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ANALYSIS AND SOLUTION OF INDIVIDUAL
COMBINATORIAL PROBLEMS IN BIG DATA SYSTE
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Annomayus: B pabome paccmompeHno HeckoIbko KOMOUHAMOPHBIX U ONMUMUBAYUOHHBIX 3a0a4 é cucmemax BigData, 6 mom
yucne paccuumana 8bI4UCTUMENbHAS CIOHCHOCTG NOUCKA (DYHKYUOHATBHBIX 3A6UCUMOCTIEN 8 NPEOMEemHOL 0b1acmu U NOCMPOEHUs. cXe-
Mbl OGHHBIX, PACCYUMAHO YUCTIO KOMOUHAYULL BOCCMAHOGNIEHUsL Nymell 00X00a cxembl OGHHBIX, PACCHUMAHO MAKCUMATLHOE YUCTO UHOEK-
cog B+tree. Ancopummel pewienus yKazaHHbIX 3a0ay OYEHUBAIOMCS HENOIUHOMUATILHOIMU DYHKYUAMU CIONCHOCHU U HA NPAKMUKe
06bIYHO UCNONL3VIOM I6PUCTIUYECKUe Memoobl ux onmumusayuy. [locmpoena ananumuueckas 3a8UCUMOCIb YCKOPEHUs! BbINOTHEHUS
napaanenbHblX onepayuil 06pabomku OAHHbIX OM YUCIA NPOYECCOPO8, KOMOPAsL MOdCem Oblib UCNONIL308AHA 8 3A0aYaAX ONMUMATLHOZO
KOHGU2YpUpOBarUs NApaLiebHbIX NIAHOS BbINOIHEHUS 3anpocog K 6ase danHwix.lIpeocmasiena mamemamuieckas Mooenb pacuema
YUCIA NPOYECCOPOB U OOCHULAEMO20 YPOBHSL YCKOPEHUSL HA OCHO8E AHAU3A CIAMUCTIUKU OAHHBIX HA SMANAX KOMAWIAYUU U NPO2OHA
3anpocos.

Knroueswie cnosa: BigData, arcopummsl, guruuciumenshas Cro’cHocms, Memadannvle, B+iree undexcol, onepayust coedu-
HeHUsl, pacnapanienusanue.

Abstract: The paper considers several combinatorial and optimization problems in Big Data systems, including the computational
complexity of finding functional dependencies in the subject area and constructing a data schema, the number of combinations for recover-
ing traversing paths on data schema is calculated, the maximum number of B + tree indexes is calculated. Algorithms for solving these
problems are estimated by non-polynomial complexity functions and, in practice, heuristic methods of their optimization are usually used.
An analytical function of the acceleration of parallel data processing operations on the number of processors is constructedwhich can be
used in the tasks of optimal configuration of parallel execution plans of queries to the database.A mathematical model for calculating the
number of processors and the level of acceleration based on the analysis of data statistics at the stages of compilation and running of que-
ries is presented.

Key words: Big Data, algorithms, computational complexity, metadata, B+tree indexes, join operation, parallelization.

Introduction

Processing of large data associated soznachitelnoy load on hardware is, and has high requirements for RAM capaci-
ty, performance calculator input-output speed of data storage devices, bandwidth data channels. Such loads can be critical
even in computationally simple tasks, which correspond to a polynomial of the first degree. For example, a heap scan or a
clustered table scan puts a load on the 1 / O channel and the calculator. Parallelization and AdvancedScanning are one of the
most effective solutions for scanning problems [1]. If parallelization allows you to create several streams of receiving data
from disk, then AdvancedScanning allows you to return data to several client applications at once in one cyclic scanning
procedure. If process A requests a scan for a data object that is currently being scanned for process B, then the scan result
will be returned for both processes at once, starting from the current page of memory. After that, the initial memory pages of
the data object will be scanned again and returned to process A. Without AdvancedScanning, each process would have to
fight for buffer space and cause contention for disk use, and the same pages would be read once for each process, instead of
only joint reading [1].

There is a class of BigData systems whose data source is Bulkinsert procedures. In such situations, you usually have
to work with dirty data, the integrity of which is problematic to assess before it is placed in the databases. Special approaches
and algorithms for preliminary analysis of data quality and integrity are required, the computational complexity of which is
presented in [2].

Many algorithms for processing big data have problems associated with combinatorial complexity [3]. Examples of
such algorithms [4]: procedures for database design and selection of optimal metadata schemes, search for optimal paths to
join tables, determination of the optimal combination of indexes and their choice when building query plans, determination
of the optimal hardware configuration in parallelization problems, etc. To estimate the complexity of solving such problems,
it is necessary to calculate the computational complexity of the algorithms.

Computational complexity is a function of how the amount of work performed by some algorithm depends on the
size of the input data. Workload is usually measured in abstract terms of time and space called computational re-
sources. Time is determined by the number of elementary steps required to solve a problem, while space is determined by
the amount of memory or space on the data carrier.
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Calculation of the computational complexity of the tasks of designing a data schema and recovering sep-
arated data storage objects

When designing a data storage structure, several interrelated storage objects are usually allocated according
to the structural part of the selected data model. Collections are used in document systems, classes in object-
oriented systems, and tables in relational systems . Consider the problem of designing the structure of a relational
database [5]. The two most common design methods are:

1. ER- modeling based on the analysis of semantic data links in the subject area.

2. Data normalization as a formal step-by-step algorithm for transferring relational relations from normal low-
order forms to normal higher-order forms.

When designing a database structure, a pair of inverse relational algebra operations is selected, for example, se-
lection - union, projection - joins. The last pair has actually become a design standard, has a good mathematical theo-
retical foundation and support in modern DBMS.

Designing a relational schema is done in 2 stages:

1. Identification and construction of a set of functional dependencies (including transitive, multivalued, connec-
tion dependencies) between subsets of domain attributes.

2. Step-by-step application of the Hez and Feijin theorems to translate relational relations into higher-order
normal forms using the relational projection operation.

This procedure is a lossless decomposition. If the last normal form of design is the third normal form, then the
structure of the database will be a tree, or a forest of trees, otherwise the resulting structure will be a directed network.

