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Annomayus. Pobomusuposarnnuie becnunomuoie nemamenviote annapamsl (PB/IA) wupoxo npumeHsiomcs 6 60eHHOM Oe-
7€, 2nasHvIM 06paszom 6 paseedxe. Kpynroie annapamot mozym 6vimv 0CHAU4EHDL B00PYHEHUEM U el 60esble 0etiCEUs.

Mamepuanvt u memoovt. IIpumenernue PBIIA 6 epan0anckux uensx makice moxem O6vimo secoma dddexmusruim (MOHU-
MOpPUHe NIECHbIX NOKAPOS, COCMAsieHUe monoepaduueckux kapm u m. 0.). Bonvuiyio ponv uzpaem memoo onpeoeneHus noroKeHUs u
OpuUeHmMAYUY annapama é nPocmpancmee 60 spems ezo nonema. dauje 6cezo 015 3M020 NPUMEHAIOMCA CUCHEMbL NO3UUUOHUPOBAHUS
GPS/TJIOHACC. O0Haxo uchonv3osarie no006HbIX MeXHON02Ull NOZUKUOHUPOBAHUS MOKEem Oblmb 3ampyOHeHO UL 6000ule He603-
MmoxHo. Paboma makux cucmem moxem Ovlmb HAPYUEHA 6 Pe3Y/IbMame UeneHanpasneHHoz0 nooasneHus nubo u3-3a UCKaieHus
HABULAUUOHHO20 MO 34 CHen NepeompaxceHus HaUAUUOHHO20 CUZHANA O UCKYCCMBEHHDIX 00DeKmMoe U 3a cuem 02paHU4eHUs
sudumocmu eopusonma. Cuenan GPS/ITJTIOHACC mosem 0Ka3amvcs HEOOCHYNHbIM U3-3a penveda 20pHOLL MeCIHOCIU UL 20P00-
ckux 30anuil. Micnonvsosanue GPS/ITJTIOHACC mosnem Ovimb HenpuemuemMvim no npudHe ceKpermHocmu i HedoCmamo4Hotl moy-
HOCTU.

Pesynvmamut u 00cyscoenus. ITosmomy paspabomxa cucmem nosuyuornuposanust BITIA, He3a6UCUMbLX OM OAHHDIX CHYMI-
HUKOBbIX CUCIEM HABUSAUUU, ABTAEMCT AKMYANIbHbIM HANPABTIeHUeM Ucce008anull. IlepcnekmueHviii cnocob peuieHus maxoil 3a0a-
4y - paspabomka aneopumma onpedeseHUs HAUAIbHbIX KoopouHam PBJIA 6 ycnosusx uckamenus HABULAUUOHHO20 NOA 34 cHem
nepeompaeHus HAUAYUOHHO20 CUZHANIA O UCKYCCMBEHHDIX 00eKM06 U 3 cuerm 02paHudeHus suoumocmu 20pusonma. Inobano-
Hole HasuzayuoHHvle cnymuukossie cucmemvt (THCC) A6AAI0MCT 0CHOBHbIM CPeOCHIBOM HABULAUUU O MHOZUX NOOBUNHBIX CUCTEM
U, 6 YACHHOCMU, O7ISL COBPEMEHHBIX POOOMUBUPOBAHHBIX OECHUTOMHBIX TlemamenvHbix annapamos. OOHAKO npumeHsembvle 8 HABUA-
yuonnvix komnaexcax PBJIA npuemnuxu THCC o6nadarom xpatite HU3KOT HOMEXOYCHOUMUBOCMbIO, KAK CIe0CMEUe 02PaHU1U8aom
UxX npuMeHeHue 8 CIONHLIX PAOUOINEKMPOHHVIX Ycnosuax. IIpaxmuuecku ece 6udvt nomex cuenanam THCC momHo pazdenums Ha
UCKAMEHUS HABULAUUOHHO020 NOTIA 30 CHenl NepeompaxceHus HA6U2AUUOHHO20 CUZHATIA 01 UCKYCCIMBEHHbIX 00DeKMO06 U 3a cuem 02pa-
HUMeHUS 8UOUMOCMU 20pU3oHma. JlanHvle UCKANEHUS «paspyuiaom» Hasuzayuonroe none THCC. B maxkoti cumyayuu daxe no 3a-
paee u3seCMHbL XAPAKMEPUCIMUKAM KAHATIO8 HAGULAUUOHHBIX CUSHAIO8 HAOI00aem s KpaliHe HU3KULL yPOBeHb N0e3H020 CUSHANA
(munyc 161...155 0O6Bm).

3axmouenue. B cmamve npusedervl 0CHO8HbIE NOTONEHUS MAMEMAMULECKOTI MOOENU ONpedesieHUss MOYHOCU KOOPOUHAM
noznoMeHus 06vexma co cnymHuKkos 6 0exapmosuix KoopouHamax. Paccmompen npoyecc HaxonseHuss ouubox nosulUOHUPOBAHUSL
o6vexma. Clenarvl 6v1600bL 0 NAPAMEMPAX OUAUOOK, BIUTIOULUX HA MOUHOCHb NOSUUUOHUPOBAHUS 00BeKNA, OMHOCUMENLHO YPOBHS
CUHANA, NPUHUMAEMO20 CO CHYMHUKA.

JlaHHbIe MCCIefOBaHNS BBIIIO/IHEHDI IIPU TIOJIIEP>KKe HAYYHOrO NpoeKTa «PaspaboTka po6OTH3MpPOBAHHOTO 6eCIMIIOTHOTO
JIeTaTebHOTO allapaTa My/IbTUPOTOPHOTO THIIA C MCIOIb30BaHMeM becrnatopMeHHOI HHEPIMATBLHOI HABUTALIMOHHO CUCTEMBI»
Depnepanbroit [lenesoit IIporpammer Ha 2014-2020 ropsr (yHuxanbHbli upentndukarop REMEFI57818X0222) npu ¢umHaHCOBOI
noanep>xke Munncrepersa Hayku n Boicurero O6pasosannst Poccyn, na 6ase IIKIT CKDY.
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KniodeBble cnoBa: MaTpuIa MOTOXKEHMA, MAaTPUIIA TOYHOCTH TO3UIIIOHMPOBAHMS, UCIEPCHS, CPEHAA KBapaTudecKas
norpemHocTb, GPS, ITTOHACC.

Annotation. Robotic unmanned aerial vehicles (RBLA) are widely used in the military, mainly in intelligence. Large vehicles
can be equipped with weapons and conduct combat operations.

Materials and methods. The use of RBLA for civilian purposes can also be very effective (monitoring forest fires, drawing up
topographic maps, etc.). The method of determining the position and orientation of the device in space during its flight plays an Im-
portant role. Most often, GPS/GLONASS positioning systems are used for this purpose. However, using such positioning technologies
may be difficult or impossible. The operation of such systems can be disrupted as a result of targeted suppression or due to distortion of
the navigation field due to re-reflection of the navigation signal from artificial objects and by limiting the visibility of the horizon. The
GPS/GLONASS signal may not be available due to mountainous terrain or urban buildings. The use of GPS/GLONASS may not be
acceptable due to secrecy or lack of accuracy. Therefore, the development of UAV positioning systems that are independent of satellite
navigation systems data is an important research area.

Results and discussions. A promising way to solve this problem is to develop an algorithm for determining the initial coordi-
nates of the RBLA in conditions of distortion of the navigation field due to re-reflection of the navigation signal from artificial objects
and by limiting the visibility of the horizon. Global navigation satellite systems (GNSS) are the main means of navigation for many mo-
bile systems and, in particular, for modern robotic unmanned aerial vehicles. However, GNSS receivers used in rbla navigation systems
have extremely low noise immunity, which consequently limits their use in complex radio-electronic conditions. Almost all types of inter-
ference to GNSS signals can be divided into distortions of the navigation field due to re-reflection of the navigation signal from artificial
objects and by limiting the visibility of the horizon. These distortions "destroy” the GNSS navigation field. In this situation, even if the
characteristics of the navigation signal channels are known in advance, there is an extremely low level of the useful signal (minus
161...155 dBW).

Conclusion. The article presents the main provisions of the mathematical model for determining the accuracy of the coordi-
nates of the object's position from satellites in Cartesian coordinates. The process of accumulating object positioning errors is considered.
Conclusions are made about error parameters that affect the accuracy of object positioning, relative to the signal level received from the
satellite.

These studies were carried out with the support of the scientific project "Development of a multirotor type robotic un-
manned aerial vehicle using a strapdown inertial navigation system" of the Federal Target Program for 2014-2020 (unique identifier
RFMEFI57818X0222) with the financial support of the Ministry of Science and Higher Education of Russia, based on the NCFU Cen-
tral research center.

Key words: position matrix, positioning accuracy matrix, variance, mean square error, GPS, GLONASS.

Introduction. When determining the position of an object in Cartesian coordinates, special signals are used.
Each GPS satellite constantly transmits navigation messages containing, in particular, the coordinates of the satellite at
the time of sending the message and the time of sending. A GNSS receiver receiving such a message from a satellite nav-
igation system (SNS) can calculate the distance to the satellite:

d = (t(np) - t(OTnp)) .c 1)

In this formula, the transit time of the signal (from the time of sending t°™™ to the time of receiving t (™)
multiplied by the speed of propagation of the radio signal, i.e. the speed of light c.

The geometric interpretation of the system for determining the position of an object in Cartesian coordinates is
as follows. A message in the form of a signal area from one satellite selects a part of the space in which the consumer is
located - a sphere determined by its center-satellite and radius. The information from the second satellite is another
sphere of the signal space. The message from the third satellite adds more parameters of the signal space and uniquely
determines the coordinates using the method of comparison. The condition that all three spheres have a common point
follows from the design of the navigation system itself. Of the two solutions (intersections of the circle and the third
sphere), one is implausible, and the second contains the true coordinates of the object's position in Cartesian coordi-
nates.

Thus, the problem of determining the initial coordinates of an UAV under conditions of distortion of the navi-
gation field due to re-reflection of a signal from artificial objects and by limiting the visibility of the horizon is relevant
and significantly affects the efficiency of processing GPS / GLONASS data and the accuracy of determining the location
of objects (for example, unmanned aerial vehicles ).
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It is necessary to develop a methodology that allows determining the initial location of the SSV, assessing the
quality of the navigation signal, for making a decision on entering the initial coordinates into the inertial navigation
system (SINS) in conditions of shading and receiving the reflected signal from the SNS.

Materials and methods. In [1-4], methods are given that allow determining the initial location of an SSV, but
do not explain the effect of satellite geometry on the accuracy of object positioning.

Figure 1 shows the distances R; (i = 1...4) from satellites to the user.

X w Sat 2 w Sat3
YSM 2 -\ - . x
Sa 2 Z 2 ! ~ N\sat 3
Zs.ﬂ 2 ) A Sat 3
Sat 3
- _Sat1 g ‘ wSatd
Ys.sr 1 <of < "‘;}'xs;x 4
Zsu s
User
Zjoe
Y
Source >
Yl)wv XU”'

X

Fig. 1. Description of the satellite and the position of the UAV in Cartesian coordinates

Distances R; (i = 1...4) can be determined using the formula:

Ri = \/(X Sat_i_XUser)2 + (Y Sat_i_YUser)2 + (Z Sat_i_ZUser)2 ’ @)

Using the coordinates shown in Figure 1, we obtain the position matrix P [] of the object in Cartesian coordi-

nates:
- XUSGI’ - XSat_l YUser _YSat_l ZUser - ZSat_l 1_
R R, R
XuSer XSat_Z YUser _YSat_Z ZUser - ZSat_Z 1 3)
p— R, R, R, .
XUser - XSat_3 YUser _YSat_3 ZUser - ZSat_3 1
R R R
XUser - XSat_4 YUser _YSat_4 ZuSer - ZSat_4 1
L R, R, R, i
Required:
1. Determine the indicators describing the influence of satellite geometry on the positioning accuracy of the ob-
ject Ri.

2. To develop a methodology for determining the initial coordinates of an UAV in conditions of distortion of
the navigation field due to re-reflection of the navigation signal from artificial objects and due to limiting the visibility of
the horizon.

Results and discussion. Applying sequentially the transposition of the position matrix, multiplication and in-
version, we calculate the inverse matrix DOP D [1], designed to determine the influence of satellite geometry on the
positioning accuracy of an object:

p=[[P] .[p]]’l- (4)
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Using the matrix calculation rules, the 16 elements of the DOP D matrix are denoted as follows:

Dll DlZ DlS D14

D21 D22 D23 D24 ) (5)
D3l D32 D33 D34

D41 D42 D43 D44

The following DOP indicators are known that describe the effect of satellite geometry on the positioning accu-

D:

racy of an object [1, 3]:

- GDOP (Geometric DOP): describes the effect of satellite geometry on positions in 3D space and time;

- PDOP (Positional DOP): describes the effect of satellite geometry on positions in 3D space;

- HDOP (horizontal DOP): describes the effect of satellite geometry on position in plane (2D);

- VDOP (Vertical DOP): describes the effect of satellite geometry on altitude (1D);

- TDOP (Time DOP): describes the effect of satellite geometry on time measurement.

The general error in the position of the UAV is determined by the accumulation of errors of the factors consid-
ered above, and they, in turn, can be calculated from the elements of the matrix DOP D as follows:

GDOP =,/D,, + D, + D;; + D, - (6)
PDOP=,/D,, +D,, + Dj; - 7)
HDOP =,/D,, + D,, - (8)
VDOP =,/D,, . ©)
TDOP =,/D,, - (10)

Therefore, in the case when the elements of the DOP matrix D (5) are known, it is possible to determine the
DOP indicators describing the effect of satellite geometry on the object positioning accuracy R;. These parameters are
functions of the corresponding covariance matrices of elements in the global or local geodetic coordinate system. They
can be obtained mathematically from the position of the available satellites (navigation signal sources). Many GNSS
receivers allow you to display the current location of all satellites (“satellite constellation™) along with DOP values.

The method for determining the initial coordinates of an SSV in conditions of distortion of the navigation field
due to re-reflection of the navigation signal from artificial objects and due to limiting the visibility of the horizon is as
follows:

1. Based on the received signals, it is necessary to compose a matrix of positions P [] of the object in Cartesian
coordinates (formula (3)).

2. Calculate the matrix of the influence of satellite geometry on the positioning accuracy of the DOT object ac-
cording to the formula (5).

3. Determine the DOP indicators according to formulas (6) - (10).

4. Check the accuracy of the assessment of the initial coordinates of the ballistic missile system according to the
ratios:

PDOP? = HDOP? +VDOP? 1 GDOP? = PDOP? + TDOP?. (11)
The source [1] shows that the accuracy of measuring the location of an object is proportional to the DOP val-
ues. This means that when the DOP value is doubled, the object location error also doubles. The following relationships
apply:
— error R; (10) = 1* Total RMS * value DOP;
— error R; (20) = 2* Total RMS * value DOP;
— RMS (Root Mean Square) - root mean square error.
Table 1 shows the types of horizontal errors depending on the mean square error (1o = 68 %, 20 = 95 %) with
HDOP =1.3.
Long-term measurements, available from the US FAA, showed that 95% of all measurements had horizontal
and vertical errors less than 7.4 and 9.0 m, respectively. The time period for the measurement was 24 hours [1].
In the source [1], the DOP value is defined as the reciprocal of the volume of the tetrahedron, composed of the
position of the satellites and the user (Figure 2, volume indicator).
When modeling various situations and drawing up a methodology, the following conclusion was made: the
larger the internal volume of the tetrahedron, the lower the DOP value.
Table 1

Bbinyck Ne2, 2020 11



COBPEMEHHAA HAYKA U MHHOBALUWMN

Types of horizontal errors with HDOP = 1.3

Error type Error
Total RMS 4™
Horizontal error Ri (1o = 68%, HDOP = 1.3) 6M
Horizontal error Ri (20 = 95%, HDOP = 1.3) 12Mm

Volume Volume ’

low DOP: 1.5 high DOP: 5.7

Fig. 2. Influence of satellite geometry on the positioning accuracy of the object (RBV)

Studies have shown that with open and free areas (no shading), the satellite communication area is favorable
for DOP values, and they rarely exceed 3 (Figure 3).

In mountainous areas, forests and urban areas, the DOP values, in contrast to the cases discussed above, have
values much greater than one, which makes it difficult to determine the position of an object in space.

D Chart - [PDOP 0 /Index] &=

T & K[| T #|yr[Pooe ot e X |4 | 4 16 one.
D sty view [= o=

©0|@0/w i
Fig. 3. HDOP values, in the area without shadow / obstruction of the satellites (maximum PDOP value <1.4)

Figures 3 and 4 show the cases of PDOP change in the absence (maximum PDOP less than 1.9) and presence of
obstructions (maximum PDOP greater than 20) satellite visibility, respectively. In the experiment for Figure 4, the west-
ern area is shaded by a tall building.
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Fig. 4. PDOP values, high shadow / obstruction of satellites (maximum PDOP> 20)

In the case of strong shading (Figure 4), the temporary ability to determine the position of the object with the
required accuracy (DOP <2) is rather small and has a random nature.

For accurate measurements, it is recommended in [4] that time periods with DOP values above 6 should not be
used for accurate measurements.

DOP values can be estimated based on the current position of the constellation of satellites [2, 3].

During the experiment, the calculated DOP values coincided with the measured ones, which confirms the cor-
rectness of the developed technique. In order to actualize the determination of the initial coordinates of the UAV exper-
imentally in conditions of distortion of the navigation field due to re-reflection of the navigation signal from artificial
objects and with limited visibility of the horizon, studies were carried out when the location of navigation satellites is
shown in Figure 5, where the western side is shaded.

Fig. 5. Location of navigation satellites during the experiment

The figure shows that satellites G15, G13, G5 and R7 are out of line of sight of the antenna of the navigation re-
ceiver, nevertheless, the data from these satellites take part in the formation of the navigation solution. Their signals are
reflected from the metal roof of a nearby building, thereby introducing an error in determining the coordinates of the
location.

The received signal is characterized by a step change in level from 20 to 33 dbHz. The satellites listed above are
periodically automatically excluded by the GNSS receiver from the navigation solution.

For comparison, the signal strength of the G17 satellites is 43-50 dbHz,

G1 44-46 dbHz, which are in line of sight.
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In the course of the experiment, it was determined that another characteristic sign of the reception of the re-
flected signal is an abrupt change in the estimate of the decrease in the accuracy of the received GDOP signal from 1.45
to 2.9, which can be observed in the interval in 10-12 minutes.

Under normal conditions, the GDOP parameter changes slowly, the rate of its change is commensurate with
the time of change of visible satellites above the horizon.

Based on the analysis and experiment performed, it is possible to conclude that an increase in HDOP of more
than 2 is a necessary, but not sufficient condition for the distortion of the navigation field. The analysis should also in-
clude the received signal strength of a particular satellite, as well as the rate of change of the GDOP parameter.

Thus, it is necessary to determine the initial position of the UAV, assess the quality of the navigation signal,
make a decision on the algorithm for the correction of the onboard SINS during takeoff and landing in conditions of
shading and the possible reception of the reflected signal from the SNS.

Possible conditions are:

1. The received signal can be used to initialize the SINS and determine the position of the UAV with high accu-
racy.

2. It is possible to determine the location of the UAV with reduced accuracy.

3. It is possible to determine the position of the UAV with a large error.

An analysis of a full-scale experiment showed that in order to achieve the maximum accuracy in determining
coordinates during the preparation of an UAV for takeoff, it is recommended to carry out a tolerance control of the
dispersion of the carrier-to-noise ratio of the navigation radio signal received from the satellites by the GNSS receiver.

If there are at least 7 satellites with normal dispersion indices, and when the HDOP, GDOP parameters are in
tolerance, it is necessary to record the navigation parameters into an array containing the fields: longitude, latitude, alti-
tude, HDOP parameter, GDOP parameter. This array will contain navigation parameters with the best indicators of the
accuracy of determining the coordinates of the aircraft.

If the HDOP or GDOP indicators do not meet the specified requirements, but the received navigation radio
signal from at least 7 satellites meets the requirements for the carrier-to-noise ratio, in this case the navigation parame-
ters recorded in the array will meet the reduced requirements for position determination accuracy UAV.

In the presence of a navigation radio signal satisfying a given carrier-to-noise ratio from less than 7 satellites,
the navigation data recorded in the array will determine the position with a low accuracy in determining the position of
the ballistic missile. In this case, the following solutions to this problem are possible:

1. Change the launch site of the UAV.

2. Carry out the determination of the initial coordinates using other methods, for example, electronic maps us-
ing known landmarks on the ground. Further, it is necessary to load the obtained coordinates into SINS. In this case, it
is necessary to estimate the vertical take-off altitude of the SSV in order to leave the zone of the distorted navigation
field. During takeoff, the SINS correction from the SNS receiver should not be performed.

In the SNS receiver [4,5], it is possible to use models for calculating navigation parameters depending on the
dynamics of objects.

When working with loads <1 g, the model for calculating coordinates assumes a highly dynamic object that can
change its speed with an acceleration of up to 1 g, as a result of this the spread of coordinates given by the receiver at rest
will be large. When switching to a stationary dynamic platform model, the variance of the generated coordinates will be
small.

The dynamic model "Aviation <1 g" is working for UAV. The use of the "stationary”" dynamic platform model
in determining the coordinates of the initial position will significantly reduce the variance of the initial position coordi-
nates obtained from the SNS receiver.

The operation of the algorithm involves several stages:

1. The stage of configuration of the SNS receiver to work with the model of a stationary object. At this stage, the
dynamic model is switched, which is used to estimate the coordinates of the location and check the correctness of the
switch.

2. Stage of assessment of the received parameters. The variance is assessed:

- CNO ratio - carrier / noise, for the navigation signal received from satellites;

- HDOP - factor of decrease in the accuracy of determining coordinates in the horizontal plane;

- GDOP - geometrical factor of decrease in coordinate determination accuracy.
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3. The stage of dividing the received coordinates depending on the characteristics of HDOP, GDOP and CNO,
and writing data to arrays.

4. The stage of determining the accuracy of the navigation data provided for the SINS initialization. At this
stage:

— a decision is made on the availability of UAV position data;

- depending on the parameters of the received signals, the accuracy factor of the navigation solution is estab-
lished;

- a data readiness signal is generated for SINS initialization;

- if it is impossible to determine the coordinates with a given accuracy, a message is issued to the operator to
make a decision about another method of initial SINS initialization.

5. The stage of switching the used dynamic platform to "Aviation <1 g" and checking the correct switching.

Conclusions. In this paper, we propose a method for determining the initial coordinates of an SSV under con-
ditions of distortion of the navigation field due to re-reflection of the signal from artificial objects and due to limiting
the visibility of the horizon.

The technique, presented in the form of a sequence of actions and equations (5-11), makes it possible to de-
termine the initial location of the ballistic missile system, to assess the quality of the navigation signal, to make a deci-
sion on entering the initial coordinates into the SINS under shading conditions and receiving the reflected signal from
the SNS. It is based on the use of the HDOP and GDOP parameters, which make it possible to form the initial naviga-
tion parameters for loading into the SINS with the best indicators in determining the accuracy of the coordinates of the
SSV, in the presence of at least 7 satellites with normal carrier-to-noise ratio.

A feature of this technique is that an onboard GNSS receiver is used as a meter for HDOP and GDOP parame-
ters.

On the basis of the technique, an algorithm has been developed for estimating the parameters of the received
navigation signal, which makes it possible to identify the fact of distortion of the navigation field, to minimize the errors
that arise when determining the initial coordinates of the ballistic missile.

The estimation of the accuracy of determining the coordinates of a location has three states. The coordinates of
the initial location determined by the algorithm can be used to initialize the SINS:

- with high precision;

- with reduced accuracy;

- with a large margin of error.

In the latter case, it is necessary to change the place of the planned take-off of the RBVA. Or estimate the alti-
tude at which the conditions of distortion of the navigation field will be eliminated due to re-reflection of signals or
shading of the line of sight of the satellite. After initialization with parameters of low accuracy, take off in the SINS au-
tonomous mode. Turn on the correction after leaving the area of distortion of the navigation field.
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Annomayus. B cospemennvix ycnosusx eospacmaem ponv memooos U nokasameneii cramucmuky, XapaKmepusyousux
CIPYKMypy COBOKYNHOCMU, KAK POPMY OP2AHUSALUL CUCEMDL, COCMOAUeTE U3 01MOeNIbHDLX I/IeMEHINO06 U CE3eli MeN Oy HUMU.

B cmamve cmamucmuueckas cOB0KynHOCMb UHOUBUOYATbHVIX UHOEKCOB CMOUMOCHU 6nepevle PACCMAMPUBAEMCS KAK
cucmema, 0671a0a10u4aA PYHKYUOHALHOLL U CIPYKMYPHOIL opeaHusayueri.

Henv. Iokasamv, 4mo KomnemeHmHoe UCHONb306AHUE CMAMUCUYECKO COBOKYNHOCMU KAK CUCIEMbl, NPOB00UMOe 6
pamax QyHKUUOHANLHO-CMPYKIMYPHO20 100X00d, NO03607Aen NPpedCmAasump C600HbL UHOEKC CIOUMOCIU KAK nepeceueHie MHO-
Hecme PYHKYUOHATLHO20 U CPYKINYPHO20 ampubymos.

3adauu. [Ins docmusenus nocmaeneHHotl yenu Obinu peulernl credyroujue 3a0a4u: 8vloeseHbl GYHKUUOHATLHLIL U CIPYK-
MypHOLIL aNIEMEHMbL COBOKYNHOCMU; CB00HbILL UHOEKC CHOUMOCMU NPeocmassien 6 6ude CPYKMypHOLL (OPMYIIbl; YCMaHO6/IeH NPUH-
Uun HeEcmxoil OemepMUHUPOBAHHOL NPONOPULOHATILHOCU MeHOy PYHKUUOHANIbHDIM U CIPYKIMYPHbIM Ampubymamu; 060CHO8AH
66100p pacuéma cpedHUxX 3HAUeHUT PYHKUUOHATLHO20 U CPYKIMYPHO20 ampubyma.

Mamepuanvt u memoOvt. B pabome ucnonv3osanuce mpaouyuoHHvle Memoovl MAMeMAMU4ecKoe0 aHaAnu3a MHOXecms,
crmamucmuueckue mMemoobl, Mermoobl UCCTe008aHUS Onepauti, 0600UeHUS, CUCMEMAMUZAYUL CIMAMUCUYECKUX OAHHDLX, Menoobl
MeopuL NPUHAMUS PeuteHUl.

Pesymomamot u o6cyncoenus. JJokazano, umo 6e3 yuéma cmpyKkmypHoLi COCmasnaouiell coOCmeeHHAS CyusHOCHb CB00H020
UHOEKCA CIOUMOCMU N03HAHA 6bimb He monem. O60CHOB8AHA B03MONHOCY KOMNIIEKCHOT OUeHKU PYHKUUOHATLHOL U CHIPYKIYPHOTL
OpeaHU3ayUy CO80KYNHOCMU UHOEKCO8 CMOUMOCMU KaK makoeoii. [1oka3ano, umo opeanusayus cosokynHocmu Oydem coomeem-
cmeosambv cocmoaHu Ilapemo — onmumanvHOCMU NP PABEHCHIBE OUeHOK PYHKUUOHATLHOL U CPYKIMYPHOTL COCMABLTIOUSUX.

Bovisoovt. Yem Onuxce paxmuueckas oyeHKa 0peaHu3ayUOHHOLL CIOHHOCIU COBOKYNHOCMU K cocmoaruio TTapemo — onmu-
MANLHOCMU, MeM 2apMOHUYHee, COBepuleHHee OP2aHU3AUUSL COBOKYNHOCIU, MeM KA4ecmeeHHO 00HOPOOHee cama COBOKYNHOCHb U
B03MOMCHOCU €€ UHMEPNPemauuu 6 NPAKMu4eckux yesnsx.

KrmoueBpie cmoBa: MHAEKC oM, KO3(QOULIMEHT M3MEHEHMS CTPYKTYpbl, MHOroo0Opasme 9IeMeHTHOI 6a3bl,
(bYHKIOHAIbHAA U CTPYKTYPHAs OPraHM3AlA, IPYIIIOBbIE M MEXTIPYIIIOBbIE CBA3M, [lapeTo-0nTUMaIbHOCTD.

Abstracts. In modern conditions, the role of statistical methods and indicators that characterize the structure of a summation
as a form of organization of a system consisting of individual elements and links between them is increasing.

In the article, the statistical set of individual cost indices is considered for the first time as a system that has a functional and
structural organization.

Goal. To show that the competent use of the statistical summation as a system, carried out within the framework of the func-
tional-structural approach, allows us to present the composite cost index as the intersection of sets of functional and structural attributes.

Tasks. To achieve this goal have been resolved following tasks: identified functional and structural elements together; the com-
posite index value is represented in a structural formula, the principle of strict deterministic relationship between functional and struc-
tural attributes; the choice of averaging of functional and structural attribute.

Methodology. The paper uses traditional methods of mathematical analysis of sets, statistical methods, methods of operations
research, generalization, systematization of statistical data, methods of decision theory.

Results. It is proved that without taking into account the structural component, the intrinsic essence of the composite value in-
dex cannot be known. The possibility of a comprehensive assessment of the functional and structural organization of a set of cost indices
as such is substantiated. It is shown that the organization of the summation will correspond to the state of Pareto — optimality when the
estimates of the functional and structural components are equal.
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Conclusions. The closer the actual assessment of the organizational complexity of the aggregate to a state of Pareto optimality,
more harmonious, more perfect organization together, the qualitatively homogeneous itself the totality and the possibility of its interpre-
tation for practical purposes.

Key words: share index, structure change coefficient, element base diversity, functional and structural organization, group
and intergroup relations, Pareto-optimality.

Introduction. A statistical summation is a set of relatively homogeneous elements taken together within
specific boundaries of time and space and possessing signs of similarity and difference. A statistical summation has cer-
tain properties: indecomposability (a statistical summation is always homogeneous in at least one attribute) and varia-
tion (quantitative changes in the value of a statistical attribute when one of its elements passes into another). Between
the functional and structural components of the organization of the aggregate, the principle of rigid deterministic pro-
portionality operates, reflecting the consistency of the goals of the functional and structural elements of the aggregate
with its main goal - the formation of a composite value index.

Assessing the complexity of organizing a composite cost index based on the Pareto-optimality principle makes
it possible to determine the proximity of a set of individual cost indices to the optimal state. One of the relative charac-
teristics that take into account the structural changes that have occurred in the aggregate of values is the ratio of the

shares of the elements of the aggregate, represented by the formula:
_ %11 _ i1 . QoPo _ 91P1 . XdiP1 _ W (1)

iy =—"1"= : : =
47 dog  Taip1  Xdqopo  doPo  Xdobo I
where d;; = % - the share of the cost of an individual product (q;p;) in the total cost of the summation (3 q;p;) of
the current («1») period;
doo = ;;’:;’0 — share of the cost of the same product (qop,) in the total cost summation (3} gopo) on the base («0»)
period;
i, = % - individual index of the cost of an individual product;
0F0
= ?% - composite index of the value of the entire summation;
0F0

iq — the index of the share (structural changes), which characterizes the relative change in the share of the value of
an individual commodity in the aggregate in period "1" compared to period "0".

Relation (1) has not found wide application either in statistical theory or in practice due to the fact that the
analysis of structural changes using such a simple technique does not provide a comprehensive characteristic of struc-
tural changes in the studied summation, does not allow describing the phenomenon as a whole [6, p. 76]. Therefore,
when studying structural changes, preference is given to indicators of absolute change in the proportion. Stochastic and
vector approaches [4], coefficients of structural shifts by L. Kazinets [1], K. Gatev, A. Salai [2], V. Ryabtsev [3] and oth-
ers [7] are well-known examples of calculating the absolute change in the proportion.

In our opinion, the methodological potential inherent in formula (1) is much greater than one might imagine.
Let's take a closer look at this. Composite index I_v, expressed in terms of fractions of elements of aggregates of value "0"
of the period (dgo) and «1» of the period (d;4), is defined as follows:

_ZVyj VA Vit et Vit ot Vi

L, = =
v
ZV()]' ZV()]'
Ve . , Vij
Assumlngrz l,,j,weﬁnd 171]' = lv]" Vojn V()]‘:T
0j vj
Then
1) I _Zvlj _ iy1 Vo1 + ip2' Vo2 + ..t i'uj' Voj+ wtiyn Von
= =
XVoj XVyj
Voij
But —2 =d,;
ZV()]'
v,
So, I,=—"2=Yi,-d
s Ly ZV() Z vj" Goj
2)1 _Zvlj_ 2V1]‘ —_—
v= = Vi; =
LVoj Vai, Viz, U, Vin
ivy | vy ivj vy
_ 1 _ 1
T Vi Vip Vi vin Oy
Lvl-ZVlj va-ZVU wj-ZVU- Lvn-ZVlj iv]-
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Vlj _ )
But ZVU' = d1]
XVyj
So, I, :zvlj. = ;11'
0j ZI
We denote dyj=d , dij= d11 and get:
_Xaip1 _ ¢ . _ 1
Iv - ¥ qoPo - Z Ly dOO - Zm (2)

y
Let us transform formula (2) into a structural formula that shows the change in the "contribution" of individual

elements and (or) groups of value aggregates to the formation of the composite index I,,.
1 _ Ziv'dOO _ 1 (3)

- d
Iy Iv'z%vl

Since for the aggregates of the value of period "0" and period "1" the composite index is a constant value, then
using formula (1), we can represent formula (3) in the form

o '
Shyoo =Z%=Zld'doo =Zd11 =Y contr doo =1 (4)

or
Shyyy = R0 = Z%=Zdoo=Zcontrd11=1 (5)

Formula (4) shows that the structure of the composite index I, in estimates "0" of the period (S1,¢g) is com-
pletely determined by the structure of the aggregate of values in the period «1» (3 dy1).

Formula (5) shows that the structure of the composite index I, in estimates "1" of the period (SI,,11) absolutely
adequate to the structure of the aggregate values in the "0" period (3 dgg)-

Therefore, between changes to the structure of the composite index I, and changes in the structure of the ag-
gregate of values, there is a feedback, namely: if the share of any element of the aggregate of values in the "1" period
compared to the "0" period changes # times, then the contribution of this element to the formation of the structure of
the composite index I, will change in 1/n times.

Based on this, formula (1) can be represented as
diy _ contrdoy _ l._v (6)

g =-=—-00—
doo contr dq1 I,
From here we find
i . contrd .
L=2=i,-— =i, a (7)
iq contr dgg
contrd . s . s
where a; = W - structural change ratio of the composite index I,,, showing the level of difference of the structure
00

of the composite index in the estimates of "1" period from the structure of the composite index in the estimates of "0" of

the period.

contrd,; = bdun dgo - contribution of an element of a set of values to a structure SI,,1; of a composite cost
index.

contr dog = i"'ldoo = d,, - contribution of an element of a set of values to a structure S,y of a composite cost
index. ’

As a result, we get

Yaip: _ j _ .
=T =—==1,;"0j=C 8
V' Xawo igyg T ®
From formula (8) it follows that the composite cost index, represented by modern index theory as a result of
X q1P1

dividing the total sums of two sets of values [, = , can be defined for any data item of the aggregates or as the quo-

oPo
tient of dividing the individual cost index i, on the relative change in the share of this element in the aggregate values i;;

or as the product of the individual cost index by the coefficient a;, characterizing the relative change in the structure of
the composite index itself.

Hence, if the share of j-element in the aggregate values "1" of the period (d;,) less than its share in the aggre-
gate values "0" of the period (dg), then the significance of this element in the structure of the composite index, ex-
pressed in estimates "1" of the period (contr d,), more than its share in the structure of the composite index, expressed
in estimates of "0" period (contr d).

For d;; > dyo we have an inverse relationship contr dy; < contr dy, .
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Thus, formula (8) reflects the principle of rigid deterministic proportionality inherent in any j-element set of
cost indices. Principle emphasizing the need to align the goals of the elements of the summation (i,,; u i4;) with its main
purpose (1), as well as the need for a certain ratio between the parts of the whole (i,,;/i4; = i,; * a5j = const).

The revealed principle of proportionality allows us to consider the composite value index as a set of interrelated
elements, united by the unity of goals and functional integrity. That is, as a system that has all the necessary features: the
integrity and segmentation of the object, stable connections between the elements of the system (i,; 1 ig;) and integra-
tive qualities inherent in the system as a whole, but not inherent in its elements separately (average values i,; and iy;)
(11, c. 19-21].

Then we can talk about the functional and structural organization (organization) of the aggregate of the com-
posite index. Note that it is the issues related to the difference in the levels of the structural and functional organization
of the studied systems, the criteria for their selection, consideration of connections, interactions and mutual transitions
that occupy a central place in system analysis [11, p. 15].

By functional organization we mean a set of functions and connections between them. The functional organi-
zation of the composite index, represented by many individual indices i, reflects the purpose of the system, what it is
for. This organization is the most essential characteristic of the system, for the concept of function is closest to the con-
cept of the goal, for the sake of which the system is created.

By structural organization we mean a general idea of the shape, location and number of parts of the system and
their interconnections. Structural organization of the composite index, represented by many individual indexes
iq and a;, characterizes the invariant aspect of the composition of the system and represents the stable ordering of its
elements and connections between them.

The functional and structural organization of the system influence each other and are in such a dialectical rela-
tionship that it is difficult to establish a one-to-one correspondence between the functions being implemented and the
structure of the system. For example, from the standpoint of the structural-functional approach to the creation (analy-
sis) of systems existing in the theory of systems, the primacy of the structural aspect of organization is assumed in the
sense that in its absence the system disappears. On the other hand, the functional-structural approach, on the contrary,
is based on the assumption that the functional purpose of the system is primary in relation to its structural organization
[11, p. 49-51].

The authors adhere to the latter point of view: in the relationship between function and structure, the leading
role is assigned to the function (functional organization), and the structure (structural organization) is transformed,
modified in accordance with the implemented functions, while remaining unchanged (in terms of the composition of
the system) in relation to any internal transformations. In this case, the main emphasis, as it should be in the systemic
approach, is made on the integrative properties of the object and its integrity; identifying the variety of connections and
relationships between individual elements of the object, their group and intergroup relationships.

At least three fundamental properties of this aggregate follow from the principle of proportionality characteris-
tic of the aggregate of the composite value index of any level of the structural and functional organization:

If the composite value index is more (less) than one, then for all members of a given summation, without ex-
ception, the individual functional index (value index) will be more (less) than the corresponding individual structural
index (share index), that is, at I, > 1 we always have i,,; > iy;;at [, < 1, on the contrary, we have i,,; < i4j;

1. If in a given set at least one individual functional index of value is greater (less) than the corresponding indi-
vidual structural index of the share, then this inequality will, without exception, be inherent in the rest of the individual
indexes of value and the corresponding individual indexes of the share; as well as the fact that the composite index of the
summation will be more (less) than one. That is, if i,,; > igj, 50 iy1 > iqq, by > Lazs -5 by > lgp and [, > 1 If i, <
lajs 80 lyg < lgps lyy <lgg ovor by < lgpand [, <1

2. If one individual functional value index is greater than the corresponding individual structural share index,
for example, i,,; > i4j, and the other individual functional value index is less than the corresponding individual struc-
tural share index, for example, i, < iy, then these indices belong either to different groups of the same summation
and we are dealing with group indices, or the indices belong to different collections.

Consequently, the principle of proportionality inherent in formula (8) makes it possible to "philosophically”
perceive the set of value indices as a set of unity (in the form of a composite value index) and diversity (in the form of
individual functional value indices and structural share indexes), which are internally and inextricably linked between
themselves.
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Based on formula (8), we represent the variety of the element base of the set of functional cost indices in the
form of a system of equations
ipr =1y " las
by = Iy " gz
ln =1y " lan
Then the average functional cost index €7, for a given summation can be determined by the geometric mean

simple formula as
— . n 7 - i . . i — .7
=1I," \igs “laz "o lan = Iy " lg
e - L . .
where iy = V/ig1 " gy * . " ign — geometric simple mean of the structural index of the proportion.
Hence we get

i1 ipn i n [iy1 iz i _
==t ol Mt e )
lg1tdz - ldn

Thus, the diversity of the element base of the set of functional value indices and structural share indices is re-
flected in the presentation of the composite index in the form of a generalizing formula for the geometric mean.
Selecting a geometric mean formula for calculating values ¢1,,, iy and I, dictated by two fundamental consider-
ations. First, formula (9) can be represented as follows:
24d1p1

"~ Xaopo
It is well known from the general theory of statistics that “if, when replacing individual indices with an average

v = Cl, /g = T, - @g = const (10)
value, it is necessary to keep the product of individual values unchanged, then the geometric average should be used” [5,
p-77].

Secondly, the calculation methods based on the geometric mean formula reflect a higher stability in relation to
errors [4, p. 62].

If we now arbitrarily group the set of functional (individual) cost indices, highlighting in it k-th number of
groups with m elements in each group, then the summary index of the summation /,, can be represented as the geomet-
ric mean weighted from the geometric mean group value indices.

For example, we have a set of cost indices, numbering seven elements (n=7). The summation is divided into
groups A and B (k=2). Group A consists of two elements (m, = 2). Group B consists of five elements (mpg = 5). Then
we get

- composite index of the summation equal to

, 1/7

I _ZCI1P1_7 (lvl'lvz') (lv3'lv4'lv5'lv6'lv7)_ | |lvj -/

v = - N N B N N N . - T - v/ td
2 qoPo lg1 " lg2 ° laz " laa " lgs " lge “ laz -1 laj

- group indices of the summation equal

1/2
A A . . 2 .
X q1 P1 2| ly1 " L2 lyj .,
I = = = —| = /
v = A A . i - . - Cl‘l}A ldA
245 Pp la1 " lagz i1 lgj
s 1/5
B B . .7 .7 .7 .7 .
B _ 241 Py _ 5| W3 lya " lys T lye T ly7 Lyj
I‘U_ B. B P = T _ClvB/ldB
2 qoPo laz " laa " las " lae ~ laz jo1 laj
In group indices I3 and IZ, along with functional changes in value, intra-group structural changes are also re-
q1P1 . _4doPo

. _ iy o . . .
flected (iggr = = I;p), occurred in a single group. Intergroup connections and interdependencies natu-

YA Py T TaPpy
rally arise between groups (ig,,), which should be properly considered when calculating i;.

Based on the principle of proportionality, it is possible to calculate an individual functional value index, ex-
pressed either through a composite index ( i, =i, 1,), either through the group index (i, = igy - I,’). Then
iy = ig L, = igs - I,". From this identity we obtain

id/idsr = Ill;p/lv = ier
where ig4,, - the relative change in the share of the group in the total summation, characterizing intergroup structural
changes.

rp ZQ;pp;p
Note that the value [,,” = SaPp?
0 ¥Fo

indices (i, ;) there will be fewer (more) individual structural indices (i4;). Simultaneously for the whole summation I,

may be less (more) one. Then, for this group, the individual functional cost

Bbinyck Ne2, 2020 23



COBPEMEHHAA HAYKA U MHHOBALUWMN

may be more (less) one, and then in the volume of the entire summation, individual functional indices (i,;) there will
be more (less) individual structural indices (i4;). Such a change in proportions is precisely due to the actions of inter-
group connections.
From expression iy /igs. = igr define that
. . . iy 1 i
ldzldBr'ldmrzl%'izi (11)
v
Let's represent group indices /2 and IZ as
. . — 2
L 1 "L 2 ClL A
(g =2 = (22)
ta1 *laz laa ‘
(13)5 _ W3t lys tlys T lye T ly7 (ClvB>
v - . . . . . - J—
taz *las " las “ lae " laz lap
Then we get the final formula of the composite cost index for the considered example
1/7

. 1/7
I P A 1 N o N
Iv - i=1 l_ =N\Nn=) ‘\= 5
dj ldA ldB
that is, the formula for the geometric weighted average of the group average cost indices.
In general:

- for non-grouped summations, the composite value index is calculated as the geometric mean simple from the
ratios of individual functional value indexes to individual structural indexes of shares
1/n

o= M| =22 (12)

j lds
- for grouped summations, the composite value index is calculated as the geometric weighted average of the ra-

tios of the average group functional value indexes to the average group structural indexes of shares

_ X E mi/(n=2 mi) _ k Clyy mi/("=2 mi)
IvZ - [Hi:1 I - Hi:1 (mm) (13)
From formulas (12) and (13) it follows that
k
iy = H(Tm)mi/(fpz my)
i=1
k k k -
lgz = n(m)mi/ﬁpz m) = H(MBN)mi/m:zmi) ' l_l(ldmn)n=z "™ = Tgers * ldurs
i=1 i=1 i=1
Then formula (13) can be represented as
Ty Ly (14)

IvZ

lasrs * ldmrs laurs

7% _ the aggregate average group value index.

T
where Ivg =
ldry

Like the integral coefficients of Salai and Gatev, formula (13) takes into account the size of the summation (),
the number of selected groups (k), the size of each group (m), the contribution of each group to the formation of the
studied trait —

n=ym

But unzlike the coefficients of Salai, Gatev and others, which do not link structural differences with the final re-
sult, the indicator of the average share (i;) together with the functional average cost index (ct,,) in formula (13) allow us
to determine the generalized level of influence of each of these two factors on the change in the final result, represented
by the composite cost index (I,).

According to the authors, formulas (12) and (13) are as important as the formula I, = I * I,,, expressing in
modern index theory the conceptual principle of factor reversibility, according to which the product of a given index of
quantities (I;) and the original price index (I,) should be equal to the change in value (/,,) considered unit [8, p.10].

This statement, firstly, is based on the law of classical logic of Aristotle: the own essence (essence) of a phenom-
enon is inversely proportional to the volume of the concept of this phenomenon [9, p.113-115], thatis H = - %

where H - the logical essence of a set, which characterizes classes of objects or properties that are homogeneous
in a certain respect and is a semantic synthesis of the laws of logic, the rules for the functioning of a set and its elements
that form the functional of the existence of a set;

— ] is a measure of the element base of the aggregate reflected in the consciousness, characterizing the number
of its elements of interest to the researcher from the point of view of the research goal;

— n is the volume of the concept of the summation (the number of elements in the summation).
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Hence it follows if ] =m,n =Y m,so H = zim = d, where d - the share of an element or a group of elements

in the total volume of the summation that interests the researcher. This means that without taking into account the
structural component, the intrinsic essence of the aggregate of the composite value index cannot be cognized.

Second, the importance of taking structural changes into account in the decomposition of the composite value
index lies not only in determining the contribution of the factor i, in the formation of a consolidated cost index I, but
also in the possibility of a comprehensive assessment of the functional and structural organization of the aggregate of
the composite value index as such.

The point is that for I, = const, according to formula (8) represented by the expression I, = i,,; - &, the
growth of one of the factors as a result of any changes in period "1" in comparison with period "0" is compensated by an
equivalent decrease in the other factor. Let's represent the value of the pivot index [, = i,y *Qgy = lyy " gy =+ = pp *
sy asaset [, = {I,q, L, I3 ... }, consists of dotes I,; ( as;; iy;).

This set can be considered as a Pareto set [12, p.120-121], that is, as a set of equally preferred options for
achieving a result by various combinations of factors, in which an increase (decrease) in one coordinate, for example,
; (as abscissas) entails decreasing (increasing) another coordinate i, (as ordinates) without changing the final result
pesynbTara [,

On the flat a;0i, a set I, = const, according to [10, p.75], it is visualized as a graph of an isosceles hyperbola.
This graph at the point I,;(as;; i,,;) of a set I, = {I,,1, L5, I3 ... } is intersected by a ray 7;, originating from the origin
and representing a given diameter of the hyperbola. The beam is characterized by an attituder; = i,,;/a;;, which sets the
angle of inclination of the beam to the axes O and 0i,, and is the vector of the gradient of the steepest increase of the
function I, = f(asj; i,,]-).

Among many rays r = {ry,1,,73 ...} there is one single ray in which the value of one of the factors cannot be
“improved” without “worsening” the other. The point of intersection of such a ray with the set I, = const will charac-
terize the state of Pareto optimality.

Obviously, such a state is possible if and only if the straight line i, = @ is the direction of the global extremum

of the function I, = f(asj; i;). The direction in which I, =i, - a; = i, = as? = max, or when a l”/as =r=1

(fig.1).

P

-1 -0.5

Fig. 1. Field of gradients of the spatial function I, = f(aj; iy;).
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This is indeed so due to the fact that i, and a - the essence of different combinations of the same initial values
{90, 91, Po, p1 }, and also due to the fact that i, and @, - dimensionless relative quantities that have the same scale of cal-

culation.

Any deviation from the ray r = 1, for example, right and down leads to growth a; and decrease i,,. Conversely,
the deviation to the left and upward from the ray r = 1 causes a decrease in a and an increase in i,,.

It happens that the transition from one point of the set I, = {I,,1, [, I ;5 ... } to the other it allows one to “im-
prove” one factor without “worsening” the other. In this case, the transition leads to an improvement in the Pareto situ-

ation (see point I,* on fig. 2).

iy \

[
T2=L2>1

Ly

*
Us2 Ugo 22 Us1 A

Fig. 2. Change in the state of Pareto optimality

Therefore, if I, = I, * @; = i,> = @7, then the state of Pareto optimality has been reached for the entire aggre-
gate of the composite cost index. In other words, we can say that a necessary condition for achieving the Pareto optimal-

ity situation is the condition according to which /I, = cr, = @;.

A sufficient condition for achieving Pareto optimality is a situation in which r = =1,

as
From an information and content point of view, the meaning of the indicator r, expressed through the ratio of
the means 7 = % in accordance with [9, p.120] is as follows. This relationship is represented in the form r = % =
S S

[ /1 =, - / I is a pragmatic essence (r) of a summation of composite value indices, defined by the product of the

ia
sensuous entity about the means to an end (ct;,) and the logical entity about the means of achieving the goal per unit of

information about the main goal, the result (Cl”/ 1.)- Then the attitude r = Z_ﬁ can be interpreted as an integral assess-
v S

ment of the functional €7, and structural @ the complexity of the aggregate of the composite cost index, or as an esti-
mate of the organizational complexity of the aggregate.
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If the assessment of the organizational complexity of the composite cost index summation is greater than one,
that is 7 > 1, then in the aggregate, the functional organization prevails over the structural organization. L., respectively,
if the assessment of organizational complexity is expressed by the inequality r < 1, then the structural organization of
the aggregate of the composite value index dominates over the functional organization.

It may seem that from the standpoint of the functional and structural approach, it is preferable when r > 1,
that is, when function dominates structure. However, it is not. As can be clearly seen in Fig. 1, the field of gradients of
the spatial function I, = f (asj ; i,,j) tends towards the point [11], at which the global extremum of this function is
reached.

This implies that if the assessment of the organizational complexity of the summation is equal to one, that is
r = 1, then the aggregate of the composite value index has Pareto-optimality and cannot be improved in this state.

Thus, it can be argued that the condition r = 1 is that normalized-preferable condition with which the actual
values of the assessment of the organizational complexity of the summation should be compared. The closer the actual
values Ty,r to the normalized value 7, = 1, the closer the functional and structural organization of the aggregate of the
composite value index is to the state of Pareto optimality.
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CRITERION FOR IDENTIFICATION OF THE PROBABILITY MODEL
OF THE STATE OF SATELLITE COMMUNICATION CHANNELS

®I'AY BO Cesepo-Kakasckuit PenepanbHblit yHUBepcuTeT, HCTUTYT MHPOPMAIMOHHBIX TEXHOIOTHI

¥ TelleKOMMyHuKarii, . CraBpomosb, Poccust, e-mail: territoreer@yandex.ru

North Caucasus Federal University, Institute of Information Technologies and Telecommunications, Stavropol, Russia,
e-mail: territoreer@yandex.ru

Annomauus. [[nsa udeHmudurkayuy coCrogHUS CNymHUK08bIX KAHAI08 C6A3U UCNONb3YIOMC NPOZHO3HbIE Mermo0bl U MoOe-
nt. OOHAKO, OHU OUEHUBAIM UX COCHOAHUE U HA KAYECMBEHHOM YPOBHE, MO0 He N0360/Tem NPOU3BO0UMb MOHKYH HACPOLIKY
XAPaKMepucmux U napamempos cnymuuxosvix kaanos. I10000Hvie modenu u memodv. He Mozym obecnequsams 00CHOBEPHYHO
UOeHMUPUKAUUIO COCMOTHULL CHYMHUKOBbIX KAHATIO8 CBA3U U ONEPAIMUEHO ONPeOenImb USMeHeHUe 3AK0HO08 PACHPeOeseHUs CLyuati-
HbIX BeNUUUH, CBAZAHHLIX C NOAEIEHUEM MENKOMACUAMAOHDIX HEOOHOPOOHOCMETL 68 Cllyuae OUHAMUYHO20 U3MEHEHUS UOHOCHepHO20
C7105T, 4o XapaKkmepHo 071 6vicmpoix samupanuti cuenanos GPS/IJTOHACC.

Mamepuanvt u memoowvt. Ha npaxmuxe, 0715 npozHO3UPOBAHUS U UCCIE008AHUSL PACHPOCIPAHEHUS PAOUOBONIH, HAUWAIU UL~
poxoe npumeHeHue 8ePOAMHOCIHDIE MOOENU, OCHOBAHHDIE HA 3KOHAX pacnpedeneHus cryuatinbix senuwut Paiica, Penesi, Haxazamu u
HOpMAnbHO20 3aKoHa pacnpedenenus. OnepamusHoe ynpasneHue u noddepicarie HA MPe6YEMOM YPOBHE OMHOUEHUS CULHATL/UWYM
mpebyem pasnuuams COCMOTHUSL CHYMHUKOBDIX KAHANIO8 U UOeHMUPUUUPOBAMb UX XAPAKMEPUCIIUKY He MOTbKO MeH Oy 3aKOHAMU
pacnpedeneHus cry4atiHbix BenUUUH, HO U BHYMPU KANHO020 3AKOHA. MO N03607Um 0becneuums nOOOEPHaHUE KOTUHECHBEHHDIX U
KAueCmeeHHbIX XAPAKMEPUCUK CHYMHUKOBbIX KAHATIO8 HA mpe6yemMom yposHe. Paccmostue mexoy sMnupu4eckoil u meopemuye-
cKotl PyHKUUAMU pacnpedeseHus 6eposmHOCHIell A67Aemc 00CMamouHo IPPexmUBHOL CMAMUCMuKoil 0 NPoeepKu 2unomes o
8ude 3aK0HA pacnpedesieHUs BepOTMHOCMEl Cayuatinotl senudunbl. K Kpumepusm coenacus, UCnonb3youum pasruuHole 8apuaHmol
AHATU3A PACCIMOTHUA MeXOy Meopemuyeckoti 1 IMnupuueckoil GyHkyuamu pacnpedenerus, omnocames: Kpamepa-gpon Museca-
Cmupnosa (Omeza-xeadpam); Konmoeoposa-Cmuprosa; ITupcona (Kpumepuii Xu-xsadpam); Anoepcona-Lapnunea; Kynepa; Bamco-
Ha. B céA3u ¢ amum, om moeo, kakoii Kpumepuii 6ydem Ucnonv3oear, U HACKONLKO adeksamHo Oydem nposedeHa OueHKA U UOeHmMuU-
pukayus mexyu,ezo COCMOTHUSL CHYMHUKOBIX KAHATI08 CBA3U, 3A6UCUIM B03MONHOCMY YO0BEMBOPEHUS KAUECBEHHDIX XAPAKMePU-
cmux nepedasaemoix cueranos GPS/ITTOHACC. [ina kaxdoeo us udeHmuduyupyemvix 3axonos pacnpedenernuil (Haxaeamu, Paiica,
Penes, HOpMAnbHO20 3K0HA) ObLIU C2eHEPUPOBAHDL camucmuyeckue 8vl00pKku, no 100 8bI60POK ¢ PA3IUUHBIM KOTUHECMBOM U3Mepe-
Huil (om 1 000 0o 1 000 000). Takum 06pasom, CymMmapHoe KOAU1eCmao 8b100pPOK PA3IUUHO20 pasmepa 07 UOeHMUPUUUPYEMbIX 3aKO0-
Ho8 pacnpedeneHusi cocmaensem 1600. Bce uccnedyemvie kpumepuu nposepanuco Ha 00UHAKOBbIX 8b100pKax. Boibopku o6pabamovisa-
ZUCH ¢ nomowgbro 6ubnuomexu SciPy. Paspaboman anzopumm, no3eonsiousuti OCyuecmeums 8vl00p 2unomesvl no MaxCumanrbHOMy
3HaueHur0 KoaPduyuenma npasdonodobus. Pesynvmamom pabomovt anzopumma s6agemcs KoIPPuyuenm npasoonododus, cono-
cMaeneHHbLll ¢ KaX00l U3 CMamucmMuvecKux eunomes, Npu 3Mom npeonoumenue omoaemcs moil eunomese, KOMoPas umeen Max-
cumanvHoili Koadunuenm npasoonodobus. C nomouspro 6ubnuomexu Timeit nposedeHvt usMepeHUs 6pemeHU Pabomvl An20pUMMOB
UCCTIE0yeMbIX KPUMEPUES 8 3A8UCUMOCIU OMm pasmepa 6vl00pKu 0N UCCTedyeMbix 3aK0HO6 pacnpedenenuti. B cmamve npednoxcen
Kpumepuil u0eHMuUPUKAUUL COCMOAHUA CRYMHUKOBbIX KAHAN08, 00ecneuusarouuti mounocmy He menee 95 %. Ez0 adexsamHnocmp
noomeepiucoena OaHHbLIMU, NOTYUEHHDIMU NPU MOHUIMOPUHZE MPAHCUOHOCHEPHBIX KAHANIOB CBA3U C UCNONb30BAHUEM HAYUH020 000pY-
008aHUST «ANNAPAMHO-NPOZPAMMHDYILL KOMNIIEKC NACCUBHO20 MOHUMOPUHea uoHocgepvt NovAtel GPStation-6».

JlaHHbIe MCCIIEJOBAHN BBIIIOJTHEHDI IIPY HOIEPXKKe HAYIHOro HpoeKTa «Pa3paborka poOOTH3MPOBAHHOIO GECIIMIOTHOrO
JIeTaTeNIbHOTO allllapaTa MyJIbTHPOTOPHOTO THIIA C UCIOIb30BaHMeM OecIIaTGOpMeHHON NHEPLINATbHOI HABUTALIVIOHHON CUCTEMBI»
Depnepanbroit Llenesoit IIporpammer Ha 2014-2020 ropsr (yHuxanbHbli upentndukarop REMEFI57818X0222) npu ¢uHaHCcOBOI
noanep>xke Munmncrepcrsa Hayku n Boicurero O6pasosanns Poccun, Ha 6asze IIKIT CKDY.

KntoueBbie cnoBa: KpI/ITepI/Iﬂ corjacus, I/II[CHTI/ICI)I/IKS.LH/IH 3aKOHa pacIIpee/IeHns, TpaHCI/IOHOCCI)epHI)Ie KaHa/Ibl CBA3HU,
GPS, TTIOHACC.

Abstracts. Predictive methods and models are used to identify the state of satellite communication channels. However, they
evaluate their condition only at a qualitative level, which does not allow fine-tuning the characteristics and parameters of satellite chan-
nels. Such models and methods cannot provide reliable identification of the States of satellite communication channels and quickly de-
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termine changes in the distribution laws of random variables associated with the appearance of small-scale inhomogeneities in the case
of dynamic changes in the ionospheric layer, which is typical for rapid fading of GPS/GLONASS signals. In practice, probabilistic models
based on the laws of distribution of random variables of rice, Rayleigh, Nakagami and the normal distribution law are widely used for
forecasting and studying the propagation of radio waves. Operational management and maintenance of the signal-to-noise ratio at the
required level requires distinguishing the States of satellite channels and identifying their characteristics not only between the laws of
distribution of random variables, but also within each law. This will ensure that the quantitative and qualitative characteristics of satel-
lite channels are maintained at the required level. The distance between the empirical and theoretical probability distribution functions
is a fairly effective statistic for testing hypotheses about the type of probability distribution law of a random variable. The agreement
criteria that use different variants of analyzing the distance between the theoretical and empirical distribution functions include: Kra-
mer-von Mises-Smirnov (omega-square); Kolmogorov-Smirnov; Pearson (Chi-square Criterion); Anderson-darling; Cooper; Watson's.
In this regard, the ability to meet the quality characteristics of transmitted GPS/GLONASS signals depends on which criteria will be used
and how well the current state of satellite communication channels will be assessed and identified. For each of the identified distribution
laws (Nakagami, rice, Rayleigh, normal law), statistical samples were generated, 100 samples with a different number of dimensions
(from 1,000 to 1,000,000). Thus, the total number of samples of various sizes for the identified distribution laws is 1,600. All the studied
criteria were tested on identical samples. Selections were processed using the SciPy library. An algorithm has been developed that allows
you to select a hypothesis based on the maximum value of the likelihood coefficient. The result of the algorithm is a likelihood coefficient
compared with each of the statistical hypotheses, while preference is given to the hypothesis that has the maximum likelihood coefficient.
The Timeit library is used to measure the running time of the algorithms of the studied criteria, depending on the sample size for the
studied distribution laws. The article offers a criterion for identifying the state of satellite channels, which provides an accuracy of at least
95 %. Its adequacy is confirmed by data obtained during monitoring of transionospheric communication channels using scientific
equipment "NovAtel GPStation-6 passive ionosphere monitoring Hardware and software complex”. These studies were carried out with
the support of the scientific project "Development of a multirotor type robotic unmanned aerial vehicle using a strapdown inertial navi-
gation system” of the Federal Target Program for 2014-2020 (unique identifier REMEFI57818X0222) with the financial support of the
Ministry of Science and Higher Education of Russia, based on the NCFU Central research center.

