rowing)
took part in the 2020 Summer Paralympic Games in Tokyo. Athletes competed in the same crew
and took 7th place in the discipline [ 14 ].

Diagram 3 shows the figures for financing the physical culture and sports industry in the
Lipetsk region.
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Figure 3. Financing of the branch of physical culture and sports in the Lipetsk region.
Red - local budgets, million rubles, Orange — regional budget, million rubles, Green — federal budget,
million rubles. (Over the past 12 years, about 16.8 billion rubles have been financed, including:
from the federal budget, 928 million rubles,
from the regional budget 7,593 million rubles,
from local budgets 8,604 million rubles)

Subsidies are annually provided to local budgets for the implementation of municipal pro-
grams aimed at providing conditions for the development of physical culture and mass sports in
the territory of municipal districts and urban districts. 5.4 million rubles were allocated for the im-
plementation of this event in 2019. The funds of the regional budget for the purpose of their effec-
tive use are provided to municipalities on the terms of co-financing [21].

The effectiveness of the implementation of the technology for the development of socio-
economic potential is based on the following criteria: the number of young people receiving a pro-
fession, the presence of a mentoring institution in organizations; availability of youth programs
and projects at the international, Russian, regional levels.

More than 2,300 residents of Lipipa will be able to undergo free retraining for new profes-
sions or advanced training within the framework of the federal project “Employment Promotion”
of the national project “Demography. Now 30% of this number is directed to study. More than 700
residents of the Lipetsk region have already completed vocational training or received additional
education. Programs related to the skills of accounting, programming, working with data, and
management were in great demand.

Vocational training or retraining can be completed in more than 300 areas: from a welder
to an IT specialist. Courses for people without education are available for a range of competencies.
The training is provided by federal operators of the Employment Assistance project. These are
RANEPA, Tomsk State University and the Agency for the Development of Professional Skills
(WorldSkills Russia). Unemployed citizens, citizens over 50 years of age, citizens of pre-
retirement age, women on parental leave up to three years old, as well as unemployed women with
children of preschool age, certain categories of citizens under the age of 35 can become partici-
pants in the free vocational training and retraining program. years; workers at risk of layoffs.

The Lipetsk region also leads in the number of applications for training from citizens 50+
and pre-retirees submitted to the RANEPA for free retraining programs for new professions. In the
top 3, the region bypassed the Samara region and St. Petersburg, calculated at the university [12].
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Figure 4. Top 10 professions in demand in the Lipetsk region (January 2022 — July 2022)

In the Lipetsk region, a driver, a machinist, a salesman — are most often required. The most
demanded areas of work are working personnel, transport, logistics, and sales.

The implementation of information technology is represented by the following algorithm: in-
formation infrastructure, the level of awareness of young people, the existence of regulatory and
legal mechanisms for informing young people. Diagram 5 presents the Key indicators of the use of
information and communication technologies in organizations in the Lipetsk region. If in 2019
2103 organizations had fixed (wired and wireless) Internet, then in 2020 — 2062, the number of
organizations with personal computers in 2019 and 2020 is the same — 2142 organizations.
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local computer networks
email

fixed wired Internet
=wireless Internet

Figure 5. Main indicators of the use of information and communication technologies in organizations
(excluding small businesses; units)

The territory for the introduction of new technologies of mobile radiotelephone communica-
tion is expanding, providing the possibility of broadband access to the Internet (3G and 4G). In
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2020, more than 120 standard cellular communication base stations were put into operation,
providing high-speed access to the Internet. The number of cellular subscriber devices per 100
people in the region, according to the Russian Ministry of Communications, is 198.4 devices. In
accordance with the Decree of the President of the Russian Federation dated July 21, 2020 No. 474
“On the national development goals of the Russian Federation for the period up to 20307, by 2030
it is necessary for 97 percent of households to provide broadband access to the Internet [13].

Each of the technologies has its own specific criteria for the effectiveness of their implemen-
tation. A comprehensive study makes it possible to determine the overall effectiveness of youth
policy.

So the purpose of the study of information technology is to identify the level of knowledge
among young people about the information support of youth policy. Objective: to identify the level
of knowledge about obtaining knowledge from information sources, its role in educating young
people, what Internet opportunities are usually used, identifying knowledge about information and
documentation centers for young people, how information and communication technologies are
used to implement professional tasks. 570 respondents participated. At the age of 17 to 35 years.
Diagram 1 shows the assessment of young people's knowledge of the information support of youth

policy.

60%
50%
40%
30%
20%
10%

High level Average level Low level

0%

Figure 6. Evaluation of youth knowledge on information support youth policy

Therefore, we can conclude that half of the respondents are aware of the information support
of youth policy at a high level, while others — 48.2% — are informed at an average level and only
1.8% —at a low level.

As the survey showed, the majority of young people are well informed in the field of state
youth policy. Most people don't know how information support is developed. If you need to get
information or solve a problem, they will turn to the Internet. Most respondents are aware of the
existence of various programs in the field of state youth policy. A large percentage of young peo-
ple use the Internet every day. Many people use the following features of the Internet: searching
for help information, searching, listening, downloading music, watching, downloading movies, for
communication (chat, Skype, social networks, 1CQ , forums), online games, ordering and buying
goods through the Internet store, etc. / d and air tickets, travel packages, other — search for infor-
mation, for creativity. Most people download books from the Internet. Most young people have
not heard about the Federal Center for Information and Documentation at the Institute of Youth.

The majority of young people believe that the information and documentation centers of the
constituent entities of the Russian Federation for young people are collecting information. Also,
the majority believe that there are city and regional information centers, information centers of
higher and secondary specialized educational institutions, schools, enterprises and organizations in
the city of Lipetsk. The youth noted that the main task of the information centers of the third level
is to work with consumers.
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Currently, youth is considered as a full-fledged subject of youth policy, the main partner of
authorities at all levels, therefore, modern youth policy is focused on maximizing the inclusion of
young people in social practice, on creating conditions and opportunities for the youth community
to independently solve their own problems and the full participation of young people in life of so-
ciety.
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AnHomauyusn

B cmamve ananusupyromcesa cobvimus, conpogodxcoaemvle KOHCIMUMYYUOHHOU pedhopmot, npoge-
Oennot 6 pecnyonuke ¢ 2009-2010 ee. Iloduepxusaemcs, umo oHa 0OCHOBAMENLHO BUOOUSMEHULA CIPYKIY-
Py 20CY0apCcmeeHHou 61acmu, OmpezyIuposana 83auUMOOMHOUEHUsL MeNHCOY 3AKOHOOAMENbHOU U UCHOTHU-
menbHoU enacmero. B mo dice 8pems, cobnodenue baranca mexncoy dSmumu 08yMs 6emeiIMU GLACMU He
npeocmasisiloch 603MONCHbIM 0e3 HAMUYUA CUTbHOU U He3a8UCUMOLL CYO0eOHOU cucmembl. Mcxoosa uz smo-
20, 8 HOBOU pedaxyuy KOHCMUmMyyuy Obliu yumeHvl PEeKOMEHOAYUU No PedopMuposanuio cyoeoHol cu-
cmembl, nocmynaowue om Beneyuarnckot komuccuu. Hcxoosn uz onyonuxogannvix ¢ 2014 2. mamepuanos
10 BbINOIHEHUI) 20CYOAPCBEHHOU NPOSPAMMbL PephOPMUPOBAHUS NOTUMUYECKOU cucmembl 8 I py3uu cie-
008410, YMo Nocie 8HeCeHUs: U3MEeHeHUll 8 KOHCmumyyuio Boicuiutl cogem ocmuyuu pecnyoiuxyu npuoopen
20pazoo boaee MpAHCNapanmHblil U 0eMOKPAMu4eckull 6uo. B yeiom, 6 pamxax espo-2py3uncKoll accoyu-
ayuu npobiemam pepopmupogarus cyoebroll cucmemvl 8 1 py3uu yoensanocs ocoboe sHUMAaHUe.

B x00e nposedenus cyoebnvix peghopm crnedosano pewiums 8axCcHvle 3a0aui, CéA3AHHblE C CNPaA-
BEONUBHIM CYOCOHBIM DPA3OUPAMENLCIBOM, NPOBEOCHUEM HE3ABUCUMBIX CNIeOCTHBEHHBIX MEPONPUAMuUl U
m.o. Coz0annas neszagucumas cy0eOHas cucmemvl 00IHCHA ObIIA CMAMb UHOUKAMOPOM QYHKYUOHUPOBA-
HUs 8 pecnybauKke 0eMoOKpamuyeckux uHcmumymos. boiia pazpabomana makdice KOHYyenyus 60eHHOU pe-
Gopmvl, KOMOpas nPedycmMampusanla co30anue UHCMUmMYma 60€HHOU CAYHCObl U NPUHAMUEe Pe2yamopos,
CROCObCmMBYIouuUx ee 0c8000HcOeHUI0 om noaumudeckoeo eiuanus. Haxowney, 6 2014 2. no npeocmasnenuro
npasUmMenbCmea NapiameHmom Obil NPUHAM 3aKOHONPOEKM 0 JUKeUOayuu ecex ¢opm ouckpumunayuu. B
3aKIOYEHUU 8 pabome COelan 8b1800, YMO KOHCIMUMYYUOHHAS PepopMa Chlepana 8aAdliCHYIO POJib, CROCOO-
Cmeysi pehopMuUpo8anUIo NOAUMUYECKOU CUCMeMbl, OAlbHeliwel UHmespayuu pecnyoiuku 6 esponeticKue
CMpYyKmypbl.

Karouessie caoBa: ['py3us, EBponeiickuii coro3, KOHCTUTYIIMOHHAs pedopma, pedopMHUpoBaHUE
MOJIUTUYECKOH CUCTEMBI, €BPO-TPY3MHCKOE aCCOIMUPOBAHHOE COTJIAIICHHE, HHTETPAIMOHHbBIE TPOIECCHI

Abstract. The article analyzes the internal political processes in Georgia, accompanied by the
constitutional reform carried out in the republic in 2009-2010. It is emphasized that she thoroughly modi-
fied the structure of state power, regulated the relationship between the legislative and executive authori-
ties. At the same time, maintaining a balance between these two branches of government was not possible
without a strong and independent judicial system. Based on this, the new version of the Constitution took
into account the recommendations on the reform of the judicial system received from the Venice Commis-
sion. Based on the materials published in 2014 on the implementation of the state program for reforming
the political system in Georgia, it followed that after the amendments to the Constitution, the Supreme
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Council of Justice of the Republic acquired a much more transparent and democratic appearance. In gen-
eral, within the framework of the Euro-Georgian Association, special attention was paid to the problems of
reforming the judicial system in Georgia. In the course of judicial reforms, it was necessary to solve im-
portant tasks related to a fair trial, conducting independent investigative measures, etc. The established
independent judicial system was supposed to be an indicator of the functioning of democratic institutions in
the republic. The concept of military reform was also developed, which provided for the creation of the in-
stitution of military service and the adoption of regulators that would facilitate its liberation from political
influence. Finally, in 2014, on the proposal of the Government, the Parliament adopted a bill on the elimi-
nation of all forms of discrimination. In conclusion, the paper concludes that the constitutional reform
played an important role, contributing to the reform of the political system, further integration of the re-
public into European structures.

Keywords: Georgia, European Union, constitutional reform, political system reform, Euro-
Georgian Association agreement, integration processes.

Introduction. Within the framework of the European Neighborhood Policy (ENP) ap-
proved by the European Union (EU) in 2004, Georgia was given a priority place in plans for de-
veloping cooperation with the countries of the South Caucasus. The associated agreement between
the EU and Georgia, concluded in 2014, was considered by the parties as a specific plan of action
towards reforming the political, economic and social life of the republic. Its successful implemen-
tation was supposed to make the process of its Europeanization irreversible, which, in principle, is
consistent with the US strategic plans for Georgia [6, p.178]. The article analyzes the institutional
changes in Georgia in the context of the priorities outlined in the agenda of the Euro-Georgian As-
sociation; reforms on decentralization of power structures are traced, the role of constitutional re-
form in the democratic transformation of institutions in Georgia is revealed. The theoretical basis
of the work is the presentation of the essence and specifics of the constitutional reform in Georgia
in 2009-2010, the identification of problems that arose during its implementation, and the EU's
cooperation with Georgia in reforming its political system.

Materials and methods of research. The empirical basis of the work was political and legal
documents reflecting the internal political strategy of the legislative, executive and judicial author-
ities of Georgia: Opinion of the European Commission on the Constitution of Georgia; Constitu-
tion of Georgia (1995); Constitutional Law of Georgia "On Amendments and Additions to the
Constitution of Georgia" (2010), etc.

In the course of covering a complex of problems related to the reform of the political system
in Georgia, the authors adhered to the principle of objectivity. The study involved methods of in-
stitutional and comparative analysis; in addition, a systematic method was used, which made it
possible to conduct a comprehensive analysis of the reform of the political system in Georgia.

Research results. The constitutional reform carried out in Georgia in 2009-2010 fundamen-
tally changed the structure of state power in the republic, the relationship between the legislative
and executive powers. In expert circles, the new version of the constitution, adopted in February
2004, has often been criticized, believing that it overestimates the power of the president and at the
same time weakens the power of parliament — in other words, it contributes to the creation of a
“super-presidential” state administration [1]. Operating in 2004-2012. the system of state power
largely confirmed this assessment: indeed, the executive power consolidated around the figure of
the president played a leading role in governing the country, determined its foreign policy, orient-
ed towards the West, towards rapprochement with the United States and its NATO allies. At the
same time, the role of parliament, the judiciary and local self-government in the system of power
was relegated to the background: in fact, they were forced to follow the political course of the
president on all major issues.

In 2009, a state commission was established in Georgia to develop and amend the current
constitution of the country, aimed at creating a balanced system of state power and administration.
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Representatives of the parliamentary and extra-parliamentary opposition, experts, public activists
took part in its work. The fact of the creation of the constitutional commission testified that there
are significant shortcomings in the constitution of the republic, and the development of its new
model should be carried out in conditions of broad consultations.

The package of constitutional amendments presented in November 2010 reflected the posi-
tion that in order to develop democratic processes in Georgia, the system of state power should be
modernized by strengthening the powers of parliament and weakening the power of the president.
The mood of the majority of the citizens of the republic in favor of strengthening the power of the
parliament directly reflected the constitutional trends in international practice. In the political cir-
cles of Europe, these changes were positively assessed: for example, in the opinion of the Europe-
an Commission for Democracy through Law (Venice Commission) on October 15, 2010, it was
emphasized that the proposed changes in the constitution of Georgia provide for several important
positive improvements [3].

In accordance with the new institutional changes, the relationship between the powers of
the president and parliament has changed radically: presidential power has been noticeably re-
duced, and the prime minister began to lead the government, having independent powers.

Challenges arising from the irresponsible domestic and foreign policy of the Saakashvili
regime [2, p. 80-81], as well as increased criticism from international organizations, necessitated a
constitutional reform, which resulted in the adoption on October 15, 2010 of a new version of the
Georgian constitution. At the same time, the authors of the reform took into account the problems
that existed during the period when the previous constitution was in force. In the draft constitu-
tional reform, it was recorded that the measures taken to reform the constitution aim to create a
balanced, efficient state system, within which any arbitrariness on the part of the highest authori-
ties is excluded [8].

One of the grounds for the constitutional reform in Georgia was the revision of the consti-
tutional and legal status of the president. In the course of it, sharp discussions flared up concerning
the problem of constitutionally fixing the status of the presidential institution in the highest state
authorities. Given this circumstance, the main goal of the reform was to rethink the constitutional
status and functions of the president in the system of state power: in particular, it was necessary to
reduce his powers and redistribute them in favor of other branches of state power [8].

In accordance with the new version of the constitution, the president continued to be the
head of state and supreme commander of the armed forces. At the same time, when reading the
text of the new edition, it was evident that its authors sought to bring the functions and powers of
the president into line with his status enshrined in the constitution.

First of all, this concerned the changes made to Art. 69 of the constitution: in accordance
with them, the president distanced himself from the executive branch, concentrating his main ef-
forts on directing the foreign policy of Georgia [4, art. 69]. In accordance with the amendments
and additions made to the constitution, the president is the head of state, the guarantor of its unity
and independence; he acted as an arbitrator, ensuring the functioning of state bodies within the
powers granted by the constitution [5].

In the course of determining the role of the institution of the president in the system of state
power and concretizing his powers, the constitutional commission considered that, if necessary
(following from the status of the head of state), the president could resort to influencing other
branches of power, but he was not authorized to exercise their functions . The new rationale for the
constitutional status of the president's functions has narrowed his competence in the system of
state power. In this regard, it seems necessary to compare presidential powers in the main areas of
state activity, reflected in the previous text of the constitution and modified in its new edition.
When introducing constitutional changes to the text, the members of the state commission believed
that the president should not be endowed with direct legislative powers. He no longer had the
right, on his own initiative and agenda, to convene an extraordinary session of Parliament. In this
situation, one of the mechanisms of influence of the head of state on the parliament was the right
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to refuse to promulgate the bill, return it with his comments for revision to the parliament, or use
the right of veto in the issue of its adoption. Also, the discretionary right of the president to ad-
dress the citizens of the country and the parliament could be considered a mechanism for influenc-
ing the parliament.

As a result of constitutional changes, the leading role of the president in the implementa-
tion of the country's foreign policy has also noticeably weakened. First of all, this was expressed in
the fact that the president could negotiate with other states or international organizations only after
his actions were coordinated with the government. A similar procedure was required for the Presi-
dent to conclude international agreements and treaties.

One of the goals of the constitutional reform was to create a legislative framework to
strengthen the role of parliament. In accordance with the constitution adopted on August 24, 1995,
the parliament was assigned the status of the highest representative body, endowed with the func-
tion of legislative power, determining the main directions of domestic and foreign policy, exercis-
ing control over the activities of the government. In the text, these provisions were retained, alt-
hough the political and legal conditions for maintaining the high status of the parliament and for
the implementation of its legislative functions have changed [4, art. 48].

The president was no longer entitled to monopolize the legislative initiative of the parlia-
ment, he did not have the imperative rights to demand an extraordinary consideration of his bills
by the parliament, the right to convene an extraordinary session or meeting of the parliament. The
veto power of the head of state was significantly weakened. In turn, the right of the parliament to
remove the president from office by means of impeachment, as well as dismiss other persons hold-
ing high positions in the system of state power, has become more effective and efficient. This pro-
cedure has become much more efficient, since, in accordance with the new version, the decision
on impeachment was made by the constitutional court, while the supreme court had to establish
signs of existing offenses.

In accordance with constitutional changes, the government began to be formed from fac-
tions that make up the majority in parliament; active participation of the president in this process
was allowed only in the absence of a parliamentary majority [4, art. 80]. The number of deputies
who took the initiative to create a temporary commission to solve the problem of forming a gov-
ernment was reduced from 1/4 to 1/5 [4, art. 56, item 2]. In the new version of the constitution, a
fundamental reform of the status of the government took place: the principles of its formation,
competence and responsibility have changed; in connection with a significant strengthening of the
status of the government, the president was forced to distance himself from the executive branch
[4, art. 78, item 1].

Within the framework of the constitutional reform, the leading functions of the parliament
were fixed in determining the main directions of the country's domestic and foreign policy. In ac-
cordance with them, parliamentary control over the work of the government was carried out. Par-
liament had many mechanisms at its disposal to act as a flagship in carrying out reforms aimed at
Georgia's European integration. An important means of parliamentary control over the executive
power was the procedure for passing a vote of no confidence in the government [4, art. 80, item 4].

The government was a collegial body of executive power, formed on the basis of the confi-
dence expressed by the parliament - the only source of legitimization of the government. It logical-
ly followed from this that the parliament was empowered to control possible future changes in the
composition of the government. Parliament was entitled to express no confidence in the govern-
ment. This procedure could be launched with the consent of at least 2/5 of the members of parlia-
ment. If, after a vote of no confidence, the government was renewed by 1/3, it again had to gain
the confidence of the parliament [4, art. 81, item 1].

A separate chapter in the new edition of the constitution was devoted to the status of local
governments. Their powers differed from those vested in the highest authorities. Local self-
government had its own powers delegated to it. The basic principles for determining the powers of
local self-government bodies were established by an organic law [4, art. 101, p. 1.]: in particular,
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the local self-government body (sakrebulo) was elected by citizens on the territory of a self-
governing unit in the course of direct, universal and equal elections, by secret ballot [4, art. 101, p.
2].

Maintaining a balance between the legislative and executive powers was not possible with-
out the functioning of a strong and independent judiciary. Based on this, the new edition of the
Basic Law took into account the recommendations coming from the Venice Commission in the
course of the constitutional reform. The independent status of the judiciary was spelled out in de-
tail in Chapter 5 of the text of the Constitution. In particular, it provided for an increase in the age
limit for judges who supervised the work of courts of general jurisdiction; appointment of judges
to office for an indefinite period, after they have passed a “probationary” period; increasing the
total number of votes in parliament to elect members of the constitutional court; transformation of
the Council of Justice into a constitutional body; the growth of the powers of the constitutional
court.

In 2014, the results of the implementation of the state program on the constitutional and le-
gal reform of the political system in Georgia were published. It followed from them that the first
stage of reforms was generally successfully completed by May 2013. After the introduction of
constitutional amendments to the legislation approved by the Venice Commission, the High Coun-
cil of Justice acquired a much more transparent and democratic appearance. The participation of
judges in the election of members of the High Council of Justice has expanded; it was pointed out
that instead of various politicians, representatives of public and academic circles should be in-
volved as non-judicial members of the supreme council [9, p . 119-120].

On May 21, 2013, the Georgian parliament adopted the first package of amendments to the
legislation on the activities of general courts. They significantly improved many provisions of the
legislation in the activities of the courts of general jurisdiction, in terms of the administration of all
judicial procedures. The mass media were given the right to attend court hearings, which was pre-
viously prohibited by the current legislation. This approach aimed to strengthen the justice system
while emphasizing the principle of transparency.

In 2014, the second stage of reforming the justice system was completed. In the course of
it, in accordance with constitutional changes, it was decided to appoint the heads of courts of gen-
eral jurisdiction for an indefinite period, but before that a 3-year "probationary™ period was deter-
mined for judges. In the same year, Parliament adopted a package of amendments to the organic
law developed by the Ministry of Justice. They contained objective criteria and principles for
evaluating the professional activities of judges, who were given a "probationary" period. Evalua-
tion of the work of judges was carried out by 6 different members of the High Council of Justice
by applying two main criteria — honesty and competence. The last word remained with the High
Council of Justice, which, consisting of at least 2/3 of the members, documented the appointment
of judges indefinitely, or refused to do so for some of them. During 2014, a package of changes
was developed during the third phase of the reform of the justice system, which was then submit-
ted to the Venice Commission for the preparation of an opinion on the reform of the political sys-
tem in Georgia.

In the course of judicial reforms, such important tasks as a fair trial, the right to defend the
accused should be solved; conducting independent investigations. For the purpose of professional
training of judges, as early as 1999, a training center was opened at the Ministry of Justice. Subse-
quently, this training center was singled out as a separate structure, and on December 28, 2005, the
Law “On the Higher School of Justice of Georgia” was adopted, which fixed the structure of the
educational institution, admission to training courses for judges and issuance of relevant qualifica-
tion documents to them [10].

One of the priorities in the work of the government was also designated a policy aimed at
protecting human rights. In 2014, the Georgian Parliament adopted the "National Strategy for the
Protection of Human Rights", based on the sources of constitutional and international law. The
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document stated that a prerequisite in the process of protecting human rights is a high level of effi-
ciency in the functioning of state institutions [11].

In order to strengthen the coordination and efficiency of activities in various sectors, the
government approved an action plan in this area for the next two years [12]. It presented a long-
term vision for solving problems in the field of human rights protection, identified priorities in this
direction by strengthening the rule of law, creating democratic institutions, ensuring gender equali-
ty, which, among other things, was also necessary for a positive political image of the state in the
conditions of formation and development of the global information space [7].

Conclusions.

Thus, the constitutional reform carried out at the beginning of the 21st century in Georgia
contributed to the reform of the political system, the spread of European norms and values in the
republic. After the amendments were made to the constitution, the political institutions of the re-
public acquired a much more transparent and democratic appearance.

The European Union played an important role in the constitutional reform in Georgia,
which paved the way for the country's further integration into European structures.
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T'OCYJIAPCTB M OBECIIEYEHUE
CTABWJIBHOCTH

THE ROLE OF YOUTH POLICY IN
THE POLITICAL PROCESS OF
STATES AND ENSURING STABILITY

Annomauus

Monooéiicy — 3nauumas nokoieHueckas epynna, Komopasi npu 00CMAmMOYHbIX PECYPCax MOdCem NpuHecmu
OONBLULYIO NONB3Y 20CYOaApCmBy U 00Wecmsy, a OHU, 8 C80I0 0uepedb, HeCym OMEEemCMmEEeHHOCMb 3a obecneueHue
HAOREAHCAWUX CTNAPMOBLIX YCA08ULL 0151 PA3GUMUSL MOTIOOEHCHU, U BMeCTE ¢ MmeM - 0y0yue2o Yen08e4ecko2o NOmeHyu-
ana. I[losmomy akxmyanbHo u3yueHue meKyuwux 20CyOapCmEeHHbIX Mep, CPAGHUMENbHbII AHAIU3 PEUEeHUl PA3HbIX
cmpan, a maxodce aHaIu3 RPOOIEMAMUKYU CO CMOPOHbL MOL00ENCU. Bcé amo nozeorum secmu s¢pghexmushyro pabomy
ceuuac u popmuposame Hanpasnenus 6yoywux uccredoganuil. Onucannvle Memoosvl pabomvl NOCIYHCUNU OlIsL OCHO 8-
HOU Yelu cmamvl — U3y4eHUsl 3aUMOCES3U MOLOOENCHOT ROTUMUKY U cmabunbHocmu 2ocyoapemea. Pesyismantol
MeopemuiecKo20 Ananu3d NOKA3bl8alon, Ymo OJisl 6CeX CMpPAaH NPO8edeHUe KOMNILEKCHOU MONOOENCHOU NOTUMUKY UTU
yoice s18asiemesi OOHOU U3 NPUOPUMEMHBIX 3a0ay, Wil ChmpeMumenso Habupaem obopomsl pazeumus. OCHOGHLIMU
yensimu 20cyoapceme siensemcs obecnederue 00CMynHo2o o6pazoeanus u mpyooycmpoucmed 6binyCKHUK08, paboma
N0 RONYAAPU3AYUU 300P06020 00PA3A JHCUSHU, 6HEOPEHUEe NOIUMUYECKUX OP2AHU3AYUTL KaK Cnocoba 0ast MOI00ENCU
NpOAGIAMb AKMUBHOCIb 8 COYUATLHBIX 6onpocax. Onpocvl Moro0éxcu 0o 18 1em noxasviearom, ymo npobremvl Ky-
PeHus U ynompeOaieHUs. HapKOMUKO08, ajiK020Jisl — 8eCoMd Ccepbé3Hblil naacm 0 pabomol. [[ns monodéxcu 18-35 nem
sedywuMU npodIeMamu CMAHOBAMC KOMMepYUamuzayus oopazosanus, Oe3pabomuya u HU3KUll ypoBeHb HCU3HU.
TlepcnekmueHbimu S67810MCsE HANPAGLEHUS pAbOMbl NO AHAIU3Y PEANbHbIX Yepo3 U (OPMUPOBAHUIO MONOOENCHOU
NOIUMUKYU HA OCHOBe NOLYyHeHHbIX OanHbiX. Taxoice Ha (one 2nobaru3ayuu ModjiCem Cmamv GANCHbIM INEMEHMOM
AHAIU3 YCIEUHBIX 3aPYOEICHBIX MEXHOA02UTL 8 0OIACTU MOLOOENCHOT NOTUMUKLL.

KaroueBble cjioBa: MOJOAEKHAS MOJUTHKA; COBPEMEHHOE OOIIECTBO; pa3BUTHE OOIECTBA; TOCYIAPCTBEH-
Hasl MOJJIEPKKa; IKOHOMHKA.

Abstract. Youth is a significant generational group, which, with sufficient resources, can bring great benefits
to the state and society, and they, in turn, are responsible for providing proper starting conditions for the development
of youth, and at the same time — the future of human potential. Therefore, it is important to study the current state
measures, a comparative analysis of the decisions of different countries, as well as an analysis of the problems on the
part of the youth. All this will allow us to conduct effective work now and form directions for future research. The de-
scribed methods of work served for the main purpose of the article — to study the relationship between youth policy
and the stability of the state. The results of the theoretical analysis show that for all countries the implementation of a
comprehensive youth policy is either already one of the priority tasks, or is rapidly gaining momentum in develop-
ment. The main goals of the states are to provide affordable education and employment of graduates, work to promote
a healthy lifestyle, the introduction of political organizations as a way for young people to be active in social issues.
Surveys of young people under 18 show that the problems of smoking and the use of drugs and alcohol are a very se-
rious layer for work. For young people aged 18-35, the leading problems are the commercialization of education,
unemployment and low living standards. Promising are the areas of work on the analysis of real threats and the for-
mation of youth policy based on the data obtained. Also, against the backdrop of globalization, the analysis of suc-
cessful foreign technologies in the field of youth policy can become an important element.

Keywords: youth policy; modern society; development of society; governmental support; economy.

Introduction

Political stability is a prerequisite for the development of the country and society, and can
be achieved in two ways: dictatorship or the broad development of democracy. Stability, which
was achieved through violent and repressive means, does not involve the participation of the
masses of the people and is therefore historically short-lived and illusory. Stability, which is based
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on democracy, a broad social base and a well-formed civil society, is eternal. Stability determines
the attitude of the population to the current political power, the ability of the political regime to
take into account the interests of various groups and ensure their coordination.

In modern conditions, young people are one of the most economically and socially and le-
gally vulnerable groups in society, whose well-being does not meet minimum standards. They live
in conditions of increased social stress and psychological discomfort. However, only healthy, well-
educated, moral, economically secure and prosperous young citizens can bring the greatest benefit
to the state and society, and in turn it is they who are responsible for ensuring proper starting con-
ditions for young people, their future development, and at the same time the implementation of
future human potential. For this reason, there is an urgent need for analysis and coverage of re-
search in this area. One of the instruments that can help achieve this goal is youth policy. Youth
policy contributes to the state's efforts to ensure that young people enjoy the rights that the law
recognizes for them as full citizens who contribute to progress and drive development. Policy ef-
fectiveness is linked to the ability to develop comprehensive solutions to youth problems in coop-
eration with young people themselves. At the same time, it should be remembered that when we
talk about youth policy, we are talking about mechanisms that can already be created to a large
extent by young people. For this reason, the integrative aspect of youth policy is especially im-
portant, associated with a model of cooperation, dialogue and partnership, a key element of which
is the inclusion of young people in decision-making processes.

Thus, the purpose of this article is to study youth policy as a factor in the stability and de-
velopment of the state and society.

Results and discussion

Youth representatives are the driving force of progress, a key factor in the development of
society, they pass on social experience, spiritual and material values from generation to generation,
and therefore the issue of socialization of the young generation is of paramount importance [8].
The socialization of youth, carried out in the course of the implementation of youth policy
measures, is a significant process of personality formation, realizing its capabilities for effective
and fruitful interaction between itself and society, the state, and social institutions [11]. For the
successful realization of the individual for the benefit of society and the state, it is important to
provide children and youth with decent conditions for growth and development. Of the estimated
1.9 billion children (0-18 years old) in developing countries, 1 billion live in poverty. Most of the-
se young people live in developing countries. The demographic picture in industrialized countries
is somewhat different, but there is also an increase in youth poverty. It is expected that the share of
young people in the population of Europe (15-24 years old) will decrease from 12.6% to 9.7% be-
tween 2005 and 2050 [10].

Young people manifest themselves as a generational social group with many specific fea-
tures, such as susceptibility to innovation, avant-garde, ideals of cultural life. On the one hand,
young people are focused on empowerment (participation), on the other hand, they expect institu-
tional and social paternalism [4].

Each state understands the importance of youth policy in a different way, taking actions
due to the possibilities and plans. Youth policy is implemented in European countries in very dif-
ferent ways, depending on their institutional features.

Government assistance for unemployed young people who have left the education system
(also known as "NEETS " — " Not in employment , education or Training ") emerged in France
after the economic crisis as a new challenge for government action as part of a broader effort to
combat inequality [1]. In many European countries, youth unemployment is twice as high as un-
employment among the entire population of a given country. An extremely negative phenomenon
for the economy is the problem of NEETSs . This is one of the symptoms of progressive social ex-
clusion among young people. It is believed that young people who realize their advantages and
opportunities, accept new challenges and actively participate in social, economic and political life
can become a way out of this situation [4]. There is a negative correlation between the phenome-
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non of NEETSs and the extent of public participation among the members of this group [4]. Reduc-
ing inequality in the medium term is seen by providing young people with more affordable public
(non-commercial) education, which corresponds to “stimulating” citizenship. However, such a
paradigm shift can only be achieved at a significant cost to the state budget and the risk of not be-
ing used by the most vulnerable young people who require special provisions, which is a signifi-
cant obstacle [1]. Thus, in Australia, those who have not received at least a 12th year of education
(general secondary) qualification or its equivalent or secondary vocational education are most of-
ten unemployed or underemployed [5].

Africa has the youngest population in the world with over 400 million young people be-
tween the ages of 15 and 35. Here, young people are demanding more investment in economic and
social development factors in order to boost the African Development Index. Several continental-
level youth development strategies and programs have been developed to ensure that the continent
benefits from its demographic dividend. Such strategies include the African Youth Charter, the
Decade of Youth Action Plan and the Malabo Youth Empowerment Decision, all of which are be-
ing implemented through various programs leading up to 2063. The African Youth Charter aims to
protect young people from discrimination and guarantees them freedom of movement, speech, as-
sociation, religion, property and other human rights, and is committed to promoting their participa-
tion in society. The Action Plan for the Decade of Youth is based on five main priority areas,
namely: education and skills development; youth employment and entrepreneurship ; security;
youth health and sexual and reproductive health rights; agriculture, climate change and the envi-
ronment. The Continental Strategy provides a comprehensive framework for designing and devel-
oping national policies and strategies to address the challenges of technical and vocational educa-
tion and training in order to promote economic development and create greater national wealth,
and contribute to poverty reduction by encouraging young entrepreneurs and innovation and creat-
ing workers. places [3]. The national youth policy of the Republic of Madagascar is to protect
young people from any form of exploitation and alienation, from any factors of social deviation
and from any activity that may jeopardize their self-realization and all-round development as a
person; involvement of young people in public events to raise awareness in the fight against HIV /
AIDS, endemic diseases, the fight against drugs, corruption and poverty [2].

So, in Russia, youth policy is revealed in the following areas: support for entrepreneurial
initiatives and activities, promotion of living standards, housing, education, cultural development,
health, physical development, guarantees of legal protection of youth and the activities of youth
organizations. As the state correctly believes, all spheres do not exist in isolation, but are intercon-
nected and interdependent. It is impossible to form a complete picture of the effectiveness of youth
policy if one of the presented criteria is ignored [8,9].

Many studies and discussions show that it is important to focus on reversing the trend in
youth unemployment and encouraging young people to take advantage of the opportunities availa-
ble. The campaign should actively involve national and regional authorities, business and the pri-
vate sector. Given the global nature of these challenges for the EU, it is necessary to strive for dia-
logue, exchange and cooperation with EU partners abroad. The success of this initiative depends
on the support of European institutions and the active participation of all stakeholders [1,4]. In a
rapidly changing world, as recent decades have shown, countries that are able to effectively mobi-
lize and productively use human capital and the potential for innovative development, the main
carriers of which are young people, have significant strategic opportunities [15].