The main difficulty of the above procedure is to find a set of dependencies (step 1), since incorrect construction
of the initial set entails errors in the design of the database structure and the need for subsequent refactoring of the
relational schema. In a situation where database software has a large number of installations, refactoring becomes
much more complicated.

Let's calculate the computational complexity of constructing a set of functional dependencies. The initial data is
the degree of the ratio in the first normal form , equal to n. To check for a functional dependency, it is required to
extract all possible subsets of attributes as a determinant, and extract all subsets from the remaining attributes as a de-
pendent part:

Q,=C’-C°+C°-C+..+C°-C" +
+C - CP +C-Cr 4+ CE O+

n )
2 0 2 1 2 n-2
+C,-C. ,+C.-C ,+..+C -C 5 +...
Consider the sum of the top row, add the rest by analogy:
n! n! n! n! n! n! n! n!
A\)z . + . + . . =
Okn! Okn! QOkn! 1+ (n-=-1)! OLn! 2L(n-2)! 0kLn! n!O!
n! n! n! n!
= + + + =1.2"
otn! 1(n-1! 2+(n-2)! nlO!
Alzn.zn—l (2)
Nt o
A&_x!(n—x)!
Let's carry out the following transformations with series based A< :
@ :n—!- n+n—!. n-1 n—!. n-2 —
'ootn! 1L (n-1! 21 (n—-2)!
—Cl. 2" 1°+Cr. 2"t C2 2" L = 3)
=(2+])"=3"
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To restore data, the join operation is the reverse of the projection operation. Because Since the design of a rela-
tional schema is a lossless decomposition, for data recovery it is necessary to traverse the subgraph of the relational
schema by building a traversal tape (Figure 1).

table 1 table 2 table 3 table k-1 table k

Figure 1. Representation of the traversal path of a subgraph of a relational schema
in the form of a tape of k tables

When writing a query, you can enumerate the order of joining tables in different ways: starting with an arbi-
trary table and moving to neighboring ones until the chain of joins covers the required tape. The DBMS solves a simi-
lar problem at the stage of optimizing a query and building a plan for its execution, while the choice of the order
of table joins may differ from the order specified in the query. Because to traverse the tape, we can choose any table as
a starting point and move to one of two sides, then the computational complexity of constructing a tape for traversing
a relational schema from k joined tables is:

®,=2" @

Calculating the maximum number of B-tree indexes

The task of constructing a tape of traversing tables is NP-difficult, therefore, various heuristics are used to
solve it. For different alternative query plans, the DBMS calculates a cost function, with which it tries to find a pseu-
do-optimal strategy. One of the basic heuristics is to narrow the search as early as possible in the query plan by calcu-
lating filter selectivity and maintaining index objects and database statistics. The main strategies for reducing the size
of the data search area from computationally simple to complex [4]:

o Determining the bounds of index ranges based on filtering predicates.

o Identify unnecessary rows of data in an index without referring to the original table.

o Identify unnecessary rows when accessing the source table. This is the most difficult method of filtering, but
it also allows you to narrow the scope of data search, because limits the data range for subsequent table joins.

Indexes are ubiquitous in big data systems. Using indexes can be useful for solving the following tasks:

1. Filtering data.

2. Sorting data.

3. Joining tables.

In two-tier database systems, the most commonly used type of index is B + tree . In a relational database,
BALTSs can be used as clustered and non-clustered indexes, the main difference between which is the organization of
the leaf level - in a clustered index, the leaves are the pages of the indexed table itself.

A balanced tree can be built on any combination of the attributes of the source table, and the order of the attributes is
important. If the table contains attributes A and B, then the composite indexes for (A, B) and (B, A) are different. The limita-
tion on the number of attributes is only their total size in comparison with the size of the memory page, for example, in MS
SQL Server it is impossible to build an index if the indexed attributes occupy more than 900 bytes. It is easy to see
that more indexes can be built for a table of n attributes, which corresponds to all combinations of attributes in the situation
of building composite balanced trees for all n attributes. In general, the maximum number of balanced trees that can be built
for a table with n attributes, including using the table as a heap, is:

Q,=Cl - n+C (n=YH...+ C2- 24 CF -1+ C; - 01 =

L PR L P | PP LU UL LU | PR LIOY T
nlo!  (n-nu! 2i(n-2)! " 1(n-1)! T O!n!
n! n! n! n! n!
o o) (e ©)
:n'~(£+l+ + ! + 1 +£):
ot 1 T (n=2)t (n-1)t n!
=n!-(i$—8)=n!-(e—g)an!-eJ
n=0 1=
Where E= Zw:_l<l (6)

i:n+l|!
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Building an analytical dependence for accelerating the execution of parallel data processing operations
(HOCTpOCHI/le AHAJIMTHYECKOH 3aBHCHMOCTH YCKOpeHUs BBINOJHCHUSA NapaJaeJbHbIX onepaum‘/i 06p360TKI/l
JAHHBIX)

To solve complex combinatorial problems in a DBMS, various heuristics are used, which have proven them-
selves well in practice. The way of using machine learning methods and mathematical statistics for solving combinato-
rial and optimization problems in large database systems seems promising. One of these tasks is to determine the op-
timal configuration of a parallel computer for the implementation of data processing operations, since it is usually im-
possible to achieve a linear increase in the acceleration of the computational process [6]. Let us denote by t-

the normalized computation time, K =1/t— is the acceleration, m is the number of processors used, n is a constant
(scaling factor), (m;,k;) and (m,,K,) - is a pair of points characterizing the computational process for a different
number of processors used. The function of accelerating a parallel computing process from the number of processors

used can be of one of three types:
e Linear dependencies, in which the following pattern is observed:

m, = nm,
7
{kzznkl )

o Non-decreasing functional dependences, functional dependences with asymptotes, at which the following pat-
tern is observed:

{mzml =n(m, -m,) ®)

k,k, ~n(k, k)

¢ Functional dependencies with local extrema, for which it is possible to determine the optimal number of pro-
cessors used if the analytical form of the function is known.

There are three main reasons for the general nature of the absence of linear acceleration and linear extensibility
in parallel computers [7]:

o Startup: The time it takes to start a parallel operation. If you need to run thousands of processors, the actual
computation time can be significantly less than the time required to start them.

o Interference: The appearance of each new process slows down all other processes using shared resources.

o Skew: As the number of parallel steps increases, the average time taken to complete each step decreases, but the
deviation from the average can significantly exceed the average itself. The time to complete the job is the time to complete
the slowest step of the job. When the deviation from the average duration exceeds it itself, then parallelism allows only to
slightly speed up the work.