Key words: consent criterion, identification of the distribution law, transionospheric communication channels, GPS,
GLONASS.

Introduction. One of the important stages in the control and management of transionospheric communication
channels is the identification of their states. Based on the results of the analysis of its data, a control action is developed
that allows maintaining the signal-to-noise ratio (S / N) within acceptable limits to ensure the required communication
quality. For this purpose, various actions can be taken: increasing the power, changing the frequency of signal transmis-
sion, using different coding methods, organizing diversity reception, etc. If the S / N ratio is not maintained within ac-
ceptable limits, errors in the transmission of GPS / GLONASS signals increase significantly and their quality characteris-
tics do not meet the requirements of practical problems, which is unacceptable.

In practice, for forecasting and studying the propagation of radio waves, probabilistic models based on the dis-
tribution laws of Rice, Rayleigh, Nakagami random variables and the normal distribution law have found wide applica-
tion. These models are basic for the analysis of the qualitative characteristics of satellite channels [1].

The existing practical methods for identifying the state of transionospheric communication channels are based
on predictive models [2, 3]. They use parametric forecasting, which cannot fully meet the requirements of practice due
to insufficient forecast accuracy with dynamic changes in the ionosphere, which are characteristic when small-scale ir-
regularities appear in the ionosphere [2]. In addition, they do not explicitly indicate the criterion used and do not devel-
op recommendations for its choice. The difference in states belonging to the same distribution law, characteristic of
slow fading, has not been studied sufficiently [2].

Thus, the problem of choosing a criterion for identifying the states of transionospheric communication chan-
nels, in the case of dynamically changing ionospheric formations, is relevant and significantly affects the efficiency of
processing GPS / GLONASS data and the accuracy of determining the location of objects (for example, unmanned aerial
vehicles).

It is necessary that the distribution laws of random variables describing the state of satellite communication
channels (Nakagami, Rice, Rayleigh, the normal law) are unambiguously estimated by the used criterion with the re-
quired accuracy.

Materials and methods. In works [4-7], criteria are given that are used to compare theoretical and empirical
probability distribution functions. The distance between the empirical and theoretical probability distribution functions
is a fairly effective statistics for testing hypotheses about the form of the probability distribution law of a random varia-
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ble. Goodness-of-fit criteria using different versions of the analysis of the distance between the theoretical and empirical
distribution functions are presented in [8-12]. These include the following criteria:

— Cramer-von Mises-Smirnov (Omega-square);

— Kolmogorova-Smirnova;

— Pearson (Chi-square test);

— Anderson-Darling;

— Cooper;

— Watson.

The Cramer-von Mises-Smirnov criterion is designed to test simple hypotheses about the belonging of the ana-
lyzed sample to a fully known law.

When testing simple hypotheses, the criterion is free of distribution, that is, it does not depend on the type of
law with which agreement is checked [11]. The hypothesis being tested is rejected when the statistics are large. In
[11,13], it was established that when testing complex hypotheses, where the estimate of a scalar or vector distribution
parameter is calculated from the same sample, nonparametric goodness-of-fit tests lose the property of freedom from
distribution. In this case, the distributions of statistics of nonparametric goodness-of-fit tests depend on a number of
factors: the type of the observed law corresponding to a fair testable hypothesis; the type of parameter being evaluated;
the number of estimated parameters. The differences in the limiting distributions of the same statistics when testing
simple and complex hypotheses are so significant that it is impossible to neglect it [11, 13].

In the Kolmogorov-Smirnov goodness-of-fit test, it is advisable to use statistics with the Bolshev's correction
[14]. The distribution of this statistic, given the validity of the hypothesis being tested, quickly converges to the Kolmo-
gorov distribution, and for n> 25 the dependence on the sample size can be neglected [14]. Statistics like
D, =sup|F,(x)-F(x)]-

The Anderson-Darling test is acceptable for a sample size n > 25 [15]. The check can be carried out for any type
of distribution, if the distribution parameters are assumed to be known. If the statistics are large, the hypothesis being
tested is rejected. Statistics of the form [15]

5 2i-1 2i-1
So=—n- ZZ (——=In(F(x,0)+1———In(l—-F(x;,9)))
iz 2N 2n

Cooper's goodness test is a development of the Kolmogorov goodness-of-fit test and was proposed to test sim-
ple hypotheses about the fact that the analyzed sample belongs to a fully known law [16]. If the statistics are large, the
hypothesis being tested is rejected. Statistics like D = max(% -F(x,6) _%), D, =max(F(x,0) _%) .

The Watson goodness test is a development of the Cramer - Mises - Smirnov goodness test [16]. If the statistics
are large, the hypothesis being tested is rejected. Statistics like

u? =i(F(xi,9)—i_%)2 —n(%iF(xi,H)—O.S)Z +%.

Required:

1. Investigate the above criteria for the corresponding statistics on previously known test samples of the laws of
distribution of random variables and determine a criterion with an identification accuracy of no worse than 95%.

2. Check the adequacy of the selected criterion on statistical samples obtained using the hardware and software
complex for passive monitoring of the ionosphere NovAtel GPStation-6.

Results and discussion. Statistical samples were generated for each of the identified distribution laws (Nak-
agami, Rice, Rayleigh, normal law). The samples were processed using the SciPy library.

For each of the distribution laws defined above, 100 samples were obtained with a different number of meas-
urements (from 1,000 to 1,000,000). Thus, the total number of samples of different sizes for the identified distribution
laws is 1600. All the studied criteria were tested on the same samples.

To solve the identification problem, an algorithm has been developed that provides:

1. Collection of experimental statistics of empirical distribution.

2. Calculation of the mathematical expectation and variance of the sample of the empirical distribution.

3. Construction of the differential function of the empirical distribution.

4. Calculation of the mathematical expectation and variance of the empirical distribution.
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5. Construction of differential distribution functions for each of the reference distributions with mathematical
expectation and variance of the empirical distribution.

6. Determination of the coefficient of likelihood of the sample under study for each criterion for the assumed
distributions.

7. Ranking the results of testing hypotheses according to the maximum likelihood ratio.

8. Selection of a hypothesis based on the maximum value of the likelihood coefficient.

Table 1
Sample sizes for testing identification criteria
Number of measure- Distribution law
ments in the sample Normal Rayleigh Rice Nakagami
1000 100 100 100 100
10 000 100 100 100 100
100 000 100 100 100 100
1000 000 100 100 100 100

The result of the algorithm is the likelihood coefficient compared with each of the statistical hypotheses, with
preference given to the hypothesis with the maximum likelihood coefficient. An example of the algorithm for the An-
derson-Darling test of the studied sample of 1000 measurements is presented in Table 2. For this test, the maximum
likelihood coefficient is 6.485299, which corresponds to the identification of Nakagami's law.

Table 2
An example of the algorithm for the Anderson-Darling test
Criterion Initial distribution Estimated distribution Coefficient of probability

Rice 4,37399

Anderson-Darling Nakagami Nakagami 6,485299
Normal 4,1812
Rayleigh 4,2382

Total time 0,653 c.

The greatest interest is the comparison of accuracy criteria and distribution laws of random variables, since It is
investigated that the distribution for some values of their arguments has a sufficient form.

Using the algorithm presented above, a study was carried out to select a criterion. Determined on a given plu-
ral. The test results are summarized in Table 3.

Obviously, the Omega-square test has the worst result. The standard implementation of the criterion, taken as
a basis, is capable of qualitatively determining only the normal distribution. At the same time, the Kolmogorov-
Smirnov, Cooper and Watson criteria show a fairly good result. Acceptable for them is the choice of 1000 elements,
which allows using the data for the requirements for the laws of distributed random variables in practical application.

Figure 2 shows probability graphs. Similar graphs were obtained for the laws of Rayleigh, Rice, Nakagami.

Using the time library, which measures the running time of the algorithms, the criteria are investigated de-
pending on the size. The results of measuring the average running time of algorithms and empirical selection criteria in
accordance with Rice's law are presented in Table 4 and Figure 3.

The analysis showed that the Chi-square test has the longest average running time of the algorithm. The rest of
the algorithms have comparable average running time of the algorithms. Taken together, the studied characteristics de-
termine the laws, the best indicators in terms of probability and average time have the Kolmogorov-Smirnov test.

Table 3
Values of probabilities of the correct base of empirical distributions
Normal law
Sample size
Criterion
1000 10 000 100 000 1000 000
Kolmogorov-Smirnov 96 % 97% 98 % 98 %
Cooper's 95 % 96 % 96 % 96 %
Chi-square 75 % 75 % 78 % 79 %
Omega square 86 % 88 % 90 % 90 %
Anderson-Darling 80 % 85 % 87 % 88 %
Watson 94 % 95 % 95 % 95 %
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Nakagami's law

Kolmogorov-Smirnov 97 % 97% 97 % 97 %
Cooper's 95 % 95 % 95 % 96 %
Chi-square 70 % 72 % 74 % 75 %
Omega square 0% 0% 0% 0%
Anderson-Darling 80 % 81 % 82 % 84 %
Watson 95 % 95 % 95 % 95 %
Rice's law
Kolmogorov-Smirnov 95 % 95% 95 % 95 %
Cooper's 94 % 95 % 95 % 95 %
Chi-square 75 % 75 % 78 % 79 %
Omega square 0% 0% 0% 0%
Anderson-Darling 80 % 85 % 87 % 88 %
Watson 95 % 95 % 95 % 95 %
Rayleigh's law
Kolmogorov-Smirnov 97 % 97% 98 % 98 %
Cooper's 95 % 95 % 96 % 96 %
Chi-square 72 % 74 % 74 % 75 %
Omega square 0% 0% 0% 0%
Anderson-Darling 65 % 71 % 72 % 72 %
Watson 95 % 95 % 95 % 95 %
Table 4
Average running time of criteria identification algorithms for distribution of empirical samples according to Rice's law
Pasmep BoiGopxu
Criterion
1000 10 000 100 000 1000 000

Kolmogorov-Smirnov 0,2688 c. 0,688 c. 1,596 c. 1,76 c.

Cooper's 0,328 c. 0,67 c. 1,75 ¢c. 1,83 c.

Chi-square 0,479 c. 0,848 c. 2,72 ¢c. 5,09 c.

Anderson-Darling 0,578 c. 0,823 c. 1,654 c. 1,896 c.

Watson 0,487 c. 0,563 c. 1,647 c. 1,913 ¢

In order to check the adequacy of the research results, the empirical distributions obtained with the use of the
NovAtel GPStation-6 hardware-software complex for passive ionosphere monitoring were tested. For testing, the crite-

ria of Kolmogorov-Smirnov, Cooper and Watson were used. The data received from the GPStation-6 receiver were pro-
cessed manually. We studied 100 samples with a predetermined distribution of 10,000 elements. The analysis showed
the closeness of the results of the studies. The best criterion was the Kolmogorov-Smirnov test, which has an identifica-
tion accuracy of more than 95%. Cooper and Watson's tests respectively identified the empirical distribution with 90

and 93 percent accuracy.

1

identification, (%)

Probability of correct

Criterion

Kolmogorova-Smirnova |

Chi-square

Omega square

Anderson-Darling

Sample size:
1000

10 000
=100 000
=1 000 000

Fig. 2. Graphs of probabilities of correct identification for the normal distribution law
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Fig. 3. Graph of the dependence of the average identification time of empirical samples distributed according to Rice's law

Conclusions / Conclusion. In this work, a criterion is chosen for identifying the distribution law describing the
disturbances of the ionosphere in transionospheric communication channels. The best criterion is the Kolmogorov-
Smirnov criterion, since with relatively close mean values of the identification time of the distribution laws with the
Cooper and Watson criteria, it has the best accuracy. The use of this criterion will make it possible to reasonably opti-
mize the classification thresholds for the states of transionospheric communication channels of the laws of distribution
of random variables. In the future, it is advisable to conduct additional research using it to identify the following empiri-
cal distributions: Beckman, Hoyt, truncated normal law.
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Annomauus. B cmamve npusedenvt pesynomamot uccie008aHus u 0eKOMNO3UUUS CUCHIEMbL CMAPI-KAPM, PACCMOMPeEHA
0peaHU3ayUs nOOCUCEM U UX 63AUMOCEA3U, OnpedeneHbl HEOOCHAMKU U Y2P03bl KH0Ues0ti UHPOPMAUUL.

Mamepuanvt u memodvi. IIposeder arnanus mexxonoeuu PHD Ha ocnose CO3Y, onucana paspabomanHas sKcnepumen-
MAnbHAs YCMAHOBKA, C NOMOULLI0 KOMOPOTi ObLIU HOMYUeHbl 3HAYEHUS HEUHUUUATIUSUPOBAHHON NAMAMU 6 A4elikax, NPOaHATU3UPO-
8aMbL U OnpedesnieHvl 3AKOHOMEPHOCU PAcnpedesieHus 3HAUeHUTl, 0npedesieHo KOTU4ecmeo usmepeHuil O onpedeneHus crmabunvHo-
CMU 3HAYeHUS AdeeK NAMAMU. AHATU3 Pe3YIbmMamos ykasviéaem Ha Heobxooumocms mecmuposanus mukpocxem CO3Y npu ux uc-
nonv3osanuu 6 kavecmee PHP. Paccmompena 603MOMHOCMY OanbHeliuieeo UsyHeHUs aemo-KoppensutoHHotl yHKUUuU O UCKTIO-
YeHUA KONIUUU 6 CUCmemax 63aumHoti aymenmuduxayuu. JJononHumenvHo 0711 6CeCOPOHHE20 U3YHeHUS onpedeneHHblll uHmepec
npedcmasnsem usydeHue UsMeHeHUS 3a6UCUMOCII KOTUYeCEa CMabUIbHbIX U HecmabunvHolx Aueex 8 kpucmanne CO3Y 6 meuerue
HUSHEHHO20 UUKIIA MUKPOCXEMbL, U3YHeHUe MeMnepamypHbix 3a6UCUMOCmell 3Ha4eHUTi 6 A4elikax namsamu.

Pesymvmamuvt, o6cyxdenue u 8b1800. Pazpabomar memoo HesA8HO20 XPAHEHUSA KII04eB01l UHMPOPMAUUU 6 CMAPH KAPMAX C
ucnonvzosanuem OHP na ocrose CO3Y. Paspaboman aneopumm 63aumHoii aymenmuduxayuu ¢ ucnonvosanuem ®PHD Ha ocHose
CO3Y 0ns nosviuieHUS UMUMOCMOUKOCMU cucmembl. JJaHHAS paboma 3a7104una 0cHo8y O/ OnpedesieHUs ONMUManbHol OnuHb
8eKMopa UHUUUATU3AYUL npu uchonvdosanuu mukpocxem CO3Y 6 kauecmee PHD 6 cucmemax co 63aumHoti aymenmuguxayuer.

KrroueBple crmoBa: cMapT KapTa, Qusmyeckum HeKIoHMpyeMas (GYHKIMA, CTATMYECKME OIEPaTMBHO 3allOMMHAIOLIME
YCTpOIiCTBA, MUKPOCXEMa, CTAOM/IbHBIE U HeCTAOMIIbHbIC AYEHKI. CUCTEMHBI aHaN3, KIo4yeBasd MHGOPMAIs, aITOPUTM B3aMMHOI
ayTeHTHOUKALNN.

Abstracts. The article present results of research and decomposition smart cards systems. Subsystems organization and they
relationships were reviewed. Weakness and threats of key information were identified. SRAM PUF technology was analyzed. Paper de-
scribes experimental setup for getting values of initialization memory, analyzed and detected system properties, determined numbers of
measurements to detect stable memory cells. An analysis of the results indicates the need for testing the circuits of the RAM when using
them as PUF. The possibility of further study of the auto-correlation function to eliminate collisions in mutual authentication systems is
considered. Additionally, for a comprehensive study, it is of certain interest to study the change in the dependence of the number of stable
and unstable cells in the RAM chip during the life cycle of the microcircuit, and study the temperature dependences of the values in the
memory cells.

A method has been developed for implicit storage of key information in smart cards using SRAM PUF. An algorithm for mu-
tual authentication using PUF based on the SRAM is developed to increase the system imitability. This work laid the foundation for
determining the optimal length of the initialization vector when using the RAM chip as an PUF in systems with mutual authentication.

Key words: system analysis, smart card, physical unclonable function, static random access memory, microcircuit, stable
and unstable cells, key information, mutual authentication algorithm.

Introduction. Smart cards were chosen as the object of research, since they are currently widely used in various

fields, such as: cellular communications, industry, transport and warehouse logistics, access control systems, medicine,
libraries, transport payments, remote control, agriculture, human implants, baggage and cargo management systems in
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transport companies, real-time object localization systems, car immobilizers, bank cards. They became widespread due to
the low cost, simplicity of the technical production process, and the development of the "Internet banking" technology.

Smart cards are plastic cards with a built-in microcircuit. In most cases, smart cards contain a microprocessor
and an operating system that controls the device and controls access to objects in its memory. There are smart cards
with the ability to perform cryptographic calculations.

According to the principle of data exchange, smart cards are divided into 3 types:

1. Contact

2. Contactless

3. Hybrid

By the presence of a battery, smart cards are divided into active and passive. Active batteries have a built-in bat-
tery, and passive ones, respectively, lack it.

According to the method of exchange with a reader, contact smart cards are divided into 2 categories: cards of
the ISO / IEC 7816 standard (cellular sim cards, bank cards) and cards with a USB interface (tokens). Such cards do not
contain a battery; the energy is supplied to them by the reader. Cards with a USB interface are more convenient for
computer authentication, since they do not require additional devices, they are often used to carry out cryptographic
calculations.

Contactless smart cards use RFID (radio channel) technology to transfer data between the card and the reader
without physically contacting the transponder and the reader. An oscillatory circuit is used to transmit data and supply
power to the card, which consists of a capacitor and an inductor. Proximity cards are subdivided according to their op-
erating frequency characteristics into low frequency (LF - 125-134 kHz), high frequency (HF - 13.56 MHz) and ultra-
high frequency (UHF - 860-960 MHz). The reader emits an alternating electromagnetic field of a given frequency,
which excites an alternating electric current in the inductance coil and in the oscillatory circuit of the card, the current is
converted into direct current and charges a sufficiently capacious capacitor that feeds the microcontroller of the card.
The exchange of information between the card and the reader is carried out through the same coil by modulating the
oscillations of the transponder's electromagnetic field. In the simplest systems, the card transmits only its unique num-
ber (identifier). In more complex systems, a two-way exchange of information takes place on the basis of a request-
response principle; in such systems, cards have memory and can memorize a certain amount of information, for exam-
ple, the state of the counter, store an arbitrary number, a unique identifier, and key information.

System decomposition. Based on the methods of systems theory and system analysis, decomposition was per-
formed, evaluation criteria, analysis of smart cards and evaluation of the storage subsystem were determined for its sub-
sequent improvement.

Decomposition is a scientific method that uses the structure of a problem and allows you to replace the solu-
tion of one large problem with the solution of a series of smaller problems, albeit interrelated, but simpler. Decomposi-
tion, as a process of dismemberment, allows to consider any investigated system as complex, consisting of separate in-
terconnected subsystems, which, in turn, can also be dismembered into parts. Not only material objects, but also pro-
cesses, phenomena and concepts can act as systems.

The main goal of this study is to improve the efficiency and reliability of information exchange between smart
cards and the reader in the process of performing the function of mutual authentication using FNF. Achieving the goal
of the research involves solving the following tasks and subtasks:

1. decomposition of the hardware and software part of modern smart cards and authentication systems;

2. analysis of existing methods of mutual authentication;

3. analysis of hardware components that implement a physically non-clonable function;

4. increasing the efficiency and reliability of smart cards functioning as a means of mutual authentication in
various systems;

5. synthesis of hardware and software solutions for the implementation of the proposed method.

As a sign of decomposition in this study we used:

1. The functional purpose of the parts,

2. Constructive device.

Modeling of the structure of the object was carried out for visualization, study of properties, identification of
significant connections, verification of the compatibility of components, study of the stability of the object in various
modes.
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Under the behavior of an object in this study, we will take the changes that occur with it over time. In other
words, the reaction of the object to the impact, the information response to the impact. Modeling of behavior is neces-
sary for: predicting the behavior of an object under various influences, establishing connections with other objects, de-
veloping control functions, designing technical devices, etc.

In this study, the decomposition of the smart card system by functional purpose and structural elements was
carried out. Regardless of the type of power source, the system will look like:

1. the control subsystem consists of a microcontroller;

2. the data storage subsystem consists of microcircuits or individual crystals that implement random access
memory (RAM) and read-only memory (PROM);

3. The communication subsystem consists of a transmit-receive interface and batteries.

The subsystem connection diagram is shown in Figure 1:

[ o Control subsystem |«

: | |

Comauniczt-on sebsrstem

Storage subevstem .
Microcontroller | |

EPROM FAM Communication interface Power moduls

Fig. 1. Decomposition of the smart card system

Figure 1 shows that the control subsystem has feedback from the storage and communication subsystems. De-
pending on the type of card, the communication interface can be contact or wireless. The overwhelming majority of
modern smart cards do not contain autonomous energy sources; for this reason, the power module is part of the com-
munication subsystem. The power supply of the electronic components of the smart card is carried out through data
lines with a contact method of transmitting information, or inductively using antennas or communication coils.

Smart card storage subsystem organization. The decomposition diagram shown in Figure 1 shows that the
smart card memory consists of RAM and EPROM modules. RAM is the non-volatile and most expensive memory in a
smart card. It is used by the processor to store fragments of executable code and intermediate data during operations,
since it is the fastest type of memory. The access time to RAM is several tens of nanoseconds. A feature of the RAM is
the loss of all data stored in it in case of loss (disconnection) of power supply. This is quite an important feature in the
case when the device does not have its own power source.

EPROM is designed for long-term storage without power supply of identifier, key information and program
code, which consists of non-volatile Flash cells, erasable programmable read-only memory (EPROM) or electrically
erasable programmable read-only memory (EEPROM). The stored data can be any information required for the opera-
tion of certain applications, for example: card issuer, card serial number, or other user information. Key information
and identifier can be stored explicitly or encrypted. EPROM data can only be written once and is used with prepaid
cards such as telephone or disposable transit cards. Electrically Erasable Programmable EEPROM has up to 500,000
rewrite cycles and built-in logic to update the rewrite counter, as well as another limitation on operation - this is speed,
it usually takes from 2 to 10 ms to erase and rewrite data into EEPROM memory. Memory card security can be ensured
by symmetric cryptographic algorithms with a key length of up to 128 bits, which are used to encrypt data transferred
from the card.

Figure 2 shows the relative sizes of a multiply enlarged memory cell of various types.
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Fig. 2. Comparative sizes of memory boards of different types with a size of 1 bit per chip

Figure 2 shows that the largest size is in the RAM memory cells, which are used for RAM, and the smallest - in
the memory cells used to store the identifier and key information. The analysis should also note the economic compo-
nent of the production of smart cards with different memory sizes. Thus, a unit of EPROM memory is 4 times more
expensive than a unit of ROM and 4 times cheaper than a unit of RAM.

Smart card network subsystem organization. According to the performed decomposition of the smart card
system (Fig. 1), the communication subsystem consists of a communication interface and a power supply module. To
provide power to the electronic components located in the smart card frame, the reader constantly maintains the re-
quired potential on the wired contacts or emits the carrier frequency in the case of using a wireless interface. The inter-
action of the reader and the smart card occurs after the formation of the required electrical potential on the electronic
components and the loading of the controller microcode. Interaction protocols implement both one-way and two-way
data exchange; both the reader and the smart card can act as initiators of the connection, depending on the used com-
munication protocol.

The structure of the communication interface depends on the type of card, contact cards are of the ISO / IEC
7816 or USB standard, and contactless ones use RFID technology based on the ISO 14443, ISO 15693 standards, etc. In
contact cards, the I/ O channel of the chip for a smart card is a unidirectional serial interface, so at each moment only 1
bit of information can be transmitted over it and transmitted only in one direction (half duplex). To organize data
transfer between the reader and the card in a contact way, two lines of the card interface are used. The I/ O line (I/ O
line) carries data bits. The second line is the clock (CLK line) indicates when to sample in the I / O line to receive a data
bit, so each exchange participant monitors whether it is in a transmit or receive state. The USB interface uses two addi-
tional lines to form a second I/ O channel or full duplex connection, which can increase the speed up to 1.5 Mbps.

In contactless cards, communication with the reader takes place via radio signals. To carry out the procedure of
reading information, it is necessary to place the card in the area of action of the electromagnetic field of the reader coil.
For different frequency ranges and types of readers, the maximum distance varies from 12 to 50 cm. The contactless
method of information transmission is often used in those areas where it is necessary to perform the operation of in-
formation transfer quickly, for example, in public transport, in access control and management systems.

The wireless data transfer protocol between the reader and the smart card generally contains the following op-
erations:

1. The reader is waiting for the connection or appearance of the card in the access zone when using the
contactless system

2. The card, connecting or appearing in the zone of a sufficient level of the reader's radio signal, receives power
supply by contact or induction.

3. The reader receives the card's identifier and can optionally send a request to read the memory storing
information for verification (key information, initialization vector).

4. The card generates a data packet containing key information and card identifier, and transmits to the reader

5. The reader compares the received data with the reference one, if the card identifier matches the password,
identification is successful. If the key information does not match, the access control subsystem reader denies service.

The research carried out on the principles of construction and algorithms for the operation of smart cards
made it possible to classify it as a complex system. Like any complex system, a smart card has a number of
disadvantages, such as:
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1. Key information is stored explicitly,

2. Access to key information can be obtained by any reader,

3. Low imitation resistance of the system,

4. In contactless cards, communication takes place via an open communication channel.

Implementation of these vulnerabilities will allow an attacker to:

1. Having obtained physical access to the smart card, extract key information and use it for subsequent
verification and access,

2. After intercepting the key information of the wireless card for the reader, reuse it,

3. After gaining access to the smart card, change the secret information so that a trusted user will not gain
access to the system.

These vulnerabilities can lead to threats of loss, theft or modification of key information and personal data,
disruption of the correct and efficient operation of the system. Studies have shown that the information storage
subsystem has the largest number of vulnerabilities. This is due to the peculiarities of operation and the hardware
architecture of the cards. To increase the imitation resistance of the system, it is proposed to use the technology of
physically non-cloning functions as a method of implicit storage of key information and an algorithm for mutual
authentication of the reader and smart card.

Development of a method for implicit storage of key information using PUF based on SRAM

A physically unclonable function (PUF) is a function applied using a physical system that has the following
properties:

1. on a request to a function (impact on a physical system), it is easy to get an answer - the result of a function's
work (a reaction of a physical system);

2. the given function is practically difficult to reproduce, it is computationally difficult to mathematically simu-
late or copy in some other way (non-cloning property);

3. for a unique request, the function must return a unique response.

A mathematically physically non-clonable function can be described by the values of pairs of input and output
values, which are respectively the values of the CH (Challenge) request signals and the values of the R (Response) output
signals [1]. Thus, any FNF can be represented by a set of possible request-response values and can be described by the
following function:

R =PUF(CH,) 1)

In other words, it is a function embodied in a physical structure that is easy to assess but difficult to character-
ize, simulate, or reproduce. The physical structure containing the PUF consists of many random components that are
formed during the manufacturing process of the PUF carrier and are uncontrollable. The output crypto-material is ex-
actly the "request-response"” pair. The mathematical analogue of a physically non-clonable function is a hash function. In
this case, the physical system itself acts as the key of the hash function. Physically non-cloning functions are unidirec-
tional - it is almost impossible to recover the request from the response. PUF has two important properties:

1. the practical impossibility of creating a physical copy of the PUF;

2. the impossibility of creating an accurate mathematical model of the PUF,

The response cannot be computed if the exact request parameters and other request-response pairs are known.
These properties together and define the concept of "non-cloning".

The variability of the PUF implementation on a chip of integrated circuits allows us to determine the main di-
rections of PUF application [2]: digital watermarks and fingerprints [3], generation of random number sequences [4],
identification and authentication [5], implementation of hardware hash functions [6], detection of hardware bugs [7],
generation of encryption keys [8], radio frequency identifiers [9], etc.

Since the smart card contains a RAM microcircuit, it is of the greatest interest to study the possibility of using
SRAM-based PUF as a method of implicit storage of key information to improve imitation resistance.

Static random access memory (SRAM) is a semiconductor random access memory in which each binary or
ternary bit is stored in a positive feedback circuit that maintains state without the regeneration required in heap
memory. This type of memory has features that will allow you to use it as FNF:

1. Stores data only while there is power,

2. Has unpredictable (random) memory contents after power-on.

The memory cell of the RAM consists of four transistors that implement two inverters with cross-feedback,
which are always in one of two states, which allows it to be used to store one bit of information. When the supply
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voltage is applied, all SRAM cells are set to one of two possible states; moreover, due to the circuitry symmetry of the
RS-flip-flop, it is not known beforehand which final state the cell will take - "0" or "1". This state is random and is
determined by many factors, such as: features of the technology of manufacturing microcircuits and many asymmetric
elements in each cell of the RAM (length of connecting conductors, their geometric dimensions, inhomogeneity of the
physical and chemical properties of silicon, deviation of signal delays, etc.). These features allow obtaining a unique PUF
each time power is applied to the memory card.

In [10], during memory initialization, two types of values in memory cells were identified: stable and unstable.
In stable cells, the same values appeared every time during initialization. they can be used as a method for storing key
information of smart cards, physical key based authentication. In unstable cells, random values appeared every time.
They can be used as a built-in hash function for a mutual authentication algorithm, a random sequence generator for
encryption, or as additional blocks of pseudo-random data when transmitting useful information.

Identifying static properties of the values in SRAM cells. To conduct research on uninitialized memory, an
experimental setup was assembled, shown in Figure 3, which is based on a universal Arduino Mega board based on an
Atmel 2560 processor, static RAM chips, a quick-detachable panel for memory chips, and a transistor switch for con-
trolling the device's power supply. The microcontroller in this setup is used to read uninitialized memory, control inter-
ruption and power supply between readings, primary processing and transfer of data to a personal computer. Ten
HM62256 static random access memory chips from different manufacturers (Hynix, Toshiba, Hundai) were used as the
samples under study. The main goal of this stage is to determine the statistical properties of values in the cells of static
RAM microcircuits when they are used as physically non-clonable functions. The main tasks of this stage are: determin-
ing the number of stable and unstable memory cells, the number of stable and unstable bits, identifying periodic pat-
terns in the formation of initialization values of static RAM microcircuits.
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Fig. 3. Scheme of the experimental setup

To solve the set tasks, it is necessary to use data from the technical documentation of RAM memory cards to
determine the delays between readings of cell values. The timeline for the selected memory cards is shown in Figure 4.
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Fig. 4. Timeline of access to the static RAM cell
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The timeline determines the sequence of signals for each stage of interaction with the RAM microcircuit and
the delay times of the control signals for the memory microcircuit.

The algorithm for reading data reading in general is shown in Figure 5. It uses the following variables: i is the
counter of the experiment number, N is the specified number of measurements for the experiment, Adr is the address of
the memory cell for reading, S is the memory length, V Is the value of the initialized memory cell, t is the delay for
changing the address, T is the delay with turning off the power for a repeat experiment.

At the initial stage, to solve the problem in order to improve the accuracy of the study, 100 measurements were
used for each investigated sample of RAM.

Start

Definition N

Delay t

1
a< Adr=0: Adr<S: Adr++ >—

}

Exposing Adr

|
Ld

Read V

Delay t

Power off

l

Power supply

Fig. 5. Algorithm for reading the values of the initialized memory
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To determine stable and unstable cells and their addresses, the results obtained in the algorithm (Fig. 5), it is
necessary to compare the values of the corresponding cells in all measurements.
Additionally, the data analysis showed that for all the samples under study the condition

*8<n 2)

cma6 cmab

whereN_ . - number of stable bytes, N, . — number of stable bits.

cmab

This confirms the original assumption that in unstable bytes, some of the bits remain stable. This fact limits the
range of random values generated in memory cells during initialization. Thus, the studies carried out make it clear that
when used as an identifier or an initialization vector, a sequence of 8 bytes (64 bits) length, subject to a uniform distri-
bution of the probability of occurrence of values "0" and "1" in each position of each byte, gives under the condition of
"brute force "264 = 18446744073709551616 values, while if each byte changes not 8, but 4 bits, and the rest remain sta-
ble, then under the condition of" brute force "the number of unique combinations is reduced to 232 = 4294967296 val-
ues.

Thus, an optimization problem arises on the one hand, to reduce the predictability of the initialization vector,
and on the other hand, to increase the reliability of detecting the displacement of the initialization vector in the memory
“snapshot” with the general task of reducing the length of the transmitted data sequence.

Figures 6-8 show the distribution maps of values for memory cards.
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Fig. 6. Map of the distribution of values in the memory cells of the sample SRAM No. 2 for 100 measurements

Fig. 7. Map of the distribution of values in the memory cells of the sample SRAM No. 4 for 100 measurements
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Fig. 8. Map of distribution of values in memory cells of sample SRAM No. 6 for 100 measurements

The results of the studies carried out for the most characteristic samples No. 2, No. 4 and No. 6 for 100 meas-
urements are presented in Figures 6-8. The addresses of the cells are plotted along the horizontal axis, along the vertical
axis of the measurement numbers. The color on each card shows the value in the memory cell in the range from 0 to
255.

The measurements performed and the initial analysis of the data show that a significant number of cells are un-
stable, while in sample No. 2 there are periodically repeating regions with a predominance of zero and one values in all
bit positions (numbers 0 and 255). Sample No. 6 (and in the general case, samples 6 to 10) have two pronounced areas
of prevalence of values "0" and "1", which means that there are 2 "banks" of memory in the board. Solid vertical lines on
maps indicate stable values, color indicates the value in a given cell. Broken vertical lines represent unstable cells. The
alternation of solid and dashed lines, as well as different colors of solid lines is an important characteristic of an ideal
physically non-cloning function proposed for use in a smart card for storing key information in an implicit form.

Studies have shown that FNFs in the cells of the RAM have a chaotic distribution, using stable values, you can
modify the smart card storage subsystem in such a way that it will not permanently store key information, and the ini-
tialization vector will appear in memory only at the moment of authentication, and its random distribution only a trust-
ed system will know, in which a snapshot of values in stable cells and their addresses will be stored, so the purpose of the
study in increasing imitation resistance and imposing an intercepted signal (key information) is implemented by modi-
fying the storage subsystem. To increase the speed of the initial calculation of the FNF in the cells of the RAM and regis-
ter the impression in the system, it is necessary to reduce the initial number of measurements, so, using the theorem of
the product of probabilities for independent events carried out under normal conditions, we obtain formula 3:

P, =2" 3)

where P~ - the probability of an error, N - is the number of studies performed.

Thus, increasing the number of experiments reduces the likelihood of errors, but complicates the process of
initial registration of the card. Using 25 measurements, we will reduce the initial registration time by 4 times compared
to 100 measurements, and we get expression 3:

P, =27 =0.00000003 4)

Thus, the analysis of 25 measurements will reduce the error probability to 1 error in 33 million.

To increase the accuracy of the study and to compensate for possible errors, it is of interest to analyze the pos-
sibility of using an auto-correlation function, which will allow a signal that has an error to be accepted as reliable with a
certain probability of less than one.

The studies carried out make it possible to increase imitation resistance and reduce the likelihood of selection
by enumerating key information.

Thus, the analysis and decomposition of the system, the study of the properties of PUF based on SRAM, makes
it possible to develop a model of a smart card, replacing the traditional storage scheme for key information on PUF
based on stable values in the cells of the SRAM, imitation resistance of the system. To improve the communication sub-
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system, it is necessary to develop a mutual authentication algorithm. To exclude the possibility of using the intercepted
message.

Algorithm of mutual authentication using SRAM PUF as method of implicit storage of key information

The main disadvantage of the communication subsystem is the use of an open communication channel for the
transmission of password-key information. So, by gaining access to a contact card or by intercepting a contactless radio
signal, you can get unauthorized access to key information. The analysis of the existing vulnerabilities of smart cards
and existing solutions excludes the possibility of protecting the communication channel, therefore we have proposed a
new approach and the use of a mutual authentication system.

For the initial registration of the card, a modified algorithm will be used (Fig. 5), in which there will be 25 con-
secutive reads of uninitialized memory and further comparison of the values of each cell of all measurements, after
which an array of stable values and their addresses is formed, which will be further used as a key ...

To increase the imitation resistance, namely the imposition of the intercepted signal, we propose to use the mu-
tual authentication algorithm, which is shown in Figure 9:

Smart card Reader

1
Generating a random I

number L

Transmission ID +N (L)

Reading N (L} p| Definition of L'
—
—'—I
Transmussion L’ uw T

Generating a random

F Y

Comparison of L and L'

numhber T
- : : +

Authentication failure Reading K (T)

Transmission K (T)

|
|
|
|
|
I
:
I
: Stop Access allowed
I
i
I
i
i
i
i

Fig. 9. Mutual authentication algorithm

The algorithm consists of two main stages. The task of the first stage is to check the reliability of the reader. The
smart card microcontroller generates a random number L, reads N bytes from the uninitialized RAM starting at offset L,
and then sends N (L) and a unique card ID (CardID). The reader calculates an offset L' based on a pre-existing snapshot
of a specific RAM. If the offset is calculated correctly, then the map goes to stage 2. The task of the second stage is to
check if the card is trying to gain access, so the reader calculates a random offset T and sends it to the card, the smart
card receives T and reads successive K bytes with offset T, after which the card sends K (T) if K '(T) match the system
snapshot, the card and reader are mutually authenticated. So each time using random values K and N, you can endlessly
use the same RAM board, an attacker cannot get a full snapshot of the system by intercepting a secret message and even
receiving it - it will be a random set of bytes with a random offset. Thus, with each authentication procedure, the initiali-
zation vector N (L) and the key K (T) are changed.
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For the impossibility of creating a snapshot of the system in further studies, it is necessary to consider the pos-
sibility of using encryption to protect the stages of information exchange, for which unstable PUF values can be used as
an analogue of the hash function.

Conclusions. The analysis of the results of our research shows an increase in the imitation resistance of smart
cards by using PUF based on SRAM as a method for storing key information in an implicit form. Using a mutual au-
thentication algorithm eliminates the possibility of imposing an intercepted signal. For a comprehensive study, it is of
interest to use the autocorrelation function to eliminate errors and interference in the signal, and to use the encryption
of some stages in the authentication algorithm using unstable PUF values as an analog of the hash function.
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Annomauus. Paccmompena npobrema gopmanuzauuu 1uHe6UCIU1ECK020 ONUCAHUSL COYUATTLHO-IKOHOMUUECKUX U OP2aHU-
3AUUOHHO-MEXHONI02UMECKUX NPOUECCO8 HA 0CHOBE NOCMPOEHUS NePUOOU3AUUL, 0aluleli 603MONKHOCIb PA3OUMD UX HA dMAanvt 011
6onee 0emanvHo20 U3yHeHUS.

Mamepuanvt u memoovt, pe3ynvmamot u 06cyxncoenus. Memooonozuueckotl 0CHOB0TL UCCTE008AHUSL ABNACMCI NOHAMUIL-
HbLTl ANNAPAm MeopuU IUH28UCMUUECKOT] nepemeHHOiL JI. 3a0e 8 couemanuu ¢ IKCNEPMHBIMU MEXHOLOZUIMU OUEHUBAHU.

C yuemom cneyuduxu ONUCaHus HeCMAUUOHAPHBIX COUUATLHO-IKOHOMUUECKUX U OP2AHU3AUUOHHO-MEXHOL02UUECKUX NPO-
yeccos paspabomana NuUH28UCMUYECKAs NepeMeHHAs, 3HAUeHUS Komopoii (MmemMnopanvHvie mepmbL) COOMBEMCMBYIOM IMANAM NPo-
uecca. TIpednoxcer HOBYLI MUN MeMNOPATILHOIX MEPMOS, CEMAHMUYECKU ONUCLIBAEMBIX OUMPaneyuesUOHbIMU PYHKUUAMU NPUHAO-
TIEHHOCMU, U YKA3AHA IKCNEPMHAT Npouedypa nocmpoeHus smux mepmos. IIpeonoxena u o6ocHosana (ymeepmoeHUAMU O C801l-
cmeax) cucmema anee6pauvecKux onepayuti Ha0 MemnopanLHLIMU MePMaMU, No360NAULAT POPMYIUPOSAMb CUHMAKCUYECKUE U
cemMarmuuecKue npasuna npeoopaso8anus mepmos. [Jns onucanus 3a6UCUMOCIU XAPAKMEPUCHUK MHO209MANHBIX NPOLECCo8 Om
8peMeHl NPedoNeHO UCNONIb306AMb NAPDL IUHZEUCHIUYECKUX NePEMEHHDIX, NePBAS U3 KOMOPbIX CO0MBemcmeayem Uccnedyemoti Xa-
pakmepucmuxe, a 6MopPaAs — IMANY NPoOYeccad.

3axmouenue. [Ipednoxennoe PopmanvHoe TUHBUCIIUMECKOE ONUCAHUE MHO20IMANHBIX NPOUECCO8 NO3607AeNn NPOBOOUND
AHAU3 U NPOZHO3UPOBAHUE PYHKUUOHUPOBAHUSL COUUANLHO-IKOHOMUUECKUX U OP2AHUSAUUOHHO-NEXHOTIOZUMECKUX CUCIIEM C UCHOTb-
308aHUEM UHCIPYMEHMATLHBIX CPEOCNE UHMENNEKMYANbHOLL N000EPHKU HAYUHDIX UCCTIE008aHUTI (8 YACIHOCMU NPUMEHSIS Npole-
Oypbl HEUermKo2o J102U1ecK020 8bi600a HA OCHOBE HeuemKoti NPoOYKUUOHHOU MOOenU 3HAHULL 0 NPeOMemHOLL 001ACMIL), YO MOXem
CnOCco6CcMB08amp NOBbIUEHUI0 HAYHHOTI 000CHOBAHHOCIU YNPABIIEHUECKUX PeLdeHU.

KnioueBbie c1oBa; MHOTO3TAIIHBIN IIponece, MMHIBUCTNYECKAA IIEPEMEHHAsA, TeMHOpaHbeIﬁI TEPpM.

Abstact. The problem of formalizing the linguistic description of socio-economic and organizational-technological processes
based on the construction of periodization, which makes it possible to break them into stages for a more detailed study, is considered.

Materials and methods, results and discussions. The methodological basis of the study is the conceptual apparatus of the
theory of the linguistic variable L. Zadeh in combination with expert assessment technologies.

Taking into account the specifics of the description of unsteady socio-economic and organizational-technological processes, a
linguistic variable has been developed, the values of which (temporal terms) correspond to the stages of the process. A new type of tem-
poral terms that are semantically described by bitrapezoid membership functions is proposed, and an expert procedure for constructing
these terms is indicated. A system of algebraic operations on temporal terms is proposed and justified (by assertions about properties),
which makes it possible to formulate syntactic and semantic rules for the transformation of terms. To describe the dependence of the
characteristics of multi-stage processes on time, it is proposed to use pairs of linguistic variables, the first of which corresponds to the
studied characteristic, and the second to the stage of the process.

Conclusion. The proposed formal linguistic description of multi-stage processes allows us to analyze and predict the function-
ing of socio-economic and organizational-technological systems using tools for the intellectual support of scientific research (in particu-
lar, using fuzzy inference procedures based on a fuzzy production model of knowledge about the subject area), which can contribute to
increase the scientific validity of management decisions.

Key words: multi-stage process, linguistic variable, temporal term.
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Introduction. One of the general methodological approaches in the analysis of complex non-stationary pro-
cesses of a very different nature is the division of the time interval of consideration (the lifetime of the process) into sub-
intervals (stages, periods), each of which is determined by its own set of indicators, its own limitations and its own eval-
uation criteria [1]. At the same time, the process conditions characteristic of the considered temporal (temporal) subin-
terval can be inherent at specific points in time to varying degrees, which causes the application of the formal apparatus
of fuzzy logic ([2]) to the temporal description of processes. The aim of this work is to formalize the linguistic descrip-
tion of non-stationary processes based on fuzzy temporal modeling of stages.

Materials and methods, results and discussions. The methodological basis of the research is the conceptual
apparatus of the theory of linguistic variable L. Zadeh ([3]) in combination with expert assessment technologies (for
example, [4]). To formalize operations on temporal terms, the apparatus of context-free grammars was used ([5]).

Temporal description of multistage processes

By the lifetime of the process TL we mean its projection onto the time continuum. If the lifetime of the process
is limited, then it is a length of time

TL= [tstart’ tstop],
where lgart corresponds to the start of the process, and tstop the moment it ends. In this case, it is convenient to con-

sider the lifetime as a pair < 7, & >, where 7 = tstart, and & = tstop —Ustart - the duration of the lifetime.

The lifetime of a process (as a set of stages and the relationship between them) can be formalized using a lin-

guistic variable
<Stage , T, TTgee, GT , MT >,

where Stage the name of the linguistic variable "Stage of the life of the process"; T - time continuum; T T — is
the base vector of temporal terms; GT - is a syntactic rule allowing to generate the names of temporal terms from the
names of elements | Ipase; MT - a semantic rule establishing a correspondence between temporal terms and fuzzy sub-
sets of T.

We will assume that the semantics of the temporal term tt (corresponding to the stage of the process) is deter-
mined by a fuzzy interval having a bit-trapezoidal membership function (Fig. 1). The proposed type of semantics of
temporal terms makes it possible to describe the stages of the process more accurately (in comparison with terms, the
semantics of which is determined by the usual trapezoidal membership function), taking into account the transition
processes between the stages.
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Fig. 1. Bi-trapezoidal membership function of a temporal term

Formally, the bi-trapezoidal membership function is a 6-parameter piecewise linear function
Hspeger -1 —[0,1], where T - is a continuum; a,b,c,d,e, f €T - are parameters (a<b<c<d<e< f)
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It is important to note that the parameters a,b,c,d,e, f € T have a natural interpretation and can be ob-
tained as a result of a survey of experts:

- the parameters a, f correspond to the moments in time - the boundaries of the temporal region, which in no
way can be attributed to the considered stage of the process (the segment [q, f] is the carrier of a fuzzy interval);

- the parameters ¢, d correspond to the moments of time - the boundaries of the temporal region, which can be
fully attributed to the stage of the process under consideration (the segment /¢, d] is the core of the fuzzy interval);

parameters b and e correspond to points in time - the boundaries between the considered and adjacent (previ-
ous and next) stages (transition points of the membership function).

At the same time, the issues of organizing team examinations and analysis to assess the stability of the results to
possible changes in expert judgments (for example, [6]) require additional research.

For further formalization, it is convenient to use the characteristics of the duration of the temporal term tt
(process stage):

- optimistic duration: 5y =d —C;

- standard duration: Opgr=€-D;

- pesimistic duration: Jp, = f —a.

The durations of transient processes correspond to the lengths of the segments [a, b], [b, c], [d, e] and [e, f],
which we denote as 0, 0. 0, 0,

e pre> Oi_pre> O post> Oe_post- Lhese values will be called the durations of the external pre-stage, in-

ternal pre-stage, internal post-stage, and external post-stage, respectively. Fig. 2 illustrates the concepts introduced

5|_pre I é;)pt | 5|_post
a b lc dl e f
® > — — ®
5e_pre &orm 5e_post
5pes

Fig. 2. The relationship of durations and parameters of the bi-trapezoidal membership function of the temporal term ¢t

Thus, the membership function for a temporal term ffy can be redefined in terms of durations as a 6-

component vector
=, 000 60 510 0
Here N - the name of the temporal term, 7 the initial moment of time coinciding with the parameter a . The
base vector of temporal terms is a finite linearly ordered set {ttb,- (P -,tte} ,in which 1y - an initial stage, {f; - some
intermediate stage, and ly - a final stage. The membership functions of these temporal terms must satisfy the require-

ments clearly shown in Fig. 3.
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|
|
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7

.-
_|

v

Fig. 3. Membership functions of elements of the base vector of temporal terms TTBase

The syntactic rule GT and the semantic rule M T, which make it possible to pass from the basic vector of tem-
poral terms TTpase to the set of all terms TT, will be built on the basis of the introduced operations on temporal terms
01+ 010.

The entered operations have a general syntax:

1. The alphabet (set of terminal metacharacters) includes the following subsets:

— Ng,, - names of elements of the base vector of temporal terms;

- R, -aset of rational numbers greater than 0, written in the 10th number system;

- Z -aset of integers greater than 0, written in the 10th number system;

- {* e_pre~i_pre*, e_post* i_ post*,>> + /.1 .2, (,)} - aset of special characters.

2. The grammar of the syntactic rule, presented in the Backus-Naur form:

prop:=n:m.l|n:mz2,where nmeZ_;

term = N, where N e N, s

term = (term)*« | (trem)e__ pre*« | (term)i _ pre*« | (term)e _ post*« | (term)i _ post* « |

(term) >> | (term + term) | (term)/ prop
where o € R, .

Semantically introduced operations are determined by setting / changing the values of the parameters of the
bit-trapezoidal membership function of the temporal term: O1.

The operation of initiating a basic temporal term:

L, =<T(N),§(N) o) sN) - g(N) — g(N)

e_pre? Yi_pre? ¥norm? ~i_post? “e_ post
where the values ("), 5e(il;))re’ 5}(_Np)re, 5r$(')\‘r)m, 5}(_Np)ost, 5&'30“ for the base temporal term and name N are setin a

dialogue with the expert.
O2. Time shift operation of a temporal term:

Higya =<T0 40, 0 o 8 s O O aosts On st >

e_pre? Yi_pre? “norm* ~i_post? “e_ post

O3. The operation of multiplying (increasing / decreasing the standard duration) of a temporal term:
Hipyre =< T(N), SN sN) (N -, oSN sN)

e_pre! “i_pre! “norm i_post* “e_post 7 >
(N) (N)
when a> é‘i_pre + 5i_post
- (N)
§n0rm
O4. Operation of changing the duration of the external pre-stage of a temporal term:
— (N (N) (N) (N) (N)  s(N) (N)
IU(N)e_pre"a =<7 + 59_ pre (l_ 0!), 5e_ pre a, é‘i_pre’ 5norm’ é‘i_post’ §e_ post >

O5. Operation of changing the duration of the internal pre-stage of a temporal term:
Hoy_prea =<7 O o -, G O gt On ot >

e_pre! “i_pre norm? ~i_post? “e_post 7 >
(N) (N)
when o < 5n0rm_5i_post
- oM
i_pre
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06. Operation of changing the duration of the internal post-stage of a temporal term:
— (N} s(N) (N) (N)  o(N) (N)
Hinyi_posta =<T" 5 O, O; orer Onorms Oi st * s O, >

e_pre? Yi_pre? ¥norm? ~i_post e_post
(N) _5(N)
when a< norm i_pre

(N)

i_ post

O7. Operation of changing the duration of the external post-stage of a temporal term:
—e N SN o(N)  o(N)  o(N) (N)
Hinge_posta =<T" "1 0% prer Oi- prer Onorms O, O post >

e_pre? “i_pre? Ynorm® “i_post! “e_ post

O8. The operation of allocating the initial substage of a temporal term in the proportionn:m:

n
— (N) (N) (N) (N) (N) (N)
/u(N)/n:m.l =<7 1 59_ pre? 5i_pre7 5norm : m ’ 5i_post’ 5e_ post >
(N) (N)
when n > 5i_pre +5i_post
n+m oM
norm
09. The operation of allocating the final sub-stage of a temporal term in the proportion n:m:
st .n m
— ~(N) norm (N) (N) (N) (N) (N)
iy =<7 4 o0om 500 S0 S0 s s s
(N)/nm.2 n+m e_pre! Yi_pre! “norm m i_post! “e_post
(N) (N)
when m > 5i_pre + 5i_post
n+m s

norm

010. The operation of combining temporal terms:
Hinisng) =< N N SN (N | gIN2) - 5(ND) - g(N2)

e_pre! Yi_pre! ¥'norm norm? ~i_post? “e_ post
(ND) (N1) (N1) _ __(N2) (N2)
when 707 4+ 0, 1o+ Opom =T 0 pre

For the operations introduced, the following statements are true:

Statement 1. Any temporal term tt€ TT can be generated using the unary operations O2 + O7 from an arbitrary
basic temporal term tt*€ TTpass, initiated by the operation OI. Exclusion of any operation from the O2 + O7 list will
result in the loss of this property.

Statement 2. The order of performing unary operations O2 + O7 irrelevant.

Statement 3. Application of the operation of combining temporal terms O10 to the terms obtained by applying
the operations O8 (selection of the initial substage) and O9 (selection of the final substage) to the same term tte TT with
the same parameters of the operations will lead to the same term.

Obvious statements presented without proof can serve as a justification for the type of operations introduced.

Linguistic description of the temporal dependence of the characteristics of multistage processes.

Consider a set of characteristics of the considered non-stationary process:

CHR = < Chry, Chrs,... , Chro>,
taking (after reduction to dimensionless form) values in the segment [0, 1].

We will assume that the characteristics under consideration are functions of time, determined over the entire
interval of the process lifetime TL:

Chri= Chr; (t), te TL,i=1,2,...,s.

and for the values of Chr;(t) fuzzification can be carried out with the traditional trapezoidal type of membership
functions of the terms "low", "medium", "high" corresponding to the linguistic description of the levels of values of these
characteristics at times ¢. Thus, to characterize Chr; a linguistic variable is constructed

< Characteristic;,C, TCpg,ge, GC , MC >,

Where Characteristic; - the name of the linguistic variable "characteristic"; C = [0, 1] - universal set; TCpase =
{"low", "medium", "high"} base set of terms common for all characteristics of Chri Chr; (i=1,2,..., s); GC - GC is a syntac-
tic rule that allows generating the names of the Chr; haracteristic terms from the names of TCpqs; MC - is a semantic rule
establishing a correspondence between terms and fuzzy subsets.

The proposed temporal fuzzification allows us to describe the functional dependence of the characteristics of
the process Chr;(i=1,2,..., s) on time in the form of a pair of linguistic variables:

< Characteristic;, Stage >
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For linguistic variable Characteristic; syntactic and semantic rules are defined in the usual way (eg [3]) (GC un
MC) extending the base term-set TCpas to the set of all terms of this variable. In this case, strengthening / weakening of
the terms "low", "medium”, "high" to represent the value Characteristic; does not change the second element of the pair
< Characteristic;, Stage >

However, the use of logical connectives ™ ("and") and ¥ ("or") as rules requires (to ensure adequacy) a change
in the value of the linguistic variable included in the pair Stage.

The type of such change is determined by the specifics of the subject area. For example, one option is to use the
T-norm / S-conorm: min / max. In this case:

< (Characteristic - tc;, a), (Stage - tt, fi) > A

A< (Characteristic - tc,, o), (Stage - tt, [b)> =

= < ((Characteristic - tcintez), min( oy, o)) , (Stage - tt, min(fS, £2)>

where fci, tc; € TCpase, 011, 2 — the degree of correspondence of the values of the characteristic Chr to the terms fc;, tc,,
tt— is the temporal term (the stage of the process at which the characteristic Chr was estimated), 5, B — are the degrees
of correspondence of the moments of time at which the characteristic Chr was measured to the term ¢ (the stage of the
process under consideration). Depending on the subject area, it is possible to use other T-norms / S-conorms (intersec-
tion / union of Gamacher, product / sum of Einstein and Werner functions, etc.). In this case, it is possible to use differ-
ent T-norms / S-conorms for different elements of the linguistic pair

Conclusion. Thus, in the work, taking into account the specifics of the description of non-stationary socio-
economic and organizational-technological processes, a linguistic variable has been developed, the values of which
(temporal terms) correspond to the stages of the process. A new type of temporal terms is proposed, semantically de-
scribed by bit-trapezoidal membership functions, and an expert procedure for constructing these terms is indicated. A
system of algebraic operations on temporal terms, which allows formulating syntactic and semantic rules for transform-
ing terms, is proposed and substantiated (with statements about properties). To describe the multistage processes under
consideration, it is proposed to use pairs of linguistic variables, the first of which corresponds to the studied characteris-
tic, and the second to the stage of the process. Further development of the developed toolkit can be associated with its
use in solving problems of analysis of interrelated non-stationary processes ([7]) using expert technologies ([7]).

The proposed formal linguistic description of multi-stage processes makes it possible to analyze and predict the
functioning of socio-economic and organizational-technological systems using tools for intellectual support of scientific
research (in particular, using fuzzy inference procedures based on a fuzzy production model of knowledge about the
subject area), which can contribute to increasing the scientific validity of management decisions.
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THE UPDATED METHOD OF CONTROL OF GROUP OF QUADROCOPTERS

®I'AOY BO «Ceepo-Kakascknii penepanbHbiil yHuBepcuTeT» I. CTaBpoOIIOb /
FSAEI HE "North-Caucasus Federal University"

Annomauus: 6 cmamoe npedcmaszneH Memoo ynpasneHus poem k6aopokonmepos. JIna KoopOUHAUUY spynibl HEO0X00UMO
opmuposams npocmparcmeeHHyro npozpammiyro mpaexmopuio BITIA ¢ nomouspio coomeemcmeyiouezo 3aKoHa ynpaeneHus. Beo-
OUmcs NOHAMUE KOOPOUHUPOBAHHO20 PA3BOPOMA, KOMOPbLLL N03B0AAEH NONYHUMb AHATUMUYECKUE YPABHEHUS NPOCPAHCINBEHHBIX
OBUNEHUTI, BbIPANEHHBIX Yepe3 onpedesieHue 6eKmMopa CKOpocmetl U yena pvickanus. Memoo b1 npomecmuposan 6 cumynsmope
Gazebo. Pesynvmamut Uchonv3yomcs 01 HPOCMPAHCIMBEHHbIX NepemMeneH Ul epynn k6adpoKonmepos.

KirrogeBsie croBa: rpyIoBoe yrpasjieHue, KOHTpoib GopManmii, poeBoe IBIDKeHMe, KBagpokonTep, BIUIA.

Abstract. In this article, the method of swarm control was presented. To coordinate the group, the spatial trajectory of UAV
has to be implemented by applying efficient control law. The principle of coordinated rotation has been introduced. The coordinated
rotation allows receiving analytical equations of spatial motion which are represented within defining of the vector of velocity and yaw
angle. The method was evaluated in Gazebo simulator. All results were utilized to move the group within the environment.

Key words: group control, the control of formation, swarm motion, quadrocopter, UAV.

BBepenne. 3a nmocreguue 10 yer HabmomaeTcs MMPOKOe M MaccoBoe ucnonp3oBanue BITJIA mnsa penrenus
MPaKTUIeCKUX 3a7au [4]. B HacTosAmiee Bpems, ppIHOK OeCIIMIOTHBIX TEXHOJIOTHI ITpeliaraeT OrpOMHBIN BBIOOP [O-
CTYIIHBIX IO LjeHe M MPOCTHIX B cOopke Mopereit BITIA ¢ MOIHBIMY GOPTOBBIMU BBIYMCIIUTEISIMU U BO3MOXXHOCTBIO
YCTaHOBKM JOTIOJIHUTENBHBIX YCTPOoiicTB. Hanboee mony/isspHbIM TUIIOM SIBJISIETCSI KBAIPOKOIITEP, UCIIOb3yeMBIIT KaK
B KOMMePUeCKOIl MHAYCTPpUY, TaK U B aKageMudeckoii cpene. KBagpoxonrepsr 060pynoBaHbsl 60pPTOBBIMY CEHCOPaMU U
TIOTTY/ISIPHBL M3-3a CBOETO pa3Mepa M HaIM4IMeM BO3MOXXHOCTH “3aBUCATh HaJi 00'beKTaMM M CBOOOIHO IIEPEMEILATHCS B
npoctpaHcTBe. KBapOKOIITEphl MOTYT GBITH MCIIO/IB30BAHBI B PA3/IMYHBIX 00/IACTAX, HAYMHAsL OT MOHUTOPYHIA, 3ajiei-
CTBOBAHMS MX B MOMCKOBBIX MEPOIPYSATUAX KO MPUMEHEHMs B CracaTelbHbIX omnepanusx [4]. KBagpokonrepsr 06b-
eIVHEHHbIE B TPYIIIbI MOTYT IIOKPHITH OOJIblIEe IPOCTPAHCTBO, COOpaTh GoJIbliee KOMMIECTBO MH(POpMALMM U MeHee
BOCIIPMMMYMBEL K IOTEPSM YIACTHMKOB TPYILIIBL.