Today, the problems of youth and the issue of training qualified personnel to work with
them deserve special attention [6]. Internationalization requires not only the exchange of goods
and capital, but also knowledge, students and teachers between universities and countries. The
provision of educational institutions with qualified teaching staff is important for achieving a high
level of student performance. It is important to introduce innovative technologies and develop
communications to reduce the gap in the quality of education between rural and urban educational
institutions. Teachers should apply personality-oriented, systematic, competence -based approach-
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es in their activities, as well as carefully study child psychology, not forgetting their own continu-
ous education and increasing research culture. The role of the state in this aspect includes the mo-
tivation of teachers, the provision of material and technical base and control over the process.

An important criterion should be the issue of the spiritual and physical health of young
people. As key indicators, one should recognize the level of morbidity among young people (with
the exception of congenital diseases and accidents), the number of suicide attempts and suicides
among young people, and the level of deviant behavior [6]. As mentioned earlier, young people
are one of the most vulnerable groups in society in the economic and socio-legal aspects, and live
in conditions of increased social stress and psychological discomfort.

Another criterion for evaluating the effectiveness of youth policy implementation is the
general level of youth social activity. A high level of social activity is inherent in young people
who regularly participate in socially significant events and are their initiators [6]. There is a clear
relationship between the level of development of social activity of young people, socialization, life
satisfaction, spiritual and physical health, and crime among young people [7]. The rapid pace of
development and change in modern society puts at the forefront the development and implementa-
tion of approaches focused on the direct involvement of young people in solving national prob-
lems. This aspect of youth policy will become a tool for the development and transformation of the
country, allowing you to reach a new, qualitative level of development [16].

In Kazakhstan, youth policy is aimed at spiritual and moral education and informing young
people about the development potential. But this approach focuses only on the most active and ca-
pable part of the youth. In fact, disadvantaged and less active youth remain on the sidelines, join-
ing the ranks of marginal elements [10]. A significant part of the active young population of the
state is socialized within the framework of informal leisure, political and extremist movements
[13]. Research shows that the youth were the leading force in the civil unrest taking place around
the world, in the "color revolutions™ and in the "Arab Spring". Criminal forces use youth, which is
not fully developed, as a tool to achieve their goal. In turn, this, of course, negatively affects the
social, economic, demographic development of any country [11]. This use of the younger genera-
tion is due to the fact that some of the youth develop a specific distinctive feature - extremeness ,
which is manifested by an over-acute perception of reality, often inadequate. A maximalist, overly
categorical attitude towards socially accepted values, a nihilistic attitude, gives rise to a state of
social instability. Such young people do not have clear ideals and life guidelines, and are also easi-
ly suggestible and excitable [12]. The involvement of socio-political organizations in helping
young people helps to reduce the activity of their natural radicalism. Socio-political associations
should stimulate the development of civic culture and civic consciousness of young people. The
personal participation of young people in public policy is necessary for the future of the country
and for their own self-realization [17]. Many youth organizations and associations do not have the
resources to carry out full-scale organizational activities. Therefore, the priority task of youth poli-
cy is to address issues of supporting the activities of public associations [13].

Among the main significant problems voiced by young people (Fig. 1) are for the younger
group (under 18 years of age): smoking, alcohol consumption, drug use. For the group of young
people aged 18-35, unemployment, an excess of free time against the backdrop of a lack of work,
and a low standard of living become more significant problems. The use of alcohol and narcotic
substances, although lowering their positions, also worries the people of this group.
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Unemployment, 52 Drug Use, 54

a b c d e f g h
Figure 1. Main Problems of youth

a - Low standard of living, b — Crime, ¢ — Lots of free time, d — Commercialization of education,
e — Unemployment, f — Smoking, g — Alcohol consumption, h — Drug Use

Such surveys and analysis of their results are an illustration of the actual problem areas and
the basis for the formation of the directions of the state youth policy. Continuous work on the
Shewhart-Deming cycle ( PDCA — Plan , Do , Check , Act ) will reduce the level of youth prob-
lems and lead to stability and development of the state in the future. Compared to 2000, by 2050,
global life expectancy is expected to increase from 65 to 74 years. Interdependence between young
and old will increase in the future. Thus, youth development will increasingly become one of the
prerequisites for meeting the growing demands of older people for their care and the development
of society as a whole [14].

Conclusions

Based on the analysis carried out, it can be said without a doubt that the governments of
many countries understand the importance of a comprehensive youth policy for ensuring state sta-
bility and economic development of the regions. The active involvement of young people in deci-
sion-making processes at the local, national and international levels is a condition for strengthen-
ing the position of the economy.

State regulation and solution of youth problems in relation to graduates of educational in-
stitutions is generally imperfect. It is necessary to develop an effective mechanism for the imple-
mentation of the state youth policy in the field of education. This will solve the issues of the quali-
ty of education, the problems of commercialization of education (and due to its inaccessibility for
some of the youth), and the problems of employment. Work with children and young people under
18 years of age should focus on promoting a healthy lifestyle, controlling the use of alcohol, drugs
and smoking. It is at this age that young people are most susceptible to suggestion, and bad habits
leave a serious imprint on the health of the generation.

Successful state policy in the context of globalization involves an analysis of successful
practical and promising solutions to foreign youth programs and the adaptation of effective foreign
developments and methods for conducting Russian youth policy.
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Annomauyusn

B Hacmwm;eﬁ cmambe npoeodumc;i meopemuqecmtﬁ AHAIU3 NOAUMUYECKO20 YNpaeseHusl, paccmampuea-
omcs ypoeHU e1acmu, a makadce pacemampueaemcst pa3deﬂeHue HA 30Hbl 6NIUAHUA HENOIUMUYECKUX aKmopoe nojiu-
mu4ecKkoeo npasumeilbcmed pecuonda.

MarepuaJbl, MeTObl, pe3yJabTAThl U 00CYKICHUS

B pa60me BbIABGNIEH MEXAHU3M NOJIUMOTI0cUYECKO20 aARAIU3A meppumopuailbHoco ynpaelerusl, K0m0pblﬁ
noseosisiem 0amo uHmeepaﬂbezit cpes np06fleMbl, CuHmesupyrwue nooxoowl 6blpa50maHHblx 8 CMEIHCHbIX C noaAUmo-
Jo2ueti HayKax.

Hpoczzeotcu@aemcz e3aumooelicmeue ucmopu4ecKux, fopuduuecmx, 3KOHOM14K0-2€02pa¢ull€CKux U UHbIX
ACneKkmos meppumopuailbHoco ynpaeileHusl. B yeiom smo nos3eojiaenm 0amv NOAUMONOSUYECKUN AHANU3 6 UCCLe008a-
HUU np06zlesz. Hpu IMOM noaumuvdecKoe ynpaesjleHue pacemampusaenmcs KaKk 63auM006pa3Hblﬁ npoyecc, 8Kio4alro-
Wil Kak 8o30eticmeue 20Cy0apcmed Ha meppumopuio, maxk u 00pamuoe 8030etcmeue meppumopuaibHo20 cooduye-
CMBa HA 20CYOAPCMBEHHYIO 6l1ACHb.

Paboma cmpoumcst Ha nojaumoa0cu4ecKom anaiusze np06ﬂeMbl HA OCHOBE CUCMEMHO20 NOOX00d.

3akiioueHne

Tonumuyueckoe ynpaeierue Ae6iaiemcs CA3YIOWUM DNIeMERMOM, CURmesupyroulem, unmezspupyrouem pas-
JUYHbIE BUObL ynpaeiernus. CoomeemcmeeHHO, 6EIUKA U POJIb NOJIUMOI0206 ons urmeepayuu u Koop()uHauuu pasaud-
HbIX ompacnell 3HaHUus (IOPUCHPYOeHYUY, COYUONOSULU, IKOHOMUYECKOU 2e02padhuy U MeHeO’CMEHMa) npu u3yyeHuu
Pas3iudHsvlx U008 NOJIUMUYECKO20 ynpaejieHus.

KiroueBple cjioBa: IIOJIMTHKA, MOJATHYECKHUH PETUOH, TOJUTHYCCKOC YIIPaBJICHUE, TOCYAApCTBEHHOC
YIipaBJIC€HUE, SKOHOMHNYCCKOC YIIPAaBJICHUE, COIITUAJIBHOC YIIPABJICHUC.
Abstract
This article provides a theoretical analysis of political management, examines the levels of power, and also
considers the division into zones of influence of non-political actors of the political government of the region.

Materials, methods, results and discussions.

The paper reveals the mechanism of political science analysis of territorial administration, which allows to
give an integral cut of the problem, synthesizing approaches developed in sciences related to political science.

The interaction of historical, legal, economic-geographical and other aspects of territorial administration
is traced. In general, this allows us to give a political analysis in the study of the problem. At the same time, political
management is considered as a mutual process, including both the impact of the state on the territory and the reverse
impact of the territorial community on state power.

The work is based on a political analysis of the problem based on a systematic approach.

Conclusion.

Political management is a connecting element, synthesizing, integrating various types of management. Ac-
cordingly, the role of political scientists is also great for the integration and coordination of various branches of
knowledge (jurisprudence, sociology, economic geography and management) in the study of various types of political
management.

Keywords: politics, political region, political administration, public administration, economic administra-
tion, social administration.
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In political science there is a dynamic relationship between the terms of political and ter-
ritorial administration. According to the theory of political management, there are a significant
number of works by domestic and foreign authors in which the concept of political management is
singled out, its differences from state, economic and social management [1-5]:

From a theoretical point of view, four departments of power are traditionally distin-
guished:

—mega level ;

—mesolevel ;

— macro level;

— microlevel.

Where is the boundary between levels of power, where the phenomenon of the political /
non-political is clearly felt. What political actors are needed (groups of pressure, interests, influ-
ence, diversification of elites, mass media).

For the course of the political process, a conflict of interests and power groups is neces-
sary. Society must have a developed political, social and economic infrastructure. Thus, a political
territory is a territory that has political governing bodies, developed structures of civil society, a
territory that is exposed to political structures, controlled by political methods [6].

What properties should a political region have?

The political government of the region is determined by the zone of influence of non-state
actors :

— political parties;

— political unions;

— pressure groups;

— interest groups;

— non-profit organizations;

— scientific and educational communities.

The political government of the region does not include:

— transport infrastructure;

— raw material base;

— system of subcontractors and suppliers;

— subsidiaries of corporations.

It can be stated that territorial administration is one of the conditions for political admin-
istration, fettered by the framework of administrative boundaries.

What is the Russian experience of forms of territorial organization? We note the relation-
ship between the terms "territorial administration™ and "territorial pressure”. All these elements
correlate with each other as a whole territorial division and are determined by the form of the terri-
torial structure. The dividing line runs along the border of toiletism / federalism. Unitarism - the
presence of vertical ties, the subordination of all levels of government, strict centralization of gov-
ernment, the appointment of regional authorities. Federalism — the delimitation of powers between
the center and the regions, the right of the regions to legislative activity, the presence of elected
authorities, both in legislation and in the executive branches of government. Confederation — im-
plies an inverted pyramid of distribution of powers, the region delegates part of the powers to the
center, the legislation is based on subjective / objective grounds.

The political administration of Russia at various stages of history is an interweaving of
the three listed principles of the territorial structure of unitary, federalism and confederation. Thus,
one can judge the ambiguous definability of the form of the territorial structure not only for the
past, but for the future state of the Russian state. In this article we will try to give a critical analysis
in relation to models of political management. The aggravation of interethnic contradictions led to
the creation of national-territorial autonomies, but this is not the most optimistic form of resolving
contradictions, since the concept of a titular ethnic group appears, which leads to inequality of citi-
zens [7].
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The national-territorial federation favors the formation of regional political elites on an
ethnic basis [8-10].

The contradictions between the administrative-territorial and national-territorial principles
leads to the formation of the concepts of mixed, or asymmetric federation, contractual federation.

The presence of separate agreements between the federal center and the territories entails
an inequality of rights and privileges of individual regions.

Thus, in the process of transformational transformations of the administrative-territorial
political administration. Market relations make administrative borders more open, the outlines of
regions are blurred. All this leads to an increase in informal ties between regions, emphasizing the
political, rather than state, nature of the relationship between the territorial levels of government at
the present stage. There are two main groups of contradictions in the territorial development of
Russia:

— contradictions between the radical nature of political and economic changes and the
immobility of territorial administration;

— contradictions between unitary, federal and confederate elements in the territorial struc-
ture.
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AHHOTAINA

TIpyuHIMNHATEHBIM BOIIPOCOM COBPEMEHHBIX HCCIICOBAaHUA OCTAcTCsl WM3YYCHHE CHUTYallMH, KOTJa Macc-
Mena CTallil MPOJODKEHUEM HEPBHOM CHCTEMBI YeJIOBEKa, BIMSIOT Ha CO3HAHHE W MOBEJCHHE YeJIOBEKa B IpoIecce
KOMMYHHUKaIwd. L{enb ctaThyl — ONpeenuTh, YTO COBpEMEHHAss KOMMYHHUKAINA BoOpaja B ceds He TOJNBKO Mepenavy
COOOIIEHUS, HO U KOHCTPYUPOBAHHE IIEHHOCTHO-CMBICIOBOTO MPOCTPAHCTBA M TPAHCISIIIMIO 00Pa3IOB MOBEICHUS U
KynbTyphl. Clenial BBIBOJ O TOM, YTO TJI00aTbHOCTh HH()OPMAIMOHHOTO (PpeiiMa aKTHBHO OCBAHMBACTCS HE TOJBKO
COIMANIbHBIMHA aKTOPaMHU, HO ¥ Pa3IMYHBIMH MOJUTUYECKHUMH areHTaMH, JJIs1 KOTOPhIX HEUCTOJIb30BAaHUE MEAHAINpPO-
CTpaHCTBAa O3HAYaeT YMYyIICHHWE MOTCHIIMAIbHBIX BO3MOXXHOCTEH BO3JCHCTBHS Ha HEOTPAHUYCHHYIO ayIUTOPHIO.
Heob6xonumMo nmpu3HaTh, 4TO COBpEMEHHAsI MaccoBasl MOJMTHYECKass KOMMYHHKAIM BoOpana B ce0sl HE TOJIBLKO TMepe-
Jady COOOIICHHUs, HO U KOHCTPYUPOBAHHUE IMOJMTUYECKOTO MPOCTPAHCTBA, B U€M U 3aKJIIOYAETCA €€ M3MEHUBIIASICS
cymHocTh. [IpeoOmanaromas qOIs MOTUTHYECKOH KOMMYHHUKAIIMHA OCYIICCTBIACTCS IOCPEACTBOM M B HHTEpecax
CyOBEKTOB MOUTHYECKON KOMMYHHUKAIIHH.

KioueBple cjioBa: MOJWTHKA, NOJIUTHYECKAsS KOMMYHHUKAIUS, TOCYJapCTBO, Macc-MeAHa, MOTUTUICCKUN
areHT, NOJUTUICCKUN TUCKYPC.

Abstract

The fundamental issue of modern research remains the study of the situation when mass media have become
an extension of the human nervous system, affect human consciousness and behavior in the process of communication.
The purpose of the article is to determine that modern communication has absorbed not only the transmission of a
message, but also the construction of a value-semantic space and the translation of patterns of behavior and culture.
It is concluded that the globality of the information frame is being actively mastered not only by social actors, but also
by various political agents, for whom not using the media space means missing potential opportunities to influence an
unlimited audience. It must be recognized that modern mass political communication has absorbed not only the
transmission of a message, but also the construction of a political space, which is its changed essence. The predomi-
nant share of political communication is carried out through and in the interests of the subjects of political communi-
cation.

Keywords: politics, political communication, state, mass media, political agent, political discourse.

Introduction. Despite the fact that today political communication is one of the most stud-
ied civilizational problems in the system of social sciences and humanities and in special works
devoted to the study of certain aspects of political communication, both in modern domestic and
foreign practice, nevertheless, we have to state that a coherent theory of mass political communi-
cation does not currently exist. It is going through a transitional stage, since it does not fully reflect
the categories of mobility, interactivity and convergence of new media, and the following “pre-
conditions for the paradigm crisis of the world civilizational order of life” [5, 281]. Science is at
the stage of formation of such a subject paradigm, which is designed to move away from the dom-
inant theories that prioritize either information or communication as a specific technical process
that provides a dialogue between government and society, and pay attention to improved spatial
and communication practices.

General principles and approaches, united within the framework of mass political commu-
nication and the phenomenon of mediatization of politics, are little actualized and developed. To

184 Ne3, Bbinyck 39, 2022


mailto:oyefimova@yahoo.com
mailto:tambieva@mail.ru

CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

date, there is no generalizing, cumulative knowledge that takes into account the features, features,
characteristics, means of implementation, etc., which require differentiation, analysis, synthesis
and systematization. Thus, the state of development and study of a very important problem deter-
mines the need for this study.

The degree of development of the problem. Scientific research has paid great attention to
the specifics of communication, and as a result, areas for studying the features of communication
have been formed, represented by the study of: features of the communicative interaction between
the institutions of political power and society [23]; technologies of Internet communications as a
tool to influence the functioning of modern institutions of power [10]; as a factor in the formation
of public opinion in modern Russia [22]; from the point of view of network political communica-
tion of power and society [16]; the effectiveness of communication [3], [15], including the state
[19], etc. Nevertheless, one should point out the extreme insufficiency of works devoted to the
subject of communication from the perspective of the problems of the relationship between the
political and the media.

Research methods. Due to the interdisciplinary and complex nature of mass political
communication, the theoretical issues of studying the phenomenon are among the problematic is-
sues, the consideration of which does not fit into the usual framework of general political science
paradigms, which to a certain extent claim to be universal metatheories.

Therefore, depending on the object, subject and methodology of research, it is possible to
create a certain interdisciplinary level of analysis, which will allow obtaining specific results, more
specific and methodologically supported. This goal required the solution of the following tasks: to
consider the essence of mass political communication, as well as to determine the relationship be-
tween mass political communication and media space; focus on changing the functions of modern
mass political communication.

Research results and their interpretation. In the conditions of a democratically develop-
ing state, the influence of the mass media on politics always increases dramatically. However, for
a long time this influence could only be exercised through the press or through an open and direct
meeting of politicians with citizens. Only since the 1960s can we talk about the penetration of
mass communication into political life, but only since the end of the last century, with the devel-
opment of the Internet, the implementation of public policy has become impossible without mass
public participation. On the other hand, there is a potential opportunity to make any information
global, to arouse interest in it among an unlimited audience. As a result, the growth of information
and communication technologies has generally corrected ideas about political communication,
however, political analysis as well, since “the property of unpredictability is increasingly becom-
ing a property of a politician at all levels and scales of the event field” [4, 142].

Initially, the basic basis of the theory of mass communication was the constructivist ap-
proach in sociology, which studies communication as a social phenomenon. Among other sciences
and scientific disciplines that study communications and related issues of communication systems,
communication processes, and at the present stage of development of communication theory and
practice - and communication technologies themselves - one can name anthropology, psychology,
linguistics, semiotics, technical sciences and, of course, political science. , whose area of interest
in the field of communication is extremely wide and important, as it touches upon the vital issues
of the functioning of society and states on various scales, up to global ones.

Also of concern to the scientific community is the fact that mass political communication,
one of the key vocations of which is the consolidation of society and the coordination of political
interests, in fact, has practically ceased to serve the designated function, transforming into a field
of targeted influence on the object by political and political interests interested in a certain benefit.
other entities. But this position in science has not been properly reflected, and in the existing basic
theories of political communication a generalized understanding of the phenomenon is given.

All definitions of political communication in a significant list of works carry a fairly broad
semantic load, as, for example, in the founder of the theory of communication H. Innis , who un-
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derstands political communication as “a mechanism by which the existence and development of
human relations is ensured, including all mental symbols, means of transmission in space and
preservation in time” [9, 167]. P. Smith, C. Barry, A. Pulford dwell on the understanding that
“communication is the act of sending information from the brain of one person to the brain of an-
other person” [24]. We are closer to the definition of communication given by the political scien-
tist A.V. Atanesyan : “communication is a connection, a relationship between phenomena that may
belong to one or different systems, respectively, communication supports a system or interaction
between subsystems, creating a system at a higher, generalizing level” [2, 38]. It should be noted
that the stated interpretations are generally characterized by a generalizing approach, which is in-
evitably accompanied by either an expanded understanding of the problem or a clear contradiction.
While agreeing that communication is a connection and relationship between different subjects,
we nevertheless emphasize that communication does not always create a system at a higher level. |
would also like to draw attention to the fact that any field of studying communication, including
political ones, initially assumes an interdisciplinary nature of work, which is not reflected in the
proposed interpretations.

So, communication, including political communication, is a complex phenomenon that
plays a leading role in the existence of society. As far as political communication is concerned,
historical examples of its origin were demonstrated on the squares of ancient Greek city-states,
where all the most important state-political issues were discussed. Ancient Greece is a vivid ex-
ample of how mass character, publicity and openness were at the heart of everything political.
With the departure of the Greek city-states from the forefront of political life, a tendency appeared
in the state structure and government to deny democracy, and the number of authoritarian-type
monarchies began to grow. But with the advent of technical means of disseminating information,
the era of mass communication, mass awareness, active political participation, including the so-
called “grassroots”, began.

The transmission of messages in any state structure inevitably implies the presence of cer-
tain technical means of communication, therefore communication imposes specific requirements
on structural elements, which consist of technical channels, areas of control, preservation, accumu-
lation of information, etc. But, even with such structures, not all information is able to generate the
process of "establishing meaningful contacts between" political subjects: the recipient of infor-
mation (recipient) and the sender (communicator) [14, 66].

Deutsch [27], a pioneer in the study of the political system as an information and commu-
nication system , gave rise to a twofold theoretical continuation. So, from the point of view of G.
Szelsky , “the state should not follow the interests and will of individual citizens and groups”, and
in the first place when considering political communication, it is necessary to put the technical as-
pect of the organization of political power, and not the social one [See: 8, 23]. In contrast to this
concept, J. Habermas in his studies focused on learning activities and cultural norms, suggesting
that social and political values should dominate political communication and follow the "interests
of the general population™ [28, 108].

The works of the founders of the theory of political communication, despite the polarity of
views, have become an undoubted breakthrough in the scientific consideration of the problem.
However, the development of information systems and the latest technologies did not lead to the
solution of social problems. Moreover, new media only increased the possibilities for maneuvers
for institutions and subjects of power, expanded the field of manipulative influence on the recipi-
ent in the course of mass political communication. Nevertheless, it should be noted that under cer-
tain political regimes, it became possible to strengthen the autonomy of grassroots government
structures in the state, electronic voting and interactive communication systems appeared, the de-
struction of hierarchical ties in public administration, etc. With the emergence and penetration of
new media into the broad masses, changes in the socio-political nature took place, which caused
the prerequisites for active involvement in political relations of the broad masses.

Next, consider the structure of political communication, the formula of which was first
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proposed by G. Lasswell. We emphasize right away that the researcher considered political com-
munication as a complex process with a specific focus, internal structure and socio-political func-
tions. He developed a linear model of the communication process based on the behavioral stimu-
lus-response approach. In this case, the audience is the object of the “who reports? - what does it
say? - to whom? - on what channel? — with what effect?”, and the information transmitted by the
communicator should have a direct impact on the recipient [18, 141].

Lasswell's rather optimistic formula considered political communications as an incentive,
imperative process, ending with a certain, expected effect. R. Braddock improved this formula by
adding two more points to the well-known scheme: “under what circumstances does it report? -
What is the purpose of reporting? [7, 91]. Subsequently, the behaviorist B. Berelson proposed his
understanding of the structure and model of political communication, the essence of whose theory
is that one of the essential aspects of influencing power is elections and a referendum, in the pro-
cess of which political communication plays an important role [26].

Characterizing the modern communicative space, the researchers write that it is distin-
guished by “the interaction of different cultures and the variety of communicative means and prac-
tices” [20, 12]. Indeed, the very relationship between political subjects in the course of their desire
to use power for their own purposes cannot be carried out without information exchange, without
communication. Any political activity is closely associated with its "communication dimension™,
which gives rise to M.N. Grachev to define political communication as “a special, special case of
communication, which is the informational impact of political actors on each other and the sur-
rounding social environment (society)” [12, 232]. As the author rightly believes, having certain
advantages of a methodological, epistemological and ontological order, generally accepted con-
cepts face considerable difficulties when considering communication processes, a phenomenon
that has become an integral part of the life of modern society [13, 23]. Researcher I.S. Nikitina
draws attention to the institutional nature and specific information content of political discourse
[21, 9].

However, all existing theories adhere to either the information or communication para-
digm, paying insufficient attention to the role of modern media in the implementation of mass po-
litical communication. In our opinion, it is with the advent of new media that one can forget about
the previously announced objective essence of communication as a tool for the democratization of
public life. On the contrary, the modern essence of mass political communication lies in the for-
mation of the mass media as the main instrument of policy formation, and not in the direction of
democratization, but to please a rather narrow circle of people. This process is partly objective,
since the reasons for uneven access to sources of information are objective. In addition, the mo-
nopoly ownership of the media market by individual companies and government structures also
dictates its own characteristics of the process.

We proceed from the position of R.V. Korotkevich that political communication is one of the
main links of the political system of society, which provides the relationship between its other compo-
nents through the translation of political values. But at the same time, political communication also
acts as a process that includes the activities of political subjects in combining, producing, and dissemi-
nating values that are significant for political subjects through the media. The purpose of distribution is
the formation in line with the stabilization of existing ideas or their change, as well as the way of think-
ing and actions of other social actors [17, 195].

However, despite the fact that the predominant share of political communication is carried
out through and in the interests of media magnates (the founders of the mass media, advertisers,
power structures using administrative resources, parties in power, oligarchic structures), globaliza-
tion processes make their own adjustments in this direction. This means that in the environment of
mass political communication, informal media based on the interactivity of the media space (for
example, the blogosphere) began to take their place, which, in particular, began to be used, for ex-
ample, by the organizers of color revolutions and adherents of eversion technologies.

Researchers rightly assume that "the acute problem of the formation in the field of public
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policy of various values, ideologies, doctrines, symbols, feelings, oppositional opinions and
speeches, the formation of official norms that are implemented in the field of communications” [6,
217]. Consequently, the traditional view of politics as a “socio-technological structure, whose in-
stitutions are oriented towards the purposeful transfer, exchange and protection of information”
[25, 15], needs to be corrected, since from now on the institutions of mass media policy are also
oriented towards construction of information for the purpose of not only interaction, but also im-
pact. Therefore, we agree with the definition of M.N. Grachev that political communication is
“communication in the sphere of politics, a type of communication that represents the informa-
tional impact of political actors on each other and the surrounding social environment” [13, 23] .
We only add that mass political communication can also be considered as a projection of the polit-
ical constructions of an interested political subject using the capabilities of the mass media into the
fields of the socio-political media space and other subspaces.

In this regard, we would like to cite a scheme for the participation of the media in modern
mass political communications, developed by P. Norris, who devoted her research to the media
and political communications. According to the theory of P. Norris, the role of the media is the
role of an intermediary between the subjects of socio-political relations and society as a system of
views and ideas about the activities of these subjects [29, 14]. The media mediate the processes of
political communications, providing a link between political institutions and society, between vot-
ers and those elected, between organizations at different levels.

Developing the ideas of P. Norris, S.D. Glukharev suggests that it is the symbolic space
created by the mass media that forms the basis of the media space. At the same time, mass political
communication is a projection of the selected information and its interpretation as a reflection of
the actions, ideas and thoughts, first of all, of the ruling elite in the media space, since the media
currently “is an economic enterprise whose financial well-being and existence depends on the state
or representatives of the political elite” [11, 110].

Conclusions. Thus, the essence of mass political communication today has changed dra-
matically, which is largely due to the change in the functions of new media. The functions of the
media that were previously inherent in them (integrative, educational, educational, etc.), and the
functions of the media, or rather the dysfunctions that modern media perform (dysfunctions of
drug addiction, disintegration, expectations and disappointments, etc.), differ significantly. In the
era of the use of many digital technologies, the impact of the media extends to all spheres of an
individual's life. The new era "invented" a new cycle in the classical three-stage information and
communication structure: "message (message) — translation (communication) — perception (inter-
pretation) — communion”. It was the initiation that became the main task assigned by the function
of modern media, which was reflected in the essence of mass political communication.

However, to date, researchers do not sufficiently take into account the important essential
characteristic of mass political communication, which consists not only in the circulation, circula-
tion and movement of information. In our opinion, it is necessary to take into account the goals
and objectives of political communication, which consist not only in the transfer of information,
but also in changing opinions, judgments, attitudes, attitudes, and behavior of the mass audience.

It should be emphasized that we are not considering individual cases of political communi-
cation, implying political management, but the general spatial and informational interaction of po-
litical subjects and their influence on the "agenda”. In our opinion, it is important to take into ac-
count the "procedural™ and "functional” components of mass political communication, which al-
lows us to focus on the totality of the phenomena of information impact and the interaction of sub-
jects in the sphere of politics regarding the power exercised in the media space.
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Annomayus

Tonumuueckuii npoyecc Ha CeﬁepHOM Kuaexasze no snauumocmu 0ns pOCCuﬁCKOZO 061/L;€C7’}1861 Aejisiemcs nepu-
(ﬁepuﬁHblM, m.K. He oKa3sbleaem cucmeMoo6pa3yi0u4€20 GIUAHUA HA OCHOBHblE d)oprl u cnocobwl enracmeosanus. On
Maxoice HOCUM UOeOKpAMuUYecKull Xapakmep, NOCKOIbKY 0elicmeus cyObeKmos npoyecca HOpMUpYOmcs SmMHUYeCcK u-
MU U KOHPeCCUOHATbHBIMU HOpMAMU 8 DOoblUel CIenenuU, Yem QopMatu308anHbim npagom. Paccmompen umnepckuii
nepuoo poccutickozo enusnusa Ha Kaexase npu pasnoobpasuu cmuiel u oopm noaumuyecko2o ynpagieHusl.

Mamepuanel, memoovl, pe3yromamsl u 00CYHcOeHUs

B npedcmaeﬂennoﬁ pa60me BbLABNIEH MEXAHU3M CPABHUMENBHOCO aHAIU3A pA3IUYHbIX cmusel u mMemooos
ynpaejieHus, UCnoib3yemcs CUCINEMHbILL M@mO(), unmo nomocaem yYyCmaHoeums NoJAUMuU4ecKyro nodon/zeky npoeodu-
MblX NOAUMUKO-YNPABTIEHYEeCKUX Meponpuﬂmuzi.

3axmouenue

Taxu 06pa30M noUMuUKa UmMnepCcKoco ynpaesienusl nojaumuiecCKumu npoyeccamu Ha Kaskasze 6 COSpeMeHHOlJ
NOAUMONIO2UYECKOU HAYKe U3YYeHad He0OCmAamo4Ho 21yO00Ko u pasHocmopounte. 1opazo0o wiupe uzyuaemvlil HaAyYHblil
ghenomen npedcmasnen pabomamu UCMOPUKOS, IOPUCIO8 CREYUATUCTO8 N0 NOTUMUYECKOU 2eoepaghuu, cam npoyecc
exoxcoenus Kaskasa 6 opeon poccutickou noaumuxu Hawunaemcs ¢ vauana XVIII no XX 6. B nacmosuweii cmamve
ObLIa NPeOnpuHsAMa NONBIMKA ONUCAMb €20 UMNEPCKULL Nepuod U NepcoHUPUYUPO8ams omoeIbHblX 20CYy0apCmeeH-
HBbIX U NOJIUMUYECKUX Oessmeiell OmMEemCcmeeHHbIX 3a npoeo()ufwyfo nOJUMUKY . Bvina oana oesmenbHocmb KHs35 [[u—
yuanosa I1.B., komopulii nepgbim nuimaics NPeOnpuHams wacu no NOIUMUYecKol mpancgopmayuu 6 obracmu 3aKo-
HoOamenvcmsa. B 200wl e2o npasnenus na Kaskase cmanu gpopmuposamscs yciosust 0iisi popmMupoeanuss MecmHou
noaUMUKO-010poKpamuyeckol snumsol. Xapaxkmepusyio mooens ynpasienus kuaza I1.B. Luyuanoea ModicHO npusHams
Haluvyue «eeponeﬁcxoeo crneoay 6 I’lpO@O()MMOZZ uMnepCKozZ noaumuxe. 1'o0bl npaejieHus EpMOJZOGa coenau ¢ 3amAoic-
Hoti Kaskasckoul 60UHOU U OMMeUeHbl BOEHHO-CUNOBLIMU MEMOOAMU YNpasieHus. Ynpasnenueckas noiumuxa u gop-
Mbl ynpaeleHus Boponuoea M.C. omauvanuco CyujeCcmeeHHbiMU, 2le6uHHblMu nozzumuko-admunucmpamueybmu pe-
¢0pMamu. Taxum 06pa30M NOAUMUKO-UMNEPCKO20 Ynpaesierust noaumuiecKumu npoyeccamu Ha Kaexaze couemano 6
cebe pasiuunbie Munvl U Popmbvl YNPAGIEHUS. 0N MUPHBIX ePANCOAHCKUX, BOCHHO-CUNOBLIX U ObLIA NPU3BAHA YCUTUMb
Poccuiickoe umnepckoe erusinue na Kaexaze.

KiroueBble cJI0oBa: ITOIUTHYSCKHE Ipouecchl, MNOJUTUKO-aIMUHHUCTPATUBHOC YIPABJIICHUE, MNOJUTUYECKOC
yIiipaBJ€HUEC, TOPLbIL, DJIUTbl, HAMECTHUYCCTBO, NOJIUTUKO-aIMUHUCTPATHUBHOC ACJICHUC.

Abstract

The political process in the North Caucasus is peripheral in terms of its significance for the Russian society.
does not have a system-forming influence on the main forms and methods of ruling. It also has an ideocratic charac-
ter, since the actions of the subjects of the process are normalized by ethnic and confessional norms to a greater ex-
tent than by formalized law. The imperial period of Russian influence in the Caucasus with a variety of styles and
forms of political governance is considered.

Materials, methods, results and discussions.

In the presented work, a mechanism for a comparative analysis of various styles and methods of management
is identified, a systematic method is used, which helps to establish the political background of ongoing political and
management activities.

Conclusion.
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Thus, the policy of imperial management of political processes in the Caucasus in modern political science has
not been studied sufficiently deeply and diversified. The studied scientific phenomenon is much more widely repre-
sented by the works of historians, lawyers, specialists in political geography, the very process of the Caucasus enter-
ing the halo of Russian politics begins from the beginning of the 18th to the 20th centuries. In this article, an attempt
was made to describe his imperial period and to personify individual state and political figures responsible for the
policy pursued. The activities of Prince P. V. Tsitsianov, who was the first to try to take steps towards political trans-
formation in the field of legislation, were given. During his reign in the Caucasus, conditions began to form for the
formation of a local political and bureaucratic elite. | characterize the management model of Prince P.V. Tsitsianov,
we can recognize the presence of a "European trace" in the ongoing imperial policy. The years of Yermolov's rule
coincided with the protracted Caucasian War and were marked by military-power methods of control. Management
policy and forms of management Vorontsova M.S. distinguished by significant, deep political and administrative re-
forms. Thus, the political-imperial management of political processes in the Caucasus combined various types and
forms of management: from peaceful civilians, military forces, and was intended to strengthen the Russian imperial
influence in the Caucasus.