To construct an analytical form of the function of accelerating the execution of parallel data processing operations on
the number of processors k = f (m) the maximum likelihood method and the least squares method with the replacement
of the linear kernel by the logarithmic kernel were used, applied to the known experimental data on the timing of the compu-
tational process [6, 8].

In an ideal parallel system CPU is fully used for the parallel algorithm execution: K =m.

In a real parallel system, it is not possible to achieve such an acceleration due to the reasons described
above. Let us introduce the concept of a loss function £(m) to estimate the time spent on performing tasks that are
not directly related to parallel computing. Considering the performance of the computer as a value inversely propor-
tional to the processor’s time for executing the program, we can write:

k= S )

s p(m)

The loss functionis (M) nonlinear, but it can be represented as S (M) = ¢,M* - after logarithm, the pair correla-
tion coefficient po(In(m),In(S(m))) is close to unity when processing experimental data [8], so
In(£(m)) =In(e,) + ¢, In(M) . Coefficients ¢, and ¢, have the following physical meaning.

Consider the case when one processor is involved in parallel computations, i.e M =1. According to (9) and the formu-
la, t= % we have t =1+ @, 1” =1+ ¢, , then coefficient @, € [0, o) — is a dimensionless quantity characterizing the

time spent by one computing node to perform procedures that are not directly related to the solution of a parallel problem. The
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coefficient @, € (—00,00) characterizes the rate of decrease in the acceleration of a parallel system when solving a

computational problem.
In step compilation request containing executable parallel data processing operation, or the values of a pair of
characteristic points can be received at query run (M, K;) and (m,,K,) experimentally or object database statis-

tics. Using the values of the characteristic points, a system of equations is constructed:

k=T
—+pm/
m, @my w0
1

k, =

i + m¢’2
o m,
m2

The solution to the system of equations will be the values of the unknown parameters:

Kk — kk,
 m
In 1
k — k.k,
1 m,
Oy =——— (11)

(12)

Let us determine the point of the optimal configuration of the parallel system when performing a parallel data
processing operation (mo, kO) , Which is the extreme of the acceleration function. The condition for the presence of

an extremum point: @, >0, ¢, > 0. To find the point (M,,K,) we equate the derivative of the acceleration func-
tion to zero and solve the resulting equation:

' 1 ! 1
1 _(m+ om™ j — - pp,m™
k'= = = =0 (13)

1 1 ? 1 2
— 4+ mqoz - (23 - (23
m % (m+(olm j (m+(olm J

whence we get the required M, and kO:
1
mo = ¢+ (14)
2!

ko = T (15)

If there is a regularity presented by (7) we have:
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Kk, e _knk,
In J In J
o Kiks o ki ek, —k/
om, ' onm mk, —k? . .
¢2 = = = = —
In m In m In 1
m, nm, n
1- K
m, m - kl
' klmll k1

Under these conditions, the function k = f(m) has no maximum point, since it is linear and has the follow-
ing form

k

= T =—m (18)

If there is a regularity presented by (8) we have:

m1k2 _klk2
|n L
m2k1 — klkz In ( m2m1k2 — m2k1k2 ] In ( n(mzkz — mlk2 — mzkz + mzkl)j
m mm.k, —m k. k n(m,k, —mk, —mKk, + mk
0, = mz _ 121m 1t ) _ (21 1;] 12+11) -0 (19)
In[lJ In (1j In[lj
m, m, m,
-k
m, m, _kl
o= = (20)
' klmlo mlkl

From (8) it follows that =const, fori € [l, mmax].
i
The resulting dependence does not have a maximum point, but it has a parallel computing acceleration limit de-
termined by the formula:
: m.k. 1
limk=——"-=— (21)
m—oo m — k (01

Conclusion

The paper considers several practically important problems of big data processing: designing a relational sche-
ma, recovering a path to traverse a relational schema and joining tables, choosing an optimal set of B-tree index-
es. The calculation of the computational complexity of these tasks is carried out. According to
the calculation results, these problems belong to the class of NP-complex. Since their computational complexity is
estimated by non-polynomial functions, the parallelization of such problems is ineffective, and various heuristics are
used to solve them in the DBMS. The way of using machine learning methods and mathematical statistics for solving
combinatorial and optimization problems in Big Data systems seems promising.

For the task of determining the optimal hardware configuration for performing parallel data processing opera-
tions, an analytical form of the dependence of the acceleration of the computational process on the number of proces-
sors used is obtained. A mathematical model for calculating the number of processors and the achievable level of ac-
celeration based on the analysis of data statistics at the stages of compilation and running of queries is presented.
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Annomayusn: B crathe paccMaTpHBacTCs CO3JIAHKME YCTPOUCTBA 00pabOTKU BHIACOCUTHATA. BakKHBIMU KPUTEPUSIMA TIPOU3BOJIU-
TEJEHOCTH 3THX YCTPOWCTB SIBJIIFOTCSI CKOPOCTH M dHepromoTpednenue. Mbl ucnons3oBau mwiarty Alinx AX309, copeprkanryro FPGA
Xilinx Spartan6-xc6slx9 B xauecTBe ammapaTHON OCHOBBI ISl PEATH3AlMH CHCTEMBI. J[JIs TIOJyYeHUs BHICOCUTHANIA HCTIOJB30BANIACh
Buneokamepa OV7670. Beox obpadoranHoro Buneo ocymiectBisuics Ha XKK-mucmei Alinx AN430 ¢ momomntpio crangaptaoro VGA
Juctiest. MBI UCTIOTB30BaIM CHCTEMY OCTATOUHBIX KJIACCOB JUI YCKOPEHMSI BEIMUCICHHIL. DTO MO3BOIMIO YBEIHIUTH CKOPOCTH PabOTHI
ycTpoticta Ha 28% 10 CpaBHEHHUIO C HCHOIB30BAHUEM TPAAUIIOHHOHN CHCTEMBI CUHMCIICHUS C OTIOTHEHHEM JI0 IBYX.