Marepuanst 1 Meroasl. O630p M3BeCTHBIX METOAOB PelIEHNs IPYIIIOBOI 3agadu. [pymnmoBoit KOHTPOIb
MOJXXeT OBITh BBIIIOJIHEH C IIOMOLIBIO MCIIOIb30BAHMS HECKOIBKUX pasnmmduHbIx crparernit [9]. Kaxpas us Hux nmeer
[IPeMMYIIeCTBA U HESOCTATKM, B 3aBICHMOCTHU OT BBINIOTHAEMON 3afa4un. Ha CeromHAIIHMIT IeHb B MMpPE CYLIeCTByeT
P IPMMEPOB AEMOHCTPUPYIOMINX PAbOTOCIIOCOOHOCTD AITOPUTMOB IPYIIIOBOTO YIIPABICHNSL.

Bce mcnonpayemble anropuTMbl IPYNIIOBOTO KOHTPOJIA MOKHO pasfeNuTh Ha TPM THUIIA: JIMAIEP-CIeflOBaTe b
[1], BupTyanpHyio cTpyKTypy [2] u moBemeHdeckumit mopxox [3]. B mepBoM Tuie ofyH U3 yYaCTHMKOB BbIOVMpaeTcs Kak
JIVfiep TPYIIIbL, OCTAIbHbIE KOPPEKTUPYIOT CBOE ABIDKEHIE COMIACHO npepy. [IpermymiecTBo TAKOro MeTOfA 3aK/II0Ya-
€TCs B TOM, UTO YIIPOIIAETCSI KOHTPO/Ib TPYIIIIBL, IIOCKO/IBKY YIIPABICHIE OCYIIeCTBIIETCA TOMBKO muaepom. OgHAKO B
CIydae BBIXOfja M3 CTPOs /Mepa, KOHTPOIb BCell TPyMIoil OymeT moTepsiH. BupryanbHas CTPyKTypa paccMaTpuBaeTr
BCIO TPYIITy KaK (PMKCHPOBAHHYIO CTPYKTYPY, IIPEACTABICHHYIO KaK OffHa KOHTPO/IbHasA TouKa. [loBemeHIecKuit HOgXox
HpeCTaB/IAeT 3alPOrPaMMUPOBAHHOE IBVDKEHME TPYIIIbI I/ BBIIIOMTHEHNA OINpee/IeHHbIX NeJCTBUIA, YXOJ OT KOJIIN-
31, OBVDKEHME TPYIIIBI C COXPAHEHNMEM MAKCHMMAIbHO BO3MOYXHOTO MAJIOTO PACCTOSHUS MEXMY YIaCTHMKAMMU M T.J.
B 6ompuHCTBe CydaeB 3TOT TUII TPYIIIOBON CTPATErMy OCHOBAH HA PEAIBHBIX IPUPOSHBIX (peHOMeHax. [I/is ABVDKEeHMs
TPYIIIBI, B JAHHOU CTaThe IIPeMIIaraeTcs MCIoMIb30BaTh METOf, 6a3MPYIOLIMIICA Ha CTPATErMy BUPTYaIbHOTO TUHEepa.
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Pesynprarnl n 06CyKaeHNA

1. MaremaTn4ecKas MOJieNb IBIMKEHNA KBaJPOKoONTEpa

Jl14 HavaTa omMIIeM CHCTeMy KBaJpOKONTepa, KOTopas UMeeT 6 CTeleHell CBOOOMBI U NpecTaB/IeHa 12-10 ma-
paMeTpamy, TaKUMM Kak yribl Oitepa ¢ ¥ © [2]. IIpuMeneHnne yrnos Jiviepa B cUCTeMe KOOPAMUHAT, CBA3AHHOI C 3eM-
neyi o6o3HavYaeTcs Kak p, q, I. OcTanbHble TapaMeTphl ABJIAIOTCA MOMLUMAMYU B Ha3eMHOJ CUCTeMe KOOPAMHAT X, Y, Z.
CkopocTu npefcTaB/eHbl B IOKaIbHOM cucTeMe KoopayuHat U, w v.

Ianee onmuiem MaTpuily oBOpoTa [6] BOKPYT Tpex oceit.

IToBopoT Bokpyr ocu OX onmchBaeTCA MaTpULIEH:

1 0 0
Re=[0 cos9 sind |, (1)
0 —sind cos?
BOKpyT ocu OY:
cos® 0 —sin®
R=[ 0 1 0o | (2)
sin@ 0 cosO
BOKpyT ocu OZ:
cos¥ sin¥? 0
R,=| —sin¥ cos¥ 0. (3)
0 0 1

Matpuna D=R, *R, *R, onncriBaeT nepeBop 13 ro6aIbHOI CUCTeMbl KOOPAMHAT B JIOKAIbHYIO [5]. 9TO MaT-
puLa pefcTaB/ieHa Kak:
cosOcos¥ cosOsin¥ —sin®
D=( sindsinBcos¥ — cospsin¥ sindsinOsin¥ + cosdcos¥ sindcosO | . (4)
cos@sinOcos¥ + sinvsind  cosIsinBsin¥ — sindcosd cosvcosO
Tpancdopmarius ot ckopocTeit B r106aIbHOM CCTEMe KOOPAMHAT K CKOPOCTSIM B JIOKA/IbHOM CUCTEME KOOP-
auHaT onpene}meTCH BI)Ipa)I(eHI/IFIMI/I:

X u
y - () s)
Z w
Tpancdopmaliyusa yroBbIX CKOpOCTet JJifd NepeBOfia U3 OJHOI CUCTEeMbl KOOPAMHAT B [PYTYIO OIpeeNaeTcsa
Kak:
p ¢
<q)=E 6| (6)
r U4
rae E-matpuina npefcrasieHa:
1 0 —sin®
E=[0 cos9 sindcosO | (7)

0 —sind cosdcosO
Jlanee ommuieM ypaBHeHMe OBIDKEHNA, TpefCTaBiAollee BTOPOi 3akoH HploToHa B I/106a/IbHOM cUCTeMe KO-

opauHarT [7]:

F=mV, (8)
Iie m — Macca KBaf[poKomTepa, V — CKOPOCTb KBalpPOKOIITEpPA B ITIOOAIBHOI CHCTEMe KOOPAMHAT. 3alnchiBasi TOTHYIO
IIPOM3BOMHYIO CKOPOCTH IO BPeMEHM, IiepenyiieM 3aKOH B BUJe:

F=mV+m (@ * V), (9)
nim
Fy u p u
El=m(v +m<q>*<v>. (10)
F, w r W
[Toce BHIOMHEHNA BeKTOPHOTO IIPOM3BeMIeHNA, ypaBHeHNe BTOpOro 3akoHa HbloToHa OyzieT sammcaHo Kak:
F, u+qw—1rv
Fy =m|V+7ru—pw). (11)
F, w+puv—qu
HpeHe6peraﬂ BCEMM CMIaMM, KPOME TATU U T'paBUTALIM YPaBHEHME BbIIIIE IIEPEIINIIEM KaK:
0 u+qw—1v
0 =m|V+ru—pw | (12)
mg —T w+pv—qu
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Jlanee ocyIecTBIAeTCA MePeXOf K JTOKAIbHOM CHCTeMe KOOPAMHAT C MOMOIbI0 TpaHchepHOIT MaTpuupl D,
IIOJTy4aeM CHCTeMY YpaBHEHMIL:

U=1v—qw-— gsin®
U = pw — ru + gsinBsing (13)
W = qu — pv + gcospcosO — i
3areM npefcTaBUM YpaBHEHME TATY BCeX JBUTATEIEN Kak:
T = b(N2030203), (14)
rie b — koadduumenT TaTH, () - YIIIOBas CKOPOCTD Kaxkgoro gsurarens (i=1, 2, 3, 4).
B sTom crry4ae ypaBHeHue 14 mepenuiieTca B CIEAyIOIEM BUTE:
U=1v—qw-— gsin®
U =pw —1u+ gcosO x sing (15)
® = qr — pv + gcospcosO — %(ﬂf+ﬂ§ + 03 + Q3).
[l TpencTaBIeHNUA TOMHONM MaTeMaTHMYecKOoy MOJeNnM ABVDKEHMs KBaJpOKOIITepa ONMIIEM BpalljaTe/lbHOEe
nByoKeHue [8].
ITpencraBMM MOMEHTHI BpallleH!sA B BUIe CTIeAYIOLIETO PaBeHCTBa:

M =H. (16)
ITonnyro npoussogHyto Bekropa H sanuiuem B Bupe:
M=H+w=xH. (17)
Onpepenum:
H=T*w, (18)

rae I - MmomeHT MHepun, w = (p, q, ) — BEKTOP.
CriemyoImyM 3TanoM 3ammiieM TeH30p MOMEHTA MHEePLIMY KaK:

I, 0 0
1={0 L, 0] (19)
0 0 I

Torpma ypaBHeHue 17 nepenuiueM B CIEAYIOLUIYIO CUCTEMY:
M=Ilw+w=*lw
M, =pl, +qr(L1,)
M, = ql, + pr(L,1,) (20)
M, = zI, + pq(I,1,).
CornmacHO CMMMETPUM, OTHOCUTENBHO TNIOCKOCTH XZ 1 YZ MOMydnM:
L=1,. (21)
Ynpomaem ypasHenue 20:
My =pL +qr(, — L)
My = ql, + pr(ly — 1) (22)
M, =71l,.
YduThIBaA CUITY TATU U COIPOTUBIICHME, MOMEHTHI OYIyT IepelicaHbl KakK:
M, = 1b(Q202)
M, = 1b(0303) (23)
M, = d(23030103),
rie d - koadduumenT conpoTusIeHns, 1 - [IHa BUHTA.
ITpeobpasoBaHus cucTeMbl 22 B ypaBHEHUSA IBVDKEHUA NPEJCTaBIAEM, KaK:
5= @30 - qr (22)
X X
a =1 @309 - pr (=) (4
y y
7 =%(9§ + 02— 02 — 02).

CregyromyMm 3TaroM BBefieM ONMCaHVe AMHAMIKY ABUrartess [6].
Ypasuenus Kupxrodda u BTopoit 3akoH HploToHa IpefCcTaB/sAI0T c000i YpaBHEHMA [[BUTATe/Iel KBapOKO-
merepa:

Bbinyck Ne2, 2020 57



COBPEMEHHAA HAYKA U MHHOBALUWMN

JrGom + by, = K,i

LZ—Z+Ri = U— K, (25)
Ife J: — MOMEHT MHepLMM Bajia

b - xoaddurmenT Bsa3koro TpeHus

K. - xoadduument 3]1C

K; — MOMEHT BpallleHUsl [IBUTATENs

R - anexTpudeckoe conpoTuBeHne

L - MHOYKTUBHOCTb.

2. Onucanne KOHQUIYpAIIN KBaTPOKONTEPOB

Jl14 mpoBefieHMA MPaKTUYECKUX SKCIIEPUMEHTOB ObUIM BhIOpaHBI 1Ba KBafpokonTepa Kiesep, koTopsle Obln
npoussenensl kommanueii Copter Express. basoBas xkoHurypaunsa ksagpokontepos BKmodana 2300 Kv moropsl, 30A
KOHTpoJUIepbl 060poToB ckopocreii (ESCs), yersipe 5046 BuHTa 1 8 KaHAJIPHYIO CTAHIVIO PYYHOTO yIpaBieHus Ha 2.4
I'r1y. B kavecTBe M0/IETHOTO KOHTpO/IEpa ucronb3opancs Pixracer r14 [10].

JJaHHBII TIOTIETHBIN KOHTPOJJIEp MMeeT CIIefyIolue XapakTepucTuku: mpoueccop 180 Mriy ARM Cortex M4,
namAtb 256 K6, ICM-20608 Axcenepomerp / I'mpockon (4 I'iy) / MPU9250 Akcenepomerp / I'upo / Marautomerp (4
I'ri), MarHUTOMETp € TeMIepaTypHoit KommneHcanueit HMC5983, 6apomerp MS5611, kapTa mamMatyu tuma microSD s
TIOTTMPOBAHMNA TIOJIETOB.

[ToneTHbBII KOHTPOJ/UIEP C YCTAaHOB/IEHHBIM aBTOIWIOTOM PX4 obecneuymBaeT OTIPaBKY CUMTHAIOB IUMPOKO-
VIMITYJIBCHOJ MOJIY/ALMM Ha 4 KOHTpOJ/UIepa 000pOTOB, KOHTPOIMPYIOWMX CKOPOCTM BpallleHMA ABUTATENA, a TaKxKe
ero TAry. CeHCOpBI Ha 60PTY BK/IIOYAIOT TMPOCKOI M aKCeIePOMETp IJL OIpefie/ieHUA CKOPOCTel U YIIOBOTO HOIOKe-
HuA B npoctpancTBe. OTAenbHbl GPS Mofynb ncnonbsyeTcs i oNpefie/leHNns MONM0KeHNA KBaJ[pOKONITEPa OTHOCHU-
Te/IbHO 3eM/IM. YTIpaBleHMe KBagpOKONTepa ocyllecTBaAercsa yepes LoRa 2.4 I'rmy Moaynb, oCcymecTBAATONINIA TyTI-
JIEKCHYIO IIepefavy KaK yIPAaBIAMLIIX CUTHATOB OT HA3€MHOJ CTAHIMM HA KBaJ|POKONTEDP, TAK U TENEMETPUI OT
KBaJ[pOKONTEpa HA HA3E€MHYIO CTAHIINIO.

HaseMHasA cTaHI[UA OpeAcTaBIeHA HOYTOYKOM ¢ YCTAHOB/IEHHOI Linux opueHTIPOBaHHOI OMepaiMOHHOI
CUCTEMOIi ¢ HAGOPOM HEOOXOAMMBIX OUGIMOTEK.

3. IIporpaMmmHOe 0becIedeHIe

[Tpunoxenue paspaboTaHo Moz ceMelicTBO cucteM Linux Ha sA3bike nporpammupoBanusa C++ 17 craHpapra.
ITpouecc npoexTupoBarms npoucxonwi nox Ubuntu 19.10, TecTupoBaHMe OCYyINeCcTBIANOCH KaK Ha peanbHbix BITJIA,
TaK M B CUCTEME CUMY/IALMY, coCTosmeit u3 cpensl Gazebo, mporpammuoit cumyasiuuy npomusku PX4 u mopyns
MAVROS. Cucrema cumynauyu 3anyckaerca B docker-koHTeitHepe, yeM obecrednBaeT MepeHOCUMOCTb U Pa3BEPTHI-
BAaeMOCTb Ha JPYTUX ONEePalMOHHBIX CUCTEMAX, OTIMYHBIX OT yKa3aHHOIA.

I1O ABnAeTcA MOMYIBHBIM, YTO IIPEAIIONaraeT IOATPY3Ky KaKMX-TMO0 ceprani30BaHHBIX KOMaHJ, IapaMeT-
pudecKux GyHKLUUI ¥ MOZeIeli IOBefieHNA pos. YIIpaB/IeHNe IIeHTPaIN30BaHHOe, Ha JAHHOM 9Talle JPOHBI He IIPOM3-
BOJAT KOMMYHYKALIMIO MeXJY CO00 U ABJIAIOTCS IPOCTBIMYU VICIOTHUTE/LAMY KOMaHJL U OTIPAB/IAIOT TeIeMeTPUIO Ha
Ha3eMHYI0 CTaHIMIO. [/I1 KOMMYHMKAIIM C pealbHBIMM KBaJpOKOIITepaMM UCIonb3yerca 6ubmoreka MavSDK. ITo-
MUMO MOJKIIOYEHNA K ApOHaM, MCIonb3yomuM Mavlink, Bo3MOXHO co3faHue NPOCTBIX BUPTYaIbHBIX OOBEKTOB B
CHMYIALUY, 06JIafaloIIMX MHePLYIeH, I/11 JOKOMIUIEKTOBaHIA OPUTMHAIBHOTO PO BUPTYaIbHBIMYU YIaCTHUKAMI.

B kavecTBe TOYKM OTCY€Ta [UId ONpPENENEeHUA MO3ULMMA TPYNIBI MCIONb3YeTCA reofesndeckas KOOpAMHaTa
NIepBOTO MOAKIIOYEHHOTO K IPU/IOKEHMIO KBaJpOKOIITEpa.

B ocHOBe anropuTMa JIEXMUT CTpaTerua BUPTYaTbHOTO Muaepa. Kakaplit areHT TPYIIBI cOXpaHAeT PUKCHPO-
BaHHOE PACCTOAHME OTHOCUTENLHO NUfEpa.

Ympasnenue poeM OCyIeCTBAAETCA MYTEM 3aJaHUA KOMIIOHEHTOB CHCTEMBI: METOZA MIOCTPOEHMA PO U CTpa-
TETUU NepeMelleHNnA Bcero pos. MeTof MocTpoeHMA poa MOXKET TakXKe Cofiep>KaTh Haop KOMaH[, /LA BBOJA, HAaIIpH-
Mep, HepeMellleHye OTAeNIbHOTO d/eMeHTa post. CTpaTerns mepeMelleHus MpefcTaBiaeT co6oif Habop BBOAVMBIX KO-
MaHJ, KOTOPble TaK M/IM MHa4Ye BO3MIEHCTBYIOT Ha TEKyIllee MECTOHAXOXKIEHUE PO, T.€. OfJHA CTPATEIn MOXKET IepeMe-
IAaTh BeChb POl IO MPAMOIT IMHUM, IOTYyIUTh HAOOP TOUEK U MepeMelllaTh TAKXKe PO K KaXK[Oi 110 IPAMBIM, Apyras e
MO>KeT MaHUITYyJMPOBATh POeM IIyTEM CO3[aHMA TPAEKTOPMIl Ha OCHOBE CIUTATHOB. TaKske CyIIecTByeT TpeThs CTpaTe-
U, BBIpaXeHHasA Kak apaMeTpudeckad GYHKUMA IIOCTPOCHNA BUHTOBO JIMHNUM.

4. CuMyIsA0VOHHbIE TECTDI

[TpenmoxeHHBII aITOPUTM TPYIIIOBOrO KOHTPOJA OBUI IPOTECTUPOBAH B IporpaMMHON cumynanun Gazebo
(puc. 1) Mo3BOMAIEI MOIETMPOBATh CPeMy, MOJENN POOOTOB U CeHCOpbl. OCHOBHBIM MPEMMYIIECTBOM JAHHOTO TIPO-
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TPaMMHOTO CUMYIATOpPA ABJIACTCA BO3MOXXHOCTh MHTETPAUM Pa3INIHBIX nnaT(bopM. CI/IMY]IHLU/IH Pa6OTbI IIOJIETHOTO
KOHTpOJ/IZIEpa U CO3JaHNE TOYHOU BMpTyaHbHOﬁ KoM pe€asibHbIX KBaIpOKOIITEPOB C MACHTUIHDIMUI XapaKTEPUCTUKA-
MU ITO3BOJIACT anp061/[p013aTb Ppe3ynbTaThl B yCIIOBUAX, l'IpI/I6J'II/I)KeHHbIX K p€a/lbHOCTH.

&
' - &

Puc. 1. Tecrobnit noner B Gazebo cumyrmsammu

BriBoaspl/3axmouenne. B maHHON cTaThe OBUIO NpeNCTaBICHO IPOTpaMMHOe ofecIedeHMe, MO3BOJLAIOLIEE
KOHTPOJIMPOBATD IPyNIly KBaTPOKOIITEPOB C YCTAaHOB/ICHHBIMM IOIETHBIMM KOHTPO/I/IEpaMM PthaWk

B ocHOBe anropuTMa JIeXUT CTPATETHs BUPTYaIbHOTO nfepa. IIporpammHoe obecriedenne 6b10 paspaboTaHo
B mporpaMMHoIi cpefie C++. [I/1s1 3anycka UcIonb3oBaaach onepaunonHas cucrema Ubuntu 19.10.

boito BrmonHeHo 10 cUMYIALMOHHBIX MOMETOB. KaXX/blil 3 TECTOB BBHIMOHAJCA C Pa3HOI CTapTOBO MO3M-
uueit GPS. Bein onpeneneH cueHapuit cOracHO KOTOPOMY KBaIpOKOIITEPHI BBITIOTHAIN B3JIET HA BBHICOTY 2,5 METPOB,
3aHMMaJIN eI€BbI€ MO3NLINN B BO3AYXE ITYTEM ITOCTPOCHMA B JIMHUIO U Jajie€ ABUTAIMCh K 3ajjaBa€MbIM [IJI1 HUX TOY-
KaM C XeCTKMM COXpaHeHueM crpos (puc. 1).

B 6moxaitieM OymyleM IUIAaHUPYeTCs MOAEPHM3ALMsA NPOTPAMMHOIO ofOecredeHNs IyTeM JOOaBIeHUA HO-
TIOTHUTEIbHBIX CEHCOPOB Ha KBAPOKOIITEPHI N peanndanya BO3MOXHOCTN 06x0):[a HPCHHTCTBI/Iﬁ B HE MOJEMMPOBAH-
HBIX Cpefiax.
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VIIK 664.951.022.6 VMHHOBAITMIOHHBIE PEINEHVS IS COBEPIIEHCTBOBAHMS
DOI'10.33236/2307-910X- | KOHCTPYKLMM PACHBUIMTE/IBHON CYIMMIBbHON YCTAHOBKU
2020-2-30-57-60
THE INNOVATIVE SOLUTIONS FOR IMPROVING THE DESIGN
OF SPRAY DRYING PLANTS

'®T'BOY BO «AcTpaxaHCKuit rOCyapCTBEHHbI TEXHIYECKNI YHUBEPCUTET» /
FSBEI HE «Astrakhan State Technical University»

Annomayus. Cmamovs NocéAULHA UCCIE008AHUIM 1O PA3pabomke PauUOHANbHOL KOHCMPYKUUU PACHBITUMENbHOT CY-
wunvHot ycmarosxu. IIpednoneHHas KOHCMPYKUUSL N0360Aem YBeNUUUMs UHMEHCUBHOCHb NPOUECCa CYWKIU NPpU npoussoocmee
CYXUX OUCNEPCHbIX MAMEPUATNO8 8 NUU4EBOTI U XUMUHECKOTE OMPACTIAX NPOMbLUTIEHHOCL.

Mamepuanvt u memoovt. B cmamve npusedersl NPUHUUNUATILHAS CXEMA U ONUCAH NPUHYUN OeticmeUs paspabomarHotl
YCMAHOBKU PACHBLIUMENLHOU CYUKU.

Pesynvmamut, 06cyxncdenus, 6v1600. Pesynvmamol uccne008anutl u KOHCMPYKMOPCKUe peueHUs no3eonsion ycosepuieH-
CMB0Bamb YCMaHo8KU PACHbIIUMENbHOU CYUKU U UCNOIb308aMb PACHDIIUMENIDHYIO MeXHOI02UI0 CYUIKU OIS NOMYHeHUS CYXUX Ouc-
NepCHbLX MAMEPUALO8 8bICOK020 KA1EeCMEa.

KiioueBbie cioBa: CYyHIKa, paClIbUIMTEIbHAsA CYIIIKa, CYIIN/IbHAA yCTaHOBKaA.

Abstract. The article is devoted to research on the development of a rational design of the spray dryer. The proposed design al-
lows to increase the intensity of the drying process in the production of dry dispersed materials in the food and chemical industries.

The article presents a schematic diagram and describes the principle of operation of the developed spray drying unit.

The results of research and design solutions allow to improve the installation of spray drying and use spray drying technology
to produce dry dispersed materials of high quality.

Key words: drying, spray drying, drying installation.

Introduction. Traditionally, for the implementation of the drying process in the production of dispersed mate-
rials, convective spray drying installations and dryers with a dense, fluidized, aerial and actually suspended product bed
are used. These types of equipment have a high technical level, based on a developed powerful machine-building and
scientific and technical base. Spray drying installations are limitedly used for liquid thermolabile materials (extracts,
purees, juices, etc.), since they do not provide reliable, efficient and high-quality drying [1, 2, 8, 10].

Of practical interest are the results of research and development work on the development and implementation
of rational designs of dryers [3, 4, 11], which make it possible to implement non-stationary aerodynamic modes of phase
contact during drying, including with combined methods of energy supply. The use of combined methods with micro-
wave and IR energy supply is promising [5, 6, 12, 13], which allows for higher quality indicators of dried products, but
inevitably leads to an increase in production costs. In addition, research on the development of practical recommenda-
tions for the modernization of existing drying plants to increase their productivity and thermal efficiency is relevant.

Characteristics of the research object. Based on the analysis of scientific, technical and patent literature, it was
concluded that a promising direction is the development of a design solution for organizing the process of spray drying
of liquid and pasty materials, which allows you to create a stable directional spiral aerodynamic contact with a large
number of turns between the product and the drying agent in the working chamber.

The object of research is the structural elements of spray drying plants.
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Research results and their discussion. A promising design solution for dewatering liquid and pasty materials
is a spray drying installation (Figure 1), developed by a group of authors under the leadership of Professor L.Yu. Ale-
ksanyan [14].

As a result of continued research, the design was improved and a patent for a utility model was obtained [15],
which additionally confirms its industrial applicability. There is no conflict of interest. The authors have proven that the
intensification of the heat and mass transfer process in this design when the particles of the dried material interact with
the drying agent is achieved by replacing vertical rectangular partitions with vertical curved partitions (Figure 2).

The proposed device (Figures 1 and 2) has a cylindrical drying chamber 1, made in the form of two series-
connected cylinders, small 2 and large 3, of different diameters, a sprayer 4 installed along the axis of the chamber 1, a
suction system 5 installed under a large cylinder 3 and unloading unit 6 in the form of a hollow cone installed under the
large cylinder 3 along the axis of the chamber 1.

Small cylinder 2 has a drying agent 7 inlet. Large cylinder 3 has a drying agent 8 inlet located tangentially to the
surface of a large cylinder 3.

In the cavity of a large cylinder 3, vertical curved partitions 9 are installed and rigidly fixed in a circular array
around the axis of the drying chamber 1 with gaps between themselves, forming curvilinear slot channels and between
partitions is a = 360/n, where n - the number of partitions (Figure 2). The partitions 9 are rigidly fixed on the inner sur-
face of the large cylinder 3 with the help of fasteners 10 and rod fasteners 11 to stiffen the structure (Figure 2), and the
large cylinder 3 and vertical curved partitions 9 are made the same in height.
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Fig. 1. Spray dryer
1 - drying chamber; 2, 3 - cylinders; 4 - sprayer; 5 - suction system; 6 - unloading unit; 7, 8 - branch pipes;
9 - vertical rectangular partitions; 10 - fasteners; 11 - fasteners

The initial product to be dried is fed by a spray gun 4 into the volume of a small cylinder 2. The drying agent is

injected through the nozzles 7 and 8. The sprayed particles of the product, upon contact with the drying agent, dry up
and are taken through the unloading unit 6, the spent drying agent is removed through the suction system 5.
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Fig. 2. Spray dryer (sections)
8 - branch pipe; 9 - vertical curved partitions; 10 - fasteners; 11 - fasteners

Due to the introduction of the drying agent through the branch pipe in the large cylinder tangentially to the
circumference of the large cylinder and the presence of vertical curvilinear partitions in it, an additional uniform supply
of the drying agent is carried out into the curved slotted channels between the partitions, while the sprayed product par-
ticles, entrained by the coolant flows, begin to rotate about the axis drying chambers and make a directed motion along
a downward spiral trajectory.

Thus, an increase in the number of turns of the active spiral aerodynamic contact of the product and the drying
agent in the drying chamber is achieved, which makes it possible to increase the residence time of the sprayed particles
of the product in the drying chamber and provides an intensive flow of the drying agent around the particles and in-
creases the intensity of the drying process. The spiral trajectory of the particles movement determines the longer contact
time of the product with the drying agent in the chamber compared to the traditional straight-line downward move-
ment, which makes it possible either to reduce the height of the drying chamber at a given productivity, or to increase
the process intensity and plant productivity.

The ratio of the consumption of the drying agent supplied through the nozzles and the number of baffles de-
pend on a number of factors: the productivity of the installation, the parameters of the spray pattern, the drying time,
the geometric characteristics of the drying chamber, etc.

The positive effect of the proposed device is provided by improving the design of the dryer.

Further development is being carried out by conducting research on taking into account the kinetic laws and a
set of properties of drying objects, including thermodynamic, structural-mechanical and thermophysical properties,
when designing drying equipment. In addition, it is necessary to develop mathematical models [4] for operational con-
trol of the process and product quality, as well as automation of the drying plant [7, 12].

Conclusions. The results of the analysis confirm that an urgent direction is the development of methods for in-
tensive drying of raw materials in a dispersed state, as well as design solutions to minimize or eliminate the disad-
vantages inherent in traditional drying plants. Further development is received by spray drying with active vortex aero-
dynamic contact of the product and the drying agent. The developed recommendations allow using the spray drying
technology to obtain high quality dry dispersed materials. A utility model patent was obtained for the design of the facil-
ity [15], which confirms the competitiveness and industrial applicability of the development.
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VIIK 664.655.7 O BO3MO>XXHOCTU MOJU®UKALIVIN PELENTYPBI XJIEBA «®UTHEC»
DOI'10.33236/2307-910X- TPEYHEBBIN ITYTEM IIPUMEHEHUS MYKU 113 OPEXA I'PEIIKOTO
2020-2-30-61-66
ABOUT THE POSSIBILITY OF MODIFYING THE RECIPE OF “FITNESS”
BUCKWHEAT BREAD BY USING WALNUT FLOUR

®TI'AOY BO «IO>xHO-YpanbCcKuii rocyIapCTBEHHbI YHUBEPCUTET (HAIMOHAIbHBIA
uccnenosarenbckuit yuusepenret)» / South Ural State University (National Research University)

Annomauus. Myxa us 2peykoeo opexa 6 Hacmosusee 6pemsa PACCMAMPUBAEMCS CHEYUATTUCTNAMU NULLEBbIX MeXHONLO2UT KAK
UCMOYHUK NONIHOUeHHO020 benka, TUNnudos, yenes0008, MUHEPAILHOIX BeU4EC8, BUMAMUHO8 U Op. VIcC1e008aHO KA4ecmeo u xumude-
CKUil cOCMas MyKu NUEHUYHOTL, MyKU U3 0pexa 2peyKo20 U cmecu Xne6onekapHoil epeuresoil. Bvoiasneno npesocxodcmeo myKu u3 ope-
X4 2PeuK020 HAO NUMEHUUHBIM CbIPbeM NO KONUHeCmey pada HympueHmos. OnpedeseHa NPUOPUMEMHAS PONb NUEHUHOL MYKU 8
00pa308axuLL NOPUCMOCMU U HOPMUPOBAHUY YOenbHO20 00vema Xneba. IIposedeHa moouduxayus peuenmypul xneba «Pummec» epey-
Hesublil.

KnioueBblie cioBa: MYKa IIIIEHNYHas1, MyKa 3 Op€Xa Ip€llKoro, CMeCb XHC6OH€KapHaH, x1ed «PuTHECY.

Abstracts. Walnut flour is currently considered by food technology experts as a source of high-grade protein, lipids, carbohy-
drates, minerals, vitamins, etc. The quality and chemical composition of wheat flour, walnut flour and buckwheat mixture have been
studied. The superiority of walnut flour over wheat raw material in the number of nutrients was revealed. The priority role of wheat
flour in the formation of porosity and the formation of the specific volume of bread is determined. Buckwheat fitness recipe was modi-

fied.
Key words: wheat flour, walnut flour, baking mix, "Fitness" bread.

Walnut flour is considered by food technology specialists as a source of complete protein, lipids (mono-, di-, tri-
glycerides, free fatty acids, phosphatides), carbohydrates (sugars, starch, fiber), minerals, vitamins, antioxidants (ascor-
bic acid, tocopherol, carotene), phenolic compounds (tannins, flavonols, catechins), organic acids, etc. [1-4]. In this re-
gard, technologies are known for the use of walnut flour in the production of acidophilic fermented milk product with
improved organoleptic and functional properties; experience in using walnut kernel concentrate in wafer fillings with a
high content of essential amino acids, polysaccharides, polyunsaturated fatty acids; developed a recipe for lingering bis-
cuits containing walnut flour, rich in protein, iron, magnesium, potassium, copper, phosphorus [4-7]. The technologies
for obtaining flour confectionery and bakery products (wheat, rye and rye-wheat) with the addition of walnut flour are
described [8]. Foods containing walnut shell powder have a low glycemic index [9].

The purpose of this study is to study the possibility of using walnut flour in the "Fitness" buckwheat bread tech-
nology in order to expand the range and increase the food density of bakery products.

The objects of research were samples of raw materials and model bread samples:

- baking wheat flour of the first grade (GOST 26574-2017) produced by IP A.A. Mikhailyuta (Russia, Omsk re-
gion, Kormilovsky district, Pobeditel village);

- Walnut flour (STO 33974444-011-2016) produced by OOO "Specialist” (Russia, Altai Territory, Biysk);

- bakery mix "Fitness Mix" buckwheat (TU 9295-040-18256266-2014) produced by LLC "IREKS" (Russia, Mos-
cow region, Lyubertsy). Ingredients: buckwheat flour, wheat bran, dextrose, bakery wheat flour of the highest grade,
malt wheat flour, malt barley extract, emulsifier E472e, wheat gluten, roasted wheat malt flour, stabilizers E341iii, E170,
acidity regulator E263, antioxidant microbial origin.

- control samples of "Fitness" buckwheat bread (TU 9110-006-18256266-2005 with additions dated 04.16.2008)
were produced according to a regulated recipe (table 1);

- prototypes No. 1 - with the replacement of 15% wheat bakery flour of the first grade for an identical amount of
walnut flour. The dosage of unconventional raw materials was established empirically in a series of preliminary studies.
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- prototypes No. 2 - with the replacement of 15% of the first grade wheat bakery flour with walnut flour and the
replacement of 2% of the “Fitness Mix” bakery mixture with buckwheat for the same amount of wheat gluten;

- prototypes No. 3 - with the replacement of 15% of wheat bakery flour of the first grade for walnut flour and re-
placement of 4% of the bakery mix "Fitness Mix" with buckwheat for wheat gluten;

- prototypes No. 4 - with the replacement of 15% of the first grade wheat bakery flour with walnut flour and the
replacement of 6% of the “Fitness Mix” bakery mixture with buckwheat for wheat gluten.

An accelerated dough preparation method was used; the products were baked with a molded mass of 0.5 kg net.

Table 1
Recipe for "Fitness" buckwheat bread
Raw material composition and technological parameters Raw material c.onsumption and dough
preparation parameters, kg

Wheat flour of the first grade 80,00

Bakery mix "Fitness mix" buckwheat 20.00

Pressed bakery yeast 3.00

Table salt 2.00

Drinking water by calculation

Dough fermentation time, min 15-20

Initial dough temperature, ° C 26-28

The organoleptic evaluation of raw materials was carried out in accordance with GOST 27558-87, finished
products - in accordance with GOST 5667-65. The quantity and quality of gluten was determined according to GOST
27839-2013, mass fractions of substances: moisture - according to GOST 9404-88, protein - according to GOST 10846-
81, fat and ash - according to MU 4237-86. The content of dietary fiber was determined by the classical method [10], the
content of calcium and magnesium - according to R 4.1.1672-03, iron, copper, zinc - according to GOST 30178-96,
phosphorus - according to GOST 30615-99, selenium - according to M 04-33 -2004. The microstructure was deter-
mined using a scanning electron microscope [11]. The specific volume of bread was determined according to GOST
27669-88, acidity - according to GOST 5670-96, porosity - according to GOST 5669-96. The content of thiamine was
determined according to GOST 29138-91, riboflavin - according to GOST 29139-91.

The study of organoleptic characteristics and compatibility of the raw materials used will prevent the formation
of undesirable changes in the consumer properties of the finished bread. It was found that wheat flour has no visible
deviations in the sensor quality indicators (Figure 1) from the standards regulated by the requirements of GOST 26574-
2017. For the rest of the raw materials, specific characteristics were determined, due to both the botanical characteristics
of the culture and the ingredient composition. So, walnut flour is a homogeneous finely ground powder, gray with a
cream shade, a characteristic odor, a characteristic sweetish taste with a slight astringent aftertaste. Mixture "Fitness
Mix" buckwheat is a free-flowing powder with the inclusion of small bran particles, which are especially noticeable when
chewing. The color is light brown with a reddish tinge, uniform throughout the mass, the smell is characteristic, without
extraneous tones, the taste is characteristic of buckwheat, sweeter, without extraneous tastes. An acceptable sensory
compatibility of the studied raw material was revealed, which makes it possible to use it as part of a complex food sys-
tem.

flour wheat flour from walnuts baking mix
Fig. 1. Appearance of raw materials
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The study of physical and chemical indicators and chemical composition of raw materials contributes to un-
derstanding the formation of crumb structure, rise and nutritional value of bread. It was determined that the basic phys-
ical and chemical quality indicators of the studied samples of raw materials are characteristic of the quantitative ranges
of each of them. The moisture content of the baking mixture is somewhat different from that of the studied flour sam-
ples (Table 2), which must be taken into account when calculating the amount of water required for the preparation of
the dough. Despite the content of glutelin in the composition of the walnut [8], and in the composition of the bakery
buckwheat mixture - wheat flour of the highest grade and wheat gluten, it was not possible to determine the quality and
quantity of gluten proteins in these samples of raw materials using the traditional method. Thus, in this case, only wheat
flour objectively participates in the formation of porosity and specific volume of bread. This assumption was also con-
firmed when studying the microstructure of raw materials using scanning electron microscopy, where gluten proteins
were found in large quantities in wheat flour and in the form of single inclusions in buckwheat mixture (Figure 2).

No significant difference in the amounts of the protein fraction of the tested samples of raw materials, which
could globally reduce the protein deficiency in the new modification of bakery products, was not revealed. However, it is
generally known that the amino acid composition of the walnut protein balance significantly prevails over the usefulness
of wheat protein [4].

Table 2
Physical and chemical indicators and nutritional value of raw materials
Results
Defined indicator flour wheat flour from walnuts baking mix
Moisture content, % 11,3+ 0,3 10,7 £ 0,3 7,3+0,2
Protein mass fraction,% 10,2+ 0,4 14,7 £ 0,5 11,5+ 0,4
The amount of gluten,% 32,3+£0,9
Gluten quality, units IDK 68+ 1,1 i i
Mass fraction of fat in terms of dry matter,% 1,10 + 0,02 23,5+0,5 3,03 +0,03
Dietary fiber content, g/ 100 g, including: 3,71+0,03 8,63 + 0,04 4,92 + 0,03
- soluble, 0,90 + 0,02 2,81 +0,03 1,12 £ 0,02
- insoluble 2,81 +0,03 5,82 +0,05 3,80 0,05
Ash content in terms of dry matter,% 0,57 + 0,02 4,17 £ 0,07 2,62+ 0,06
Mineral elements, mg / kg, including:
P 1040,2 + 53,4 6110,4 +79,6 4210,3 + 49,2
Ca 237,1+19,2 3007,2 + 64,7 3100,0 = 55,2
Cu 2,0+0,3 15,9+ 1,8 4,5+0,7
Fe 53,1+4,2 113,2+6,1 46,4+ 2,4
Mg 300,1 + 21,7 3328,3 + 58,9 1887,3 + 33,1
Zn 19,8 £2,2 40,5+ 3,3 249+ 23
Se 0,26 £ 0,10 1,6 £ 0,6 1,1+0,4

flour wheat flour from walnuts baking mix

Fig. 2. Microstructure of raw materials (increase in 2000 times)

In further studies, the emphasis is placed on a comparative assessment of the nutritional value of first grade
wheat bakery flour and walnut flour in order to establish the effectiveness of replacing traditional raw materials with
original plant material.

A relatively high oil content of raw materials from walnuts has been established. Thus, the content of lipids in
unconventional material exceeds their content in wheat flour by 21 times. It is known that essential polyunsaturated
fatty acids of the following families predominate in nut oil: w-3, w-6, w-9 [12]. High content in oil §- and y- tocopherols
(natural antioxidants) protects its lipid complex from oxidation [1, 2]. It should be noted the superiority of nut flour
both in terms of the total dietary fiber content and the amount of insoluble fiber. An increase in the content of dietary
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fiber in bread due to the substitution of raw materials can change the rheological properties of the dough and the fin-
ished product.

The high ash content of unconventional raw materials is reflected in its mineral composition. Thus, in compari-
son with wheat raw materials, walnut flour contains more of the following mineral elements: calcium (12.7 times), mag-
nesium (11.1 times), copper (7.9 times), selenium (6, 1 time), phosphorus (5.8 times), iron and zinc (2 times). This cir-
cumstance will increase the nutritional density of modified bread and reduce the deficiency of certain minerals in the
diet of Russians. It is also obvious that the use of a complex of food additives in the formulation of a buckwheat mixture,
namely, orthophosphate, carbonate and calcium acetate, in total to the content of phosphorus and calcium in buck-
wheat flour, contributed to an increase in the content of these macronutrients in it by 4 and 13.1 times, respectively. The
relatively high level of selenium in the baking mixture is apparently associated with the inclusion of wheat bran in its
composition, since it is known that it is more selenium contained in wheat bran than in wheat grain, wheat or buck-
wheat flour [13].

The next step was testing the quality of model samples of "Fitness" buckwheat bread, obtained from the studied
raw materials. It was revealed (Figure 3) that the control and experimental (experiment No. 1 with replacing 15% of
wheat flour with raw materials from walnuts) samples have differences visible with the naked eye only in the color of the
crumb (the control has light brown, uniform throughout the mass, experiment - there is a slight dark brown tint) and
the height of the loaves (in the control - the height of the bread in the cross section is 13.0 + 0.2 cm, in the experiment -
10.2 + 0.3 cm, which gives the experimental samples some squat) ... The taste and smell of both samples of bread con-
tains tones typical of buckwheat culture, without foreign tastes and smells.

control experiment No. 1

Fig. 3. Appearance of model bread samples

The use of measuring research methods made it possible to study in more detail the difference in the quality of
the tested bread samples. It was determined that replacing wheat flour with raw materials from walnuts in the recom-
mended dosage reduced the specific volume (by 11.1%) and porosity (by 10.9%) of bread, but increased the acidity (by
19.4%) of products in excess of the regulated norm (table 3).

Table 3
Physicochemical indicators of model bread samples
. Lo Norm according Test results
Defined indicator to TU 9110-006-18256266-2005 control experiment No. 1
Specific volume, cm3 / g not regulated 3,79 + 0,03 3,37 0,02
Porosity,% 73,5+ 0,9 65,5+ 1,1
Acidity, deg. no more than 4.0 36%0,3 4,3+0,2

To date, there is a positive experience of using dry wheat gluten in the composition of a bakery mixture in the
production of bread from wheat flour of the first grade with the additional inclusion of gluten-free raw materials to in-
crease the porosity and specific volume of finished products to standard levels [14]. In the production of "Fitness" bread
in accordance with the requirements of TU 9110-006-18256266-2005, a quantitative variation of the buckwheat mixture
in the range of up to 20% is possible without setting the lower limit. Considering the above, we considered several op-
tions for modifying the recipe of experimental samples No. 1 by replacing 2, 4 and 6% of the bakery mix "Fitness Mix"
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with buckwheat for wheat gluten (GOST 31934-2012, brand "A", manufactured by LLC "First Diet", Russia, Moscow)
with the following results (table 4):

Table 4
Physicochemical indicators of model bread samples after modification
Test result:
Defined indicator - b re.su S -
experiment No. 2 experiment No. 3 experiment No. 4
Specific volume, cm3/ g 3,53+ 0,02 3,82+ 0,03 3,71+ 0,02
Porosity,% 69,2+ 0,8 73,4+ 0,9 72,2+ 0,7
Acidity, deg. 4,0 £0,2 3,7+0,3 3,4+0,2

It was found that modified bread samples with the replacement of 4% buckwheat mixture for an identical
amount of wheat gluten according to the studied parameters were as close as possible to the control sample against the
background of the formation of a new taste feature, namely, a pleasant nutty flavor, and a lighter crumb tone. In this
regard, control and experiment No. 3 were used in further tests.

It was determined that the moisture content of control and modified samples of bread corresponds to the es-
tablished norm - no more than 46.0% (table 5). The bread of the modified recipe composition is characterized by a high
content of: vegetable fat (3.9 times), rich in polyunsaturated fatty acids; protein (by 46.1%); soluble (by 47.5%) and
coarse (by 23.6%) fiber that stimulates the work of the gastrointestinal tract; mineral elements (table 5). The new prod-
ucts showed a relatively high content of magnesium (2.1 times), calcium (1.8 times), selenium (1.7 times), phosphorus
(1.6 times), copper (1.4 times ), iron (by 25.1%), zinc (by 22.5%).

Table 5
Physical and chemical indicators and nutritional value of bread
Defined indicator Test results -
control experiment No. 3
Moisture content, % 42,6+ 1,2 443+ 1,3
Protein mass fraction,% 6,5+ 0,4 9,5+ 0,5
Mass fraction of fat in terms of dry matter,% 1,1+£0,2 4,3+ 04
Dietary fiber content, g/ 100 g, including: 2,45+ 0,04 3,17 + 0,05
- soluble, 0,59 + 0,02 0,87 + 0,03
- insoluble 1,86 + 0,04 2,30 + 0,05
Ash content in terms of dry matter,% 0,62 + 0,05 1,15 £ 0,06
Content of mineral elements, mg / kg, including:
P 1110,1 + 44,7 1825,8 + 51,3
Ca 502,2+ 15,3 9209+ 21,8
Cu 1,5+0,3 2,1+0,5
Fe 323+24 40,4 + 3,3
Mg 384,4+ 13,6 825,8 + 19,8
Zn 129+ 1,9 15,8 + 1,7
Se 0,267 + 0,010 0,465 + 0,025
Vitamins content, mg / 100 g, including:
B1 (thiamine) 0,078 + 0,023 0,120 + 0,040
B2 (riboflavin) 0,14 + 0,03 0,23 + 0,06

The vitamin value of the experimental samples of “Fitness” buckwheat bread also increased, in particular, due
to an increase in the content of thiamine and riboflavin by 1.5-1.6 times. The elimination of vitamin and mineral defi-
ciencies in the diet of the working-age population is the most important factor in maintaining their health and perfor-
mance [15]. The role of each of these micronutrients in the metabolism of the human body is undeniable.

The efficiency has been proven and the practical possibility of modifying the formulation of "Fitness" buck-
wheat bread has been established by replacing 15% of first grade wheat flour with walnut flour and replacing 4% of the
"Fitness Mix" bakery mixture with a similar amount of dry wheat gluten. The bread of the modified recipe composition
has good consumer properties, is distinguished by a high content of vegetable fat, protein, dietary fiber, rich in mineral
and vitamin composition.

This work was supported by the Government of the Russian Federation (Resolution No. 211 of March 16, 2013), agreement
No. 02.A03.21.0011.
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VIIK 004.94 MATEMATUYECKOE MOJIENMPOBAHUE IIPOIIECCA IIEPEMEINVIBAHUA
DOI110.33236/2307-910X- | MHOTOKOMIIOHEHTHBIX IIMIIEBBIX CMECEN B IIPOTPAMME VISIMIX
2020-2-30-67-77
MATHEMATICAL MODELING OF THE MIXING PROCESS

OF MULTI-COMPONENT FOOD MIXTURES IN THE VISIMIX PROGRAM

Ouman @PI'bOY BO «HNY «M3U» B r. CMoneHcke
e-mail: eugene.tim@mail.ru

Annomauus. IIpoyecc nepemeusuBanus NPUMeHIemMcs 60 MHOUX CHepax NPpoOMbIULTIEHHOCU, MAKUX KAK NUU4eBaT, XUMU-
ueckas u HegpmenepepadamviearULAs, U e20 usyueHue A6ATMCA 00HOTE U3 8ANHEIUUX 3a0at, NPU MOOETUPOBAHUU HOBbIX HepeMeutli-
6AI0OUAUX YCMPOTICE, a MAKKHe NPU YCOBEPUIEHCNBOBAHUU YHe CYULCMBYIOULUX MEXHON02UT U MEeXHUKU.

Mamepuanvt u memoovt. Paccmompeno pasnosenue yckopeHus no conymcmeyrousemy 6asucy, maxxe HaznsI0Ho npeocmas-
TIeH Npoyecc nepemMeiusanus, npu Komopom npoucxooum noiHoe é3aumHoe pacnpedenerue Komnonenmos. Ilpedcmasner 0630p ma-
MeMAMUYecKUX NPozpamm no moOenuposaruio npoyecca nepemewiusanus. Iodpobro onucana npoepamma VisiMix, 6 komopoil npo-
U36e0eH0 MOOETUPOBAHIE NPOUECCA NePeMEeUIUBAHUS HUOKOU PA3bl, UUPOKO PACNPOCMPAHEHHOLL 6 MEXHON0UU NPOU3BO0CMEa Nul-
U4ebIX NPOOYKMO8.

Pesymomamot u o6eyncdenus. IIposedena susyanu3auus eudpoOuUHamuueckozo mooenuposanus. ITo 3a0anHbim 3HAMEHUAM
napamempos émxocmu, paboueeo opeana u HuOKol Pasv. Mamemamudecku paccuuman nokazamens wucna Petinonvoca. Cmodenupo-
8aH 2pAPUK 3ABUCUMOCINY MAHEHUUATILHOLL CKOPOCMU 0M PAOUYCA MEWATKY 1 NPeOCMAB/IeHbl 3HAUEHUS NAPAMEmMPOs MaH2eHU-
anvHoii ckopocmu. ITpedcmasnen epagux 3asucumocmu pacceusaemoti snepeun W/kg om paouyca mewanxu.

3axmouenue. B c6a3u ¢ pocmom mexHon02u4ecK020 npozpecca, naKemul nPozPAMM, CrocobHvle MOOeTUPOBA PAZHOOOPA3-
Hole NPOUECCHl UZPAIOM KIIOHESYH0 PONb 8 CO30AHUL UHHOBAUUOHHDIX MEXHUYECKUX PeuleHull 6 PasautHbX chepax npomvluuneHHo-
cmu. B pesynomame ananusa eosmoxcHocmeti npoepammot VisiMix npedcmasnaemcs nepcnekmueHvim 0anvHeliuiee e€ Ucnonp3osanue
npu ycoeepuieHcmeos8an i 060py008aHUS U CO30AHUL HOBbLX MeXHON02UECKUX CXEM.

KnioueBble cnoBa: iepeMenBanme, MOie/TMpoBaHue, MIeBble cMecH, VisiMix.

Abstract. The mixing process is used in many areas of industry, such as food, chemical and oil refining, and its study is one of
the most important tasks when modeling new mixing devices, as well as improving existing technologies.

Materials and methods. The decomposition of the acceleration of the ends of the mixer is considered, the mixing process is al-
so clearly presented, under the action of which the complete mutual distribution of the components occurs. A review of mathematical
programs for modeling the mixing process is presented. The VisiMix program was studied in detail, in which the simulation of the mix-
ing process of the liquid phase, widely used in food production technology, was performed.

Results and discussions. The hydrodynamic modeling was visualized. Based on the given values of the parameters of the ca-
pacity, working body and liquid phase, the Reynolds number indicator is mathematically calculated. A graph of the dependence of the
tangential velocity on the radius of the mixer is simulated and the values of the tangential velocity parameters are presented. A plot of
the dissipated energy W / kg versus the radius of the mixer is presented.

Conclusion. In connection with the growth of technological progress, programs capable of simulating a variety of processes
play a key role in creating innovative technical solutions in various industries. As a result of the analysis of the capabilities of the Vi-
siMix program, it seems promising to further use it in the production of new technological schemes for production.

Key words: mixing, modeling, food mixes, VisiMix.

Introduction. Recently, in the food industry, the most common mixing method is mechanical, used for dry fi-
ne mixtures and viscous liquids. The presented type of mixing is used in the manufacture of high quality gels and food
products. The demand for installations using this type of mixing in the production of consumer products is also grow-
ing. With the growing demand for these installations, the requirements for the equipment in question also grow, due to
their widespread use.

It should be noted that hydrodynamic technologies in mixing machines occupy a special place, since they com-
bine simplicity, reliability and high efficiency. An important role is also played by the design of the impellers used for
intensive and high-speed mixing, which is also a necessary condition for the creation of high-tech equipment. To solve
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these problems, when designing new or modernizing existing equipment, high-precision methods of calculating and
modeling physical processes are used using CFD libraries and CAE programs [1].

With all its wide industrial distribution, mixing technology has not been fully studied, due to the complex
physical processes that occur during mixing. Thus, the creation of new, as well as the improvement of existing devices is
relevant. For this reason, much attention is paid to the search for existing and the creation of completely new methods
for analyzing complex physical processes that occur during mixing, which determine the technological process of the
mixing device.

Materials and methods. Mixing is used to create emulsions, bulk products and in the implementation of pro-
cesses such as mass transfer and heat transfer. In this regard, there are several types of mixing process. The equipment is
also divided into types, used depending on the state of aggregation of the mixing components. Depending on the envi-
ronment in which the process takes place, mixing is isolated in a liquid, in a solid, in a granular, and also in a homoge-
neous medium [2].

It should be noted that in many industries mixing of components is used, which are in different states of aggre-
gation. This mixing process is carried out to obtain homogeneous and heterogeneous emulsions, as well as suspensions
and bulk materials.

It is in the complex movement of particles and their movement relative to each other that the mixing process
lies. The presented motion of the particles is formed by the addition of three directions that arise due to the rotation of
the mixer. Figure 1 shows the rotation curve of the agitator ends, which characterizes centripetal and tangential acceler-
ation [3].

yA

Fig. 1. Decomposition of acceleration a(t) to tangential a; and normal a,,

Tangential acceleration in vector form can be represented as:

L _dv_dl )
Tde dt
The centripetal acceleration modulus is:
v? 2

@] = w27 =2

The third direction of rotation of the mixer is axial u,, which has a direction along the axis of the shaft.

However, when mixing the two components, we get a mixture in which these components are evenly distribut-
ed throughout the entire volume of the resulting mixture. At the same time, at the beginning of mixing, the components
are slightly distributed over each other's volume, and pronounced areas of mixing components are observed. In turn,
the result of a long mixing process is a complete mutual distribution of components. Figure 2 illustrates the mixing pro-
cess of the two components [4].

As a result of mixing, a variety of mixtures are obtained, which can be divided into two groups, these are ho-
mogeneous and heterogeneous mixtures. A characteristic feature of homogeneous mixtures is the complete decomposi-
tion of components into elementary particles, such as atoms and molecules of miscible substances, which in turn are
completely distributed in each other. Homogeneous mixtures include saline solutions, mixtures of gaseous compounds,
and true solutions [5].

A characteristic main feature for heterogeneous mixtures is the presence of chemical-integral components,
which are evenly distributed in each other in the form of drops or powder. The mixtures under consideration include
powders, emulsions, suspensions, and aerosols.
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KOMMOHEHT A KOMIOHEHT B

CMECbH A+B
Fig. 2. Mixing process

Thus, it is possible to single out the main goals of mixing, which include the acceleration or deceleration of
chemical reactions, ensuring the full distribution of both solid particles in a liquid and a liquid in a liquid, and one of the
goals is to intensify the heating and cooling processes.

When choosing a mixing device, as well as the mixing method itself, the following categories should be fol-
lowed:

- the degree of mixing or the indicator of homogeneity, characterized by the distribution of the components as
aresult of the end of mixing. This indicator is determined empirically to determine the quality of mixing

- the intensity of mixing, an indicator expressed in the frequency of rotation of the working body of the mixing
device. In industrial applications, the intensity of mixing is characterized by the time it takes to obtain a certain techno-
logical result.

- mixing efficiency, characterized by the ability to obtain the required mixing quality for a certain period of
time with the lowest energy costs.

Having considered the above indicators, it should be noted that at the moment there is no specific method or
criterion by determining which you can choose the necessary mixer for the process under consideration. Since each
mixing device has both positive and negative aspects of its use. Thus, for a more rational choice of a mixer, it is required
to be guided by existing experiments and results that were carried out in laboratory conditions [6].

Computer-aided design methods for a variety of processes are being developed and implemented, thus, the tra-
ditional methods of modeling are gradually being replaced by newer ones using CAD / CAM / CAE packages on per-
sonal computers. One of the programs under consideration is ANSYS, which, according to many experts, is the most
powerful tool, the main task of which is the calculation and simulation of programmed processes. This program allows
to accelerate the development technology, as well as the efficiency of the designed machines and devices.

Another program under consideration is VisiMix Turbulent, which is a unique tool for mathematical model-
ing. This program allows you to simulate mixing processes in which one of the components is a liquid. The program
under consideration contains the parameters of the mixing process, which are required for the analysis and optimiza-
tion of mixing plants with various types of working bodies. This program provides the ability to use Newtonian and
non-Newtonian media, it also has a wide range of used sizes, both tanks and working bodies. One of the main features
of VisiMix is the modeling of emulsions, determination of the achievement of the final stage of emulsification. Also, the
program has the ability to calculate the drop size, mixing time of components and many other indicators of processes
that play an important role in the mixing process. The main area of application of the program is to simulate the mixing
process in cylindrical tanks using mixing devices [7].

Within the framework of this work, we will simulate the mixing process in a tank with a conventional heat
jacket and an elliptical bottom. The total volume of the designed tank should be 5000 liters with a diameter of 1600 mm.
Also, the projected tank must have a reflector, the upper part of which does not protrude beyond the upper level of the
mixing mixture. The thermal jacket should be designed in such a way that it covers the entire surface area of the tank. It
is also necessary to place a turbine mixer in the tank, the rotation speed of which will be 125 rpm.

A tank with these characteristics is necessary for mixing both liquid mixtures and mixtures with the addition of
a solid phase. A simulated reservoir will also allow studying the formation of stagnant zones, which will give an idea of
the required degree of mixing. The simulated impeller will allow you to study the change in tangential velocity over the
entire volume of the considered vessel. This will allow evaluating the effectiveness of the decisions made.
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Creating a project in VisiMix begins by opening Project, which is on the home page in the menu bar. Figure 3
clearly demonstrates the above menu.

Project  Editinput  Calculate  Supplements  Lastmenu Lastinput table  Window  Wiew  Help

D8 = 8l ¥ d|El 6 e

Fig. 3. Main menu of the program
After selecting Project, a menu appears, which is shown in Figure 4. In this window, select New ...

Project  Editinput  Calculate  Supplements  Lastmenu  La
TEt,
Open...
Close

Clare
Project comments

Save
Save fs..,

Repart
Fig. 4. Project Submenu

After selecting the New ... menu, a window for saving a new project opens, in which we specify the name of the
Project-1 file and save it. This window is shown in Figure 5.

=) Enter a project name H
Manka: I |, ViziMix Turbulent S5V j - £ B~
Wraa ‘ [lata namereHna T
|| DEM1.V5M 22.03.2007 15:16 o]
£ >
Wmn paiina: |Prnject—1 CoxpaHuTe I
Tun oaiina: I\ﬁsi Mix Project Files (*.vsm) ;I Ommena |

Fig. 5. Dialog box for saving a new project

After saving the project, the program provides a window for selecting different types of tankers, shown in Fig-
ure 6. All tankers are divided into four groups, namely, an insulated tank without a jacket, a tank with a conventional
thermal jacket, a tank with a half-tube thermal jacket and tanks with embossed / dimpled thermal shirt. Also in each
group are tanks with different types of bottom, such as flat bottom, elliptical and conical.

In the corresponding window, select a tank with a conventional heat jacket and an elliptical bottom. When you
select this tank, it will be displayed in a small window on the right, in which you should confirm your choice by clicking
on the Ok button.

When the required tank is selected, a window for entering its dimensions will open. This window is shown in
Figure 7.

In this window, you must enter the inner diameter, enter 1600 mm, the volume of the tank, which is 5000 liters,
while the program will calculate the height of the tank, the value found is 2620 mm. Also in this window, the volume of
liquid is entered, in this case 4000 liters, the height of the column is 2123 mm. After entering the necessary data, the
entered data will be reflected in the right area of this window. To confirm them, click OK, after which the window will
change.
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m Tank types - O
r~ Insulated T anks without Jacket—————————— - Tanks with Corwentional Jacket—————————

Current choice

Flat bottom Elliptical | Conical | Flat bottom Eliptical Coric:al .

— Tanks with Half-Pipe Coil Jacket———————————— - Tanks with Embosszed / Dimpled Jacket

Elliptical bottom
Conventional Jacket

o | oma] |

Flatbotloml Elligtical | Conical | F\atbottoml Elliptical | Conical | -

Fig. 6. Window for selecting the type of tank

D:\PROGRAM FAELS\VisiMix Turbulent S\NONAMEQO.VSM

TANK WWITH ELLIPTICAL BOTTOM

Inside diameter mm |5
Total tank height [ 2620 |[mm -]
Total volume m
Level of media |mm—;[
Volume of media m

2620

N

& 1600

oK I Eancell Chooze new tank I Print I Help

Fig. 7. Window for entering tank dimensions

Next, a window for selecting the type of reflectors appears. This window is shown in Figure 8. There are two
types of flat reflectors, namely flat reflector 1 (placed on the wall) and flat reflector 2 (located at a distance from the
wall). There are also two types of tubular reflectors of different designs. In this window, you can also select a defocused
reflector and a container in which there will be no reflective partition.