Keywords: political processes, political and administrative management, political management, highlanders,
elites, governorship, political and administrative division.

Introduction

The policy of imperial management of political processes in the Caucasus is quite widely
represented by the works of historians, lawyers, geographers, but politically there are gaps that re-
quire closer study by political scientists [1-10].

In the system of political administration of the Russian Empire in the Caucasus, the autoch-
thonous population of vassal relations, the "highlanders”, with strictness not only moderate, even
cruel, but fair, when it is combined with care for their welfare, become submissive to the point of
slavery and faithful throughout the entire space of this word [ eleven].

The Russian authorities organized political and administrative management in the likeness of
the provinces of the Russian Empire [12]. The dissatisfaction of the local population was ex-
pressed in relation to the mixed system of legal proceedings in solving civil and criminal cases.
The growth of discontent led to the removal of General K.F. Knorring on Lieutenant General
Prince P.D. Tsitsianova [13].

Materials, methods, results and discussions

Prince Tsitsianov P.D., who was closely familiar with local customs (an ethnic Armenian),
considered the problem of political leadership of the Caucasian region somewhat differently than
his predecessor, believing that “ laws should be bent according to customs, because these last are
united centuries, and not violent are refracted in ways ” [14].

The political transformation in the field of legislation provided for the reorganization of the
judicial system in the Caucasus, which took into account local traditions and customs as much as
possible [15].

In general, P.D. Tsitsianov managed to somewhat improve the judicial system and carry out
a consistent series of measures that led to an improvement in the system of political equation in the
Caucasus. Political and managerial activities of P.D. Tsitsianova led to the cultivation of their own
officials in the Caucasus [16].

Realizing the perniciousness of coercive methods of force, the prince proposes a “velvet”
style of forming the local political and bureaucratic elite [17]. The main measures should be and
become ‘“changes in education”, for which it was supposed to open “schools for teaching children
of Kabardian owners and uzdens” in the cities of Georgievsk and Ekaterinograd, which pupils
would then be moved from schools to cadet corps” [18]. P.D. Tsitsianov proposed “introducing
luxury to Kabarda", organizing duty-free trade of local artisans and craftsmen. According to the
reformer, the political rights of the nobility should have been extended to the local elites.

It can be argued that the proposed measures were one of the first attempts to find mutually
acceptable ways to include the mountain elite in the imperial system of political governance based
on convergence of worldviews [19].

The internal system of political administration did not quite fit into the mountainous part of
the Caucasus. There have already developed their own universal societies:
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— "free societies";

— khanates;

— shamkhalystvo.

Imperial civilian methods of government were replaced by military ones in the form of bail-
iffs. Describing the management models of Prince P.V. Tsitsianov, one can state a certain “Euro-
pean image” of colonial expansion.

The next stage of political management is associated with the name of General A.P. Yer-
molov.

Russian researchers Matveev V.A., Kharsiev B.M., Shapak M.E., Shafranova O.l. and others
covered in detail the processes of political and state administration in the Caucasus during the im-
perial period [20-22].

Conclusion

The military period of Russia's actions in the Caucasus (1817-1864) was associated exclu-
sively with military actions and it is not correct to talk about administrative policy in relation to
the Caucasus. In the newly annexed territories, the Russian government tried to act by traditional
methods without taking into account the specifics of the mountain worldview. The system of mili-
tary political leadership based on forceful methods needed other forms of political and administra-
tive management - governorship [23]. The first governor was Count M.S. Vorontsov. In St. Pe-
tersburg, the Caucasian Committee was established - the highest state structure created for the di-
rect interaction of the governor with the supreme power. Reforms of Vorontsov M.S. concerned,
among other things, changes in the political and territorial structure.

In 1846, the Caucasus region was divided into four provinces - Tiflis, Kutaisi, Shamakhi,
and Derbent, and in 1847 the Caspian region was formed, which included the territory of Dage-
stan. The new political-territorial division implied the principle of centralization, which, in turn,
contributed to the economic development of the national outskirts [24].

Analyzing the activities of M.S. Vorontsov as a conductor of imperial policy, it should be
noted that he changed the vector of Russian policy towards rapprochement with the local elite,
avoiding repressive measures against the highlanders, and creating the necessary economic condi-
tions. Unfortunately, the process started by M.S. Vorontsov did not receive its further development
with receivers. During the reign of Alexander 111, the institute of governorship was liquidated and
the Caucasian Committee in St. Petersburg was abolished, and military, judicial and executive
power would be concentrated in military groups [25].
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MASS MEDIA AS A TOOL OF SOCIO-
POLITICAL MANIPULATION

Annomauyusn

AxmyanvHocmb ROOOOHBIX UCCLE008aAHUL 00YCN08IeHA CAb0U pa3pabomaHHOCmbI0 NPOOIeM GNIUSHUSL HA
MACCOBYIO ayOUMOpUio MexHoN02Ull, OCHOBAHHBIX Ha 8o3modcHocmsax CMU. Ceghopmynuposan psio nonodceHuil u gul-
60006, ceudemeﬂbcmeywwux O mom, 4mo 1) 68 MACCOB0OM NOHUMAHUU pecYNAmUBHble COYUANbHble U noiumuieckKue
BO3MOINCHOCMU COBPEMEHHbIX NEXHOJI02068 OMm CMU ne ocosznaiomcest kax BAJICHbIE, 2) CMU cecoonsn cmanu mem
cpedcmeofw U UHCMPYMEHMOM, NPU NOMOWU KOMOPO20 NPABAUEMY KIACCY MOINCHO 6]1UANMb HA bonbuue Maccol Hace-
JIEHUS, NOIMOMY YeleHanpaeileHHoe ManunyisimueHoe go30elicmeue Ha nompe@umeﬂﬂ omubvlHe éce bosiee CmaHo8um-
ca enasnou Qpyuxkyuei CMU.

Karwuesbie ciioBa: CMU, Macc-Menra, MaHUITYIISIAS, METOIBI BO3ICHCTBUSA, TUACPHI OOMIECTBEHHOTO MHE-
HUs, (I)OpMI/IpOBaHI/Ie O6H.[€CTB€HHOFO MHCHHUSA, ITIOJIMTHYCCKOC BJIIMAHHUC, ITIOJIUTUYICCKOC CO3HAHHUC

Abstract The article is devoted to the study of the media as a tool of socio-political manipulation. The rele-
vance of such studies is due to the weak development of the problems of influencing the mass audience of technologies
based on the capabilities of the media. A number of provisions and conclusions are formulated, indicating that 1) in
the mass understanding, the regulatory social and political capabilities of modern technologists from the media are
not recognized as important; 2) The media today have become the means, the instrument by which the ruling class can
influence large masses of the population, therefore, purposeful manipulative influence on the consumer is now in-
creasingly becoming the main function of the media.

Key words: mass media, mass media, manipulation, methods of influence, leaders of public opinion, for-
mation of public opinion, political influence, political consciousness

Introduction. The issue of interaction between the media and society today is more rele-
vant than ever and is debatable, since the problem is understood ambiguously. Nevertheless, real
life shows how much the layman depends on the media, since “being determines consciousness”,
and we live in the era of “media”, that is, the total influence of the media on the thoughts and be-
havior of citizens. At the same time, in the mass understanding, the regulatory social and political
possibilities of modern technologists from the media are not recognized as important, remaining
the area of interest of narrow specialists, although the so-called “soft” impact on the audience
gives results that are comparable only with an intense impact on the subject of influence.

The purpose of this article is to identify the mechanisms for the formation of value attitudes
through the use of the media in the process of political communication. We are talking about the
increased influence of the media, which now participate in the construction of the political agenda.

The level of development of the discussed problem, despite its relevance, in domestic and
foreign science is not high and is in its infancy. In surveys of manipulation in modern media are
considered in more detail from the point of view of advertising, aspects of political manipulation
remain under study. Thus, the socio-political influence of the media is considered by V.D. Bachu-
rin [2], A.K. Botashev and S.V. Anufrienko [3], S.A. Zelinsky [5], A.A. Kazakov [7], V.V.
Kikhtan and B.Yu. Mamieva [8]; V.L. Primakov [10], V.A. Slavin [12] and others. A number of
Western researchers traditionally pay attention to the manipulation of the mass media with the
consciousness of the masses, among which the works of M. Echugar [16] , T. Van Dijk [17] , G.
Masolini and W. Schulz [18], Yu Habermas [13] and others.

Research methods. The thematic field of research contributed to the use of general scien-
tific methods of theoretical knowledge, such as the scientific description of the object of
knowledge, the method of axiomatization, the hypothetical-deductive method, the method of for-
malization, etc. From the particular scientific methods of research, the authors turned to the meth-
od of theoretical pluralism.

Ne3, Bbinyck 39, 2022 199



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

Research material. Let's consider what is the mental prototype of this mediative process of
influence. It is known that the mental state of a person is determined by the conscious and the un-
conscious (subconscious) and a certain barrier between them — the censorship of the psyche. De-
spite the fact that “Views on the problem of the conscious and the unconscious are predominantly
owned by the so-called Western scientists” [1, p. 8], we will single out some conditional direc-
tions, since the triad of the conscious, the unconscious and their relationship (thesis-antithesis-
synthesis) influences and determines the memorization, creativity, imagination, behavior and atti-
tudes of the individual. The Georgian scientist D.N. wrote about this back in 1923. Uznadze that
conscious processes do not exhaust the entire content of the psyche. Accordingly, he suggested,
“in connection with this, it is necessary to recognize the existence of such processes that occur
outside of consciousness and essentially determine the weight of its movement” [14, p. 125]. The
opinion of modern Russian scientists is also fair, who focus on such phenomena as unconscious
motivation and psychological attitude, paying attention to “the issue of restructuring the structure
of the unconscious, the solutions of which they see in studying the influence of socially “value-
significant” information on the subject associated with his emotions. , beliefs and activities” [1, p.
6]. In particular, we are talking about ""receiving" and "delivery" of information, its processing
and "formation” of new information on the basis of previously received” [1, p. 131].

Thus, the main movement of information passes through the censorship of the psyche (rep-
resentative and signal systems), is generated and redistributed, while most of it is forced out into
the subconscious, from where, over time, it begins to influence the consciousness, that is, the
thoughts and actions of the individual. As suggested by S.A. Zelinsky, “It is on the subconscious-
ness that a person’s realization of hidden, subliminal influences, or influences from manipulators,
who, using the developed psycho-technologies, introduce psychological attitudes into the human
subconsciousness, depends” [5, p. 28]. It turns out that the researchers are right when they write
that “Manipulators program our reality, if not for everyone, then for the majority of people, be-
cause a person in the mass is not aware, does not think, and willingly succumbs to all the influ-
ences to which he is subjected” [11, With. 33].

Scientists explain the ability of the media to manipulate the behavior and consciousness of
the individual with different prerequisites. For example, it is indicated that the desire of a person to
belong to a certain social group motivates an individual to meet the expectations of the majority,
represented by the media, when a person's views are formed in accordance with the provided posi-
tion, allegedly characteristic of this social group (A. Maslow). This message is especially active in
advertising: do you want to belong to the wealthy class? Look at what kind of watch (dress, jewel-
ry, etc.) these people are wearing. By the way, Maslow's pyramid is not used in political propa-
ganda and political influence, although there is a clear potential: in particular, those who think this
way or adhere to just such views are the most successful and realized as a person (demonstrate,
advertise with some examples).

One of the well-known researchers of political communication is J. Habermas, according to
which politics is reflected in the system of communicative actions, acting as a chain of mediations
[13]. But the manipulation of personality differs from the manipulation of political consciousness,
since in the second case it is necessary to build a certain political picture of the world for a large
audience, the masses of the population. Here, an important component is the low degree of aware-
ness of the objects of manipulation by the consciousness of the goals and intentions of the media
representatives.

The information impact of the subject on the object of communication pursues the goals set
by the subject. At the same time, we are in solidarity with V.L. Primakov, that there are special
media technologies as “techniques, methods, channels and tools for creating and distributing me-
dia content, focused on managing the perception of target groups in order to implement certain
practices” [10, p. 213].

Research results and their interpretation. We list a number of ways, methods and tech-
nologies of influence through the media for the purpose of political domination:
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1) Blatant lies and fakes in the media. It would seem that what prevents an individual from
distinguishing a lie from the truth? The fact is that the majority of the population is sure that the
media do not lie, that since these frames were shown, it means that it is so. Since respected jour-
nalists said so, it means that it is so. An illiterate audience that does not have critical thinking is
happy to be deceived, taking on faith all the information presented in the media, which is what
manipulators of all stripes use, from false advertising of goods to political influence.

2) The second tool that facilitates the media's manipulative impact on the audience is the
effect of perception of primary information. This method of influence is based on such a property
of the psyche, which encourages a person to more deeply believe in the information that came
first. More truthful information received later loses in perception as more reliable due to subcon-
scious distrust of it, since consciousness and subconsciousness are busy processing the first infor-
mation. A certain effect of perceiving primary information as true is triggered, secondary infor-
mation, albeit true, is “forced” to overcome the formed opinion. The paradox of the human psy-
che! But this phenomenon in political technologies is used quite often. For example, it can be a
"accusatory” compromising evidence on an opponent during the election race, which forms a
negative opinion about him. The subconscious attitude of the layman looks like this — it is justified
— there are sins; is not justified — nevertheless, a residue of mistrust remains.

3) The third method of political influence on public consciousness is the creation of public
opinion, which in terms of its effectiveness is difficult to surpass by other methods, therefore it is
indispensable when unpopular decisions of power structures are put into practice. Assume that the
working week is legally limited to 38 hours in a particular state entity. Changing the working week
to 48 hours would be a very unpopular idea and how the law might not pass. But the advance re-
lease of this idea, negative for the majority of the population, by the media will cause public con-
cern and negative resonance, but the audience will eventually get tired of the protests. In parallel,
there should be a suggestion that this is necessary, extremely important, a forced measure, since
the population is becoming obsolete, there is no progressive development, etc. Public opinion is
developed through the mouths of stars, public figures, politicians, representatives of all parties,
doctors, teachers, "ordinary people”. Thus, this law can be discussed in the media for a long time,
but there is no formal reason to protest, since the idea is simply being discussed (inoculated into
the minds of the majority). Gradually prepared society, having gone through the first incandes-
cence of passions, gets tired, gets used to this idea, but the new law, even after going through all
the stages of parliamentary discussion, must be adopted with a delay in action, which will once
again allow the dissenters to blow off steam and postpone the heat of indignation. The adoption of
such an unpopular law, of course, will cause a series of protests, which will be extinguished by
sending laws for revision. It is clear that by the time the law is finally adopted, public opinion will
be finally formed and people will get tired of protesting.

4) The fourth method of manipulating public consciousness and behavior through the me-
dia is to use the media "witnesses". In this case, the media use the population's distrust of politi-
cians who purposefully try to influence the audience in their own interests. Therefore, the appear-
ance on the screen of an “unbiased eyewitness” brings a fresh stream to the perception of infor-
mation, critical thinking is minimized, allowing the artist, whom the media passes off as an eye-
witness, emotionally and “sincerely” pass off a lie for the truth. In such a case, the mechanism of
association of an individual with an “unbiased” eyewitness is triggered, which allows one to trust,
experience the same feelings and empathize. The two emotions that are particularly affected are
anger and fear.

5) The fifth method of manipulating public consciousness and behavior through the media
is to artificially create the image of the enemy. This is done in order to rally the population against
a certain threat. Announcing the presence of an enemy - external or internal - is to appeal to such
an emotion as fear. In a state of fear, the population is ready to forget about everyday problems,
emotionally tense, which allows the power structures to make unpopular decisions, and the leaders
of the nation to control the masses.
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This method is closely connected with the emotional charging of the masses. Recall that
even Adolf Hitler called himself "the greatest actor in Europe” [9], because his performances were
expressive, emotional and expressive. Indeed, people believe more in what is said emotionally,
since the human psyche has a number of protective barriers that limit the flow of unwanted infor-
mation, but information that is associated with an impact on feelings easily passes this barrier. The
actualization of needs, interests, values, attitudes, expectations, which stimulates and motivates
them to make a certain choice, be it a politician, a car or a political course — everything relies on
emotional charging through the media, since it is the media that have access to the widest audience
and the ability to model the right emotions on the screen, charging the masses.

6) The sixth tool of the media is the use of "opinion leaders", the so-called "new type of in-
dependent third party”. Thus, the results of a study by Netnatives show an increase in the populari-
ty of using “opinion leaders” by American companies to promote their brands: 80% of marketers
recognize them as an effective marketing communication tool, since 62% of buyers aged 18 to 24
are ready to buy a product on their recommendation [ 15, p. eighteen]. The situation is similar in
political communication: opinion leaders impose their opinion in various areas, while the infor-
mation is not perceived critically, since the thought is allegedly voiced by an expert or a figure au-
thoritative for a certain category of the population. As Primakov rightly suggests, “This regulation
is carried out through various social mechanisms, such as: — purposeful dissemination of infor-
mation and communication” [10, p. 204].

7) The method of "change of concepts”. It is used in text techniques, both voiced and print-
ed. All negative connotations are excluded from the text, which allows you to control the con-
sciousness of the individual. V.V. Kikhtan and B.Yu. Mamieva give such an example of infor-
mation impact when words such as “victim”, “war”, “destruction”, “death” are excluded from the
text, and then words with a positive or neutral color are introduced in the text, for example, “ap-
peasement”, “ conflict”, “neutralization”, “location”, “controversial situation”. Thus, the audience
gets acquainted with artificial information” [8, p. 237].

8) The technology of adjustment to the inner self. This technology is based on the
knowledge of such a property of the psyche as a person’s tendency to trust more information that
does not contradict his inner convictions, his inner self. The human psyche is designed in such a
way that if an individual internally critically disagrees with this information, then the channel for
receiving it is blocked. On the contrary, information that does not contradict our internal beliefs is
absorbed more readily. The media often use the technique of adjusting to the inner self, when a
part of obviously false information is thrown into plausible information, which makes its percep-
tion automatically provided.

9) Purposeful "information assault”. The purpose of the method is to bring down on the au-
dience a lot of unnecessary information, which will make it difficult to critically perceive it. A per-
son who is tired of the flow of unnecessary information will most likely stop believing in the me-
dia and be interested in the news, which makes it possible not to publish information that is unde-
sirable for demonstration to the general public.

10) The “good against the background of the negative” method or the so-called contrast
method. We are talking about creating and promoting perception stereotypes through contrast,
when, first of all, they show and talk about something negative, against which the hero of the next
story looks more advantageous. For example, a crisis is going on in the camp of political oppo-
nents, which is analyzed and criticized in detail, and the necessary information comes second —
how everything is fine in our camp.

11) Method "our everyday life". We are talking about the technology of displaying and tex-
tual accompaniment of negative information in a normal, calm tone. The method is designed to
accustom the audience to negative information, and the usual and calm, calm tone of the presenter
teaches the layman to perceive negative information without criticism.
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12) The technology of using false statistics, links to which are often used in the media. The
goal is to erase the barrier of criticality among the population. Often this technology is supple-
mented by the use of selective opinions of "random people" from the crowd.

13) The technology of using the effect of psychological shock caused by the demonstration
of certain horrors. This regulation is carried out in order to shift the focus in a situation of indigna-
tion and fear among the audience.

14) The method of substitution of concepts. It manifests itself with particular effect in the
media when journalists deliberately draw false analogies. For example, comparing a political op-
ponent with a maniac, an aggressor, a criminal, a Nazi, etc. Thus, the protesters definitely become
criminals, officials become thieves, and so on.

15) Creation of a mythical event, a high-like virtual event. The purpose of this method is to
evoke the desired reaction of the audience with deliberately false information. As rightly suggested
by V.L. Primakov, “most often a banal provocation is used for this” [10, p. 218].

16) The method of "distracting factoids" or framing. A classic example is the dilemma “the
glass is half empty / the glass is half full”: “when choosing each formulation, the meaning of the
statement will not be distorted ... And this is achieved by varying the nature of the presentation
(salience) of a particular plot” [7, p. 89]. We are talking about manipulative commenting on an
event, when the core idea of the event is replaced and attention is focused exclusively on those as-
pects that are beneficial for the commentators to present.

17) Method of repetition. “A lie repeated a thousand times becomes the truth,” said Joseph
Goebbels [12, p. 384]. For example, the repeated repetition of speculation about the corruption of
a single politician will raise doubts about the honesty of the subject and, as a result, the public will
no longer be interested in the true goals of the informant.

18) Identification of social groups with individuals, when a person is not aware of himself
as a person and internally resigns himself to the fact that he, for example, is a pensioner, and pen-
sioners “should” vote for the communists: “Pensioners are for the communists, youth is for the
Liberal Democratic Party!”. These generalizations are designed to level the personality, to unite a
certain group.

Conclusions. What we have listed is not a complete list of methods, methods and technolo-
gies that are used in the media to manipulate the political consciousness of the layman. In general,
in order to maintain and direct mass communication in the right direction, the media are trying to
form certain standards of media consumption that would ensure the formation of imposed ideas
about reality, including political reality.

Media aggression in relation to the referent and addressee is usually explained by the con-
duct of information warfare by the counterparty, when "The opinion is substantiated that in the
situation of information warfare, the influencing function of the media is the main one, relegating
even the information function to the background"” [8, p. . 236]. In turn, the ability to involve large
masses in communication makes the process of influencing mass consciousness an extremely ac-
cessible process.

Thus, the media today have become the means, the tool by which the ruling class can influ-
ence large masses of the population, so the targeted manipulative impact on the consumer is now
increasingly becoming the main function of the media. The media obey and fulfill the require-
ments of the entity/subjects to whom the control of communications belongs. Moreover, “concen-
trated targeted clumps of informational aggression, which ensure the fulfillment of ... politically
large social, ideological and other (very often military) tasks” are finding great use” [6, p. eight].
And today we are witnessing the information impact on a wide audience, which is directed against
Russia. In the course of these deliberate manipulations by the media, the image of Russia and its
president is deliberately distorted and demonized.
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Annomauusn

B cmamve paccmampusaromes axmyanvhsie 80NPOCHl UHCMUMYYUOHAILHBIX NPE0OPA308aAHULL 8 CIMPYKIYpe
@DYHKYUOHAbHBIX 3a0a4 OPeaH08 UCNOIHUMENbHOU é1acmu. B pesyrbmame ananusa yHkyuonanvuvix 3aday geoe-
PAllbHblX OpcaAHO6 UCNOJIHUMENbHOL 61ACmU cd)opMleupoeaHbz 66160061 0 HEOOXOOUMOCU YCUuieHus KOHmpoJilbHO-
HAO030pHOU desimelbHOCHU U 00 YNOPS00YEeHHOCU HOPMAMUBHBIX NPABOebiX akmog Pd.

Obcyacoenue. B cmamve apeymenmuposanvl 8616006l O ONPEOEIeHUI0 MOYEK 83AUMOOCUCNEUsL PYHKYUOHA-
na QOUB ¢ pesyromamamu Haynpoexkmoes. Kniouesvimu pewenusimu A6UIUCH. 3a0a4u no 3AKpenieHuro OCHOBHOU
«MOYKU 83AUMOOCUCNEUSLY — 2OpuU3oHma nianupoeanus 010021Ccemmbix uHeecmuuuﬁ, Komopoe A6Ji1emcs ampu6ym0M
OYEeHKU 3d)(])ekmueﬂocmu napmmnepcmea eocy()apcmeeHHblx OpecaHo8 C UCnOJHUmesAMU HAYUOHAJIbHbIX NPOEKMO6.
Hccnedosanue scex mouex ezaumooeticmeus ghynkyuonara @OUB ¢ pesyriemamamu HAynpoeKmos no3601ul10 yYCma-
HOBUMb MUNbL CEs3€Ell (j)yHKL;uOHa]leblx UBMEHEHUL 8 NOTHOMOYUSX zocydapcmeeHme Op2aHo8.

3axnrouenue. Onpedenena ponv edepanrbHbIX 0P2AHO8 UCNOTHUMENbHOU 61ACU NPU QOPMUPOBAHUU U KOH-
mpose O00CMUICEeHUsT Yenesblx NoKasamenel OOKYMeHMOo8 cmpameuyecko2o nianuposawus P®. Paspabomansvi
npakmuieckue peKOMeH()auuu no coeepuieHcmeo8anuro npoyecca d)opmupoeanuﬂ NAAHO8 0essmenbHOCmuU qbe()epaﬂb—
HblX OpeaHOo6 UCNOJTHUMENbHOL G/IACMIU.

KiroueBble €10Ba: rocyaapcTBO, TOCYAPCTBEHHBIE OPTaHbl, OpTraHbl HCIIOJHUTEIBHON BIACTH, HAIIMOHATb-
Hasg DKOHOMUKA, PE3YJIbTaTUBHOCTD.

Abstract

The article deals with topical issues of institutional transformations in the structure of functional tasks of ex-
ecutive authorities. As a result of the analysis of functional tasks of federal executive authorities, conclusions are for-
mulated on the need to strengthen control and supervisory activities and on the regularity of regulatory legal acts of
the Russian Federation

Discussion. The article substantiates the conclusions on determining the points of interaction of the FOI
functionality with the results of national projects. The key solutions were: tasks to consolidate the main «point of in-
teraction» — the horizon of budget investment planning, which is an attribute of evaluating the effectiveness of part-
nership between government agencies and the executors of national projects. The study of all points of interaction of
the FOIV functionality with the results of national projects made it possible to establish the types of connections of
functional changes in the powers of state bodies.

Conclusion. The role of federal executive authorities in the formation and control of the achievement of tar-
gets of strategic planning documents of the Russian Federation is determined. Practical recommendations have been
developed to improve the process of forming plans for the activities of federal executive authorities.

Key words: state, state bodies, executive authorities, national economy, effectiveness.

Introduction. In the modern system of national strategic planning, the executive authori-
ties of the Russian Federation mediate government decisions to determine the quantitative and
qualitative criteria for assessing the effectiveness of achieving the country's long-term economic
goals as part of improving the state industrial policy. At the same time, the state economic policy
should be aimed at increasing the effectiveness of priority national projects being implemented in
Russia.
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From the standpoint of a modern state, the evolutionary process based on the principle of
expanding the functionality of the federal executive authorities without linking the scope of their
powers to the results of the implementation of state programs, federal and national projects is not
able to ensure the proper level of quality of public administration, taking into account the effec-

tiveness of the administrative reform [1], implemented in Russia.

The largest number of strategic documents implemented under the auspices of the federal
executive authorities falls on state programs: the National Project "Ecology" — 27.27%, the Na-
tional Project "Education” — 18.18% (Figure 1).

®Ecology

Science

Education

o Safe and quality roads

mHealthcare

Housing and urban environment

Small and Medium Enterprises and
Support for Individual Entrepreneurial
Initiatives

Figure 1. The structure of national projects in 2021,%
Source: compiled by the author according to [2].

The number of state programs implemented within the framework of national projects and
the number of plans of the federal executive authorities may not correspond in structure and con-
tent, which gives rise to a number of problems in terms of unification and harmonization of long-
term strategic guidelines for the development of the national economy.

Materials and methods. The decomposition method allowed us to identify several levels of
formation of strategic planning documents, including: federal, sectoral and territorial levels, as
well as levels of strategic forecasting, planning of subjects of the Russian Federation and munici-

palities (Table 1).

Table 1 — Indicators of strategic planning documents

Name of
documents

Indicators

The role of participation of
federal executive authorities

FEDERAL LEVEL

Annual Address
of the President
of the Russian
Federation to the
Federal Assem-
bly of the Rus-
sian Federation

The amount of federal budget funds for fun-
damental research until 2024 is 1,630 billion
rubles. The growth rate of harmful emissions
into the atmosphere in 2024 compared to 2021
is 80%.

The share of modern weapons and equipment
in the troops in 2024 is 76% [3]

Compliance with the proce-
dures for the allocation and
development of state support
funds for scientific and techno-
logical development and the
country's defense security

Economic Secu-
rity Strategy of
the Russian Fed-
eration

Growth in labor productivity.

Growth of GDP per capita.

Growth of investment in fixed assets.

Growth in the share of innovative goods in the
volume of exports of industrial production [4]

Protection of national interests
and strategic national priorities
of Russia

Strategy of sci-
entific and tech-
nological devel-
opment of the
Russian Federa-

Growth in the volume of technology and high-
tech escorts by 2025. The share of spending
on research and development is at least 2% of
GDP by 2035 [5]

Overseeing the status and im-
plementation of long-term sci-
ence and technology strategies
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Name of

The role of participation of

ments of strate-
gic planning of
the Russian Fed-
eration

federal budget to the pension system to ensure
its balance by 2030 to 103% of GDP.

The increase in the average size of the old-age
labor pension to 3 subsistence minimums for a
pensioner [6]

documents el eae federal executive authorities
tion
INDUSTRY AND TERRITORIAL LEVEL
Growth of interbudgetary transfers from the
Industry docu-

Regulation of interbudgetary
relations and improvement of
the quality of life of the popu-
lation of the territory

RF Spatial
Development
Strategy

The growth rate of GRP by 2025 is 103.7%,
the index of export growth from transit traffic
in 2025 compared to 2017 is 143% [7]

Federal executive authorities
control over the production
specialization of the constitu-
ent entities of the Russian Fed-
eration, monitoring the activi-
ties of macroregions and
promising centers of economic
growth

LEVEL OF STRATEGIC FORECASTING

Forecast of sci-
entific and tech-
nological devel-
opment of the
Russian Federa-
tion

Growth rate of new mining equipment. Index
of growth of environmentally friendly materi-
als. Minimization of production waste [8]

Participation of federal execu-
tive authorities in the devel-
opment and implementation of
promising areas of scientific
research

LEVEL OF STRATEGIC PLANNING AND PROGRAMMING

Spatial planning
schemes of the
Russian Federa-
tion

Index of growth by 2030 of the design capaci-
ty of nuclear, hydro - and power plants [9]

Supervision of federal execu-
tive authorities over the per-
formance of nuclear and hy-
droelectric power plants

Action plans of
federal executive
bodies

The growth rate of investment in fixed assets
by 2024 is 105.3%.

The share of organizations implementing
technological innovations by 2024 is 50% [10]

Monitoring of intermediate,
final results of the execution of
strategic planning documents
[11]

LEVEL OF STRATEGIC PLANNING OF SUBJECTS OF THE RUSSIAN FEDERATION

Scheme of terri-
torial planning of
the subject of the
Russian Federa-
tion

The total number of settlements, the level of
maturity of the settlement system of the con-
stituent entities of the Russian Federation, the
number of areas with disturbed natural com-
plexes [12]

Formation of state registers,
cadastres and territorial bal-
ances of reserves by the man-
agement bodies of property
relations in the region, housing
and communal services, indus-
try and energy, education, etc.

LEVEL OF STRATEGIC PLANNING OF THE MUNICIPALITY

Municipal
programs

The growth rate of the efficiency of integrated
development of the territory, the growth index
of the volume of commissioning of new hous-
ing and non-residential facilities, the growth in
the share of reconstructed buildings in the
municipal district [13]

Control at the level of execu-
tive authorities over the results
of the process of formation of
new built-up areas for the pur-
pose of their development with
the adjustment of the address
list of promising construction
sites in the municipality

Source: compiled by the author according to [14].
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An assessment of the current activity plans of federal executive authorities showed that the
long-term targets for economic development, predicted on the basis of direct intervention of gov-
ernment agencies in the innovation environment of economic entities, are at odds with macroeco-
nomic indicators. Especially the imbalance of indicators of strategic planning documents at the
federal level and at the level of plans of federal executive authorities (Plan of activity of the Minis-
try of Economic Development of the Russian Federation for the period 2019 - 2024) is observed
according to such criteria for the effectiveness of economic development as: the growth rate of in-
vestment in fixed capital, gross value added, export growth rate.

Meanwhile, federal executive authorities form their own management decisions, which
may contradict other initiatives put forward within the powers of state bodies. For example, while
supervising projects for the implementation of special investment contracts (hereinafter referred to
as SPICs), which provide state incentives for high-tech mass production of target products, orga-
nized on the basis of the introduction of modern “breakthrough” technologies, the Ministry of In-
dustry and Trade of Russia, at the level of its strategic plans, provides for a minimum investment
under SPICs in the amount of 750 million rub. However, the Ministry of Finance of Russia, as part
of its strategic plans, initiates the need to increase the minimum investment in SPIC projects to 1
billion rubles. It is quite obvious that the requirement to increase the basic amount of capital in-
vestments by 250 million rubles, or 33.3%, as part of the application of such an instrument of Rus-
sian industrial policy as a special investment contract, allows the Ministry of Finance of the Rus-
sian Federation to restrict access to budget investments, creating conditions more rational use of
them within the national budgetary policy. This is explained by the fact that today ... the Russian
Ministry of Finance proposes to increase the “entrance threshold” for concluding a SPIC to 1 bil-
lion rubles, while not taking into account borrowed funds and funds received from the implemen-
tation of an investment project under a SPIC...” [15].

An assessment of the current level of concentration of industry spending of the federal
budget for the implementation of national projects and government programs in 2021 is shown in
Figure 2.

100 -
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80 - I 67.6
70 A Tr=re i
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50 4 S|
S
40 - "]L8
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20
10 4
0 u
GP Development of GP Education GP Health GP Provision of
Culture and Tourism Development Development affordable and
comfortable housing and
utilities for citizens of the

Russian Fedgraliqn

Figure 2. Estimation of the current level of concentration of sectoral expenditures of the federal budget
for the implementation of national projects and government programs in 2021, %

Source: compiled by the author according to [2].
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The share of budget expenditures varies from 31.8% when financing the state program
"Provision of affordable and comfortable housing and utilities for citizens of the Russian Federa-
tion" to 87.9% under the State Enterprise "Development of Culture and Tourism".

A number of authors: Shabaev V.A., Govorin D.A. notes that "the goal-orientedness of
public authorities is determined by assessing their organizational activities and their target orienta-
tion ..." [16]. The target and territorial orientation of decisions made by state bodies provides for
the need to take into account the coefficients that determine regional specifics.

Based on the analysis of territorial planning schemes at the level of subjects of the Russian
Federation and municipalities, the following areas of activity of federal executive authorities can
be identified:

- control and analysis concepts spatial development subjects of the Russian
Federation and municipal formations with the definition priorities spatial organizations ;

- monitoring and diagnostics forecast values restrictions use territories subjects of the
Russian Federation and municipal formations ;

- agreement and approval budgetary forecasts on the long-term period and adjustment
regional programs development and concepts municipal formations .

All these strategic planning documents are subject to harmonization as part of the applica-
tion of the program-target method when calculating the effectiveness of the implementation of na-
tional projects for the economic development of Russia.

Results and discussion . In order to determine key areas for improving the functions and
powers of executive authorities that meet the indicators of strategic planning documents, it is im-
portant:

- development approaches to establishing logical connections between volume
authorities of the federal executive authorities and the number achieved long-term targeted
landmarks on indicators strategic planning Russia ;

- grade analytical dependencies macroeconomic indicators from amplification
controlling functions of federal executive authorities in part regulation results strategic planning
economy ;

- production practical recommendations on definition systemic measures taken by
federal executive authorities for improvements economic and information performance national
economy .

The emergence of "bottlenecks™ in the functioning of federal executive authorities is due to
the irrationality of subordination schemes in sectoral departments (Table 2).