Knroueswvie cnosa: mudposas obpabotka Buneo; [IJIVIC; annaparHas peaian3anysi; CHCTEMa OCTaTOYHBIX KJIACCOB, OJHO-
KpHCTaIbHasl CHCTEMA.

Abstract: This paper considers the creation of video signal processing device. Important performance criteria of these devices are
speed and power consumption. We used an Alinx AX309 board containing FPGA Xilinx Spartan6-xc6sIx9 as a hardware basis for the
implementation of the system. OV7670 video camera was used to obtain a video signal. The output of the processed video was carried out
on the Alinx AN430 LCD display and on the standard VGA port. We used the Residue Number System to accelerate calculations. It al-
lowed to improve device speed by 28% compared to using traditional two’s complement number system.

Key words: digital video processing; FPGA; hardware implementation; residue number system; system-on-chip

Boibiryto yacTs MHGOpPMAIMK O MUpE, YCIOBHUAX U cpesie OOMTaHMS JIFOIH MOJIyJaloT ¢ HOMOIIBIO 3peHust. Bompo-
Chbl COBPEMEHHOM IM(PPOBOIl NEKTPOHUKH SIBJISIOTCS OCOOCHHO aKTyaJbHBIMH Ul TOJIb30BAaTENiel HUCIOJB3YIOIINE IS
o6uieHus Bujeo. OOpaTure BHUMaHUE Ha TO, YTO OOBIMHO 00pabOTKa BUIEO MOKET BBIMOJHATHCS KOMIBIOTEPOM C OTepei
MPOU3BOIUTENHLHOCTH U TIOBBIIIEHHBIM SHepronorpedienreM. Crieluani3upoBaHHbIE ariapaTHble PEIeHHs MO3BOJISIOT
JOCTUYh MAaKCHMAaJIbHO BO3MOXKHOH CKOPOCTH 0OpabOTKM BHAEO TPH 3HAYMTEIHHO MEHBIIEM 3Hepromnotpednenuu [3].
Hamnpumep, padouee mecto (IIK nmn HOyTOYK) motpebiisiet ot 60 no 600 Bt anexrposnepruu. B maHHOMN cTaThe MBI Ipe-
JIO’KHM pelleHue, oTpedssomee He 6oiee 5 BT anekrposHeprum.

YHuBepcallbHbIe KOMIBIOTEPHI 00JIee TTOABEPKEHBI cOO0SIM, TIOCKOJIBKY OHM MEHEe 3alIMIIeHB OT cOOeB 3JIekK-
TPUYECKON CeTH M OOJIBIIOrO KOJIMYECTBA B3aMMOJCHCTBYIONIMX IPOIECCOB ONEPAIIOHHON CHCTEMBI KOMIBIOTEPA,
JpaiiBepoB 00OpYMOBaHUS M APYrHX NpuiaoxeHud [4]. Crnennaau3poBaHHYIO 3JIEKTPOHHMKY JIerde 3allUTUTh OT
BHEITHUX MOMEX M MOAKIIOYUTH K 0oJjiee CTaOMIbHOMY, YeM JICKTPHUYECKask CeTh OOIIEro Mojb30BaHMs, HCTOUHHKY
nutanus. ClioxHee npepBarh paboTy JpaiiBepa ycTpolcTBa. ANMapaTHO peayM30BaHHBINA MPHUKIIAJHON mporecc 00-
paboTku Buzeo Oosee HazexxeH. Ero Henb3s 3apa3uTb BUPYCOM, M BCE HaChl €ro pabOThl YETKO OTPETYJINPOBAHBI.

MartemaTudeckasi MoJeJib 00pad0TKH BUI€0CHUTHAJIA

PaccmoTrpuMm THnmyHyto cxemy o6paboTku Buneo. CHrHaI HCTOYHHKA (POPMHUPYETCS HA MOTYTIPOBOIHUKOBBIX
KpHCTaJulaX, IMOJIyIIPOBOJAHUKOBOM MaTpHIlbl BUjeOoKaMepbl. Uepe3 paBHbIC MPOMEKYTKH BPEMEHU MOAAETCs B BUJIE
ANEKTPUUECKUX HMITYJILCOB Ha COOTBETCTBYIOILIME KOHTAKTHI-BBIXO/bI BHACOKAMEPBI MM IPYroro yCTPOWCTBA BH-
neo3axBara. [lomydeHHBIH BUAeOCUTHAT Oypepru3yeTcss B MaMsATH KOMIBIOTEPA W MOABEPraeTcs ClenualIbHOW MaTe-
Marnieckoit oopadotke (punbrpanun). M3obpaxenue |, cocrosmmee u3 R crpok u C cronbuoB, sSBiseTcs: ABYMEPHOH
obyukuumeit 1(x,y), tne 0 <y <R u 0 < x < C- npocTpaHCTBEHHbIC KOOPAUHATHI, a aMIUTUTYAa | B 000N Touke ¢
napoit koopAuHaT (X, Y) Ha3bIBAeTCS HHTCHCHMBHOCTBIO MIIH YPOBHEM CEPOro HM300pakeHus B 3TOH Touke. s udpo-
BBIX M300paXKeHUH B IPafallisix CEporo, MHTEHCUBHOCTH MPEJCTaBIIsIET CO0O0M Lenble yncia 0e3 3Haka B JUara3oHe OT
0 1o 255 ¢ 8-6utHbM npencrasnenuem [7] - [10].

@unbTpanuio H300paKeHN MOKHO NPEICTaBUTh B BUAE!

Ir(x,y) = L5 BiSg Wil (e + 6,y + ), 1)
rae | - obpaboTanHoe n3o6pakeHue u
Woo -+ Woda-1
w = : : : )
Wia-10 -+ Wda-14d-1
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macka (unetpa pasmeproctu d*d [11], cocTosmas u3 peiicTBuTensHbIx uncen popmara |IEEE-754. Busyanuszanus
¢uIpTpanun H300pakeHus MpeICTaBlIeHa Ha puc. 1.

0 - b &
0 | | || 0 | ‘
|
° o QymKimA el
| grspas =T
LR — ‘ T
i ‘ [
& | et | | ]
Bron m3obpakerus, I OunpTpanua H300paKeHu, I

Pucynok 1. Cxema ¢puapTpanuu u300pakeHuii

[Mocne pacyera HOBBIX 3HAYCHUIT IPKOCTH BCEX MUKCEJEH KaJpa OHH 0TOOPaKalOTCsl Ha BHELIHEM JHCIUICE WIN
COXPaHSIOTCS BO BHELITHEH MaMSITH.