Select the flat reflector 2 (located at a distance from the wall) and confirm the selection in the secondary win-
dow on the right. Next, the window for entering the dimensions of the reflective partition will be presented. Let's enter
the number of partitions located along the perimeter of the container equal to 4. We also enter the width and height of
the partitions, which are equal to 160 mm and 1700 mm, respectively. Next, you should enter the distance at which the
partition will be from the bottom of the tank, which is 450 mm. The distance from the wall is 50 mm. The tilt angle of
the partition is 0°. All entered data will be reflected in the right part of the selection window, which is shown in Figure 9.

After entering all the values for the dimensions of the partition, you should confirm your choice by clicking on
the OK button. Then a window for selecting a working body will appear. The non-commercial version of this program
provides only two types of mixing body to choose from, such as turbine and propeller. Choosing a turbine mixer. The
mixer selection window is shown in Figure 10.
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Flat baffle - 2
[F;:'t::"‘!;”; (at a distance Tubular bafile - 1| Tubular baffle - 2
from the wall

Current choice

Flat baffle - 1
[on the wall)

Lo |
.

Cancell Help |

De Dietrich
Reavertail hatfle No Baffle

<l >
Fig. 8. Selection of the type of baffle plate

FLAT BAFFLE-2

450 |mm

Dist. from wall 50 mm
ngle to radius (fi) 0 Ideg

Cancel | Chooze new baffle | Frint | Help

Fig. 9. Window for entering the dimensions of the reflector

Fig. 10. Impeller selection window
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After confirming the selection by pressing the OK button, the following window for entering the mixer dimen-
sions will appear. This window is shown in Figure 11.

DISK TURBINE

Tip diameter [ 500 |[mm |
Diameter of disk [ 375 |[om -]
Number of blades E

Pitch angle [ 90 Jfaeg -]
Width of blade mm v[

Length of blade E |mm_;,
Dist. from bottom l""“_L,
Rotational speed E |R|Jm—;|
Motor power lw_;,
Pumping direction m

QK I Cancall Chooze new impeller I PFrint I Help

Fig. 11. Window for entering mixer parameters

In this window, enter the following values:

- blade diameter T_d = 500 mmy;

- disc diameter D_d = 375 mm;

- the number of blades N_b = 6;

- the angle of inclination of the blades P_a = 90;

- blade width W_b = 100;

- blade length L_b = 125;

- distance from the bottom D_b = 400 mm;

- rotation speed R_s = 125 rpmy;

- motor power M_p = 7500 Watts.

After entering the data, click on the OK button, as a result of which the following window appears. Figure 12
shows the window for entering the characteristics of the casing.

TANK HEAT TRANSFER GENERAL DATA Help |

Jacket covers bottom IYES vl

Mumber of jacket

sections I1 j'
— Lower section

Diztance from bottom I Imm vl
Height, Hlow I 1600 Imm .l

Hesat transfer area for

loweer zection I a5 I qm v I

If unknown, enter 0

— Upper zection
Distance between bwo I— -
sections mm

Height, Hup I mm -
Heat transfer area for

Lpper sechon I Isq.m j'
If unknown, enter 0

Lonnechon of [ackets I - l

*|n this case heat transfer area will be evaluated by
Visibdin I oK | Cancel | Pim |

Fig. 12. Window for input of casing values
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In this window, select the YES value, which means that the casing will cover the bottom of the container. Next,
let's choose 1, the value of the number of sections. The section height is 1600 mm. The heat transfer area of the lower

section is 8.5 m2.

Further, after confirming the entered values, you must enter the average properties of the environment. The
main indicators are the average density, the value of which is equal to 1050 kg / m3. This data entry window is shown in

Figure 13.

D:APROGRAM FAELS\VisiMix Turbulent SWA\ANONAMEDO.VSM u

Awverage dengity

DEMSITY AMD TYPE OF MEDIA

[ 050 [ka/eubm x|

TvFE OF MEDIA

' Newtonian

T=|L*Y

" Power-law non-Hewtorian " Caneau non-Hewtorian

n n-1
T=T,+tK=*¥ B —Hon, [1 (r )2] z
_1l+ =

_I‘Lmi.n i

I'l'max

p:Tut?'1+Kt}lH_1

C o]

Cancel | Frint | Help |

Fig. 13. Window for entering the density of the medium

The next input box is responsible for dynamic and kinematic viscosity. This window is shown in Figure 14.

Here you need to enter the value

of the dynamic viscosity, which is equal to 2 cP, and the kinematic viscosity will be

calculated by the program automatically.

DAPROGRAM FAELS\VisiMix Turbulent SVWNONAMEOO.VSM “

&AYERAGE YISCOSITY OF MEDIA

Dpnamic
wizcosity

2 IcF' j T=l=Y,

Kinematic
wizCozity

[1.908e06  |sqmss v

where T -shear stress, Pa;
[ - dynamic viscosity, Pa*sec;
¥ -shear rate, 1/sec;

I 0k I Cancel Frint | Help |

Fig. 14. Window for entering the medium viscosity

After entering all the above data, a schematic drawing of a tank with an agitator will appear. This means that
the entered data is sufficient for mathematical modeling of the main hydrodynamic processes. This drawing is shown in

Figure 15.
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) [NONAMEOO] - Drawing of apparatus

(=] 8 s

Fig. 15. Schematic drawing of the tank

Results and discussion. One of the main modeling processes is hydrodynamic modeling. The visualization of
the process is based on the results of an approximate flow simulation with stabilized hydrodynamics. The mixing pro-
cess simulates the movement of tracer particles that are introduced into the tank. Figure 16 shows a general diagram of

the fluid flow at different times.

This process can be done by clicking on the following menu sequence: Calculate - Hydrodynamics - General

Flow Pattern (Approximate).

Fig. 16. General flow diagram a) start of the process 0 s; b) after 3 s; c) after 8 s

Analyzing the data presented, it is possible to identify several areas in the reservoir in which stagnant zones are
formed. Thus, at the design stage or selection of the required working body, amendments can be made that will not al-

low the appearance of technical and technological errors in the future [8].
Also, one of the most important criteria for mixing the liquid phase is the Reynolds number. This value is based
on average flow rate and tank radius. Called as follows: Calculate - Hydrodynamics - Reynolds number for flow. Figure

17 shows the result of calculating the Reynolds number.

REYMNOLDS NMUMBERE. FOR FLOW

Parameter name

Tinits

Walue

Revnolds mmmmber for flows

1.79e—+05

Fig. 17. Reynolds number
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Using the software capabilities, a plot of tangential velocity versus stirrer radius has been modeled. Thus, in a
well-developed turbulent flow, the profile of the tangential velocity is close to the average, practically over the entire
volume of the tank, except for the area of action of the working body, which is 250 mm.

Figure 18 shows a graph of the radial distribution of the tangential velocity.

RADIALDISTRIBUTION OF TANGENTIAL VELOCITY

Tangential velocity, m/s

Radius, m
Fig. 18. Radial distribution of tangential velocity

Also, according to the results of the analysis of the graph, a table should be presented, which includes the fol-
lowing parameters:

- the average value of the tangential velocity;

- the maximum value of the tangential velocity;

- tangential velocity at the wall. This is the tangential velocity near the wall, outside the boundary layer;

-is the speed of the end of the impeller. This parameter represents the speed of the outer edge of the tool blade.
It is used to compare blade speed and fluid flow rate.

Figure 19 shows the tangential flow characteristics.

CHARACTERISTICS OF TANGENTIAL FLOW

Parameter name Units Value
Average value of tangential velocity | m/'s 0.347
Maximum value of tangential velocity | m/'s 0479
Tangential velocity near the wall m's 0317
Impeller tip velocity m's 327

Fig. 19. Tangential flow characteristics

Figure 20 shows a graph of the dissipated energy W / kg versus the stirrer radius. The disc diameter together
with the blade length is 500 mm. Thus, the greatest dissipated energy is observed in the center of rotation of the mixer
within a radius of 250 mm and is 25 W / kg.

As a result of the analysis of the graph, it can be concluded that the vortex, formed due to the movement of the
blades of the working element, has maximum values in the center of rotation. It is also worth noting that a significant
part of the energy is dissipated within a radius of 150 mm and amounts to 3.8 W / kg. Thus, the average value of the
dissipated energy over the entire volume of the container is 0.377 W / kg, and the dissipated energy near the reflectors is
0.146 W / kg. Based on these data, it can be concluded that the power of the electric motor is sufficient.

82 Bebinyck Ne2, 2020



COBPEMEHHAA HAYKA U UHHOBALUWMN

DISSIPATION OF ENERGY AROUND THE IMPELLER

Energy dissipation. W.kg

Radius. m Start

Fig. 20. Dissipated energy around the working body

Conclusion. Based on the results of the work, the rotation curve of the accompanying basis was established,
which characterizes the centripetal and tangential acceleration. The visualization of the mixing process of two compo-
nents is presented. Considered packages CAD / CAM / CAE in such modeling programs as Ansys and VisiMix.

As a result of computational and mathematical modeling of the experiment, using the CAD / CAM / CAE
packages of the VisiMix Turbulent program, such indicators as the required motor power, Reynolds number were de-
termined. The values of the tangential velocity are found at different points of the tank, the graph of the dependence of
the tangential velocity on the radius of the mixer is modeled. Also presented is a graph of the dependence of energy loss
when moving away from the mixing device.

Thus, the work done allows us to minimize technical and technological errors in the improvement of equip-
ment and the creation of new technological schemes.

JIUTEPATYPA

1. bopucos I'.C. OcHOBHbIE IPOIECCHI M ANIIAPATHI XMMIYECKOI TexHonoruu // M.: - 1963. - C. 75-81.

2. Bunnukos B.B., 'annes K. O. [IunonpHbIi MeTOI MOJIeTMPOBAaHNA NTpoIieccoB nepemeruBanys // Bectuuk MockoBcko-
IO aBUAIMOHHOrO MHCTUTyTa. 2009. Ne2. C. 15.

3. Kymukosa M.IT'., Akcenosa O.J1. MaremaTndeckoe MOJIeTMpOBaHye NNIIEBbIX MHOTOKOIIOHEHTHBIX IPOJYKTOB C YU4ETOM
B3aMMOJIEIICTBIIL PELleNTYPHBIX cocTaB/omux // Vinopmarinka, MaTeMaTnueckoe MOfielMpoBaHye, SKoHoMuka. 2014. Nel. C. 100-
104.

4. Kymukosa M.T'., Konunna JI.B., MojenmpoBanue TeXHOIOIMYECKOTO 000PY/IOBaHNA B MMUIIEBOI MPOMBILITIEHHOCTH //
EctectBenHble U Texunueckne Haykn. 2017. Ne 5. C. 126-127.

5. Opnos I1.B. MopenpoBaHue HepeMeIMBaHysA XXUAKUX MMIIEBBIX CPej| C MaIBIM CofiepKanueM TBEpHoit ¢assr // IIpo-
1L1€CCBI ¥ alIIapaThl NUIEBbIX IPpou3BoAcTB. 2006. Ne2. C. 33-35.

6. Cranenko B.IL IIpsaMoe TpéxMepHOe YMCIeHHOE MOJIEIMPOBaHIe TypOYIEHTHOTO IepeMellBaHA B IIaBydelt crpye //
Bompocs! aTOMHOI HayKy U TeXHUKM: MaTteMaTideckoe MofienmpoBanme ¢puandeckux mnporeccos. 2006. Nel. C. 39-49.

7. Ctpenk O. IlepememmBannue 1 anmapathl ¢ Memankamu // ITonbma. Ilep. ¢ mombek. mox pep. llymnaxa U. A., 1971. -
C. 45-63.

8. Andree. W. Modelling for design of industrial equipment and processes // Modeling for Electromagnetic Processing:
Proceedings of the International Scientific Colloquium, Hannover, Marh 24-26, 2003. - P. 13-18.

9. Bao I, Huang X. Mexanism of off-bottom suspension of solid particles in a mechanism stirred tank // Chin. I. Ckem.
Eng., vol. 10, Ne 4, 2002. - P. 476 - 479.

10. Jie W., Jongang Z. The effect of impeller pumpind and fluid vheology on solids suspension in a stirred vessel // Can. J.
Chem. Eng., vol. 79, Ne2, 2001. - P. 177-186.

11. Mersman A.B., Werner F. Theoretical approach to minimum stirrer speld in suspensions // 8th Eur. Conf. Mixing,
Cambridge, 21-23 sept., 1994. - Rugby, 1994. - P. 33- 40.

12. Shamlou A.P. Mechanism of suspension of coarse particles in liquids in stirred vessels // I. Chem. E. Sym. Ser., Ne 121,
1992. - P. 397- 412.

REFERENCES
1. Borisov G.S. Osnovnye protsessy i apparaty khimicheskoy tekhnologii // M.: - 1963. - s. 75-81.

Bbinyck Ne2, 2020 83



COBPEMEHHAA HAYKA U MHHOBALUWMN

2. Vinnikov V.V., Ganiev K. O. Dipolnyy metod modelirovaniya protsessov peremeshivaniya // Vestnik Moskovskogo avi-
atsionnogo instituta. 2009. Ne2. S 15.

3. Kulikova M.G., Aksenova O.I. Matematicheskoe modelirovanie pishchevykh mnogokoponentnykh produktov s uchetom
vzaimodeystviy retsepturnykh sostavlyayushchikh // Informatika, matematicheskoe modelirovanie, ekonomika. 2014. Nel. S. 100-104.

4. Kulikova M.G., Konchina L.V., Modelirovanie tekhnologicheskogo oborudovaniya v pishchevoy promyshlennosti //
Yestestvennye i tekhnicheskie nauki. 2017. Ne 5. S. 126-127.

5. Orlov P.V. Modelirovanie peremeshivaniya zhidkikh pishchevykh sred s malym soderzhaniem tverdoy fazy // Protsessy i
apparaty pishchevykh proizvodstv. 2006. Ne2. S 33-35.

6. Statsenko V.P. Pryamoe irekhmernoe chislennoe modelirovanie turbulentnogo peremeshivaniya v plavuchey strue //
Voprosy atomnoy nauki i tekhniki: Matematicheskoe modelirovanie fizicheskikh protsessov. 2006. Nel. S. 39-49.

7. Strenk F. Peremeshivanie i apparaty s meshalkami // Polsha. Per. s polsk. pod red. ShchuplyakaI. A., 1971. - s. 45-63.

8. Andree. W. Modelling for design of industrial equipment and processes // Modeling for Electromagnetic Processing:
Proceedings of the International Scientific Colloquium, Hannover, Marh 24-26, 2003. - P. 13-18.

9. Bao I, Huang X. Mexanism of off-bottom suspension of solid particles in a mechanism stirred tank // Chin. I. Ckem.
Eng., vol. 10, Ne 4, 2002. - P. 476 - 479.

10. Jie W., Jongang Z. The effect of impeller pumpind and fluid vheology on solids suspension in a stirred vessel // Can. J.
Chem. Eng., vol. 79, Ne2, 2001. - P. 177-186.

11. Mersman A.B., Werner F. Theoretical approach to minimum stirrer speld in suspensions // 8th Eur. Conf. Mixing,
Cambridge, 21-23 sept., 1994. - Rugby, 1994. - P. 33- 40.

12. Shamlou A.P. Mechanism of suspension of coarse particles in liquids in stirred vessels // I. Chem. E. Sym. Ser., Ne 121,
1992. - P. 397- 412.

OB ABTOPE | ABOUT AUTHOR
Tumanoscknit EBrenmit AnekceeBud, CTyIeHT MarucTparypsl Kadenpsl «MallliHbI 1 arperaTsl MMIEBBIX
ponsBoAcTBy», Gumnan PIBOY BO «HNY «M3OW» B 1. CMoIeHCKe.
Timanovsky Evgeny Alekseevich, Master's student of the Department of Machines and Units of Food
Production, Branch of the Federal State Budgetary Educational Institution of Higher Education

"NRU" MPEI "in Smolensk.
Hara nocrymnenus B pegaxkiuio: 11.03.2019
ITocne penensuposanms: 23.08.2019
Jlata npuuaTMa K my6mmkanmm: 11.11.2019

84 Bbinyck Ne2, 2020



COBPEMEHHAA HAYKA U UHHOBALUWMN

I'. B. Anekcees [G. V. Alekseev]
O. A. Eroposa [O. A. Egorova]
A.T.JIey [A. G. Leu]

YIK 664.292 POEKTUBHOCTD ITPEJIBAPUTE/IbBHOV OBPABOTKM ChIPbS

DOT'10.33236/2307-910X- | 117151 ITIOBBIIIEHUS BBIXOJA IIEKTUHA
2020-2-30-78-84

PRE-PROCESSING EFFICIENCY RAW MATERIALS
TO INCREASE PECTIN'S OUTPUT

CaHKT-HeTep6ypI‘CKI/IIZ Ha].H/IOHa}IbeIIZ I/[CCIIeJlOBaTe)’IbCKI/IIZ YHUBEPCUTET
I/IH(i)OpMaI_H/IOHHbIX TEXHOJIOTUIA, MEXaHUKU U ONITUKU

Annomayus. B cmamve paccmompen 6oree 3K0102UtHbIIL CHOCOO NPOU3BOOCIBA NEKMUHA NO CPDABHEHUIO C KIACCUHECKOTl
KUCIOMHOTL CXeMOtl, KOmopast mpe@yem npumeHeHuUst CUNbHbIX MUHEPATLHBIX KUCOM U MOKCUYHBLX pacmeopumerneil.

Mamepuanvt u memodvi, pesynvmamut u 06cysdenus. B svinonnentotl pabome He UCNOTb3YIOMCS CUTbHbIE MUHEPATIbHDLE
KUCI0Mbl, 410 JO/HHO BbI3bI6AMb NAdeHUE BbIX00d KOHEUHO020 NPOOYyKMa, 00HAKO COeNaHbl NONbIMKY HATIMU Memoobl, YCMPaHsIIo-
wiue IMu NPensTMcmeus U NoBblCUMb 8bIX00 KOHeuH020 npodykma. Vlccne0o8ana 803MOHHOCHb YEeNUMEHUS BbIX00d NeKMUHA, NOTLY-
YEHH020 C NOMOWLLI0 KUCIOMHO020 2UOPONIU3A C UCNONL30BAHUEM TUMOHHOLL KUCTIOMYL, 3d cuem npumeHeHus npeosapumenvHozo CBY-
8030eticmeust Ha yumpycosoe cuipvé. Llenv uccnedosanus cocmosna 6 oueHke énuanus CBY-o6pabomxu Ha cmaduu nod0z0mosKu col-
DS — CyuiKU U IKCNEPUMEHMATLHOM NO06Ope NAPaMempos CYWKIU C COXPAHEHUEM BbICOKUX KAUeCMBEHHbIX noKa3amerneil noiy4aemo-
20 nexmuHa. Brumarue yoeneHo nomyueHuto BbiCOK0IMePUPUUUPOBAHHO20 NEKMUHA, KOMOPbLLL WUPOKO UCNONb3YeMCs 8 NULe801l
NpOMbLUTIEHHOCMU 8 Kauecmee cmyOHeobpaszosamenst u 3azycmumens. IIpu npoussodcmee nekmuna 803MONHO UCNONL30BAMb BMOD-
coipve. Taxas nepepabomxa omxo008 He MONLKO IKOHOMUUECKU CHUNAeM PACX00bl NPOUBOOCMBA, HO U YryHuaem 3K0L02UUECKyo
CUMyayuio ymunudauuu omxo0os. [ns npouzsoocmea nekmuHa 803MONHO UCNONb308AMb OMX00bl COKOBOLl NPOMbIUTIEHHOCIL.
B xauecmse cvipvs 8 uccnedo8aHuu UCNONL30BANUCH Pra8edo U anvbedo anenvbCuHos, Copm KOMOPbIX IUOUPYem 8 Mupe no Konuye-
CMBY UChONB308AHUS NPU NPou3sodcmee cokosoi npodykyuu. [Jns nonyuenus nekmuna 6 0anHoti pabome UCNONL30BANCS KUCTIOM-
Hotil Memod. Tudponus nposoousnca ¢ UCNONb30BaHUEM TUMOHHOU Kucnomyvl 6 mpu cmaduu. OcaxcdeHue nPo8oOUNIOCy IMULOBHIM
cnupmom. I10020mosKa nekmuHOCo0epHause20 Colpbs CHOCOOHA 8 3HAUUMENLHOL Mepe NOBNUAMb HA KAYECHB0 NOTYHaeMo20 neKmu-
Ha. B nacmosiuee 8pems 075 XpaHeHUsl U N0020MOBKU K nepepadomxe 6MOPUHH020 NUULEBE020 CIPS eIABHbIM 00PA30M UCHONL3YIOM
KoHeekmueHyto cyuiky. IIpoussedena oueHKa 6AUAHUS PA3TUUHBIX BUO08 CYWKU UUMPYCOB020 COIPbS, NPUMEHAEMO20 07 NPOU3600-
cmea nekmuna. CpasHUBAIOMCS KauecmeeHHbvle U KOTu1ecmeeHHvle NOKA3Ameny nomy4eHHo20 neKmuHa, maxue Kax cmenetv me-
puduxavyuu, MoneKynapHAas macca, cmyoHeoOpasoeare U 6vbix00, OIS CoIPbs, BbICYUEHHO020 KOHBEKMUBHbIM MEMOOOM U KOMOUHUPO-
8aHHbIM Memodom, couemarouum npedsapumenvuyro CBI-o6pabomky u 060ysxy cyxum 6030yxom. IIpedcmasnervl Kpuevle cpasHu-
8aemvix Memo0os npedsapumenvHoil cywiku. IIpoananuzuposana ckopocmn 8v1x00a neKmuHa no CMaousim 2udPOIU3a 6 3a8UCUMOCTIU
om paccmampugaemvix Memo0os cyuwiku. I10006parvl onmumanviole MOWHOCMHblE pexcumbl 0 npedsapumenvroti CBY-cywxu
Uumpycoso20 coipvsi. Paccmompennuiii cnoco6 nonyuenust nekmuna ¢ ucnonvzosanuem CBY-o6pabomku cvipvs no3gonsem npu co-
XPAHeHUU KauecmeeHHbIX noKasamerneil ynpocmumys mexHon02ut0, HOBbICUMb BbIX00 U COKPAMUMDb He MONbKO 8PeMsT CYWKU, HO U
NPOOOTIHUMENLHOCb 2UOPONU3A.

3axmiouenue. Ionyuennvle 0anHvie NPedCMABATIOM UeHHOCMb OIS PA3PACOMKU UL YCOBEPULEHCMBOBAHUS MEXHONOUU
NPOMBLUTIEHH020 MeMO0a NPOU3BOOCMBA NEKMUHA, UCNONb3YIOU4E20 IKO02UYecKUe CnoCoObl IKCMPaKyuu 6e3 NPUMEHeHUST CUNbHBIX
MUHEPATLHBIX KUCTIOM, O7IA YBeNUUeHUS 8b1X00a U KAuecmea neKmuna.

KntoueBbie ¢1oBa: NEKTVH, 3KOJIOTMYHBIN METOI, CBY, KOHBeKTMBHasI CYLIKa, TMMOHHAA KMC/I0Ta, KpUBasi CYIIKN.

Abstracts. The article discusses a more environmentally friendly method of pectin production compared to the classic acid
scheme, which requires the use of strong mineral acids and toxic solvents.

Materials and methods, results and discussions. In the work performed, strong mineral acids are not used, which should
cause a drop in the yield of the final product, however, attempts have been made to find methods that eliminate these obstacles and in-
crease the yield of the final product. The possibility of increasing the yield of pectin obtained by acid hydrolysis with the use of citric acid
through the use of preliminary microwave exposure to citrus raw materials has been investigated. The purpose of the study was to assess
the effect of microwave treatment at the stage of raw material preparation - drying and experimental selection of drying parameters
while maintaining high quality indicators of the obtained pectin. Attention is paid to obtaining highly esterified pectin, which is widely
used in the food industry as a gelling agent and thickener. It is possible to use recyclable materials in the production of pectin. Such waste
processing not only economically reduces production costs, but also improves the environmental situation of waste disposal. For the pro-
duction of pectin, it is possible to use waste from the juice industry. As raw materials in the study, we used the oranges flavedo and albe-
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do, the variety of which is the world's leader in the number of uses in the production of juice products. To obtain pectin, the acid method
was used in this work. The hydrolysis was carried out using citric acid in three stages. Precipitation was carried out with ethyl alcohol.
The preparation of pectin-containing raw materials can significantly affect the quality of the pectin obtained. Currently, convective dry-
ing is mainly used for storage and preparation for processing of secondary food raw materials. An assessment of the influence of various
types of drying of citrus raw materials used for the production of pectin has been made. The qualitative and quantitative indicators of
the obtained pectin, such as the degree of esterification, molecular weight, gelation and yield, are compared for raw materials dried by
the convection method and the combined method combining microwave pretreatment and dry air blowing. The curves of the compared
predrying methods are presented. The rate of release of pectin by stages of hydrolysis is analyzed depending on the considered drying
methods. The optimal power modes for preliminary microwave drying of citrus raw materials have been selected.

Conclusion. The considered method of obtaining pectin using microwave processing of raw materials allows, while maintain-
ing quality indicators, to simplify the technology, increase the yield and reduce not only the drying time, but also the duration of hydroly-
sis. The data obtained are valuable for the development or improvement of the technology of an industrial method for the production of
pectin, using ecological methods of extraction without the use of strong mineral acids, to increase the yield and quality of pectin.

Key words: pectin, environmentally friendly method, microwave, convective drying, citric acid, drying curve.

Introduction. At the present time, serious problems have arisen related to the increased environmentally unfa-
vorable load on the environment. Much attention is paid to waste processing. This is especially true in the food industry,
where waste can potentially be converted into more valuable products or raw materials for other industries.

During industrial production of orange juice, 40-60% of the orange is considered waste [1]. This waste can be
the raw material for the production of essential oils, flavonoids, pectin, and other important foods.

Convection drying is mainly used for storage and preparation for processing of secondary food raw materials.
In the process of drying, there is a chemical transformation of the components of pectin-containing raw materials,
which can significantly affect the quality of the pectin obtained [2]. During storage, it is subject to enzymatic, biochemi-
cal and microbiological changes that lead to rapid deterioration. Thus, drying of raw materials is a necessary step in the
production of pectin. Although convective drying does not always have a beneficial effect on the quality of the pectin
obtained, at present, due to its simplicity and economy, it is the main method for preserving pectin-containing raw ma-
terials.

Since the beginning of the XXI century, studies of Russian and foreign scientists began to appear related to the
use of microwave drying for the needs of the food industry, since this type of drying involves a significantly shorter dry-
ing time for Pekin-containing raw materials. And it's not only about saving time, but also about a different way of sup-
plying heat to the material, which can presumably affect the quality and quantity of the final product.

On the other hand, the production of pectin is associated with the use of harmful and hazardous components,
such as strong acids, alkalis and toxic solvents such as acetone, methanol, etc. Due to the large amount of hazardous
waste, not every enterprise can afford the classic technology of pectin production [6]. Recently, in the development of
pectin production technology, it is possible to identify a trend towards the development of environmentally friendly
production methods [7].

In the work performed, strong mineral acids are not used, which should cause a drop in the yield of the final
product, however, attempts have been made to find methods that eliminate these obstacles and increase the yield of pectin.

The aim of the study was to assess the effect of raw material pretreatment due to microwave exposure on the
pectin yield and to select the parameters of this effect.

Materials and methods. For the purposes of the study, we used a Valencia orange. This variety is the world's
leader in the number of uses in the production of juice products. Since it is advisable to consider the possibility of using
industrial waste to obtain pectin, the peel of the Valencia variety is considered the most relevant raw material.

The flavedo and albedo of the fruit were removed by hand and minced.

Raw materials were analyzed for moisture content by gravimetric method. For this, three samples were taken
from the mixed raw materials.

The moisture content of raw materials was determined by the formula:
m, — M,
w=——-—-1000
! , 1)

where m, - sample weight before drying, g
m; - sample weight after drying, g.
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Three samples of equal mass for drying in microwave and three samples for convective drying were isolated
from the total amount. The mass of each sample is 100 g.

Part of the fresh raw material was dried using convective drying, the other part - using microwave drying, and
the third part - using the combined method.

Drying was carried out to a final moisture content of the product of 10%. The moisture content of the dry
product was determined by the gravimetric method, similar to that described above.

Convective drying was carried out in a drying oven at a temperature of 70 ° C.

Microwave drying was carried out in a household microwave oven at different powers.

Combined drying consisted of an alternation of microwave exposure for 5 minutes with a 5-minute period of
blowing dry air.

Samples weighing 15 g were taken from each type of dry raw material and sent for hydrolysis.

The raw materials were washed in cold water (10 ° C) to remove water-soluble impurities.

Grinding was carried out in a screw grinder providing a particle size of less than 1 mm. The raw materials were
mixed.

The acid method was used to obtain pectin. Hydrolysis was carried out using citric acid to achieve a pH value
of 2.5 at a temperature of 70 ° C, hydromodule 1:10. The hydrolysis was carried out in three stages, each stage lasted 60
minutes. The total hydrolysis time is 180 minutes.

Evaporation of pectin was carried out on a rotary evaporator with continuous stirring, t =70 ° C, P = 60mbar.

Precipitation was carried out with 96% ethyl alcohol. The precipitate was separated by filtration on a Buchner
funnel and washed with alcohol.

The resulting pectin was dried in an oven at a temperature of 50 ° C.

Pectin is divided into highly esterified, low esterified and low esterified amidated. Each type of pectin is used
for its own purposes under different conditions. The highest gelatinous ability is possessed by highly esterified pectin
with a degree of esterification of more than 50%.

The degree of esterification of the obtained pectin was determined by the titrometric method according to
GOST 29186-91. Pectin. Technical conditions.

The molecular weight was determined by a viscometric method using a VPZh-1 capillary glass viscometer.

The molecular weight was found using the Kuhn-Mark-Huwink formula:

[Tr] :k-_."pfa’ 2)
where [n] - absolute viscosity of the solution,
M - molecular weight
k, a - coefficients depending on temperature and polymer-solvent system, here we take k=1,1-107, a=1,22 [2].

Gelling was determined organoleptically. For this analysis, jellies were prepared according to GOST 29186-91.
Pectin. Technical conditions.

Results and discussion. After preliminary selection at processing plants, the moisture content of fresh raw ma-
terials was 77%.

The raw material was crushed and dried in batches of 100 g on a silicone substrate. Average particle size 7x5x2
mm. For uniform heating, this is especially important for microwave exposure, it is necessary that the linear dimension
in at least one direction does not exceed 2-5 mm [5}.

When selecting the power, the recommendations of other authors on the critical influence of high tempera-
tures during drying of raw materials on the quality of pectin were taken into account. In the case of drying raw materials
using the microwave method without interruptions for blowing, the temperature of the raw materials reached 94 ° C,
which negatively affects the properties of the final product. In many works it is indicated that the temperature should
not exceed 70-80 ° C [2].

The literature describes a method of combined drying with alternating five-minute microwave exposure with a
five-minute air blow [3]. This method does not take into account the change in moisture content of the product during
drying. There is an increase in temperature at the beginning of the heating of raw materials and a drop in temperature
as the humidity decreases.

The optimal power value for microwave drying was determined, equal to 300 W. At a higher power (450 W or
more), the product began to burn, a lower value (180 W or less) unjustifiably lengthened the drying time.

Drying was carried out with alternating microwave exposure with air blowing. One cycle consisted of 2-4
minutes’ exposure to microwave and 4-minute air blowing. This method makes it possible to take full advantage of the
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main advantage of microwave heating - high speed and to avoid uneven heating of individual sections of the processed
raw materials, since during cyclic heating it is possible to redistribute temperatures by thermal conductivity of the mate-
rial. Table 1 shows the average temperature on the surface of the raw material, measured at five points eight times for
each cycle. At the beginning of drying, with a large amount of free moisture, the energy of the microwave field is spent
mainly on the evaporation of moisture and partially on the compensation of heat into the environment, then the bound
moisture begins to evaporate, as well as endothermic processes associated with the chemical transformation of proteins,
carbohydrates and the destruction of the tissue of raw materials. ...

Table 1
Scheme of the combined drying method with alternating microwave energy supply and air blowing
Cycle number Drying time, minutes Duration, minutes Impact Average temperature, K

] 1-4 4 Microwave 333
5-8 4 Blowing 323

9-12 4 Microwave 341

2 13-16 4 Blowing 318
3 17-20 4 Microwave 343
l 21-24 4 Blowing 316
4 25-28 4 Microwave 344
29-32 4 Blowing 315

33-34 2 Microwave 348

> 35-38 4 Blowing 317
39-40 2 Microwave 347

6 41-44 4 Blowing 317
45-46 2 Microwave 346

7 47-50 4 Blowing 318
8 51-52 2 Microwave 344
53-56 4 Blowing 319

9 57-59 3 Microwave 343
60-63 4 Blowing 316

10 64-66 3 Microwave 339
67-70 4 Blowing 317

11 71-73 3 Microwave 339

With a graphical representation of the results obtained in Figure 1, one can see a rise in temperature when the
microwave energy is supplied and a decrease when the microwave energy is turned off. Ambient temperature - 27 ° C.
The average temperature inside the chamber at the time of microwave exposure is 46 ° C. The average temperature on
the sample surface first rises and then slowly falls. The averaged value shows that the maximum temperature falls on the

sixth cycle.
temperature, K

] \[ A\ \ ]\ —— heat
\ NV average

time, min
Fig. 1. Change in temperature in the drying chamber with a combined method of drying citrus raw materials
After the fourth cycle, the temperature on the surface of the raw material rises to the limiting value of 77 ° C,

therefore, on the fifth cycle, it is necessary to reduce the exposure time to microwave. The peak point of the fourth cycle
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corresponds to a product moisture content of 40%. The peak point of the sixth cycle corresponds to a moisture content
of 33%, which, as can be seen from the microwave drying curve (Figure 3), corresponds to the critical moisture content
point. Up to the point of critical moisture content, mainly free moisture is removed, but the microwave effect also af-
fects the bound moisture, which also affects the rise in temperatures. After this point, the drying rate decreases as the
moisture content of the product decreases. During this period, the bound moisture is removed, and the gradual decrease
in the drying rate is explained by the increase in the binding energy of moisture with the material. During this period,
the process of removing moisture depends on the moisture content, the nature of the connection of moisture with the
material, the physicochemical properties of the material. As the moisture content of the product decreases, the average
temperature also decreases. It is assumed that due to the temperature distribution in the center of the sample, the tem-
perature constantly increases during the entire drying time.

With the described drying method, the threshold of 70 ° C was exceeded. However, the duration of high tem-
peratures was short (no more than 7 minutes) and this did not significantly affect the quality of the pectin obtained.
Temperature distribution over the entire drying time is shown in Figure 2.

more than T0C

less than S0C

S50-70C

Fig. 2. Temperature analysis

Analysis of the diagram shows that microwave treatment significantly reduces drying time. For 100 g of raw
materials, moisture 77%, using microwave, it took 73 minutes to dry the product to a final moisture content of 10%,
while convective drying took 350 minutes.

The drying curves are shown in Figure 3.

SHF

Convective

Fi] LiF0 ] 0 SEpTn

Fig. 3. Drying curve

Organoleptically dried samples did not differ from each other.

Pre-dried raw materials were subjected to extraction. For the extraction of pectin, the same methods were used
for all samples. In the work performed, the use of strong mineral acids was abandoned in favor of citric acid. The extrac-
tion was carried out in three stages. After each stage, the aqueous solution was decanted and the raw material was
poured with a new portion of the acidic solution. The output of pectin by stages is shown in Figure 2. It shows that the
hydrolysis of raw materials dried using microwave is faster. After the second stage, it was already possible to obtain 90%
of the pectin from the total pectin obtained. The raw material, convectively dried after the second stage, gave only 60%
yield. Thus, to obtain pectin by the described method, two hydrolysis stages can be used, which will shorten the extrac-
tion time in general.

Bbinyck Ne2, 2020 89



COBPEMEHHAA HAYKA U MHHOBALUWMN

Percentage of pectin, %%

1 F

Hydrolysis stages

—— Convective drying =~ =—— DMicrowave drying
Fig. 4. The output of pectin by stages of hydrolysis

The total yield of pectin from raw materials after microwave processing of raw materials is 2.1 times higher
than after convective drying.

Apparently, this can be explained by the effect of microwave energy on the raw material when heated. Orange
peel has a capillary-porous structure and is a complex substance in which the components have different dielectric
properties. The main role in the process of energy absorption during dielectric heating of a material is played by water
molecules, which are dipoles. When an electric field is applied to a dipole molecule, its polarization occurs, caused by
the attraction of negative and positive charges of the molecules in accordance with the direction of the external electric
field, which subsequently under the action of an alternating field come into oscillatory motion. When exposed to an
alternating electromagnetic field, the raw material, which is a dielectric material, heats up due to dielectric losses, that is,
the field energy is converted into heat.

Due to its high dielectric constant, water absorbs most of the radiation, heats up and begins to evaporate. Since
the water in the raw material is in a confined space, then with the beginning of its boiling, excess pressure is created. The
increasing internal pressure significantly deforms the structure of the product throughout the entire volume of the ma-
terial. Microwave treatment makes it possible to disrupt the continuity of the cell membranes of plant materials prior to
extraction.

The structure of the raw material acquires a developed contact surface of the phases, which accelerates the mass
exchange processes and at the same time ensures the uniform passage of hydrolysis of protopectin substances, regardless
of their localization in the cell. As a result, the process of hydrolysis of protopectin substances is completed faster than
for raw materials obtained by convective drying, which significantly increases the yield of pectin.

Moisture during microwave processing of raw materials evaporates faster, which increases the drying rate, and
the cell walls containing pectin heat up less, which improves its quality.

The obtained samples can be classified as highly esterified, since the degree of esterification of all samples was
more than 50%.

Molecular weight and gelation did not differ significantly between samples. For the formation of jelly 150 °
SAG, amass of 70 kDa is sufficient [8]. All samples have an average molar mass greater than this value.

The experimental results are shown in Table 2.

Table 2
Experimental results for different methods of raw material preparation
Convection Drying Combined Drying
Pectin output to dry matter,% 10,8 21,9
Esterification degree,% 75 76,5
Average molecular weight, kDa 103 96
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Conclusions. The paper describes a method of combined drying with a cyclic supply of microwave energy. The
optimal power of microwave exposure is determined, equal to 300 W. The point of critical moisture content was found,
on the basis of which the cycle duration was selected.

A comparison was made between microwave drying and convective drying of citrus raw materials, which were
used to obtain pectin. Drying curves are given.

There was no significant difference in the quality of the pectin obtained. At the same time, microwave drying
made it possible to reduce the drying time by 4.5 times and to increase the output of pectin by 2.1 times.

The method of obtaining pectin using microwave drying allows to simplify the technology, increase the yield
and reduce not only the drying time, but also the duration of hydrolysis.
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Abstract. The investigated quantum-chemical characteristics of the molecules of flavonoids of pomace from red grapes. The
optimal modes of extraction of the accompanying ingredients from grape pomace (titrable acids, sugars and other organic compounds)
are established. The sediment was separated from the solution, crushed and dried. As a result, we received a food preventive additive
with antioxidant properties.

Key words: flavonoids, grape pomace, molecular properties, extraction, optimization, antioxidants, food antioxidant addi-
tive.

Introduction. In the Russian Federation, the average annual grape processing is 250 thousand tons. In the
Stavropol Territory, 18 primary winemaking enterprises are engaged in the cultivation and processing of grapes, the
production capacity of these organizations is 120 - 130 thousand tons of grapes per year. However, grape pomace is used
to feed livestock or transported to the fields as organic fertilizer. The main reason for the irrational use of secondary raw
materials for grape processing is the lack of effective technology [1; 2].

In modern theories about nutrition, much attention is paid to biologically active components of food, which
determine the therapeutic and therapeutic-prophylactic effect. Special interest is paid to the development of a technolo-
gy for processing grape pomace of red grapes, which contains a significant amount of biological antioxidants that reduce
the activity of oxidative processes of radicals. Unsaturated fatty acids, which are part of phospholipids, are mainly sub-
jected to oxidation in biological membranes. At the stage of initiation (in the alpha position), a proton (H e) is abstract-
ed along the double bond between the carbon atoms. The CH bond is also weakened in adjacent carbon atoms, facilitat-
ing the elimination of a proton. The radical with carbon undergoes rearrangement and combines with oxygen to form a
peroxide radical capable of separating a hydrogen atom from another unsaturated fatty acid [5, 6].

Phenolic compounds (with an aromatic ring) are the largest group among natural and synthetic antioxidants.
As a result, a negative charge is shifted to the hydroxyl group, which contributes to the abstraction of a proton from the
OH group and the formation of phenoxy radical isomers. Consequently, antioxidants flavonoids reduce the formation
of peroxide radicals [1, 2].

Materials and methods. As a result of numerous studies, it has been found that red grapes, consumed regularly
in the diet, have a beneficial effect on the human heart and circulatory system. It turns out that the polyphenolic com-
pounds (flavonoids) contained in its composition significantly reduce the likelihood of blood clots. Dry red wine and
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red grapes (wine itself and grape pomace) contain powerful antioxidants - quercetin, resveratrol, epicatechin, catechin,
epicatechin gallate, rutin and others [7, 8].

The purpose of this research was to develop a technology for obtaining an antioxidant food supplement en-
riched with flavonoids from grape pomace.

The object of research was grape pomace obtained from the red grape variety "Levokumsky resilient” grown in
Zarya CJSC of the Levokumsky region of the Stavropol Territory. Extraction of sugars, tartaric acids and protein from
grape pomace was carried out on a laboratory extractor of the ES-8110 brand. Temperature control during extraction
was carried out in a 1TG-0-03 water thermostat. During the experimental studies, ingredients and materials approved
for use by the state sanitary epidemiological supervision were used.

The pH value was determined in aqueous extracts by potentiometric method on a pH-meter-340. The protein
content (in mass fractions) was determined by the Kjeldahl method; ash - by burning in a muffle furnace, followed by
calcining a sample of the mineral residue; mass fraction of moisture - on a moisture analyzer brand OHAUS MB 45.
Determination of the quantitative content of sugars was carried out by photocolorimetry, the interaction in an alkaline
medium of carbonyl groups of sugars with iron cyanide potassium [4]. The mass concentration of titratable acids of the
test solution was determined by titration with sodium hydroxide (concentration 0.1 mol / dm3) in the presence of phe-
nolphthalein [3].

The data obtained was analyzed in Statistic v. 10 and the StatisticNeuralNetworks module. The experiments
were carried out in 3-5 repetitions. Prediction of the molecular properties of chemical compounds was carried out in
HyperChem v. 8.

When in contact with air, grape pomace quickly oxidizes and becomes moldy, acetic acid is formed instead of
alcohol, and tartaric acid compounds are destroyed by propionic fermentation bacteria. Therefore, it is advisable to pro-
cess the pomace immediately after pressing by extracting sugars, tartaric acids and other compounds.

The diffusion phenomenon underlies the extraction of tartaric acids and sugars from grape pomace. The diffu-
sion process consists in the penetration of solutions of different concentrations of the solute into each other. Based on
this, at the initial stage of the research, the molecular characteristics of the flavonoids quercetin, resveratrol, rutin, epi-
catechin, catechin, and epicatechin gallate were studied using computer simulation methods.

Results and discussion. When studying the distribution of the charge density on the surface of molecules and
structures of flavonoids, it was revealed that almost all the compounds under study have hydrophobic properties (the
deviation of the values of the charge values from zero is small), although there are insignificant hydrophilic zones. In fig.
1 shows the surface of the charge density distribution and the structural formula of the catechin molecule.

Total charge density [—
contour value: 0.01

e224

Fig. 1. Catechin molecule: a - charge density distribution surface; b - structural formula

The proof of the hydrophobicity of flavonoids can be the value of the total charge density, presented in table. 1.

The data obtained indicate that it is advisable to use non-polar organic solvents for the extraction of flavonoids;
at the same time, it is known that polar solutions are usually used for the extraction of sugars (alcohol) and tartaric acid
compounds.

The temperature, the value of active acidity (pH), the duration of the process, and the ionic strength of the so-
lution have a significant effect on the conditions for the diffusional distribution of substances between liquid phases. (t,
pPH, 7, Cxact)-
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Table 1
The final charge density of the investigated flavonoid molecules
Flavonoids
k2
=
= s o g
(=1 0o} =
Specifications = 5 = b= = §
g = E 5 S 2
3 2 = % E g
‘Bl
%)
Final charge density, eV 0,010 0,010 0,095 0,050 0,010 0,010

The study of extraction modes from grape pomace of sugars and tartaric acid compounds was carried out using
mathematical planning (uniform rotatable plan) in a laboratory reactor. The influence of the extraction time, processing
temperature, concentration of sodium chloride (NaCl) in solution and active acidity (pH) was studied on the process.
Extracts with a given value of active acidity were prepared using a NaOH (sodium hydroxide) solution. The extraction
rate is calculated by dividing the quantitative content of the substance in the extract by the total content in the system.

In each experiment of the plan, after extraction, the content of solids and their extracted amount (% of the total
mass of pomace), as well as the quantitative content and degree of extraction of flavonoids from the feedstock, were de-
termined in the solution. The results obtained indicated a significant effect on the extraction process of temperature,
active acidity (pH), extraction time and ionic strength of the solution (NaCl concentration) on the degree of extraction
of flavonoids and dry substances from grape pomace.

Based on the results of the experiment, a neural network model of the multilayer perceptron was developed to
create a data array using artificial intelligence, which served as the basis for optimizing the extraction modes. The opti-
mization was carried out taking into account the fact that it is necessary to extract the minimum amount of flavonoids
from the grape pomace and extract the maximum amount of other dry substances.

As a result of analyzing the data of the array, the optimal parameters of the factors for extracting chemical
compounds from grape pomace (7.9 - 8.2% of the total mass of pomace), soluble in polar solvents, were identified and
checked in laboratory conditions (Table 2), the degree of extraction of flavonoids was insignificant and amounted to
0.5-2.3% of their total amount in the feedstock.

Table 2
Optimal parameters for the purification of grape pomace from sugars and tartaric acid compounds
NaClI tration i luti
Time (t), min. Temperature (t),°C Active acidity (pH) %! concentration I sofution
(CNac1), %
20-25 85-90 7,2-74 0,3-0,5

At the end of the extraction process, the precipitate was separated from the liquid fraction, crushed (~ up to 30-
50 microns) and dried at 70-80 ° C to a water content of no more than 8%. As a result, an odorless, dark cherry-colored,
antioxidant powder supplement enriched in flavonoids was obtained.

The antioxidant activity of the food additive was determined by the change in the rate of lipid oxidation by
monitoring the peroxide value, which characterizes the accumulation of lipid breakdown products, which is inversely
proportional to the antioxidant activity.

The lipid model system was unsalted butter "Krestyanskoe" with a mass fraction of moisture 25% and fat 72.5%.
This choice is explained by the short shelf life of this product (up to 10 days at a temperature of no higher than 8 ° C),
which makes it possible to visually simulate the process of inhibiting lipid oxidation with the help of antioxidants con-
tained in the food supplement.

A food antioxidant additive was added to the unsalted Krestyanskoe butter in an amount of 3% per 100 g of the
model system (taking into account that the quantitative content of flavonoids in the system should be about 0.15%) and
placed in a thermostat at a temperature of 37C, a control was prepared in parallel. a sample without additive, which was
stored together with the experimental sample under the same conditions. The research results are presented in table. 3
and fig. 2.
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Table 3
Accumulation of primary oxidation products in model lipid samples q < 0,05
% Storage duration, days
<
% Sample o | 7 | 1 | u 28
= Peroxide number, mmol of active oxygen / kg
1 "Krestyanskoe" unsalted butter (control) 0,007 0,019 0,035 0,042 0,055
2 Unsalt.ed "Krestyanskoe" butter with food antioxidant additive 0,007 0013 0018 0,022 0,033
(experience)
0,06
15
Z
= 0,05
2
=]
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Fig. 2. Dynamics of the accumulation of primary oxidation products

The experimental results (Table 3, Fig. 2) show that the experimental sample after technological treatment had
a peroxide number less than the control one (0.033 versus 0.055 mmol of active oxygen / kg).

Thus, studies of the molecular characteristics of grape pomace flavonoids confirmed the antioxidant properties
of these compounds, and the expediency of using polar solutions for the extraction of tartaric acids and sugars was es-
tablished.

The optimal technological modes (t = 85-900C, = 20-25 min., PH = 7.2-7.4, NaCl concentration in the solu-
tion - 0.3-0.5%) for extracting sugars and tartaric acids from the grape peel were revealed. compounds providing insig-
nificant losses of flavonoids (0.5 - 2.3% of the total amount in the feedstock).

The technology of an antioxidant food additive with preventive properties has been developed, which consists
in extracting tartaric acids and sugars from grape pomace by extraction, separating the liquid fraction, crushing and
drying the sludge.

Experiments on lipid model samples confirmed the antioxidant activity of the developed food additive.
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Annomauus. B 0annoii cmamove 6yoym paccmompervl 06pasybl npoOyKnos pacmumenvHoz0 NPOUCXOHOEHUS U UX COOM-
semcmeiie Ha MApKUPoOsKy «organicr. [lelicmeumensHo nu 6 Maza3uHax, KOmopvle no3unuoHupyiom cebs, kax Organic, peanusyiomcs
OpeaHuyecKy ucmvle NPOOYKMbl, UM MO ABNAEMCA MAPKEMUHZ08bIM X000M U NOO0OHbIe NPOOYKMbL HUYEM He OMIUYAIOMCS 0
mex, umo Obiu 6bIPaULeHbL NPU MPAOULUOHHOM CeNbCKOM X03Aticmae. Bolna nocmasneHa yenb CpAHUMD NPOOYKMbL PACHIUMENLHO20
NPOUCXONOEHUS mpPex PaA3HbIX NPOU3soOumeetl, BKI0UAS NPOU3BOOUMENT OP2AHULECKUX NPOOYKMOB HA COOEPHAHUE 8 HUX HUMPU-
M08, HUMPAMos u PpadUoAKMUEH020 POHA, MAK KAK IMU NOKAZAMENU ABTTIOMCT O0HUMU U3 BAHCHBIX, NPU NPOU3BOOCIBE OpeaHuye-
CKOIL NPOOYKYULL.

Kimrouessplie cmoBa: oryplibl, OpraHmyeckye NpojyKThl, HUTPATbl, HUTPUTDI, Pa/iIOaKTUBHOCTD, IIPOM3BOSUTENMN.

Abstract. The samples of plant products and their compliance with the labeling "organic"are examined in this article. It is be-
ing investigated whether the stores that position themselves as «organic» sell organically pure products, or whether this is a marketing
trick and there is no difference between such products and those grown in a traditional way. The goal of the research is to compare plant
products of three different manufacturers, including the manufacturer of so-called organic products on presence of nitrites, nitrates and
radioactivity, since these indicators are important in assessing the quality of organic products.

Key words: cucumbers, organic products, nitrates, nitrites, radioactivity, manufacturers.

Introduction. Currently, the concept of "healthy eating” is relevant and many people become adherents of a
healthy lifestyle. It is impossible to imagine a single store in which there would be no "organic” or "non-GMO" labels on
any of the products now. What is organic food and why is it in demand these days?

Depending on how the food is grown, it can have a serious impact on a person's mental and emotional health
as well as the environment. Organic foods often contain more beneficial nutrients, such as antioxidants, than their regu-
lar counterparts, and people who are allergic to food, chemicals, or preservatives often find their symptoms diminish or
disappear when they eat only organic foods. [1.15]

When growing such products, no pesticides, herbicides, radioactive radiation, synthetic fertilizers and other
technologies that do not meet the requirements for the production of organic products are used. Vegetables and fruits
grown on specialized farms, due to this, contain less nitrogen-containing compounds, and the radioactive background is
less than that of products grown in a traditional way. There are three international systems of standards in the world
that are guided by farmers in the production of organic products, these are:

1. EU Regulation 2092/91 (EC 834/2007)

2. Codex Alimentarius Guidelines for Organically Produced Food 1999/2001

3. IFOAM Basic Standards (IBS).

The production of organic products is not controlled at the federal level in Russia now, so unscrupulous pro-
ducers can pass off such as products those that were grown in traditional agriculture. The federal law "On the produc-
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tion and circulation of organic products (organic products)”, which allows the production of organic products, will en-
ter into force on January 1, 2020. [2.12]

Four regulatory documents have been introduced in Russia for the production of organic products at the mo-
ment:

1. GOST R 56104-2014 “Organic food products. Terms and Definitions"

2. GOST R 56508-2015 “Organic products. Rules for production, storage, transportation "

3. GOST R 57022-2016 “Organic products. The procedure for conducting voluntary certification of organic
production "

4. SanPiN 2.3.2.1078-01 "Hygienic requirements for safety and nutritional value of food" (from Chapter 2,
Clause 2.18 and Chapter 6) [1,3,4,5].

There are no exact data showing the maximum permissible concentration of nitrites in plant foods, however,
when they enter the body, nitrates pass into nitrites, which, with their high content, can deprive the body of oxygen,
thereby being a catalyst for oxygen starvation, and also cause diseases of the gastrointestinal tract. So, the more nitrites
there is in the product, the more nitrates in it, which are one of the main indicators of organic production.

The task in this article is to compare products of plant origin from three different manufacturers, including a
product labeled "organic” on presence of nitrites, nitrates and radioactive radiation, since according to the normative
European standards [6, 7], nitrates and background radiation are some of the important indicators that prove the purity
of the product and justify its name as organically pure product.

Materials and methods. Cucumbers were chosen as the object of research, since it was easier to obtain a water
extract from this product. The method for the determination of nitrites with the Griss reagent was chosen as a method
of research for nitrites. This method is based on the fact that in the presence of nitrite ions, the reagent stains them red,
and, as a result, the more intense the color is, the more nitrite in the product. [2,10]

The following cucumber samples were taken for this experiment:

1. Medium-sized cucumbers of Agrofirm "Vyborzhets" Company.

2. Medium-fruit cucumber "Meva" of "Greenhouse Complex Belogorya" Ltd — «Green garden bed»

3. Short-fruited fresh cucumbers "Mirinda", of «Organica» supplier.

Water extracts were taken from the presented names of cucumbers, which were then filtered.

To assess the content of nitrites in the samples under study, standard solutions of NaNO3 of various concentra-
tions were prepared. It was necessary to construct a calibration graph from the data of standard solutions. A standard
working solution of NaNO3 was brought for this into 9 volumetric flasks of 50 ml in an amountof 0 - 0.1-0.2-0.5-1 -
2-5-10 - 15 ml, which corresponds to 0 - 0.1 - 0.2-0.5-1-2-5-10 - 15 pg of nitrite ions. Then, distilled water and
2.5 ml of the prepared Griss reagent were added to these flasks to the mark.

Then, the resulting solutions were photometrically measured on a photoelectric colorimeter with a green filter
at a wavelength of 540 nm for subsequent construction of a calibration graph in the coordinates «optical density - nitrite
content» (ug). The optical density of each concentration is shown in Table 1.

Table 1
Optical density
Nitrite content (ug) Optical density
0 0,001
0,1 0,018
0,2 0,007
0,5 0,019
1 0,015
2 0,047
5 0,123
10 0,199
15 0,306

A calibration graph based on the results of Table 1 is shown in Figure 1.
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Fig. 1. Calibration graph of standard solutions

In 20 ml of each of the tested filtered aqueous extracts of the presented cucumber samples, 1 ml of Griss rea-
gent solution was added and left for 40 minutes until a stable color was obtained.
The obtained extracts were photometric, the obtained optical densities are presented in Table 2.
Table 2
Optical densities of extracts

Sample No. Optical density, rel. units
3 1,09
1 1,05
2 1,13

Based on the obtained optical density results, the concentration of nitrite ions obtained in the extracts was cal-

culated on the basis of the calibration straight line. The results are shown in Table 3.

Table 3
Concentration of nitrite ions in the test solutions
. . . Concentration of nitrite ions Content of nitrite ions
Sample No. Optical density, rel. units . . .
by optical density (ug / ml) in the test sample (pg)
3 1,09 1,07 22,47
1 1,05 1,03 21,63
2 1,13 1,12 23,52
A graph, based on the Table 3 data, is presented in Figure 2.
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Fig. 2. Graph of optical densities of the investigated solutions
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In addition to the study of the three types of cucumbers for nitrites using the Griss reagent, they were also test-
ed for nitrates and radioactivity by the express method, using a SOEKS nitrate meter.

Table 4 shows the obtained measurement results and standardized indicators for cucumbers: sample 3 is a
greenhouse cucumber, which corresponds to a nitrate norm of 400 mg / kg, samples 1 and 2 are ground and the nitrate
norm is 150 mg / kg, according to the Resolution of the Chief State Sanitary Physician of the Russian Federation from
November 14, 2001 N 36 "On the introduction of sanitary rules". Table 5 shows the background radiation.

Table 4
Content of nitrate ions
Sample No. Average value, mg / kg Norm, mg/ kg % of the norm
3 58 400 14,5
1 78,3 150 52,2
2 88,7 150 59,13
Table 5
Background radiation
Sample No. Background radiation, pR/h Norm, uR / h % of the norm
3 18,3 30 61
1 24 30 80
2 21,3 30 71

Results and discussion. Based on the results of the study, it was found that the extract from the sample marked
"organic" contains much more nitrite ions than in other samples, but it should be borne in mind that when examined
with a photoelectric colorimeter, the extract from the sample was turbid, and it could lead to distortion of results. How-
ever, this extract has a less intense color, unlike other samples presented. However, sample no. 2 contains more nitrites
than sample no. 1.

According to the data of table 4 — cucumbers labeled "organic" contain the least amount of nitrates relative to
the norm, and from table 5 it can be seen that this type of cucumber contains the lowest level of radiation background,
in contrast to the other two samples presented. However, all tested samples comply with the prescribed standards.

Conclusions. According to the data that were obtained as a result of the study, it was revealed that cucumbers
labeled "organic" actually contain significantly less nitrates, as well as the lowest radiation background, in contrast to
other samples presented. Thus, the sample under No. 3, unlike other samples, can be considered organic and a man will
not receive much harmful substances by eating it.
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VIIK 519.862.6 VHTE/UIEKTY AJIbBHASL CUCTEMA KOHTPOJISI KAYUECTBA TBOPOTA
DOI 10.33236/2307-910X-
2020-2-30-94-97 INTELLIGENCE SYSTEM OF COTTAGE CHEESE QUALITY CONTROL

' TBepckast rocyilapcTBeHHas CeNbCKOX03sIiCTBeHHas akajeMus, I. TBeps / Tver State Agricultural Academy, Tver
2 TBepcKol rOCy/iapCTBEHHBII TeXHIYECKMIT YHUBEPCHTET, I. TBepb / Tver State Technical University, Tver

Annomayus. B cmamve 060cH08aHA HE0OX00UMOCHb CO30aHUS ABMOMAMUSUPOBAHHOU CUCEMbl OUAZHOCIMUKU KAYeCEa
meopoza. [ns 6a3vt 3HaHuil pazpaboman memood 06pamHo20 Heuemkozo 6616004 3A6UCUMOCHIU KAUeCTBaA KOHEHHO20 NPooyKma om
Kauecmea UCNONb3YemMO20 ChIPbA U NPABUNLHOCHU OP2AHUSAUUU MEXHOI02UYeCK020 NPOecca.

KrnroueBsblie croBa: HEUETKII TOIMIECKIUIT BBIBOJI, ChIPbE, TEXHOMIOIMYECKNIT Ipolece, pakTop, IKCIEpT, HeYeTKask MMIUIN-
Kars, 6asa 3HaHMIA.

Abstract. The need of creation of the automated system for diagnostics of cottage cheese quality is proved in the article. The in-
verse fuzzy inference method of dependence of the final product quality on the quality of the raw materials and the correctness of the
technological process organization has been developed for the knowledge base.

Key words: fuzzy inference, raw materials, technological process, factor, expert, fuzzy implication, knowledge base.

The development of computer technology has led to the creation of automated control systems for technologi-
cal processes (ACS). One of the important areas of use of ACS are quality control systems in the food industry. The im-
portance of this problem is determined by the concept of life safety. Non-automated food quality control methods are
subjective and imprecise. Rospotrebnadzor intends to create a modern food quality control system using digital tech-
nologies. To solve this problem, it is necessary to develop expert systems for product quality control. The basis of an
intelligent expert system is a knowledge base containing inference rules. Various methods can be used to set inference
rules, for example, neural networks [1-4], fuzzy logical inference rules [5].

A method to control the quality of curd and curd products by building an intelligence system for assessing the
quality of a product applying input and output data based on fuzzy inference has been developed in this work.

The relevance of the research is determined by the fact that cottage cheese is one of the main food products,
which is included as a main component in many therapeutic diets. Sales of cottage cheese and curd products in Russia
increased in 2017 compared to 2013 by 5.1% and amounted to 802.5 thousand tons. Demand for cottage cheese and
curd products in January-July 2018 increased by 6.8% compared to with the same period in 2017. This trend will con-
tinue in the coming years.

According to GOST [6], the quality of cottage cheese is determined by organoleptic indicators, which include:
taste, smell, consistency, color and acidity (Table 1).