Table 2 — Causes and consequences in the event of ""bottlenecks in the current system of the federal executive
authority’s functionality

Problems of the The reason for the

current func- problems in the pow- | Example of control and supervi- .
R . . Conclusion
tionality of the | ers of federal execu- sion activity
authorities tive authorities
Grant of a license. One and the
eps e Option 1 — license as a docu- same instrument
Difficulties in - . ) . i
L Ambiguity and lack of | ment. The process is considered | of public admin-
delimiting the

functions of su-
pervision and
control in prac-
tice

clarity in the interpre-
tation of key areas of
activity of government
agencies

as a public service.

Option 2 — a license as a tool
(form) of control. Licensing is a
way to establish compliance of a
specific activity with the re-
quirements of the law

istration can be
applied from the
standpoint of dif-
ferent functions
of executive au-
thorities

Giving state
powers of an

Legislated right for
individual legal enti-

Assignment of power functions
to legal entities that are not fed-

The same func-
tionality belongs
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Problems of the
current func-
tionality of the
authorities

The reason for the
problems in the pow-
ers of federal execu-

tive authorities

Example of control and supervi-
sion activity

Conclusion

executive and
administrative
nature to indi-

ties in terms of: adop-
tion of regulatory le-
gal acts of the Russian

eral executive authorities, but
have the powers of state admin-
istration, control and supervisory

to both federal
executive author-
ities and other

vidual legal en- | Federation

tities

processes: PFR, MHIF government

agencies

Source: compiled by the author according to [17].

Currently, “...the rise of the executive power...” is taking place, which reflects the increas-
ing influence of the decisions of the federal executive authorities on the implementation of “...a
huge amount of tasks that modern governments deal with...” [18]. At the same time, the key eco-
nomic indicators underlying the comparison of management procedures aimed at improving the
quality of state programming allow us to once again emphasize the importance of the project ap-
proach to the management of national projects.

The formation of national projects is carried out for a six-year period, therefore, the most
important criterion for the effectiveness of strategic planning is: the planning horizon of budget
investments. The shorter the budget investment horizon, the lower the risk and the more stable the
result of the effectiveness of strategic planning in Russia. The study of all points of interaction be-
tween the functional of federal executive authorities and the results of national projects allowed us
to establish the types of links between functional changes in the powers of state bodies in accord-
ance with the goals of national projects implemented in the Russian Federation (Table 3).

Table 3 — Features of the functional of federal executive authorities depending on the goals of the implementa-
tion of national projects

Functions of federal executive authori-
ties

Communication

direction Communication type

Sustainability of economic
development

Supervision of budget allocations for

National targets X .
national projects

Regional Goals Spatial development Elimination of administrative barriers

Training of personnel for the manage-

Investment goals ment of national projects

Project management

Industry Goals Achieving economic growth | Subsidy cost control

Analysis of the concentration of re-
sources in the areas of state policy im-
plementation

Other functional
purposes

Improving the quality of pub-
lic administration

Source: compiled by the author according to [19].

Based on the results of the study, it can be seen that the targets of federal executive authori-
ties are very limited and are of a general nature.

In the system of interdepartmental relations, the “points of growth” in the effectiveness of
control over national projects of the Russian Federation are estimated indicators in conjunction
with the volumes of interbudgetary transfers (Figure 3).
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Federal executive authorities should control the bodies for the distribution of budget

subsidies
between rpanu_factu_rers. introducing Tnoc?_ern between the subjects of the Russian Federation
tec}molo.gms and ensuring the organization of mass (interbudgetary transfers), which have a basis for
production the development of production

development of a policy for the management of territories and centers of promising development

improvement of infrastructure and territorial
economic growth of cities and macroregions development plans

state supervision of federal executive authorities of industrial and financial policy of regions and
corporations
project appro:';ch to budgeti;]g for industrial policy state regulation of on-farm activities of
development projects regional development corporations

Figure 3. Improving the formation of activity plans for federal executive authorities
Source: compiled by the author

Recommendations for the development of state policy for the formation of long-term tar-
gets for planning the activities of federal executive authorities with the allocation of centers of
strategic responsibility are: tools for control, monitoring and redistribution of budget subsidies be-
tween Russian producers and regions that have a sufficient base for self-sufficiency in raw materi-
als; development of a policy for managing the development of territories based on the target — the
growth of the economy of urban and rural infrastructure complexes; mechanisms of project goal-
setting and budgeting for subsidizing corporations of regional development and national industrial
policy.

As part of the practical recommendations that we offer for a possible strategic choice of
state decisions in the field of improving the plans of federal executive authorities, the existence of
“Interaction points” between regional, municipal and federal authorities becomes obvious in terms
of: choosing the scope and competencies of state financial supervision; determining the portfolio
of strategic plans, including the forecast of the activities of subordinate budgetary and state institu-
tions; increasing economic efficiency based on optimizing the planning horizon of budget subsi-
dies.

Conclusion . The study of cause-and-effect relationships in the system of problem areas for
regulating the activities of federal executive authorities allowed us to identify 2 major problems,
the solution of which is possible in the event of modernization of the legislation of the Russian
Federation in terms of the distribution and legal consolidation of administrative competencies be-
tween state bodies.

The first problem boils down to the lack of a clear mechanism for delimiting in practice the
functions of supervision and optimization of lawmaking.

The second problem is the discrepancy between executive and administrative measures, the
right to implement which is available to both federal executive authorities and public law entities
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that perform functions that are not related to direct supervision of the results of public administra-
tion, but assist in making decisions to improve the system provision of public services (for exam-
ple, state off-budget funds).

In addition, “... the incompleteness of federal relations has provided the regions with exces-
sively complex management tasks for them ...” [17].

It should be noted that in order to solve the identified problems, government agencies can
focus not on the economic, but on the political component. An important role is played by the
strengthening of the control and supervision activities of the federal executive authorities and on
the orderliness of the regulatory legal acts of the Russian Federation, which contain key indicators
of the effectiveness of spatial and territorial development to ensure transparency of the results of
the execution by state bodies of their planned functional tasks.
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VJIK 327 HOJUTUYECKOM KU3HU
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THE THE TALIBAN FACTOR IN THE
POLITICAL LIFE OF AFGHANISTAN

Cesepo-Kasxasckoii 2ocydapcmeennoii akademuu; e-mail: tambieva@mail.ru

Annomauusn

Cmambs noceésujena anaiuszy coovimuil, nociedosasuux 6 Ageanucmane nocie evisoda eotick CILIA. Axmy-
ALHOCb NOOOOHBIX UCCAEO08AHUTE 0DYCLOBNEHA KPUMUYECKU BANICHBIMU COOLIMUAMU, CEA3AHHLIMU C HAAXCUBAHUEM
ounnomamuyeckux mocmos mexcoy Mockou u Kabynom. Chopmynuposarn psio ochosHwix 6vi600086. 1) Tanubwl npo-
00ACAIOM UCTLIMBIBANb CePbesHble NPobeMbl ¢ 0becneyeHuemM IKOHOMULECKOU CMAabUIbHOCMU 8 CIpaHe, max Kax
Cankyuu, oOvs6IeHHble PAOOM MUPOBLIX NPasumenscms 6 aopec Ageanucmana, npugenu k momy, umo Apeanucman
nomepsn 08e mpemu c80UX (YUHAHCOBLIX NOCMYNJIEHUL OM MeXCOYHapoOHo2o coobujecmsa, 2) Kabyn eedem axmug-
Hble nepe2osopbl 0 OeCNOWIUHHBIX NoCmagkax 6 Poccuro ¢pykmoe u MuHepanos, a 63ameH 20Mmoe 3aKynamv 2as,
Heghmb u npodykmul Heghpmenepepadbomku,; 3) Jlecumumnocms apeanckux eracmeil u UX KOHCMPYKMUBHOE COMPYOHU-
YeCMEO ¢ GHEUWHUM MUPOM HAXOOAMCS 6 NPSAMOU 3A8UCUMOCIIU U OM CKOOPOUHUPOBAHHOCU NOTUMUKU MENCOYHA-
POOHO20 CO0bWeCmEa 8 OMHOUWEHUY CLOMCHOU 6HYMPUROIUMuyecKou cumyayuu 6 Ageanucmare.

KiaroueBble cioBa: Adranucran, monutuueckue mporeccsl Adranucrana, CIIIA, HATO, OOH, «Aib-

2 3 4 .
Kaunma»®, «Mcnamckoe rocynapctso»’, «Tamuban» , naeonorus tannoos, LlenTpansHas A3us, MEXIyHAPOIHBIA Tep-
popu3M, HapKOTpaUK, MUTPAIIHOHHBIE TOTOKH, TUHUS [fopania

Abstract

The article is devoted to the analysis of the events that followed in Afghanistan after the withdrawal of US
troops. The relevance of such studies is due to critical events related to the establishment of diplomatic bridges be-
tween Moscow and Kabul. A number of main conclusions are formulated: 1) The Taliban continue to experience seri-
ous problems with ensuring economic stability in the country, as the sanctions announced by a number of world gov-
ernments against Afghanistan have led to the fact that Afghanistan has lost two-thirds of its financial revenues from
the international community; 2) Kabul is actively negotiating duty-free supplies of fruits and minerals to Russia, and
in return is ready to purchase gas, oil and refined products; 3) The legitimacy of the Afghan authorities and their con-
structive cooperation with the outside world are directly dependent on the coordinated policy of the international
community regarding the difficult domestic political situation in Afghanistan.

Keywords: Afghanistan, political processes of Afghanistan, USA, NATO, UN, Al-Qaeda, Islamic State, Tali-
ban, Taliban ideology, Central Asia, international terrorism, drug trafficking, migration flows, Durand line

BBenenue. Opranuzanus «Tannbany mpu3HaHa TEPPOPUCTUUYECKON U 3ampelieHa Ha Tep-
puropun PO pemenuem BepxosHoro Cyzaa ot 14 ¢espans 2003 r. [7] Bo3nukuys B 1994 rony,
«Tanubany», Oyayun paguKalIU3UPOBAHHBIM MCIAMUCTCKUM JIBUKEHUEM, BOILIET B MOJUTUYECKYIO
HCTOPUIO KaK COI03 CTOPOHHUKOB BBEJIECHHUS JKECTKOTO HCIAMHCTCKOIO 3aKOHOJATENbCTBA M 3aHSAI
CBOE IMPOYHOE MECTO Ha MOJUTHUECKON apeHe Ha MHorue AecatuieTus Brnepen. CoBer 6e30macHo-
ctu OOH >xecTko oTpearupoBai Ha ctaHoBleHUEe «TamubaHay, KOTOPBIN MOTydas MOAEPKKY OT
[Takucrana u riaBapsi TEppoOpUCTUUECKON rpynnupoBKU «Anb-Kauas» Ycamel 6ex Jlagena, u co-
3na11 «KoMUTeT o CaHKIMSIM B OTHOIIEHUH «AJb-Kanne» u apmkenus «TamuOany.

! 3anpeuieHHoe aBxeHue B Poccuiickoit denepanuy opraHu3anus

2 3anpeuienHast B Poccuiickoit denepanuu opranusanus TeppopucTUiecKas rpyninupoBKa
3 3anpeuiennas B Poccuiickoit denepauuu opranuzanus

* anperennas B Poccniickoit Deepaun opraHm3amus
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Koctak nBuXeHHs MepBOHAYAIBHO COCTaBMIIM araHCKue OCKEHIBI-YIITYHBl HAa TEPPH-
topuu [lakuctana Bo Bpemst BoiHBI 1979-1989 rr. B Adranucrane. Cienpain3upoBaHHOE 00yde-
Hue B Mezapece [lakucrana s OeXEHIEB BOWHBI CIIOCOOCTBOBAIO CIUIOYEHHUIO «CTYICHTOB)
(ma3zBanue «TammbaH» MPOUCXOIUT OT apaOCKOro «TaauO» - YUeHUK, ydamuiics). OcCoOOEHHO ak-
TUBHO BHUMaHHE MHUPOBOH OOIIECTBEHHOCTH OBLIO 00palieHo K IBrmxkeHnto «Tamnban» B OKTs0pe
1994 r., koraa wieHsl TpynnupoBku «Tanmuban» oTOMIM KapaBaH ¢ TOBapaMH, IPUHAIICKABIITUAN
TOproBuIM Kpyram Ilakucrana oT HamaJeHHs MOJKaxeloB, 3apadaThIBaBIIMX ceOe Ha XJed BoO-
OpY>KEHHBIMU HallaJICHUSIMU Ha IPy3bl, MepecekaBine rpanuiy. [locie 3anmTsl TOProBuIx 00s3a-
tenbcTB [lakucrana, oTpsiabl TanuboB ABMHYJIMCH Ha KaHjgarap, HaxoJuBLIMIICS 1OJ JUKTAaTOM
BOIOIOIIMX MEXIy co00i IrpynnupoBOK MokaxenoB. [locie AByX jeT aHapXuu U MEXIA0yCOOHI]
MomKaxenoB, «Tanuban» cymen obecrieunts B Kannarape OTHOCUTENBHBIA MUD, YTO AETEPMUHU-
poBajo uHTepec MecTHOTo HaceneHus K «Tanubany». Cnenmanuct B obsiacti uaeonoruu «Tamu-
OaHay, anrnuiickuil uccienosarens [Iutep CaliMoH/IC MpeAnonaraeT, 4To ycrnexam Taan0aHOBIIEB
JOTIOJTHUTEIBHO CHOCOOCTBOBAIM INEAPHIC B3SATKM KOMAHIMPaM BOOPYXKEHHBIX (POPMUPOBaHUIA
Mo kaxenoB [32].

Metoabl, pe3yiabTarbl W o0cys;aeHue. IlepBas mosnurtuyeckas 3ajaya paauKalbHOTO
neuxkennst «Tanmnban» Oblia aMOUIIMO3HOM - TOOUTHCS OTCTPAHEHHUS OT BJIACTU JICHCTBYIOIIETO
npesuneHTra Adranucrana bypxanyaauna Pab6anu u 3aMeHHUTH araHCKOE MPAaBHTEIBCTBO — TO
€CTh CMEHA BJIACTU B cOCeHEeM TrocynapctBe. Mcropuueckue coObITHS CKIaAbIBAIUCH YAAUHO AJIS
tannbaHoBIEeB - pacnag CoBerckoro Coro3a ociaaduil nmpaBUTENbCTBO Jemokparnueckoit Peciry6-
nuku AdraHucraH, SKC-Ipe3uaeHT kotopoi, Moxamman Hamkubyma, 49-netHuit Bpau o oopa-
30BaHUIO, JIMIINUJICS BHEIIHEW MOJAEPKKHU, ObUI CBEPrHYT MOJIKaXelaMU U CKPBIBAJICSA B 3JaHUU
npencraButenbctBa OOH. IlepBbie BOEHHBIE CTOJNKHOBEHHS a(raHCKUX MPABUTEIbCTBEHHBIX
BOMCK C OTpsiAaMH TaJIMOOB MPOU30LLIN OceHbto 1994 r. n Obun ycnemHsl: 3umoi 1994-1995 rr.
TaauObl B3sUIM MOJ KOHTPOJb MOYTH MOJIOBUHY AdraHucraHa M BIUIOTHYIO nojouuin k KaOymy.
Bocnons3oBaBmmcs 6e3nactuem, 27 ceHTAOps 1996 r. peaurno3HO-MOJUTHIECKOE BOCHU3UPO-
BaHHOe JBUkeHHe «Tammban» mpaktudyecku 0e3 60s 3axBaTmio cronuiy Adranucrana Kalym,
9KC-TIPE3UACHT U €ro OpaT ObLIM MOXMILEHBI U3 34aHus npaBuTenbcTBa OOH, moaBepriaucey muiT-
KaM, 0e3 cyneOHoro pa3duparenbcTBa ObUIM YOUTHI M BBIBEILICHBI HAa BceoOIiee 0003peHHe.

['enepanbHasg accambiest OOH BeicTynmiia ¢ OCyXJI€HHEM MPOU3OILEIIIEr0, HO TaIuOBbI,
BOBJICUEHHBIE B MPOILIECC 3aXBaTa BJIACTH, 3aBUJIHM, YTO YOUIHM «yOHMHIly HAIIEro Hapoaa» M BCKO-
pe npoBo3riacuii ocHoBanue Mcinamckoro Omupara AdraHucral, OTIMYaBIIErOCs HaCaKIEHUEM
KECTOKOI0 MCIaMHU3Ma «I10 HopMaM Iapuaray [28]. Takum obpa3om, HaunHas ¢ 1996 roga u no
2001 rox TamuObl HAXOAWJINCH Yy BJIACTH, MPU3HAHHBIE B KAYECTBE JIETUTUMHOTO MPABUTEILCTBA
tonbko Ilakucranom, CaynoBckoil Apasueit u OO0benuHeHHbBIMH ApaOckuMu Omuparamu [7].
HeicTBytonuii mpe3uneHT Adranucrtana - bypxanymiua Pa60anu, Ta/pKUK MO HAIMOHAIBHOCTH,
1oJI yrpo3amMu (pu3n4yeckoil pacnpaBbl cO CTOPOHBI TanuboB nmokuHyn KaGyn, xun B daiizabane,
3areM nocenwics B JymanOe (Tamxukucran). Tem He MeHee, epuoJoM IpaBieHust bypxany -
nuHa Pa66anu cumratorcs ronasl ¢ 1992 mo 2001 rr., Tak Kak OH BCE 3TO BpeMs, MOKa HE MO/Aal B
orctaBky B 2001 r., octaBasncsi rmaBoi AdraHuctana, oQUIMAIBHO MPU3HAHHBIM MEXTyHApPOI-
HBIM COOOIIIECTBOM.

Coser 6e3onacHoctT OOH xecTko oTpearnpoBai Ha ctaHoBieHHE «TanmnbaHa», KOTOPBIHA
noryyan noanepkky ot Ilakucrana u rimaBaps TeppPOPUCTHUECKOW TPYHNIHUPOBKH «AJb-Kauabi»
Vcamel 0en Jlagena, u co3gan «KoOMHATET Mo CaHKIUSIM B OTHOIIECHHMH «ANb-Kanasl» U IBMKEHUS
«Tamuban» [7]. Ho monmmdTHUUHBIN AQraHucTaH, BXOAANIMN B T'€OMOJIUTHYECKHE UHTEPECHI CY-
neplep:kaB U PeruoHaJIbHBIX TOCYAApPCTB, K KOHIYY XX BeKa HaXOAWJICA B COCTOSIHUM aHApXUU U
HECTaOMJIBHOCTH, HKOHOMMYECKOTO M MOJUTUYECKOTO Kpu3uca. ITO OBUIO TIOCyIapcTBO, T/
BJIACTh IJIaBBl TOCYAApCTBa M3-3a BMEIIATENbCTBA TANIMOOB B JESATENBHOCTh I'OCYIapPCTBEHHBIX
CTPYKTYp U BJIACTHBIE pelIeHUs B TeueHue maTH JieT (¢ 27 centsaopsa 1996 no 13 Hos6ps 2001) He
pacnpoCTpaHsUINCh Ha TEPPUTOPUN AQraHucraHa.
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Hano cka3zate, 4to cpenu HaceneHus: AdraHucraHa TanuObl BCE e CHUCKAIH CIIaBy He-
CTsDKaTesel u OOpLOB ¢ HeCIpaBeAJUBBIM MpaBocyaueM. lccimemoBarenn oTMeyaroT, 4To, He-
CMOTps Ha co3faBaeMblii B nHOcTpaHHBIX CMMU 00pa3 KpoBokagHOTO YOUHIIBI, TAMNOBI n30eramu
KPOBOIIPOJIUTHS, YTO CIIOCOOCTBOBANIO MOAEPKKE HACETICHUEM, YCTABIIETO OT MOCTOSHHBIX BOMH,
Kypca «OOpIOB 3a CIPaBEIUBOCTEY», KOTOPBIN MPOBO3TIIACKIIN TAIUOBI C IIEJIbI0 BOCCTAHOBJICHUS
MHpa U OCBOOOXKJIEHUS CTpPaHbl OT MEKJOYCOOHBIX BOMH M COINEPHHUYAIOLIUX TPYNIUPOBOK. B
utore «Poct momnepkku HaceneHus No3Boini «TannbaHy» 3HAYUTEILHO YBEIHYUTH CBOIO ap-
muio (0 50 ThIc. yenoBek B 1997 r.)» [31].

OtmeTnM, 9To apraHipl B OOJBIIMHCTBE CBOEM IMOAICPKUBAIIN KECTKOE TOJIKOBAHHE Ta-
mubaMH apuata, CyAsi KOTOPOMY JKEHIIMHAM 3alpelnieHo MoJy4daTh oOpa3oBaHUE, padoTaTh,
MIPENUChIBAeTCS BECTH JOMAIIHUI 00pa3 *KU3HHU, HE BBIXOJUTH 0€3 COMPOBOXKICHUS U O/1€BAThCS
B JUIMHHOE TOKpPHIBano. COOTBETCTBEHHO TPEOOBAHUSM TAIMOOB MYKUYMHBI JOJDKHBI HOCHUTH
JUIMHHBIE OOpOJIbI U BHE JOMa TIOPOaH. DKCTPEMHUCTCKOE TOJIKOBAHHUE IIapuara MpOSBISUIOCH B
MPAKTUKE MyOJUYHBIX Ka3HEH, OTpYOAaHUM KUCTEH PyK BOpaM, apecT U HaKa3aHHE 32 HEy4acTUe B
o011eil MOJUTBE, 3aIPET Ha U300paXKeHHsI, MY3bIKY, IECHU. TeM He MeHee, TauObl TOIBKO JeKia-
pPaTHBHO 3alPETUIIN BhIPAIIMBAHME MaKa W TOPTOBIIIO HAPKOTUKAMH, TaK KaK YYUTHIBAIOT, YTO ITa
CTaThsl JOXOJla YaCTO €AMHCTBEHHAs y OONbIIMHCTBA HaceleHus. OnuyM MPOU3BOIUTCS B JECITH
13 32 NPOBUWHIIMIA CTPAHBI, a IPOAaKa onus odyaraetcs HATOroM B 15-30%, 94To MPUHOCHUT TaJIH-
6am ros1oBoii 1oxoa B 15 MitH. moutapoB (IpH o01iel cymMMme OF0KETHBIX MOCTYIUIeHUH B 80 MITH.
noimapos) [30].

[To coobmenusm Ynpapnenuss OOH o HapKOTHKaM U MPECTYMHOCTH, TPOU3BOJCTBO OIMU-
ymHOro Maka B Adranucrane B 2006 r. mocturio 6,1 MITH. T, 9TO TIOYTH B IMOJITOPA paza OoJbIIe,
yeMm B 2005 r., a HpKOIIPOU3BOJUTENH MOJYYUIIN T0XOA B paszmepe 755 muH. pomi. B 2006 r. B
npoBuHLMU ['miibMeny Obu1o ipou3sBeieHo 46% o0bmiero oobemMa onuyMHOro Maka, 8% - B Kanna-
rape, 25% - B ceBepHbIX palioHax AdraHucraHa, rpaHuyYanux ¢ TaKUKUCTaHOM, ¥Y30€KHCTaHOM
u Typxmenucranom. Cornacuo nokiaay OOH, mpou3BoACTBO ONMMMYMHOTO Maka BO3pPOCIIO B paio-
Hax MpojopKaroluxcs 00eBbIx AeiicTBuii - Kannarape u ['mnbMenae, rae KOAIUIMOHHBIE CUIIBI
noHecu 2/3 ot o01ero yucia noTepp, MpUYeM 3TH TOTEPU BO3PACTAIOT B MIEPHUO]] cOOpa ypoxkast
Maka. M3BecTHO Takke, uTo HEe MeHee 139 akuwmii cMepTHUKOB B AdraHucrane Obu10 mpoduHaH-
CHpPOBAHO 3a CYET JO0XOJ0B OT MPOU3BOJACTBA HAapKOTHUKOB [12, 126]. Takum oGpa3zom, yrposa
TpaHcdepa HApKOTUKOB U3 peruoHa LleHTpanbHoi A3UM NpSIMO CBs3aHA, B TOM YUCIE, U C HU3KOU
(YHKIIMOHATBHOCTHIO TATMOOB KaK TOCYAApCTBEHHBIX CTPYKTYp, CIIOCOOHBIX OOPOTHCS C BBIpa-
IIMBaHUEM OMUyMa.

HccenoBaTenbCKuii MHTEPEC BBI3BIBACT OTHOIICHHWE W BO3MOXKHAs KOHKYpeHIUs «Tamu-
6aHay», «Amp-Kanms» 1 «Mcaamckoro rocymapersay (MI)°. «TamunGamny, KOTOPBIHA IPHICPKUBA-
€TCsl paKaJIM3UPOBAHHBIX 3aKOHOB IIapUaTa W 3asBIIICT O CBOCH MPUBEPKCHHOCTH KOJEKCY ITYy-
IITYHOB, TEM HE MEHee, pa3feNsaeT P HACOJOTM3UPOBAHHBIX KOHIEMIMH JKuxana (B MOHUMA-
HUU OecromaaHoi 6oprda ¢ BparaMu uciama), rpynnupoBku «Anb-Kanna». TanunbaHoBIbI ycTa-
HOBWJIM CTPOTHI KOJIEKC MOBEICHNS, 3allpeliias TeJIeBUICHUE U BHI€0, HACAKIAIOT OMpeIeTICHHbBIN
JPECC-KOJI M PerJIaMEeHTUPOBAHHBIN 00pa3 KU3HU sl HACEIICHUSI.

Jlanee paccMOTpUM OTHOIIEHUE TanuOOB K auHUU J[fopaHna, mpoBeneHHoi B 1893 r., me-
TUTHMHOCTh KOTOPOH Kak B TPAaBHTEILCTBECHHBIX Kpyrax AQraHHCTaHa, TaK W CPEIU IMUPOKHX
CIIOEB HaCelleHUs He Tpu3HaeTcs u3HauanbHo. JIunus [ropanna — opunmaabHO HE YCTaHOBJICHHAS
2640-xunoMeTpoBas rpaHuia Mexay AdranuctanoM u [TakucTaHOM - cTala OCHOBHBIM UCTOYHH-
KOM HarpsbKeHHOCTH Mexay Mcnamabamom u KaGymom ¢ MomenTa ocHoBanus [lakucrana B 1947
rojay, Mocjae UCKyCCTBEHHOTO pa3nenia bputanckoit Muaum, koraa k [Takucrany oTONUIH pailOHBI €
YHCIEHHBIM MIPE00IaJaHueEM MYCYTbMaHCKOTO HAaCEeIICHHSI.

Haciiemue K0JI0HHATBHOTO MPOIIIOTO OCTIOXKHSIET OTHOIICHHS ABYX CTpaH — AQraHucraHa
u [lakucraHa 0 HACTOSIIETO BPEMEHU, U «HUKAKHX IMEPCIEKTUB PEIIEHUs STOr0 BOMpOCa HE
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npeasuantcs» [14], Tak xak HabmogaeTcss TpanchopManus pernoHaIbHOIO MOPsIKa, BhI3BaHHA,
C OJHOM CTOPOHBI, T€M, YTO IMYIUTYHbl BBIHYXJEHBI NPOKUBaThb MO 00€ CTOPOHBI adraHo-
MAKUCTAHCKOM rpaHulbl («wmmHUM [ropanna»). COOTBETCTBEHHO, MYIUTYHBI BBIHY)KJIEHBI HaXo-
IUThCS B CTAaTyce «pas3fe’eHHOM Haiuu». OCl0XKHIET CUTYalUI0 TOCyJapCTBeHHas No3uLus ad-
TraHCKOM CTOPOHBI, «/Ie-tope» He mpu3Hawomieit «imHuio Hopanga» [16]. Kak nmumyr A. [xap, T.
ITonska, II. [Ixap, «Ye B caMble IEpBbIE IOJbl ¢ MOMEHTa co3laHus rocynapcrsa Ilakucran,
AdranucTan KaTeropuyeckd BBICTYNAJ MPOTHB NMpU3HAHHS JUHHM [lfopaHaa rpaHuleid Mexmy
Adranncranom u Ilakucranom» [8, 96], uto BeIHYAMWIO AQraHHCTaH TOJ0COBATh MPOTHUB YICH-
ctBa [lakucrana B OOH emie B 1947 r.

Co cTopoHbI TaIMOOB B TIEpUOJ MEePBOTO MpedbiBanus y Biaactu (¢ 1996 roma u mo 2001
rof), Bonpoc o rpanuie Mexay [lakucrtanom u Adranucranom He noaHumancs. [Ipennonaraercs,
YTO «TAJIMOBI HE 3HAJM UCTOPHUIO BOIIPOCA U MOJUTHYECKUE UHTepechl bpuranckoit Muauu B peru-
OHE, I0TOMY OyJTy4d OrPaHUYEHHBIMU JIMIIb SIKCTPEMHUCTCKOM «U1€0JI0TUEH», OCTAaBHIIN JaHHBIH
Borpocy [8, 98].

Ha nam B3ruisi, NpuuMHa CTOJIb PAaBHOMYLIHOI'O BOCHPUATHS Tanubamu JuHUK JfopaHjaa
KpPOETCS B TOM, YTO TaJTMObI TPAIUIIMOHHO UCTIOIB3YIOT TeppuTopuio Ilakucrana B kauecTe obia-
CTeH, I/ie pacroiI0oXKeHbl Jareps JUisl BpeMeHHoro yoexuina. boiee Toro, kak crpaBeaanBo 3ame-
YaroT AKCIepThl HeHTpa JIpBa I'ymunena, «00JIBIIMHCTBO JIUJEPOB JIBUKEHUS IIPOKUBAIOT HA TEP-
putopuu Ilakucrana, 3T0 MecTOpacroyiokeHue oOydaroumx 0a3, OCHOBHOE MECTO JJIs OT/AbIXa U
037IOPOBJICHUS, a TAK)KE MECTO peadMIMTAIIMN paHeHbIX 00ii1ioB» [17]. TakoB mpo3anvHbId OTBET
Ha IO0Ka3aTeJIbHOE PaBHOAYIIHME CO CTOPOHBI pyKoBoAcTBa «Tamuban» Ha mpoOieMy IpaHUIb,
MPOTSKEHHOCTh KOTOPOW COCTABIISIET TPETh IMOTPAaHUYHON 1mosiockl Adranucrana. M B ycnoBwusx,
KOI'Jla Ha 3HAUYUTEJIbHbIE OTPE3KU T'PAHUIBI CTOUT BCErO JIMIIb OJWH IMOTPAaHUYHBIN MyHKT (BCEro
20), a rpaHua OPOTSHKEHHOCTHIO B 2400 KM B 11€JIOM HE MMEET HU OIPa)<JI€HUH, HU OIO3HABa-
TEJIbHBIX JUHUM, [17] - TOBOPUTH O CIOKHOCTU NEPECCUECHUs TaKOW I'PAaHULbl HE CTOUT, YEM U
noJb3yroTes 6oeBukn «Tanmnban», KOHTpaObaHANCTHI, HAPKOKYPHEPBI, MODKAXEIIBI U JIP.

ITocne HanmaneHus «AJ‘IB-KaI/II[BI»G Ha OamrHu-Onu3Hensl B Amepuke B 2001 rony, nBuxe-
Hue «Tanmban», HOCUTENb MIEOJIOTMH SKCTPEMU3Ma U MMEBIIEE BIACTHbIE NO3UIMHU B AdraHu-
CTaHE B TEUEHHUE IIATH JIET, COBMECTHO C MEXIYHAPOIHOM TEPPOPUCTUYECKON TPYNIINPOBKOU
«Anb-Kanga»' Gbin MOABEPTHYTHI MpecieaoBaHusiM co croponbl 61oka HATO. CoBmecTHbIE aH-
TUTEPPOPUCTHYUECKUE JecTBUS B A(raHucTaHe NMPOBOAMINCH CHJIAaMH KOHTMHI'€HTa MexyHa-
ponubix cun  coneictBus OezomacHoctd (MCCB) B Adranucrane (International Security
Assistance Force ISAF) mox komangoBanuem mpencraButeneii HATO, nelicTBoBaBIIHiA
B cooTBeTcTBUU ¢ pe3omonueit Ne 1386 Cosera bezonacnoct OOH ot 20 nexadpst 2001 rona.

Onepanys, HOCUBIIAs BOEHHBIM XapakTep, pykoBoaumas U koopaunupyemas uz CIIA,
YCHEIIHO BBINOJIHUJIA 3a/1a4y YHUUTOKUTh TEPPOPUCTOB COBMECTHO ¢ Ycamoil OeH JlameHoM, HO
pa3po3HEHHbIE IPYIIUPOBKH SKCTPEMUCTOB-TAIMOOB U TEPPOPUCTOB U3 «Anb-Kanpn® CKPBLIUCH
B ropax [lakucraHa, nmepexoas K TAKTUKE BEICHHs NMapTU3aHCKOM BOWHBL. [Ipn 3TOM CTOpOHHUKH
«Tamubam’, (YHKIMOHMPOBABIIME KaK BJIACTHBIE CTPYKTYPBI, MOTEPSUIM HA HEKOTOPOE BpeMs
BJIACTh, COXPAHMUB 3a CO00I CBOIO OCHOBHYIO BoeHHYIO cuiy [5]. Kak cneacteue, Hypucran - Bo-
CTOYHasi MpOBHHLUSA AdraHucraHa, rpanuyamas ¢ [lakucraHom, - mpeBpaTuiach B TaTHOCKYIO
pecnyOnuKy.

28 nexaOps 2014 roxa Bosrnasnsiemas CoenunennsiMu Llltatamu muccuss HATO B Adra-
HUCTaHe OblIa 3aBepllieHa M Ha TEPPUTOPUHM adraHCKOro rocyaapcTBa ocTaiuch okoyio 10 Teic.
COJIAAT aMEPUKAHCKOr0 KOHTHMHIeHTa U okojo 3 Teic. conpat HATO. 3aBepmienune camoit uiu-
TenpHOM BOeHHOM onepanuu B ucropun CIIIA nacrano 31 aBrycra 2021 roaa, u, o cioBam ame-
pukanckoro junepa /x. baiinena, 3aBepmenue onepaunii HATO «Ctpax cBoGoas» u «Permu-

6 3anpeuienssle B Poccuiickoit daepanuu TeppopUCTHYECKHE OpraHU3aUN
! 3anpeuenssie B Poccuiickoil daepanyy TeppopUCTUUECKUE OPraHU3alul
8 3anpeuenssle B Poccuiickoit daepanuy TeppopUCTHYECKHE OpraHU3aUN
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TeJNbHAS MOJJICPKKA» 03HAYANIO0, YTO OCHOBHASI MHCCHUS COIO3HHKOB B A(raHNCTaHE BBITIOIHEHA!
OBLITU TIPEIOTBPAICHBI TEPPOPUCTUICCKHE aTakk HA AMepuKy [1].