AnmnapaTHasi peanu3anus apupMETHKH JeHCTBUTEIBHBIX YHCeNl 00bIYHO Hed()(PEKTHBHA C TOUYKH 3PEHUS OBICT-
pozeicTBHS U MOTPEOICHNS PecypcoB (TPaH3UCTOPEI, PE3UCTOPBI U KOHIECHCATOPH). [10aTOMYy 3aMeHMM (UIBTPYIO-
IIyI0 MacKy (2) Ha ee IpUMEpHBIH BHI:

Voo -+ Voa-1
V:% : : o, A3)
Va-10 -+ Va-14-1
e v; jV u D - nenble uncna, kpome Toro, D - HeoTpuliaTesbHas 1esas CTeneHb BOUKH:
Voo = Vod-1 Woo -+ Wod-1
: : : ‘D = : : : =W. 4)
Va-10 .-+ Vda-14d-1 Wa-10 - Wda-14d-1

ITpn TakoM NPEnIIoIOKEHUH BCE ONEPAIIMU MOTYT BBINOJHATHCS ¢ MUHUMAIBHBIMU 3aTpaTaMu At 000pyro-
BaHUs, C UCIIOJIB30BaHUEM cTaHAapTHEIX OubOarmoTek VHDL mmn Verilog. Eme Gonee 3()eKTHBHO BHIIOIHEHHUE pac-
4eTOB 1Mo Gopmyie (2) MOKET OBITh pEaTM30BaHO C TIOMOIIBIO PACUETOB B CHCTeMe 0cTaTOUHBIX KiaccoB (COK).

Boruucaenns B COK

B COK wuwcna mpescTaBieHbl Ha OCHOBE B3aMMHO INPOCTHIX YHMCEN, HA3bIBAEMBIX MOAYIAMU 5 = {my, ...,M,},
ged(my,m;) = 1,i # j. Ipoussenenue Bcex momyneit COK M = [[iL; m; HaspiBaeTcs TMHAMMYECKUM JIMANIA30HOM CH-
crembl. Jtoboe memoe wmcnmo 0 < X < M wmoxer ObITh omHO3HAuHO mpencraBieHo B COK B BuIe BekTopa
{x1, %2, ..., X}, THE X; = |X|;p, = X mod m; [12].

Junamuueckuii nuanazon COK oObl4HO AenuTCS Ha JIBE MPUMEPHO PaBHBIC YaCTH, TAK YTO MPHUMEPHO I0JIO-
BHHA JIMaria3oHa Obljia MpeCTaBIeHa MMOJOXUTEIbHBIMU YHCIIAMH, & OCTaJIbHASI YacTh JUAla30Ha - OTPULATEIbHBIMH
yucnamu. TakuMm o0pa3oM, Jr000e 1[eJI0e YUCIIO, YAOBIETBOPSIONIEEe OJHOMY M3 CJIEIYIOIIMX JBYX COOTHOLICHUH,
MoxeT ObITh peacrasneno B COK:

-1 -1
——— < X < ——, ecntuMueueTHoe, (5)
<M

— 1, ecnmu M getHoe. (6)

N
N

Omnepanyu cioxenus, Berauranus 1 ymHoxenust B COK omnpenensirorcest popmynamu, TOKa3bIBAIOIUMH CBO-
00/HYIO OT IepeHoca napaensHyro npupoxy COK:
A+ B = (lay £ byl - 1an £ bylm,), )
AXB(lay X byl -y [ X brlim,)- (8)
OGparHoe mpeoOpasoBanue uucaa X U3 OCTaTKOB {{X1, X5, ..., X,} OCHOBAHO Ha KMTAICKOW Teopeme 06 ocTaT-
kax (KTO) [7], [8]

X = || IM7 i xi] M

my

: 9)
u M
rae M; = —u |M; |, 03HauaeT MyJIbTUILTMKATUBHBIH 06paTHBINA M; 110 M; MOyII0[2].
m; i

APpXHMTEKTYypa npeajiaraeMoro annapaTHoro peuieHus

[Ipemnaraemoe amnmapaTtHOe pEIICHHE MOKA3aHO HAa PHC. 2 U COCTOMUT U3 § OOJBIINX (PYHKIHMOHAIBHBIX CEKTO-
poB, conepxanux ¢punbrpanuio B COK, ¢punerpanuto B apondnoii cucreme cuucienus (JICC), mucnerdep onepaTus-
HOW MaMsITH, BBIBOJ BHconoToka Ha VGA - nucruieit u LCD-uciieii, 3aXBat BUACONOTOKA C BUACOKaMepsI U Oyde-
pu3zauuio BBoJa-BeiBoja [7], [8].

Wcxomublii cUTHAIT 3aXBaThIBACTCS YCTPOHUCTBOM BHeo3axBata OV7670 u mepempaercs B ONEPaTUBHYIO MAaMSTh
ITOCTPOYHO depe3 cuctemy Oydepos. s cuHXpoHM3anuu paboTHl HOMEP TEKYIIeH CTPOKH Kaapa HEMOCPEICTBEHHO
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TepesiaeTcs B ONEpaTUBHYIO NaMsITh nucrerdepa. [IBa Oydepa Buneoszaxsara ¢ O3V (uetHsiit Oydep 1 HEUETHBIH Oy-
(ep) MUCIONB30BAINCH JUI TOTO, YTOOBI YCTPOHCTBO BHAE03aXBaTa rapaHTUPOBAHHO 3alKCHIBAJIO MOJHYIO CTPOKY B
oydep, a quctieruep O3Y rapaHTHPOBAHHO CHHUTHIBAJI HOJIIHYIO CTPOKY 3TOro Oydepa 1 6e3 3a1epKKu padOThl IPYTHX
YCTPOWCTB. B TO Bpems kak ycTpoHCTBO BHAE03axBaTa 3allChIBacT JaHHbIE B YETHbIH Oydep, nucnerdep onepaTus-
HOH TaMSsITH CUMTHIBAET NaHHbIEe U3 Oydepa HeueTHOH cTpoku. Ho OH HauHeT CUMTHIBATH AaHHbBIE U3 YETHOTo Oydepa,
KOTZ1a YCTPOMCTBO 3aXBaTa BUEO 3aII0JIHUT YeTHBIN Oydep U HauHeT 3arnoyHsTh Oydep HeYeTHOH CTPOKH.