Table 1
Organoleptic characteristics of cottage cheese

Indicator name Characteristics

. Soft, smudgy or crumbly with or without noticeable milk protein particles. For a fat-free product,
Consistency and appearance . L
there is little whey emission.

Clean, fermented milk, without foreign flavors and odors. For a reconstituted milk product with a
Taste and smell R
milk powder flavor.

Colour White or creamy, even throughout the mass.

Examples of flavor fading of cottage cheese: unexpressed (insipid) or too sour, bitter taste. The presence in the
product of flavors: fodder (wormwood, silage), ammonia, metal, yeast.

Violation of consistency: coarse, dry, crumbly, smeared, strappy. Changes in appearance: flabby clot, serum se-
cretion.
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In addition to organoleptic methods, instrumental methods are used, which determine the mass fraction of
protein, fat, moisture, dry matter, acidity, phosphatase or peroxidase, the presence of food additives, the temperature of
the product.

The quality of cottage cheese depends on the quality of the raw materials and the correctness of the technologi-
cal process of manufacture.

In the manufacture of cottage cheese, as a primary raw material cow's milk is used. It must be of at least second
grade and with acidity of not more than 21%, as well as its processing products (skim milk obtained by separation). In
addition, special additives are used (for example, ferment for cottage cheese on pure cultured lactic acid streptococci,
calcium chloride or calcium chloride 2-water), as well as drinking water.

The technological process for the cottage cheese production consists of a set of typical operations. These in-
clude primary operations: acceptance of primary raw materials (milk), cooling, creation of a reserve. Then milk is
cleaned, heated, separated, pasteurized. After that, the sequence of operations is as follows: cooling, fermentation, clot
formation, clot processing. The final operations include packaging and storage. Defects in the cottage cheese can occur
at various stages of the technological process.

In the production of cottage cheese, statistical methods are currently used to control quality [6].

Let us consider the construction of an artificial intelligence system based on the inverse fuzzy logical inference
to control the quality of cottage cheese. The quality is assessed by organoleptic indicators depending on the characteris-
tics of the used raw materials and the correct organization of the technological process.

The logical conclusion can occur in direct order (from premises to conclusion) and in reverse order (analysis of
conclusions is carried out until premises that confirm one of the conclusions are identified). Reverse search is used in
cases where conclusions are known and their number is small. In some expert systems, inference is based on a combina-
tion of reverse and forward order (circular output).

Let us show the withdrawal rules using the following simplified example (at the output of an intelligence sys-
tem, only organoleptic indicators of the quality of cottage cheese are considered and instrumental indicators are not
affected, and at the input the factors of poor-quality raw materials and the reasons for breakdown in the technological
process are not detailed).

Let the set of premises (factors) X = {Xl, Xz} consist of two elements:

X, - low-quality raw materials;

X, - breakdown in process of making cottage cheese.

The set of values of the output variable (conclusions about the quality of the product) Y = {yl, Yo Y3 Y y5}
consists of five elements:

y, - imbalance of the taste of the product;

Y, - nonconformity of the smell of cottage cheese to the requirements of GOST;

Y, - imbalance of the consistency of cottage cheese;

Y, - the wrong color of the curd;

Y: - excessive acidity of cottage cheese.

It is required to determine, on the basis of the experts’ knowledge (producers’ of cottage cheese), which of the
factors influenced the quality of cottage cheese to the greatest extent.

Consider a fuzzy implication R: X —Y (a fuzzy rule of the form “If, x = A, then y=B”). The premises A
and conclusions B of the expert system are fuzzy sets or values of a linguistic variable.

In the problem under consideration, the direction of conclusions is inverse with respect to the direction of the
premises. Thus, there is an expert's R knowledge base, it is necessary, on the basis of observations of the values of the

output variable B, to determine which of the set of factors A determines the production of low-quality cottage
cheese to the greatest extent.
Let us assume that the knowledge base of an expert in the production of cottage cheese is given by the matrix:
& 09 01 06 02 0,3
[0,7 0,4 05 0,3 0,4]'
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Let the results of the analysis of the quality of cottage cheese be evaluated on a scale from 0 to 1 and the follow-
ing data are obtained as a result of the assessment:

B=(0,9/y; 0,2/y,; 01y, 03/y, 04/y).
From the given results of assessing the quality of cottage cheese, it follows that the greatest criticism is caused

by the taste of cottage cheese.
It is required to determine the reason for the production of a low-quality product, that is, find the input factor

a (i= 1,2) from a set of factors A= (a1 I%; @,/X,),which is the main reason for the production of a low-quality
product.
Let's assume that @, and a, change from 0 to 1.
According to the compositional rule of fuzzy inference Zadeh [7],
B=AcR,
where ois the composition operation.
Then, for the given values of the input and output variables, we can write the ratio:

(09 02 0L 03 04)=(a; a)e o ot %0 0203
S 5a B 05 D@ &) 07 04 05 03 04

Expanding the (max-min) -composition we obtain the following five relations:

0,9 =max(min(0,9; a,);min(0,7; a,)); (1)
0,9=max(min(0,9;a); min(0,7;a,)); (2)
0,6 = max(min(0,6;a,); min(0,5;a,)); (3)

0,2 =max(min(0,2;a,); min(0,3;a,)); (4)
0,3=max(min(0,3;a); min(0,4;4a,)). (5)

In relation (1), the element min(0,7;&,) <0,7. Therefore, it does not affect the left side of the ratio, hence
0,9=min(0,9; ai) . From here 8, =0,9.
Substituting this value into relation (2), we obtain a,=0,2.

The obtained values of the variables satisfy relations (3) - (5).

Thus, given the initial data of the observations, the factor most influencing the violation of organoleptic indica-
tors of the quality of cottage cheese is the use of low-quality raw materials, and not a breakdown in the technological
process of making cottage cheese.

The factors A and values B of the output variable can be linguistic variables. In this case, when applying the
compositional rule, their functions should be determined using commonsense reasoning or expert judgment.

The considered rules of fuzzy inference can be expanded through the use of instrumental indicators, as well as
detailing the factors of poor-quality raw materials and the reasons for the breakdown in the technological process.

Consequently, the automation of the cottage cheese diagnostic system using artificial intelligence methods will
increase the quality of the finished product. The introduction of expert systems into the food industry will make it pos-
sible to predict the quality of cottage cheese when the characteristics of primary raw materials and technological param-
eters change.
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PRESSURE FLOTATION METHOD. THE ESTIMATED ASSESSMENT

OF THE SIZE AND SHAPE OF RECOVERABLE FINES OF PRECIOUS METALS

ucruryr cepBuca, typusma u gusaiina (duman) CKOY B r. [Laturopcke, Ilaturopek, Poccns
Institute of Service, Tourism and Design (branch) NCFU in Pyatigorsk, Pyatigorsk, Russia

Annomauus. B pabome paccmompen npovecc ussnedeHus 4acmuy, 0pazoueHHbIX Memanios memooom HAnopHoi droma-
yuu. IIpouseedeHnvl 0UeHOUHbIE PACHEbL PASMEPOS U MACCHL NOOHUMAEMBIX HACHUY, 30710MA U3 0measnos. IIpusedeHvt 6616000l 10360-
nAUUe onpedenums npumMeHeHue Memooa HANOPHoL HLOMALUL 8 3A6UCUMOCINIL 01 NPUMEHAEMO20 CbiPbs, COOEPHAULL20 MENKUE
$paxyuu 3onoma.

Mamepuanvt u memodvt. Hosviii Memoo useneuenus mouxux gpaxuyuii OpazoueHHvix memannos (Hanpumep, us pyoHvix
nyznvn) Ha nepeom amane 8KaOUAeM 8 ce6s 06pabomKy nymvnvl PromopeazeHmamu ¢ Uenvo eudpoPhoou3ayUY NOBEPXHOCMU U3BIEKA-
embix usbpamnvix wacmuy. Ipu pabome no amomy memody 600a npedsapumenvHo OONIHHA HACLIUAMBCA 8030YXOM NO0 JasTIeHUEM.
anee nodzomosneHHasi KOHOUUUOHUPOBAHHAS NYNILNA CMEUUBAEMCS C 80008, CAMYPUPOBAHHOTI 8030YXOM NPU ammocPepHom 0as-
TeHUU. 3amem 3my cmecb 06pabamvLearom NOMOKOM Ny3bipbK06 6030YXa COOMBEMCMEYIOUsUX PAOMAUUOHHDIX PA3MEPOS.

3axmouenue. IIpednoneHHas mexHONO2UA, 6 0CHOBe KOMOPOLL UCNONb3Yemcs memod HanopHoti drnomayuu [7] moxem
NPUMEHAMbCA OIA U3EIEUeHUS MOHKUX PPAKUULL OPAOUEHHDIX MEMATIOB, KOWOPbIE He MO2YM U3BIeKAMbC MEMOOOM KIACCUHECKOT
drnomayuu. Ho amo npoucxooum monvko ¢ 02paHu4eHHbIMU MUNAMU CoIPbA ¢ U3BTEKAEMbIMU YACMULAMU OnpedeneHHOl (opmbL U
pasmepos.

Bu1600wbt. 3a0aua ussneueHus moHkux Opaxyuii 0pazoyeHHvIX Memanios mMoxem Ovblimy peuieHa nocPeoctneom NPUMeHeHUs
HOBOUl MeXHON02UY, Cbipbem 0TI KOMOPOTi AB/AEMCA NAACIMUHYAMOe 3071010, UMerujee Heo0X00uMble 2e0MempuiecKue napamempol
u pasmepvl, paccuumarHvie 8 0anHOti cmamve. I10KA3AHO, UMO OAHHBIM MEMOOOM MONCHO U3BNEKAMb NAACMUHYAMOe 3071010 C
monusuroti om 0,005 (Mm) u meree.

KiroueBsie cnoBa: (rroraronnsie MeTOLBI, prioTopeareHT, oboraeHne 30/10TOCOREPIKAIETr0 ChIPb, My/bla, IuApodo6-
HBIE JACTHUI[BL.

Abstract. The process of extracting fines of precious metals by the method of pressure flotation is considered in the paper. Es-
timated calculations of the size and mass of the raised from the dumps gold fines were made. The author gives the conclusions that allow
to determine the application of the pressure flotation method depending on the used raw materials containing fine gold fractions.

Materials and methods. A new method for extracting fine fractions of precious metals (for example, from ore pulps) at the
first stage includes treating the pulp with flotation reagents in order to hydrophobize the surface of the selected fines to be extracted.
When using this method, the water must first be saturated with air under pressure. Then the prepared conditioned pulp is mixed with
water saturated with air at atmospheric pressure. Then this mixture is treated with a stream of air bubbles of appropriate flotation sizes.

Results. The proposed technology, based on the method of pressure flotation [7], can be used to extract fine fractions of precious
metals that cannot be extracted by the method of classical flotation. But this method is applicable only for a limited type of raw material
with recoverable fines of a certain shape and size.

Conclusions. The task of extracting fine fractions of precious metals can be solved by using a new technology, the raw material
for which is plate gold, which has the necessary geometric parameters and dimensions calculated in this article. It is considered that this
method can be used to extract plate gold with a thickness of 0.005 (mm) and less.

Key words: flotation methods, flotation agent, enrichment of gold-bearing raw materials, pulp, hydrophobic particles.

Introduction. Flotation methods of ore beneficiation are based on the use of the kinetic component, which is
expressed in the inertial motion of hydrophobized fines during the implementation of the elementary flotation action -
hitting an air bubble and sticking to it with the formation of a floating particle-bubble aggregate. In all these cases, parti-
cle size is critical. With a decrease in the size of the particles, their kinetic component decreases and they become unable
to perform an elementary flotation action. As follows from literary sources, from 40 to 50% of unrecovered gold of fine
fractions remains in the tails of gold placers enrichment [1].

The flotation method operates on the principle of adhesion of hydrophobized particles of individual minerals
to air bubbles in the pulp environment through their collision. With this interaction, the formed particle-bubble aggre-
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gates float to the surface of the pulp under the action of the Archimedean force. The result is foam that is discharged
into the tank. Further, the resulting foam is dehydrated to obtain a product — a concentrate of the extracted mineral par-
ticles. The remaining depleted slurry from the chamber is discharged in the form of flotation tailings into a storage facil-
ity. In this case, the pulp before the flotation process is treated with specially selected flotation reagents, which convert
the particles of selected minerals into hydrophobic particles subject to flotation. The particles of the remaining minerals
turn into hydrophilic, water-wetted, and therefore non-floatable particles [2].

By dispersing atmospheric air in the pulp, appropriate conditions are created for the adhesion of hydro-
phobized particles with air bubbles in the pulp. The adhesion of the obtained hydrophobized particles to air bubbles
with their subsequent retention on the surface occurs under the action of the forces of intermolecular interaction. These
forces exist on the surfaces of a floating particle and bubble in the form of surface free energy created by uncompensated
forces of molecules and atoms located on this surface [3, 8].

The action of van der Waals forces begins to manifest itself at a distance of 1000 pm (picometers 1 * 10-12m),
and their maximum effect occurs at a distance of 500 pm, but further convergence of reacting particles is counteracted
by the repulsion of electrons of molecules of approaching particles [4,5].

As the mass of hydrophobized particles decreases to less than 0.05 mm, the inertial forces of such particles are
weakened, and it becomes more difficult for them to break through the hydration layers and the elementary effect of
flotation of these small particles does not occur, therefore, they will not float. But the flotation of such particles is of
great importance for the beneficiation of gold-bearing sands, in which a significant part of the precious metals is in the
form of fine particles less than 0.05 mm in size, which are not recovered either by gravity or flotation methods [6, 9].
That is why a number of sources indicate that when such sands are enriched, up to 50% of the gold contained in them is
not recovered and goes into the tailings. Consequently, raw materials from such deposits require a new method of flota-
tion, in which air bubbles would stick to such small particles and be carried out into the foam layer [10].

As the external pressure decreases, the gas solubility in the liquid decreases. In the technological process of flo-
tation, an aqueous solution of air created under pressure, being at atmospheric pressure, turns out to be supersaturated
with air and unstable. In this case, the excess dissolved air begins to pass from the solution into the gas phase. Such a
phase transition occurs in the form of very small bubbles, the nuclei of which can form and grow on hydrophobic parti-
cles by diffusion of air from the solution medium. This occurs by shifting the H20 molecules from the hydrophobic
surface. If there are not enough hydrophobic particles, very small bubbles will begin to emerge in the total volume of
water. This is due to the fact that on the hydrophobic surface, the particles, attracted water molecules, have a weak bond
with it, and the nuclei of small bubbles formed on this surface can shift them without high energy consumption [11].
And with the appearance of nuclei of air bubbles in the total volume of water and their further growth, they need to de-
stroy the strong bonds of polar H20 molecules, at significantly higher energy consumption.

The process of pressure flotation can continue as long as particles with a free hydrophobic surface area and the
remainder of an aqueous solution supersaturated with air remain in the initial pulp. And only in the process of reducing
the area of particles with a hydrophobic surface can the energy-intensive process of the appearance of air bubbles in the
total volume of the aqueous phase of the pulp occur. In this regard, the process of obtaining a mixture of conditioned
pulp with water, previously saturated with air, must be of high quality. In this case, the resulting mixture of saturated
water with the aqueous phase of the pulp should be evenly distributed over the volume of the pulp. But, due to the small
size of the resulting mini-particle-bubble aggregates, which have a low ascent rate, the pulp must be constantly pro-
cessed with flows of air bubbles of appropriate sizes for transportation.

A patent for an invention No. 2507007 dated 20.02.2014. "A method of extracting selected minerals from ore
pulps by pressure flotation and a device for its implementation is received on this subject." [7]

When working with gold-bearing raw materials, it should be taken into account that the density of gold is high
- p=1.96-104 (kg / m3). In order to lift a gold particle from the pulp, it is necessary to have a buoyancy force obtained
due to the adhesion of air bubbles to it with a total volume of approximately 20 times the volume of this gold particle.

The surface of a gold particle must be covered in the general case with at least 20 bubbles of the same volume
each as the original gold particle. Theoretically, it is possible to assume the shape of a gold particle in the form of a cube
(grain) with 6 faces, which will allow only 6 air bubbles of the corresponding volume to be attached to the surface, while
the calculation requires at least 20 bubbles of the same volume to lift a particle. In this case, particles of a substance with
a density not exceeding 6 (kg / m3) can be subjected to flotation - according to the number of particle faces. Therefore,
the flotation process is highly dependent on the shape of the gold particle (for example, in the form of flakes).
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Let's make the necessary calculations. Let's designate the average geometric parameters of a cube-shaped parti-
cle (length, width, height): 1 = 0.05 (mm) = 5 10-5 (m). The volume of such a particle is V aurum = 13 = 125 10-15 (m3).
The density of gold is p aurum = 19.3 (g / cm3) = 19.3 103 (kg / m3).

Let us determine the mass of the selected gold particle m = V aurum - p aurum = 125 - 10-15 - 19.3 - 103 =
241.25 - 10-11 (kg).

Particle weight is P=m-g=241,25- 10.9,81=2,5 10°® (kg -m/c?). Here g=9,81 (m/c?).

At the same time, we take the density of water p =1 (g / cm’) = 1- 10° (kg / m?). The lifting force acting on the
gold particle must be higher than its weight, therefore, the volume of the air bubbles participating in the rise must be
proportionally larger than the volume of the gold particle due to the difference in density between the water and the
lifted particle. P=m-g = pyater* V water °g = p aurum V aurum -g (kg -m/c?); Vair > 20 - V aurum.

As a result, the total volume of air bubbles should be more than 20 times greater than the volume of a grain of
gold, determined by the difference in the density of water and the floating element.

From the above calculations, it can be seen that for the example of a particle with a face size of 0.05 (mm) x 0.05
(mm), the volume of the particle will be V particle = 125:10"°(m?). To lift such a particle, an air volume of at least 20
times is required.V air.=20-V particle= 20-125-10"°=250-10"4(m?).

If a particle of a given volume is divided into 10 thin plates, then 20 air bubbles (on top of the plate and bottom
of the plate) necessary for lifting can be placed on it, placed on the corresponding area (see Fig. 1). In this case, the parti-
cle has the same mass, but a much larger surface. This allows the particle to be lifted, since the number of bubbles will
provide the required lifting force. Thus, the shape of the particle affects its rise.

TN TN N =~

022 O%
1 2 ) 3 4 /(52/

i)

a) b)
Fig. 1. Elementary particle for lifting by pressure flotation. a) a particle of a cubic shape; b) a plate-shaped particle
(bubbles are shown only on one upper side of the plate)

Conclusion. As a result, the following conclusions can be drawn:

1. For lifting gold particles by the method of pressure flotation, a promising raw material can be mainly plate
gold, which has the necessary geometric parameters and dimensions.

2. This method can only lift plate gold with a thickness of 1 = 0.005 (mm); § = 0.005 (mm).

3. Materials with a density p <6 (g / cm®) can be lifted in the form of grains, because sufficient lifting force will
be provided by the total number of bubbles attached to the particle.
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Annomauus. Chepuueckue pyHxyuu npedcmasnaom co6oil yeio8yio Hacmv ceMeicmea 0pmozoHaIbHbIX PeuteHutl ypasHe-
nus Jlannaca, 3anucantyio 8 chepuueckux koopounamax. Vcnonvsosanue smux PyHkyuil 00cmamouHo pasHooopasHo, OHU UMem
6onvuoe sHaueHue 8 meopuu OudPepeHyUanbHbIX YPAGHEHUI 8 HACHIHBIX NPOU3BOOHBIX U Meopermuueckotl Pusuke.

Mamepuanvt u memoo, pesynvmamot u o6cyncdenusn. B cmamove 00ka3vi6aemcs opmozoHAIbHOCMb U NOTHOMA CUCHIEMDbL
cpepuueckux pynxyuii 6uda (4). Cepuneckumu GyHKUUAMYU HA3LI6A10M CHEYUATLHDIE PYHKUUU 00HO20 NePEMEHHO020, ABNTIOULUECS
peweHuAMU OuPPepeHyuanvHbIX YPABHEHUT, NOAYHAIOUWSUXCA NPU NPUMEHEHUU Memo0d Pa3deneHus nepemeHHvix O YPaeHeHUs
Jlannaca, 3anucanHozo 8 chepuneckux koopouHamax. A8mMopamu paccmampusaemcs pasnoxmenue cepuueckoil PyHKUUY, umerousetl
HenpepvisHble 6MOpble NPOU3BoOHbIe 8 PO DPypve. B npouecce maxoeo pasnoxeHus UCHOnb3yemcs onepamop cepuneckux PyHkuyul,
Oarnee NPUMEHAEMCS MEMOO UHMEPUPOBAHUS N0 HACMAM HA nosepxHocmu cepol. 3anucanvt popmynvt [puna 0ns onepamopa cie-
puueckux PyHKyull, aHAnTU3 NOLYHEHHBIX Pe3YILMAMOos 00KA3blBaAem OPHIO2OHANLHOCMY cepureckux PyHkyuil. Bnocnedcmeuu,
paccmampusas xkoagdduyuenmot psoa Pypve, kax HenpepvisHvle PYHKUUU U, 00KA3LIBAS BO3MONCHOCHD PABHOMEPHOTI ANNPOKCUMA-
YUY TUHETIHDIMU KOMOUHAUUSMU NPUCcOeduHeHHbIX PyHKuUil 71106011 d8axOvl Oudgepenyupyemoii pynxyuu f (8, @), dokasvieaemes
nozHoma cucmemot pyHxuyuti, onpedensemvix opmynoti (4).

3axnouenue. B pesynvmame uccied08anus 6bIACHULOCh, YIMO TH06YI0 HENPEPLIBHYH PYHKUUIO MOKHO PABHOMEPHO ANNPOK-
CUMUPOBAMb NOTUHOMOM Chepuneckux PyHKYuil, 4mo u 00Ka3bleaem NOIHOMY cucmemvl PyHKYyUl, onpedengemolx dopmynoii (4). 13
NOHOMbL 3MOTE cucmemyl credyem e€ samkHymocmo. Taxum 00pasom, 00KA3aHo, o ypasHeHue cepuueckux PyHkuyuil He umeem
oepanuuennoix pewenuil npu A = n(n + 1) u umo ecaxas cepuueckas Pynkyus n-20 nopsoka (npu A = n(n + 1)) npedcmasuma
dopmynoii (5).

Knrouessie cnosa: cdeprueckie QyHKIMM, OPTOrOHAILHOCTD ¥ OMHOTA CepryecKyx GyHKIMIL, chepuyeckas rapMOHNMKA.

Abstract. Surface harmonics represent the angular part of the family of orthogonal solutions of the Laplace equation, written
in spherical coordinates. The use of these functions is quite diverse, they are of great importance in the theory of differential equations in
partial derivatives and theoretical physics.

Materials and method, results and discussions. The article proves the orthogonality and completeness of a system of surface
harmonics of the form (4). Surface harmonics are special functions of one variable that are solutions of differential equations obtained
by applying the method of separation of variables for the Laplace equation written in spherical coordinates. The authors consider the
decomposition of a surface harmonics having continuous second derivatives in a Fourier series. In the process of such decomposition, the
operator of spherical functions is used, then the method of integration by parts on the surface of the sphere is used. Green's formulas for
the operator of surface harmonics are written, an analysis of the obtained results proves the orthogonality of spherical functions. Subse-
quently, considering the coefficients of the Fourier series as continuous functions and proving the possibility of uniform approximation
by linear combinations of the adjoint functions of any twice differentiable function f (0, @), and the completeness of the system of func-
tions defined by formula (4) is proved.

Conclusion As a result of the study, it turned out that any continuous function can be uniformly approximated by a polyno-
mial of surface harmonics, which proves the completeness of the system of functions defined by formula (4). From the completeness of
this system follows its isolation. Thus, it is proved that the equation of surface harmonics does not have bounded solutions for A #
n(n + 1) and that any surface harmonics of the n-th order (for A = n(n + 1)) is representable by formula (5).

Key words: surface harmonics, orthogonality and completeness of surface harmonics.
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Introduction. Let us write a system of n-th order surface harmonics. Let us agree to assign a negative super-
script to those functions that contain cos(k¢), and a positive one to those functions that contain sin(k¢). Then we will
have:

(k=1,2,..,n). (4)

The number of different n-th order surface harmonics Yn(m) is 2n + 1. Linear combination of these 2n + 1 sur-
face harmonics (4)

Ya(6,9) = Eheo(AnmCoSMg + Bypsinme) P;™ 5)
or
Ya(6,9) = Zen CrnYn ™ (6, 9),
_ (Apmform <0, . . . .
where C,,,,, = { By, form > 0. is also a spherical function and is called a surface harmonic [3].

Materials and methods. Let us prove the completeness of the system of surface harmonics defined by formula
(4). First, let us prove that any function f (6, ¢)with continuous second derivatives can be uniformly approximated by
some polynomial of surface harmonics.
Consider the expansion of such a function in a Fourier series
f(6,9) = Em=olAm(8)cosme + By, ()sinme].
A _Li( i gi) I
0.0~ Sing a0 S 36) T Sinze g2
It is easy to see that we get the formula
von, |1 o om

Iy Y2B0pY1d2 = =[], {ae 20 | sm?o 00 ae}dﬂ ©)
(d2 = sinBdOBd ),

easily obtained by integration by parts.
On the surface of a sphere

a . 1 ou.
gradu = ﬁlg + Eﬁlg,
o = [ 2 (si a4y
divA = pry [ae (sinfAp) + 20 |
so that Ag ,u = granu, and formula (9) can be written in the form
I, Y,AY da = — [[ gradY, - grady, -dQ.

Changing places in the formula (9) functions Y; u Y, and subtracting the resulting formula from formula (9),

we will have:
J = JI; {YabopYs — Yilg,Yr}d2 = 0 (10)

Pesynbrars! u o6cyxaenna. Formulas (9) and (10) are Green's formulas for the operator of surface harmon-
ics. The orthogonality of the functions Y; and Y,. easily follows from formula (10). Indeed, using equation (8), we ob-
tain from formula (10)

J =02 =) [, h¥da =0,

ﬂ Y,Y,d0 =0
Py

fozn fon Y1(8,9) Y,(8, p)sinfdOde = 0.
This proves the orthogonality of surface harmonics corresponding to different 1
Above, we obtained for A = n(n + 1) a system of 2n + surface harmonics of the n-th order. Let us prove that
these surface harmonics are orthogonal to each other on the sphere.

whence, for 1, # 4,

or

Let erkl) and erkZ) be two surface harmonics. By integrating their products and using them, we get:
Ify W Pda = [ [TrE0 06, 0) - 106, )singdode=
21 T
f coskypcosk,pdp J P,fkl)(cosG)Pn(kZ)(cose)sinGdQ =
0 0

Using the boundedness of the second derivative, it is easy to estimate the coefficients A,, u B, of this decom-

position
M M

where M = max|f<p<p|.
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Hence it follows that the remainder of the Fourier series satisfies the uniform estimate
|f = Xm0 [Apm(8)cosme + By, (8)sinme]| = |Rm0| <2M Y5, # <é, (11)
where &' > 0 - any predetermined number.
Based on the closedness properties of the system of associated functions [4], the Fourier coefficients 4,,(6)
andB,, (8), which are continuous functions of 6, vanishing at 6 equal to 0 and 7, can be uniformly approximated by lin-
ear combinations of associated m-th order functions.

|4 (6) = Zico @B (€0sO)| < 3, |Br(8) = Sicg biB™ (cos0)| < - (12)
Then from inequalities (11) and (12) it will follow:
Mo n
f(6,0)— Z Z[akPk(m) (cosB)cosmB + kak(m) (cos®)sinmf|| < 2¢'
m=0 k=0

This proves the possibility of uniform approximation of any twice differentiable function f{(6,9) by a polynomi-
al of spherical functions.

Conclusion. Any continuous function can be uniformly approximated by a polynomial of surface harmonics,
which proves the completeness of the system of functions defined by formula (4). The completeness of this system im-
plies that it is closed. Thus, we have proved that the equation of surface harmonics has no bounded solutions for A #
n(n + 1)and that any n-th-order surface harmonics (for A = n(n + 1)) can be represented by formula (5). Obviously,
the surface harmonics are the values of the surface harmonics (6) and (7) on the sphere of radius one.
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THE CONCEPT OF THE «GREAT CASPIAN»
IN THE GEOPOLITICAL CONTEXT

AcTpaxaHCKuIt TOCyapCTBEHHbI YHUBEPCUTET, I. AcTpaxaHb, Poccus, E-mail: asu@asu.edu.ru/
Astrakhan stateUniversity, Astrakhan, Russia, E-mail: asu@asu.edu.ru

Annomayus. Kacnuiickas npobnemamuxa paccmampueaemcs 6 pasiuuHblx acneKmax MHO20UUCTIeHHbIMU OmevecmeeH-
HoMu U 3apybexHoimu uccnedosamenamu. Ocoboe 3HaueHue peeuoH npuobpemaem 6 ceA3u ¢ hoonucanuem Konsenyuu o npasosom
cmamyce Kacnuiickoeo mops (om 12.08.2018 2.), komopasi chopmuposana Hosvle 2e0nonumudeckue u 2e09KOHOMuU1ecKue peanuu u
HOBbLI BeKMOP UHIMEZPAUUOHHO20 PA3BUMUS HA eBPA3Ulickom KoHmuHenme. Bce 6onviuee 6Humanue yoensgemcs memamuxe npo-
cmpancmeentozo paseéumus bonvuioeo Kacnus é cucmeme xoopounam «Bocmox-3anad» u «Cesep-IOe». [onumuxa CIIA na Bruxc-
Hem Bocmoxe, 6xnouaiouias caHkyuonHoe oaenenue Ha VIpaw, Hanpasnena Ha 0ecmabunu3ayuio norTumuKo-aKoHOMUUeCKot Cumya-
WU 6 pezuoHe, Makxe NpedycMampusaen coepiusanie HOCMynamenvHo20 PA3sUmus KpynHeuuux asuamckux IKOHOMUK Mupa.
B nHacmosweti pabome paccmompervl HeKomopble KOHYeNmyanvivle nooxo0vl Kk (HOPMUPOBAHUI0 KOHUENMA U MHO20MEPHOL MOOenu
Bonvuozo Kacnus, kax 2e0nonumuueckoz0 yeHmpa peeuOHAnbHblX U 2700aNbHbIX UHMEPecos, OUHAMUYHO MEHSIOU4e20 NPOCPaH-
CeeHHoe COnpAmeHUe PAZHOBEKIMOPHBIX CUIL MEXOYHAPOOH020 BNUSHUL HA OCHOBE UHCMUMYUUOHANbHBIX npeobpasosaruti. Pac-
CMOMPeH N00X00 CO30aHUS HOB020 2e0NONUMUUECKO20 NPOCMPAHCMEa 6 pamkax «bonvuiozo Espasuiickoeo mpeyeonvruka PYIK» ¢
ocHosaHuem mpeyzonvHuxa «Bonvuioeo Kacnusy, cmaeusaiouieeo Ha cebs 6e0yusuX Uzpokos MUuposoti NoTUMuUKY t 0N0SACbIBAIU4L20CT
Espasuiickuii koHmuHeHm 6axcHeluumuy mpancnopmuoimy mapuipymamu. Popmuposarue «<MHO20MEPHBIX NPOCIPAHCME» — mpe-
Y20IbHUKO8, KaK HAUb0sIee YCMOUMUBLIX NONUMUKO-IKOHOMUYECKUX U PU3UKO-2e02paPuUeckux MexOyHapoOHbix KoHcmpykuuti (06-
pasosanuil), npedcmasnstm coboti npocmparcmeertvie peanuy bonvutoeo Kacnus, kax Ho8020 2eononumuueckozo usmepeHus — me-
eapezuoHa.

KimroueBbie coBa: reononmInka, re03KOHOMMKa, IIpukacnmiickuii pernos, YepHoMopcko-Kacimitckuit MakpOperioH,
Bonpioi Kacrmii, Merapernos, IpocTpaHCTBO, TPEYTOIBHMKY, TPOCTPAHCTBEHHOE Pa3BUTHE.

Abstract. The Caspian issues are considered in various aspects by numerous domestic and foreign researchers. The region is
gaining particular importance in connection with the signing of the Convention on the Legal Status of the Caspian Sea (dated
12.08.2018), which formed new geopolitical and geo-economic realities and a new vector of integration development on the Eurasian
continent. More and more attention is paid to the subject of the spatial development of the Great Caspian in the East-West and North-
South coordinate systems. The US policy in the Middle East, including sanctions pressure on Iran, is aimed at destabilizing the political
and economic situation in the region, and also provides for restraining the progressive development of the largest Asian economies in the
world. This paper considers some conceptual approaches to the formation of a concept and a multidimensional model of the Great Cas-
pian Sea, as a geopolitical center of regional and global interests, dynamically changing the spatial conjugation of multi-vector forces of
international influence based on institutional transformations. An approach to creating a new geopolitical space within the framework
of the “Great Eurasian Triangle RIC” with the base of the “Great Caspian” triangle pulling together the leading players in world politics
and encircling the Eurasian continent with the most important transport routes is considered. The formation of "multidimensional spac-
es" - triangles, as the most stable political-economic and physical-geographical international structures (formations), represent the spa-
tial realities of the Great Caspian Sea, as a new geopolitical dimension — a mega-region.

Key words: geopolitics, geoeconomics, the Caspian region, the Black Sea-Caspian macro-region, the Great Caspian, mega-
region, space, triangles, spatial development.

Introduction. The Caspian region is of particular importance in modern geopolitics. More and more attention
is paid to the subject of the spatial development of the Great Caspian in the East-West and North-South coordinate sys-
tems. Despite the lack of a clear interpretation of the concept of "Caspian region", which is considered by various scien-
tific theories and interpreted in both narrow and broad senses, there is an attempt to integrate it into the Black Sea-
Caspian region; Mediterranean-Caspian, Caucasian-Caspian and other regions.
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Initially, according to American studies, the energy and geopolitical prospects of the Caspian region lay in the
fact that it is a continuation of the oil fields of Iran and the entire Middle East. As a result, the Caspian basin and the
Persian Gulf began to be considered as a single structure, and the Caspian basin was inscribed by the West in its geopo-
litical megaprojects [17, p.39-40].

The Convention on the Legal Status of the Caspian Sea initiated an increase in the processes of regional and
transboundary cooperation, incl. on the formation of a transport and communication framework and a common eco-
nomic space of the Caspian states. With a new stage in the development of integration processes and the implementa-
tion of energy megaprojects, the geopolitical status of the region is changing.

In the scientific literature, the concept of the "Great Caspian” is introduced, which is characterized by the phys-
ical and geographical features of the region and does not fully fit into the ideology of Eurasianism, leaving significant
theoretical gaps in these studies.

So, in the terminology of the European Council, GKR ("The Greater Caspian Region") means a territory that
includes, in addition to five coastal countries (Russia, Azerbaijan, Kazakhstan, Turkmenistan, Iran), also closely located
countries, historically, economically and culturally related to the Caspian Sea, these are Armenia, Georgia and Uzbeki-
stan [28, p.30].

In the work of the former American diplomat R.E. Hoagland “Greater Caspian Region: Competition and Co-
operation” (2019) The Caspian is represented by “a center of growing strategic importance”, “quiet background buzz”,
“one of the largest hydrocarbon deposit centers in the world”, having “growing interest and strategic importance
throughout the world ", For whose influence" four global powers are fighting: Russia, China, the United States and Eu-
rope — all for different reasons and with sometimes conflicting interests. " As a result of growing competition, the Great-
er Caspian region really has a growing interest and strategic importance all over the world [36, p.10-11].

In the geo-economic dictionary-reference book, the "Greater Caspian” is defined as a geopolitical region that
emerged in Eurasia as a result of the collapse of the Soviet Union. The Caspian region includes five countries directly
facing the sea-lake (Russia, Kazakhstan, Turkmenistan, Iran and Azerbaijan). In an extended interpretation, it includes
the South Caucasus and Central Asia [6, p.15].

Professor A.K. Magomedov also used “an extended interpretation of the term, referring to it as the“ Greater
Caspian, “including the Russian North Caucasus, Transcaucasia and Central Asia — key areas of geopolitical and energy
struggles in modern Northern Eurasia. These areas are united in the “Greater Caspian” by the logic and the struggle to
form oil and gas pipelines and transport corridors ”[16, p.11].

A broader interpretation was suggested by Professor P.L. Karabuschenko, according to which the geopolitical
space of the Caspian cannot be limited to five states that have direct access to the sea. The Caspian Five (Russia, Kazakh-
stan, Turkmenistan, Iran and Azerbaijan) is supplemented by the Caspian Ten (Ukraine, Turkey, Georgia, Armenia,
Iraq, Kyrgyzstan, Uzbekistan, Tajikistan, Afghanistan, Pakistan) and the world three of interested states are added
(USA, EU, China) [14, p.17]. In his opinion, such an expanded interpretation of this geopolitical space makes it possible
to comprehensively take into account all the changes that occur here or that have an impact on it from outside. There-
fore, in the structure of the Caspian geopolitics, he singles out such components as the "Caspian axis" — (Caspian five)
and "Caspian arc" - (Caspian ten). In the presence of all these components, we can talk about the existence of a "Great
geopolitical Caspian region", great in the literal and figurative sense of the word, because it will really be the center or
the core of the entire Eurasian continent [14, p.17].

P.L. Karabuschenko in his understanding of the "Great geopolitical Caspian region" was based on the logic of
the reasoning of the English geopolitical scientist Kh.D. Mackinder on the “heart of the world” or “Heartland” and the
“Pivot Area”. In his opinion, the Central Asian space is indeed acquiring the meaning of the "Heartland" of classical
German geopolitics. Here the lines of force of civilizational and confessional, ethnic and political faults, aggravated by a
tough struggle for natural resources and living space, converge [21, p.331].

The variety of views and assessments allows us to state that the definition of the Greater Caspian contains some
historical geopolitical characteristics, and in terms of content — a set of geopolitical projects of "energy and economic
influence" and, first of all, against the growing role of China and Russia in the formation of a new world order.

Spatial development as a factor of communication connectivity of territories (international spaces).

With the changes in the geopolitical situation in the world, there have been corresponding alteration in the
Caspian region, which has become a global geopolitical object, around which the diplomatic struggle of the leading
world powers for the possession of natural resources and control of transport routes has developed [20, p.89].
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The peculiarity of the directions of development of spatio-temporal concepts consists in giving them the pro-
cesses of "social evolution" [23, p.13]. Comprehensive analysis and programming of human life, considered from the
point of view of the territorial organization of society, acquires special relevance at the present time, when “contradicto-
ry processes of globalization and regionalization, spatial integration and differentiation, democratization and monopoli-
zation have been activated” [31, p.4].

The structure of the territorial social system, which forms a multidimensional space, determines [31, p.7]:

— human life environment, including a set of subsystems: economic, natural, social, spiritual, recreational;

- infrastructural components of subsystems: production, market, environmental, social, spiritual, recreational,
military, institutional, etc.

According to numerous studies, the concept of economic space is divided into two extreme views, both real
(physical) space and abstract (conceptual). At the same time, some scholars believe that economic space is both a con-
centration of socio-economic infrastructure and economic relations, that is, they allow the existence of both real and
conceptual spaces [3].

Obviously, in the context of the task set by the authors - the formation of the concept of the "Greater Caspian",
this topic needs more in-depth research, taking into account modern geopolitical and geo-economic processes at the
macroeconomic level.

Black Sea-Caspian macro-region in the system of spatial geopolitical development.

In scientific literature, the concept of "macroregion”, in contrast to the mega-region, is purely economic in na-
ture, since it does not include a historical, social and cultural community [30, p. 131]. According to V.I. Suprun, the
macro-region belongs to the sphere of economics and fixes the correlation of economic relations, both in resource and
production relations, therefore Europe, and in its person the European Economic Union, can be considered a developed
macro-region [29, p. 171].

At the same time, the Black Sea-Caspian region is considered a special segment of the world geopolitical space,
which found itself at the crossroads of the most important transit communications [27]. Within the framework of mod-
ern Russian foreign policy and the formation of an international transport framework, the region also plays an im-
portant geo-economic significance in the strategy of the country's spatial development and the common economic space
of Europe.

The specified macro-region, also defined as the Caucasus-Caspian region, according to the estimates of many
researchers [10; 15; 33] represents: 1) from a geographical point of view - a bridgehead, pulling together the Black Sea
and Caspian sea spaces; 2) from the military-strategic point of view — the most important springboard for pressure and
offensive in any direction, on any country, not only in this region, but also in adjacent regions; 3) a springboard for con-
trol over communications; 4) from an economic point of view, it is not only a world crossroads of transport routes along
the East-West, North-South axes, but also a region with huge hydrocarbon resources.

At the same time, the potential of the Black Sea-Caspian space is assessed "by the expected large-scale develop-
ment of Caspian energy resources and the development of transit communications” [24], although in the European vi-
sion the region is presented as "a kind of peripheral zone that has its own specifics and generates problems of an eco-
nomic and migration nature" [24].

In the Black Sea-Caspian space, Iran is the main supplier of hydrocarbons [35], which is of great interest to the
world's leading economies (China and India) as a transit corridor. However, the main routes of the Silk Road Economic
Belt (SREB) pass through the vast territories of Central Asia, Russia and Europe; Western Asia to the Persian Gulf and
the Mediterranean Sea. It is also supposed to create "a new continental bridge between Europe and Asia, international
corridors of economic cooperation” China-Mongolia-Russia "and" China - Central Asia - West Asia " [5, p.87].

The most important document of the European Union, which outlined its desire to strengthen influence in the
Black Sea region - the resolution of the European Parliament of January 20, 2011 "EU Strategy for the Black Sea", which
notes that "the Black Sea region is a strategic bridge connecting Europe with the Caspian Sea basin, Central Asia and the
Middle East, and further, with Southeast Asia and China, and is characterized by its close ties and enormous potential,
but also diversity and rivalry ”[22, p. 81].

This statement testifies that the Black Sea basin and its infrastructure are considered by the EU and NATO alli-
ance countries as an important element in the transit chain of the strategic (global) transport route in the Eurasian
space. Given the limited availability of these routes through the territory of the Russian Federation, bypass options for
spatial development along southern streams are being considered: through Georgia, Azerbaijan, Kazakhstan, etc.
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The well-known concept of the "Greater Black Sea Region" by R. Asmus has actually transformed into the polit-
ical direction of the Euro-Atlantic Black Sea region. Its significance is determined by a number of important factors: as
“the pivot between the main part of Europe and the" Greater Middle East ""; the attachment of the Black Sea region to
the West; the possibility of achieving energy security through diversification of their supplies and new transport routes
[2]. At the same time, there remains “an open question about the institutional expression of such a“ feedback 7, as well
as “doubts about the“ Europeanness “of the Black Sea states” [2].

In development of Western initiatives, the Istanbul Declaration was signed on June 26, 1992, which proclaimed
the creation of the Black Sea Economic Cooperation Organization (BSEC). However, according to A.R. Nikiforova, over
the twenty-year period of its operation, “not a single large-scale project has been implemented and practically did not
advance along the path of economic integration of the Black Sea region”, therefore “the time has come to understand
the Black Sea region as a political region” [22, p.79].

A number of experts are rather skeptical about the socio-political integrity of the region, the presence and pro-
spects of the Black Sea identity. According to P. Dimitrov's estimates, there is no Black Sea political and cultural identi-
fication. “People living on and around the Black Sea coast identify themselves as residents of the Balkans, Caucasians,
Turks, and even as former Soviet people, but never as people of the Black Sea zone” [34]. Therefore, the region “is not a
direction for any separate geopolitics,” it is viewed as a space where the interests of the EU, Russia and the United States
clash, but “not in the form of geopolitics,” but “in the form of infrastructure policy” [7, p. 8].

These features of the formation of the Black Sea region and the identity of its population on the principles of
"natural-material” parameters and physical space, are fundamentally different from the ideology of Eurasianism, which
is inherent, including the peoples of the Caspian region.

The space of the Greater Caspian Sea as a new geopolitical mega-region.

According to the conceptual ideas of the mega-region, which, in addition to economic (production and re-
source), is distinguished by “socioeconomic” characteristics, the South Asian zone can be said as a macro-region, ag-
glomerations, and various kinds of unions [30, p.129-130 ]. Therefore, “the economic space of the mega-region is locat-
ed between the world and national economies [12, p.207].

E.I. Inshakova suggests considering mega-regions as institutional and organizational “forms of transformation
of the global economic system (GES)”, since they form a group of contiguous countries of the world economy, linked by
the joint performance of global functions [11, p.12]. However, this definition gives a very abstract description of the
concept, since the subject of these functions has not been formulated, and an attempt to unite countries into interna-
tional regional unions can hardly serve as such a criterion, especially if it “is formed and developed under the influence
of ... national character” [11, p. .12].

Analytical studies of the concept of "mega-region” made it possible to group the totality of their characteristic
features [4; 9; 13; 29]:

- the development potential of the "mega-region” system is formed by a wide range of factors designed to en-
sure sustainable development of the regional economy;

- mega-regions are “locomotives” of sustainable economic development of their countries on the basis of inte-
gration-balanced interaction;

- the institutional factors of a mega-region's development are determined by its institutional environment,
which, in accordance with the theory of institutionalism, is a set of fundamental political, social and legal rules that form
the basis for production, exchange and distribution;

- the institutional environment of the mega-region - the rules of behavior determined from the outside (by the
external environment, or exogenously set) in political, social and legal aspects, and the relations underlying the organi-
zation - the mega-region, that is, set endogenously;

- assumes the presence of large centers of attraction. Within the mega-region, rich regions appear, elites who
do not want to share not economically, not power, “they do not want to share culturally either”;

- does not imply the obligatory existence of an administrative capital;

— changes the ideology of international cooperation: from the paradigm of liberal globalization in the interests
of private capital of the leading countries of the world is being replaced by the paradigm of sustainable development in
the interests of all mankind;

— forms the concept of socially conservative synthesis as an ideological basis for reforming international mone-
tary, financial and economic relations based on the principles of justice, mutual respect for national sovereignty and
mutually beneficial exchange.
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According to N.V. Gorbacheva energy sector is an important factor in ensuring the sustainability and devel-
opment of mega-regions [29, pp. 173-174]:

- energy security, ensuring the sufficiency of energy resources for sustainable development;

- energy independence, determined by import-export dependence and the reliability of these flows;

- environmental challenges accompanied by climate change and an increasing impact on the environment.

In these conditions, the most important factors in the development of the mega-region are distinguished, ac-
companied by global effects — an increase in the quality of life of the population on the basis of its sustainable reproduc-
tion development and the formation of an attractive institutional environment [9, p.97]:

- development of innovative potential and increasing investment activity;

- increasing investment attractiveness;

- integration-balanced interaction of the mega-region vertically (with systems of a higher level) and horizontal-
ly (with equal-level systems and with elements of the system itself);

- increasing the competitiveness and competitive stability of the mega-region.

In the new geopolitical realities, the Caspian region is viewed as: part of the vast territory of the "Eurasian Bal-
kans"; part of a vast territory — Eurasia; a connecting link between the Central Asian and Black Sea areas or a connecting
link in the North - South direction (Russia - Persian Gulf). In this context, the point of view of S.A. Proskurin and K.G.
Landa, considering the Caspian region as a logical continuation of the Indo-Persian, Caucasian-Black Sea, Central Asian
and Volga-Ural geopolitical regions [26, p.192].

In our opinion, the concept of "Caspian region", which is actively used in periodicals and scientific literature, is
based more on intuitive understanding than on a clear definition based on certain characteristics, is still interpreted am-
biguously and sometimes contradictory. Recently, as an ideological justification for the integration of the CIS countries,
they started talking about a new understanding of Eurasianism. The Caspian region is the center of Eurasia, so it is here
that these ideas have always met the most direct interest [19, p.15].

Considering the region in a narrow sense, as a territory adjacent to the sea, it can be represented schematically
as a model of the small Caspian region (Fig. 1).

The proposed model, in contrast to those traditionally described in the literature, shows the presence of devel-
oping partnerships between all countries in the region. The multi-vector nature of further development of cooperation
within the framework of the model of the small Caspian region (similar to the accepted interpretation of the region in
the narrow sense) is ensured through the participation of five Caspian states in the activities of various international
organizations.

The diversity of the interweaving of these relationships both between the Caspian countries and their indirect
political, trade and economic participation with third states through bilateral or multilateral relations through interna-
tional organizations, form a new configuration of the spatial development of the Eurasian continent.
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Fig. 1. Model of the space of the small Caspian region
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For example, Iran is an important state through which the implementation of the Eurasian integration policy of
Russia and China is ensured; Russia and India. The resource potential of hydrocarbons passing through the Strait of
Hormuz reaches 40% of world trade and 20% of oil trade, its geographical position connects the Caucasus and Central
Asia with the Arabian Peninsula, India with Sweden, Afghanistan with Turkey, etc. [25].

Coupling Eurasian integration based on the construction of the Eurasian Economic Union and the Silk Road
Economic Belt provides the formation of a transit space between China and Europe according to various options (along
the Trans-Siberian Railway along its entire length; transportation of Chinese goods to Russia through Kazakhstan;
transit from China to Europe bypassing Russia — through Kazakhstan and Iran) [18, p.46-47].

Simultaneously with the formation of the vast space of Greater Eurasia (from the ASEAN countries and Korea
in the east, India in the south to the Transcaucasus in the west), new geopolitical and geoeconomic systems of "inter-
connections — transport, trade and investment, human, political", as well as free trade zones, unity of norms and stand-
ards are being created. At the same time, the economic potential of “China and India provide a safety cushion for the
new co-development space” [17, p. 54].

Given the special modern geopolitical and geo-economic strategic importance, the Caspian region has become
the epicenter of international processes. The uniformity of most points of view lies in its recognition as a transboundary
macro-region, in the formation of which “more than 30 regional, extra-regional and global political, economic, military
actors, represented by states, organizations and companies, are involved” [1, p.53]. The transboundary status of a region
is an institutional form of organizing transboundary cooperation [32], which can be characterized as a “natural econom-
ic zone” [37] of regional development.

In terms of the combination of these factors and conditions, the Caspian region as a “subject” appears to be a
more complex configuration of geopolitical relations that requires clarification of the modern concept. Initially, it was
not so united and did not have a common legal framework and a specific legal status. Therefore, there were several levels
of "maturation” of the subject's essence of geopolitical characteristics: (a) the unity and integrity of the cultural, histori-
cal and geographical space; (b) cooperation of political and economic activities of all entities; (c) common strategic in-
terests and priorities; (d) formation or presence of a “territorial (regional) idea”; (e) a unified legal field [8, p.35-36].

The participation of the Caspian states in the activities of various international organizations, as well as the de-
velopment of bilateral and multilateral political, trade and economic relations, allow us to form a developing vector of
the spatial model of the “small Caspian region”. The matrix and status of states in the main international organizations
that form the Greater Caspian Sea space (Table 1) indicates the possibility of creating a multi-vector and multidirection-
al space for further development of international cooperation within the Greater Caspian Sea.

Table 1
Matrix and status of states in the main international organizations,
forming the space of the Greater Caspian
Commonwealth Organization of the
Independent Shanghai Cooperation Black Sea Eurasian Economic Union
. Organization (SCO) Economic cooperation (EAEU)
Countries of States (CIS)
Caspian (BSEC)
i Free zone
region
Full Associate . Observers / Dialogue . trade -
members | members Participants Obs.erv.er partners Participants DbserversPartners| Members |Observers Conversation
Application agreement /
interest
The status of the states parties to the Convention on the Legal Status of the Caspian Sea dated 12.08.2018
Azerbaijan X X X
Iran X/ X X
Kazakhstan X X X
Russia X X X X
Turkmenista X
n
States - strategic partners of the countries of the Caspian region, the EAEU and the SCO
Armenia X X X X
Belarus X X/ X X
India X negotiation
China X X
Kyrgyzstan X X X
Pakistan X
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Moldova X X X

Serbia X X
Tajikistan X X

Turkey X X

Uzbekistan X X

States that are among the leading and developing economies of the world

Egypt /X X negotiation
Vietnam /X X

Korea X interest
Singapore X

Japan X

Source: author

The proposed matrix and status of states in the main international organizations that form the space of the
Greater Caspian Sea (see Table 1) is characterized by a combination of the diversity of geopolitical subjects. The linear
model of their construction and institutional transformations determines the status of states that are part of intercon-
nected international organizations, which are distributed at the appropriate levels:

1) First - regional level:

1.1. The countries of the Caspian region, forming the space of the small Caspian region (see Fig. 1);

1.2. The legal status of the countries of the Caspian region in the main international organizations operating in
the Eurasian space (full or associate member; participant, observer or dialogue partner; participant, observer or partner;
members, observers, participants in the free trade zone).

2) The second is the macro level:

2.1. The main international organizations in which the Russian Federation participates in the Eurasian space
(CIS, SCO, BSEC, EAEU);

2.2. The legal status of states in a particular international organization (full or associate member; participant,
observer or dialogue partner; participant, observer or partner; members, observers, participants in the free trade zone).

3) The third - mega-level:

3.1. States parties to the Convention on the Legal Status of the Caspian Sea;

3.2. States are strategic partners of the countries of the Caspian region, the EAEU and the SCO;

3.3. States that are among the leading and developing economies of the world.

As a result of institutional transformations, the physical and geographical space of the Greater Caspian Sea can
be gradually formed, which is represented by a large number of various states of almost all continents of the Earth, dif-
fering in the level of development: productive forces and production relations; political systems and political structure,
foreign and domestic policy, as well as other historical, socio-economic and cultural characteristics. At the same time, a
basis for building a multidimensional model of the Greater Caspian Sea is being created, a dynamically changing spatial
conjugation of various forces of international influence. Within the framework of this space, a set of two and - trilateral
ties and relations is formed as the most stable geopolitical and "spatial units".

Thus, the Syrian events (from September 30, 2015 to the present) contributed to the creation of the most effec-
tive military-political coalition of states (Russia — Iran — Turkey), which is actually transforming into the southwestern
vector of the "Greater Caspian Triangle" - a zone of collective security in the south Caspian space. The strategic triangle
also covers the most “explosive regions” of the world: the Caspian and Black Sea basins — the Mediterranean - the Per-
sian Gulf - the Arabian Sea.

The Caspian southeastern Eurasian vector (Eurasian turn), which forms a new geopolitical space of the Greater
Caspian Sea, is carried out within the framework of the “Greater Eurasian Triangle RIC” (Russia — India — China), as an
established format of political interaction between states. The importance of this cooperation is determined by the tradi-
tionally developing trade and economic relations, as well as the possibilities of conjugating Eurasian integration in the
implementation of global projects: the Chinese Economic Belt of the Silk Road and the International North-South
Transport Corridor, which expands India's accessibility to international transport communications and hydrocarbon
resources.

Conclusions. The new geopolitical space, formed within the framework of the “Greater Eurasian Triangle RIC”
with the base of the “Greater Caspian” triangle, which pulls together the leading players in world politics, encircling the
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Eurasian continent with the most important transport routes, is characterized by specific economic, geopolitical and
physical and geographical features of this mega-region.

The changing geopolitical alignment in the world based on the formation of "multidimensional spaces" - trian-
gles, as the most stable political and economic international structures (formations), represent new spatial realities of
the geopolitical dimension of the multipolar world order in the system of world coordinates and their increasing influ-
ence in the Eurasian space, "axial zone "which is occupied by the Greater Caspian.
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FORMAL MODELS AND ALGORITHMS IN POLITICAL SCIENCE:
GAME-THEORETIC APPROACH
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Annomayus. Bonpocol MexwOuCUunnuHapHoll uHmezpayuy mMemooos UCCied08aHUs NOTUMUYECKUX NPOUECcos npedcmas-
7s0M onpedesnentbvlil UHMeEpPeC KAK ¢ Meopemu4eckosl, max u ¢ npakmu4eckoii mouex 3peHusi. IIpunoderue memooo8 CUucmemHozo
AHATU3A, MeEOPUY NPUHSMUS PeUeHUtl, MAMEMAMUYECK020 U UMUMAKUOHHO20 MOOETUPOBAHUS K UCCTIEO08AHUIN NOAUMULECKUX,
COUUATIEHO-IKOHOMUMECKUX CUCMEM 3A0a4d HEMPUBUATLHAS, NO3BONTIOUAAS BLIABUMb 3AKOHOMEPHOCMU U MeHOEHUUY 8 PA38UmMuL
cucmem, 0671a0a10U4UX NOBEOEHUEM, NPUOGPECU ONBIM NPOZHOSUPOBAHUS U CPABHUMENLHO0 AHANIU3A PE3YbMAMO8 UCCTIE008AHUS.

B cmamve npedcmasnervt pesynvmamol UCCIe008aHUSL, NPeOMEMOM KOMOPO2o ABATeMCs onpedesneHue YCr08uil NPUMEHUMO-
CMU MeopemuKo-uzpo8020 no0x00a K UCCre008aHUI0 NOIUMUYECKUX NPOUECCOB.

Cmamus, NOCBUEHHAS MEOPEMUKO-UZPOBOMY NO0X00Y K UCCTE008AHUI0 NONUMUMECKUX NPOUECCO8, ONpedensien B03MOxHc-
HOCMU, KOMOpPble OMKPbIGAEM NPUMEHeHUe MEeOPULL Uep K AHANUZY CTOHCHBIX CUCTEM, 00714010 UsUX NOBeJeHUEM.

AxmyanvHocmy membl UCCTE008aHUS Onpedensiemcs HeDOCMAMOuHbIM, N0 MHEHUI0 A8MOP08, BHUMAHUEM HAYYHOL 00u4e-
CMBEHHOCMU K UHCIPYMEHMANIbHbIM CPEOCHBAM, KOMOPble 20M06bl NPedoCmAasUms NPedcmasument MoUHbIX HAYK NOIUMON02aM U
coyuonozam. CospemerHoe cocmosHue HopMAnbHO20 MOOETUPOBAHUS 8 NOAUMONI02UYU HAXOOUMCS HA IMANe HAYATLHOZ0 OnpedeseHus
npeomema uccnedo8aHus u PopmMuposarus KOHUenyuy.

Mamepuanvt u memodut, pesynomamot u 06cynoeHus. A6mopamu 6vINONIHEH AHAIU3 B03MOKCHOCMEL, KOMOPblil npedo-
cmasnsiem meopemuKo-uzposoti no0xod Uccred08amento, NOKA3AHyL PA3IUHbIE BAPUAHINGL NPUMEHEHUS UZP PA3HOZ0 KILACCA.

L]enecoo6pasnocmo npumeHeHuss Memodos MeopemuKo-uzpo8020 no0X00d 8 NOTUMOLOZUHECKUX UCCTe008AHUSX 06YCT08e-
HA COBPEMEHHDIM COCTOSHUEM NOAUMONIOZUMECKOT] HAYKY, 8ePUPUKAUUL UHCPYMEHMATLHBIX CPedCMB UCCIed08AHUS U Pe3ybma-
M08 8 CLOHHBIX YCTIOBUSAX POCMA 065eMO8 UHPOPMAYUY, NOOTEHAU4ETE CUCTIEMAMUAYUY U AHATIU3Y.

3axmwouenue. IIposederHoe uccnedosarue packpviaen HOBble B03MONHOCMU 6 PA3BUMIE HOB020 HANPABIIEHUS 6 CUCHIEME
NONUMON0ZUHECKUX UCCIE008AHUTI, 8 0CHOBE KOMOPO20 NIEHKAM MEMOodbl CUCIIEMHO20 AHAUZA U MEXHOL0US POPMATLHO20 MOOEUPO-
8aHUA HA 6a3e MeopemuKo-uzpo8020 100xX00d K AHANU3Y CTOHCHBIX CUCIEM.

Teopemuueckas yeHHOCMb udel NPUMEHEHUS Memod08 MeopuU uzp K Uccne008anuio NOTUMUUECKUX NPOUECCO8 U A6eH UL
cocmoum 6 pacuiupenuy npeomMemHoz0 noJs NOTUMON0ZUECKUX UCCIE008AHUIL.

Ipaxmuveckas yeHHOCMb udey COCMOUM 8 onpedeseH YC08Uil NPUMEHUMOCU KIACCUMECKOTE Meopuu uzp 6 noaumono-
2uY, uHmezpayUL MPAOUUUOHHBIX MENO0008 NOAUMONIOLUMECKUX UCCTIE008AHUT U MEMO0008 POPMATILHO20 MOOETUPOBAHUS OIS AHATU-
30 NOIUMUMECKUX NPOUECCO8, ABNIEHUTL, N0BEOCHUS] COUUANTLHO-NONUMUUECKUX CUCTNEM.

Kirrouespie c1oBa: aHTarOHMCTUYECKME UTPDI, UTPBI C HEHY/IEBOJ CYMMOIA, KOA/TMIMOHHBIE ¥ KOPIIOPATMBHBIE UIPbI, UTPa C
HPUPOION.

Abstract. The issues of interdisciplinary integration of research methods of political processes are of particular interest from
both theoretical and practical points of view. Application of methods of system analysis, decision theory, mathematical and simulation
modeling to the study of political, socio-economic systems is a non-trivial task that allows you to identify patterns and trends in the de-
velopment of systems with behavior, gain experience in forecasting and comparative analysis of research results.

The article presents the results of the research, the subject of which is to determine the conditions for the applicability of the
game-theoretic approach to the study of political processes.