3a BeIBojOM Bo¥ick koamuiuu u CIIIA mociienoBano 3aKkOHOMEPHOE OKUBIICHUE OOCBUKOB
neuxkenust «Tanmuban», KOTOpBIE BBICTPOMIIM JIMHHUIO MPOTUBOCTOSIHHS apraHCKUM IpaBUTEIb-
CTBEHHBIM CHJIaM U 3aXBaTa rocyAapCTBEHHOU BiacTu. [Ipu 3TOM TalMOBI HCIIONB30BAIA PUTOPH-
Ky 3aBepeHHil 00 OTCYTCTBUM CTPEMJICHUS y3ypHHUpPOBaTh BIACTh, O HEHAPYIIEHUH TPAHUILl TOCY-
napctB LlenTpanbHoii A3uu (Tpy ycIOBUHM HEBMEINIATENbCTBA B jJena AdraHucrana), o 6e3omac-
HOCTHU TUIVIOMATHYECKUX MUCCUM U T.J1. [11]

HecMmoTpst Ha BHYTPEHHIOIO Pa300IIEHHOCTh M OTCYTCTBHE YETKOTO IUIAaHA W IMOHUMAaHUS
OPUEHTUPOB TOJUTHYECKOTO YIpaBleHUs crpaHoi, «TammbaHy» yoaloch 3aXBaTHTh BJIAcTh B
Adranucrane B KOpOTKHE CPOKH, B TO BpeMs Kak mpe3uaeHT Adranucrana Ampad ['anu Obu1
BBIHY)K/ICH ITOKUHYTh cTpaHy [15] B To BpeMsi, Kak CeBEpHbIC MMOJICBbIC KOMAaHIUPbl COBMECTHO C
MPaBUTEIbCTBEHHBIMU CHUJIAMH HE CMOTJIM OpPraHU30BaTh MPOTHUBOJEHCTBUE IKCTPEMUCTCKUM CH-
Jam.

HoBas BnacTh B nuie TaiuOOB B MEPBYIO ouepeab 3aMeHWIa apraHCKuil HallMOHAIbHBII
TPEXUBETHBIN (hiar Ha Oelblid (hyiar IBIKEHUS, YCTAHOBHB 00S3aTEIILHOCTh €r0 HCIIOJIb30BAHUS B
cTpaHe u 3a pyoexoMm [22], 3ampeTniia HOCUTh OCXKIY 3€JICHOT0 M KPACHOTO IBETOB (I[BETa ObIB-
mero agraHckoro (iara), BBela pas3/ieibHOE MOCEHICHHE MApKOB pPa3BICUCHHUH Ui MYXYUH H
KeHIuH [23] U mpomo/DKaeT HacaKAaTh KECTKHE YKCTPEMHUCTCKUE MpaBUiia ¢ HACHIbCTBCHHOM
BBIJIaY€ MECTHBIX >KUTEIbHUII 3aMyXK 32 O0CBUKOB [24]. DKCHepThl MpPEIoararoT, 4To jaajiee
CTOUT OXHMJATh MYIITYHU3ALIMIO HACENICHUSI M YCUJICHUS! PENPECCU B OTHOILICHUU MOJTUTUYECKUX
MIPOTHUBHUKOB [25].

TakuMm oOpazom, oberanus TaaubOB Ha MEPBOM Mpecc-KOH(EePEHINH MocIie 3axBaTa Blia-
CTH OTKa3aThCs OT Hacwius, obecneunTh cBoboay cioBa B CMMU, cobnronaTe npaBa U CBOOOIBI
KCHILMH, HE Pa3felNisiTh U HE CO3/1aBaTh KOHKYPEHLHUIO dTHHYECKUX TPYII, COON0IaTh IUTOpa-
JU3M B JICITEILHOCTH TIOJUTHYCCKUX (PPAKIHH — HE TOBOPHUT O JCHCTBHTEIHLHOM CMSATYCHUU
uaeonoruu Tann6oB. TanuObl TPOJOIHKAIOT OMUPATHCS HA DIIEMEHTHI PaIUKaIbHOTO (hyH/IaMEHTa-
JM3Ma ¥ MYIITYHCKOTO COIMAIBHOTO KOJAeKca (MyIITYHBaIN), KOTOPbI OPUEHTHPOBAH HA JKECT-
Koe COOJI0/IEHHe HOPM IlIapraTa B MOHUMaHUH PaJUKAIIOB.

Hanee oOpaTuM BHUMaHUE Ha CTPEMJICHUE TATUOOB PEIINTh HHCTUTYIIMOHATBHBIN KPU3UC,
TaK Kak yIpaBJIeHHE rOCyAapCTBOM TpeOyeT Ompe/lelIeHHbIX HAaBBIKOB YIIpaBJIeHUs OI0OpOKpaTuye-
CKHAM armapaToM, BBICTPAMBAHMS JIOTHCTHUYSCKUX IEMOYCK, HATAKWBAHUS WHCTHUTYTOB BIIACTH.
Tanu6bl cokpaTuIM TOCyIapCTBEHHBIN amnmapar Ha 80 MPOIEHTOB U HE JOSJIBHO OTHOCSTCS K 00-
Pa30BaHHON YaCTH HACEJIEHUs, CUYUTAs MOCJIEIHUX KOHKYPEHTAaMH BO BJIACTH, MMOCKOJIBKY KOCTSIK
«TamnbGana»™ cocTaBISIOT cenbekue xutenn. COOTBETCTBEHHO, TANIHOO0B HE MOAJIEPKUBAIOT Y-
IITYHBI — TOPOJICKUE JKUTEIH, STHUUECKHUE TPYIIBI Y30€KOB, Xa3apeniieB, TaIKUKOB U JIp., a TaK-
ke KeHIIMHbI AQraHucraHa, KOTOpbIE OPraHW30Ball aHTUTATHOCKOE COMPOTUBIEHHE B CEBEp-
HOM, 3amaHON U IIEHTpaIbHOM YacTax Adranucrana [26].

Omap Heccap, nupektop LlenTpa u3ydeHus coBpeMeHHOro AdraHucTtana, mpaBOMEpHO
MIpeIoJIaraer, YTo TaJlnObl UCTIONB3YIOT MOMYJINCTCKUE O0CIIaHus, U YTO B LI€JIOM 3TO HE MpaBHU-
TEJIbCTBO, a 3alpelleHHAas TPYINIMPOBKa, 3axBaTHBINas BiaacTh [4]. ConumapeH ¢ IKCIepTOM U BO-
CTOKOBeJ-apabKCT U 3KCIepT B o0nactu pa3BuThs cTpad bmmknero Bocroka u CeepHoit Adpu-
ki A. UynpbeITHH, 9TO UJEONOTHS «TanrbaHay MPeICTaBIsieT cO00 yrpo3y COBPEMEHHOMY CBET-
CKOMY TOCY/IapCTBY «BHE 3aBUCUMOCTHU OT TOTO, TJIe OHO HaXOuTCs» [4].

OnHOBpEeMEHHO MPECTaBUTENN TaTHOOB 3asSBISIOT MHPOBOMY COOOIIECTBY, YTO HE AaIYT
nerictBoBath B Adranucrane «Ans-Kanne» n «Mcnamckomy rocymaapctBy» (3ampenieHHsie B Poc-
CUHM TEePPOPUCTUYECKUE OpraHu3anuu). TeM He MeHee, TOUEUHBIC paclpaBbl HAJ HETOBOJIHHBIM
PEKUMOM TATMOOB YCHUIIUBACT JBUKECHHUE CTOPOHHUKOB CBETCKOTO TpaBieHus n3 OpoHTa HAIMO-

1 N
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HaJIbHOI'O CONPOTHUBIIEHHUS BO I11aBe ¢ Axmaznom MacynoMm, paBHO Kak u cuibl «lciamckoro rocy-
JapCTBay, HAKAITMBAIOIIETO CBOM MOTEHIIUA Ha TeppuTopuu AdraHucraHa.

Takum oOpazom, nBuxenue «Tammban», KOTOPBIA CMOT CBEPrHYTh IPABUTEILCTBO U IO-
BTOPHO CO3/1aTh COOCTBEHHYIO CTPYKTYPY BJIACTHU MOCIE yX0Jla aMepUKaHCKuX Bock B 2021 r., Ha
CETO/IHSILIHUMN JIEHb B KQUE€CTBE TOCYJapCTBEHHOM BJIACTU HE CO3/aJI0 KOHKPETHBIN THUII yIIpaBJe-
HUS, HE BBIPA0OTAI0 KOHKPETHBIN PYKOBOJISAILINI MIPUHIIUII U B I[EJIOM HE UMEET YETKOI0 MOHUMa-
HUS TOTO, KaK TOJDKHO OBITh YCTPOCHO MOJIUTUYECKOE YIIPABICHUE CTPAHOM.

Tanu6pl MPOJOIKAIOT UCIBITHIBATH CEPbE3HbIE MPOOJIEMbI ¢ 00ecleYeHHEM SKOHOMMYE-
CKOW CTaOMJIBHOCTU B CTpaHE, TaK KaK CaHKIMH, OOBSBICHHBIC PSIOM MUPOBBIX MPABUTEILCTB B
anpec Adranucrana, MpuBEIN K TOMY, 4TO A(raHckoe rocyJapcTBO JHIIMIOCh OCHOBHOW YacTH
(MHAHCOBBIX MOCTYIICHUI OT MEXKIYHApPOAHOrO cooluiecTBa — 0kojo 65% [13]. anonupyromas
UHOIALUS TpUBENla K POCTY CTOMMOCTH JI0JUIapa, M 3a MATh MECSIEB BIACTH TanuOoB adraHu
ynan B nede ¢ 80 equnui 1o 120. B ycrnoBusx, koraa gaxe OOMIBI 1 HU30BbIE KOMaHIUPHI MOJTY-
4aroT JKaJOBaHME MPOIyKTaMU MUTaHUs, BceMupHas npoaoBosIbCTBEHHAS IPOrpaMMa BhIHYKI€HA
KOHCTaTHPOBaTh, 4TO «B 2022 roay nBe TpeTu adraHieB OyAyT KPUTUYECKU 3aBUCETh OT UHO-
cTpaHHOM nmomorwm» [18].

Crnoxunach cuTyanus, Korja adraHipl MBITAlOTCS MAacCOBO SMHUIPHPOBATh B COCEIHUE
ctpasbl, U, o ceeaeHusM OOH, Tonbko 3a 2021 rox mokuHyJau cBOM kuyuma 550 Teic. ad-
ranueB. Ho cynb0a OexxeHueB 3aBucHUT OT JiosiiibHOCTH [lakucrana, Upana, Tajknkucrana,
Y30ekucrana u ApPyrux rocyaapcrs mupa. Tak, He Bce TOrpaHuYHbIe ¢ A(QraHUCTaHOM TOCY-
JapcTBa CTallM MycKaTh adraHcKuX OeKeHIeB Ha cBOro Teppuroputo. Ecnu Tamxukucran nexina-
PUPYET, YTO OH PYKOBOJCTBYETCSI NPUHIUIIOM «TyMaHH3Ma M J100pOCOCEACTBa» U IPOIyCKaeT
OekeHIIeB, TO Y30EeKUCTaH 3asBUJI O HEMPUKOCHOBEHHOCTH CBOMX TPAHMII U BBIABOPSET OCIKEHIICB
00paTHO WM oMoraeT UM ¢ TpanzutoM [ 10]. Mpan paspemnn pa3BepHyTh MMaxaTOuHbIC Jareps B
TpeX MPOBUHLUAX, OKOJIO 4 MiH. adranueB HaxoauTcs B Typuuu [19], Poccus takke nmpenocra-
BUJIa BO3MOYKHOCTH JUISl BBE3/Ia B CTpaHy ThIcsiyaM adrannam [20].

Ho poccuiickas 3kcniepTHas MbICIIb HE BCErJa HACTPOEHA MMECCUMHCTHUYHO B OTHOILIEHHU
po0GJieM, CBSI3aHHBIX C IPUXOJIOM TalMOOB K BIAcTH. Tak, Mbl OJJIEPKUBAEM MBICIH BOCTOKOBE-
na B. CoTHHKOBa, KOTOPBIN MpEAINoaraeT, 4To ABMKEHHE CMOIJIO COPMHUPOBATH MOIUTUYECKOE
KpbLIO0, criocoOHoe 00poThes ¢ «Anb-Kanmoi» n «Mcnamckum rocyaapcTBoM - XopacaHy, yCHIIe-
HHUE KOTOPBIX MPEACTaBIsI0 Obl YTpo3y AJs HallMoHalbHOU Oe3onacHocTH Poccun [29]. [leiicTBu-
TenbHO, Ui Poccmiickoit denepanuy BaXKHO HE JONYCTUTh PACHPOCTPAHEHHUs TI'PYNIIMPOBOK
«Anb-Kange», «McmaMckoro rocyaapersa - Xopaca» W HaGMpaiolIeil CHibl «AHcapymiax»
(TeppopucTHYecKas OpraHu3alys, OCHOBaHHAS Ta/DKMKCKMMHU OoeBHKamu)» [27], modTomy je-
¢akTo npusHanue Poccueit kaOyiabCKON aAMMUHUCTPAIIMKM OTYACTH BbI3BAHO TeM, yTO AdraHucraH
HE JOJDKEH BHOBb CTaTh yOEXHILEM Ul TEPPOPUCTOB U «OTpadaThIBArOTCS MEXaHU3MBbI obecrie-
YeHHs HaJeKHOU 3aluThI F0XHBIX pyodexkeit OIKB» [6].

Taxxe Mbl conuaapHel ¢ MHeHHEM . A. Cadpanuyka u B.M. XKophucra, 4to «Tanudbl He
npocTo OyayT B 00O3pUMOM NMEPCIEKTHBE OCHOBHBIM CYOBEKTOM rOCYNapCTBa, HO M SBISIOTCS
HanboJIee CaMOCTOSATEIILHBIME U3 BCEX JACHCTBYIOIIUX JIUI [21, 24], TOCKOIBKY Ha CEroTHSIITHIIMA
JIeHb TaJIHOBbI SBJISIIOTCS €UHCTBEHHON CHUJIOHN, CIIOCOOHON KOHTPOJIMPOBATh AUAIOr KaK Ha BHYT-
PEHHEM TMOJIUTUYECKOM I10JI€, TaK U Ha BHEITHENOIUTHYECKOM HalpaBiICHHUH.

BoiBoabl. MupoBoi IOJUTUYECKHM IIPOLIECC JAEMOHCTPUPYET, UYTO CO3JaHbl BCE
MPEANOCHUTKH «apaJurMaTbHOTO KPU3UCa MUPOBOTO ITUBHIM3AIIMOHHOTO XKHU3HEYCTPOUCTBAY [2,
281], u HacTano BpeMsi CTAaHOBJIEHUS HOBOW MUPOBOW I'eONOJIUTHYECKON KOHpUrypauuu [3, 84], B
KOTOpPOI HamOOJBIIYI0 HACTOPOKEHHOCTh BBI3BIBAET POCT CETH JKHUXAJUCTCKOTO MOINONbS U
aKTUBU3AIMsI TEPPOPUCTUUECKUX OpraHu3aluii Ha Tepputopun Adranucrana [9].
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3axBaT NMpPaBUTEILCTBEHHOM BiIacTh B AdraHucraHe CTOpOHHUKaMH IBrKeHHs «Tamu-
Gamy» ™ CBUJICTEILCTBYET HE TOJIBKO O MOSBJICHWU HOBBIX BBI30BOB M YI'PO3, HO U HOBBIX BO3MOX-
Hocrel ans Poccuiickoit denepanuu, MOCKONBKY PETHOHAIBLHOE COTPYIHHUYECTBO B OOpbOe ¢
HapKOTpaUKOM W PACIpPOCTPAHCHHUEM TEppOpU3Ma, a TAKKe peanusanus HHPPACTPYKTYPHBIX
IMIPOCKTOB B PECTHOHC - HAXOOATCA B HpHMOﬁ 3aBUCUMOCTH U OT CKOOPAWHHUPOBAHHOCTH ITOJUTHKHU
MEXIyHApOAHOTO COO0IIeCcTBa B OTHOIICHUH CJIOKHON BHYTPHUITOIUTHYECKOW cuTyaruu B Adra-
HUCTaHE, ¥ OT MEXJTYHAPOTHOHN JIETUTUMHOCTH TATHOOB, HAXOAAIUXCsl y BnacTu. OcTtaercs Haje-
SIThCS, YTO JISTUTUMHOCTh araHCKUX BJIACTEH M MX KOHCTPYKTHUBHOE COTPYIHUYECTBO C BHEITHUM
MHUPOM OYJET CIIOCOOCTBOBATh MHUHHMH3AIMH PHCKOB I MHOTOYHCIIEHHBIX 3THOCOB AdraHu-
CTaHa, PEIICHUI0 SKOHOMHYECKUX TMpoOJieM adraHCKOro Hapoja, MO3BOJIUT KOHCOIHAWPOBATH
BHEIITHETIOJIUTHYECKUE MTO3UIMN Adranucrana u B IepCreKTUBE caenaTh APraHucTan HaJeKHBIM
IIapTHEPOM Kak CcTpaH-cocenel, Tak u Poccun.
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THE USE OF COLD NUCLEAR FUSION
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Annomauyusn

Cmpoumenbcmao 30anuil 3apoouiocs eMecme ¢ Yel08eKOM U MAK Jice pa3eueanocs. Henosex cozoasan 0us
c80e20 Ovimus 1 pabomul camvle pasHble COOPYACEHUs, 00YCMPausas nomeujeHust OJis peueHus OnpeoeleHHbIX 3a0au.
U, cmankueasce ¢ npobremamu 61a20ycmpoiucmea, NPOEKMUPO8aAlL HOBble CUCMEMbl, OOHOU U3 NEPEbIX OAHHBIX CU-
cmem cmana omonumenvnas cucmema. Ona Oviia UHOYYUPOBAHA ONA 80CNPOU3BEOEHUS U NOOOEPHCAHUS MeNad 8
30AHUSX U COOPYICEHUSIX, C Yeabl0 COXPAHEHUs. MeDelu U NPOYUX NpeoMenos Ymeapu, a makice 300p06bsi camo2o
yenosexa. CospemeHHble JHCUNbIe U HeXNCUTble 30aHUS CTIOJCHO npedcmagums 6e3 000pyoosanus u npubopos, cozoa-
H0WUX KOMPOPMHYIO KIUMAMU4ecKylo cpedy. M sma ompacib UHICEHEPHbIX CUCHEM PA36UBAEMC sl ¢ MeYeHUeM 8pe-
MmeHu ce bvicmpee. OOHAKO, He KAJICObIU 3HAEN 0 MOM, YO OMONIeHUe 30AHULL U COOPYIHCEHUN MOodcem Oblmb boee
8bI20OHBIM.

Memoodonozun ananusza

X0100HblI A0ePHBLIL CUHME3 0N OMONTIEHUA 30AHUIL U COOPYIHCEHUTL: 8 OAHHOU pabome paccMOmpeHo Uc-
N0Ib308aHUE XOIO0OH020 A0EPHO20 CUHME3d, HA3bl8AeM020 Kagumayuel, Ol OMONIeHUs 30aHUL U COOPYIHCEeHUIL.
Ilposeden ananuz 6udos meniozenepamopa, pazobpanvl 6ce npeumywecmead u Heoocmamxu. Paccmompenvl makoice
VCI08USL YCMAHOBKU U UCNOIb3068AHUS KABUMAYUOHHBIX MENI02EHEPAMOpPO8.

Pezynvmamul u 06cysncoenun 6 pezyiomame npooeianHol pabomsl MOJICHO COelamsb 8bl800, YMO UCNOIb30-
6aHUE XONIOOHO20 S0EPHO20 Ccunme3a (KAGUMAYul) npu NOMOWU KAGUMAYUOHHBIX MENIO2EHePaAmopo8 Pa3lIuiHbIX
61006 DoJlee IKOHOMUUECKU 8bI200HOE, IKOI02UYECKoe, De30nacHoe u YOOOHoe, 8 CPABHEHUU CO CINAHOAPMHbIM 000-
pyoogaHuem omonierus. M3 npugedeHHbIX pasHO8UOHOCMEN MeNI02eHEPANOPO8 blOPAH Camblli KOMPOpMabenvHblil
OMHOCUMENLHO UCNONL308AHUSL U 00CIYIcusanust. Taxice, 8 pe3yibmame u3yueHust pabomsl Meni02eHepamopos ovl-
JI0 8bl8EOEHO, UMO NOMUMO OMONIEHUS. 30AHUSL UIU COOPYICEHUS OAHHASL YCIMAHOBKA MOdicem 0b6o2pesams npomo -
HYI0 800y, UCHONb3YEMYIO 8 Dblmy OJis PA3TUYHBIX Yeaell.

3aknouenue: MOXHO cIenaTh BBIBOJ, YTO XOJIOJHBIN SIEPHBIA CHHTE3 (KaBUTAlMsA) MPHU HCIOIb30BaHUU
ero B OBITOBOM cpejie, a KOHKPETHEE B OTOIUICHUHU 3AaHUH U COOPY)KEHHH SIBIISICTCS. HE TOJBKO JICIIEBBHIM B YCTAHOBKE
M 9KCIUTyaTaluK, HO U SKOJIOTHYHBIM M O€30IaCHBIM ISl 3[0POBbSI YeJIOBeKa.

KaroueBble ciioBa: KaBUTallMsl, TEINIOTEHEPATOP, KABUTAIIMOHHBII TEIJIOr€HEPaTop, POTOPHBIN TEILIOTeHe-
parop, CTaTHYECKUi TerIoreHeparop, yJbTPpa3ByKOBOW TeIUIOreHepaTop, TemsoreHeparop I[loramoBa, oToruieHue,
3/1aHNE, COOPY)KEHHE

Abstract

Introduction: The construction of buildings originated with man and developed in the same way. Man creat-
ed a variety of structures for his being and work, equipping premises to solve certain problems. And, faced with the
problems of improvement, he designed new systems, one of the first of these systems was the heating system. It was
induced to reproduce and maintain heat in buildings and structures, in order to preserve furniture and other utensils,
as well as the health of the person himself. It is difficult to imagine modern residential and non-residential buildings
without equipment and appliances that create a comfortable climatic environment. And this branch of engineering

228 Ne3, Bbinyck 39, 2022



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

systems is developing faster and faster over time. However, not everyone knows that heating buildings and structures
can be more profitable.

Cold fusion for heating buildings and structures: This paper discusses the use of cold fusion, called cavita-
tion, for heating buildings and structures. An analysis of the types of heat generator was carried out, all the ad-
vantages and disadvantages were analyzed. The conditions for the installation and use of cavitation heat generators
are also considered.

Results: as a result of the work done, it can be concluded that the use of cold nuclear fusion (cavitation) us-
ing various types of cavitation heat generators is more cost-effective, environmentally friendly, safe and convenient, in
comparison with standard heating equipment. Of the above varieties of heat generators, the most comfortable in terms
of use and maintenance was selected. Also, as a result of studying the operation of heat generators, it was concluded
that in addition to heating a building or structure, this installation can heat running water used in everyday life for
various purposes.

Conclusion: It can be concluded that cold nuclear fusion (cavitation) when used in a domestic environment,
and more specifically in heating buildings and structures, is not only cheap to install and operate, but also environ-
mentally friendly and safe for human health.

Keywords: cavitation, heat generator, cavitation heat generator, rotary heat generator, static heat generator,
ultrasonic heat generator, Potapov heat generator, heating, building, structure

Introduction

Today's district heating and heat supply, as well as the modern concept of heat, are closely
connected with the development of Russian scientific and engineering thought. Thanks to the work
of domestic scientists and engineers, an independent way of forming heat supply in Russia was
formed, different from Western Europe.

There is no factual data in history about when exactly a person began to switch to any or-
ganized methods of heating his home and those or other public buildings that had already arisen.

Indications and material confirmations of more advanced heating technologies refer to eras
relatively close to us.

These confirmations are charcoal braziers found in a fairly significant number and in a
wide variety of countries. Without, of course, having no idea about the chemical reactions of com-
bustion and the chemical composition of the products of combustion, the ancient man exclusively
by experience verified the safety of burning charcoal naturally in a heated room with the release of
combustion products directly into this latter.

And indeed, as we know it today for certain, with a uniform influx of atmosphere to a thin
cover of smoldering, well-burnt, charcoal, the product of combustion is only relatively harmless
and odorless carbonic anhydride (carbon dioxide, CO2). It is extremely curious that this, from our
point of view, primitive method of heating had such a coefficient of efficiency that we can only
dream of in our current heating systems, because a charcoal brazier, in which all the calorific value
of coal was absolutely used, efficiency was equal to 1, — in relation, of course, to charcoal, and not
to the tree from which this coal was obtained.

This method of space heating earned a very extensive and very long-lasting distribution,
covering, apparently, the entire European mainland and far Asia with China and Japan.

Being an indoor heating device, heating, of course, the premises of wealthy dignitaries and
nobles, these braziers have achieved a high degree of figurative perfection: they were made from
the best bronze. This is evidenced by the bronze braziers found in Pompeii. Thus, a Roman bronze
tripod brazier with a diameter of 500 mm, a depth of 120 mm and a height of 2000 mm could heat
a room with a heat loss of about 10 kcal / h, i.e. a cubic capacity of approximately 1000 m3.

We meet the initial signs of a more organized heating of buildings about 2200 years ago,
that is, in the last centuries BC.

Archaeological excavations in the territories of present-day Italy, France, Switzerland,
Germany and England open before us a picture of quite impressive achievements in those days in
the field of heating, and even ventilation of buildings. These are scarlet heating systems with ille-
gal chambers, invented, no doubt, by the Romans several centuries before our era. Despite the
Roman invention, these heating systems bear the Greek name "hyupokaustum™, meaning "warmed
from below".
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The room, heated by “hyupocausts”, had an underground covered along columns of stone
or pottery pipes with clay slabs 50 mm thick, over which a continuous grease 150 mm thick was
made. In this design there was a manhole, obviously for cleaning and repair, which was closed
with a sandstone slab. This underground was intended as a continuous chimney for the hearth,
which was outside the building in a recess in the ground. In the wall of this recess there was a fur-
nace for burning charcoal. The underground channel, which led the hot products of coal combus-
tion into the underground, left the last to the first row of brick columns. The shape of this channel
in the project is unique, since it has two expansions and narrowings alternately placed. In the first
of them, closest to the furnace recess, coal was obviously burned. An external air intake opening
was intended to regulate the heating intensity of the underground and to heat the heated room it-
self. Outside air flowed through it into the underground room and from there through the opening
into the hypocaustum itself. Here he was deflected by the rebound in order, apparently, to best mix
with the hot gases coming from the coal furnace. The hole was covered with a clay slab in order to
regulate the inflow of outside air. The same building, together with a chimney-like hail and ceram-
ic channels coming from it, which probably (the wall was preserved only to a height of 1 m) above
the roof, served as a supply and exhaust ventilation system after the burning of coal in the furnace
ceased. With similar systems, the Romans heated both in their homeland and in more northern
countries, their colonies, such as: in present-day France, Switzerland, Germany, England, both res-
idential, civilian, and various kinds of military buildings of their military settlements and fortresses
("castellum™).

Heating with an open fireplace using a chimney was available already in 820 in the monas-
tery of St. Gallen (in Switzerland), as evidenced by the found plans of this monastery with the
above date.

Subsequently, in the history of the formation of technologies and systems for heating build-
ings, the era of centralized systems is due, however, all types of previously used heating devices
continued to exist simultaneously and very invariably did not give up their firmly occupied posi-
tions. After all, in essence, heating by underground fire and smoke channels is still alive today in
the form of heating by hogs in simple greenhouses and greenhouses. By the way, it is interesting
that all the centralized heating systems that appeared approximately alternately emerged and at
first existed almost unlimitedly for the purpose of heating greenhouses and greenhouses and very
slowly penetrated into residential and public buildings, where the old woman is a brick oven, con-
tinuing to improve and decorate in appearance , diligently held the place she won.

The first elements of centralized heating found their way into the water system. Rather,
such elements are not a heating system, but the principle of its operation, which formed the basis
for many centuries after the invented water heating system. These primary elements were found
during archaeological excavations of the Roman city of Pompeii, which disappeared near the city
of Herculaneum from the eruption of Vesuvius. Here we are talking about a circulating water-
heating device for the hot baths so beloved by the Romans, discovered in one of the open villas. In
this device we meet all the main elements of the circulating water system.

The next in time of occurrence was the air heating system, which stood out from the same
air systems of Roman hypocausts and German fire-stone furnaces in that here the air, heated and
supplied to heated rooms, washed the outer planes of a specific air-heating furnace, without com-
ing into contact with those surfaces of the furnace that were washed by the products of combustion
of fuel. Such a system provided not only hygienic, but also significant technical progress, since it
increased the likelihood of heating the premises during the period of fuel combustion.

The first integrated heating system (high pressure steam) originated in 1818 in England for
several greenhouses. But a full and clear awareness of the very great technical and economic bene-
fits arising from the enlargement of the boiler industry for both power and heating needs was first
awakened in the United States of America. There, in Lockport, New York, already in 1878, the
first local heating plant of an urban scale arose, supplying its subscribers with steam through un-
derground pipelines. Later, with the transfer of power plants far beyond the city limits, specifically
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to the locations of coal and other natural fuel options (and with the emergence of electricity
transport for many hundreds of kilometers), it became impossible to provide cities with thermal
energy from such remote steam power stations. This gave impetus, on the one hand, to the con-
struction in the cities of America of central powerful simple thermal stations (steam boilers), on
the other hand, to the use of boiler units of liquidated intracity power plants to provide consumers
with ready-made thermal energy. But at the same time, the very nature of the growth of American
cities, in which streets and entire neighborhoods were built up at once in the shortest possible mo-
ment, made it possible to adapt the regional heat supply system and the type of heat carrier (hot
water, steam) to the needs of consumers. This occupation was also very favorably aided by the di-
vision of cities adopted in America into residential, commercial, administrative, and industrial
zones. The first ones usually use water, and the last two-steam heating systems.

In the USSR, the first steps in the field of urban heat supply date back to 1924. We had
heat supply for groups of buildings of one household from a common boiler house or even a com-
bined heat and power plant much earlier. So, for example, built on the initiative of prof. Dmitriev
in 1913, the steam-water heating and ventilation system of the Pavilion Polyclinic. Mechnikov in
Leningrad (formerly the hospital of Peter the Great) functioned immediately after its construction
from its combined heat and power plant on the exhaust steam of a steam turbine of an electric gen-
erator.

The first city heat pipeline was laid in Leningrad in 1924 from the 3rd state. a galvanic sta-
tion for supplying hot water to neighboring bathhouses in Kazachyi Lane and for heating the upper
(6th) floor of a residential building also nearby. The following year, the buildings of the hospital
named after V.l. Nechaev (former Obukhov hospital) on the other side of the Vvedensky Canal.

However, at present we use classical energy sources, which, even in the simplest version
and with minimal heat loss of a building or structure, require significant costs, when alternative
sources of relatively inexpensive energy have been known for many years.

This article will consider an alternative source of thermal energy using a variety of cold
nuclear fusion, and for this you need to figure out which type will be used.

According to Christopher Brennen's definition: “When a liquid is subjected to a pressure
below the threshold (tensile stress), then the integrity of its flow is broken and vapor cavities are
formed. This phenomenon is called cavitation, it is also considered cold nuclear fusion.

Cavitation is the formation of air bubbles in the water column, caused by the force of the
vortex energy of the water flow. The formation of bubbles is always accompanied by a certain
sound and the formation of some energy as a result of their impact at high speed. Bubbles are cavi-
ties in water filled with evaporation from the water in which they themselves formed. The fluid
exerts a constant pressure on the bubble, so it tends to move from an area of high pressure to an
area of low pressure in order to survive. As a result, it cannot withstand the pressure and abruptly
shrinks or "breaks", spraying out energy that creates a wave.

The "explosive™ energy of a large number of bubbles is so powerful that it can destroy im-
pressive metal structures. This is the energy that serves as an extra when heated. In the case of a
heat generator, a completely closed circuit is provided, in which bubbles of very small sizes are
formed, bursting in the water column. They do not have such destructive power, but provide an
increase in thermal energy up to 80%. The system supports AC current up to 220V while main-
taining the integrity of the electrons critical to the process.

As already mentioned, the operation of a thermal installation requires the creation of a "wa-
ter vortex". This is the responsibility of the pump built into the heating system, which generates
the required level of pressure and forces it to force it into the working tank. During the occurrence
of turbulence in water, some changes occur in the mechanical energy in the liquid body. As a re-
sult, it starts to set the same temperature. Additional energy is created, according to Einstein, when
a certain mass is converted into the necessary heat, the whole process is accompanied by cold nu-
clear fusion.
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Then the question arises of how to use this reaction for heating. At the moment, one meth-
od is already known — devices with a fundamentally different type of effect on the coolant are
used. Such devices include a cavitation heat generator, the work of which is to form gas bubbles,
due to which heat is released.

The principle of operation of a cavitation heat generator is the heating effect due to the
conversion of mechanical energy into thermal energy. Now let's take a closer look at the cavitation
phenomenon itself. When excess pressure is created in a liquid, turbulence occurs, due to the fact
that the pressure of the liquid is greater than that of the gas contained in it, the gas molecules are
released into separate inclusions — the collapse of the bubbles. Due to the pressure difference, wa-
ter tends to compress the gas bubble, which accumulates a large amount of energy on its surface,
and the temperature inside reaches about 1000 — 1200°C.

When the cavitation cavities pass into the zone of normal pressure, the bubbles are de-
stroyed, and the energy from their destruction is released into the surrounding space. Due to
which, thermal energy is released, and the liquid is heated from the vortex flow. The operation of
thermal generators is based on this principle, then consider the principle of operation of the sim-
plest version of the cavitation heater m — When the water flow reaches the nozzle, the liquid pres-
sure increases significantly and the formation of cavitation bubbles begins. When the bubbles exit
the nozzle, they release heat power, and the pressure after passing through the nozzle is signifi-
cantly reduced. In practice, multiple nozzles or tubes may be installed to increase efficiency.
(Figure 1.)

formation of cavitation bubbles

release of thermal energy

Figure 2. The principle of operation of the cavitation heat generator

The main task of a cavitation heat generator is the formation of gas inclusions, and the
quality of heating will depend on their quantity and intensity. In modern industry, there are several
types of such heat generators, which differ in the principle of generating bubbles in a liquid. The
most common are three types:

The working element rotates due to the electric drive and generates fluid turbulence. It con-
sists of an electric motor, the shaft of which is connected to a rotary mechanism designed to create
turbulence in the liquid. A feature of the rotor design is a sealed stator, in which heating occurs.
The stator itself has a cylindrical cavity inside — a vortex chamber in which the rotor rotates.