Amnanoruysasi cxema B3auMoJeHcTBHs puMensiercs it 0ydepoB COK ¢puiibTpa ¢ MeHemKepoM onepaTUBHOM
mamata 1 JICC punbTpoM ¢ MeHemKepoM maMsaTH. UToOsl QIIIBTPEI HE 3aNOTHSITH Oydeprl ObICTpee, 9eM TUCTIeTIep
OTIepaTHBHON IMAMSATH CUMTHIBACT M3 HUX MH(POPMAIHNIO, IPUMEHACTCS TaKTHKa CHHXPOHHU3ALUH YTCHHS U3 ONEpaTHB-
HOM IaMSATH HOBOW CTPOKM AAaHHBIX AJISI COOTBETCTBYOLIETo (mibTpa. Ho 3TOT moaxon He mpuMEHSETCs Ui yCTPOH-
CTBa 3axBaTa BUEO. B 3TOM ciIydae HEOOXOJMMO YMEHBIIUTH ONIOPHYIO YaCTOTY BHICOKAMEPHI MM MEPEaTh JINHAN
0T BHJCOKaMepsl K Oydepam uepe3 onHy. Jucrerdep onepaTHBHON MaMsITH COXpaHAET N300pakeHNUE, TTOyIEHHOE C
BU/IeOKaMephl, B Oanke namstu yuna SDRAM.

.
Buaeokamepa
OV7670

BUAEOKaMep
v

Yerpoicteo gk Gydepuaaumm
CTPOK W NHKCENe xaNpoB

1
|
|
|
|
|
Y ;
KoHTponnep |
|
|
|
|
|

|
' SF % S R |
] RAM '
‘ SDRAM aucnetyep ] K(?gponep L) @ i
‘ K | o 'SDRAM wi|
: | A 1 ‘
YCTponcTeo AnA Sypepusaumum l { | Ycrpoitcteo ana Gydepusaumm |
CTPOK ¥ NUKCENEH Kaapos : | CTPOK M NMKCENeH Kazpos |
i , | ——
- 1 i y_|
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Y \ 4 |
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T T ? | |
AN, ,,'i._'__‘ v | v 2
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Biod 7| \modd 13| |mod 31| mad 16| v
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i v ) : v .
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| | ] !
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| 2 | ’ !
: =L ! ‘ 1
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PucyHok 2. ApXHTEeKTypa Npe1iaraeMoro anmnapaTHoro peueHus

OIHOBPEMEHHO C yCTpOWCTBOM 3axBaTa BHaeo KoHTpoiuiepbl VGA n LCD, paboraromine Ha OIOpHBIX YacToTax 25
175 MI'; 1 4 MI'1] COOTBETCTBEHHO, IPETEHAYIOT HA JOCTYI K ONEPaTUBHON NMAaMATH B KaUECTBE HAUBBICILIETO IPUOPUTETA.
OTH ycTpoiCTBa HODKHBI IPUHUMATh IMKCENN Ha CBOM BXOJBI C 33JaHHOM YacTOTOM HE3aBHCHUMO OT TOTO, OBUIH JIM BO-
BpEeMs1 PaCCUNTAHBI IPKOCTHBIC XapaKTEPUCTUKHU IHKcenel punbtpamu. Buneokonrpomnepst VGA u LCD nocrostHHO cKa-
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HUPYIOT U OTOOPKAIOT COAECPIKUMOE BHICOKOCKOPOCTHOM JIBYXIIOPTOBOM TaMsATH TUIIa BRAM, xpaHnsiteii 7aHHble TOJIBKO
OJTHOM aKTUBHOM CTPOKU M 3alIOMHHAIOLIEH COACPKIMOE MUKCeNeil U3 MpeAblaylel BEIXOAHON CTPOKH, B TO BpeMs Kak
KOHTpOJUIEP OIEpPaTUBHON NMaMATH HE 3aI0JIHSET 3Ty CTPOKY HOBBIMH JJaHHBIMU. TakuM 00pa3oM, Ha JAuCIUIee Kax/Iasi HO-
Bast CTPOKa TPEACTaBIISIET COO0M cMeCh TeX MHUKCENEeH, KOTOphIe AUCIeTYep ONEpPaTHBHON NAaMSTH YCTIeN 3alUcaTh B IBYX-
TIOPTOBYIO TaMsITh, U MUKCEJEH MpeabIIyIied CTPOKU. JTa TEXHOJIOTHS MO3BOJISUIA BBIBOAUTHL PE3YJBTAT BUACOPUIBTPA
onHoBpeMeHHO Ha VGA - nuctuteii n nopratuBaslii LCD - mucrei 6e3 notepu kauecTsa.

Kpome Ttoro, 4toObl MMeTh Kak MOXHO Oojpmie Texymed uHpopmaumuu B Oypepax VGA um LCD -
KOHTPOJUIEPOB, MBI HCIIOIB30BANIM TEXHOJOTHIO "dTeHus Brepen'. Oto o3Hadaer, 4t0 VGA u LCD -koHTpOmIeps
MIOCTOSTHHO TIEPENAlOT MEHEDKEPY OIEPaTUBHOM MaMATH HOMEpP TEKyIIeH CTPOKH, 0TOOpaxxaeMoil Ha SKpaHe, 1 MEHe-
JDKEp ONepaTHBHOM MaMsTH, 3HAas STOT HOMEp, HAaYWHACT 3apaHee CUUTHIBaTh HHPopmMamuio ¢ unna SDRAM mis cie-
Iyromei cTpoku nmukceneil. Cekropa GpUIbTpanuy 3anpainBaloT HOBBIE JaHHBIC U3 ONEPATUBHON IMaMSTH WM 3alu-
CBIBAIOT PE3yJbTAT CBOEH PabOTHI B ONEPATHBHYIO IaMsTh OOJiee YIpaBIsIeMyl0, YeM KOHTPOJIIEPH! BUAE03axXBaTa 1
VGA/LCD. Pabota kaxaoro ¢puibTpa MOXET ObITh IPHOCTAHOBJIEHA B JII000E BpeMsl (€CIIU AUCTIETYep ONepaTHBHOU
MaMsITH 3aHST).