The article is devoted to the game-theoretic approach in the study of political processes. The authors define the possibilities that
open up the application of game theory to the analysis of complex systems with behavior.

According to the authors, the relevance of the research topic is determined by the insufficient attention of the scientific com-
munity to the tools that representatives of exact Sciences are ready to provide to political scientists and sociologists. The current state of
formal modeling in political science is at the stage of initial definition of the subject of research and formation of the concept.

Materials and methods, results and discussions. The authors analyze the possibilities that provide a game-theoretic approach
to the researcher, and show various applications of games of different classes.
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The expediency of applying the methods of game-theoretic approach in political science research is due to the current state of
political science, verification of research tools and results in difficult conditions of increasing volumes of information to be systematized
and analyzed.

Conclusion. The research reveals new opportunities for the development of a new direction in the system of political science re-
search, which is based on methods of system analysis and formal modeling technology based on a game-theoretic approach to the analy-
sis of complex systems.

The theoretical value of the idea of applying the methods of game theory to the study of political processes and phenomena is to
expand the subject field of political science research.

The practical value of the idea is to determine the conditions for the applicability of classical game theory in political science,
the integration of traditional methods of political research and formal modeling methods for the analysis of political processes, phenom-
ena, and behavior of socio-political systems.

Key words: antagonistic games, non-zero-sum games, coalition and corporate games, games with nature.

Introduction. Political science, possessing a historically established toolkit for research, which was traditionally
based on methods of qualitative assessment of the objects / phenomena under study, in the context of the modern in-
formation society and the growth of the amount of information required for analysis, faced the problem of complicating
political processes and, as a result, with the need improve research methods. Analysis of the history of the issue allows us
to assert that the date of the appearance of formal modeling in the subject field of political science research can be con-
sidered the 50s of the XX century [1]. Thus, the historical method, which traditionally was based on non-formalized
methods of studying social and political processes and phenomena, supplemented by the methods of mathematical sta-
tistics and integral calculus, makes it possible to visually display the economic and political situation using numbers and
graphs, to more correctly determine the causes and consequences, for example , social inequality, correlations between
the mechanisms of distribution of material wealth and social tension in society, etc. The interest in systems modeling in
political science, the joint use of methods based on the analysis of behavioral principles and standard methods of analy-
sis of random and non-random processes opens up new theoretical and applied aspects of formal modeling as applied to
political science.

The game-theoretic approach to political science is an example of the integration of rational and irrational
methods of complex systems. The game, as a mathematical model of a real conflict situation, allows each participant
(player) to make a reasonable choice of behavior strategy, takes place in certain conditions, has a multi-aspect character:
one should distinguish between descriptive, constructive and normative aspects. The behavior of the players in the game
is governed by some rules established for this game, which determine the strategies of the players, stability in relation to
information about the behavior of the opponent, the outcome of the game and the size of the winnings. It is proposed to
consider, within the framework of this article, antagonistic games (zero-sum games), non-antagonistic games and games
of one player (games with nature) and their application to models of justification of choice, which are based on methods
of expert assessment. The theory of games, in its classical positions, determines the norm of the player's behavior in or-
der to achieve his goal; the result of the game, as a rule, are recommendations to the player on the formation of an opti-
mal strategy of behavior that maximizes the average value of the utility function when the game is repeated many times.
Previously, the authors considered the possibility of using a zero-sum game in the construction of an arms race model
(Richardson's model) [2]

The construction of a formal model and the development of the corresponding algorithm are carried out in
stages. At the first stage, the problem that must be solved is formulated, and the subject of research is determined. So,
considering the elections as an antagonistic zero-sum game for two candidates, let us formulate the problem: for each of
the candidates, the main problem is the lack of information about the system of preferences of the electorate participat-
ing in the elections, and, as a consequence, the difficulty in determining the target group to which the vector will be di-
rected pre-election program. The challenge facing the player: to develop an election program that best suits the system
of preferences of the electorate and / or target group, which is characterized by activity. The peculiarity of the mathe-
matical model of this situation is that the players do not have sufficient information about each other's behavior, they
cannot change their stock of resources, the amount of gain is equal to the amount of loss. At the next stage, it is neces-
sary, in accordance with the principles of symmetric fair entry into the game, to determine the finite number of player
strategies and the size of the win / loss when implementing each of the strategies. In this case, the fairness of the entry
means equal chances of the players to win, the symmetry of the entry means that the corresponding strategies of the
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players have the same payments. The next stage is the construction of a mathematical model: player A has strategies A,,
A,... Ay, and player B, respectively, By, B,...,Bn.
The matrix of the game in which the gain of one player is equal to the loss of another player has the form
Vi1 Viz ... Vim
Va1 Va2 ... Vom

Vin1Vm2 -+ -Vimm

The game-theoretic approach to the election procedure allows one to determine the optimal strategy of the
player's behavior, the lower and upper game prices, that is, the guaranteed minimum win / loss. Example: Two candi-
dates running for election and competing with each other are counting on a certain percentage of the electorate. Trying
to attract electors, applicants choose alternatives: al (b1l) - increase the activity of electors in their target group; a2 (b2) -
attract media for advertising; a3 (b3) — adjust the electoral program in order to increase the attractiveness; a4 (b4) — zero
alternative (no new decisive actions are taken). The solution of the situation in the form of matrix games will make it
possible to determine the likelihood of success for each of the applicants, the appropriate frequency of applying a partic-
ular strategy, the dominant and most effective strategy.

The possibility of applying this model to a real situation, according to the authors, is constrained by a large
number of restrictions that are introduced when constructing a model: in real practice, players may have an unequal
number of strategies; the different types of resources that players will use have different "weights" and this fact violates
the necessary conditions for fair and symmetrical participation.

To put it precisely, a game-theoretic approach to modeling and predicting the dynamics of development of sys-
tems with behavior is not a tool for obtaining clear instructions “what and how to do in a particular situation,”but the
possibility of conducting a comparative variant analysis of the characteristic functions of the system under study and
analyzing the internal structure of the optimal solutions. In the absence of unambiguously specified measurable criteria
and the impossibility of applying the criterion approach to a qualitative description of a problem situation, the game-
theoretic approach is advisable to apply for a comprehensive analysis of the situation. So, the situation with the diver-
gence of interests of the parties, presented above as an antagonistic game, can be considered in the same formulation of
the question as a game with a nonzero sum, that is, as a variant of divergence of interests of the players, when the gain of
one contender does not mean the loss of the other. Interpretation of elections as games with a non-zero sum is accepta-
ble if there is negative feedback between the players:

— player A can directly or indirectly influence player B's choice of behavior strategy and, accordingly, influ-
ence the size of his payoff;

— with multiple choices, player B forms his strategy taking into account previous experience and information
about the choice of player A at the previous step.

Non-zero-sum games can be non-cooperative, where the players make decisions on their own, without collud-
ing, and cooperative, where decisions are made after certain agreements have been reached.

Elections, as a part of the political life of society from the standpoint of formal modeling and system analysis, is
a procedure for agreeing a system of electors' preferences on a finite / infinite set of alternatives, which can be single and
multiple, be one- and multilateral. If the selection procedure involves a finite set of experts / electors, it makes sense to
talk about the group selection procedure, for the study of which it is advisable to use other game-theoretic models.

Statement of the problem of multi-sided choice: there is a finite set of comparable alternatives A, on which a fi-
nite set (community) of electors needs to make a reasoned, consistent choice in accordance with their preferences. If
each of the participants has their own preference system (profile), then the task is reduced to creating a common (collec-
tive) profile and finding an alternative with properties that correspond to this profile. This selection mechanism, in fact,
is an analogue of direct democracy and the main difficulty, according to the authors, lies in the formation of a general
profile of the applicant that meets the preferences of each elector. The second possible variant of the search for the op-
timal alternative involves the formation of a collective profile of preferences after the available alternatives are ordered,
this is the so-called representative democracy. Example: a lot of electors and applicants for vacancies in government.
The electors, not knowing in advance what sphere of activity in the power structure will be determined by their “chosen
one”, arrange alternatives in descending order of attractiveness; on the basis of this list, a unilateral choice is made by a
certain representative of the electors. A group choice is possible based on the use of previously accumulated experience,
the so-called precedent method [3], which involves the adaptation of a tested optimal strategy to new conditions with
the reuse of algorithms, models and rules to solve the current problem.
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The seeming simplicity of the model has at least two pitfalls: the first is the influence of the well-known voting
paradoxes that electors encounter in the process of agreeing on the preference profile and / or ordering alternatives [4];
second — the need to choose the "best” method that will ensure equilibrium and fair entry of players into the game, the
symmetry of their participation in the game; by an equilibrium entry we mean the presence of conditions under which it
is unprofitable for the participants in the game to change their decision unilaterally.

The variety of models used by game theory has expanded the subject field of research. If antagonistic matrix
games assume directly opposite goals of the participants and the presence of no more than two parties participating in
the game, then it is obvious that this is a special case that has limited application.

It is advisable to consider a more general case that takes place in real socio-political practice, when a conflict
situation is interpreted as a non-antagonistic divergence of interests, while there may be more than two participants in
the game. The term non-antagonistic divergence of interests means that the gain of one participant is not the loss of
another, which can be explained by the example of the “prisoner's dilemma” model [5] or the exam, as a conflict situa-
tion in which a student has two options for behavior: prepared - not prepared, the teacher also two options for behav-
ior, took the exam, did not. In this model of a conflict situation, four outcomes are possible: 1. learned - passed; 2. did
not learn - did not pass; 3. did not learn - passed; 4. learned - did not pass. Obviously, the gain of one person is not the
loss of the other: a mark obtained by a student fraudulently does not mean a loss of the teacher.

In the event that players can make a decision based on mutual agreements, which they make as a result of a
pre-game discussion of possible strategies of behavior, game theory speaks of so-called coalition games, that is, games
with a voluntary association of participants for cooperation. From the point of view of game theory, such collusion
means the formation of a certain subset on a finite set of game participants, for which a set of behavior strategies, game
outcomes and win-sharing rules must be formed. So, political parties that do not collect the required percentage of the
electorate's votes can create coalitions, the formal representation of which is as follows: if S = {s} (s = 1,2, ... n) is a set of
players, then their union is an arbitrary coalition C, and the number of subsets of such coalitions is defined as the num-
ber of combinations of C from m to n, where m is the number of participants in the conspiracy (coalition):

Cy™= n!|(n-m)*m!

Each of the coalitions has its own set of strategies, the choice of which determines the outcome of the game. For
each outcome of the game, at the stage of coalition creation, a winning sharing scheme is determined, in which the rules
of collective and individual benefit must be observed. The collective benefit rule normalizes the distribution of the win-
nings: all winnings must be distributed among the participants. The rule of individual benefit is that the payoff of each
participant must be no less than the payoff that he could get without joining the coalition, making decisions on his own.

The coalition game model can be projected onto the group choice problem.

Results/Conclusions. The study reveals new opportunities for the development of a new direction in the sys-
tem of political science research, which is based on the methods of system analysis and the technology of formal model-
ing based on the game-theoretic approach to the analysis of complex systems.

The theoretical value of the idea of applying the methods of game theory to the study of political processes and
phenomena lies in expanding the subject field of political science research.

The practical value of the idea lies in determining the conditions for the applicability of the classical game theo-
ry in political science, integrating traditional methods of political science research and methods of formal modeling for
the analysis of political processes, phenomena, behavior of socio-political systems.
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CONEFESSIONAL FACTOR IN THE SOCIO-POLITICAL AND PARTY-POLITICAL
PROCESS OF THE MODERN RUSSIAN FEDERATION

PI'BOY BO «Ilarturopckmii rocynapcTBEHHbBIN YHUBEPCUTET», IIaTnropck, Poccnsa
Pyatigorsk State University, Pyatigorsk, Russia

Annomayus. Cmamovs NOCEAULHA BbIABNIEHUN) AKUCHMUPOBAHUA KOHPecCUOHAnbHO20 dakmopa 6 o0ujecmeeHHo-
nonumuueckom npovecce PO na dore e2o cmabunusayuoHHo-CmMazHAUUOHHbIX 6eKmMopos. IIpocnexuearomes meHOeHUUY 6KTOYEHUST
KOHeccUuoHanvHoz0 Paxmopa 6 oPUUUAnLHBITE OUCKYPC 20CY0apCBeHHbIX T1U0epos, nosuus enasvl Poccutickozo zocydapcmea 6 om-
HOWEHUY PentueUl, 6epbl, A MAKKe PO PenUUOZHbIX UHCIUMYMO8. AHATUSUPYIOMCS NOTUMUYecKue npozpammyl t OUCKYPC NOmU-
MUYeCKUX 1U0epo8 8 OMHOULEHUU POTIY, Yerell U 3a0ay PenusUu03HbLX UHCHIUNYIIOB.

KnioueBbie cnoBa: I[e(bI/IHI/ITbI O6III€CTBCHHO—HOHI/[TI/I‘{CCKOI‘O n HaPTV[ﬁ[HO-HOHI/ITI/I‘IeCKOI‘O nporecca, KOH(beCCI/[OHaHbeIf/I
CI)aKTOp, POIb pe/INIun " BEpPBHI, CBETCKUI XapakTep Poccmiickoro rocyrapCcTBa, NOIUTUICCKUE TTAPpTUN, ITOJIUTUYIECKAasA IIpOorpamMma,
PEIMINO3HbIE OpraHN3allVN.

Abstract. The article is devoted to identifying the accentuation of the confessional factor in the socio-political process of the
Russian Federation against the background of its stabilization and stagnation vectors. There are trends in including the confessional
factor in the official discourse of state leaders, the position of the head of the Russian state in relation to religion, faith, and the role of
religious institutions. Political programs and discourse of political leaders in relation to the role, goals and tasks of religious institutions
are analyzed.

Key words: deficiencies of the socio-political and party-political process, confessional factor, the role of religion and faith,
the secular nature of the Russian state, political parties, political program, religious organizations.

Deficiencies of modern socio-political and party political process. The modern socio-political and party-
political process in its global and also in Russian terms is marked by significant deficiencies. Among them, the obvious
is the lack of effective leaders, optimal organizational technologies, and reliable images. There is a deficiency of attrac-
tive programmatic and statutory ideas of political parties and, accordingly, a deficiency of social trust in party political
institutions.

Since the 2010s, the Russian socio-political and party-political process has been demonstrating a certain stabili-
zation and stagnation pace, both intrinsically-structural and technical and technological. This is largely determined by
the general stabilization of socio-political relations, the strengthening of the political system and the ordering of political
governance, the optimization of partogenesis, and the neutralization of conflict-generating factors in relations between
the authorities and citizens. At the same time, this is due to a gradual slowdown in the overall economic, social, and in-
frastructural dynamics of Russian society. The stagnation of the Russian socio-political and party-political process is
carried out in parallel with the negative phenomena of the economy and social life. They have been growing since 2014,
intensifying since 2018, and manifesting openly since 2019-2020 in the context of the global and Russian economic and
financial crisis, falling oil prices, as well as in the context of the COVID-2019 pandemic. The influenza epidemic, in ad-
dition to the death of people, causes large-scale damage to the economy and the social sphere (shutdown of enterprises,
reduction of the business segment, loss of income and earnings, rising unemployment, social pessimism, uncertainty
about the future, etc.). Under these conditions, trends that are relatively new in content occur.

Firstly, further verticalization of power is carried out through its personalization in the person of one leader -
the current President of the Russian Federation. The personalization of power has been consolidated since 2018 as a
technology of political, managerial and administrative tightening of regions, the fight against corruption and crime, as
well as the reintegration of socio-economic ties and strengthening of the ruling positions of the state. Also, the centrali-
zation of power through its personalization is due to the increasing role of Russia in the geopolitical architecture of our
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time. The concentration of power in the functional of the President of the Russian Federation is directly related to the
strengthening of the sovereignty of Russian foreign policy in resisting sanctions and hostile actions against the Russian
Federation by Western states and alliances.

Secondly, further nationalization of the socio-political and party-political process is carried out, the embryonic
middle class is disavowed, as well as the factors of its formation, as well as favorable preconditions for business initia-
tives, entrepreneurship, and self-employment. Also, the space of public policy is narrowing and control is increasing not
only over the socio-economic and material-financial condition of the population, but also over political and electoral
trends (remote voting: voting by mail, electronic voting, etc.) as part of further strengthening the Russian limited “sov-
ereign democracy ”, the framework of which is established by the state. The socio-political and party-political process is
becoming more and more formatted, its conservative-protective, distinctive Russian traditional-spiritual agenda is de-
termined by the authorities.

Thirdly, the index of political activity of citizens who are indifferent to direct participation in political organiza-
tions and movements and are limited by their electoral presence is decreasing. Interest in politics as an institutional ac-
tivity and influence on political decision-making is reduced. The general level of political culture and political compe-
tence is declining, while non-political forms of self-organization (volunteering, charity, collective humanitarian actions,
mutual support) are expanding. At the same time, citizens show traditional patriotism as devotion to the Motherland
and in large numbers demonstrate recognition of the glorious military heroic stories, first of all, the Victory in the Great
Patriotic War of 1941-1945. The 75th anniversary of Victory was celebrated in the Russian Federation in May 2020 in a
special regime due to quarantine measures due to the coronavirus pandemic, but with a high index of sincere participa-
tion of the population.

Fourthly, the general dissatisfaction of the population with the government remains, distrust of the Govern-
ment of the Russian Federation and certain key figures of the ruling and oligarchic establishment, whose names have
become common nouns (G.O. Gref, D.A.Medvedev, E.S. Nabiullina, I.I.Sechin , A.G. Siluanov, A.B. Chubais). At the
same time, citizens trust the President of the Russian Federation, support the actions of the head of state and express a
certain enthusiasm in connection with the amendments to the Constitution of the Russian Federation proposed by the
President of the Russian Federation, primarily in terms of their social component. Socially oriented initiatives of V.V.
Putin, set out in the Address to the Federal Assembly of the Russian Federation on January 15, 2020, as well as subse-
quent measures for social support of the population in the framework of countering the coronavirus pandemic in April
- May 2020, were approved by 66-98% of the population [5]. The majority of citizens express their readiness to support
the amendments to the Constitution of the Russian Federation by voting under the democratic slogan “Our country.
Our Constitution. Our solution”. There is some support for the idea of "zeroing" the normative term of a candidate for
the highest post in the state, probably in relation to V.V. Putin.

New perspectives of the confessional factor in the post-secular world. The long-term economic crisis, politi-
cal performances, the transformation of populism from political technology into political ideology and the "re-
discovery" of deep states have had a significant impact on the established political world order, modifying the factors of
the socio-political and party-political process. One of the new factors in the socio-political and party-political process is
the confessional factor, which indirectly, and in other cases and directly, intrudes into public and political life.

In the middle of the XX century. it seemed that a secular world, that is, free from confessional influence, would
only enhance secularism in all planes of human existence. However, at the beginning of the new millennium, the post-
secular reality clearly demonstrates and challenges the viability of the victory of a secular society [14].

The revival of the confessional factor in the socio-political and party-political process took place in the course
of the reduction of classical democratic civil norms, irresponsibility, lack of will and inactivity of many democratic cor-
porations. Processes and institutions of a socio-political nature take on a religious connotation in some cases, which is
manifested in visualized and hidden forms. An objective consideration of the confessional factor indicates that it not
only retains its relevance and relevance for many communities, but also stimulates social processes, exerting both con-
structive and destructive influence on society.

Here we will make a reservation that in this analysis we do not provide for the methodological nomination of
the confessional factor. We will use general definitions and popular ideas about the confessional factor not in its
worldview expression, but in the expression of social practices and moods, rituals, which are recorded by modern Rus-
sian philosophers, political scientists, sociologists. Modern philosophical, socio-political, cultural knowledge reflects
latent discussions about the role of the confessional factor, goals and objectives of religious institutions at the stage of
metamodernism [4]. Religion not only returned to the public agenda (and did not leave somewhere), but also clearly
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claims to revenge the positions lost in the course of scientific, technical, sexual, technological, information revolutions
and the release of mankind into outer space, which again actualized the problem of integration religious elements, prac-
tices and dogmas for naively sincere and cynically targeted use in politics.

Russian scientists note that "the influence of the religious factor is expressed in the incorporation of religious
foundations (including in a" transformed form ") into the political process and in the formation of new forms of collec-
tive identity." It is obvious here that “religious and confessional coloring becomes a marker of political events, that a
religious element is often introduced into political ritual in order to give political events and persons acting in them on-
tological status and legitimacy” [19].

The actualization of the confessional factor in the socio-political and party-political process is also manifested
in the Russian Federation. After the political atheistic ideology of Marxism-Leninism has lost its dominant position, the
state and society are trying to fill the gap. The society continues to search for ideology that could unite society, for some
spiritual foundations designed to unite citizens, including through the strengthening of the Russian state identity [1].

Institutional tendencies of the confessional factor in the Russian socio-political and party-political process

First. Inclusion of confessional topics, attributes in official texts, regulatory documents of the secular Russian
state. It is directly proclaimed in the Constitution of the Russian Federation that “no ideology can be established as state
or obligatory” and that “ideological diversity is recognized in the Russian Federation” [15]. The basic law of the Russian
Federation indicates the secular nature of the Russian state, which, in our opinion, is an uncontested legal and political
basis for strengthening the national civic consciousness of Russian citizens. However, recently, some state and political
figures, public activists, literary and artistic figures have been making attempts to include the postulates of the main reli-
gions of the Russian Federation as integrative ideological clamps in socio-political and party-political contexts.

The confessional factor is manifested in the content of the National Anthem of the Russian Federation, where
God has been mentioned since 2000, which is explained by the cultural and historical peculiarities of Russia [34]. At the
same time, it is obvious that the citizens of the Russian Federation with an atheistic worldview are forced to show special
loyalty to the text of the National Anthem of the Russian Federation, which emphasizes that "the native land is protected
by God."

In this regard, one of the problems of the socio-political and party-political process is the problem of relations
between the state and religious institutions, as well as the place of religion in the general system of ideological and ideo-
logical attitudes, but also in the system of relations between political and bureaucratic institutions. There are obvious
questions about a possible state religion, about the optimal confessional policy, as well as about some signs of clericaliza-
tion of the state and balancing the state between the secular nature of the state and the needs of religiously minded and
churched citizens. At the same time, the Russian state has taken under legal protection the “feelings of believers”, which
raises many doubts and creates dubious law enforcement precedents, since it is extremely difficult in legal terms to de-
fine what “feelings” are and who “believers” are, not to mention discrimination of feelings atheists who also need pro-
tection [16 and 38].

The presence of the confessional factor in the socio-political and party-political process of the Russian Federa-
tion from 2020 can be fixed in the amendments to the Constitution of the Russian Federation, proposed during the dis-
cussion of «The 2020 Presidential Address to the Federal Assembly» on January 15. The amendments contain the fol-
lowing thesis: “ The Russian Federation, united by a thousand-year history, preserving the memory of ancestors who
passed on to us the ideals and belief in God, as well as the continuity of the development of the Russian state, recognizes
the historically established state unity ”[23 and 35]. At the same time, DS Peskov, in connection with possible amend-
ments to the Constitution of the Russian Federation, noted that “the state in no way loses its secular character” [29].

The fixation of “confessional motives” in the regulatory and political-doctrinal documents of the Russian Fed-
eration, as experts note, is based on “the presumption of the importance of the religious factor in public life” [17], which
in itself cannot be interpreted as inevitable and necessary.

Second. Public positioning of statesmen and political leaders in relation to religion and belief in interaction
with religious institutions. When asked whether religion should play an important role in national culture, Russian
President Vladimir Putin, in an interview with the «Financial Times», answered: “It should play the role that has devel-
oped today, it should not be pushed out of this cultural space. ... Have we forgotten that we all live in a world based on
biblical values? Even atheists. But we all live in this world. You don't have to think about it every day and not go to
church, there you shouldn't hit your forehead on the floor, showing what kind of Christian or Muslim you are, or a Jew,
but in your soul, in your heart there should be some fundamental human rules and moral values”[ 26]. During his
speech at the World Congress of Russian Compatriots V. V. Putin addressed representatives of the Russian Orthodox
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Church, as well as other religions: “Many of the representatives of these confessions ... I want to thank them for
strengthening the cultural and humanitarian ties with Russia of our compatriots abroad” [28 ].

The leaders of the Russian state and the subjects of the Russian Federation often use religion to retain the sym-
pathies of citizens, who, according to general data, for the most part belong to Orthodoxy and Islam [30]. At the same
time, the researchers note “Orthodox-centered rhetoric of officials and a demonstration of the Kremlin’s special disposi-
tion towards the Russian Orthodox Church”, but emphasize that such rhetoric has “a fairly rigid spatial reference and is
successful in territories with a predominance of ethnically Russian population”, in contrast to other territories where the
majority of the population belongs to Islamic or Buddhist religious tradition [17].

Often state and municipal employees openly demonstrate their religious beliefs by visiting temples, church ser-
vices, and also work closely with ministers of confessions. Thus, the President of the Russian Federation V.V. Putin, as
well as the former President of the Russian Federation and the former Prime Minister of the Russian Federation D.A.
Medvedev, regularly attend Orthodox services, primarily Christmas and Easter [27], open churches and mosques [7],
interact with Patriarch of Moscow and All Russia Kirill, taking into account the expansion of social service of the Rus-
sian Orthodox Church. The first persons of the country's political elite systematically congratulate believers on confes-
sional holidays, for example, Christians Merry Christmas (it is a public holiday not only in the Russian Federation, but
also in many other states) and Easter, as well as Muslims with the beginning of the month of Ramadan and its end (Eid
al-Fitr), Jews with Passover [22] and Buddhists with the onset of the New Year according to the lunar calendar [11], etc.

In the modern Russian Federation, several government organizations and departments are engaged in state-
religious relations: the Commission on Religious Associations under the Government of the Russian Federation, the
Committee of the State Duma of the Federal Assembly of the Russian Federation for the Development of Civil Society,
Issues of Religious and Public Organizations, the Council under the President of the Russian Federation for Interaction
with Religious Associations, which reflects the multi-confessional nature of Russian society. At the same time, “the pres-
ence of representatives of the clergy near the authorities is considered by the authorities as desirable” [17]. The hierarchs
of religious institutions, in turn, publicly support the positions of secular leaders, which, in fact, is traditional for rela-
tions between the state and religious institutions that periodically compete with each other ("the war of the scarlet man-
tle and blue mantle"), but most often act together in managerial and organizational impact on society at the sites of
many councils, commissions, collegia [32].

In different regions of the Russian Federation, there is a public performance by officials and politicians of the
Russian secular state of religious rituals, as well as the wearing of religious attributes and symbols of faith in public plac-
es. At the same time, in some cases, the leaders of religious organizations seek to impose religious dogma on politicians
and statesmen as the basis for resolving contradictions. Extreme plots are conflicts between politicians and religious
leaders, in which the latter seek to apply measures of "religious influence" to officials and politicians (excommunication,
condemnation, etc.). In some regions of the Russian Federation, belonging to the traditional tribalist segment (in par-
ticular, in the North Caucasus), there are attempts to preserve religious and cultural rituals and radical opposition to
modern forms of leisure (shows, concerts, disco parties, flash mobs, competitions), some methods of "reverse emancipa-
tion of women", as well as the widespread use of ethno-religious attributes in external appearance (public wearing of
symbols of faith).

A peculiar manifestation of the confessional factor was the protest of some religious leaders and their followers
(both traditional and reformist) against the quarantine policy of the Russian state in the context of the COVID-2019
pandemic and bans on visiting places of worship. Suppose that the COVID-2019 pandemic, which showed distrust of
government and other government institutions, spawned an attempt by citizens to find consolation in the pillars of faith
and increased the influence of the confessional factor.

Third. Inclusion of the confessional factor in the functioning of educational, security and military structures.
In Russian schools there is a variable academic discipline "Foundations of Religious Cultures and Secular Ethics" [10].
The introduction of this discipline, taking into account its various modules, on the one hand, gives parents the right to
choose a specific module for students, and, on the other hand, in a sense, divides students according to different
worldview and cultural positions. In general, the choice of a module presents some difficulties, but in any case, each of
the modules does not presuppose the propaganda of religious views, but the transmission of information about the his-
torical development of religious systems and institutions in the general historical and cultural context. At the same time,
there is some risk of violation of ideological neutrality when teaching modules on world and traditional religions, which
are widespread in Russian communities [20].
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Also, obvious problems can be traced in the formation of the content of the direction of training "Theology" in
state universities, which is aimed at the formation of secular specialists in the field of state-confessional relations. How-
ever, expert and bureaucratic discussions at the level of ministries, departments and the Federation Council of the Fed-
eral Assembly of the Russian Federation indicate that the ratio of informational, educational and ideological compo-
nents in the implementation of the corresponding curriculum and the formation of relevant competencies is highly con-
troversial [31]. Here it is appropriate to highlight the opinion of Vladimir Putin, which also gives rise to a large-scale
problem field. So, V.V. Putin noted, “As for the activities of religious confessions, representatives of religious confes-
sions in educational institutions, I repeat once again — my personal opinion is that we should support and preserve the
secular nature of our state, but, of course, the activities of religious confessions in educational institutions, as well as in
the army and in places of imprisonment, is not prohibited, it will only be welcomed ”[37].

The Russian Armed Forces are also subject to the influence of the confessional factor. Thus, a new position ap-
peared in the staffing table — military priest (chaplain) [13]. Clergy often bless conscripts and approve of individual mili-
tary-political operations.

The symptomatic media story of 2020 was the construction of the main temple of the Russian Armed Forces,
which was erected in honor of the 75th anniversary of Victory in the Patriot Park in Kubinka near Moscow on the initiative
of the Russian Defense Ministry. The side-altars of the cathedral are dedicated to the holy noble Prince Alexander Nevsky,
the holy prophet of God Elijah, the holy apostle Andrew the First-Called, the holy great martyr Barbara, who are patrons of
various types of troops. “Along with the faces of the saints, the images of the legendary commanders Suvorov, Minin and
Pozharsky, Shuisky will be placed on the panel of the temple.” [21] ... On the walls of the cathedral there are compositions
“depicting the victories of Russia from ancient times to the present day: from the Battle of Kulikovo to the operation in

» «

Crimea”, first of all, the composition “Victory Parade” and the composition “Bloodless joining of Crimea in 2014” “Crimea
is ours! ". Other topics include "the fight against international terrorism in Southeast Asia, Africa, Central America, Central
Asia, the Caucasus and Syria." At the same time, along with the heroes of the historical past, the panel should have depicted
government officials, military leaders, the leaders of the power structures of the modern Russian state (V.V. Putin,
S.K.Shoigu, N.P. Patrushev, V.V. Volodin, V. I. Matvienko, V. V. Gerasimov, A.V. Bortnikov). At the same time, the rector
of the main temple of the Armed Forces of the Russian Federation, Bishop Stephen of Klin, said that “the depiction of his-
torical events and historical figures on the walls of churches is a tradition” [2].

Fourth. The manifestation of the confessional aspect in the party programs and in the party discourse. It is
natural that the confessional factor began to manifest itself in the content and technologies of party functioning. There
is no doubt that for a political party its program is the most important basis for ideological and organizational activity.
Program ideas, program goals, corresponding events and actions, as follows from the paradigms of classical partology
and from the algorithms of practical revolutionary or reformist activity, form the basic foundations of party functioning
and provide parties with either success or electorate indifference.

The 2016 elections to the State Duma of the Federal Assembly of the Russian Federation showed that the pro-
grams of Russian political parties lost their individuality, conceptuality, and also attractiveness. The programs of the
main political parties of the Russian Federation are monotonous and do not reflect the individual face of the parties, as
in fact, and do not imply a prominent inter-party competition. At the same time, modern Russian political parties are
looking for new program ideas that meet the needs of the social base, the electorate and that can revive the party design,
both essential and technological, and, in particular, resort to using the confessional factor [33].

Researchers emphasize that the 2001 Federal Law “On Political Parties”
parties on the basis of, among other things,“ religious affiliation, “that is, a party has no right to proclaim and protect

does not allow the creation of political

religious interests” [36] ... However, the accentuation of the confessional (primarily Orthodox) factor for expanding the
social base of parties occurs in parallel with the accentuation of the correlation of national and ethnic in the Russian —
Russian dichotomy in the general context of culture, spirituality, security, national and migration policy [9].
Considering the political program of "United Russia", it is important to note that this party does not have a
main political program, but puts forward a number of theses of support for the "Putin doctrine.” Therefore, the topic of
religion is not directly raised in the political texts of "United Russia", except for the election program for the presidential
elections in 2012, where the block "Spirituality and Unity of the Russian People" states: "We will contribute in every way
through the development of culture to the revival and strengthening of these values cooperation with traditional Rus-
sian religions. We welcome and will support the work of the traditional religions of Russia in the education and enlight-
enment system, in the social sphere, and in the Armed Forces. At the same time, the secular character of our state must,
of course, be preserved. Any person living in our country should not forget about their faith and ethnicity. But he must,
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above all, be a citizen of Russia and be proud of it. No one has the right to put national and religious characteristics
above the laws of the state. However, the laws of the state themselves must take into account national and religious char-
acteristics ”[24].

A number of prominent party figures use the confessional factor in their speeches and statements. For example,
the Chairman of the State Duma of the Federal Assembly of the Russian Federation V.V. Volodin notes that "Strength-
ening the institutions of family and marriage, counteracting the erosion of moral and ethical norms is our common task,
which requires joint efforts of the state, the Russian Orthodox Church and our entire multinational society." [8].

The position of the Communist Party of the Russian Federation is also symptomatic, in the political program of
which the strengthening of the confessional factor is not directly recorded. However, the leader of the Communist Party
of the Russian Federation, GA Zyuganov, links the idea of socialism with certain pillars of Orthodoxy, which became the
basis for the development of such properties of the Russian people as conciliarity, responsiveness, collectivism, and mu-
tual assistance. At the same time, the party cooperates with religious organizations in spite of the doctrinal incompati-
bility of the ideology of socialism of the 21st century with religious ideology [3].

In the political program of the Liberal Democratic Party in paragraph 7, it is explicitly stated that it is necessary
"to ensure the protection of Christians throughout the world" [18]. The opinion of the LDPR leaders on the confessional
factor has a pronounced emotional and subjective component. Thus, the chairman of the Liberal Democratic Party V.V.
Zhirinovsky noted: “You see, the Orthodox do not win! Atheists are in power. Atheists win! For me, for the Orthodox —
they do not vote! I am the only Orthodox Christian, and they don't vote for me!" [6]. But later he said: “Religions are the
past of mankind. Today the states are secular. Laws and constitution are in force.”[12].

In the political program of "Fair Russia" in the section "National Policy" it is noted: "Russia is a country that, in
the course of centuries of history, has managed to organically unite different peoples, religions and cultures. The unity
of the multinational people should be strengthened by common values, ideas, common civic ideology, which firmly bind
people of different nationalities and confessions living in Russia. " Therefore, the party proposes: "To intensify educa-
tional work among the population, aimed at understanding the characteristics of national cultures and religions of the
peoples inhabiting our country” [25].

Some generalizing considerations

Optimization of the socio-political and party-political process in the modern Russian Federation provides for
further research efforts to understand the invasion, application and use of the confessional factor. They are important
both in the essential structural and technical and technological vectors. The problematic field of such efforts, as it seems
to us, can be constituted by the following points:

— the possibility of neutralizing the contradictions between the secular nature of the Russian state and the ideo-
logical demand of a part of Russian society, as well as contradictions between its secular and clerical parts;

- the legitimacy of the inclusion of confessional ideological, figurative and plot content and the corresponding
thesaurus in the normative-legal and political-doctrinal texts of the authorities, political organizations;

- the need to declare the significance of the confessional factor not so much by default in the framework of the high
landmarks of Russian history and culture, as well as the attractive moral and mental properties of Russians, but in the
framework of correlating and opposing different interests of different groups of citizens;

- the admissibility of the use of the confessional factor in the practices of political management and bureaucrat-
ic rhetoric of state and municipal employees, as well as the use of ethno-religious attributes in the organizational and
administrative impact on the population;

- the relevance of combining traditional religious views and rituals with modern practices in education, sports,
leisure, communication, show business, entertainment, self-presentation in the course of social modernization of Rus-
sian society, the degree of which is significantly differentiated by region.
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Annomauus. B nassanue nacmosueil pabomvt 6bl6edeH MePMUH «2e0N0NUMUHECKAS KOCMONI02UA» 100 KOMOPbIM Mbl 100-
pasymesaem cnocoGHOCMb 2e0NONUMUKO8 KOHCMPYUPOSamp abCmpaxmHble CXeMbl, HAZIAOHO 00BACHAIOUsUE CYMb Pa3pabomanHot
UMU 2€0MONUMUYECKOTI cmpamezutl. Mo c80ez0 Po0a NPoBePKA HA JIOZUHECKYH) NPOYHOCHb KOHKPEMHbIX 2e0NONUMUUECKUX 00K-
mpun. Ecnu onu evidepicusarom amy nposepy, y Hux ecmv 0yoyujee. B npomusHom cnyuae — neped Hamu mepmeoporoeHHAss JOK-
mpuma. Ananus 6onvbUUHCMBa N000OH020 PoOa cMpameuil yKa3vléaem HA Mo, MO OHU HAl4e BCE20 UMENL Uebl0 3any2amy npo-
MUBHUKA CB0eLL CMENOCTNbIO U OPUUHATILHOCHDIO, U KPOME NCUXOTIO2UMECKO20 B030€liCBUS He UMeNnt HUKAKOL NPaKmuveckoil yeH-
HoCML.

Paccmampueaemas 6 Hacmosueti pabome npobnema KAcaemcs HoviHe UAUPOKO 00CYHOAEMOTi membl CMEHbL 2e0nonumute-
CKUX NOMIOC08 8 CUCMeMe MUpP06020 nudepcmea. Peuv udem o 10801l eeononumuyeckoti kongdueypauuu Eepasuu, ede evicmpausaemcs
0sa mpeyzonvruka — 3anaonuiii (lepmanus, Ppanyus, Benukoopumanus) u Bocmounwiii (Mpan, Nnous, Kumait). O6a oru Haxodsm-
€A HA PA3HBIX NOMHOCAX POCCUTICKOTE 2PAHULbL U 0KA3bIBAIOM HA Hee onpedesenHoe énusHue. B c60i0 ouepedv u cama Poccus cmanosum-
CA 27IABHBIM 2e0NONIUMUMECKUM YHACHHUKOM IMUX MeHOYHAPOOHDIX OMHOUEHUT, HA KOMOpble 0KA3bl6aen KOHKPemHoe 61uiHUe,
peanusys ceou HayuoHanvHvie uHmepecol. Vmenno Poccuu mvi 0meooum 00veOUHUMENbHYI PONb, HANAKUBAHUE PABHOBECHO20
napmuepckoeo ouanoza mexoy Bocmoxom u 3anadom, Komopovie 00MHHbL 8CMPEMUMBCA COZAACHO CHOPMYIUPOBAHHOLL €10 MEHOYHA-
pOOHOIL nosecmxe 1 NPednoNeHHOL Kapmure mupa. VIMeHHo paccmomperuio pAOa Mux npobnem u 80nPOCO8 U NOCBAUEHA HACTNOA-
was paboma.

Kmouespie cnopa: EBpasus, MexyHaposiHble OTHOILIEHSA, T€OONMNTUKA, INEP M ayTcaiifiep, rereMOHMs, MHOTOIIOIAD-
HOCTb, KOHQ/IMKT IHTEPECOB, BOJHA ¥ MUP, MHTETPALIA, S/IUTHI ¥ JIMJIePbl, KAPHABA/IbHAS HOIMTIYECKAs KY/IbTypa.

Abstract. The title of this work is derived from the term "geopolitical cosmology” by which we mean the ability of geopolitics to
design abstract schemes that clearly explain the essence of their developed geopolitical strategy. This is a kind of test of the logical strength
of specific geopolitical doctrines. If they pass this test, they have a future. Otherwise, we are faced with a stillborn doctrine. Analysis of
most of these strategies indicates that they were most often intended to intimidate the enemy with their boldness and originality, and
other than psychological impact had no practical value.

The problem considered in this paper concerns the now widely discussed topic of changing geopolitical poles in the system of
world leadership. We are talking about a new geopolitical configuration of Eurasia, where two triangles are built - the Western one
(Germany, France, Great Britain) and the Eastern one (Iran, India, China). Both of them are located at different poles of the Russian
border and have a certain influence on it. In turn, Russia itself becomes the main geopolitical participant in these international relations,
which it exerts a specific influence on, realizing its national interests. It is Russia, in our opinion, that plays a unifying role, ensures the
establishment of an equilibrium partner dialogue between East and West, which should meet in accordance with the international agen-
da formulated by Russia and the proposed picture of the world.

Key word: Eurasia, international relations, geopolitics, leader and outsider, hegemony, multipolarity, conflict of interests,
war and peace, integration, elites and leaders, carnival political culture.

Introduction. The three most ancient Eurasian cultures and civilizations — Chinese, Indian and Persian (Irani-
an) - represent in our time very serious political systems that play a leading role in the field of geopolitical and econom-
ic relations. And in our time, these three states are the pillars of the Eurasian processes, the stability and prosperity of
which will mean the stability and prosperity of the entire Eurasian space as a whole. This is the arc of Eurasian civiliza-
tions, a belt of cultural stability.

In recent political history, we see how these three countries (Iran, India and China) were in the 20th century in
the humiliating position of colonies and third-rate countries. At the beginning of the 21st century, we are actually wit-
nessing the revival of these states in the status of regional and then world leaders. The spirit of empires is reawakening
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in them. The fire of the passionary movement starts to ignite in them again. And this growth of them is already begin-
ning to seriously disturb the former world hegemons, who feel that their power is beginning to gradually slip out of their
hands.

Against the backdrop of the dying West, the Asian giants look especially menacing to it. These three countries
are potential gravediggers for US-European geocentrism. We called them the "Elephants of Eurasia" because we believe
that it is on them that the world order of this region is mainly kept. In the past, all three countries have an imperial his-
tory of their states. These are the powers with the potential of international leadership inherent in them. And they them-
selves feel better and understand adequately when they are in a state of empire. The fourth such power (with imperial
features) is Russia. But we'll talk about it next time ...

Geopolitical cosmology. Geographically and politically, Eurasia covers the area from Lisbon to Vladivostok,
but splits into two unequal zones — Europe (West) and Asia (East). In the past, this inequality was also expressed in the
political superiority of the West and the general lagging behind of the East. But at the present time the situation has not
only leveled off, there has been a clear lag in the West and the rapid growth of the East. At the beginning of the 21st cen-
tury. a new geometry of the world's geopolitical structure appears. The world is rapidly rebuilding its geopolitical poles,
changing the "magnetic field" of international relations. The monopolar world is being replaced by multipolarity. The
United States is losing its monopoly on decision-making in international relations and is increasingly beginning to
reckon and put up with the dissent of other strong geopolitical players.

Geopolitics always constructs its own international Universe, the structure of which is in a state of constant re-
structuring and clarification of the leader's status and the position of an outsider. At present, the Western (European)
part of Eurasia is already relegated to the category of periphery, and its Asian part is taking the first place. For a more
adequate understanding of the essence of this changing world structure, we will resort to the services of the so-called.
geopolitical cosmology and see what these three powers are.

Geopolitical cosmology - elevation to the rank of higher schemes and formulas of abstraction, allowing to com-
prehend complexity in its simplified form. As an example, we can give the scheme of perception of the assessment of the
central geopolitical region - the continent of Eurasia.

Eurasia, from the point of view of geopolitical cosmology, is a world "turtle” on which there are three elephants
(Iran, India and China), which in turn hold the "roof of the world” - Russia. The simplicity of this formula ("Turtle
Scheme") contains our concrete understanding of the essence of the geopolitical space of Eurasia, in which there is no
place for third countries - third world countries (primarily the United States), which in the past carried colonial oppres-
sion and a military threat to this region.'

The "Eurasian elephants” are three empires in the past and potentially in the future, which are reviving in the
present time in their former great-power status. The Turtle diagram illustrates Eurasian unity, which is what the United
States and its allies fear most, as it threatens their global hegemony.

What other images arise when analyzing this geopolitical triad? This is an image of the four primary elements
(elements) of nature: Iran is “fire”, India is “water”, China is “earth” (we will keep silent about the fourth element for
now, although this fourth element [“air”] is Russia). These elements are the spiritual symbols of these countries, what
they are associated with in the eyes of the world community. In the scheme of the four elements, the idea of Eurasian
unity and the Eurasian world order is again expressed.

From the point of view of the fabulous Russian worldview, Iran, India and China are semi-legendary distant
kingdoms, full of wonders and other eastern riches (tea, silk, spices, precious metals, etc.). In Russian epics and fairy
tales, the heroes visited these countries and their very journey brought them fame and fortune.

China, India and Iran constitute the cultural security belt of Eurasia. If Eurasia is associated with anyone in the
first place, it is with these three countries and Russia. Three elephants of Eurasia — "green elephant” (Iran), "white ele-
phant” (India) and "red elephant" (China) — a symbol of stability and power of the continental powers and the main
challenge and threat to the sea power of the Anglo-Saxons and their satellites.

What unites them is their specific attitude to the colonial past of the British Empire. All of them at one time ful-
ly drank the cup of London's colonial hegemony and are unlikely to want to have a trusting relationship with the Anglo-
Saxons.

! Author's note. This formula has some universality, since it can be applied to the European part of Eurasia: Western Europe is a world "turtle" on
which there are three elephants (Germany, France and Great Britain), which in turn hold the "roof of the world” - the United States. The last part of
the "formula” indicates who claims to be existential leadership in the world and who poses a real threat to the world hegemony of the other. He is also
the "conductor” of this scheme, since he determines the strategy and tactics of their joint behavior.
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If you look at these three elephants, then with the naked eye we will notice that each of them is surrounded by
"smaller" countries that are in the zone of attraction of their geopolitical gravitational fields: Iran has always influenced
the countries of the Middle East and the Arab world, India has influenced countries Hindustan, China - to the countries
of the Indo-Chinese region. And each has its own management traditions.

Culturally, these countries are the custodians of the invaluable world spiritual heritage, which constitutes the
true universal human wealth. History is the main asset of these states, which have enriched world science, culture, and
religion. In the past, scientists from these countries have made discoveries that continue to be used by all of humanity.
In the ranking of historical scientific achievements, they occupy all the first places.

One more concept that is important for our common understanding should be pointed out, which is conven-
tionally fashionable to call "geopolitical strings". The concept of geopolitical strings points to the existing schemes of
linear relations between states, which unite them with a certain commonality of ideas, values and goals, making them
situational allies and competitors of others, united in the same "structure-strings". For example, we have the right to
speak about the “string” of “NATO?”, which unites 30 countries into a military-political bloc, or the “string” of BRICS, or
the “string” of MERCO-SUR. The quality of each string is determined by the weight and quality of those players who
line up and take part in it. The more such strings a state has, the more complex its “geopolitical tools” and “geopolitical
concert” turn out to be. But the most important thing is that it should not be a cacophony, but a symphony. "Strings" -
lines of demarcation of interests and the expression of certain common goals. "Strings" cut through geopolitical space
both linearly and along a broken curve. They unite, they force, they define.

The first group of "Eurasian elephants” (Iran, India, China) do not yet have a common geopolitical string, but
as soon as it takes shape, there will be no need for many geopolitical mediators and advisers. The second group of "Eura-
sian elephants” (Germany, France, Great Britain) have a disorganized sound and their trio has gone to pieces, after their
conductor (USA) actually refused to lead them.

About the change of geopolitical "magnetic poles”. It is known that all modern Western geopolitical strate-
gies (Z. Brzezinski, S. Huntington, G. Kissinger, F. Fukuyama) [2, 5, 10-11] are aimed at explaining why the United
States is the main global hegemon. Unlike Anglo-Saxon and German geopolitical thought, the Russian geopolitical
school (A.E. Vandam, A.S. Panarin, E.M. Primakov) [See: 3, 8-9] never justified and encouraged colonial policy, but on
the contrary, she has always acted with its sharp criticism.

Geopolitical magnetic poles indicate which gravitational forces of attraction or rejection are acting in the world
community, and how they, due to these indicated forces, are distributed among leaders and outsiders. The present
epoch is characterized by the painful process for the collective West of breaking down the monopolar and building a
multipolar world order. This is a very painful process. Over the past century, the West has got used to sewing under the
"American umbrella” and has forgotten how to think independently and make responsible decisions. This cannot be
abandoned immediately, because there is a "terrible Russia’, the demonization of which has reached its apogee at pre-
sent.

The fact that the collective West is now losing its entire influence and influence can already be seen with the
naked eye. The crisis is seen in the negative selection of the elites. On the political Olympus of the West, open dullness
has broken through and has taken hold. The personnel crisis is observed in almost all countries of the Western alliance.
Instead of real problems, the elites begin to deal with themselves invented problems that lead their public to an incom-
prehensible direction. The obvious carnivalization of political culture is evident.?

The political class of the West has gathered a critical mass of political "clowns" and tricksters, immersed in
games with simorons, which completely supplants real politics. Such politicians begin to believe in miracles more than
in reality itself. Their practices are aimed at distorting reality so that it is convenient and manageable for them. In fact,
they create a parallel reality, a kind of looking glass, in which they can again be in leadership positions.

Diagnostics of modern political reality indicates that elements of carnival political culture are increasingly be-
ing introduced into the geopolitics carried out by Western world leaders - Western "clowns" are turning international
relations into a theater of absurdity. Under far-fetched pretexts, they impose sanctions, arrange provocations, blaming
their political opponents for, sowing controlled chaos everywhere and persistently promoting the doctrine of a conflict

2 We know about the carnival culture itself thanks to the works of Russian scientists (M.M. Bakhtin, A.F. Losev, D.S. Likhachev), [1; 6-7] who man-
aged to reveal the cultural code of this phenomenon. Political carnival is an action divorced from reality, aimed at asserting one's position in an obvi-
ously losing situation; it is an attempt to construct such an unnatural situation that would create a more preferable position for its authors, giving
them a preponderance of forces in their favor.
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of civilizations. The political carnival organized by them begins to suck in all the more minor participants in interna-
tional relations. But the main goal of these provocateurs is to draw the main competitors into this carnival they manage,
in order to ruin them, weaken them, and incline them before their imperial will.

At the same time, the Western political elites do not care what will happen to this region and to these countries
and peoples. The main thing for them is to organize a new robbery of Eurasia under a plausible pretext (there is no one
to rob in Africa, Latin America has already been robbed by them).The policy of robbing the world comes to a second
circle. The political history of the West indicates that it can prosper only by plundering colonies. He is sorely lacking his
own resources. This explains the collective Russophobia of the West towards Russia.

Threats and challenges: real and imaginary. In Eurasia, too often in the past, great wars have flared up for the
peoples of this region today to wish for a repeat of these tragic events. The peoples and states of Eurasia must learn to
speak not in the language of war, but in the language of culture and science. Unfortunately, military tensions are cur-
rently growing around all the key countries of Eurasia. Conflicts are kindled and supported from outside, by those world
players who are trying to prevent their unification and prosperity, which would mean the end of their monopoly in the
world.

Eurasia is too vast to be governed from one single center. Eurasia is a true symbol of pluralism and tolerance.
She doesn't need to be taught these categories. The teachers only spoiled her, for they brought in and tried to introduce
their foreign elements.

The most serious threat that the countries of Eurasia have faced over the past two centuries has been imperial
Anglo-Saxon expansion. And at the beginning of this skirmish, they succumbed to the technological superiority of the
overseas aliens. But having lost the first battle, they nevertheless won the civilization war and proved to the whole world
their political vitality and historical viability.

Robbing others is the norm for the Anglo-Saxons. Looting is a historical habit of this nation. The United States
is a predator with only its profit figures in its head and no moral and intellectual regrets. "Nothing personal just busi-
ness'! Such a business also erases the identity of those who put the question in this way. Therefore, the political elites of
the Anglo-Saxon world are political groups of swindlers with erased identities. Their personalities begin to wear off and
overwrite as they lie. By now, the United States and Great Britain have finally become empires of lies. Lies (fakes) have
become the meaning and norm of their political routine.

Western analysts acknowledge that the United States always has its own national interests in mind when it
comes to security. [13, p.16] But peace and order will be established in this region only when the Anglo-Saxons, repre-
sented by the USA and Great Britain, leave it. Consolidation ideas should prevail over confrontational ideas. Namely,
the Anglo-Saxons have historically been the bearers of the idea of confrontation - they have long lived and thrived in a
war of all against all. It has long been noticed by analysts that the West deliberately creates only such political world
structures in which it will obviously play the first role, eliminating competitors on the distant approaches to leadership.
[See: 12, p. 219] Therefore, there is no need to rely on fair rules of the game from the West (especially the Anglo-
Saxons).

Geopolitical competition is always on a key issue — determining who is the leader and who is the outsider. The
collective West for a long time perceived and evaluated the East as an outsider and it is now especially difficult for it to
come to terms with the fact that it is losing leadership qualities and leadership status and is gradually turning into a ba-
nal outsider. The destruction of the hegemony of the West was a consequence of its aggressive foreign policy, associated
with the extremely harsh (brutal) exploitation of the colonies in the previous time. The echoes of this policy are still vis-
ible. The collective West, represented by its leaders, is used to living by robbing its colonies and now it still cannot get
used to and learn to live without this criminal "doping". The fact that colonialism is a crime is beginning to reach the
leaders of Western countries only now.

At a time when the entire political collective West is infected by the virus of carnival political culture, in the po-
litical everyday life of the three leading powers of Eurasia + Russia, this carnival is either completely absent, or has a
minimal spread. These countries have a certain cultural immunity against this virus, and all attempts by the United
States and its satellites to drag them into this nasty tradition have not yet been crowned with success.

Let us especially note the existing mental differences between the countries of the Western and Eastern Trian-
gles. These differences relate to the images of their perception and evaluation. “Asia” for the West is everything that it
has not occupied. In this regard, Japan and South Korea are the West, because is under US occupation. For the same
reason, Russia has always been, is and will be "Asia" for the West, since it has never allowed itself to be enslaved, but has
always given an adequate rebuff to Western aggressors. This is the insistence of the West in Russophobia, which should
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long ago be equated with racism and anti-Semitism. And no one knows what needs to happen in the world for it to be
done.

Eurasian three +. The geopolitical structure we are describing (the Eurasian three will effectively solve its prob-
lems if another participant, another Eurasian country, Russia, takes part in their projects. Russia's presence in this
scheme is an undoubted plus, a stabilizing factor. It is precisely to remove this plus that the foreign policy of the United
States is directed, striving to be the only leading player in this region.

Russia occupies an advantageous geopolitical position, since all the leading Eurasian countries are actually lo-
cated along its borders from East to West: Japan, China, India, Iran, Germany, France, Great Britain ... Ideally, these
countries are not restrictive forces that hinder Russia in its progressive development, but a kind of "necklace" of the
most qualitatively developed countries, the achievements of which can and should be fed by Russia. Therefore, it is in
the interests of Russia itself not to conflict with these countries, but to build good-neighborly relations that guarantee its
peace and prosperity. Unfortunately, Moscow has not yet learned how to use this advantageous geopolitical position
and extract full profit from it. It is precisely those who themselves who benefit from this "belt of the Eurasian necklace"
are hindering it.

It should be noted that, unlike the Anglo-Saxons, the geopolitical thought of Russia has never considered Eura-
sia as its colonial possessions [4] and has never engaged in the use of Western technologies of "controlled chaos". [14]
Eurasia was a goal for Russia, but not as a means. And this is the main value of Russia - its civilizational "kinship" with
the ancient civilizations of Eurasia. The presence of the United States in this region only multiplies the lie and the result-
ing political and economic risks. The United States has shown itself to be the most deceitful country.?

The history of the United States itself is the history of crooked mirrors, where everything is distorted beyond
recognition. Official Washington's policy is built on lies. Without lies, the United States simply does not have politics.
To customize reality for yourself means distorting objective reality, giving it a carnival character. Carnival politicians
have clip thinking and an advertising worldview, when the wishful is passed off as reality. The United States wants to
dominate all of Eurasia from Lisbon to Vladivostok. But they simply do not have enough resources to fulfill these de-
sires. Lies are the last resource at their disposal, which they actively and very skillfully use. The US lies in the fact that
they call good evil and present their evil as good. US President R. Reagan called the USSR an "evil empire." Perhaps the
Soviet Union was not a saint. In global politics, the concepts of good and evil are becoming abstract. The problem of
good and evil is exacerbated as one approaches a specific person. But as we move away from it into the sphere of politics
and especially international relations, these basic categories are blurred and become interchangeable. As recent political
history testifies, ironically, it was the United States that, since 1991, became an empire of evil and lies.

Russia is a civilization of kindness.

If we compare the activities of the Western intelligence services with the Russian ones, the latter will turn out to
be just humanitarian organizations ...

* % %

The geopolitical schemes we have considered make it possible to understand most clearly what location today's
Russia is and what challenges and threats these "Eurasian triangles" pose for it.

Currently, the Eurasian elephants do not have a triple political union. Their relations are being built along the
lines of separate bilateral agreements. The contradictions between India and China hinder their geopolitical rapproche-
ment. At present, Iran cannot become their connecting link. Therefore, Russia is the main Eurasian peacekeeper. It is
Moscow that could and should act as the very integrating force that would tie Tehran-Delhi-Beijing together.

And then the scheme «Turtles» immediately comes to mind...
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Annomauus: npedcmassneHo asmopckoe Uccnedo8aHue 00u4ecmeeHHbIX o0peanu3ayuli 6 cospemertoil Poccuu, ux cnoco6os
s3aumodeticmeus. [Iposedero cpasHumenvHoe usyuerie npobsem 00uLecmeeHHbIX 0p2aHU3AYUTL 6 Pe2ULOHATIHOM NPOCMPAHCMEBe.

Pasnuunvie DopymHvle KOMNAHUU AENAOMCA NPAKIMUKO-0PUEHIMUPOBAHHDIMU 00PA30BAMENLHOIMU NIOUAAOKAMU O
00U4eCMBEHHVIX Op2aHU3AUUL, 20e 8 YC08UAX O71a20NpuUAMHOLL cpedvl 0N 00uleHUA, KynbmypHoeo oomeHa u camopazeéumus HKO
MO2ym aKmueusuposamy packpuvimue c60e20 NOMeHYyUANd, peuieHe npobnem 8 KOHmeKcme passumus 2par0ancKozo obusecmaa.

MemoOvt u mamepuanvt UCCHE008AHUA: 6 CMAMbe OXAPAKMEPUI0BAHDL MEHOEHUUU DPASBUMUSL  00U4eCBeHHbIX
opeanusayuii 6 cospemerHoll Poccuu, ucxo0s u3 cobpannvix dannvix Ha Cesepo-Kaesxasckom monodexrom Popyme «Mautyx — 2019».
Asmop uUcnonv308an CUCMeMHbI U CPABHUMENbHBL N00X00bl NPU U3YHEHUU NPOOIeMAMUKY 00ULeCNBEeHHbIX OP2AHU3AYUIL
Ceseprozo Kaska3a.

Pesymomamvt uccned08anus AKUeHMUpPyom eHUMAHUe HA AKIMUBHOM, HO 6Ce e HedoCMAmouHOM pPaseéumuu obuse-
cmeeHHbix opeanusayuil. Poccuiickue obusecmeentole opeaHu3ayui Ha 0AHHOM dmane HPoXoOTm NYms CHAHOBIEHUS, IO MOTI000T
cexmop, Komopviii mpebyem 0co6020 BHUMAHUS, MAK KAK AGAEMCI HEOMBEMIEMOLL COCMABTIOU4ET] 05T PYHKUUOHUPOBAHUS 2Pa(-
0aHCK020 00U4ecmea U 20cy0apcmea 8 Yeom.

3axmiouenue: noomeepxoaem asmopckue 6v1600bl 0 MOM, 4O Poccutickue 0bulecmseenHole OP2aHU3AYUL HA OAHHOM dmane
npoxo0Am nymv CMAHOBIEHUS, MO MO000Ti ceKmop, Komopoiii mpebyem 0co6020 BHUMAHUSA, MAK KAK SA6/emCS HeOmbeMIemotl
cocmasensiouwetl 015 PYHKUUOHUPOBAHUS 2PAMOAHCKO20 obujecmea u zocyoapcmea 6 uenom. ObujecmeeHHvle OpzaHU3AuUL C
nomouspro yuacmus 6 Popymax mozym peuiamv aKmyanvHvle npobnemvl, KOMOpPvle 6CMPeUarmcs Ha Nymu peanusauuu uoet, Ho
OanHoe HanpasneHue mpedyem CUCTMEMAMUUECKOT NOO0EPHKU CO CIMOPOHBL 20CY0ApPCMBa, max Kax OaHHbLLL CeKmop cnocobeH
pewamy 00ulecmeeHHO-COYUANLHBIE NPOOIEMBL 6 00U4eCBe.

KnioueBbie cnoBa: 06III€CTB€HHI)IC Opranmsanmy, HEKOMMEPUYECKME OpraHM3alnu, l'IpO6}I€MbI, «MamyK», TpaXKJaHCKOE
06III€CTBO, pasBuTMe, MOJIOEXDb, OpTaHbI BJIACTY, TOCYTapCTBO.