ENTER EXIT

Figure 3. The design of the rotary heat generator
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The rotor of a cavitation heat generator is a cylinder with a set of recesses on the surface,
when the cylinder rotates inside the stator, these recesses create heterogeneity in the water and
cause cavitation processes to occur. The number of recesses and their geometric parameters are
determined depending on the model of the vortex heat generator. For optimal heating parameters,
the distance between the rotor and the stator is about 1.5 mm. Rotor cells are needed so that in the
thickness of the liquid jet, which constantly rubs against the surface of the movable and static cyl-
inder, turbulences arise to form cavitation cavities. In the same gap, the liquid is heated. For the
efficient operation of the heat generator, the transverse dimension of the rotor must be at least 30
cm, while the rotation speed of 3000 revolutions per minute is determined. If you make the rotor
of a smaller diameter, then you should increase the number of revolutions. For all the seeming
simplicity, the development of a clear action of all parts of the rotary heat generator requires quite
accurate, including balancing the movable cylinder. The sealing of the rotor shaft is needed with
the constant replacement of failed insulating materials. The efficiency of such generators is not
impressive, the work is accompanied by a noise effect. Their service life is short, although they
work 25% more productively than static models of heat generators;

Tubular — change the pressure due to a system of pipes through which water moves. A stat-
ic heat generator does not have rotating elements. The heating process in them occurs due to the
movement of water through pipes tapering in length or due to the installation of Laval nozzles.
The water supply to the working body is carried out by a hydrodynamic pump, which creates a
mechanical force of the liquid in a narrowing space, and when it passes into a wider cavity, cavita-
tion turbulences occur. Unlike the previous model, tubular heating equipment does not produce
much noise and does not wear out so quickly. During installation and operation, you do not need
to worry about precise balancing, and if the heating elements are destroyed, their replacement and
repair will be much cheaper than for rotary models. The disadvantages of tubular heat generators
include significantly lower productivity and bulky dimensions;

Static generator pump — to create cavitation processes in a liquid, a design of nozzles is
used. Recreating the phenomenon of cavitation requires a high speed of water movement, for
which a powerful centrifugal pump is used. The pump applies increased pressure to the flow of
water, which rushes into the inlet of the nozzle. The outlet diameter of the nozzle is much narrow-
er than the previous one and the liquid receives additional energy of movement, its speed increas-
es. At the outlet of the nozzle, due to the rapid expansion of water, cavitation effects are obtained
with the formation of gas cavities inside the liquid body. Water heating occurs according to the
same principle as in the rotary model, only the efficiency is somewhat reduced. Static heat genera-
tors have a number of advantages over rotary models:

o The design of the stator device does not require fundamentally precise balancing
and fitting of parts;

o Mechanical preparatory operation does not require precise grinding;

o Due to the absence of moving parts, sealing materials wear out much less;

o The operation of the equipment is longer;

o In the conditions of the nozzle becoming unusable, its replacement will require less
costs than in the rotary version of the heat generator, which needs to be recreated

o It can provide a large temperature difference at the hot and cold ends, operate at low
pressure.

o Efficiency not less than 90%.

Never overheats.

Fire and explosion proof. Can be used in explosive environments.
Provides fast and efficient heating of the entire system.

Can be used for both heating and cooling.
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Figure 4. The principle of operation of the ultrasonic heat generator
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Ultrasonic (Figure 3.) — fluid inhomogeneity in such heat generators is created due to low-
frequency sound vibrations. This type of device has a resonator chamber tuned to a certain fre-
quency of sound vibrations. A quartz plate is installed at its input, which produces oscillations
when electrical signals are applied. The vibration of the plate creates a wave effect inside the lig-
uid, which reaches the walls of the resonator chamber and is reflected. During the return motion,
the waves meet with direct oscillations and create hydrodynamic cavitation. Further, the bubbles
are carried away by the water flow through the narrow inlet pipes of the thermal installation. When
passing to a wide area, the bubbles are destroyed, releasing thermal energy. Ultrasonic cavitation
generators also have good performance, as they do not have rotating elements.

Popular and more studied is the invention of Potapov's heat generator (Figure 4.). It is con-
sidered a static device.

The pressure force in the system is created by a centrifugal pump. A jet of water is fed with
high pressure into the snail. The liquid begins to warm up due to rotation along the curved chan-
nel. She enters the vortex tube. The footage of the pipe must be ten times greater than the width, as
shown in the first figure of the principle of operation of the heat generator.

Water passes along the spiral spiral located along the walls. Next, a brake device was in-
stalled to remove part of the hot water. The jet is slightly leveled by plates attached to the sleeve.
Inside there is an empty space connected to another braking device.

High temperature water rises and a cold swirling fluid flow descends through the interior.
The cold flow comes into contact with the hot flow through the plates on the sleeve and heats up.

Warm water descends to the lower brake ring and is further heated by cavitation. The heat-
ed flow from the lower braking device passes through the bypass to the outlet pipe.

The upper brake ring has a passage whose diameter is equal to the diameter of the vortex
tube. Thanks to him, hot water can get into the pipe. There is a mixing of hot and warm flow. Fur-
ther, the water is used for its intended purpose. Usually for space heating or domestic needs. The
return is connected to the pump. Branch pipe — to the entrance to the heating system of the house.

To install the Potapov heat generator, diagonal wiring is required. Hot coolant must be
supplied to the upper course of the battery, and cold will come out of the lower one.

Having dealt with the operation of heat generators, it is worth considering the very princi-
ple of heating with the help of cavitation.

The pump increases the water pressure and delivers it to the working chamber, the pipe of
which is connected to it by means of a flange.

In the working body, the water must receive increased speed and pressure, which is carried
out using pipes of various diameters, tapering along the flow. In the center of the working cham-
ber, several pressure flows are mixed, leading to the phenomenon of cavitation.

In order to be able to control the speed characteristics of the water flow, braking devices
are installed at the outlet and during the working cavity.
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Water moves to the branch pipe at the opposite end of the chamber, from where it flows in
the return direction for reuse by means of a circulation pump. Heating and heat generation occurs
due to the movement and sharp expansion of the liquid at the outlet of the narrow nozzle opening.

Having dealt with the types of heat generators and their principles of operation, the ques-
tion arises: How much more advantageous is this than varieties of standard heating.

The task of economical heating of water, which is used as a heat carrier in water heating
and hot water supply systems, has been and remains important regardless of how these processes
are carried out, the design of the heating system and heat production sources. There are four main
types of heat sources for this task:

o Physical and chemical (combustion of fossil fuels: oil products, gas, coal, firewood
and the use of other exothermic chemical reactions);

o Electricity, when heat is generated by components in an electrical circuit that have a
sufficiently high ohmic resistance;

o A fusion based on the use of heat from the decay of radioactive materials or the
synthesis of heavy hydrogen nuclei, including those found in the Sun and deep in the earth's crust;

o Mechanical, when heat is generated by surface or internal friction of materials. It

should be noted that the property of friction is inherent not only in solids, but also in liquids and
gases.
The rational choice of the heating system is influenced by many factors:
o Presence of specific fuel
Environmental aspects, design and architectural solutions,
The volume of the building under construction,
Financial capabilities of a person and much more.

* View A

\

s

Figure 4. Scheme of the generator device. 1 — Branch pipe, 2 — Volute, 3 — Whirlpool pipe, 4 — Upper brake, 5 -
Water rectifier, 6 — Coupling, 7 — Lower brake ring, 8 — Bypass, 9 — Branch line.

1. Electric boiler — all boilers must be purchased with a power reserve (+ 20%) due to heat
loss. They are fairly easy to maintain, but require a decent power supply. This requires connecting
a powerful power cable, which is not always realistic outside the city.

Electricity is an expensive form of fuel. Payment for electricity very quickly (after one sea-
son) exceeds the cost of the boiler itself.

2. Electric heaters (air, oil, etc.) are easy to maintain.

Very uneven space heating. Rapid cooling of the heated space. High power consumption.
The constant presence of a person in an electric field, breathing superheated air. Low service life.
In many regions, payment for electricity used for heating occurs with a growth factor of K = 1.7.

3. Electric underfloor heating — the complexity and high cost of installation.

It is not enough to heat the room on cold days. The use of a high-strength heating element
(nichrome, tungsten) in the cable provides good heat dissipation. Simply put, the carpet on the
floor will create conditions for overheating and failure of this heating system. When using tiles on
the floor, the concrete screed must be completely dry. In other words, the first safe trial run of the

Ne3, Bbinyck 39, 2022 235



CoBpemeHHas HayKa 1 MHHoBauum Ne3 (39), 2022

system takes at least 45 days. The constant presence of a person in an electric and / or electromag-
netic field. Significant energy consumption.

4. Gas boiler — significant initial costs. Design, permits, gas supply from the gas pipeline to
the house, a special room for the boiler, ventilation, etc. other. The negative pressure of pressur-
ized gas affects operation. Poor-quality liquid fuel leads to premature wear of the components and
assemblies of the system. Environmental pollution. High prices for services.

5. Diesel boiler — there is the most expensive installation. Additionally, it is required to in-
stall tanks for several tons of fuel. Availability of access roads to the tanker. Ecological problem.
Dangerous. Dear service.

6. Electric generators — requires professional installation. Extremely dangerous. Mandatory
grounding of all metal heating elements. High risk of electric shock in the event of the slightest
failure. They require the unpredictable addition of alkaline components to the system. There is no
stability at work.

The trend in the development of heat sources is moving towards the transition to environ-
mentally friendly technologies, among which electricity is currently the most common.

And yet, now we will consider separately all the advantages of a cavitation heat generator:

The most obvious advantage of heat generators is the rather simple maintenance, despite
the possibility of free installation without special permission from the power grid staff. Once every
six months, it is enough to check the friction of the parts of the device — bearings and seals. At the
same time, according to suppliers, the average guaranteed service life is up to 15 years or more.

The Potapov heat generator is completely safe and safe for the environment and users. En-
vironmental friendliness is justified by the fact that during the operation of a cavitation heat gener-
ator, emissions of harmful products during the processing of natural gas, solid fuel and diesel fuel
are excluded. They are simply not used.

Makeup comes from the net. Ignition due to lack of contact with an open flame is exclud-
ed. Additional safety is provided by the instrument panel of the device, which is used to control all
processes of temperature and pressure changes in the system.

The economic efficiency of space heating with heat generators is expressed in several ad-
vantages. Firstly, you don't have to worry about the quality of the water when it plays the role of a
coolant. One should not think that this harms the entire system only because of its poor quality.
Secondly, there is no need to make financial investments in the organization, laying and mainte-
nance of thermal routes. Thirdly, water heating according to physical laws and the use of cavita-
tion and vortex flows completely eliminate the appearance of calcium stones on the internal walls
of the installation. Fourthly, cash costs for transportation, storage and purchase of previously re-
quired fuel materials (natural coal, solid fuel, oil products) are excluded.

The undeniable advantage of heat generators for home use is their unique versatility. The
scope of use of heat generators in everyday life is very wide:

o As a result of passing through the system, water is transformed, structured, and
pathogenic microorganisms die under such conditions;

o Water from the heat generator can be watered with plants, which will contribute to
their rapid growth;

o The heat generator is capable of heating water to a temperature above the boiling
point;

o The heat generator can interact with already used systems or be built into a new
heating system;

o The heat generator has long been used by people who are aware of it as the main
element of the heating system in homes;

o The heat generator easily and at no extra cost prepares hot water for domestic use;

o The heat generator can heat liquids used for various purposes, in addition to

heating, for example: heating running water, which is used in everyday life. A heat generator that
is connected to the network can heat water quite quickly. As a result, such equipment can be
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successfully used for heating water in swimming pools, autonomous water supply, saunas, and
laundries.

Attention should be paid to the ability of heat generators to work completely autonomous-
ly. This means that the intensity mode of its work can be set independently. In addition, all heat
generator projects are very easy to install. There is no need to involve employees of service organ-
izations, all installation operations can be performed independently.

The cavitation heat generator can be made in several versions. Therefore, you need to
choose such a device for heating your home, taking into account a number of parameters:

o It is necessary to select a heat generator based on the area for which heating is
needed. You should also consider what kind of weather is observed in winter. An important
characteristic will be the thermal insulation of the walls. That is, you need to choose a device that
will provide the required amount of heat.

o If you purchase a standard installation (rotary heat generator), then it is necessary
that it be equipped with devices for controlling the generated heat and protection sensors. It is
better to install immediately with an automatic control and management unit.

o If the equipment is purchased separately, it is important to determine the features of
all elements of the system. The pump must be able to handle liquids that are heated to high
temperatures. Otherwise, the system will quickly become unusable and will have to be repaired. In
addition, the pump must provide pressure from 4 atmospheres.

Results

As a result of the work done, it can be concluded that the use of cold nuclear fusion
(cavitation) during the operation of a cavitation heat generator is cost—effective, environmentally
normalized, safe and convenient for heating buildings and various structures. Also, this installation
during the study showed that the use of cavitation significantly exceeds the characteristics of
standard heating methods. Depending on the building or structure, you can choose the types of
cavitation heat generators:

. Rotary;

. Tubular;

. Ultrasonic;

. Statistical;

. Potapov's heat generator.

To introduce cavitation for heating and heating running water of a building and / or struc-
ture, it is necessary to build on the thermal insulation, the area of \u200b\u200bthe room and the
region in which the object is located. If you choose the right installation of a cavitation heat gener-
ator, then heating and water heating will not bring a lot of costs and inconvenience, increasing the
efficiency over 90%.

Conclusion

In the course of the studies on the operation of cavitation heat generators, as well as the
analysis of cold nuclear fusion, it can be concluded that the use of cavitation for heating buildings
and structures is a profitable and comfortable solution. This is due to the following benefits:

o The design of the stator device does not require fundamentally precise balancing
and fitting of parts;

o Mechanical preparatory operation does not require precise grinding;

o Due to the absence of moving parts, sealing materials wear out much less;

o Equipment operation is longer, up to 5 years;

o In the conditions of the nozzle becoming unusable, its replacement will require less
costs than in the rotary version of the heat generator, which needs to be recreated

o It can provide a large temperature difference at the hot and cold ends, operate at low
pressure.
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Efficiency not less than 90%.

Never overheats.

Fire and explosion proof. Can be used in explosive environments.
Provides fast and efficient heating of the entire system.

Can be used for both heating and cooling.
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AnHomauyus

B enobanuzayuonnom npocmpancmee mypusm npeocmasisaem npoyecc, 1ubo dce sigieHue, Komo-
poe okasvleaem 6030elicmeue Ha YpPO8eHb O1a20COCMOANHUA PA3TUYHBIX KOHMUH2EHMO8, 20CY0apCcme U
Hapooos. Ha coepemennom smane coyuanbHo-35KOHOMUYECKO20 pa3gumus Heobxoouma mpaucgopmayus,
cpopmuposasuiutica mooenu Kiacmepos 8 mypucmuyeckol ompaciu 2100anbHsle meHoeHyuu U mpeHobl
OUKMYIOM nepexo0 K HOBbLM Peanusim pa3sumus, KOmopbvle npeonoiazaiom nepexo0 om UHHOBAYUOHHBIX
cucmem K yughposvim cucmemam. B oannom xonmexcme, HeoOX00uMO pazpabomka u HedpeHue KOHyen-
MYanbHO HOBLIX MOOeNel YNPasieHus mypucmuieckumu CUCMeMami Kak Ha ghedepanrbHom YypoeHe, mak u
HA IOKATIbHOM.

Mooicno cOename 3axnouenue, Ymo Kio4esou Yeabld CMUMYIUPOSAHUs MYpUsMa ¢ Yugposuimu
MEXHON02UAMU ABNAEMC NOOWPeHUe YUPposoll u huzuueckoll KOHeepeenyul U 00Cmudicenue yenell uH-
MeNNeKmyanibHo20 Mypusma no cpeocmeam co30anus Yudposvix niamaeopm.

KiioueBble ci1oBa: TypusM, TYpUCTHYECKasl OTpacib, TYPUCTHYECKUE KIIACTEPHI, TYPHUCTHUECKHE
cucreMbl, nudposas Tpanchopmanus, NUPPOBbIE TEXHOIOTHH, LUPpOBas TypUcTHYecKas rardopma,
dpoBast KOHBEPTEHIIHS.

Abstract

In the globalizing space, tourism is a process or phenomenon that affects the level of well-being of
various contingents, states and peoples. At the present stage of socio-economic development, the transfor-
mation of the formed cluster model in the tourism industry is necessary. Global trends and trends dictate
the transition to new development realities that involve the transition from innovative systems to digital
systems. In this context, it is necessary to develop and implement conceptually new models of management
of tourist systems both at the federal level and at the local level. The key goal of stimulating tourism with
digital technologies is to promote digital and physical convergence and achieve the goals of intellectual
tourism through the creation of digital platforms.

Key words: tourism, tourism industry, tourism clusters, tourism systems, digital transformation,
digital technologies, digital tourism platform, digital convergence.

COBpCMeHHHe TCHACHIUN 3KOHOMHUYCCKOro pasBUTHA, KaK B MUPOBOM MacmTa6e, TaKk "
OTACJIBHO B34ATOI'O TOCYyAAapCTBa WM PETUOHA ONPCACIAIOT TYpHU3M, KaK OAHY U3 ICPCIICKTUBHBIX

orpacneil. HanmpaBneHue 1 HHTEHCHUBHOCTh Pa3BUTHS TYPUCTCKOM OTPACiv 3aBUCAT OT TOTO, Kak
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roCyJapCTBEHHBIM M YaCTHBIM CEKTOP KOOMEPUPYIOTCS ISl TOCTUKEHUS LEJEBbIX MOKa3aTeneit
COLIMAJIBHO-?KOHOMHUYECKOTIO PA3BUTHSI, KACAIOIIMXCS IOBBIIIEHUS YPOBHS >KM3HU HAaCEJICHMS,
HapaIIMBaHUs KOHKYPEHTOCIIOCOOHBIX MPEUMYIIECTB U (POPMUPOBAHUE NOCTYITHOW MHPPACTPYK-
TYpBbI, a TaKKe 3aIUThl, COXPAHEHUS U MPUYMHOKECHHS PECYPCHOM 06a3bl, KyIbTYPHBIX IIEHHOCTEH
Y TIPUPOJHO-PEKPEALIMOHHOTO MTOTEHITHAA.

OCHOBHBIMU TEHJCHLUAMHU B 00JIACTH TypH3Ma B COBPEMEHHBIX paMKax I100aJIbHBIX IO-
TPSICCHUI B CBSI3U C TIAHJIEMHUEH SBIISTFOTCS BO3MOKHOCTH MOJU(MDUKAIIMHA TYPUCTHUECKON OTpacin
no cpexncrsaM 1udppoBoil Tpanchopmanuu. Kak crienctsue, BBIIIEH3IOKEHHOTO OOIBIIMHCTBO
CTpaH MPEANPUHUMAIOT Pa3JIMUHbIC 3aKOHOAATENbHBIE U CTPATETMYECKHEe WHULIMATUBBI B 00JIaCTH
oM(POBKH KITFOUEBBIX HAMPABICHUI TypHU3Ma, YTO MpPEIoiaraeT mpolecc Koutabopanuu rocy-
JApCTBEHHOTO M YaCTHOTO CEKTOpa, Hay4HO-00pa30BaTeNbHOr0 IUIacTa U TEXHOJIOTMYECKOM cpe-
JTBI.

Llenp uccnenoBanusi: NPOBECTH aHAIN3 COBPEMEHHBIX HAIIPaBJICHUN KlacTepU3aluu Typu-
CTHYECKOHN OTpaciiv B YCIOBHSIX TUPPOBHU3AIIHH.

[To Mepe Toro, Kak Typu3M IPOAOKAET PacTH, Bce Oolbliiee 3HAaUeHHE MPUOOPETAIOT Me-
PBI 110 TTOOIIPEHUI0 PETHOHATILHOTO Pa3BUTHS M PAcCPEIOTOUYCHHUIO MOCETUTENICH B MEHEE pa3BH-
Thle paliOHBI, MPU3BAHHBIE CHU3UTh HArpy3Ky Ha Haubosee mocelniaeMble HampaBlieHUs U Oosee
HIIUPOKO PACIPOCTPAHUTH SKOHOMHUYECKUE BBHITOABI OT Typusma. CTUMyIupoBaHUE pa3pabOTKH
MPOJYKTA - BaykHAsl (PYHKIUS JUIsl IPABUTENIbCTBA, MIOCKOJIbKY OHO MO3BOJSIET 00Jiee paBHOMEPHO
MIPUBJIEKATh HOBBIE BU/IbI MIOCETUTENIEH U 1K€ COBEPIIICHHO HOBBIE PHIHKH B TE€UEHHUE TOJIA.

Typuctrueckuii moTeHUKAaA peruoHa Kak JBUKYIIEH CUIIbl YCTOMYMBOrO pa3BUTHUSA, OCHO-
BAHHBIA HA MIUPOKOM YYaCTHHU 3aWHTEPECOBAHHBIX CTOPOH M MPHUHIIUIIAX YCTOMYHUBOTO Pa3BUTHS,
MpHU3HAH B rI00aTbHOM KOHTEKCTE OCHOBHBIM HANpaBICHHEM IOJUTUKHA B 00JaCTH Typu3Ma Ui
YCTOMYHUBOTO ¥ MHKIIFO3UBHOTO pocTa. ['0cyaapCcTBEHHBIC BIACTU JODKHBI UTPATh BAKHYIO POJIb B
o0ecrieueHnr PYKOBOJACTBA M MOJICPKKU, HO TaKke Bce Oojee MIMPOKO MPU3HAETCS, YTO 3TO
JOJHDKHO OCYIIECTBIIATHCS KOMIUIEKCHO, HA OCHOBE Pa3yMHOU MOJIMTUKH, 3(PPEKTUBHOTO yIpaBiie-
HUS U CTPYKTYP, KOTOPbIE BKIIFOUAIOT YACTHBIM CEKTOP U MHOTME areéHTCTBA U OpraHbl, BCE YPOB-
HU, JESTEIHHOCTh KOTOPBIX MOXKET MOBIUATH HA MTOKA3aTEeNIM U BO3JICUCTBUE TYpU3MA.

Psan TeHneHUM, NPOMCTEKAOIIMX B Pa3IUYHBIX CEKTOPAaX SKOHOMUKH, OINPEAENISIOTCS
uudpoBoit TpaHchopMaIel, XapaKTepU3yoIencss aBTOMaTU3allMel MPoLIecCOB, YCUIIEHHUEM B3a-
UMOCBSI3U MEXAY KUOEPHETUYECKUMHU U (PU3MUECKUMHU CUCTEMaMH, a Tak)Ke MOBbIIIeHHEM d(hdek-
TUBHOCTH YIPABJICHUI, 00ECTICUNBAEMOE aHATTUTUKONW OOJIBIIUX MAHHBIX U O0JaYHBIMU BBIYHCIIC-
HusMu. [{udpoBuzanus HampaBieHa Ha MpeoOpa3oBaHUE AETOBOW MPAKTUKU 32 CUET BHEIPEHUS
UU(POBBIX TEXHOJOTUI U OTKPBITHIX MHHOBALUH, SBJISETCS JOMUHHUPYIOIIEH MapaJurMoin, u3me-
HAIOWIEH U TpaHCPOPMUPYIOUIEH TPaTUIIMOHHO-YCTOSIBIINECS CHUCTEMbI B HOBOE MPOCTPAHCTBO
uudpoBoit 3KOHOMHUKHU. Typu3M, Kak OTpaciib MPOU3BOJICTBA U CEKTOP YCIIYT, IIPETEPIICBAET Mac-
mTabHyI0 TpaHchopMalnio B pe3yabTaTe JOCTHKEHUH B 0071aCTH HH(POPMAITMOHHBIX TEXHOJIOTHI
Y TIPOIIECCOB IM(PPOBHU3AIUH.

TexHoMOrnYecKre pelIeHns] OKa3bIBAIOT CYIIECTBEHHOE BIUSHUE HA Pa3BUTHE TYpUCTHYE-
CKOM oTpaciu. B 1aHHOM KOHTEKCTE, MHHOBAIIUM BapbUPYIOTCS OT TEXHOJIOTHI YIpaBJICHHS OW3-
HecoM (HampuMmep, MOOMIIbHBIE TEXHOJIOTUN/00IauHbIe BEIUMCIICHHSI, aBTOMATH3AIUS U TIepeIoBast
pOOOTOTEXHHKA, OJIOKYCHH, aHATMTHKA JTAHHBIX, O0Ja4YHbIe BBIYUCICHUS) O TEXHOJOTHUM, KOTO-
pble TPOU3BOISAT UHHOBALIMOHHBIE TYPUCTHUECKUE MPOAYKTBI, YCIYTU U ONBIT (HAIpUMeEp, BUPTY-
abHAas/TOTIOTHEHHAs pealbHOCTh, IHTepHET Belei), a TaKKe TEeXHOJIOTUH, KOTOpPbIE TTOMOTAlOT,
MMOHUMAIOT ¥ CBSI3BIBAIOTCS C PhIHKAMHU (HAIPUMEpP, aHAIUTHKA TaHHBIX, 00JauHbIe BRIYUCICHUS U
WCKYCCTBEHHBIM UHTEIIJICKT).

TexHonornu, CocoocTByIOIIHE POPMUPOBAHUIO TYPUCTHUECKON IKOCUCTEMBI:

1. MoOubHBIE TEXHOJOTHN/00J1auHble BeauciaeHus. O0naunble TexHoaorun, Wi-Fi n
MOOUITEHBIC TMPOBANIEPHI JETal0T MOOWIBHBIE YCTPOWCTBAa Bce 0OJiee pacnpOCTPAHEHHBIMH H
BOKHBIMU CPEJICTBAMH JIJIsl MyTEIIECTBUM, B TOM YHUCJE IS JOCTyna K WHGOPMAIMH O MyHKTE
HA3HAYEHUS B PEXKHUME PEallbHOTO BPEMEHH, OHIAWH-OpOHUPOBaHMUs, MOOMIBHBIX IaTexkeid. O0-
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JIaYHbIe TEXHOJIOTHH MO3BOJISIOT MaJbIM M CPEIHUM IMPEINPUATUSAM YIPABIATh CBOMM OM3HECOM
13 J1I000r0 MECTa, II€ €CTh BBICOKOCKOPOCTHOM VIHTEpHET.

2. AHanuTHKA NaHHBIX. B 1U(pPOBYyIO 3MOXYy MOTPEOUTENN U KOMIIAHUHU TOCTOSHHO
TeHEepUPYIOT HOBBIE AaHHbIE. CIIOCOOHOCTh MPEANPUATUH HCIONb30BaTh JAHHBIE CTUMYJIUPYET
HOBBIE OW3HEC-MOJAETH M TPOU3BOAMTEIBHOCTh. AHATUTHKA JAHHBIX MOKET IPEICKa3bIBATh
IPENOYTEHUs] KIMEHTOB U OIPENEIATh IMOKYyNaTelbcKoe MoBeaeHue norpedbureneid. OH Takxke
UCIOJIb3YETCSl NIl YIpaBICHUs JOXOAAMHM M JUHAMMUYECKOIro LeHooOpa3oBaHusA. COTpYyAHHUKH
MCII nosmxHbI pa3BUBaTh HABBIKU, YTOOBI OBITh YACThIO 3TOW YIPABISAEMOMN JaHHBIMH 3KOCHCTE-
MBI, ¥ BOIIPOCHI KOH(HUICHIINATLHOCTH, 0OMEH JTaHHBIMU SIBJISIFOTCS KIIFOYEBBIMH 3a00TaMu IIpaBH-
TEJIbCTBA.

3. HckyccTBeHHbIN MHTE/IEKT. VICKyCCTBEHHBI MHTEIIEKT, 4aT-00Thl U TOJIOCOBBIE
TEXHOJIOTUH TIO3BOJISIIOT KJIIMEHTAM BBITIOJHATH MOMCK B MIHTEpHETE, BHINOIHATH HU(POBYIO PEru-
CTpalMIO, MOJIb30BaThCS YCIyraMu LU(POBOro KOHChEPKa, TOJIOCOBBIMU ITOMOIIHUKAMU U YMHBI-
MU KOMHaTaMM. JTa TEXHOJIOTMsI MpeAsaraeT NepCOHAIN3UPOBAHHBIE MHAMBHUAYAIbHBIE YCIYTU
110 3apOCy, KOTOPBIE YIPOILIAIOT IIyTEHIECTBUE.

4. WNurtepuer Bemeit. HTepHeT Beleld MOXKET MOANMUTHIBATH CEKTOP TypU3Ma, 00raTo-
IO JIaHHBIMU, U MOJIEPKUBATh YMHBIN TypH3M, Jeias ropoja oosee 3pdexTruBHbIMU. B3anmoneii-
CTBHUE JAaTYMKOB, JAHHBIX U aBTOMAaTH3alMH IO3BOJISET MOJy4yaTh aHAIUTUYECKUE JAAHHBIE U MH-
¢dopmanMi0 B pealbHOM BPEMEHM JUIsl MAPKETHHra M YIPaBICHUS TYPU3MOM, Ul YIIy4LICHHUs
BIICYATIICHUH TIOCETHTENEH, OBBIIEHHS 3(pPEeKTUBHOCTH PabOTHI H PECYPCOB, a TAKIKE CHIKCHHS
BO3JEHCTBUS Ha OKPYKAIOLLYIO CpENY.

S. JlononmHeHHast peabHOCTh / BUPTYaJIbHAsI peabHOCTh. CHCTEMBI IOTIOJIHEHHOW pe-
aJIbHOCTH MOKa3bIBAIOT BUPTYaJIbHbIE OOBEKTHI B peaibHOM Mupe. Mcnoiab30BaHuE B TYpU3ME MO-
KET BKJIIOYATh 3aMEHY OYMa)KHBIX MAapKETUHTOBBIX U PEKJIAMHBIX MAaTEPUAIOB, TEHMUPHUKAIIIO 1
pacIIMpPEHHBIN ONBIT IOCETUTENIEH B MECTE HA3HAYCHUS, a TAK)XKE IIOMOIHUKOB JUIsl ITyTEIIECTBEH-
HUKOB, KOTOpbIE IIPOBOJIAT M0JIb30BATENICH Yepe3 CI0KHbBIE CUCTEMbI OOLIECTBEHHOI'O TPaHCIOPTa
B PEKMME PEATIbLHOTO BPEMEHHU.

6. bnoxueiin. CMapT-KOHTPAKThl, OCHOBAHHbIE Ha OJIOKUYEHHE, MOTYT UCIOJIb30BaTHCS
10 BCel LenoYKe NOCcTaBoK. B Oynymiem nosBaTcs y100HbIe IPUIOKEHUS, TPEJHA3HAYCHHbIE JUIs
LIMPOKOTO PacHpOCTPaHEHUs! CPeAr TYPUCTHUECKHX KOMIaHWH J1r000ro pasmepa, yToObl MOBHI-
CUTH IIPO3PAYHOCTH IS MTOJIB30BATEIEH.

[To mepe pasButus UUGPOBU3ALMM MOSBISIONIMECS TEXHOJIOTMH OOBEAUHSIOTCS I10-
HOBOMY, 4TOOBI MOJTOJKHYTh LU(PPOBYIO TpaHCPOPMALIMIO K HOBBIM M YacTO HEMpPEICKa3yeMbIM
HampasJIeHUsIM. B Typu3me 3To KOHBEpreHIMs MPOUCXOUT B JIBYX KJIHOYEBBIX 00JacTsIX: 00bequ-
HEHHE U(POBBIX TEXHOJIOTUH U CAUSIHUE HU(PPOBBIX TEXHOJIOTHH C (U3NYECKUM MUPOM (Hampu-
Mep, HOCUMBbIE TEXHOJIOTHUH, JOMOJIHEHHAs! pealbHOCTh, pacliO3HaBaHUE U300pakeHUH U T. 1.).

[{udpoBast KOHBEPreHLUsI — 3TO HOBAasl 3KOCUCTEMA, KOTOPasi COEUHAET B cebe HECKOIIb-
KO IU(POBBIX TEXHOJOTUN O0OBETUHSIOTCS ISl CHHXPOHHOW pa0OThl, HAlpaBJIECHHBIX HAa ONTUMHU-
3alMI0 U ABTOMATH3AIMIO TPAJUIIMOHHBIX MPOIECCOB, U OLM(POBKH CYIIECTBYIOLIEH pealbHOCTH.
Hanpumep, nocie Toro kak TpaHcrnopT 3a0pOHUPOBaH, MYTEIIECTBEHHUKAM MOTYT ObITh OTIpaB-
JIEHBI ABTOMAaTUYECKHE NPEUIOKEHNS, OCHOBAaHHBIE HA MX NPEAbIAYIIEM MTOBEAECHUH, B OTHOIIIE-
HUU TpaHchepa, MPOKUBAHUS U 3aHATHH B MyHKTe Ha3HaueHUs. C MUHUMaJIbHBIM KOJIMYECTBOM
IIETTYKOB MBIIIBIO MOXHO 3a0pOHUPOBATh MAIIMHY, IPOUTH PETUCTPALMIO B OTEIE, 3ape3epBUPO-
BaTh PECTOpPaH M MOJYYHUTh OWUJIETHI. ABTOMAaTH3alUs, UCKYCCTBEHHBIM MHTEIIEKT M aHAJIUTHKA
OOJBIINX JAHHBIX O00JErdaroT B3aMMOJIEHCTBHE CUCTEM OpPOHHPOBAHMS, HO YK€ CYILECTBYIOLIHE
MapTHEPCKHE OTHOIIEHUS MOTYT TaKXe 3aKpENUTh BHIOOp KIIMEHTOB B MOJIb3Y MPEINOUTUTENbHBIX
naptHepoB U 3abnokupoats MCII, mpeararoniue aabTepHaTUBHBIE TPOIYKTHI U yCIyru. AHa-
JUTHKA JTaHHBIX U aITOPUTMBI MOTYT paboTaTh B MOJIb3Y ONPEEIEHHBIX MOCTABUIMKOB, HACTPaH-
BaTh U OOBEIUHATH MPOIYKTHl U BOBJEKaTh KJIMEHTOB /10, BO BpeMs M mocie noe3aku. [lepen
MIPEICTaBUTENSIMA MaJOr0 U CPEAHEro MpeANpUHUMATEIbCTBA CTOUT 3a/1a4a MOHSTh, IPUBIIEYb U
BbIpabOTaTh CTPATEruio, YTOObl OHW MOTIJIM 3asBUTh O CBOEM MPUCYTCTBUHU B ITHX LU(POBBIX ce-
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TSIX, TOCKOJIBKY KJIMEHTHI MOTYT BBIOpATh YA0OCTBO NMPEIIOKEHHS] BMECTO NMPOBEACHHUS COOCTBEH-
HOTO HccienoBaHus. [IuHaMuueckuil cOOp JaHHBIX U aHAIUTUKA YTOYHSAIOT 3HAHMS O IOTpeduTe-
Jie, YIPOIIA0T HACTPOMKY U MOBBIILIAIOT yIOBIETBOPEHHOCTh IIOCETUTEIIEH.

B typusme nndpoBo-dusnueckas KOHBEpreHLUs HAIPaBICHA HA CO3JaHME HOBBIX TypH-
CTHYECKHX MPOIYKTOB U YCIYT IO CPEICTBAM KOJUIA0Opaly BCEX YYaCTHUKOB WHHOBAIIMOHHOTO
nporecca. [Ipumepsl BKIIIOYAIOT JIEKTPOHHBIE BEJIOCUIIE/bI, IEKTPOHHBIE CKYTEPbl U 3JIEKTPOH-
HBIE aBTOMOOMIIM, K KOTOPBIM MOKHO MOJYYHTh AOCTYH B JFOOOM MeCTe U B JII000€ BpeMs C IOo-
MOIIbI0 MOOMJIBHOTO MPHIJIOKEHUS, YTO CHUXKAET NMOTPEOHOCTh B MPUCYTCTBUU (GPOHT-OhHUCA U
NepcoHaa, KOTOpble MOTEHIIMAILHO MOTYT OBITh 3aMEHEHBI CPEACTBAMHU TEXHUYECKON MOIIEPIK-
KM U TEXHUYeCKoro oodcmyxkuBanus. [Ipu macmrabupoBaHuu 1o ropojam, peruoHaMm WM CTpaHe
BO3MOYKHO Pa3BUTHE UHTEJJIEKTYAIBHOTO TypU3Ma.