Jl1s IpoBeieHusT CPaBHUTENBHOTO aHanu3a npousBoautenbHocTH GuinbTpoB JJCC n COK ux apXuteKTypsl ObUTH
c/ieNIaHbl MICHTUYHBIMU. Pasmuuns TOCTYITHBI TOJIBKO B pacdeTHBIX MOAYJIIX. KirroueBoil 0cOOCHHOCTRIO pean3alyu ap-
XUTEKTYpbl (QUIIbTpa SIBISETCS MUHUMH3AIMS KOJIMYECTBA OOpAICHHH K MEHEIPKEepY OIEpaTHBHOM MaMsTh Uil 4re-
HUsI/3aTMCH JaHHbIX. B BeicOkOCcKopocTHOM mamsat BRAM kaxmoro GpuisTpa COXpaHsroTCs cpa3y TPH MOCICAHKE 3arpy-
KEHHbIE CTPOKH NHKcenei. [Ipn 3arpyske HOBOI CTpokH HocTyn K Oydepam CTpOK peKOMOMHHpPYETCsl TaKHM 00pa3oM,
9T0OBI (PIIIBTP BCETIa MMEN TEKYITyIo HH(OpMAIMIo It OBICTporo pacdera o dopmyre (2). Kpome Toro, HOBast cTpoka
TIMKCENeH U1 aHaM3a CUMUTHIBACTCS TOJBKO TOT/Ia, KOTrAa oOpaboTKa MpeAblayIneil CTPOKK MHKCeNeH 3aBepIleHa U pe-
3yJbTAT 3aMMCHIBACTCS B ONICPATUBHYIO MTAMSTh.

UYro6s! yckoputs BbraucieHust B COK, sipkocTHBIE XapaKTepUCTHKH MUKCENIeH MpeodpasyoTcs, Korja OHH 3a-
TPYKaIOTCS U3 OTepaTHBHOM mamsTh B Oydepsl ctpok ¢pmnsTpa COK. To ects BxomubIe Oydeps! cTpok pmmbTpa COK
HE XpaHsT §8-OUTHbBIE XapaKTEPUCTUKH SIPKOCTH MuKcesneid. Bo BXoqHbIx Oydepax cTpok cperHeKBaIpaTUIHOTO (HIIb-
Tpa NPOUCXOAUT 16-OMTHasi ylakoBKa OCTATKOB OT JAeJeHHs 8-OuTHOro 3HayeHus spkoctn Ha monyian COK
{7,15,31,16}.

Ounptp COK pacuimpsier 00beM mamsTH, HO OH paboTaeT ObICTpee, MOTOMY YTO HE TPATHT BpeMsl Ha Ipeodpa-
30BaHue JIEBsITH pa3 oJHuX U Tex xe yucen u3 JJCC B COK. B konue pacuera no ¢popmyie (2) o6a GpuiibTpannoHHbIX
moxaynst (COK ¢unptp u JICC PuabTp) KOppeKTUPYIOT OTBET. ECiu ApKOCTHASI XapaKTePUCTHKA MUKCEIs TIOCTE BhI-
yucieHus 1o ¢popmyie (2) okazaiach MEHbIIE HyJIs, TO Mbl yCTaHAaBIIMBAaEM ee paBHOI Hymro. Ecim sipkocTHast xapak-
TEPUCTHKA THKCENS 1ociIe BBIYKMCICHHS 1o dopMyie (2) okasanach Oousbine 255, TO MBI YCTaHAaBIMBAaEM €€ PaBHOH
255. Bee npomexyTtounsie BeraucieHus B puiabTpe COK BrIMOMHSFOTCS Ha 16-OUTHRIME YUCIIAaMH B IBOMIHOM KOJIC.
Bce nmpomesxyrounsle BeraucieHus B ¢puibTpe COK BBIMOMHSIOTCS HAJ KOPTEKaMH M3 SKBHBAIEHTHOTO JHMAIa30HA
JACC [-26040;26039]. Ins ynpolueHus anmnapaTHON peaju3aluy ONpeeeHus 3HaKa 4ucia BCe YMCIIa, IPEBbIIAI0-
e 16384, B nByxkoMmoHeHTHOM 16-6utHOM Koze mocie nepexadn u3 COK B JICC. D10 cyxaeT BBIXOJHON Juamna-
30H 710 [-26040, 16383], HO He MPUBOIUT K (QaTabHBIM OIIMOKAM NP PELICHUH 331a41 (QHUIbTPALIH.

B o6rem ciyuae pasgenenne B COK cuntaercst TpyaHOpeann3yeMbiM. B Hareli peanmzaruu npoiecca QuibTpa-
UK JIeJICHUE OCYIIECTBISICTCS HA 3aKIIOYUTEILHOM JTalle pacuera mocie npeodpasosanus pesynsrata u3 COK B JICC
ITyTeM U3BJICUCHUSI 8§ OUT paHee M3BECTHHIX NMO3UNMH. Takum 06pa3omM, JefieHHe 10 3HaMEHATENI0 OCYIIECTBIIIETCS MOCIIe
npeoOpazoBanust u3 COK B JICC.