Abstract. The author presents the research of public organizations and their methods of interaction in modern Russia. It is a
comparative study of the problems of public organizations in the regional space.

Introduction. Various Forum companies are practice-oriented educational platforms for public organizations. And NGOs can
enhance their potential and solve problems in the context of the development of civil society in a favorable environment for communica-
tion, cultural exchange and self-development.

Methods and materials of the study. The article describes the development trends of public organizations in modern Russia,
based on the data of the North Caucasus Youth Forum «Mashuk - 2019». The author used a systematic and comparative approach in
studying the problems of public organizations in the North Caucasus.

The results of the study focus on the active, but still insufficient development of public organizations. Russian public organiza-
tions are currently on their way to becoming a young sector that requires special attention, as it is an integral part of the functioning of
civil society and the state as a whole.

Conclusion. The findings confirms the author’s conclusions that Russian public organizations are at the stage of development.
This is a young sector that requires special attention, as it is an integral component for the functioning of civil society and the state as a
whole. Non-governmental organizations through participation in the Forums can solve current problems that are encountered in the
implementation of ideas, but this area requires systematic support from the state, as this sector is able to solve social problems in society.

Key words: public organizations, non-profit organizations, problems, Mashuk, civil society, development, youth, govern-
ment, the state.

Introduction. The North Caucasus Youth Forum "Mashuk" is the largest youth forum in the south of Russia.

The 10th Anniversary Forum of 2019 was attended by 3,000 young people from the subjects of the North Caucasus Fed-
eral District, other subjects of the Russian Federation and neighboring countries [1].
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The venue for the event, as in previous years, was the city of Pyatigorsk, where, according to the established
tradition, a camp was set up at the foot of Mashuk Mountain from August 9 to August 30, 2019 to implement the educa-
tional and cultural program of the Forum.

The Mashuk Forum is a practice-oriented educational platform for young people, where, in a favorable envi-
ronment for communication, cultural exchange and self-development, participants can intensify the disclosure of their
personal potential in the context of the country's development.

The North Caucasian Youth Forum "Mashuk" is not just a platform for training and communication of young
people from the North Caucasus Federal District, it is a place where young leaders jointly seek solutions to the problems
facing the region and the country. The Forum participants are called to work on the challenges facing the regions of the
North Caucasus, to make a personal contribution to the development of the North Caucasus Federal District.

The sources of information for the analysis of the "problem field" were:

- National projects and national programs of the Russian Federation;

— The State Program "Implementation of the State National Policy";

- The Strategy for Socio-economic development of the North Caucasus Federal District until 2025;

— The concept of state Youth Social Policy in the subjects of the Russian Federation included in the North Cau-
casus Federal District until 2025;

— Strategy for the Development of Tourism in the North Caucasus Federal District until 2035.

The forum includes aspects related to the involvement of young people of the North Caucasus Federal District
in meaningful socially useful activities, including the development of volunteership, the involvement of youth in the
socio-economic development of cities and settlements, strengthening and development of interethnic relations and pre-
serving the immateriality heritage of the peoples of the Caucasus.

The goal of the Mashuk Forum is to form a vector of development “A happy and self-realized person in his
comfortable and modern territory” by creating teams and network projects to implement “points of growth” in the
North Caucasian Federal District and developing the personal potential of Forum participants [2].

The main mechanics of the Forum program is built around the direct work of participants with stakeholders.

Stakeholders are individuals or organizations that are interested in the development of certain sectors of the
economy and social sphere and are able to influence these sectors. Stakeholders represented by directors of companies
and organizations, heads of federal and regional authorities, representatives of HR services pose specific problems and
tasks of their industries to the participants. In this connection, the participants get the opportunity not only to engage in
abstract design activities, but to immediately focus their project on solving the problem of a particular employer, there-
by proving their professional suitability.

The chosen structure for the development and construction of such a Forum program provides:

- simultaneous training of beginners and more experienced participants;

- building a system of conscientious learning that allows you to start successful activities after the Forum;

- the relationship between the participants who prepare the projects within the Competition of Youth Projects
of the North Caucasus Federal District and of the other subjects of RF and a network of like-minded people and teams;

- meaningful communication with guests of honor, outstanding figures of culture, sports, education and eco-
nomics.

The North Caucasian Youth Forum "Mashuk - 2019" was held in three productive work shifts. Let us consider
each of them separately.

The first shift "Breakthrough Directions" took place from August 9 to August 16, 2019, on the agenda of which
was the analysis of the following topics: career growth, business and technology.

The goals and objectives of the first shift were achieved by interacting with employers and solving industry cas-
es, championships in programming and IT solutions, the work of career services, including professional assessment.

In the period from August 16 to August 23, 2019, the participants arrived at the second shift of the Forum -
"Civil Society". Based on the name of the shift, the topics of its study were social problems and interethnic relations.

For a more detailed analysis and consideration of problems, the participants were included in direct interaction
with representatives of government bodies, the solution of social cases. The final events were a competition of short
films of the Moscow-Caucasian Club on the topic of interethnic relations, as well as an amateur art festival “One World
- a Thousand Voices”.
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In conclusion, the organizers of the Mashuk - 2019 Forum in order to assess and reveal the leadership potential
of the youth of the North Caucasus Federal District organized the III session “I am the leader!” in the period from Au-
gust 23 to August 30, 2019.

The grant fund of the North Caucasus Youth Forum "Mashuk" in 2019 amounted to 85.5 million rubles.

To receive grant support, individuals and legal entities submitted applications for the competition.

Let's analyze the question of public organizations participation in the North Caucasus Youth Forum "Mashuk
2019".

Materials and research methods. Let's carry out a comparative study of the development of public organiza-
tions in modern Russia on the data collected at the North Caucasian Youth Forum "Mashuk - 2019". The author used a
systemic and comparative approach when studying the problems of public organizations in the North Caucasus.

Results. In 2019, 31 non-governmental organizations of the North Caucasus Federal District received grant
support totaling 50 million rubles. Of these, 13 organizations represented the Republic of Ingushetia, 3 — Stavropol Ter-
ritory, 4 — Republic of Alania, 7 — Republic of Dagestan, 2 — Karachay-Cherkess and 2 - Kabardino-Balkarian Republics.
If we consider the project component of the representatives of the non-profit sector, then they are mostly aimed at solv-
ing social problems and strengthening interethnic relations of the peoples of the North Caucasus Federal District [3].

Social activists and their organizations have certain difficulties and problems on the way of implementing their
ideas and carrying out activities.

In order to identify the problems faced by a public organization, we conducted a sociological survey (the ques-
tionnaire is presented in Table 1) of the heads (representatives) of non-profit organizations [4].

An analysis of the problems in this sector was made from the data. The study involved 12 public organizations
from the regions of the North Caucasus, namely:

- Republic of Ingushetia - 4 organizations;

- Karachay-Cherkess Republic - 1 organization;

- Stavropol Territory — 7 organizations.

Table 1
Questionnaire for public organizations

1) Families (young families)

2) Large families and single mothers

3) Minor children and children at risk

4) Great Patriotic War veterans; labor veterans; disabled veterans; pensioners
5) People with disabilities

6) Youth

7) Cultural and scientific elite; trade union associations

1) To help what category of the population your organization
is focused on (no more than 5 answers)

8) National minorities and religious groups
9) Other

1) Difficulties with the premises

2) Lack of partner organizations

3) Imperfection of the legal framework

4) Insufficient qualification of personnel

2) Indicate the difficulties and problems that your organization faces | 5) Financial difficulties

in the work (no more than 5 answers) 6) Staff turnover

7) Lack of support from local authorities

8) Low activity of the majority of members of the organization
9) Lack of volunteers

10) Other

1) Increase the staff

2) Increase funding

3) Improve the qualifications of employees
4) Solve the issue with the premises

5) Get to know th i f other NGOs in the regi
3) What you need to make your organization work more efficiently ) Get to know the experience of other s i the reglon

(no more than 5 answers) 6) Get acquainted with the experience of NGOs in neighboring regions

7) Get acquainted with the experience of foreign NGOs
8) Develop special programs to support NGOs
9) Create an advisory website for NGOs

11) Other

)
)
)
10) Receive timely information related to the activities of the NGO
1
1) every week

)

4) Indicate how often your organization interacts with other NGOs g
2) 1-2 times a month
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3) 3-4 times a year
4) once a year or less
5) does not interact

1) This kind of help is not needed

2) Very rare
5) Information assistance (provision of information in printed 3) Sometimes in specific situations
and electronic form) 4) Periodically

5) Very often

6) Constantly

1) This kind of help is not needed

2)V

6) Advisory and methodological assistance (consultations, assistance ) Very r.are . o
3) Sometimes in specific situations

4) Periodically

5) Very often

6) Constantly

in the development of projects, in the conduct of the event, transfer
of methodological developments)

1) This kind of help is not needed
2) Very rare
7) Material and financial assistance (monetary and non-monetary) 3) Sometimes in specific situations
4) Periodically
5) Very often
)

6) Constantly

The first question was: "Which category of the population does your organization aim to support?" In their ac-
tivities, 10 organizations put youth in the first place (Ingushetia, Karachay-Cherkess Republic, Stavropol Territory);
Public organizations of the Stavropol Territory are involved in national minorities and religious groups; Minors and
children at risk are included in the activities of 4 non-profit organizations (Ingushetia, Stavropol Territory); Public or-
ganizations of Ingushetia and the Stavropol Territory are engaged in the development of cultural and scientific elites, as
well as trade union associations.

It is worth noting that public organizations from Ingushetia and the Stavropol Territory, in view of their activi-
ties, are engaged in rendering assistance to Great Patriotic War veterans, labor veterans, invalids of the Great Patriotic
War, pensioners, people with disabilities, large families and single mothers.

In the second question: "What difficulties and problems does your organization face in its work?", the heads of
6 public organizations (Ingushetia, Karachay-Cherkess Republic, Stavropol Territory) identified financial difficulties
and 5 organizations from the above-mentioned republics face difficulties in premises. Also, 3 organizations of the Stav-
ropol Territory noted the imperfection of the legislative framework, 2 organizations - a lack of volunteers. There are no
partner organizations for two organizations from the Karachay-Cherkess Republic and the Stavropol Territory. It is
worth noting that for two organizations (Ingushetia, Stavropol Territory), the problematic part of their activities is the
lack of support from local authorities, and the Karachay-Cherkess organization notes the low activity of most members
of the organization.

The third question was aimed at identifying what is necessary for a public organization to work most effective-
ly. 7 organizations (Ingushetia, Karachay-Cherkess Republic, Stavropol Territory) believe that for effective work they
need to increase funding. The priority areas for achieving maximum efficiency are:

- solution of the issue of premises (2 organizations - the Karachay-Cherkess Republic, Stavropol Territory);

- to increase the staff (3 organizations — Stavropol Territory);

- to get acquainted with the experience of NGOs in neighboring regions (5 organizations — Ingushetia, Stavro-
pol Territory);

- improve the qualifications of employees (2 organizations — Ingushetia, Stavropol Territory);

The organizations of the Stavropol Territory, in addition to everything, need to receive timely information, de-
velop special programs to support NGOs, create a consultative website for NPOs, get acquainted with the experience of
other NGOs in the region and abroad.

When asked how often your organization interacts with other non-profit organizations, we received the follow-
ing answers: every week and 1-2 times a month (4 organizations - Ingushetia, Stavropol Territory), 2 organizations
from Ingushetia 3-4 times a year and 6 organizations do not interact with other organizations (Karachay-Cherkess Re-
public, Stavropol Territory). According to these statistics, most public organizations do not interact with each other at
all, which in turn is a negative moment, because the success of a public organization needs the exchange of information,
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project ideas, problems and ways to solve them, for the functioning of civil society in modern Russia this is an important
point.

As for the information assistance, 4 NGOs of the Stavropol Territory sometimes need information in specific
situations, 3 organizations need periodic information (Ingushetia, Stavropol Territory), 2 organizations from the Kara-
chay-Cherkess Republic and the Stavropol Territory are interested in very rare information assistance, as well as 2
NGOs need to receive information very often (Ingushetia, Stavropol Territory).

Advisory and methodological assistance, which consists in assistance in consultations, in the development of
projects, in holding an event, transfer of methodological developments, etc., 6 organizations from Ingushetia and the
Stavropol Territory need help in specific situations, for 3 public organizations (Ingushetia, Karachaevo-Cherkess Re-
public, Stavropol Territory) periodic assistance is needed. Also, 3 NGOs from the Stavropol Territory do not need this
type of assistance.

To the final question: "Material and financial assistance”, five respondents answered that they need periodic as-
sistance (Ingushetia, Karachay-Cherkess Republic, Stavropol Territory), in such assistance in a specific situation, 2 pub-
lic organizations of the Stavropol Territory are constantly interested in. Also, 2 organizations from Ingushetia very often
need financial assistance and 1 organization from the Stavropol Territory needs this type of assistance very rarely.

Conclusion. In fact, the North Caucasian Youth Forum "Mashuk - 2019" is a practice-oriented educational
platform for public organizations, where, in a favorable environment for communication, cultural exchange and self-
development, NGOs can intensify the disclosure of their potential in the context of the country's development. Leading
experts of the region were invited to the Forum to implement the ideas of public. The purpose of the expert session of
the Forum is to improve the quality of projects by providing methodological advice to NGOs (Forum participants) and
evaluating projects as part of the public defense of the youth projects in the North Caucasus Federal District.

Expert advice is provided in the following areas:

- selection of a project idea ("points of growth", focusing on current trends in the development of the district's
territories, compliance with the solution of strategic tasks of the North Caucasus Federal District);

- the sustainability of the project (the prospects for the long-term existence of the project without permanent
grant support, minimization of financial costs or the search for options for implementing the project without grant
funds);

— description of the project application (geography, relevance, goals and objectives, target audience, methods
and schedule of implementation, estimate and results of implementation);

- public presentation of the project (project evaluation criteria).

Each project is evaluated according to 10 criteria from 0 to 10 points. The project evaluation criteria corre-
spond to the Federal Agency for Youth Affairs method recommendations:

1. Relevance and social significance of the project;

2. Logical coherence and project feasibility;

3. Innovation and uniqueness of the project;

4. Cost-benefit ratio;

5. Realistic budget and reasonable expenses;

6. The scope of the project;

7. Own input and additional resources;

8. Team work experience;

9. Information transparency and publicity;

10. Compliance with the competencies of the team members.

Thus, public organizations of the North Caucasus Federal District by participating in the Mashuk Forum can
solve the problems that we identified in the course of this study, but this area requires systematic support from the state,
since this sector is able to solve social problems in society.

It should be noted that the Mashuk Forum is not the only platform for NGOs, there are such forums as the All-
Russian Youth Forum “Territory of Meanings on the Klyazma”, the All-Russian Youth Educational Forum “Tavrida”,
the International Youth Forum “Baltic Artek” and others. There are also various electronic platforms for project imple-
mentation. Thus, we can conclude that Russian public organizations at this stage are going through the path of for-
mation. It is a young sector that requires special attention, since it is an integral component for the functioning of civil
society and the state as a whole.
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MECHANISMS OF NATIONAL SECURITY POLICY ENSURING IN A SITUATION
OF NEW THREATS AND CHALLENGES: A COMPARATIVIST ANALYSIS

VucruryTa cepBuca, Typusma u ausaitta (pumain) «CeBepo-KaBkasckuit peiepabHblil yHUBEPCUTET»,
r. Ilaturopcke, Pocens, r. Ilaturopek, e-mail: ivorotyncev@mail.ru

Annomauus. HayuonanoHas 6e30nacHoCmy mpakmyemcs 6 Kauecmee CUCHemMbl CHoco008, CPeOCE U UHCIUMYKUOHATIb-
HbIX POpM Peanusayuu HAUUOHANILHBIX UHMEPECO8 60 6HYMPEHHell U BHeUHell NOTUmuKe, 3AUUUEHHOCU 20CY0apcmea, obujecmea
U 2paxcoan om puckos u yzpos.

Mamepuanv, memodvt, pesynomamot u 006cyscoenus. TpaouyuoHHble HANPABNEHUS NOMUMUKU HAUUOHATLHOTI Ge3onac-
HOCMU — 3AUUmMa KOHCHUMYUUOHHO020 CMPOS 20cy0apcmed, e20 CysepeHumema U meppumopuanbHoil 4esroCmHOCMY 8 YCL0BUIX
enobanusanuu 00NONHeHbl HOBLIMU HANPABIEHUSMU: AHMUMEPPOPUCUYECKOT U AHMUIKCIMPEMUCICKOTE NOTUMUKOLL, NPOmMUsooeti-
cmeuem mex0yHapoOHOLl 0P2AHU308AHHOL NPecMynHoCmu, obecneveHuem UHPOPMAYUOHHOTI besonacHocmu. B dannoii cmamve as-
Mop cpasHUBAem MeXAHU3MbL 00echeveHUs NOTUMUKY HAUUOHANILHOLL 6e30NACHOCMU 08YX CUCIIEM.

HMucmumyyuonanvras noocucmema obecneueHus NONUMUKY HALUOHANbHOLL Oe3onacHocmu PO cmanosumca Gonee pas-
8eM6/IEHHOLL U OPeAHUIAUUOHHO pauuoHanbHot. TIpu coxpanenuu cmpamezuueckoeo pykosoocmea Ipesudenma PO u Cosema Ges-
onacHocmu PO Ha yposHe cneyuani3uposanHix 0p2aHos 603pocia porb HayuoHanvHo2o aHmumeppopucmuyuecKozo Komumema,

aHmumeppopucmu1eckux Komuccuii cybvexmos gedepayuu. Cucmema obecneueHus HAyUoHAnbHOI 6esonachocmu PP 6
cumy cneyuduxy meppumopuanbHvIX NOTUMUYECKUX PUCKO8 U Y2po3 6Katouaem 6 ce0s edepanvHulil, MAKPOPeUOHANIbHYIL, pe2uio-
HanvHoITl U MyHUYUnanvHoLli yposHu. Ha maxpopeeuonanvHom (Pedepanvuie oxpyea) u pezuoranvtom (cybvexmuot gedepavuu) ypos-
HAX He00Xx00uMbL npoepammyl peanuzauuy Cmpamezuu HAUYUOHATLHOTL 6e3onacHocmu PO.

3axmiouenue. Taxum 006pasom, HAUUOHANLHAS be3onacHocmb P aengemcs MHO20ypO6He60Tl N0 Cy6vexmam peanusayuil.
B amoii c6:A3u 8a#HO yuumpieamy pazzparueHie npeomenos 6e0eHUs U NOTHOMOUULL 8 chepe HAUUOHANLHOLL 6e30NACHOCU MEHOY
pedepanvHbIMU U Pe2UOHATLHBIMU Op2aHamy énacmu PO.

KrroueBbie cmoBa: HalmMoHanbHas 6e30IaCHOCTD, TOCYAPCTBEHHAsA 6E30IIACHOCTD, KOHIIENINA HAIMOHAIBHON Oe3omac-
HOCTH, JOKTPMHA MHPOPMAIIMOHHOI 6€3011aCHOCTH, CENapaTi3M, CeL[eCCUs, KCTPEMU3M, YTPO3bI ¥ PUCKH TOCYIAPCTBA.

Abstract. National security is interpreted as a system of methods, means and institutional forms for the realization of national
interests in domestic and foreign policy, protection of the state, society and citizens from risks and threats.

Materials, methods, results and discussions. The traditional directions of national security policy — protection of the constitu-
tional system of the state, its sovereignty and territorial integrity in the context of globalization — have been supplemented with new di-
rections: anti-terrorist and anti-extremist policies, countering international organized crime, ensuring information security. In this arti-
cle, the author compares the mechanisms for ensuring the national security policy of the two systems. The institutional subsystem for
ensuring the national security policy of the Russian Federation is becoming more ramified and organizationally rational. While main-
taining the strategic leadership of the President of the Russian Federation and the Security Council of the Russian Federation at the level
of specialized bodies, the role of the National Antiterrorist Committee and the antiterrorist commissions of the subjects of the Federation
has increased. The system of ensuring the national security of the Russian Federation, due to the specifics of territorial political risks and
threats, includes the federal, macro regional, regional and municipal levels. At the macro regional (federal districts) and regional (federal
subjects) levels, programs for the implementation of the RF National Security Strategy are required.

Conclusion. Thus, the national security of the Russian Federation is multi-level in terms of subjects of implementation. In this
regard, it is important to take into account the division of responsibilities and powers in the field of national security between Federal
and regional authorities of the Russian Federation.

Key words: national security, state security, concept of national security, doctrine of information security, separatism, se-
cession, extremism, threats and risks of the state.
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Beepenne. Jlo pacnaga CCCP B 0TeueCTBEHHOM 3aKOHOJATENbCTBE M HAYYHON JIMTepaType HOMIHMPOBAIO
UCIIOIb30BaHMe TePMUHA «TOCYHApPCTBEHHAA 0€30IaCHOCTb», C KOTOPBIM «HAallMOHAIbHAA 0e30IacHOCTb» OTOXJECTB-
nanack. TeM caMbIM, peann30BbIBAJICA IPUMHLIMII BEPXOBEHCTBA MHTEPECOB COLMAIMCTMYECKOTO TOCYAapCTBa Hafl MHTE-
pecamMy IMYHOCTU. B HOPMaTHMBHO-TIPaBOBOM acCIleKTe TePMMH CTANI INMPOKO YIOTPeOIAThCA OC/e co3ganus ['maBHoro
yIpaBIeHNA TOCY[APCTBEHHOI 6e30macHoCTH B cTpyKType HapogHoro komuccapuara BHyTpeHaux gen CCCP (1934 r.).
ITonATHE «TOCYymapcTBeHHAsA 6e30MacHOCTb» He KOHKPeTU3MPOBAIOCh, XOTA M BOIUIO B CT. 14 m. «» KoHctutynum
CCCP 1936 1.

ITepBas momeiTKa paspaboTaTh KOHLENLNIO HALMOHAIbHON 6€30IIaCHOCTM CTPaHBI B YCIOBMAX HEMOKPaTUM
cocrosimack B Mae 1990 r., korna rpynna Komurera Bepxosaoro Cosera CCCP no Hayke, HapogHOMY 00pa3oBaHUIO,
Ky/IbType M BOCIMTAHUIO HOf, pykoBogcTBoM I0.A. PpikoBa MOArOTOBM/IA MPOEKT KoHUenuun®. OH BIlepBbIe ONpefe-
JIUL HallMOHAJIbHYI0 6e30IIaCHOCTh KaK OpraHM4YecKoe efVHCTBO 0e30IacCHOCTU JIMYHOCTHU, OOIIecTBa U TOCYAapCTBa.
[Tpuyém ocHOBOII Oblma Ha3BaHa 0€30MACHOCTb JIMYHOCTH, KOTOPas OmpefessieT 6e30MacHOCTbh IPaXKEaHCKOro 001ie-
CTBA M JIETUTUMHOCTD IIPaBOBOTO TOCYAApCTBa. ABTOPBI 3aKOHOIPOEKTa 00OCHOBBIBAIN peanu3alnio 6e30macHOCT! B
IBYX M3MEPEHNAX: OOIeCTBEHHOM ¥ TOCyZapcTBeHHOM. [1o MCTOYHMKAM yrpo3, OIAacCHOCTEN ¥ PUCKOB LA )KM3HEHHO
Ba)KHBIX MHTEPeCOB 0€30I1aCHOCTb KIAacCU(UIMPOBATIach Ha BHYTPEHHIOI U BHEIIHIOW. ABTOPBI IIPOEKTa KOHIIECTIIINA
BIIepBbIe O0paliany BHUMaHMe OTUTIYECKOTO PYKOBOJICTBA CTPaHBI Ha TO, YTO BeAyllue YTPo3bl 6€30ImacHOCTY BO3-
HUKAIOT B cpepe BHYTpeHHeI MOMUTUKM, U 3TO TpebyeT KOPEHHOIO IepecMoTpa LieJieil M MeXaHU3MOB obecredeHns
6e30macHOCTM. YBBI, «BOJIHA 3aKOHOB» MEXy COIO3HBIM M POCCUIICKMM LieHTpamu Biactu B 1990-1991 rr., upeitHo-
MONIMTUYECKasA HETOTOBHOCTD Ipassie amuThl, pacnag CCCP He Mo3BOMMIN IPUHATD KOHLIETILIMIO.

Marepuainbl, METOJbI, pe3yIbTarsl U o6cyxgenna. C obpasoBanmem Poccuiickoit @epepaiyy Kak He3aBUCK-
MOT0 rocyfiapcTBa paspabatbiBaerca 3akoH PO «O 6esonmacHocTi», BBeNEHHEIN B felicTBMe [locTaHOBIeHMeM Bepxos-
soro Cosera crpans 5 MapTa 1992 1.° Ero cr. 1 onpepenmia 6e30MacHOCTb KaK «COCTOSIHIE 3alMIEHHOCTH XU3HEHHO
Ba)KHBIX IHTEPECOB JIMYHOCTY, 00IIeCTBA M TOCYAAPCTBa OT BHYTPEHHUX ¥ BHELIHUX YIpo3». Kak crpaBeiMBO OLleHU-
BaeT 9Ty (popMy/IMPOBKY OMH U3 TOIHAIIHUX poccuiickux genyraros B.JL. IlleitHuc, OHa COOTBETCTBOBAIA JEMOKpATH-
eCKOMY IIPaBOCO3HAHMIO M KOHCTUTYLIMOHHOMY IIPUHLMILY — BBICLIEH LIEHHOCTH Ye/I0BeKa, ero mpas u csobopn’. Oc-
HOBHBIMM TNpUHLMIaMU obecriedeHyss 06e30IaCHOCTM BIEpBble ObLINM BBIOpPAHBL: 3aKOHHOCTb; COOMIOfeHMe OamaHca
JKM3HEHHO Ba)KHBIX MHTEPECOB JIMYHOCTY, OOIIeCTBa M TOCYIApCTBa; MX B3aMHAaA OTBETCTBEHHOCTD IO 00eCIIeUeHUIO
6€30MaCHOCTY; MHTETPALIMIO HALIOHATBHOI CUCTeMBI 6€30IacCHOCTU C MeXXYHAPONHBIMM. YKa3aHHbIN 3aKOH BIIEPBBIE
chopMyIMpOBaN U IETUTUMUPOBAT IIPABOBYIO CUCTEMY OOeCIiedeH N HalMOHaIbHOI 6e3omacHocTu PD, ycranoBun eé
¢dyHKUMM, CyOBEKTOB, CUIBI U CPeACTBa obeciiedeHns. BpUT OIpeneieH MOPALOK OPraHM3aLNN M PeCypcoB cuiI obecrie-
4YeHNA 6e30MacHOCTH, KOHTPOJIA U Hafi30pa HaJl 3aKOHHOCTBIO VX JelICTBUIL

Bmecre ¢ TeM, cTaHOBJIEHME POCCUIICKOV KOHIENIVY HALMOHAJBHON 0€30IacHOCTY LIUIO HIPU OCTPBIX KOH-
¢nmkTax HmeHHOCTEN U MHTepecoB. Tak, B YCIOBUAX [ELIEHTPAIM30BaHHOTO U STHU3MPOBaHHOrO demepanusma 1990-x
IT. pAj HOTUTUKOB KPUTMKOBAIM CaM TE€PMUH «HAIMOHalIbHag» 0e30IIaCHOCTb. Pa3paOoTYMKM 3aKOHA BBIHYXK/ICHBI
GBUIN TIOSICHATD, YTO Pedb MAET O CHHOHMMAX «HALIOHAIbHO-TOCYAPCTBEHHOM» U «obuieit» GesomacHocT Poccun?®.
B.JI. Illeitnuc mpusHaeT: 3aKOH 1992 1. 65T «BO3MOYKHO, HECKO/IDKO [AEK/TapaTUBHBIM, OTIEPMPOBABIINM He BIIOJIHE pac-
KPBITHIMM ITOHSATVSIMY ¥ HE[OCTATOYHO A€TAIM30BAaHHBIMY», XOTS U nporpeccuBHbIM’. He ynamoch u HamepeHue B 1992
1993 rr. npuHATh nepByo KoHuenmmo HanmoHanbHoN 6esomacHocTu PO. OHa He 6bta yTBepaeHa IIpesupeHTOM
crpansl (110 coobuernnio C.B. Kopryrosa)'. [lo cepenuasr 1990-X IT. I OCTpble AUCKYCCUM O IPUMEHMMOCTH CaMUX
KaTerOpuil «HALMOHAIbHbIE MHTEPECHI» I «HALMOHAIbHAS 6€30IIacCHOCTh». !

4 JIuupep U. b., Yypkun C. A. Vicropus crenmanbusix cnyx6 Poccun X-XX Bexos. M., 2005. C. 717.

* Baxpamee A. B. K Bompocy 06 obecneueHny HaiyoHaabHol GesomacHocti Poccmitckoit @epeparym // CorpaabHO-
rymaHuTapHble 3HaHuA. 2001. Nel. C. 14.

¢ 3axon PP «O GesomacHocTi» 0T 5 MapTa 1992 r. Ne2446-1 // Poccuiickast rasera. 1992. 9 mapra.

7 Iestuuc B. JI. HaumonanbHas 6e3omacHocTb Poceyn. Vicnbitanne Ha mpouHocTs // ITommc. 2009. Ne5. C. 143.

8 KaszakoBa M. H. 9BO/mOIMsI OIMTIKO-IIPABOBBIX OCHOB HAIIMOHAIbHOI GesomacHocty Pocemitckoit Oepepanmm // Mo-
IepHM3AINA ¥ HOMUTUKA: Tpaguuuu 1 nepcrnektusbl Poccun. Ilommnueckan nayka: Exxerogamx 2011. M., 2011. C. 411.

® Ieitamc B. JI. Ykas. cou. C. 142.

' CrenorpamMma «kpyroro crona» «HammonanbHas 6e3omacHocTb Poccum: JOKTpMHA M peaqbHOCTb» // IlommTmyeckas
akcneptnsa. Anpmanax. CII6., 2005. Bem. 2. C. 277.

" Copoxnn K. 9. T'ocynapcTBenHbIe MHTEpechl Kak o6o6uienne HaryoHanbHeix // [Tomc. 1995, Nel. C. 114-120; Kamyc-
tiH b. I'. «HaumoHanbHbI MHTEpPEC» KaK KOHCcepBaTuBHas yromus // CBobojHas MbIcib. 1996. Ne3. C. 13-38; Konjenumst Haimo-
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Crepyrommuit ar B MHCTUTYLOHAIN3ALMY KOHIIETILIMY HAl[IOHAJIbHOIT 6e3omacHocT Poccyu 6b11 coBepLIéH
TOJIBKO 4Yepe3 Tpu rofa, B Ilocmanuy mo HaumoHanbHON 6esomacHocty IIpesupmenta Poccuiickoit @epepanm Depe-
panbHOoMy Cobpanuto PO 1996 r'2. CMbIC/ KaTeropum «HalMOHaIbHasE 6€30MaCHOCTb» ObII KOHLIENITYATbHO PACIIMpPEH:
«ObecreyeHne 6€30MaCHOCTU TO/DKHO OBITh HAIlpaBIe€HO He TOJIBKO Ha IpefoTBpallieHNe YTPo3, HO M Ha OCYIIeCTBIe-
HHe KOMIUIEKCa Mep 110 PasBUTHUIO ¥ YKPEIUICHUIO IIpaB ¥ CBOOOJ, IMYHOCTU, MaTePUAIbHBIX M JYXOBHBIX L[eHHOCTEN
00111eCTBa, KOHCTUTYLIMOHHOTO CTPOsI, CyBEPEHUTETA U TePPUTOPUATBHOI LIeIOCTHOCTH TOCYAapCTBar .

Jlpyroit Kmo4eBoit KOHIIENT — HAllMOHA/IbHBIE MHTepechl Poccum cTanmm TpakToBaThCs B ABOMCTBEHHOM (TOCY-
HapCTBEHHOM U OOIIeCTBEHHOM) CMBICTIE: KaK «OCHOBa (JOPMUPOBAHNUA CTPATeTMYECKUX 3a7a4 BHYTPEHHell ¥ BHELIHel
MOJIUTHUKY CTPaHbI» ¥ «MHTETPUPOBAHHOE BBIPa>KeHME KM3HEHHO Ba)KHBIX MHTEPECOB JIMYHOCTY, O0IIecTBa, TOCyaap-
crBa»'. B Tlocmanuy 1996 r. BriepBble NPeIPUHATA MOIBITKA OIPENe/INTh OCHOBHbIE [OJITOCPOYHbIE MHTEPECHI CTpa-
HbL: «VIX CYyTb CBOOMTCA K T€M COflep>KaTeIbHBIM 6/I0KaM: MpOLIBeTaHMe HapO/a, 3alliTa ¥ 00yCTPOIICTBO TEPPUTOPUIN
€ro MPOXKMBAHNS ¥ Pa3BUTHE HAL[OHATILHOM Ky/IbTYpPhI» 2.

B 1997 r. npunumaerca KoHuenims HanmoHanbHoM 6e3omacHoctu Poccuitckoit @enepaunn. OHa 60ree oT-
4ET/IMBO, YeM Ipe/IIeCTBYIOIYIe aKThI, ONpefe/Ia CUCTEMY HALlMOHAIbHBIX NHTepecoB PP B 06/1aCTV 5KOHOMUKH, BO
BHYTPUIIOIUTUYECKOI, MEXIYHAPOLHO, 000POHHOI M MHPOPMAUMOHHOI cdepax, COUManbHOI cdepe, TyXOBHOM
XM3HM U KynbType'®. KoHuenums fo6aBuia K MepedncIeHNIo MHTEPEeCOB IMYHOCTH, 001ecTBa U TOCYapcTBa MX cha-
JTAHCMPOBAHHOCTD (B OT/IMYME OT aKIjeHTa B Hadane 1990-X IT. Ha MHTepecax TMIHOCTH).

KadecTBeHHO MHOIT 9TaIl CTPATErMYECKOr0 MPOEKTUPOBAHNA MOTUTUKY HAIOHATBHOI 6€30MacHOCTU HACTy-
mun B PP ocenpro 1999 1. B KOHTEKCTe Kypca KOHCONMUAALUN TOCYAapCTBa, YCUIEHUS €T0 BHYTPU- ¥ BHELITHENOMUTIYE-
ckux mosuimit. PedopMupoBaHHas HOPMATHMBHO-TIPABOBAs OCHOBA HALMOHAIbHOI 6e3omacHOoCT Poccun B Havarme
2000-x IT. onpeneneHa B CIEAYIOIUX JOKYMEHTAX:

- «Konueniyn HaumonanbHoi 6esonacHoctu Poccuiickoit @enepaunn» (B pegakunm Ykasa [Ipesugenta PO
ot 10 saBaps 2000 1.)";

- «[JoxTpuHe nHpOpMaMOHHOI 6e30macHOCcTU Poccuiickoit enepauyn», yreep>xaeHHoN Ykasom IIpesunen-
ta PO 9 centsabps 2000 r's;

- Boennoit moktpuue 2000 1., yrBep>xneHHoit Ykasom IIpesupenta Poccumiickoit ®@emepanym ot 21 ampens
2000 r.";

- «OcHoBax norpann4Hoi mommTuky P®», yreepsxieHHbIX YkasoM [Tpesupenta PO 5 oktsa6ps 1996 r.2%

- «KoHUenuuy npurpaHMYHOTO coTpymHU4YecTBa B Poccuiickoit depmepaunn», yTBep>KAEHHON PacoOpsXKeHN-
em IIpaBurenscrea PO 9 despans 2001 r.2!

CpaBHMM OCHOBHBIE ITapaMeTpbl KOHLENTYaIbHOTO MPOEKTUPOBAHNUA IOMUTUKN HAl[MIOHATbHO Oe30macHo-
ctu B Konnenuyu 2000 r. u Ctparernu 2009 .

Cornacao KoHuenuuy HauyoHanbHoM 6esomacHoct PO B penmakuyu 2000 T., BHyTPUIIOIUTUYIECKME ACTIEKTDHI

HAIMOHA/IbHOM 6e30IacCHOCTM TAaKOBBL: IMOJJep)KaHMe eJUHCTBA M LIEIOCTHOCTU TOCYyHapCcTBa, obecrnedeHue GamaHca

HaJIBHBIX MHTEPECOB: 00LIMe IapaMeTphl M poccuiickas creryduka (MaTepyuansl Kpyrl. crona) // Mup. SKOHOMUKA ¥ MEXAYHAp.
otHoIL. 1996. Ne7. C. 59-69; Ne8. C. 78-84; Ne9. C. 69-82.

12 [Tocnanme 110 HaroHaIbHOI 6esonacHocTu [Ipesnnenra PO denepanpromy Cobpannuio 13.06.1996 // HesaBucumas ra-
3era 1996. 14 uons.

13 Tam xe.

" Tam xe.

1> Tam xe.

16 Konuerums HaumoHanpHOM 6e3omacHoctyt Poccmitckoit Peneparmu (yreepxaena Ykasom [Ipesuaenta PO 17 pexabpst
1997 1., Ne1300) // Poccuiickas rasera. 1997. 18 niex.

17 KoHnenuust HamoHanbHoit 6e3onacHoctn Poccniickon ®epepanyn (B penakuum Ykasa [Ipesunenta PO ot 10 sHBapst
2000 1., Ne24) // Poccuiickas rasera. 2000. 18 suB.

'8 ToxTpMHa MHPOpMaLMOHHOI 6e3omacHocTy Poccmiickoit @epeparym (yrBepkzieHa Ykasom IIpesugenra PO 9 centso-
pA 2000 r. Ne1895-1I1p) // Poccmitckas rasera. 2000. 28 ceHr.

1 Boennas noktpuHa Poccuitckoit Penepanmu: YrBepkiena Ykasom [Ipesuzenta Pocenitckoit Penepanmu ot 21 anperns
2000 r. Ne706. Pexxum pocryma: http://www.rg.ru/oficial/doc/ykazi/doc_war.htm

20 OcuoBbl morpannyHoit nomtuku Poccmiickoit @epeparyn: Yrepsxaenst [Ipesunentom PO 5 oxt. 1996 r. // Poccmit-
ckas rasera. 1996. 14 oxr.

2l KoHIenuysi MpUrpaHnIHOro cOTpyAHndecTBa B Poccmiickoit Pemepanym: YTBep)KieHa pacnopspkenneM lIpaButens-
crBa PO ot 9 desp. 2001 1. // Poccmiickas rasera. 2001. 16 ¢esp.
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MOTEHLMATIOB 1 MHTEPECOB PEIMOHOB, HELOIYIeHMe cerrapaTuaMa u ceteccun 2. be3onacHOCTh HO/DKHA 06ecriednBaTh
OINTMMAJIbHOE COYeTaHMe XM3HEHHO BaXKHBIX MHTEPECOB 00IIecTBa, TOCylapcTBa U TMYHOCTY Ha OCHOBE IPUHIUIIOB
3aKOHHOCTH.

Konnennua HannoHanbHOU 6e3onmacHocty PO TpakToBama HalMOHaJIbHBIE MHTEpechl Poccum Kak COBOKYII-
HOCTb COaJIAHCMPOBAaHHBIX MHTEPECOB JIMYHOCTH, OOIECTBA M TOCYAapCTBa B 9KOHOMMUYECKON, BHYTPUIIOTUTUYECKON,
COLIMATBbHOM, MEXAYHAPOLHO, MHPOPMALMOHHO, BOCHHOI!, TIOTPAaHNYHOI, 9KOIOTUYECKOIT 1 Apyrux cdepax. Harm-
OHa/IbHBlE MHTEPeChl JONTocpodHbl. OHM ONpeNieNIAI0T OCHOBHbIE 1Ie/IM, CTpAaTerMdecKye M TeKylye 3ajauy BHyTPeH-
HeJl ¥ BHEIIHEN MOMUTUKY FOCyJapCTBa.

Crienu¢uka HaumoHanbHbIX MHTepecoB Poccun (mmo [I. B. KpoToBy)® B TOM, 9TO OHM ONpefensoTcs 6a3oBbl-
MU TapaMeTpaMM COCTOSAHMA CTpaHbL: e€ obecriedeHMeM NPUPONHBIMU M 9KOHOMUYECKUMM PecypcaMM, COLMaTbHOMN
CTPYKTYpOIl HaceleHMs, MOAUTUIECKON CUCTEMOI, TUIIOM IOAUTUYECKON KyIbTYypbl M MAEHTUYHOCTM, XapaKTepoM
BHEIIHUX U BHYTPEHHUX YTPO3 6€30I1aCHOCTH.

[MomuTryeckuit acleKT HAUMOHAIbHBIX MHTEPECOB BK/IIOYAeT B cebs ofecredeHre rapaHTUii KOHCTUTYIMOH-
HOTO CTPOsl CTpaHbl, €€ CyBEPEHUTETA U TEPPUTOPUANBHON 1[€TOCTHOCTY, TPakJaHCKOTO MMPa ¥ HALIMOHAIBHOTO CO-
[71acusi, efUHCTBA [IPABOBOTO IPOCTpaHcTBa. HeobXommumMo TakxKe HeMTPann30BaTh IIPUUMHBL U YCIOBUS MOUTUIECKO-
IO M PENUTMO3HOTO 3KCTPEMM3MA, STHOCENMApaTU3Ma, MOCTENCTBUAMM KOTOPBIX CTAHOBATCA HACHMIbCTBEHHBIE KOH-
¢$nmkTEL

OcHoBHBbIe 3afauM oOecriedeHNs HALMOHAIbHOI Oe3onmacHocTy PO TakoBBI:

— CBOEBPEMEHHOE IPOTHO3MPOBaHME Y BBIABJICHNE YTPO3 HALIMOHATBHON 6€30IacHOCTY;

— OCYyILeCTB/IEHME TAKTUYECKUX M CTPATETMYECKUX MEP TI0 NPeRyNPeXIeHNIO ¥ HENTpanu3aliy JaHHBIX YTPO3;

- obecrieyeHye CyBepeHUTETa M TEPPUTOPUATBHON LeMoCTHOCTH Poccuy, 6€30ImacHOCTY €€ IOTrpaHMYHOTO
MIPOCTPAHCTBA;

- obecrniedeHne TMYHON 6€30MaCHOCTY Ye/IOBeKa ¥ TPaXKJaHNHA, €T0 KOHCTUTYLMOHHBIX IIPaB ¥ CBOOOT B IPO-
CTPAaHCTBEHHOM acIleKTe (paBeHCTBa IIPaB Ha BCell TEPPUTOPUY CTPaHBL, cBOOOMa BEIOOpa MeCTa XKUTEIbCTBA U IIPeObI-
BaHNA);

— COBEPLIEHCTBOBaHME CUCTEMbI TOCYAapCTBeHHON Bracty PP, denepaTVBHEIX OTHOLICHWIT, MECTHOTO CaMo-
yTipaB/lIeHUA U 3aKOHOAATenbcTBa PO;

— COXpaHeHUe COLMAIbHO-TIOIUTUYECKO CTAOMIBHOCTH 0011ecTBa;

- ¢popMupoBaHUEe FTApMOHMYHBIX MEKITHUYIECKMX OTHOLICHUIL;

- HOfbeM M OAfiepyKaHNe Ha HeOOXOVIMOM YPOBHE 060POHOCIIOCOOHOCTY BOCHHOTO IIOTEHIIMaIa TOCYAapCcTBa.

Konuenuus HaumoHanbHo# 6GesomacHocty P® (2000 r.) ompependna crelyanM3MpoOBaHHbIE HAIlpaBIeHUA
obecriedeHNA 6€30MACHOCTU. B KOHCTUTYIMOHHO-TIPaBOBOII cpepe HAIPaBICHUAMY, UMEIOIIMMY IOMUTUIECKUII Xa-
paKTep, yKasbIBaIUCh™:

- obecriedeHne npuopurera GerepaTbHOrO 3aKOHONATE/IbCTBA;

- pa3paboTKa OpraHM3alIOHHBIX ¥ IIPABOBBIX MEXaHMU3MOB 3alllUThI TOCYAAPCTBEHHON LIeIOCTHOCTH, ofecIe-
YeHNe eJHCTBA IIPAaBOBOTO IPOCTPAHCTBA;

— BBIpabOTKa U peamn3alyis IOMUTUKM, OOecIiedMBaloliell ONTUMATIbHBI OaTaHC (efjepaTbHBIX U PETMOHAIb-
HBIX UHTEPECOB;

— IIpecedeHMe e Te/IbHOCTY IApTUIL M 001 eCTBeHHbIX 00'be[THEHMIT, IMEIOIIIX CeapaTUCTCKIe Ley;

— IpaBOBad 3alUTa KyJAbTYPHOTO Haclnequsa, MCTOPUIECKMX TPafMLIMIA M JyXOBHBIX HOPM J>KM3HM BCEX HAPO-
moB P®; coxpaHeHme pomy pyccKoro si3biKa Kak (aKTopa AyXOBHOI MHTerpauuu Hapogos Pd;

— IpUMEHEHMEe BOEHHOI CU/IbI BHYTPU T€PPUTOPUM CTPaHBI B CTpOroM cooTBercTBuM ¢ Koncruryuueir PO u
(demepaTbHBIMM 3aKOHAMM B CTy4asX BOSHMKHOBEHUA YTPO3BI )KU3HY IPAXKIaH, TEPPUTOPUATBHON LeTOCTHOCTU CTpa-
HBI, YTPO3bl HACM/IbCTBEHHOTO M3MEHEHMA KOHCTUTYLIMOHHOTO CTPOA.

OcHOBHBIE IPUOPUTETHL 0OecIiedeHNA HallMOHAIbHON 6e3omacHoCcTY Poccyu B chepe eé BHyTpeHHeT IOMUTH-
K He popmynupyoTca B yomanyroit KoHuenuuu koHeHTpuposanHo. ITo pabotam 0. B. Mopososa, K. B. CuBkosa,
M. H. Ka3akoBoit*® MOXHO BBIfIe/IUTb IPHOPUTETHBIE HAIIPABICHS:

22 Konjernuus HarpoHanpHoit 6esonacuocty Poccniickoit @eneparyn // Poccmiickas rasera. 2000, 18 sius.

2 Kporos JI. B. ITonmutnueckas 6esonacHocts Poccun (Ha Matepuanax HOxxHoro ¢enepanpaoro okpyra) // HaumonambHas
U pernoHanpHas 6ezonacHocTdb Ha FOre Poccun: HoBble Bb13oBbL. Poctos H/]], 2003. C. 102.

24 KoHrenuus HalmoHabHO GesomacHoctu Poccuitckoit @epeparym // Poccniickast rasera. 2000, 18 siHB.
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— 3alIMUTY TEPPUTOPUATBHOI 1IeTOCTHOCTH, IIPOTUBOJIEIICTBIE CEeTIApaTU3MY;

— CO3[laHMe ¥ TIOAAEPKAHME YCTOMIMBEIX 3 PEKTUBHBIX OTHOLICHMIT MEXIY LIEHTPOM M PEeTMOHAMI Ha OCHOBE
KOMII/IEKCa SKOHOMIYECKMX, IIPABOBBIX M MTOJIMTIIECKUX MED;

— IpeRyIpexXaeHre HaCUIbCTBEHHBIX (POPM MEXXITHIUIECKNX Y MEXKOH(ECCHOHATBHBIX KOH(INKTOB, yIIpas-
JIeHJ€ CYLIeCTBYIOMUMY KOH(IMKTAMU B LIe/IAX UX YPery/IMpOBaHUA;

- TIpoBefieHMe MH(POPMALMOHHOI U, IIMPe, CUMBOINYECKOI IOMTUTUKY, HAIIPABTICHHOI Ha yKpeIIeHue o061ie-
POCCHIICKOI MIEHTMYHOCTY U TOTIEPAHTHOCTH;

— BOCCTaHOBJICHVIE PeCypcOB BOOpy)XeHHBIX CUII ¥ IPAaBOOXPAaHUTEIbHBIX OPTaHOB, HEOOXOUMBIX /L1 Pean-
3ayy 3afa4 HAlMOHAIbHO 0€30IacHOCTI;

— KYPC «TepPPUTOPUATIBHOI CIIPaBeI/IMBOCTI» B IIOMUTHKE, IPU3BAHHBI 00€CIIEYNTh PAaBEHCTBO BO3MOJKHO-
creit rpakaaH PO He3aBMCHMO OT MeCTa MX JKUTENIbCTBA, STHUYHOCTH, KOH(PECCUM ¥ MHBIX COLMATbHO 3HAYMMBIX pas3-
TIanii;

— MOTPaHMYHOE B3aMMOBBITOTHOE COTPYAHUYECTBO Ha PABHOIIPABHOI OCHOBE C 3apyOeXHBIMM CTpaHAMM U
TPaHCHAIMOHA/IbHBIM OPTaHU3aLUAMIU.

B monmrudeckoit Hayke pa3spaboTaH psl BaXKHBIX TEPMUHOB, KOTOPbIE HELOCTATOUYHO OTPaXKeHbI B (pefepab-
HBIX [TPaBOBBIX aKTaX. K HMM OTHOCHTCA KaTeropusa «MCTOYHNUK OMAacHOCTM». A. A. CepryHNH omIpefensaeT UCTOYHUKY B
KadecTBe YCIOBUIT M (PaKTOPOB, KOTOPbIe 0OHAPY>KMBAIOT CBOYM BPETOHOCHBIE CBONCTBA. OMAaCHOCTh — «OCO3HaBaeMasd,
HO He ¢aTaybHasA BePOATHOCTb IPUYMHEHN Bpefa..., OIpefendeMasn HaIMdeM HeKUX 00 beKTUBHBIX U CyO'beKTUBHBIX
¢dakTopos» %°. TIo cTeneHU BEPOATHOCTU OMACHOCTD MOAPA3AEAETCS Ha PEATbHYIO U MOTEHLMAIbHYI0. MeHbIIMMY 110
MaciTabaM HeraTVBHOTO BO3/IEVICTBUA Ha CTPaHy ABJIAIOTCA PUCKM U BBI3OBBL. PHCK 6€30I1aCHOCTY TPaKTyeTCA MeXHy-
Haponuukamu A. A. CeprynunsiM u A. C. MakapbIdeBbIM y3KO — Kak BO3MO>KHOCTb HEOTarONpUATHBIX U HeXKeJlaTe/Ib-
HBIX TIOCTIENCTBUIT [IeATENBHOCTY MMEHHO Cy0beKTa 6e30macHOCTH (ToCyapcTBa b0 OTHENBHOIO OpraHa Bractu).”
HanpoTus, cnenyaaycTel o BHYTPUIIOIUTUYECKUM aClleKTaM paclIupAIOT MOHATHE «pUCK 6e3omacHocTM». C. A. Kpa-
CHKOB OIIpefie/ifieT €r0 KaK KO/IEKTUBHBIN PUCK, CBA3aHHBIN CO CTONKHOBEHMEM MHOXXECTBA TPYIIIOBBIX MOIUTIYE-
CKMX MHTEPECOB, C PAJOM 3aTPOHYTHIX MOCIEACTBUSAMM CyO'bEKTOB, MMEIOLINIT CUCTEMHBII XapaKTep, 3aTparnBaloLuit
Bce cepsl 0611ecTBa. ITO BHIHYK/IEHHBII, HEKATbKY/IMPYEMBbLil PUCK C HEOTIPEeIEHHBIM BpEMEHEM HOC/IENCTBUIT,

BrI30B 6e30macHOCTM OOBIYHO TPAKTYeTCs B KadeCTBE COBOKYIIHOCTU OOCTOATEBbCTB, BO3[EHCTBYIOLIMX Ha
TOCYJapCcTBO U3BHE, He 00513aTe/IbHO YTPOXKAIOIEro XapaKTepa, HO TpeOYIOIUX OTBeTHOI peaklun cydbekTa 6e3omac-
HOCTH.

B 2000 r. BriepBhIe Obl/Ta KOHIENTya/lIbHO BhIfeneHa chepa MHGOPMALMOHHON 6e30IacHOCTY, KOTOpasA CTana
[IOHMMATHCS OTHBIHE He B Y3KOM CMBIC/IE 3aIlMThI TNYHOCTH, 06IIeCTBa M TOCYAapCTBa OT MHPOPMALIMOHHBIX YTPO3, a B
IIMPOKOM: ITOJIMTUKO-UICOIOTMIEeCKOM. XapaKTepHO yIOMUHAHMe B TeKCTe «[loKTpuHBI MH(pOpMaLMoHHON be3omac-
Hocty P®» 2000 r. Takmx yrpos, Kak «MOHOIOMM3alMA MH(POPMALIMOHHOTO PbIHKA Poccuu, ero OTfeNbHBIX CEKTOPOB
OTEYECTBEHHBIMU U 3apYOEXKHBIMM MHPOPMALMOHHBIMU CTPYKTypami». CIpaBeyIMBO MOSIEPKHYTA OMACHOCTD «Jie-
BaJIbBALIMY TYXOBHBIX LIEHHOCTEN, IpOIaraHabl 00pas3lioB MacCOBON KY/IbTYpPbl, OCHOBAaHHBIX Ha Ky/JIbTe HACWINA, Ha
JlyXOBHBIX ¥ HPABCTBEHHBIX LIEHHOCTSIX, IIPOTUBOPEYALINX LIEHHOCTSIM, IPUHATHIM B POCCUIICKOM 061ecTBe»?.

Cy6bextsl nomutuky Poccuy u ux ¢pyskuum, cormacHo Konuenuuu nanyonanbHol 6e3omacHoctu 2000 .,
BBIIIOJ/IHSIOT CIIeAyIomie 3aKOHHbIe (pyHKIMI.

[Tpesupent PO pykoBoant B Ipefenax KOHCTUTYLVIOHHBIX IIOJIHOMOYMII TOCYRapCTBEHHBIMU OpTaHaMu obec-
IeyeHNs HAIMOHAIbHON 6e3omacHocTH, Bo3riapsger Coser 6e3omacHocT PO 1 pyKOBOOUT €ro MOBCEIHEBHON Hed-

2 Moposos 10. B., Cuskos K. B. CrpaTerndeckye IIox0/b!I K peannsanuy reonoanTnIeckux nurepecos Poccnn B XXI Be-
Ke // BpI30BbI 6€3011aCHOCTY U 3allTa TeONONMMUTIYECKUX MHTepecoB Poccun. M., 1999. C. 41-42, 49-50; Kasakosa M. H. ITonmmnko-
TEPPUTOPMAIbHBIE ACHEKTHI HAIMOHATIBHOM 6e30macHoCcTM Poccuu B YCIOBUSAX ITONMTUYECKON TpaHCHOPMAIMU B OCTCOBETCKUIT
nepuop. Asroped. uc. ... Kaug. momut. Hayk. H. Hosropoz, 2004. C. 19.

26 CeprynuH A. A. MexxyHapoiHas 6e301acHOCTb: HOBbIE OZXO/bI 11 KoHIenTs! // [Tomuc. 2005. Ne6. C. 127.

7 Tam sxe; MaxaporaeB A. C. «Msrkue» 1 «KECTKye» BbI30BBI 6e3omacHocTy B [IpuBo/pKckoM deepanbHoM OKpyre: AHa-
mmtndeckuit joxnan. H. Hosropog, 2001. C. 15-24.

2 Kpacukos C. A. Ypas/ieHye COIaTbHO-IIOMTUYECKMM PUCKaMM B YCIOBUSX rmobamm3anuu. ABToped. fuc. ... i-pa mo-
mmt. HayK. H. Hosropog, 2009. C. 25-27.

» JlokrpuHa MHpOpManMOHHON 6e3omacHocTy Poccniickoit Pepepanun (yreepxpena Ilpesunentom PP ot 9 ceHTabps
2000 r. NeITp-1895) // Poccwmitckas rasera. 2000. 28 ceHT.

¥ KoHrenuus HanmoHanbHOM 6esonacHoctu Poccuitckoit @epeparym // Poccumiickast rasera. 2000, 18 siHB.
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TE/IbHOCTBIO, OIIpefie/iAeT CTPATernio obecredeHns 6€30MaCHOCTHY, CAHKIMOHNUPYET HelicTBUA 1o e€ peanusaunn. OH
dbopMupyeT, peopraHusyeT U ympasgHAET HOFUYMHEHHbIE OPTaHbl U CH/IbI obeciedeHns 6e30IMacHOCTH. B e>xeromHsix
nocnanuax Gepepampaomy Cobpannio IIpesupmeHT crpanbl yrouynAeT nonoxxenna Konnenmym (¢ 2009 r. — CrpaTerun)
HaLMOHAIbHOI Oe3omacHocTU PO, ompenender HalpaB/leHMA TeKyllell BHYTpeHHe! U BHEIIHeN IOJIUTUKY B HaHHOM
cepe.

DepnepanpHoe cobpanne PO mo npencrasnenno [Ipesunenta PO IIpaButenscrBa crpansl GOpMuUpyeT 3aKOHO-
HaTeNbHYI0 06a3y B 06/1acTy 0OecredeHNs HALIMOHAIbHO 6€30MaCHOCTH.

[TpaButenbctBo PO B mpepmenax cBOMX IOJTHOMOYMII M C YYeTOM IPUOPUTETOB 0beCIede N HallIOHAIbHOM
6€30MaCHOCTY KOOPAMHUPYET AeATEIbHOCTD (pefilepaIbHbIX OPIaHOB MCIIOHUTEIBHON BIACTH, OPTAHOB VICIIOTHUTEIb-
HOI1 Bractu cy6bektoB PD. OHO opMupyer craThy defepanbHOTO OI0PKETa /IS PeaM3aluyl 1ie/IeBbIX IPOTPaMM B
maHHOIT cdepe.

Coser besonacHoct PO mpoBoauT yrpesxjaoliee BbLABICHME U OLleHMBaeT YIpO3bl Hal[MOHAIbHOM 6e3omac-
HOCTH, TOTOBUT IIPOEKTHI PellleHUII 110 UX NPefOTBPALeHUIO Y PEIIOKeHUA B 00/1acTi obecliedeHs HallMOHAIbHOM
6esomacHocTy. Koopayuupyer peanusaumio demepalbHbIMM M PETMOHAIBHBIMYM OpraHaMy VICIIOTHUTEIBHON BJIACTU
OAHHBIX peIEeHUIA.

QepepanbHble OpraHbl MCIOTHUTENBHONM BIACTM MCIIONMHAIT 3aKoHopaTenbcTBo PO, pemennsa IlpesupenTta
P® u [TpaButennpcra PO B 06/1acTi HALIMOHATBHON 0€30MIACHOCTH, pa3pabaThIBAIOT 3aKOHOIPOEKTHI Y IPEfCTABIAI0T
MX Ha FOJTOCOBaHME 3aKOHO/JaTe/TbHBIM OpTaHaM.

Oprasbl VICHOTHUTEIBPHON BIacTy Cy6bekToB PO B3aMMOZEIICTBYIOT IO BOIPOCaM UCIIOJIHEHUS 3aKOHOZA-
tenbcrBa PO, perrennii [Tpesupenta PO u IIpaBurenscrBa crpansl, GemepanbHbIX IPOrpaMM U IUIAHOB, SUPEKTUB Bep-
xoBHOTO ['TaBHOKOMaHzymIero Boopyxenusimu cumamu PO ¢ demepanbHbIMM OpraHaMy MCIIOTHUTENBHONM BIACTH.
COBMECTHO ¢ OpraHaMyl MECTHOT'O CaMOYIIpaBJIeHIs NPUBJIEKAIOT TPpaXkAaH, OOLIeCTBEHHbICe 00 BEIUHEHN M OpraHK3a-
LMY K COTEVICTBUIO B PellleHUY 3afjad HalMOHAIbHON 6e3omacHocTu. OHM BHOCAT B (efiepaibHble OPraHbl MCIIOMHY-
Te/IbHO BJIACTHU MPEMIO>KeHUA 10 COBEPILEHCTBOBAHMIO CUCTeMbI 06OecIieyeHNA HallMOHaNIbHO 6e3omnacHocTu PO.