Llenbl0 MHTEIIEKTYaTbHOTO TypU3Ma SIBJSIETCS pa3BUTHE MH(OPMAIIMOHHONH M KOMMYHH-
KallMOHHOM MH(pacTpyKTypbl U BO3MOXKHOCTEH Ui COAEHCTBHSI MHHOBALMSAM, YJIy4IIEHUS BIIe-
YaTJICHUN TOCETHTENeH, a Takke 0ojee F3(P(PEKTUBHOTO YIPABICHUS U COBMECTHOTO YIPABICHUS
Typu3MoM. TeXHOJIOTHH, CIIOCOOCTBYIOIINE KOHBEPIEeHIIMH, OBbIIIM OIpe/iesIeHbl KaK OCHOBHOW HC-
TOYHHUK CO3JJaHUS LICHHOCTH, NHHOBALMI U IPOU3BOJUTEIILHOCTH JUIsl OyIyIIEro TypUu3Ma.

Korna undpoBbie TEXHOIOTUU HCIIONIB3YIOTCS B paMKaX WHHOBALMOHHBIX KJIaCTEpOB, IU-
HaMUKa KOHKYPEHIIMM, WHHOBAlMil M MHBECTHLIMH MOXET pe3Ko H3MEHUTbCs. KoHBepreHuus
IU(POBBIX TEXHOJIOTMH U (PU3HUECKON cpelibl cO3JaeT TUHAMUYHYIO S9KOCUCTEMY, HallpaBJIEHHYIO
Ha MaclITaOMpPOBAaHME TYPUCTCKMX BO3MOXKHOCTEM IO CpEICTBaM KoJulabopaluu rocyaapcTBa,
YaCTHOI'O CEKTOPA U HAYYHOT'0 cOO0IIECTBa U MH(POPMAITMOHHO-KOMMYHHUKAIIMOHHON Cpe/Ibl.

[udpoBuzamms pacmmpuia 9UciIO 3aMHTEPECOBAHHBIX CTOPOH M Pa3HOOOpa3HBIX IIEHHO-
CTeH, KOTOpbIE MOTYT OBITh COBMECTHO CO3/aHbI B cepe Typu3Ma B II00abHBIX CETAX ¢ HUdpo-
BBIM KOMIUIEKTYIOIIUMH. O0BEM U THOKOCTh 3TUX OM3HEC-IKOCUCTEM MOTYT, HaIlpUMEp, TOMOYb B
pa3paboTKe MPOIYKTOB U YCIYT, MOBBIIIEHUN 3()()EKTUBHOCTH, PACUIMPEHUH JOCTYNAa M OXBaTa
pbIHKa. BakHOE 3HaUEHHE UMEIOT CTPATETHH, MOIICPKUBAIOIIIE pa3BUTHE IIU(PPOBHIX MIaTdopm,
U CUCTEMBI PeryJIMpOBaHUs, YUUTHIBAIOIINE HOBbIE OM3HEC-MOJIENIN U CTPYKTYPBHI.

[Mudposble MIaTGOpMBbl SABISIOTCS «TOYKAMU» POCTa, MHHOBALIMA M KOHKYPEHTHBIX Ipe-
umymiecTB peruona. Ha ceronusmnuii geHs nudposas TpaHchopMmaiys, HabmogaeMas B TypHU3-
Me, ObUTa 00yCJIOBIIEHA INIaBHBIM 00pa3oM HOBBIMU M MHHOBAIIMOHHBIMHM CHCTEMaMH, MUCIOJIb3Y-
IOUIMMH aHAJIMTUKY JAAHHBIX (T. €. IU(POBBIMU abOpUTreHaMH, MPEBPALIAIONIUMH JaHHbIE B UH-
TEJUIEKT), WIN aJlanTalnueil U SBOMIOIUEN CyIEeCTBYIOIIMX OM3HEC-MOJENIeN U IeNOYeK CO3/1aHus
CTOUMOCTH.

JlesiTenbHOCTh TOCYJapCTBEHHBIX MHCTUTYTOB MIPU3BaHbI JOJKHA OBITH HAIIpaBJIeHa HA CO-
3/1aHKe YCIOBUU At UPPOBOM TpaHCPOPMALIMU KIACTEpOB B dKocHcTeMe Typusma. Heobxonu-
MbI KOMIUJIEKCHBIE U MOCJIEI0BATENbHbIE MMOAXO0/bI ISl UCIOJIb30BAHUSI BOZMOXKHOCTEH IU(pPOBHU-
3allUy, a TAKXKE IS peIeHUs

[Tonmutrka B 0o6nactu 1udpoBoit TpaHchOpMaIIMU BKIIOYAET COYETAHNE KPATKOCPOUYHBIX U
J0JTOCPOYHBIX WHUIMATUB, CO3JAIOIIUX YCIOBHS JUIS YBEJIMYEHUS PACHpPOCTPaHEHUs LUPPOBBIX
TEXHOJIOTUI; CTUMYJIMPOBAHUE yYacCTHs MPEACTaBUTEICH Majoro U CpeaHero npearnpuHuMaTeb-
CTBa 3a CUET CHM)KEHUS 0aphepoB M paCUIMPEHHs] BO3SMOXKHOCTEH JUIs IIM(PpOBU3ALINHI, YTO TIOBIIE-
YeT HOBBIE CIIOCOOBI B3aUMOECHCTBHS MEXAY yJYaCTHHUKAMU KjacTepa, HOBbIE MOAXO/IbI K YIpaB-
JeHUI0 U chopMUpyeT UPPOBYIO KyIbTypy. B pe3ynprare ucciegoBaHusi aBTOPOM OBLIH Ompe-
JIeJIEHBI CIeAYIOUIe TpaeKTopun (opMUpOBaHUS LU(PPOBOI IKOCUCTEMBI BHYTPH PETHOHA!

CH0XHOCTh MOJIMTUYECKON Cpebl B COUETAaHUM C YHUKAIbHBIMU XapaKTEPUCTHKAMHU Ma-
JIBIX U CPEHUX MPENNpUITUN B 00JaCTU TyprU3Ma MOXKET OTPULIATENIbHO CKa3aThCsa Ha BHEAPEHUH
U(POBBIX TEXHOJIOTUH, BOCIIPUITUN PUCKA U JOBEpUHU. ['0CyIapCTBEHHBIE CTPYKTYPBl M OPTaHBbI
MECTHOTO CaMOYIIPaBJIEHUS MOTYT B35Th Ha ce0sl BEAYIIYIO POJIb B CO3/IaHUU YCIOBHH sl Gop-
MHUpPOBaHMsI TYPUCTHUECKUX KJIACTEPOB, OCHOBAHHBIX Ha IU(POBBIX TEXHOJOTHsIX. B kauecTse
roCyJIapCTBEHHBIX MEp CJIETYET 000COOUTh:
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- NOAJEPKKA PAKTUUECKUX MHHOBALMM M pa3BUTHUS MOTEHIMAIA C TIOMOIIbIO UHKY-
6aTOpOB TYPHUCTUYECKUX TEXHOJIOTUH, aKCeIepaTopoB, BOZMOKHOCTEH HACTABHUYECTBA U APYTUX
HETEeXHUUYECKUX MHULUATUB (HAaIpUMep, TYPUCTHUUYECKUX CETeil) /I MOOIPEHUsl paclpocTpaHe-
HUS, aKTUBU3AIIUHN SKOCHCTEM TYPUCTHUECKOTO OM3HECa M MPOBMXKEHUS IU(POBOTO MBIIUICHUS.

- co3/laHue OJaronpusATHON cpelbl IyTeM MOAECPHU3ALMU HOPMATUBHON U MPaBOBOM
0a3bl 17151 COEHUCTBHSI CIIPABEVIMBOM KOHKYPEHIIMU U pa3pabOTKU MHHOBALMH.

CrumynupoBaHue BHEIPEHHUE HOBBIX HU(PPOBBIX TEXHOJOTUH M MHBECTHIMH B HUX TypH-
CTHYECKMMM KoMnaHusaMU. [lonuTudeckas cpeaa, KOTopas HOJAEPKUBACT U JIEaeT BO3MOKHBIM
upoByIO0 TpaHC(HOPMALIUIO TYPUCTUYECKHX WHCTUTYTOB M HANpaBJICHA HA IMOBBIIMICHUE MPOM3-
BOJIUTEJILHOCTU Y MHHOBAIM, MOKET BKJIOYATh CIECAYIOIINE MEPHI:

— K 4eJOBEYECKHM pecypcam, HaBbIKaM M MH(POPMAIUH, YTOObI MOBBICHTH OCBEIOM-
JICHHOCTb O BO3MOXKHOCTSX M MPEUMYILIECTBaX, OOJIETYUTh BHEAPEHNE U(PPOBBIX TEXHOJOTUH U
YKpPENUTh MOTEHLUAI JJI Y4acTUsl B HOBBIX M BO3HUKAIOIIMX LU(POBBIX 3KOCHUCTEMAX.

— co3zaTh 0a3bl JAHHBIX IO KIIOYEBBIM ACHEKTaM U IMOCIEACTBHUAM IH(PPOBU3AIHNU
U1 TYPUCTUYECKUX HPEINPUITUH, LIEJIEBble U ACTaIU3UPOBAHHBIE MOJIXObl K PETYIUPOBAHUIO,
(UHAHCHPOBAHUIO, HHBECTULIUSAM U CTUMYJIaM JOJDKHBI OCHOBBIBATHCS HA JIy4IleM HNOHUMaHWU
Pa3NUYHBIX MOTPEOHOCTEH MECTHBIX HU(PPOBBIX KOMIIAHUN W TPAAMLIMOHHBIX TYPHCTHYECKHUX
KOMIIaHUH C HU3KUM YPOBHEM PaclpOCTPaHEHUs HU(PPOBBIX TEXHOIOTHH.

— o0OecrieunBaTh JOCTYNHOCTH LU(PPOBBIX TEXHOJOTUH, MHCTPYMEHTOB M pPELICHUI
JUTS. MAJIBIX U CPEHUX MPEANPUATHIA B cepe Typu3Ma, BKIIOYas IepBOHAYATIbHBIC HHBECTUIIUH U
TEKYILUE PacXOJIbl.

®opMUpOBaHUE 3KOCHUCTEMBI IPOUCXOAMT 3a CUET KOHBEPIeHIIMM, B3aUMOJEWUCTBUA U
BHEIPEHMsI aHAINTUKYU JAHHBIX U APYrUX TexHoJorui. Lludpossie miaTgopmsl - 3TO pblyar JUis
ONITUMU3AINH TPEUMYIIecTB nU(poBoil Tpanchopmanmu. Mepsl, KOTOPBIE TOMOTal0T OOHOBIISTH
OM3HEC-MOJEIN U METO/Ibl YIPABICHUS, a TaKXkKe MpeoOpa3oBbIBATh TPAJUIIMOHHBIE METO/bI pabo-
TBI, OyIyT JIOMOJHATH APYIHe MOJUTHYECKUE MHUIUATHBBI. KITFOUeBOW 1ENbI0 CTUMYIUPOBAHHS
Typu3Ma ¢ HU(POBBIMU TEXHOJIOTUSAMU SIBJISETCS MoolLpeHue nudpoBoil u Gpu3nueckoil KOHBEp-
TeHIMU U JOCTHKEHUE 1IeJIell MHTEINIEKTyalIbHOro Typu3Ma. KoHKpeTHbIe AecTBUSI MOTYT BKJIIO-
YaThb:

- paclIupeHre AOCTYyNMa K BBICOKOCKOPOCTHOM HIMPOKOIOJOCHON CBSI3M W JIPYroi
unppoBoi HHPPACTPYKTYpeE Ui TYPUCTUUECKUX NPEIIPUITUNA U OCETUTENEH B rOpOIax, peruo-
HaxX U CEJIbCKUX pallOHaX, YTOOBI MOJIyYUTh BHITOAY OT NMPOU3BOJACTBA M JIOCTaBKH OeCTpernsT-
CTBEHHOT'O TYPUCTHUECKOI'O OIbITA, YIPABIEHUS TYPU3MOM, OOMEHAa JAHHBIMHU U aHAJTUTHUKH.

- roCy1apCTBEHHO-YACTHOE MapTHEPCTBO U COTPYAHUYECTBO MEXKAY MPEACTaBUTEI -
MH MaJIOTO U CPEIHEro MpeANpUHUMATENbCTBA U HU(POBBIMU MPEINPUATHIMHA U 00pa30BaTeNb-
HBIMH YUPEXJICHUSIMH I paclIupeHrs 0OMEeHa 3HaHUSAMU, THHOBALIUK U paclpOCTPAHEHUS.

- 00BbEeTMHEHNE YYaCTHUKOB C Pa3HOOOpa3HBIM M B3aUMOJIOIOJHSIOIIUM ONBITOM B
cdepe TeXHOJIOTUl, Typru3Ma U IpYruX CEKTOPOB, YTOOBI CO3/1aTh JUHAMHUYHYIO IU(PPOBYIO IKOCH-
CTEMY KJIacTepa, B KOTOPOM CMOTYT IIPOLBETAaTh KaK HaYMHAIOLINE, TaK U CYLIECTBYIOIIUE TYpH-
CTHYECKHE KOMIIaHUH.

Kak cnencTBue BBIIIEU3NIOKEHHOTO, B XOJ€ MCCIEIOBAHUS aBTOPOM Oblia MpeaokeHa
MOJI€JIb PETHOHATIBHOTO TYPHUCTCKOM IU(POBON IIaTGopMbl, B KOTOPYIO BHEAPEHBI LU(PPOBBIE
TEXHOJIOTUH. B 0CHOBY mi1aT(opMbl 3a105keHa KOHLENIHS HU(PPOBO-(HHU3NIECKON KOHBEPTEHIIHH.
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Annomauusn

Ficaria verna — mmnozonemmnee mpassnucmoe uneasugnoe pacmenue, wWupoxko pacnpocmpanénnoe 6 Poc-
cuu. B kawecmee 0CHOBHbIX 2pynn OUOIOSUYECKU AKMUGHBIX COCOUHCHUL €20 HA03EMHOU YaACmU ONUCAHbI eHOIbHbIE
(prasonoudsl, genonoxuciomel), mepnenosvle (MpumepneHogvle, KapomuHouowl, Gumocmeponvl, manamel) co-
eOUHEeHUSL.

Pacmenue ucnonb308anoce 6 HApoOOHOU MeQUYUHE HEKOMOPLIX e6PONEUCKUX CIMPAH NPU NeYeHUU KAaulis,
YuUHeU, 2eMOpPosi, A MAKICe KAK 2enamonpomeKkmopHoe cpedcmeo. B kauecmee mokcuuecrkozo éewecmaa, cooepoica-
We20cs 8 pacmeHul, ONUCAH NPOMOAHEMOHUN — HeCIMAOUIbHBILL NIeNYYULl TAKMOH, 1e2KO Npeodpa3ylouuilcst 6 HemokK-
CUUHOEe COeOUHeHUe AHEMOHUH.

Hccnedosanue paznuunvix uzeneuenuti uz Ficaria verna no3eonuno ycmanoeums ux aHmuOKCUOAHMHYIO,
NPOMUBOBOCHATUMENbHYIO U AHMUMUKPOOHYIO AKMUBHOCMb, YN0 NPeOCmasisiem HeCOMHeHHbII unmepec 0 0dlb-
Helluezo 6osee 21yYO0K020 U3VUEHUSL.

B 0630pe npedcmasnenvl nayunvie oanHvie, NOLYUEHHbIE U3 OOCMYNHBIX OMKPLIMbIX UCHIOYHUKOG IUmep a-
Mypbl, cooepaicauue UHGopmayuro 0 GUOIOLUYECKU AKMUBHBIX BEUjeCMEAX WUPOKO PACHPOCMPAHEHHO20 PACMENUs —
yucmsaka gecenneco. Kpome mozco, npugedenvl ceedenus 006 uCnoab308anUU OAGHHO20 8UOA U U3BTEeHeHUll HA €20 OCHOBe
6 HapOOHOU U HAYYHOU MeOUuyuHre, YCMAaHOB8NeHHOU DUOIOSUHEeCKOU U PaAPMAKONI0SUYECKOl AKMUBHOCMU U MOKCUYHO-
cmu.

KuaroueBble ciioBa: 4iCTSIK BeceHHUA, Ficaria verna, Onoaorn4ecku akTHBHbIE BELIECTBA, TOKCHYHOCTh

Abstract

Ficaria verna is a perennial herbaceous invasive plant widely distributed in Russia. Phenolic (flavonoids,
phenolic acids), terpene (triterpene, carotenoids, phytosterols, phthalates) compounds are described as the main
groups of biologically active compounds of its aerial part.

The plant was used in folk medicine in some European countries in the treatment of cough, scurvy, hemor-
rhoids, and also as a hepatoprotective agent. As a toxic substance contained in the plant, protoanemonin is described
- an unstable volatile lactone, which is easily converted into a non-toxic compound anemonin.

The study of various extracts from Ficaria verna made it possible to establish their antioxidant, anti-
inflammatory and antimicrobial activity, which is of undoubted interest for further in-depth study.

The review presents scientific data obtained from available open sources of literature containing information
on biologically active substances of a widespread spring chistyak plant. In addition, information is provided on the
use of this species and extracts based on it in folk and scientific medicine, established biological and pharmacological
activity and toxicity.

Keywords: spring chistyak, Ficaria verna, biologically active substances, toxicity
Brenenne
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Yucrsak Becennwmii (Ficaria verna Huds., cunonumsr Ficaria ranunculoides Roth, nom il-
leg., Ranunculus ficaria L.) [1, 2] npeacraBaser co00ii MHOTOJIETHEE TPABIHHCTOE PACTCHHE BBI-
coroit 8-30 cm.

OTOT BUJ 4YMCTSAKA BCTpedaeTcs B BocTouHoM EBpore, Ha BpuTtaHnckux ocTpoBax, 0ro-
3anage Hoperuu, Ha rore EBpornibl BIJIOTh 10 CaMbIX 3anaJHbIX pailoHoB CpeauzeMHOMOpbs. Yun-
CTSIK BECEHHUH IIUPOKO paclpocTpaHeH B eBpomneiickoil yactu Poccun, [IpeakaBkasbe, OTAETbHBIC
MECTOHAXOXKICHHUSI U3BeCTHBI B 3anaanoil Cubupu. B cpeaneit Poccun oObueH Ha Bcel TeppUTO-
puu [1, 2].

XuMHYECKHI COCTAB

Drasonouodwvl u henonoKucI0nbl

J. Gudej u coaBT. [3] B METAaHOJILHOM M3BJICYCHUHU U3 BBHICYIIICHHBIX IIBETKOB YHCTSIKA 00-
HapYXCHBI CIEeIYIOMHe (IABOHOHIBI M MX TIMKO3HUIbL: KeMmdepon (42), xemndepon 3-O-B-D-
rimoko3un (29), kBepuerun-3-O-B-rmokonupanosu (30), 3-O-[o-L-pamuonupanosui-(1—6)-p-
D-rirokonupanosui]-7-O-(B-D-rimrokonupanosui] keeprietud (36), a taxxke BaHuwiuHOBas (43),
dbepynosas (44), cunanosas (45), n-kymaposas (46), kodeitnas (47), n-ruapokcuden3oiinast (48),
nporokarexoBas (49) u n-runpokcudenmtykcycHas Kuciotsl (50).

M. Tomczyk u coaBt. [4] npu (pakKIHOHMPOBAHUU Ha MOJMAMHUIHON KOJIOHKE J3THIIAIlE-
TATHOTO M3BJICYCHUS W3 IIBETKOB YHUCTSIKA ObUIM OOHApYKEeHbI HUKOTHU(IOpHUH (32), BUTEKCHH
(33), opuentun (34) u dnaBocaruBazuj (35), a B M0J0OHOM H3BJICYCHHH M3 JHCTHEB — TOJIBKO
¢dnaBocatuBazun (35). JlanmpHelinee wcciaeIoBaHUE METAaHOJIBLHOTO W3BJICYCHUS W3 IBETKOB [5]
BBISIBUJIO TPUCYTCTBHE B HEM JBYX IHKo3uaoB: 3-O-[a-L-pamHonupanosun-(1—6)-B-D-
riokormpano3mi|-7-0O-(B-D-rmrokonupano3un]| keepuerun (36) u 3-O-[a-L-pamHOMMpaHo3mMII-
(1—6)-B-D-rnroxonupanosuin - 7-O-(B-D-rmrokonupano3uin] kemmndeposn (37). Kpome Toro, ObLu
KOJIMYECTBEHHO onpezeneHbl C-TITUKO3UAbl M ariuKOHBI (PIaBOHOMIOB (TIOCIIE KHCIOTHOTO THI-
ponuza B 10% pacTBOpe XJIOPHUCTOBOJAOPOJHON KUCIOTHI) B IUCThSAX U LBETKAX YUCTSIKA BECCHHE-
rO B pasHbie a3kl €ro pocta u pa3BuTHs [6] (cM. Tabmuiy 1).

Tabauua 1 - Pe3ybTaThbl KOJIMYECTBEHHOT0 OnpeaesieHus (PIIaBOHOMI0B B JIUCThAX H
IBETKAX YMCTSAKA BeCceHHero [6]

D1aBOHOMIBI, MI/T BBICYIIEHHOT'O ChIPbsI
Obpaser/nata W3oopuentun | Opuentun | Burekcun | M3oButekcun | Keepruetun | Kemndepon C}(]gv[ a
1(12.04.1999) o/xc* 0,03 c/k 0,21 4,27 1,45 5,96
2 (19.04.1999) c/K 0,02 c/k 0,09 3,40 2,20 571
3(30.04.1999) c/K 0,40 0,83 0,49 1,82 3,20 6,74
4 (01.04.1999) 0,05 0,08 0,85 0,49 0,82 1,10 3,39
5(16.04.1999) 0,03 0,08 0,83 0,47 0,16 0,10 1,67
6 (19.04.1999) 0,18 0,19 1,41 0,76 1,20 0,19 3,93
7(06.05.1999) 0,14 0,27 2,05 1,29 0,96 c/k 471

Ipumeuanue. * - c¢/x — cnedoguvle Koruvecmed
1 — ysemounvle Oymonwl, 2 — ysemxu (noiHom ysemenue), 3 — ygemku (KoHey ygemerus), 4 — aucmos (00pa-
306anue u pocm nobezos), 5 — aucmos (6ymonusayus), 6 — mcmos (Ysemenue), 7 — mucmovsi (Kouney yeemenus)

N3 nmanubix Tabmunbel 1 crmemgyer, 4uto cormacHo pesyiabratram BDOXXKX umccnemoBanus, B
[[BETKAX YUCTSIKA BECEHHETO CyMMapHOE CoJiepKaHue (JIaBOHOMIOB 3HAYUTEIHHO OOJIbILE, YEM B
JUCTBAX 32 CYET BBICOKOTO COJIEPIKAHUS TPOM3BOTHBIX KBEpIETHHA U KeMipeposa. B mucThix B
OosblIeM KonuyecTBe 0OHapy)uBaroTcs C-TITMKO3UAbI (M300PHEHTHH, BUTEKCHH, H30BUTEKCHH).

N. G. Hadaruga ObL1H mosydeHbl CiUpTOBbIe U3BieueHus (96% stanon) B anmapare Cokc-
JIeTa U3 JUCThEB U LIBETKOB YHCTSIKA BECEHHETO U MPOBEICHO ONpeeNICHHE CyMMBbI ()JIaBOHOUIOB.
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Ceipre cobupanocs B Pymbinnu (001acte banat) B anpene B nepuoa uereHus pactenuid. Coxaep-
)aHue (HIaBOHOUIOB B TIEpecueTe Ha KBEpIeTHH B 1BeTKax coctaBiisuio 202,0 mr/100 r ceipbs, a B
mucthsax 223,3 mr/100 t ceipbs (cBexee chipbe) [7].

V. Karpuik u coaBr. [8] mpoBOaMIN HCCIACIOBAHME CyMMBbI (DEHOJIBHBIX COCAMHEHHH M
CyMMBI ()JIaBOHOUJIOB B CHUPTOBBIX H3BJICUCHHAX W3 HAJ3EMHOM YacTH pacTEHUs, JHUCTHEB U
BeTkoB. COOp MpoBOAWIN BeCcHOH B 3amagHoi YkpauHe B 2020 romy. [y skcTparupoBaHust Mc-
nosib3oBanu 20%, 40%;70% u 90% BoaHO-CIMPTOBBIE pacTBOPbL. MakcuMabHbIE 3HAYEHUS U3-
MepsieMbIX MToKa3aTenel ObUIN MOIy4eHbl IPpU UCcnonb30BaHuu 70% BOJHO-CIIUPTOBOIO pacTBOpa:
B Ha/ReMHON wactu — 20,35 Mr B mepecuére Ha TaJUIOBYIO KHUCIOTY/T U 18,37 Mr B mepecuére
KBEpLETUH/T, B TUCThsIX — 11,58 mMr B mepecuére Ha rayuioByro KUcioTy/T u 10,37 mr B epecuére
KBEPIIETHH /T, B IBeTKax — 8,51 Mr B mepecuére Ha TaJUIOBYIO KHCIOTY/T U 6,32 Mr B mepecuére
KBEPILIETHH /T.

J. Malik u coagr. [9] omenuBamu cymMmmy (GEHOJIBHBIX cOeqHHEHH B ciupToBoM (80%) 13-
BJICUCHUH W3 KOPHEH YMCTSIKA C UCmoib3oBaHueM peaktuBa Donmna-Yokantey. Cymma QeHonb-
HbIX coequHeHmi coctaBmia 0,039 £ 0,017 B mepecuére Ha raJyIOBYIO KUCIOTY/T.

G. Luta ¢ xomneramu [10] mpoBoaniM mccineqoBaHUE CyMMBbI (DEHOJIBHBIX COSIMHEHUN U
(1aBOHOUIOB B JIUCTHAX YHCTSAKA BeceHHEro. [1o ux mqaHHbpIM cymma (EeHOJIBHBIX COeIMHEHUH CO-
crapisina 275,74 + 21,39 mr B nepecuére Ha rayioByro KUcioty/100 T CBEXKeEro ChIpbsl.

TakuMm o0pa3zoM, GraBoHOUBI U (PEHOTOKUCIOTHI MPUCYTCTBYIOT BO BCEX YACTAX YHCTAKA
BECEHHET0, HO B 3HAYUTEJILHO OOJIbILIEM KOJIMYECTBE B HAJ3EMHOM YacTU pacTEHHs, KOTOpas Xa-
pakTepu3yercs HaumOOJBIIMM COACpKaHHEM (PEHOJIbHBIX coequHeHHi. L[BeTkM HakariMBaroT
¢maBoHOMAOB Oonble, 4eM JHCThS. PacTeHne WHTEPEeCHO 3HAYUTENbHBIM cojepxanuem C-
TJIMKO3HUI0B (hJIaBOHOUOB, TAKUX KaK BUTEKCUH, OPUEHTHH, (h1aBOCAaTUBA3H/I, U30PUEHTUH U U30-
BUTEKCHH.

Ackopounosas kucioma

G. Luta u coaBT. TakKe MPOBOJMIM KOJMYECTBEHHOE OIPEICIIEHUEe aCKOPOMHOBOW KHCIIO-
ThI B JINCTBAX PACTEHUS KOJOPUMETPUUECKUM METOJIOM, UCIIONB3YS 2,6-AuXI0pheHONTuHA0(DEHOI.
Conepxanne sutamuna C coctanisuio 93,84 + 2,66 mr/100 t cBexxero coipbs [10].

Ilenmayuxknuueckue mpumepneHouobl U ux 2A1UK0O3UObl

b.A. ®urypkunsiM U coaBT. [11] npoBoauIoCh M3ydyeHUE MEHTAUUKINYECKUX TPHUTEpIIe-
HOMJIOB B HAJ[3€MHOM YacTH U KIIyOHSX MEpe3MMOBABIINX U MOJIOJIBIX pacTeHUN yucTaka. B mepu-
o]l 1iBeTeHUsI (MIOHb) OBUIM 3arOTOBJICHBI HAJA3E€MHBIE YACTH M KIYOHHW MEpPE3MMOBABIINX pacTe-
HUH, a Takke MOoJojble KIIyOHH, 0Opa3oBaBIIMECS MOCIE YChIXaHUS HaJ3€MHOM 4YacTH (MIOJIb).
CyMMa rimko3uioB B a3y IIBeTeHUsl cocTaiisia cootBeTcTBeHHO 0,73%, 1,80% u 0,53% B nepe-
cuéTe Ha BO3/YLIHO-CYyX0€ ChIphE. Bo BCeX MCHBITYEMBIX YaCTSAX MOCIHE MHIPOIn3a ObUTH HUIEHTHU-
(buLMpOBaHbI XeJepareHUH U 0JICaHOJIOBasi KUCIIOTA.

H. Pourrat u coaBt. B marente [12], moCBSIIEHHOM pa3paboTKe crocoba MOTy4eHUs dKC-
TpakTa M3 KOpPHEW YUCTSIKAa BECEHHEro, TAK)K€ YKa3aHO, YTO OCHOBHBIMU MEHTALMKINYECKUMHU
TPUTEPIICHOUIAMH SIBIIIFOTCS XeAepareHuH (2) u ojieaHosoBast Kuciora (3).

M.B. 3enenunoii [13] nokazaHo, yTo HauboJbIIEE COACPKAHNE MEHTALUUKINYECKUX TPH-
TEpIIEHOU OB U UX TIIMKO3U0B HAOMI0AaeTCsl B MO3eMHON yacTu yucTska. [lo ee MHeHuIo, Bepo-
STHO, OHU PacXOJyIOTCS Ha POCTOBBIE MPOIIECCHI.

O. Texier u coasr. [14] u3 KIyOHEl YUCTSAKAa BECCHHETO OBLI BBIJIENICH OJJMH U3 OCHOBHBIX
NEHTAIMKINYECKUX TpHuTepreHon1oB 3-O-(a-apabunonupanos3ui-1)28-0-[B-rmokonupaHo3ni-
1”” — 6”(a-pamHOnIUpaHO3MII- 17’ —4”)-B-rmokonupano3mi-17] (4).

B pabGote A. Marston u coaBT. [15] B u3BN€UE€HUAX U3 BBICYIIEHHBIX KIIYOHEH 0OHAPYKUIH
IIECTh TJIMKO3UJIOB XeJlepareHuHa U 0JIEaHOJIO0BOM KUCIOTH (6-11) (cMm. Tabmuiy 2). M3Bneuenus
MOJIy4ajay ¢ MOMOUIbIO AUXJIOPMETaHA U METAHOJA C MOCIEAYIOIUM (PPAKIITOHUPOBAHUEM.

Kapomunouowt

B. Czeczuga [16] n3y4aioch BIHSHUS CTETICHW OCBEIIEHHOCTH HA COJICP)KaHUE KapOTHHO-
UJ0B B JMCThAX YHCTAKA. BBUIO yCTAaHOBIEHO, YTO CyMMa KapOTHHOHMJIOB B JIUCThSIX PACTEHHUH,
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MIPOU3PACTAIOMIMX B TeHHU, BbIIe (196,3 MKI/T BBICYIIEHHOTO CBHIPbs), YEM y pacCT€HUH, pacTyIux
0e3 3aTenenus (101,7 MKr/r BeICyIieHHOTO ChIpbsi). [Ipu aTOM conepkanue B-kapotuna (12) B Te-
HU BbIIe (44,5 MKI/T BBICYIIEHHOTO CBIPbs), 4eM Ha coyHIE (3,8 MKI/T BBICYIIEHHOTO CBIPHS), a
morenHa (13), Hao6opoT, BeIIe Ha coyHIE (78,9 MKI/T BBICYIIICHHOTO CHIPHs), YeM IIPH BBIpaIlH-
BaHUM B TeHH (35,9 MKI/T BBICYIICHHOTO CHIPBS).

Cornacao nanabpiM G. Luta u coasrt. [10] cymmMa KapOTHHOUIOB B JIMCTHSIX YHUCTSAKA BECCH-
Hero cocraisuia 6,92 + 0,09 mr/100 r cBeXero chIpbsl.

Kupnuie kucnomel, pmanamot, 3¢puput oukapoonosvix Kuciom, pumocmepo.ivl

M. Tomczyk u coaBrt. [4] npu GppakiHOHUPOBAHUH METPOICHHOIPUPHOTO U TPUXJIOPME-
TAaHOBOT'O M3BJICYCHHUH M3 IBETKOB YHCTAKA BeceHHero metoioM I X-MC Obutn naeHTuduImpoBa-
HBI JKUPHBIE KUCITOTHI — MupucTuHOBas (20), mamsmutuHoBas (21), creapuHoBas (22), CeCKBUTED-
neH — rekcaruapodapuesunaneton (23), a¢pup TukapOOPHOBON KUCIOTHI - JTUOKTHJIAJUIIHHAT
(18), dranar - 6uc(2-strnrekcui) ¢ranat (17) ¥ NEHTANUKIMYECKUN TPUTEPIICHOU Ol-aMHPHH
(5), a Takxe puTOoCTEpPOIBI — CTUTMAcTepoa (24), 24S->tunxonecra-4,22E-nuen-6-on (25), crur-
mact-3,5-1ueH-7-0H (o-caxapocTeHoH) (26) u cturmact-4-en-3-oH (27).

Taoauna 2 — XuMHUYEeCKHI COCTAB YHCTIKA BeCEHHEro

Hcrou
Opran / TOY-
Ne
o/ HasBanmue Crpykrypaas dopmyia 94acTh HHUKH
I BelllecTBa PYKTYP pMy. pacre- JIATe-
HUSA pary-
pbI
[eHTalMKINIECKUE TPUTEPIICHOUIBI
Xeneparenun-28-0O-f- KopHu u
1 [17]
TITIOKOITHPaHO3H] KITyOHH
[11,12,
Kopuu u 18,19,
2 XenepareHuH P 5 20,
KIYORE 1 91,22,
23]
K [11,12,
3 OneaHoJIOBasg KHCIO0Ta OPHH 1 20,22,
KIIyOHH 23]
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3-O-(a-apabunosmi-1)28-O-[a-
4 THIIIOKONHpano3ui-1"” — 6”(a.-

pamMHOTIHpaHO3MI-1"""—47)B-
TITIOKOMIPaHO3WiI- 1 ’]-XeaepareHuH

Koryomn | 1424

O-aMHUpHH

LBeTkn [4]

6 Xeneparenus 3-O-a-L-
apaOMHOMPAHO3HU]T

KnyoHun [15]

OneanonoBas kuciota 3-O-B-D-
rimokonupano3un-(1—2)-a-L-
apabMHOTMPAHO3MU]T

Knyouu [15]

Xenepareuun 3-O-p-D-
rimokonupaHoswi- (1—4)-a-L-
apabUHOTIMPaHO3U/T

Kiy6oun

[15]

Oreanonosas kucnora 28-O-[a-L-

9 pamHonpanosui (1—4)- 3 -D-
rinokonupanosui-(1—6)] f-D-

TIIIOKOTTUPaHO3HU L

Kny6un

[15]
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Xeneparenus 28-O-[a-L-
pamHonpanosup (1—4)- B -D-

10 rinokonupanosui-(1—6)] f-D- Kiy6uu [15]
TITFOKOTIUPAHO3H
Omneanomnosas kuciota 3-O-f-D-
rimokorupano3ui-(1—3)-[( B -D-
1 rinokonupano3ui-(1—2)]-o-L- Kiy6nu [15]
apaOUHOTIMPaHO3U
Kapotunounapt
12 B-Kaporun SOOI JlucTps [16]
13 JIroteun NN AN JIuctest [16]
JlakToH
D
o o
OH \“

T Bce ua-
14 PanyHkynua © ° CTH pac- [25]

TCHUsI

HO™ “ o
OH
Iy,

N\ Bce ua-
15 AHEMOHUH o o CTH pac- [25]

TeHUsI

o o

o Bce qa-
16 [MporoaneMOHUH CTH pac- [26]

TeHUS

o
dTanatel
17 buc(2-3tnnrexcnn) ¢ranar NG LBeTkn [4]
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Ddupbl TMKapOOHOBBIX KUCIOT

18 JMOKTHIaUIHHAT W\/\/M/\/\/\/\ LBeTkH [4]
BuramuHBI
19 AckopOUHOBas KHUCIOTA - [27]
JKupHBI# KUCIOTHI
20 MupHCTHHOBAsI KMCIOTA CH3(CH,);,COOH IBeTkn [4]
21 [TanbMHUTHHOBAS KMCIIOTA CH3(CH,);,COOH IBeTkn [4]
22 CreapuHOBasi KHCJIOTA CH3(CH,);sCOOH IBeTkn [4]
CecKBUTEPIICHBI
23 IekcarunpodapHe3nI-anieToH LBerkn [4]
DuTOCTEPOIBI
24 Crurmacrepo LBetkn [4]
25 | 24S-stunxonecra-4,22E-aueH-6-on LBeTkn [4]
26 Crurmacr-3,5-1uen-7-o1 IIBeTkH [4]
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(1

27 Crurmact-4-eH-3-0H LBeTkn [4]
28 Kemmngpepon [BeTku [3]
29 Kemndepoun 3-O-f-D-raroko3un [BeTku [3]
OH
30 Ksepuernn-3-O-f- Iperxu 3]
-[IIFOKOTTMPAHO3H/L
OH
31 Pytun LBeTkn [3]
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OH
HO
Huxorudnopun LBeTkn [28]
33 Burekcun BeTkn [28]
34 OpueHTHH LBeTku [28]
LiBeTkn,
35 dnaBocatrBazu [28]
JIUCThSI
HoW™ “Ur o
OH
o
HO
3-0-[a-L-pamuonupanosui-(1—6)-f- o
36 D-rimoxonupanosun]-7-O-(B-D- A IBeTkn [5]
TIIFOKOTIMPAHO3WII| KBEPLETHH
, o o
Y OH
HO “/oH

Ol
I
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HO
3-O-[a-L-pamaonupanosun-(1—6)-f-
37 D-raroxonupanosuin]-7-O-(B-D- LBeTkn [5]
TJTFOKOMTUPAHO3HI | KeMIepot
OH
OH
HO o IiBeTkn,
38 Kseprietun THCTES [6]
OH
OH [e]
IIBeTkn,
39 T'unepo3un i [6]
40 W3opuenTrH Hseria, [6]
JUCTBS
41 M3oBuTeKCHH Hseric,
JTUCThS
OH
HO [e]
LiBeTkn,
42 Kemndepon N S [6]
OH o
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DEHOTOKUCIIOTHI

43 Banunnnosast kuciiora

IBeTkn [3]

(6]
44 depynoas KuCIOTA -~ OH LBetkn [3]
HO

[

~ OoH
45 CuHaroBas KHCIoTa LBeTkn [3]
HO

46 n-Kymaposas kucnora

48 n-I'uapoKcHOeH30IHAS KHCIOTa IIBeTkH [3]

49 IIpoTokarexoBasi KHCIOTA LBeTku [3]

OH LBeTku [3]
H

HO
HO
47 Kodeitnas xucnora OH IBetku [3]
HO
H

50 | n-I'mapokcudeHmykcycHas Kucaora BeTkn [3]

HO o]
E E N o/
OH
(@]
NN
(@]
NN
O
0]
NN
(0]
NN
OH
@O
HO
OH
6]
HO
OH
(o]
JO R

O

B uunctsike BeceHHeM, KaK M B IPYTUX MpeICTaBUTENSIX ceMeiictBa Ranunculacea, B ciydae
MOBPEKJICHUSI PACTUTEIbHBIX TKAaHEW 3aJ€HCTBYETCS 3allUTHBIA MEXAaHW3M, OIMOCPEIOBAHHbBIN
THIPOJIU30M PaHYHKYIUHA C JadbHEHIINM BBICBOOOKIECHHEM TOKCHUYECKOTO KOMIIOHEHTA MPOTO-
anemonuHa (cMm. puc. 1). IIpu sTOoM oTMeuaeTcs HamOOJbIIEe COJAEPKAHHE MPOTOAHEMOHHHA B
cTebnsax. Takke YHUCTAK BECEHHUU COACPKUT (PEHOTOKHCIOTHI M (PIaBOHOU[BI, OOJbINAs YacThb
KOTOPBIX CKOHIICHTPUPOBAHA B HAI3eMHOW YacTH pacTeHHUi, OCOOCHHO B IBeTKaxX. Bcrpewaercs
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psn penkux C-rimuko3ugHbIx praBononoB. [log3eMHas yacTh pacTeHus, KOPHU U KIIyOHU O0raThl
NEHTALUKINYECKUMH TPUTEPICHOUIaMHU, OCHOBHBIMH IPEACTABUTENAMHU KOTOPBIX SIBJIAIOTCS OJie-
aHOJIOBAs! KUCIIOTA M XE/IEPAreHHH, a TAKXKe UX TIIUKO3UIHBIE (POPMBI.

Imuoghapmakonozuueckue ucciedoeanusn

Bo MHOrux MCTOYHMKaXxX JIMTEPATYpPbl YKa3bIBA€TCSs, YTO YUCTSAK BECEHHUU HCIIOJIb3YETCS
IUIs JIedeHus: reMopposi, a Taroke naronoruit )KKT, Bkiroyas KOHCTUIIALMIO, TUAPEIO U HAapyILIEHUE
MUIIEBAPEHUS.

[Tpu u3ydyenun repbapus u 3anuceid npokupasiiero B Karanonuu dapmarieBra 1 HaTypa-
mucta Francesc Bolos (1773 — 1844) Obuto yCTaHOBIEHO, YTO YUCTSIK BECEHHUH HMCIIONIH30BAIN B
EBporie B 18 Beke Ipu J€UeHUM Kalulsd, LUHIH, TEMOPPOs, a TAKKE KaK I'elaTONpPOTEKTOPHOE
cpeacTso [29].

B nenrpanpaoii CepOun, HaceneHue TopHOH obmacTi KomaoHWK MCTOIB3yeT YUCTSIK Be-
CEHHUH JUIsl JIEYEHUs TeMOPPOsi: OJIHY CTOJIOBYIO JIOKKY MEJIKOM3MENbUCHHBIX KOPHEH HacTauBa-
10T C OJHUM CTaKaHOM BMHA U MEJIOM, IPUHUMAIOT TPH pa3a B JIeHb 110 eabl [30].

B Typuun, npoBunius MepcuH, r. bosi3pl HCIIONB3YIOT OTBAp U3 CEMSIH YUCTSIKA BECCHHE-
o Ui JIeUEHUsl TEMOPpOsi: OJJHA Yallka 3 pa3a B JIeHb B TeueHue 2-3 Henensb [31].

B BocTtouHO#l U roro-BocrouyHoir Cepbum OTBap W3 KOpPHEW, JHMCTHEB, L[BETKOB, IJIOJOB
MIPUMEHSIIOT /111 CTUMYJIMPOBAHMSI MUILEBAPEHHUS, JIEUEHUSI TeMOpPpost U 00 B skuBoTe [32].

Jis neuenust koHctunanuu, cHatus crnasma JKKT, a takxke B KauecTBe BETPOIOHHOTO
cpeactsa B I. Capbirénp (mpoBuHuus Manuca, Typuust) Ucrosb3yloT ropssuuii kommnpecc, nopo-
IIOK U3 CeMsIH, a TaKXXe yHoTpeOsitoT B ceipoM Buje [33].

B JIuBane HaceneHUe B OKPECTHOCTAX TOPbI XEPMOH HCIIONIB3YET OTBAP U3 BCEIO PACTECHHUS
YUCTSAKA BECEHHETO JJIs JIeueHus aquapeu [34].

B oGnactu Kamnanus Ha roro-zanaze Mrannu ucnonb3yroT OTBap U3 JIUCTHEB YHUCTSAKA Be-
CEHHEro MpH KOoJIMKax y aereu [35].

B Hpake — oTBap 13 IUCTHEB U LIBETKOB IS JIedeHUsI apTpuTa [36].

B Upane, nposunnus Kypaucran, r. Cepaban ynorpeOusioT oTBap Ui CTUMYJIMPOBAHUS
nuieBapenus [37].

B PyMbIHMM NPUMEHSIOT OTBAap B KauecTBE BSKYILIETO W MPOTHBOBOCHAIUTENILHOTO CPE/l-
CTBa MPU BapUKO3HOM PaCIIMPEHUH BEH, TeMOPPOE U 3a00JIEBaHUAX KOXKHU [25].

Tokcuunocmo

Jlakmomnbwi

[Tpotoanemonun (16) siBIsieTcss OAHUM M3 CaMbIX M3YYEHHBIX PACTUTENBHBIX JIAKTOHOB,
o0jasaeT TOKCHYECKUMHU CBOMCTBAMHU U OOHApYKMBAETCsl BO MHOTUX poJiax cemeiicTBa Ranuncu-
laceae. B 19 Beke ObUTO HalICHO KPUCTATMYECKOE BEIECTBO, MOJIYYaeMOe MPU TUCTHILISINU C
BOJISTHBIM MapoM pasHbiX BuaoB Ranunculus. TTocne oTaeneHus 1aHHOTO BEIIECTBA PACTCHUE Te-
psI0 CIOCOOHOCTH BBI3BIBATH pa3/pa)KeHHE KOXKHBIX MTOKPOBOB YellOBeKa U KUBOTHBIX. Kpucrai-
JIMYECKOE BEUIECTBO OBLJIO MPU3HAHO HE TOKCMYHBIM M Ha3BaHO aHeMOHHMH. OJIHaKo, Mpu IpoBe-
JI€HUN TUCTUIUIALMHU B HECKOJIBKO MHBIX YCIOBHSX OBLIO MOJIY4YE€HO Maciio ¢ KpailHe paslpaxkaro-
IIMMH CBOMCTBAaMU, KOTOPOMY JJaJIM Ha3BaHHE NMPOTOaHEMOHUH [17].

BbU10 ycTaHOBIIEHO, YTO NPOTOAHEMOHUH MOXKET BBI3bIBaTh JIETAIBHBIN MCXOJ IKCIEPH-
MEHTQJIbHBIX JKUBOTHBIX M JOMAamiHero ckora. CHMIITOMBI OTpaBJICHHS IMOCIEIHUX BKIIOYAET
CIIIOHOTEYEHHUE, TUaper0 M MPHU3HAKK OOJM B KHUBOTE. TKaHM POTOBOM MOJOCTH MOTYT OBITH pas-
npaxkeHbl. B TsokenbIx citydasx HaOroaTes KOHBYIbCHM. [Ipu3Haku oTpaBlieHus O CX0XU
C TaKOBBIMH Yy HBOTHBIX: OCTpas 0OJib B KUBOTE, UYBCTBO BOCHAJICHUS TOpJa, CIIOHOTEUEHHE,
KpOBOM3JIMSHUSA B pOroBuIly riasza [17,26].

M3BecTHO, YTO MPOTOAHEMOHMH KpaiiHe HecTabuibHOEe BemiecTBo. OHO oOpaszyercs U3
INIMKO3K1a paHyHKy/IuHa (14) npu paspymenun Tkanei pactenus. [upokuil ciekTp MuKpoopra-
HU3MOB YYBCTBUTEJIEH K JICHCTBHIO MPOTOAHEMOHKHA, B cilyuae CyIIKu pacTeHHs UM KOHTAKTa C
BO3/IyXOM HJIM BOJIOW NMPOTOAHEMOHUH JuMepu3yercs B aHeMOoHuH (15), a mocnennuii ruaponusy-
€TCsl B HETOKCUYHYIO JUKapOOHOBYIO Kucnoty (puc. 1) [26,38].
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IToBpexaenue
TKaHeH pacTeHus
~— —
/uu,.. —— - HOInn
e} o 16} (0] o
IIporoanemonux
Panynxynun Jlnmepusanys,

KOHTAaKT C BOJIOH
HIIA BO3YXOM

o [¢]
Tunponus M,
OH
P / \
HO (¢] (@]
o) (o]
(¢] (¢]

4,7-JTnoKCo-2-0KTeHANKapOOHOBast KUCIIOTa

AHEMOHUH

Pucynok 1. Cxema npeBpanieHuii panyHkyJuHa [38]

[TpoBoamiIach KOMIBIOTEpHAs! OIICHKA TOKCHYHOCTH MOJICKYJIBbl IPOTOAHEMOHHMHA C HC-
nojib3oBanreM nporpammbl Derek Nexus kommanuu Lhasa. ITo pesynabratam BhIYHCICHHN HE ObI-
70 OOHAPYXKEHO CTPYKTYPHBIX ()ParMEHTOB, YKa3bIBAIOIIMX HAa T€HOTOKCHYHOCTHh WIJIM KaHIIEPO-
reHHocTh. OTHAKO MPOTOAaHEMOHHH 10 Kiaccupukanuu Kpamepa otaocutes k 11 knaccy Bemects
B CBSI3M C HaJMYMEM O,3-HEHACHIIIEHHOTO JJAKTOHHOTO KoJiblia. CorjacHo yka3zaHHOW Kiaccudu-
Kaluu J103a s mpueMa BHYTpb 90 MKr/cyTkH, T.€¢ 1,5 MKI/KI/CyTKH Ajs 4emoBeka mMaccoit 60 kr
OyIeT HOCUTh OYE€Hb HU3KHH PUCK MPOSBICHHUS TOKCHYECKHUX CBOMCTB. COINIaCHO YTOYHEHHBIM
naaabeM T TC (mopor Tokcu4ecko yrpo3ssl) coctarisier 180 Mxr/cyTku. [2].

A. Borona u coaBt. [26] uccienoBanu pacrpeneieHus IPOTOAHEMOHUHA B Pa3HbBIX YacTAX
YUCTSKA BeceHHEero. PacTuTenbHbI MaTepuan Ol coOpaH paHHUM JieToM okoiio 12 — 13 4dacoB
nus. [IpoTroaHeMOHUH MPUCYTCTBOBAJ BO BCEX YACTSIX PACTEHUs, OJHAKO, HAaMOObIlee coepikKa-
HUE OBIJIO YCTAHOBJIEHO B CTEOJIAX M IBETKAX, YTO COCTAaBIISLIO IpuMepHO 67% u 25% oT obmiero
coJiep>KaHusl IPOTOAHEMOHHHA B pacTeHHH (CM. Tabnuity 3).

Tabnmna 3 - ComeprkaHue MPOTOAHEMOHHHA B PAa3HBIX YacTAX YHCTAKA BeCEHHEro [26]

Conep:xaHue NPOTOAHEMOHUHA, MKT/T CBEJKET0 ChI-
OpraH pacTeHusi WJIA €ro 4acTh P
Pacrenne memkom 1476,9
Kophu 469,8
Ctebenb, CBI3aHHbIN C IBETKOM 3475,8
Crtebenb, CBA3aHHBIN C TUCTOM 2590,0
Jluct 121,5
I[BeTOK IEIUKOM 1890,9
Yarmreuka 29,4
Benuuk 75,9
Anpporteit 2873,7
Iunenei 8800,0

T. Neag u coaBT. [25] KOMMUYECTBEHHO OMpPENEIHIN aHEMOHUH B BOJHO-CIIMPTOBOM H3BIIE-
yeHuu (70% 3TaHON) U3 HAJ3eMHON YacTH YUCTsIKA, coOpaHHO B Pymbinuu B urone 2015 rona.
Coneprxanre aHeMOHHMHA cOCTaBysIo 2,14 £ 0,007 mMr/mit u3BiIedYeHHUS.

Hcnonv3oseanue u 6uon02uiecKas akKmueHoOCHb

Hcnonvzosanue
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W3BnedeHne U3 4UCTIKAa BECEHHETO BXOAUT B COCTAB MPOTUBOrEMOPPOUIATILHON roMeora-
THUYECKOM Maszbl «ABEHOK» Kkommanuu byapon B kommuectBe 0,003 r nHa 30 r wmasu
[https://www.rlsnet.ru/tn_index_id_12804.htm].

H Pourrat u coast. [18] ObUT TOJIy4€H MATEHT HA CIIOCOO TMOJYYCHUsI U3BJICYCHHS U3 KOP-
HEeW YUCTSKa BECEHHETO ISl BKJIIOUEHHSI B KOCMETUYECKUE CPEACTBA, TAKME KaK KpeMa U JJOChOHBI.
B nByx moxoxux marenrax AO «LABORATORES MAURICE MESSEGUE» [43] u L’OREAL
USA [39] npuBOIATCS COCTaBbl KOCMETHUECKUX CPEICTB JUIsl KOXKH, COAEPIKAIMX OTXKATHIH COK
U3 CBEXKETO ChIPbs paCTCHUSI.

AHmuoKkcuoaHmuas akmueHoCms

B pa6ore N. G. Hadaruga [7] ¢ momorpto JIIDI-Tecta (CiocoOHOCTH BOCCTaHABIMBATH
CTaOWIbHBIN 2,2-1udeHnn-1-muKpuirnapasuil paaukai) aHalu3upoBajiach aHTUOKCUIAHTHAS aK-
TUBHOCTH CIIMPTOBBIX M3BJICUCHHI W3 JIUCTHEB M IIBETKOB YUCTSIKA BeCEHHEro. B kadecTBe pede-
PEHTHBIX HCIOJB30BAIMCh YEThIPE pacTBOpa KBEplUETUHA ¢ KoHueHTpauusmu 1600 mxM, 160
MKM, 16 MkM u 1,6 MKkM. AHTHOKCHIaHTHAsI aKTUBHOCTb M3BJICUCHUN NPU 25-KpaTHOM pa3Bejie-
HUU ObLIAa COMOCTaBUMA C aKTUBHOCTBIO PACTBOPA KBEPLIETHHA B JMAIa30HE KOHIIEHTpaluii 16 —
160 MmxM.

J. Malik u coaBt. [9] mpoBOAMIM HCCIIEIOBAHNE aHTHOKCHIAHTHONW aKTHBHOCTH CITUPTOBO-
r0 U3BJICUCHUS U3 KOPHEU uucmsaxa MyTeM OIIEHKHU aJCOPOIMOHHONW €MKOCTH IO OTHOIICHHUIO K
kucnopoaubiM panukanam (ORAC). Pedepentom Obut BeIOpaH Tposiokc. Pe3ymnbrar usmepsiiu B
SKBHBAJICHTAX TPOJIOKCA/l T BBICYIICHHOTO W3BIICYCHHS. J[1s W3BIICUCHHS PE3ylIbTaT COCTABHII
0,017, nyst tpostokca — 3,100.

S. Inci ¢ xomneramu [40] uccinenoBaii aHTHOKCHIAHTHYIO AKTHBHOCTh METaHOJIBHOTO H3-
BJICUCHUS HAJA3EMHOM YacTu wucmsaxa (B KoHueHTpamusax 1,25, 2,5, 5 u 10 mMr/mi) ¢ ucnosip3oBa-
nuem JIIDI-Tecta. B kauecTBe pedepeHTa UCIoab30Balu OyTHITHAPOKCHaHN30:. [IpolieHT Mak-
CUMAaJIbHOTO MHTHOWpOBaHUs HAOIIOAANCS ISl KOHIEHTpAuu u3BiedeHust 10 MIr/mMi1 1 cOCTaBIIsI
95,98%, Torna kak akTHBHOCTH pedepenta — 91,70%.

B pabote G. Luta u coaBt.[10] anTnokcuaantHas aktuBHOCTh (ECsp) meTanonsHOTO (80%)
HM3BJICUEHHUS U3 JINCTHEB YUCTIKA BECEHHETO B ITOJ00HOM TecTe cocraBuna 14,22 + 1,68 mr/mi.

Bnuanue na cooepricanue zemoznoouna ¢ Kposu

N3BecTHO, UTO MHOTHE aTKWJIUPYIOIINE CPEICTBA, UCIIOIB3YEMBbIC /IS JICUEHUS PAKOBBIX
3a005IeBaHUs BBI3BIBAIOT CHUKEHHE COJIEP>KAHUSI TeMOTJIO0MHA, B TOM YHCJIE€ U3BECTHBIM U IIUPO-
KO HMCTOJBb3yEeMbIN Tpenapar IUCIUIaTHH, KOTOPBIA CHUXKAET COJEp)KaHWE reMOTJIoOONHAa B KPOBHU
npumepHo Ha 20%. B uccrnenoBannu Ha nabopatopHsix kpeicax C. Balta u coasr. [41] mokasanu,
YTO COBMECTHOE BBEJICHUE LUCIUIATHHA, B-IIMKIOJEKCTPUHA U COIUPTOBOTO M3BjIeueHus (96%) u3
YHCTSIKA BECEHHETO MPUBOAMIO K MEHBIIIEMY CHIDKEHHUIO COACpPKAHHS FeMOTJIOONMHA B CpaBHEHUH
C KOHTpoJsieM (IIMCIIJIATHH) U BBEJICHUEM IUCIIATHHA C B-IIUKI0IEKCTPUHOM. ABTOPHI MPEIOJIO-
KWJIH, YTO MPUCYTCTBYIOIINE B U3BJICUCHUH aHTHOKCUAHTHl YCHINBAIOT 3aIIUTHBIE CTIOCOOHOCTH
B-IIMKIOIEKCTPUHA TP IEUCTBUH IUCIUIATHHA.

V. Karpuik u coaBt. [8] mpoBomWIH HCCICIOBaHHE AHTHOKCHAAHTHOW aKTHBHOCTH
(AII®PI-TecT) psina COMPTOBBIX M3BIEUEHUN M3 HAJ3€MHOM YacTH, JHMCTHEB U IIBETKOB YHUCTSIKA
BeceHHero. B kauecTBe pedepeHTOB HCmonbp30Baiu KBepreTuH u ButamMuH C. Haubonee Bbicokas
AQHTUOKCUJIAaHTHAsE aKTUBHOCTHh (MaKCHUMAJbHBIA TPOIEHT WHTUOMPOBAHMS) COCTaBWJIA JUIs
HagzemHoi yactu — 80,71 + 0,01% npu ucnonb3oBaHuu B KauecTtBe 3kcTpareHta 20% BOJHO-
CIIUPTOBOTO pacTBopa; mist muctbe — 67,33 £ 0,01% npu ucnonp3oBanuu skctpakiuu 20% BoI-
HO-CIIUPTOBBIM pacTBOopoM; il 1BeTtkoB — 77,19 + 0,01% npu uccnenoBanuun 70% BomHO-
cnuproBoro usBieuenus. g pedepenton kBepuernHa u Buramuna C — 78,54 + 0,01% u 76,23 +
0,01% cootBercTBeHHO. Takum 00pazoM, U3BJICUEHHE MTOYUEHHOE W3 HAJ36MHON YacTH YUCTSIKA
BeceHHero ¢ nomousio 20% BOAHO-COUPTOBOTO PAcTBOpPA, MOKA3aJI0 HAMOOJBIIYI0 aHTUOKCH-
JTAHTHYIO aKTUBHOCTb, MPEBBIIIAIONTYI0 aKTUBHOCTH Pe(epeHTOB.

Ilpomueosocnanumenvnasa aKkmugHoCmb
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J. Malik u coaBt. [9] oleHMBaNIKM MPOTUBOBOCHIAIUTEIBHYIO aKTHBHOCTh CIIUPTOBOTO H3-
Biedenus (80%) u3 kopHel yncTsika. B yactHocTH uccnenoBanu uaruouposanrne COX-1/COX-2,
ucnoinb3yst B kauectBe pedepeHToB NS-398 (marudutop COX-2) u HHIOMETAllMH, 8 TAK)KE WHTU-
ouposanne 5-LOX. Pedepentom cimyxmn 3uneyron. 1C50 uccnemyemMoro u3BiedeHus: B OTHOIIIE-
HHUH IIHAKIOOKCUTeHa3bl-1 cocrasisro 59,10 + 13,95 mxr/min, nuagomeranunaa 0,20 £ 0,11 Mxr/mo,
NS-398 25,57 £+ 0,48 mxr/mi. 1C50 uccnemyemMoro u3BiieueHus B OTHOIIICHUH ITUKJIOOKCUT€HA3bI-2
cocraBisuio 22,97 + 3,45 mxr/mi, uagometanuna - 0,15 £ 0,11 mxr/mon, a qyis NS-398 paBHsmoch
0,57 £ 0,35 mxr/mi1. Pe3ynbrarsl ncciaeaoBaHusl MHTHOMPOBAHMS S-TUITOKCUTEHA3BI ITOKA3aJIH, YTO
IC50 uzBneuenus 124,52 + 22,91 mMxr/mi cymecTBeHHO Huxe 3ugeyTona — 0,97 £ 0,23 Mkr/mir.

AHMUMUKDPOOHAA AKMUBHOCHb

S. Inci u coasr. [40] OblIa M3yYeHa MPOTHBOMHUKPOOHAS aKTHBHOCTH METAHOJILHOTO, ATa-
HOJILHOTO U XJopodopmuoro u3snedeHuit (B komuectBe 500 Mkr u 1000 MKT) HaJ3eMHON YacTH
YUCTSAKA BECCHHETO MUCKO-TU(PY3MOHHBIM METOIOM. B KayecTBe TECTOBBIX MITAMMOB MCIOJIb30-
Baym Staphylococcus aureus ATCC25923, Escherichia coli ATCC25322, Klebsiella pneumoniae
ATCC 700603, Bacillus megaterium DSM32, Salmonella thypii, Candida albicans FMC17. Xo-
podopMHOE U3BIICUCHHE TTPH 00CUX KOHIICHTPAIMSIX HE IMOKA3aJI0 KaKOH-JIM0O0 aKTMBHOCTH. JTa-
HOJIbHOE M3BJIcueHHEe B KonmdecTBe 1000 MKr qaBajgo 30HBI HHTHOMpPOBaHUS pocTa 16 MM, 11 MM,
14 mm, 10 mm 1 14 MM Ha cpenax 3acesuusix E. coli, K. pneumoniae, S. aureus, S. thypii u C. Al-
bicans coorBercTBeHHO. B ciydae MeHbieil KoHIeHTpaluu ¢ dexra He Habmoanoch. s me-
TaHOJBHOTO M3BJIeueHUs B KoiaudecTBe 1000 MKr 30HBI HHTHOMPOBaHUS cOoCTaBisu OT 17 mo 21
MM B PSITy HCCIIETOBAHHBIX MUKPOOPTaHU3MOB.

Buvisoowt

OnHOM M3 OCHOBHBIX MEPCIIEKTHBHBIX TPYII JJIS UCCIIECAOBaHUS (DapMaKOJIOTHIECKON aK-
THUBHOCTH YHUCTSKA BECEHHETO SIBJISIFOTCS TIEHTAIIUKINYECKHE TPUTEPIICHOU I, TIPEICTABIICHHBIC B
OCHOBHOM OJICAHOJIOBOHM KHUCJIOTOW, XEJePareHMHOM U WX TJIMKO3HWIHBIMH ITPOU3BOJHBIMH. B u-
TepaTrype BCTPEUAIOTCS Pe3yNbTaThl UCCIEIOBAHHUM Pa3HBIX BUJIOB (PapMaKOIOrHUECKON aKTUBHO-
CTH YKa3aHHOH rpymmbl BemecTB. OMHAKO, JUIsl M3BJICUCHUN W3 YHCTSAKA MPOBEICH HEOOBIION
00BeM paboT Mo U3yYEHHUIO OUOIIOTMYECKON aKTUBHOCTH, YTO OTKPBIBAECT MEPCIIEKTHBHI AaTbHEH-
mux uccaenaoBanuii. Kpome Toro, Ha OCHOBaHUM JNaHHBIX 3THO(GAPMAKOJIOTHYECKUX HCCIIEIOBA-
HUM, a TaK)Ke WCITOb30BaHUS M3BJICYCHHUS YHCTSIKA BECCHHETO B TOMEOIATHUYECKOW Ma3u KOMIla-
HUEH TEPCIIeKTHUBHO JajbHEHIee HCCICIOBAaHUE TAHHOTO PACTCHHS JUIS JICUCHHS TeMOppos B
pamKax pa3paboTKu alIoNaTUYeCKUX JieKapcTBeHHBIX ¢opM. Hamuume penkux C-TIHKO3UIHBIX
(1aBOHOUIOB B HAJA3EMHOW YaCTH PACTCHUS U WX IMIMPOKHUH CIIEKTP OMOIOTHYECKON aKTUBHOCTH
TaK)Ke MOXET MPEACTABIATh UHTEPEC IS AaTbHEHIINX UCCIeA0BaHUN.
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1.5. DkcnepTHOE 3aKiIIOueHHE (A1 TEXHUYECKUX HaykK). Bo BCeX MHCTUTYTaxX CO3JaHbI IKCIEPTHBIE KOMUCCHH,
KOTOPBIE MOAMUCHIBAIOT SKCIIEPTHBIE 3aKIIOUEHHS O BO3ZMOXKHOCTH OITyOJIMKOBAHUS CTaThH B OTKPBITOM IEYaTH.

2. CraTps JOJDKHA COZIEPKaTh CIEIYIOIIHE AIEMEHTHl O(OPMIICHHUS

nanekc Y/K (Ha pyccKOM U aHTIIMIICKOM SI3BIKAX);

(haMuITHIO, UMs1, OTYECTBO aBTOPA (aBTOPOB) (MMS M OTIECTBO MOITHOCTHIO) (HA PYCCKOM H aHTJTHACKOM SI3BIKAX);

Ha3BaHUE; (HA pyCCKOM M aHTJIMHCKOM SI3BIKaX);

MecTo paboThI aBTOpa (aBTOPOB) (B CKOOKAaX B IMEHHTEJILHOM MaJieke) (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaX);

KpaTKyl0 aHHOTAIMIO COJEp)KaHMsl pyKonucH (3—4 cTpOUYKH, HE JOJDKHBI IOBTOPSTH Ha3BaHUE) (HA PyCCKOM U
AHTJIUICKOM SI3BIKaX);

CIFICOK KJTFOUEBBIX CJIOB WIIN CIIOBOCOYETaHHH (5—7) (Ha pycCKOM M aHTIMHCKOM S3BIKaX);

B KOHIIE CTaThH pedepaT Ha aHIJINHCKOM SI3BIKE;

3. OdopmiteHre pUCYHKOB, POPMYIT U TAOJIHIIL;

Pucynku u Tabauibl BCTaBIAIOTCSA B TEKCTE B HY)KHOE MecTOo. CCBUIKH B TEKCTE Ha TaOJIMIIBI M PUCYHKH 00s13a-
TENbHBL. 32 KAYeCTBO PUCYHKOB WK (oTorpaduii perakuus OTBETCTBEHHOCTH HE HECeT.

3.1. Odopmitenre pucyHKOB (TpaHUKOB, THATPAMM):

BCE HAJIHMCH Ha PUCYHKAX JOJDKHBI YNTATHCS;

PHUCYHKH JTOJDKHBI OBITH O(OPMIIEHBI C YUE€TOM OCOOEHHOCTH 4epHO-0esoif neyatu (peKOMEHAYeTCsl HCII0JIb30-
BaTh B KaYECTBE 3aIMBKU Pa3JIMUHbIE BUJIBI INTPUXOBKH U Y30pOB, B rpadMKax pa3IMyHbIC BUJbI JIMHUH — ITyHKTHP-
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HBIE, CIUIOIIHBIE U T. [., Pa3HOE 0(OPMIIEHHE TOYEK, IT0 KOTOPBIM CTPOHUTCS TpaduK — KPY’KOUKH, KBaAPAThl, POMOBI,
TPEYroJbHUKH); LIBETHBIE ¥ MOJIYTOHOBBIE PUCYHKH MCKIIIOYAIOTCS;

PHUCYHKH JTOJDKHBI YNTAThCS OTIEIBHO OT TEKCTa, MOITOMY OCH JIOJDKHBI MMETh Ha3BaHWE W €IUHMIBI M3Mepe-
HUSE;

pucyHKH HyMepyroTcsi cHu3y (Pucynok 1 — Haspanue) u BBINONHAIOTCS B rpaduueckoM penakrope 10 ker-
JeM (mpudpTom).

3.2. Odopmienne hopmyi: GopMyIbl BBIIOIHAIOTCSA B mporpamme peaakrtop dopmyn MathType; 12 mpud-
TOM, BBIPaBHHUBAIOTCA IO LEHTPY, UX HOMEpa CTaBATCSA IPHU IOMOINM TaOyJsATOpa B KPYIJIBIX CKOOKAax IO MPaBOMY
Kparo.

3.3. Odopmienne TabmUI;: TaOIUIBI JOJDKHBI UMETh Ha3BaHue. Tabjauubl Hymepyorcs cBepxy (Tabmmma 1 —
Hazpanue) u Bemonasarorcs 10 keraem (pug)Tom), MEXITyCTPOTHOE PACCTOSTHUE — OJMHAPHOE.

4. bubnmmorpadudeckuii crucok. Pasmermaercs B KOHIIE CTaThU. B HeM mepedncisioTcst Bce HCTOYHHUKH, Ha KOTO-
PpBIE CChLTAETCsI aBTOP, C OJIHBIM OUOIHOTpaduIecKiM anmapaToM u3aanus (B cootserctBun ¢ TOCTP 7.0.5-2008).

5. ABTOpCKOE BU3UPOBAHMUE:!

aBTOpP HECET OTBETCTBEHHOCThH 33 TOYHOCTH IPHBOJUMBIX B €r0 PYKOIHCH CBEJICHUH, IIMTAT W NPaBHIBHOCTD
yKa3aHUs Ha3BaHUI KHUT B CITUCKE JINTEPATYPBI;

aBTOp Ha mocienHel cTpanune nuier: «O0beM CTaThi COCTaBISET ... (YKa3aTh KOJIWYECTBO CTPAHUIL)», CTABUT
J1aTy U MOJINCH.

Anpec penaknun: T. [Iaturopcek, yiu. 40 net OkTsa6ps, 56

CraTh¥ ¢ KOMIUICKTOM JJOKyMEHTOB B )kKypHai «CoBpeMeHHast Hayka ¥ MHHOBAIUM CIaBaTh:
r. [Taturopck, ym. 40 net OkxTsa6ps, 56, kad. Ne 45 OI1IO HUP,

OTBETCTBCHHOMY CceKpeTapro xypHana: Opoounckoit Banepun HukonaeBre

KounrakrHbie Tenedonni: (8793)33-34-21; 8-928-351-93-25
e-mail:nauka-pf@yndex.ru, orobinskaya.val@yandex.ru
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Haquoe H3OaHHUC

COBPEMEHHAA HAYKA
n
NMHHOBAIIUU

Hayunsplii skypHaa
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CBOBO/JHAA LIEHA

Hayunoe pepakTupoBaHHe, MPOBEPKa CTaTeH Ha aHTHUILIArHaT PyOpHUKN
«Texumyeckue Haykm» — B.H.OpoOuHckas;
«[Tomutnueckue Hayku» - A.A. BapTtymsan
[TepeBo/ aHHOTALIMIA, KIIFOUEBBIX CIIOB, pedepaToB Ha aHrIHickui 361K — E.B. Tanaun
Koppektuposka tekcra — T.B. Myxoprosa
Brimyckaromuit penakrop — Moscecsn O.T.
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