3akmouenne. TakuM o6pa3oM, HalMoOHaIbHaA 6e30MacHOCTb PO ABIAeTCA MHOTOYpOBHEBOII IO CYyOBEKTaM
peanmusauuu. B 3Toit CBA3M Ba)KHO YYUTHIBATh pasTpaHMYEHNe IPeJMeTOB BeleHMA M IOTHOMOYMIl B cepe Haumo-

HAJIbHOI 6€30MaCHOCTY MEX/Y (peepaTbHbIMU M PETMOHATBHBIMY OpraHamy Bracty PO,

JIUTEPATYPA

1. JInupep U. b., Yypkusu C. A. Victropus crienmanbhbix cmyx6 Poccrn X-XX Bekos. M., 2005. C. 717.
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Annomauus. B nawe epems opesHeriuias nexapcmeenHas Kamezopus — Npenapamvl Ha 0CHOBE NIEKAPCIBEHHO20 PACMU-
menvHozo coipvst (JIPC), He nomepanu akmyanvHOCMU, NOCMOSHHO PA3BUBAEMCS U, KAK C1e0CMBUe, 80 MHOZUX 20CY0apcmeax OHU
umerom apmaxonetinoii cmamyc. TenOeHyuu passumus MeOUUUHCKOT HAYKU NPOABIAIOMCT He MONLKO 8 YCLOHHEHUU HOBETUUX
papmayesmuueckux mexHono2utl, HO U 8 eyO0KOM NO3HAHUU MEXAHUIMOB 8030eticmeust cpedcme NPpupooHo20 NPOUCXOHOEHUS, 0CO-
6eHHO npu ONUMENLHBIX U XPOHUYECKUX 3a00/1e6AHUSX PA3NUUHO20 2eHe3d. B obujeti cmpykmype 3a601e6aemocmu namonoeusi onop-
HO-08U2AMENbHO20 ANNAPAMA 3AHUMAET 00HO U3 TUOUPYIOUUX Mecm. Bonesnu no3eoHouHuka, Kocmeil U Cycmasos 00UHAKOB0 C80li-
CMBeH bl U MOZOObIM, U NoXcUnbimM T00sm. TIpakmuyecku kaiOvitl JecAmylil 83pOCAbIL UMeen MY UAU UHYI NAMONIOZUK) KOCHHO-
MbluleuHotl cucmembl. B npoyecce mMHoz0uUCIEHH020 n0060PA U Ucce008aHus KoMOuHayuii pasHoobpasrozo JIPC ¢ npomusosocna-
NUMenvHOLL, pezeHepupyouseli U Kax credcmeue, NPOMUBOAPMPUMHOL U NPOMUBOAPMPO3HOTE AKMUBHOCHBIO U CKPUHUHZA HA
Parametium caudatum, 6vina évi6para xomounayus u3 13 o6vexmos. Bce oHu codepiam ¢nasoHoudvl, KOMopovle U AGAIOMCT 0CHOB-
HbIMU <HOCUMENAMU» PapmMaKonoeuueckoil axmusHocmu. OnmumanvHviM SKCMPazeHmom, 0 useneueHus PnasoHouoos (0CHOBHbIX
«HOCcumenetil» uxmepecyioujezo papmaxonoeuueckozo apdexma) aengemcs smanon 70%. Ons 6vi6opa memoda sKCmpaxyuu Oviru
uccnedosamvl cnedyrousue: mavepavuu (Memoo 1), nepxonayuu (Memod 2). 3HaueHus cousmepumbl, HO y4umviéas, Umo nepeas me-
moouxa He mpebyem ONUMeNbHO20 IKCMPALUPOBAHUA KAK 8 NEPKONAUUU U A67IAeMCA Golee «00ne2HeHHO» 6 ANNAPAMypPHOM UCNOTI-
HeHUU, Mbl OCHAHOBUTU CB0TL 6b100p HA MAUEPAUULL.

KmoueBbie cmoBa: $r1aBOHONJIBL, IEKAPCTBEHHOE PACTUTENIBHOE ChIPbE, ApTPUTHI, APTPO3bI, Mallepalyis, HePKOIAIMA.

Abstract. The ancient medicinal category-drugs based on medicinal plant raw materials (MPRM), has not lost relevance to-
day. The production of such drugs is constantly developing and they have a pharmacopoeial status in many states. Trends in the devel-
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opment of medical science are manifested not only in the complexity of the latest pharmaceutical technologies, but also in a deep
knowledge of the mechanisms of action of natural products, especially in long-term and chronic diseases of various genesis. In the general
structure of morbidity, pathology of the musculoskeletal system occupies one of the leading places. Diseases of the spine, bones and joints
are equally characteristic of both young and old people. Almost every tenth adult has one or another pathology of the musculoskeletal
system. In the process of numerous selection and research of combinations of various medicinal plant raw materials with anti-
inflammatory, regenerative and consequently anti-arthritic and anti-arthrotic activity and screening for Parametium caudatum, a com-
bination of 13 objects was selected. All of them contain flavonoids, which are the main "carriers” of pharmacological activity. The opti-
mal extractant for the flavonoids extracting is 70% ethanol. To select the extraction method, the maceration (Method 1) and percolation
(Method 2) were studied. The values are comparable, but taking to account that the first method is more common and does not require a
long extraction as in percolation, maceration was chosen.

Key words: flavonoids, medicinal plant raw materials, arthritis, arthrosis, maceration, percolation.

Introduction. Trends in the development of medical science are not only in the complication of the latest
pharmaceutical technologies, but also in a deep understanding of the mechanisms of effect of natural products, especial-
ly in treatment of long-term and chronic diseases. Medicinal plants are in demand for the production of plant-based
preparation that do not cause those side effects that are observed with the use of synthetic drugs [9]. The growing popu-
larity of herbal medicines, which have proven their effectiveness and safety, requires constant expansion of their arsenal.
Phytopreparations have advantages due to the presence of complexes of basic substances that enhance their biological
activity. Herbal preparations (total preparations) - tinctures, extracts are among the oldest dosage forms of official med-
icine. In our time, these ancient medicinal categories have not lost their relevance, they are constantly developing and,
as a result, in many countries they have a pharmacopoeial status [2, 3, 4, 6].

In practice, several plants are usually used at once (collection of medicinal herbs). This makes it possible to ex-
pand the range of applications, enhance the effect of certain medicinal herbs, introducing into the collection plant ob-
jects that affect various pathological processes in the lungs, liver, kidneys, heart, spleen, stomach, pancreas, intestines,
joints and many other organs and tissues [3, 9, 11, 12].

In the general structure of morbidity, pathology of the musculoskeletal system ranks fourth after diseases of the
respiratory system, blood circulation and digestion. Diseases of the spine, bones and joints are equally common in
young and old people. Men suffer from them almost twice as often as women. Almost every tenth adult has one or an-
other pathology of the musculoskeletal system. Arthritis and arthrosis is observed in every fifth patient between the ages
of 30 and 40, and in every second - at the age of 50 to 60. Among people over the age of 65, the incidence of arthritis
and arthrosis is 70-85%. In recent years, the proportion of diseases of the musculoskeletal system has been constantly
growing: the number of new cases is increasing annually by about 25%. In addition to the threatening morbidity rates,
information on the consequences are even more alarming — primary disability due to diseases of the musculoskeletal
system ranks third after diseases of the circulatory system and malignant neoplasms. The constant progress of medicine
provides a significant extension of life, while the percentage of chronic diseases is increasing. This tendency is most no-
ticeable in diseases of the musculoskeletal system, and such pathologies as arthritis and arthrosis are the most urgent.
An important problem of the modern approach to the treating arthrosis and arthritis is the search for external remedies
based on medicinal plants that can be used for a long time, without side effects in different age groups. The objective of
this study is to create a product based on medicinal plant raw materials (MPRM), which has an increased pharmacolog-
ical effect, as well as to develop a method for its production [12].

In the process of numerous selection and research of combinations of various medicinal products with anti-
inflammatory, regenerating and, as a consequence, antiarthritic activity and screening for Parametium caudatum, a
combination of 13 objects was chosen. All of them contain flavonoids, which are the main carriers of pharmacological
activity.

The optimal extractant for the extraction of flavonoids is 70% ethanol.

To select the extraction method, the maceration (Method 1) and percolation (Method 2) were studied.

Research methods

Method 1 - the technology for obtaining complex extraction by the maceration method.

Complex extraction was obtained in a maceration tank. The technological process consisted of the following
main stages: preparation of medicinal plant raw materials and extractant, obtaining a complex alcohol-water extraction,
packing and packaging.

Bbinyck Ne2, 2020 159


https://translate.academic.ru/plant-based%20preparation/ru/en/
https://translate.academic.ru/plant-based%20preparation/ru/en/

COBPEMEHHAA HAYKA U MHHOBALUWMN

The method of remaceration was used in the ratio of medicinal product: extractant — 1: 8. The crushed raw ma-
terial was placed in a maceration tank and filled with a 5-fold amount of the extractant (70% ethyl alcohol + 10% meth-
ylene chloride). The addition of methylene chloride significantly increased the yield of flavonoids compared with extrac-
tion with pure 70% ethanol. The combination of polar (alcohol) and non-polar (methylene chloride) solvents made it
possible not only to increase the yield of flavonoids, but also to ensure efficient extraction of lipids. This is due to the
low dielectric constant of methylene chloride (about 9). Extraction was carried out at room temperature for 24 hours.
Then the raw material was squeezed out, the extract was filtered, and the meal was re-poured with a 3-fold amount of
the extractant, and the process was repeated for 12 hours at room temperature. Then the meal was squeezed out, and the
resulting extract was filtered. Periodic change of the extractant is necessary for a more complete depletion of the raw
material and to reduce the loss during diffusion. After the completion of the extraction, the resulting extracts were com-
bined.

The combined alcohol-water extract was precipitated for 24 hours and filtered. Next, the extract was evapo-
rated under vacuum at a temperature of 50-60. 0C and a residual pressure of 50-60 inches of mercury with water jet
vacuum pump for methylene chloride removal.

In the selected complex of medicinal products, terpene compounds are also contained in addition to flavo-
noids. Volatile compounds - essential oils are having been lost during storage and processing. Significant losses also
occur during the roll milling of crushed plant materials. In this connection, impregnation of a blended mixture of raw
materials with a solution of castor oil and ethanol was tested. It has been determined that the optimal is the addition of a
7-8 wt.% alcohol solution per unit mass of raw material. The studies have shown that the impregnation of the raw mate-
rial before roll milling allows to increase the content of essential oils in the product (phytoconcentrate) by 5-7% com-
pared to the control process without impregnation. The yield of essential oils without impregnation is 4-8%.

The combination of solvents also allows additional extraction of such a valuable product as chlorophyll from
medicinal plant raw materials. Chlorophyll is the "green blood" of the plant world, which acts as a protein. Being the
basis of the entire plant world, it is the very first product of sunlight, carries out photosynthesis. Regular consumption of
chlorophyll can improve the body's resistance to many diseases, such as arthritis, rheumatoid arthritis, rhinitis, diabetes
mellitus, high blood pressure, etc. Thus, the maintenance of chlorophyll in the extract is an important link in obtaining
the extract.

Method 2 - extract preparation by percolation method. The extraction of complex raw materials was carried
out in a battery of six diffusers according to the counterflow principle, in which the extract obtained from the first dif-
fuser is sent to the second, the extract obtained from the second diffuser is sent to the third, etc. All six doses of the ex-
tractant with this extraction method are supplied into the first diffuser. After putting into operation all the diffusers of
the battery, all six portions of the extract are taken from the head, sixth diffuser, and the tail diffusers are taken out al-
ternately, with the start of the selection of finished products.

Quantification of the amount of flavonoids in the extract. Alcohol-water extraction was obtained from
standardized raw materials [7].

The quantitative determination of flavonoids in terms of narutin was carried out traditionally. The optical den-
sity of the resulting solution was measured on a spectrophotometer at a wavelength of 415 + 2 nm in a cuvette with a
layer thickness of 10 mm. In parallel, the optical density of the rutin working standard solution was measured.

Research results. The final combination of MPRs was matched by studying the increase in the lifespan of Par-
amecia with the addition of extracts (pre-thickened to remove ethanol). Among all the variety of microorganisms, par-
amecia are one of the most convenient test objects for medico-ecological, pharmacokinetic and toxicological studies, as
they are well studied, have large sizes that allow working with individual organisms [1, 5, 8, 10]. Cultivation methods
have been developed for them that provide the necessary culture standardization with relatively inexpensive methods.
There are no pathogenic forms among them. Paramecia in pharmacology, as a biological model, is used to screen anti-
oxidant (regulating lipid peroxidation) and membrane-stabilizing drugs. Paramecia, as living self-regulating structures,
are characterized by a high degree of adaptability, that is, they are able to develop protective reactions aimed at weaken-
ing the damaging effects of various stimulant, and resistance to stimulant remains for some time after its removal. There
are various modifications of microscopic counting in medical and microbiological research. To conduct an experiment,
a few drops are taken from a suspension with organisms and the number of ciliates is counted under a microscope [1,
10]. The microscopical method allows visual observation of changes in the functional and structural parameters of Par-
amecia under the influence of substances of various natures in both acute and long-term experiments. As a pharmaco-
logical indicator (toxicant), predominantly damaging the lipid part of the membrane, hydrogen peroxide 1% is used,
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which is broken down to peroxide radicals in vivo, initiating the process of lipid peroxidation (LPO) of membranes; a
pharmacological indicator that predominantly damages the structure of the protein biomembrane is 14% ethyl alcohol,
leading to denaturation of both enzymatic and membrane proteins [1, 8, 10].

Table 1
The composition of the optimal combination of medicinal products
Ne Optimal combination of alcohol-water extraction from medicinal . . .
. The optimal ratio of medicinal products
/i plant raw materials
1. Chamomile (flowers) 0,04
2. Calendula (flowers) 0,05
3 Cumin (fruit) 0,03
4 Pine (buds) 0,50
5 Yarrow (herb) 0,05
6. Mint (leaf) 0,10
7. Rosehip (fruit) 0,06
8 Fennel (fruit) 0,30
9. Licorice (root) 0,25
10. Wormwood (herb) 0,40
11. Thyme (herb) 0,15
12. St. John's wort (herb) 0,05
13. Celandine (herb) 0,02
Wroro: 13 ingredients 2,00

The choice of the medicinal plant was based on the analysis of researches on raw materials that have anti-
inflammatory, regenerating effects and indirectly affect pathological links in degenerative-inflammatory processes of the
musculoskeletal system.

The results of determining the degree of protection of the paramecia cell wall when the developed combination
is added to them in relation to cell poisons (14% ethanol and 1% hydrogen peroxide solution) are shown in Table 2.

Table 2
Study of the degree of protection of paramecium from the action of toxicants by the time of stopping (acute experience)

Stopping ti f ium in 1% hyd
Object name Stop time of paramecium in 14% ethanol, min obping time 0 I.Jaramea'um 1n. o ydrogen
peroxide solution, min
Control 0,2 +0,01 0,09 + 0,01
Medicinal product combination 11,0 £ 0,30 5,9 + 0,20

The developed combination significantly extended the stopping time of paramecium by a factor of 55 and 65
under the influence of cellular poisons — ethyl alcohol and hydrogen peroxide, respectively. The lengthening of the
stopping time of the movement of paramecium under the influence of ethyl alcohol, characterizes the membrane-
stabilizing activity of the developed combination, selected components, which in a qualitative and quantitative ratio
prevent damage to the protein part of the biomembrane. Antioxidant activity was tested by extending the time of
movement of paramecium under the influence of a solution of hydrogen peroxide, which is associated with the ability of
the components of the developed combination to inhibit membrane lipid peroxidation.

Quantification of the amount of flavonoids in the extract

Method 1 (maceration)

The metrological characteristics of the developed methodology are shown in Table 3.

Table 3 - Metrological characteristics of the method for determining the content of the sum of flavonoids in
the complex extract (Method 1)

n Xep AX S s? Sx t (p,f) £,%
10 2,850 0,025 0,035 0,0013 0,011 2,26 0.90

Thus, in the extract obtained by Method 1, the content of flavonoids in terms of rutin is 2,850+0,025 (Xt AX).
To confirm the correctness of the method, a calibration curve was plotted, the dependence of the optical densi-
ty of the solution on the concentration of rutin and is shown in Figure 1.
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Fig. 1. Calibration dependence for determining the amount of flavonoids in a complex extract

The graph shows a direct dependence of the increase in optical density on the concentration of rutin.
Method 2 (percolation)
The metrological characteristics of the developed methodology are shown in Table 4.

Table 4
Metrological characteristics of the method for determining the content of the sum of flavonoids
in the complex extract (Method 2)
n Xep AX S s? Sx t (p,f) £%
10 2,950 0,035 0,035 0,0013 0,011 2,26 0,75

Thus, in the extract obtained according to Method 2, the flavonoid content in terms of rutin is 2,950+0,035
(XopAX).

Conclusions. Flavonoids - substances of a polyphenolic nature that protect plants from adverse environmental
factors, perform similar functions in animals, whose body does not produce these substances, but consumes them with
food. Although the concentration of flavonoids in the body of animals is significantly lower than that of plants, these
substances retain their protective functions and are normally constantly present in the blood, lymph and intercellular
fluids, acting on the receptors of the signaling system of cells. Flavonoids also enter the cytoplasm, having a direct effect
on the work of some enzymes. Currently, there is a lot of evidence of changes in the expression and functioning of vari-
ous proteins in the cytoplasm and nucleus, although the molecular mechanisms explaining the mechanisms of the effect
of flavonoids on the functioning of proteins are poorly understood. In addition, in the body of animals, flavonoids un-
dergo a variety of chemical modifications. Flavonoid metabolism products also have biological activity. However, the
pharmacokinetics of flavonoids is still in its infancy and there is still relatively few research in this area [12, 13, 14, 15].

Medicinal plant preparations containing flavonoids, the release and quantitative analysis of flavonoids are of
particular interest. Studies of the action of flavonoids show their ability to influence various vital processes, both of indi-
vidual cells and the body as a whole. Epidemiological studies of the relationship between the spread of various diseases
(cardiovascular, oncological, neurological, diseases of the musculoskeletal system) with the consumption of flavonoids
under experimental conditions on animals convincingly indicate the prospects of using some flavonoids in the preven-
tion and even in the treatment of various diseases. Flavonoids are powerful antioxidants that prevent the development
of oxidative stress in cells where metabolism is impaired by toxic prooxidants, UV radiation, and other damaging fac-
tors. The antioxidant properties of flavonoids are determined both by the ability of these molecules to capture free radi-
cals and by the ability to chelate cations of variable valence metals involved in oxidation processes. The antioxidant ef-
fect of flavonoids is not limited to the direct effect of these substances on the processes of peroxidation. Flavonoids are
sometimes a subtle, but necessary link in the assembly and functioning of proteins, in the formation of biological mem-
branes, in the transmission of information in the cell. Always available, they serve as helpers in many processes. This is a
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kind of "lubricant" in the complex mechanism of the cell. It can be hoped that further research of flavonoids will make it
possible to make many interesting discoveries, and the creation of artificial derivatives of flavonoids will make it possi-
ble to obtain new effective medicinal substances [12, 13, 14, 15].

Comparative analysis of the methods of extraction — maceration and percolation, based on the analysis of the
transition of flavonoids, in terms of rutin, in alcohol-water extraction showed that in the extract obtained by Method 1,
the content of flavonoids was 2.850 + 0.025, according to Method 2, the content of flavonoids was 2.950 + 0.035. The
values are comparable, but taking to account that the first method is more common and does not require a long extrac-
tion as in percolation, maceration was chosen.

The resulting alcohol-water extraction is an intermediate product for the design of a soft dosage form - a gel
with roughly antiarthritic and antiarthrosique activity.
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IMPROVEMENT OF METHODS FOR ASSESSING THE FINANCIAL STABILITY
OF TOURISM INDUSTRY ENTERPRISES AT THE REGIONAL LEVEL

VMucturyr cepsuca, ypusma u nusaiina (Guman) CK®Y B r. Ilaturopcke, Poccusa
Institute of Service, Tourism and Design (branch) NCFU in Pyatigorsk, Russia

Annomayus. Cmamvs NOC6AUleHA NPUMEHEHUI) Memo008 CHpPecc-mecmuposanus OIS OUEHKU PUCKd B03MONHO20
bankpomcmea 0N Mypucmu4eckux KoMnanuii Ha yposte peeuora. IIpu cuenapusax usmenernus mypnomoxa om 100% 0o 50% u 30%,
OUHAMUKA KOPPeNTUULL Uccedyemoix noxazamerneti nokasvieaem He KpUMuuHyio OUHAMUKY 0C1abeHus mecHomol céa3u. Cmpecc-
mecm noKa3an Hekomopolii 3anac NPoUHOCMU CAHAMOPHO-KYpPOpmHo2o komniekca peeuora Kasxasckux Munepanviuvix Boo.

KnioueBble cmoBa: TypusM, PpeKpPeAl[MOHHBIN IOTEHIMAN, PUCK-MEHEIPKMEHT, KOHKYPEHTHble IIpeUMYIeCTBa,
TYPUCTHYECKUE YCITYTH.

Abstract. The article is devoted to the application of stress testing methods to assess the risk of possible bankruptcy of tourist
companies at the regional level. In the scenarios of changes in the tourist flow from 100% to 50% and 30%, the dynamics of correlations
of the studied indicators shows a non-critical dynamics of weakening the tightness of the connection. There are probably hidden nonline-
ar dependencies of the studied indicators. The stress test showed a certain margin of safety of the health resort complex of the Caucasus
Mineral Waters region.

Key words: tourism, recreation potential, risk-management, competitive advantages, travel services.

Introduction. Risk is an integral part of a person and society life. At the organizational level, economic risk is
more significant, it regulates the microeconomic relations of companies when making management decisions. In this
case, it is necessary to take into account the resulting influence of external and internal factors, which in turn are subject
to constant qualitative and quantitative changes [4].

A potential hazard can be viewed as an uncertain event or condition that, when realized, has a positive or nega-
tive impact on the company's reputation, leads to monetary gains or losses [12].

The concept of "force majeure" is defined in accordance with paragraph 3 of Article 401 of the Civil Code of the
Russian Federation. In particular, force majeure circumstances include: natural disasters (earthquake, flood, hurricane),
fire, epidemics, strikes, hostilities, terrorist acts, sabotage, restrictions on traffic, prohibitive measures of states, prohibi-
tion of trade operations, including with certain countries due to the adoption of international sanctions, and other cir-
cumstances beyond the control of the parties to the agreement (contract). The epidemic of coronavirus can be attributed
to force majeure circumstances, but the lack of clarity and confusion of domestic legislation does not allow this to be
done unambiguously.

Today, the Russian economy is facing the most serious crisis in the past two decades. This crisis was caused by
extreme measures to combat the pandemic and changes in commodity markets, leading to a significant drop in the in-
come of the Russian economy. Measures of the governments of all countries to combat the pandemic are mandatory for
society and lead to a sharp contraction in demand, a reduction in the activity of the service sector (passenger transporta-
tion, tourism, hotel, restaurant, recreational businesses). Support programs include: fiscal measures (reducing the actual
tax burden), replacing shortfalls in budget revenues, maintaining the availability of lending to businesses and the popu-
lation, budget support for companies and the population in order to maintain employment and effective demand. These
measures will prevent the transition of the recession into depression and ensure its V-shaped development [6] .

As of early April of this year, the World Tourism Organization (UNWTO) predicted a 20-30% decrease in
tourist activity in 2020, as a result of which the world economy will receive less from $ 30 billion to $ 50 billion (from 2.2
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to 3.7 trillion rubles). According to UNWTO forecasts, the decrease in the number of tourists will continue in the com-
ing years. Lost profits of the global aviation industry in 2020 compared to last year will amount to 38%, or $ 252 billion
(1.9 thousand trillion rubles). Sales in the field of tourism in Russia fell to almost minimal values, according to the re-
sults of the first half of the year, the total volume of lost revenue by the Russian tourism business will be about 1.5 tril-
lion rubles. According to estimates, there are 1,800 sanatorium-resort institutions in Russia in total, of which 700 are
state-owned, the rest are private. The sharp decline in tourism industry revenues increased the risks of non-payment of
wages to employees, rent and utility payments, taxes and loan repayment. More than 1.6 million people were under
threat of dismissal or sending on unpaid leave. The total number of workers in the tourism industry is 2.5 million, tak-
ing into account related industries about 7 million people [11].

The onset of risk in the economic activity of a tourism organization leads to the disruption of plans, in the form
of unplanned expenses, losses or a decrease in expected income [5,12]. Risk classification should be understood as the
distribution of risk into specific groups according to certain criteria to achieve the set goals [9]:

- operational (violation of the internal business processes of the organization;

- environmental, (external threat of environmental degradation);

—A security risk (the threat of reducing the attractiveness of a tourist destination from a safety point of view);

- political (threat of deterioration of the political situation);

- marketing (threat of an unfavorable situation in the markets);

- economic (threat of deterioration of the economic situation);

- infrastructural, (decrease in the quality of tourism infrastructure).

There are also two main categories of risks in tourism:

1) risks that directly threaten tourists when planning and implementing a tour (tourist risks);

2) the risks of the activities of tourism enterprises from the provision of services to tourists, during the for-
mation and promotion of the tour (economic and economic risks) [8] .

The tourism industry can have a multiplier effect on the development of other sectors of the region's national
economy (agriculture, transport, construction, trade, services, etc.) and can ensure sustainable growth of the regional
economy. However, it is associated with the risks of the industries entering the tourism industry, which also enhance or
compress the multiplier effect, adding to the overall level of tourism risk.

The variety of tourist resources of the North Caucasus Federal District contributes to the development of vari-
ous types of inbound and domestic tourism: recreational, cultural, educational, extreme, ski, business, ecological, rural,
fishing and hunting.

The Government of the Russian Federation pays significant attention to the development of the region: the
state program "Development of the North Caucasian Federal District for the period up to 2025 (the volume of budget
allocations is 305 billion rubles)" and a number of subprograms ("Development of the tourist cluster in the North Cau-
casian Federal District") have been adopted.

Tasks of these subprograms: creation of conditions for attracting investments; infrastructure development; cre-
ation and promotion of local tourism products in the domestic and foreign markets; a significant increase in the tourist
flow; development of industry and agriculture on the territory of the federal district. JSC "Resorts of the North Cauca-
sus" assessed the tourist and recreational potential of the North Caucasus Federal District. The region was supposed to
develop all-season tourist and recreational complexes in the following territories: (Karachay-Cherkess Republic
"Arkhyz"), (Kabardino-Balkarian Republic "Elbrus") (Chechen Republic "Veduchi"), (Republic of Ingushetia "Tsori",
"Armkhi »), (Republic of Dagestan — Caspian coastal cluster) [10].

It was planned that by 2025:

- 12.8 thousand jobs would be created,

— the proceeds from the sale of goods and services would reach 19.5 billion rubles.

Over the past five years, more than 2 trillion rubles have been allocated to solve social and economic problems
in the region. In 2019, the subjects of the North Caucasus Federal District received 70 billion from the budget for the
implementation of national projects, and 200 billion rubles for state programs. However, not all targets were met. At the
same time, the values of socio-economic indicators there still lag behind the national average. Unemployment is 11%,
and in the country - 4.6%. The average monthly salary is 61% of the national average [10].

In 2019, the resorts of the republics of the North Caucasus Federal District were visited by about 4 million peo-
ple, the Stavropol Territory — about 1.6 million people. The ski tourism cluster will be able to accommodate up to 100
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thousand vacationers at a time. Paid travel services amounted to more than 6 billion rubles, sanatorium and health ser-
vices more than 3 billion rubles.

As a result of anti-epidemic measures, the regional tourism and hospitality industry (hotel business, catering
enterprises, transport, cultural and entertainment services) will be seriously affected. The introduction of a self-isolation
regime for Russian regions in order to reduce the spread of coronavirus in the short term will seriously affect the finan-
cial condition of the health resorts of the Caucasian Mineral Waters region, the hotel business of the all-season resorts
Arkhyz, Elbrus, Veduchi and others. According to the press service of the Ministry of Tourism of the Stavropol Territo-
ry, tourist flow in the region in March 2020 fell by 34% against last year. Sanatoriums are loaded by 65%, in hotels there
are fewer guests by 28%. By the Decree of the Governor of the Stavropol Territory dated 04/31/2020. No. 123, the recep-
tion and placement of citizens in collective accommodation facilities from April 31 to June 01, 2020 was restricted.

The purpose of our research is to qualitatively analyze the risks of the impact of economic, infrastructural,
market factors on the local market of tourist and recreational services in the North Caucasus Federal District.

When analyzing risks, a qualitative analysis is carried out in order to identify risks, which includes the follow-
ing tasks: identifying risks; classification and description of risks, analysis. Quantitative analysis aims at determining the
size of the risk, calculating risks and assessing them.

In world practice, these methods of analysis are used to obtain the most effective analysis of risks [1,7]:

- method of reliable equivalents (reliability factors)

- method of adjusting the discount rate;

- sensitivity analysis of indicators (univariate stress test);

- scenario method (multivariate stress test);

- analysis of probable distributions;

- Monte Carlo method (simulated distribution).

Sensitivity analysis of indicators is widely used in the practice of financial management. In the general case, it
boils down to the study of the dependence of a certain resulting indicator on the variation in the values of indicators
involved in its determination. (analysis of "what if"). The problem is that in stressful situations, other risk factors change,
if only one is considered, the measurements may be inaccurate. Hypothetical scenarios may consider worst-case out-
comes when the considered risk factors have worst-case values. This method does not account for correlations between
other risk factors. There are points of view on how the correlations between risk factors should change [1]:

- in stressful situations, the relationships between factors remain the same as in the norm;

- in stressful situations, the relationships between the factors change.

In the previous study, we carried out a cluster analysis of the distribution of tourist and recreational resources
within the North Caucasus Federal District, which made it possible to differentiate the distribution of these resources by
the subjects of the region. Critical indicators for assessing the sensitivity (competitiveness) of the region's tourism indus-
try to changes in external factors (changes in tourist traffic) have been identified [2.3].

Methodology. The competitiveness of a territory is the basis for its stability in the case of adverse events. To
accomplish this task, it is necessary to identify indicators characterizing the development of the tourist and recreational
complex in the region. The indicators of regional development of the industry were calculated on the basis of primary
indicators.

The sources of information are official statistical data, as well as mass media, scientific publications, sociologi-
cal surveys (questionnaires, interviews), methods of expert assessments ("focus groups") and others.

Indicators can be presented in nominal or structural indexes, using content analysis, as well as comparison and
grouping methods.

We have grouped the indicators into blocks that were used to determine the competitiveness of the regional
tourism market and can be applied as scenario criteria [3]:

1. Socio-economic situation;

2. Business conditions;

3. Environment;

5. Infrastructure and economy of the tourism industry.

We settled on a scenario where several risk factors are subjected to stress testing, while the rest can change only
in accordance with their historical values. The scenario assumes measuring the sensitivity of the regional tourism mar-
ket indicators depending on changes in tourist traffic: 100% (column 1), 50% (column 2), 30% (column 3). Tourist flow
of 30% from 2019 approximately coincides with the health resort contingent. Other indicators were also adjusted: pas-
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senger transportation, collective accommodation facilities, sanatoriums, places and number of people. The number of
scenario parameters can be minimized using correlation analysis.

Pearson's correlation coefficient indicates that either one of the two identified phenomena is a partial cause of
the other, or both phenomena are a consequence of common causes. The correlation coefficient can range from -1 to
+1. At the same time, a negative correlation coefficient indicates that an increase in the value of one variable corre-
sponds to a decrease in the value of another variable correlating with it. A positive correlation coefficient indicates that
an increase in one variable corresponds to an increase in another. The main hypothesis is that there is no linear feed-
back between variables. At p <0.05, the hypothesis is rejected. Correlation strength classification: strong: + 0.7 to * 1;
average: + 0.3 to + 0.699; weak: 0 to + 0.299.

Table 1
Indicators of the block " Socio-economic situation "
A
verage . Number of
per capita income Level of Number of hospital .
. K Number of doctors crimes
Indicators population per month, unemployment,% beds
rub
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Amount
. 0,22 0,23 0,22 [ -0,59 | -0,58 | -0,58 | 0,23 0,17 0,16 0,81 0,92 0,9 0,86 0,77 0,75
of tourists

Indicator "Average per capita income of the population per month, rubles.” Table 1 has a weak positive correla-
tion with the number of tourists + 0.22, which reflects the irregular development of the subjects of the region and the
presence of other incomes not related to the tourism industry. Despite the insignificant share of the tourism industry in
the sectoral gross value added of about 3% in the federal district, the tourist flow has an average positive feedback with
the indicator "GRP( Gross regional product) per capita” 0.67-0.65.

The "Level of unemployment" indicator has an average negative correlation with the number of tourists - 0.59-
0.58. The decrease in tourist flow contributes to the growth of unemployment. The indicator "The number of doctors"
has a weakly expressed positive feedback with the number of tourists + 0.23 to 0.16. This can be explained by the fact
that not a large part of tourists go to continue their treatment, focusing on the sanatorium-resort complex. Therefore,
the indicator "Number of hospital beds" has a strong positive correlation + 0.9 to 0.81. In case of exacerbation of chronic
diseases and injuries, hospitalization of tourists is carried out by local health care institutions. The indicator "Number of
crimes" has a strong feedback +0.86 +0.77 with the number of tourists who themselves may commit crimes and be sub-
ject to criminal acts.

Table 2
Indicators of the "Business conditions"
. o Share of the tourism in- Share of investments in
) Fixed capital investments .
Indicat GRP per capita, rubles er cabita. rubles dustry in the sectoral gross fixed assets from the
: T capita,
nacators ber cap value added% budget%
1 2 3 1 2 3 1 2 3 1 2 3
Amount of tourists 0,67 0,67 0,65 0,27 0,31 0,31 0,08 0,16 0,18 -0,75 -0,72 -0,72

The indicator "Fixed capital investments per capita, rubles" has an average correlation with the indicator under
study. Table 2. The indicator of tourist flow has a strong negative feedback to indicator "Share of investments in fixed
assets from the budget", which characterizes the significant role of the state in the development of infrastructure (-0, 75-
0.72). The indicator "Share of the tourism industry in the sectoral gross value added" has a weakly expressed positive
feedback with tourist flow.

Table 3
Indicators of the block "Environment"
At heri is- At heri is-
X mospheric .emls ) mospheric em.ls Discharge of waste Production and
. sions from stationary sions from mobile . K . .
Indicators water into surface consumption waste, Population density
sources, thousand sources, thousand K
water bodies, mln.m3 thousand tons
tons tons
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Amount of tourists 0,71 0,7 0,7 0,71 0,58 0,58 0,75 0,68 0,68 0,84 0,75 0,75 -0,78 | -0,87 | -0,87

Bbinyck Ne2, 2020 169


https://translate.academic.ru/atmospheric%20emissions/ru/en/
https://translate.academic.ru/atmospheric%20emissions/ru/en/
https://translate.academic.ru/atmospheric%20emissions/ru/en/
https://translate.academic.ru/atmospheric%20emissions/ru/en/

COBPEMEHHAA HAYKA U MHHOBALUWMN

Table 3 shows a strong positive feedback between the main indicators of anthropogenic load and tourist flow,
the more tourists, the more pollution:

- "Atmospheric emissions from stationary sources" (+ 0.71 + 0.7);

- " Discharge of waste water into surface water bodies" (+ 0.75 + 0.68),

- "Production and consumption waste" (+ 0.84 + 0.75).

- "Atmospheric emissions from mobile sources" (0.71 + 0.58). A decrease in tourist flow has a slight effect on
environmental pollution. The tourist flow has the opposite effect on the "Population density" (-0.78-0.87): in one place
the population density temporarily increases, while in another it decreases.

Table 4
Indicators of the block "Infrastructure and economy of the tourism industry”
Automobil
. . tomobre . . Collective Collective
. Rail transportation, (buses) transporta- Air transportation, e .
Indicators . facilities facilities
thous. tion, thous. .
placement, accommodation,
passengers thous. passengers
places thous. people
passengers
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Amount of tourists 0,86 0,73 0,72 0,79 0,68 0,67 0,78 0,67 0,67 0,92 0,73 0,72 0,95 0,8 0,79

In table 4, the indicators "Infrastructure and economy of the tourism industry” show a positive feedback with
tourist flow. Developed transport infrastructure ("Railroad transportation” (+ 0.86 + 0.72), "Automobile transportation”
(+ 0.79 + 0.67), "Air transportation” (+ 0.78 + 0.67), has a positive effect on the number of tourists. The first place in
transportation is traditionally kept by railway transport, the second place — by road transport and the third place - by
aviation. Road transport and aviation have a tendency to decrease to an average positive correlation. Local residents and
residents of neighboring regions arrive in road transport.

Table 4.1
Indicators of the block "Infrastructure and economy of the tourism industry”

Health resort

Health resort
facilities, accom-

Paid travel ser-

Health resort

Services of collec-
tive accommoda-

Number of peo-
ple, employed in

Indicators . vices, thous. ru- services, thous. . . AN
facilities, places modated thous. tion facilities, the tourism in-
bles rubles
people thous. rubles dustry
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Amount of tourists 0,86 | 0,77 | 0,75 | 0,86 | 0,73 | 0,7 04 1049 | 05 | 086|074 | 0,71 | 0,85 | 0,7 | 0,66 | 0,65 | 0,6 | 0,57

The next significant group of indicators in Tables 4 and 4.1 characterizes collective accommodation facilities:
hotels, camp sites, campgrounds, rest houses, boarding houses and, separately, sanatoriums. This group also shows a
strong positive feedback with the number of tourists:

- "Collective accommodation facilities, places” (+ 0.92 + 0.72),

- "Collective accommodation facilities, thousands of people accommodated” (+ 0.95 + 79),

- "Health resort facilities " (+ 0.86 + 0.75),

- "Health resort facilities, thousands of people accommodated” (+ 0.86 + 0.7),

According to the indicators "Collective accommodation facilities, beds", "Collective accommodation facilities,
thousands of people accommodated”, the differences in the correlation coefficients can be explained by uneven loading
of the bed fund. The downward trend in communication density can be traced as the tourist flow changes.

According to the indicators "Health resort institutions, beds", "Health resort institutions, accommodated thou-
sands of people", the difference in the correlation coefficients is explained by the lower load of the bed fund.

The third group of indicators characterizes the volume of paid services and employment in the region's tourism
industry. In this group, there is also a positive feedback with the number of tourists:

- "Paid travel services" (+ 0.4 + 0.5),

- "Health resort services" (+ 0.86 + 0.71),

- "Services of collective accommodation facilities" (+ 0.85 + 0.66),

- "Number of people employed in the tourism industry" (+ 0.65 + 0.57).
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The growth of the "Paid tourist services" indicator with an average correlation coefficient of up to 0.5 +0.4 re-
flects the fact that vacationers will attend excursions and entertainment events.

The downward trend in the positive feedback of the indicators "Health resort services" from +0.86 to + 0.71 and
"Services of collective accommodation facilities” from +0.85 to average + 0.66 with a change in tourist flow is character-
ized by a lower volume of spa and cosmetic procedures, therapeutic massage.

A decrease in the correlation of the indicator "Number of employed in the tourism industry" from +0.65 to an
average of + 0.57 is also characterized by a positive feedback with tourist flow and reflects a decrease in employment and
the seasonality of the provision of travel services.

Table 5
Influence of the "Business conditions" indicators on the indicators
of the "Infrastructure and economy of the tourism industry”

Fixed capital investments Share of investments in fixed
1X
GRP per capita, rubles ] P ) v bl assets at the expense of the
Indicators per capita, rubles budget

1 2 3 1 2 3 1 2 3
Collective accommodation facilities, places 0,63 0,56 0,54 0,17 0,17 0,13 -0,74 -0,67 -0,63
Collective accommodation facilities, thousands of

0,6 0,6 0,6 0,2 0,2 0,2 -0,74 -0,71 -0,68
people accommodated
Health resort facilities, places 0,56 0,6 0,61 0,06 0,2 0,2 -0,68 -0,67 -0,67
Health resort facilities, accommodated thous. people 0,54 0,54 0,54 0,06 0,1 0,1 -0,68 -0,67 -0,65
Health resort services, thous. rubles 0,54 0,54 0,54 0,13 0,12 0,1 -0,66 -0,66 -0,66
f}fz\lfliscersu%fl ecSollective accommodation facilities, 0.65 0.63 06 058 0.82 0.84 077 0,58 0,55
Number of empl in the tourism industry, thous.
Pel:;eel of employees in the tourism industry, thous 08 0.8 08 079 0.79 079 026 041 045

Our research has revealed a medium and strong feedback between "GRP per capita" and indicators of the sec-
tion "Infrastructure and economy of the tourism industry". In Table 5, the indicator " Number of employees in the tour-
ism industry " showed a strong positive feedback with the indicator "GRP per capita” +0.8, which will directly affect em-
ployment in the region as a whole.

The indicators of the block “Infrastructure and economy of the tourism industry” has a weak dependence on
the indicator “Fixed capital investments per capita”, with the exception of “Services of collective accommodation facili-
ties” and “Number of employees in the tourism industry” which showed a strong positive feedback of 0.8. The indicator
“Share of investments in fixed assets at the expense of the budget” did not have an average negative impact on the indi-
cators of the section “Infrastructure and economy of the tourism industry”. This situation is explained by the fact that
most of the collective accommodation facilities and sanatoriums were built during the Soviet era and additional private
investments in the 2000s did not have a significant impact on the industry. The regional tourism infrastructure still de-
pends on public investment.

In our previous study, we carried out a cluster analysis of the subjects of the North Caucasus Federal District
from the point of view of the tourism industry infrastructure using the "Ward's" method: the distance between objects
was measured using the "City-Block" method. First, in both clusters, for all available observations, the average values of
individual variables are calculated. Then, the squared Euclidean distances from individual observations of each cluster
to that cluster mean are calculated. These distances are summed up. Then, into one new cluster those clusters that give
the smallest increase in the total amount of distances are combined [2, 3].

As a result of the procedures, 2 clusters were created:

— first cluster — 28.6% (Stavropol Territory, Republic of Dagestan);

- the second cluster — 71.4% (Republic of Ingushetia, Chechen Republic, Kabardino-Balkarian Republic, Kara-
chai-Cherkes Republic, North Ossetia);

The best results in the first cluster on the state of infrastructure and the economy of the tourism industry were
shown by the Stavropol Territory and the Republic of Dagestan. The second cluster contains the rest of the regions of
the North Caucasus Federal District (Ingushetia, Chechen Republic, Kabardino-Balkarian Republic, Karachai-Cherkes
Republic, North Ossetia- Alania), which have similar socio-economic and infrastructural resources.
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The majority of balneological resources (58%) of the recreational region of the Caucasian Mineral Waters are
concentrated in the area of the Stavropol Territory, in the Karachay-Cherkess Republic - 33%, in the Kabardino-
Balkarian Republic - 9%. The combination of natural factors, the geographical proximity of the Stavropol Territory with
a historically developed tourist infrastructure has a significant impact on the tourism industry of the Kabardino-
Balkarian Republic, Karachai-Cherkes Republic.

Results. The influence of tourist flow on the indicators of the “Socio-economic environment” block is ambigu-
ous: the average positive feedback with “GRP per capita”, which does not have a noticeable effect on the “Average per
capita income of the population per month”. This may be due to the insignificant share of the tourism industry in the
sectoral gross value added of about 3%. At the same time, the indicator “Unemployment rate” (-0.59-0.58) shows an
inverse feedback with changes in the number of tourists, ie reduction in tourist flow contributes to the growth of unem-
ployment. All this will affect the economic situation of the single-industry towns — resorts of the Caucasian Mineral Wa-
ters group (Stavropol segment).

The amount of tourist traffic, accomodation capacity and services of sanatorium-resort institutions have a
strong negative feedback to indicator "Share of investments in fixed assets from the budget", which characterizes the
significant role of the budget in the development of infrastructure. As most of the health resort institutions are in de-
partmental, trade union and municipal property.

When the tourist flow changes, there remains a negative impact on the environment (due to the use of utilities)
and safety indicators (there is a likelihood of committing crimes, both by tourists and local residents against them). In
connection with the economic crisis, the role of rail and road transport is increasing.

Thus, under scenarios of decreases in tourist flow from 100% to 50% and 30%, the dynamics of correlations of
the studied indicators shows a non-critical dynamics of weakening the tightness of connection. Probably, there are hid-
den nonlinear dependencies of the studied indicators. The stress test showed a certain margin of safety for the health
resort complex of the Caucasian Mineral Waters region (with a time lag): 30% of the tourist flow roughly corresponds to
the contingent of health resort institutions, i.e. major consumers of medical and recreational services. Government sup-
port is needed to maintain the foundation of the recreational industry. Of the 124 sanatoriums in the Stavropol Territo-
ry, only 16% are privately owned. It is necessary to ensure the fulfillment of all the tasks set in the subprogram "Devel-
opment of the tourist cluster in the North Caucasus Federal District."

Local authorities offer a standard set of support measures that partially cover the conditionally fixed costs:
property tax benefits (up to 1%), land tax benefits, government guarantees for obtaining interest-free loans, and lease
payments deferral. It is necessary to further stimulate the demand for Health resort and recreational services through
the development of domestic tourism, the provision of preferential vouchers to the population at the expense of social
funds, and subsidies for travel to the vacation spot.
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ANALYSIS OF PUBLIC BLOCKCHAIN UNDER THE COMPLEX
CLASSIFICATION OF SHARED LEDGER TECHNOLOGY

IleTepOyprekuit roCyJapCTBEHHBIN YHUBEPCUTET IIyTelt cooOiennst Vimneparopa Anekcanzpa I,
Cankt-Iletep6ypr, Poccust / Emperor Alexander I St. Petersburg State Transport University, St. Petersburg, Russia

Annomauus. B cmamve cmasumcs 3a0aua npoussecmu aHAnU3 OMKPoL0z0 6710K4eliHa 8 PAMKAX NPeOTLoKeHHOU A6MOoPoM
KOMNEKCHOTE KNIACCUPUKAUUU MeXHON02UU pacnpedesieHHo20 peecmpa. B xode peutenus ykasanHoil 3a0auy aemop onpedensem K-
4esvle C60LICMBA, NPUCYUUE NYOTUYHBIM OT0KUeliHAM, ONUCbI8Aem XAPAKMepHble OMKPbIMbIM Peecmpam aneopummol KOHCEHCycd, a
maxkxie onpedensient 0CHOBHble 00CHIOUHCIMEA U HeOOCMAMKU MAaKux cucmem. B saxnwouenuu npednoxens: pexomeHOyemovle 06nacmu
npuUMeHeHUS OMKPbIMbLX PACHPeOeNIeHHbIX Peecnpos.

KrmoueBble coBa: 0/10KUeiiH, pacIpeie/leHHBI peecTp, IPO3pauHOCTb, JTOTMCTUKA, JelleHTpaaM3alus, KPUITOBAIIOT],
6uTKOMH, 1MPOBUSALINA.

Abstract. The object of the article is an analysis of public blockchain under the complex classification of shared ledger technol-
ogy suggested by the author. The author defines the key properties of the public blockchains, the consensus algorithms and he finally
determines the advantages and disadvantages of the open shared ledgers in the course of task performance. The recommended fields of
application are suggested in the conclusion.

Key words: blockchain, shared ledger, transparency, logistics, decentralization, cryptocurrency, bitcoin, digitization.

Introduction. According to the complex classification of the shared ledger technology proposed by the author,
there are four types of blockchain systems, each of which has unique properties (Fig. 1). An important role in the pro-
cess of data transmission and storage is played by public blockchains, which ensured the successful integration of shared
ledger technology into modern business processes.

Materials and methods, results and discussions. Currently, there are public & open blockchains, which have
the most free level of access and provide users with ample opportunities for organizing operations performed within the
network, and public & closed blockchains, where, with free access, user rights are limited by solving some of the prob-
lems of open blockchain systems.

Public & open blockchains are immutable, pseudo-anonymous (or anonymous), and decentralized systems.
This means that anyone can become part of the network and take part in the consensus process. These systems have the
properties of resistance to censorship and protection of transactions from retrospective changes, which makes it possible
to ensure the reliability of the content of the blockchain even in the absence of trust between the participating objects. In
addition, thanks to the public access to the platform, all processes occurring within the network are completely trans-
parent.

The main advantage of public & open blockchains is an increased level of system security due to the use of the
Proof-of-Work consensus algorithm. Thus, the process of confirming transactions when using the specified algorithm is
as follows®: miners (persons who verify and confirm user transactions) observe the transactions broadcast to the net-
work and add them to their pool. Due to the large number of unconfirmed transactions and the limited block size®,
miners are forced to select the most priority ones, primarily focusing on the size of the commission offered by the user
for adding to the block. As soon as the transactions are collected, the computing power of all miners automatically starts

2 On an example of the Bitcoin blockchain
3 Each block in the Bitcoin blockchain has a size limit of 1 megabyte to protect the blockchain from malicious attempts to disable the blockchain
using DDos attacks.
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performing the most complex mathematical tasks in order to determine the hash value of the new block.** First of all,
the validity of each transaction of the block is checked for the presence of the funds specified for the transfer by the
senders, after which a "Merkle tree" is formed with correct transactions. To build a "Merkle tree", each transaction locat-
ed in the miner's pool is hashed. The resulting hash values are then combined in pairs and re-hashed. This algorithm
runs until the resulting hash value is determined, also known as the "Merkle root" (Figure 2).

public & open blockchain public & closed blockchain

* Anyone can join * Anyone can join

* Anyone can read, write and confirm * Anyone can read

fransactions * Only authorized participants can write and
* Hosted on public servers confirm transactions

* Low scalability * Medium scalability

privite& open blockchain privite & closed blockchain

* Only authorized participants can join
* Only authorized members can read and

* Only authorized participants can join
* Only authorized members can read

write * Only the network operator can write and
* Hosted on private servers confirm transactions
* High scalability * Very high scalability

Fig. 1. Types of blockchain networks

The next piece of mathematical calculations is the process of finding a nonce - a random number given by the
system. In connection with security issues, the blockchain automatically sets the complexity of the cryptographic task of
finding a hash in such a way that the average time to determine it is 10 minutes. For example, the system can set the
following condition: the hash function of the new block must start with three zeros in a row. Depending on the set com-
plexity, the number of zeros at the beginning of the function can vary in different directions.
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Fig. 2. "Merkle tree" in the presence of 4 transactions in the block

* Hashing is the process of converting input information into a fixed-length encrypted code. Accordingly, the hash value is information contained in
a block, encrypted with the SHA-256 cryptographic function in order to be able to determine the integrity of the information and uniquely identify
the specified block.

Boinyck Ne2, 2020 175



COBPEMEHHAA HAYKA U MHHOBALUWMHA

The nonce search process does not have a mathematical algorithm, therefore, it is performed by iterating over
the values. The miner, whose computer power is the first to detect the specified nonce and determine the hash function
of the new block, automatically sends the received response to all network nodes in order to confirm the work done.
Thus, the generated block joins the existing blockchain, and miners proceed to create the next block [1]. The blockchain
structure in the blockchain is shown in Figure 3

[ [ | 1 | |

Cryptographic dependency

Fig. 3. Block sequence in the blockchain

Each subsequent block in the shared ledger is cryptographically linked to the previous block, thus creating a se-
cure chain. If an attacker tries to change the transaction data contained in a block (for example, the amount of money
transfer), the cryptographic relationship of the specified block with the rest of the chain will be broken, which will lead
to the sequential destruction of all further blocks (Fig. 4)

- ==

- Break the connection

Fig. 4. An attempt to change the data in block 3

It should be mentioned that the blockchain has a “long chain” rule. Namely, the chain of blocks, which is the
longest, is taken as the only correct version of the existing system, and, accordingly, all further generated blocks will be
added to this chain. Thus, in order for the community to recognize the changes of the attackers as true, the attackers
need to determine the hash values of all subsequent blocks and continue creating new blocks in their chain faster than
all the miners of the network working in the original version of the blockchain will do (Figure 5).

=

r [ | 1 | |
L. R L.
’{ Blocka 1 ( Bloks 1 ( Blockn
'\-.]_‘-- -\-,I_l-' 4-|__.1-

Fig. 5. Creation of an alternative chain as a result of the attack on block 3*

This task is practically impossible due to the need for more than 50% of all existing computer power in the
hands of attackers. Even if the specified condition is met, such an attack would be inappropriate due to the high
monetary costs associated with increased power consumption in the mining process. In addition to financial costs, there
are significant time costs. The older the transaction, the more computing it will take to successfully attack it. A

% In fact, one block can contain not 4, but 4000 transactions.
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transaction with an age of 1 year will require an attacker about 1 year of computation, provided that the attacker's hash®
rate is twice the hash rate of all other miners. Thus, this algorithm successfully ensures the security of the system. The
disadvantages of the proof-of-work consensus algorithm include low bandwidth. Due to the need to confirm all
transactions by each node in the network, scalability problems arise for such blockchains. Thus, the throughput of the
Bitcoin blockchain is 7 transactions per second, while the Visa payment system processes up to 24,000 transactions per
second® [3]. There is also a problem of increased power consumption arising from the need to perform computer
calculations to confirm transactions and reach consensus. According to a report by the British agency PowerCompare,
the total amount of electricity spent on mining exceeds the energy consumption of 159 countries around the world.
Every year, as a result of the mining process in Russia, 1.065 trillion. kW / year, which negatively affects the country's
ecology [4].

In addition to enhanced security, public & open blockchains offer no infrastructure costs to build and run
decentralized applications (dApps). Such systems are completely open and transparent for all network participants, and
transactions in them are unchanged. Confirmed transactions are replicated to each participating node, while consensus
takes care of validating and synchronizing them, allowing users to transact with trust in the system. Although
transactions can be read by anyone, user identities are protected to ensure their anonymity. Among the main
disadvantages of an public & open blockchain, the following properties should be highlighted:

1) Limited scalability (there is a limit on the number of transactions that can be created during periods of
increased network load).

2) Slowness (consensus is reached only on condition that each network node has completed the task — a smart
contract or transaction verification. Due to the large number of nodes, the task processing time increases).

3) High cost (as the number of transactions increases, the cost of executing these transactions increases).

4) dentity data (anonymous participants can be intruders)

5) Immutability (although the immutability of transactions is an advantage of the public blockchain, it is at the
same time its disadvantage. The blockchain considers a smart contract as a transaction. Any error inherent in the
conditions of a smart contract cannot be corrected. Before creating a smart contract, programmable conditions must be
carefully checked and tested before deployment).

6) Possibility of carrying out "51% attack”

7) Chance of centralization (to realize the benefits of public blockchains, standard nodes operate as full nodes.
Full nodes are participants holding a complete copy of the blockchain. As the blockchain network grows in size, it
becomes costly for small players and individual nodes to operate in only large players will be able to function as full
nodes, which could lead to network centralization).

Public & closed blockchains, like open ones, are anonymous (pseudo-anonymous) immutable systems. Anyone
can join the network by gaining access to read the available information, however, unlike open blockchains, the
functions of confirming transactions lie with authorized users. Public Exclusive Shared Systems are intended for cases
where certain people or authorities (for example, a designated employee or institution) confirm transactions that
contain data that is available to the public for viewing. Public exclusive blockchains should not rely on such expensive
consensus algorithms as Proof-of-Work, in the absence of the need to validate transactions by all network nodes. The
most common consensus algorithm on an public & closed blockchain is Proof-of-Stake. The key feature of this
algorithm is the absence of a mining process, and, accordingly, a large number of mathematical calculations that
consume significant energy. People who confirm new transactions and create new blocks are called validators, and the
process of confirming transactions is called minting (or forging). If in the Proof-of-Work algorithm the probability of
successful mining depended on the presence of a large amount of computer power, then in Proof-of-Stake the
cryptocurrency coin of this blockchain acts as the “weight” of the node's vote. Simply put, in order to become a
validator, it is necessary to deposit a certain proportion of coins into the specified blockchain. Each holder of the
cryptocurrency will receive interest for storage (analogous to a deposit in a bank) and will be able to confirm
transactions. The higher the balance of the validator, the higher the probability of block generation. For example, Figure
6 shows four validators with token shares equal to 50, 30, 5 and 15%, respectively. Since validator Ne 1 has the most
coins, he has a higher chance of signing a block than the rest. The determination of the user who signs the block is

% Hashrate - the number of attempts per second to find the correct nonce value [2]

%7 1t should be noted that scientists are actively working on solving the problem by introducing «sharding» u «lightningnetwork» technologies into the
blockchain, but the final results have not yet been presented.
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carried out according to the theory of probability, where the chance of signing the block is directly proportional to the
number of coins deposited by the user.

= ~

Validator Nel Validator Ne2
BLOCK
Validator Ne3 Validator Ned

Fig. 6. The process of making consensus using the Proof-of-Stake algorithm

The Proof-of-stake algorithm is one of the most accessible types of consensus, that is, it has a low "entry
threshold" due to the absence of the need to purchase expensive mining equipment. All you need for forging is a com-
puter and a selected cryptocurrency. This algorithm solves the "environmental issue", which consists in increased energy
consumption due to the most complex calculations. When using the consensus proof of ownership stake, the problem of
the "arms race” inherent in the Proof-of-Work algorithm disappears, due to the direct dependence of the user's hashrate
on the number of coins in the wallets of stakeholders, and not on computer power. It should be noted that the system is
secure at the same time. So, to carry out a 51% attack, an attacker must acquire more than 50% of tokens and deposit
them into the attacked blockchain. Thus, such attacks become financially impractical. As a result of an imbalance in the
network and the stability of the attacked currency, the attacker will suffer himself.

The main disadvantage of the algorithm is the tendency towards centralization. Consensus encourages stake-
holders to accumulate and retain funds on the balance sheet of the network, which contradicts the principles of decen-
tralization originally laid down in the public blockchain.

Public exclusive blockchains retain the key advantages of open blockchains, such as the absence of the need for
infrastructure costs to create and run decentralized applications (dApps), network transparency and immutability of
transactions, and also solve the problem of low scalability by increasing the network bandwidth arising from the use of
proof-of-stake consensus algorithm. However, such networks are less open and not fully decentralized. In addition, the
disadvantages inherent in public open networks, such as immutability, the possibility of a 51% attack, identity and the
chance of centralization, are also common to public & closed blockchains.

Conclusion. In conclusion, it should be noted the high importance of public blockchains in the modern world.
A theoretical analysis of the existing literature shows that issues related to shared ledger technology have not been ade-
quately studied. Thus, the results of this analysis allow us to draw conclusions that are of interest for research in the field
of shared ledgers. First of all, the high importance of the proposed classification of blockchain systems into four catego-
ries is noted, each of which has a unique set of properties characteristic of a specific type of network. In the presented
article, within the framework of a comprehensive classification, the category of public blockchains is separately distin-
guished. As a result of the analysis, the technical aspects of public shared ledgers are considered, where special attention
is paid to consensus algorithms inherent in the category of public blockchains. In addition to technical aspects, the key
advantages and disadvantages of such systems have been formed, which makes it possible to determine the possibilities
of the practical use of shared ledger technology in various fields of activity. Thus, due to the transparency and immuta-
bility of the transactions made, the key properties of public blockchains, these categories find their application in the
field of cryptocurrency circulation, electronic elections, copyright, as well as information management and audit.

However, the peculiarities of public blockchains impede the use of public shared networks in the field of com-
mercial activities, and in particular in the field of transport and logistics services due to the need to provide free access to
corporate information of the participating companies. In addition to confidentiality, public blockchains have scalability
limitations that prevent the successful use of open ledgers in the freight and commercial space. To solve these problems,
one should pay attention to closed blockchains, which are allocated as an element of further scientific research of shared
ledger technology.
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5. ABTOpCKO€ BU3MpOBaHIeE:

aBTOP HeCeT OTBETCTBEHHOCTb 3a TOYHOCTb IIPMBOMUMBIX B €r0 PYKOIIMCHU CBEIEHMII, IMTAT U NPaBUIbHOCTD
yKasaHWs Ha3BaHUII KHUT B CIIVICKe IUTEPATyPBI;

aBTOp Ha HOC/TefHel cTpaHuie mumet: «O6beM CTaThy COCTABISAET ... (yKasaTh KOIMYECTBO CTPAHMUIL)», CTa-
BUT JaTy ¥ TIOAIINCE.

Appec pegaxuun: T. ITaturopck, yi. 40 ner Oxta6ps, 56 CTaTbi ¢ KOMIUIEKTOM JOKYMEHTOB B JKypHaIl
«CoBpeMeHHas HayKa ¥ MHHOBAlMI» caBarh: I. [Iaturopck, yi. 40 mer Oktabps, 56, kab. Ne 45

OIIO HUP, orBeTcTBEeHHOMY CeKpeTapio xypHana: Opobunckoit Barepun HukomnaepHe.

KonrakrHble Tenedonsr: (8793)33-34-21; 8-928-351-93-25,

e-mail: nauka-pf@yndex.ru, orobinskaya.val@yandex.ru
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Haquoe M3gaHue

COBPEMEHHAA HAYKA
n
MNMHHOBALIIN

Hayunbiit xxypHan

Bouryck Ne2(30), 2020

HayuHoe peakTupoBaHie, IpOBepKa CTaTell Ha aHTUIVIAruaT pyopuKu
«Texunueckue Hayku» — B. H. Opo6unckas
ITepeBoy aHHOTALWIA, K/IIOUEBBIX CJIOB, pedepaToB Ha aHIIMIICKuIT A3bIK — E. B. Famaun
KoppexTnposka rekcra - JI. A. Baptyman

Texunmyecknit pegakrop, KomnblotepHas Bepcrka H. Herosopa

ITopnmcano B meyats 02.07.2020 Beixop B cBet 06.07.2020
Dopmar 210x297 1/8 Yen. neu. 1. 21,16 Yen. nspar. n. 20, 74
Bymara odcernas. [Teyars opcerHas Tupax 500 3k3. 3aka3z Ne

OTIeyaTaHo ¢ TOTOBOTO OPUTVMHA/I-MaKeTa, IIPE/ICTABIEHHOTO aBTOPaMM,
B tunorpadun PIrAOY BO «CeBepo-KaBkascknii (erepaibHbIi YHUBEPCUTET»
¢wmana CK®Y B r. [Iaturopcke
357500, CraBpomnobcKuit Kpait, r. [laturopcek,
yi. Oxrsa6pbekas / mp. 40 net Oxra6ps, 38/90.
Ter. 8(8793) 97-32-38

CBOBO/ITHAS IIEHA