Pabora co3gaHHOrO yCTpOMCTBa CBOAMTCS K OONBIIOMY YMCy aktuBauuid moxayied ¢uibtpa ICC n duibtpa
COK, Bpruncsromux yucia no ¢gopmyie (2). B pacuernom monyme COK Bce pacueTs! BBINOIHSAIOTCS MapauieIbHO U
HezaBucuMo Ui kaxaod m3 6a3 COK. Kpome Toro, B BexoaHbIx kackamax ¢mistpa COK oTkimk mpeodpasyercs u3
COK B cMmenranHOe MpeoOpa3oBaHUE CHCTEMBI cuuciieHns (1o ocHoBanusM 7, 15, 31) u manee B JICC. OkoHUYATENHEHO
paccuMTaHHbIE U CKOPPEKTUPOBAHHbIE SPKOCTHBIE XapaKTEPUCTUKH ITEPEA0TCsl U3 PACUETHBIX MOYJIEH B KOHTPOJLIEP
COOTBETCTBYIOIIETO (PHUIIBbTPA, KOTOPBIH 3aIMCHIBAET X B BEICOKOCKOpocTHhIe BRAM-Oydeps! pesynbrara ¢uisTparuy.
Bo3moxHBIE 3a/1ep)KKH B Iporiecce GIIBTPALMN HIYETO He 3HAa4aT JUI JUCIIeTIepa OTEePaTHBHON IaMSTH, TOCKOJIBKY
JWICTIETYEp ONEPATUBHON MaMATH CUMTHIBACT JaHHBIE He M3 Oydepa, KOTOPHIH 3amoyHAET TucreTdep (QIIBTPOB, a U3
Oydepa, momomHUTENFHOTO K HeMy. CeKTop OmepaTHBHOM MaMsTH OTBEYAeT 3a IOCIEJOBATEIbHOE YTCHHE/3aNCh HH-
dbopmaru Mexay OydepaMu CTpOK MUKceneil 1 KoHTposuiepoM SDRAM (omnepartyst 9TeHus/3aucy 3aHUMaeT 3-6 Tak-
TOB). AKTUBHO HCIIONIL3YETCSI TEXHOJIOTHS YTEHUS/3aNCH apHBIX (YeTHBIX/HeUeTHIX) Oydepos. Mudopmarus o Tom,
KakoW M3 MapHBIX Oy(epoB B JaHHBI MOMEHT 3aHST COOTBETCTBYIOIIMM YCTPOMCTBOM, HAlpsIMyIO IEpPEAAcTCs] MEHe-
JDKEpy OIEpaTUBHOW NMaMATH, KOTOPBIH ObLI pealM30BaH B BUIE KOHEYHOTO aBTOMATa.

Pe3yabTaTsl MoieJIMpOBaHUS

YcrpoiicTBa, UMEIONIME TEXHUYECKUE XapaKTEPUCTHKH, NpeJcTaBleHHbIe B Tabuuue I, Obuin BBIOpaHbI Mpu
MIPOEKTUPOBAaHUM YCTpoiicTBa 00paboTku BuaeocurHana (puibrpanun) ¢ pacderamu B COK. Ilmara Alinx AX309
noctpoeHa Ha 6aze yuna Xilinx Spartan6-xc6slx9, ynnma SDRAM 256 MOuUT 1 uMeeT BO3MOXHOCTh IPSIMOTO IO~
kimoueHus Buaeokamepsl OV7670, VGA-auctes, mopratuBHoro aucries AN430.

TaxroBbIit TeHepaTop AX309 ycraHaBnmBaeT onopHyto yactoty 50 MI'1, koTopas Obuta yBemmdaeHa o 100 MI'm ¢
rioMonpio MuKpocxeM PLL Spartan-6. [Tpu peanmmzarmu 3toro mnpoekta Ha T1IJIMC Obutd ydTeHBI pa3iwdus B 4acTOTaxX
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Pa3IMYHBIX KOMIIOHEHTOB CHCTEMBL. B Tex cirydasix, Korja CKOpOCTh YCTpOiCTBa Oblia HEAOCTATOUHA [UIsl 00pabOTKU BH-
JICONIOTOKA B PEaJIbHOM BPEMEHH, UCIIOJIb30BAJICSI METO/I IIPOITyCKa KaJpoB. B kadecTBe cpenbl pa3paboTKy UCIIONIb30BaIach
unTerpupoBanHas cpepa Xilinx ISE 14.7 u s3pk onmcanus anmaparsoro odecnieuenust VHDL. McxonHbie nporpaMmel
BCTPOSHHBIX MOJTYJIEH ycTpoiicTBa MbI co3sai Ha si3bike VHDL n onyGnmkoBaiu B natepHete [13].

Tabuuma 1
OCHOBHBIE TEXHHYECKHE XapaKTEPUCTHKH IPOEKTA
YcerpoiicTBo XapakTepucTuka Benuunna
Buneokxamepa OV7670 Paszpemmenue 6403480
Hacrota 9 MHJUTHOHOB ITHKCeNel/cex
VGA nucnneit Paspemenue 6403480
YacroTa 60 I'n
LCD gucmeit Alinx Pa3pemienne 480%272
AN430 YacToTte 30T
AXKyMyIsITOpHast 6aTapes JTMTHI- Emkocts GaTapen 10 Ala
MoJUMepHast Cpoxk ciyx0bl batapen 8 wacos
Cuna Toka 1A
IManens Alinx AX309 Yum Xilinx Spartan6-xc6sIx9
EMKocTh onepaTHBHOM mamMsATH 256 Mour
YacroTa onepaTHBHOHN MaMsATH 100 MI'g
B Tabmunax 2 u 3 nmpuBeAeHbI pe3yNbTaThl MOACIUPOBAHUSL.
Tabmuma 2
XapakTepuCTHKH (DHIHTPOB B PA3JIMYHBIX CUCTEMAX CYHCIICHHS
Monaynb XapakTepucTuka Benuunna
JACC ¢unbtp PazpsaHocts 16
YacrtoTa 25 MI'g
Pa3mep okHa ¢punbTpa 128 % 240
JNuanazon k03 (GUIHEHTOB HUITBTPa [-64,63]
3Hauenus D 2"n=0,1,..,7
KonnuectBo 00pabaThiBaeéMbIX TUKCEIEH B MUHYTY 5517339
COK¢unbtp PaspsoHOCTh 16
YacroTa 25 MI'n
Pasmep okHa dpunbTpa 128 x 240
Nuanazon k03 unneHtos pumbTpa [-64; 63]
3nayenus D 2"'n=01,..,7
Habop monymeit {7,15,16,31}
KonuuectBo 00pabaThiBaeMbIX ITHUKCEJICH B MUHYTY 7649649
Tabmmna 3
KosmuecTBeHHbIE TEXHUUECKHE XapaKTEPUCTHKH NPOEKTa
XapaKTepucTUKa Bennununa
YacTora ycTpoiicTBa 140 MTI'ig
Yactora SDRAM 100 MI'g
Kommgectso cpesos LUT 3014
KonmmuectBo (hparmMeHTOB peecTpoB 2545
Komnuecrso BRAM 24
Kommmuectso PLL 1

B at0it peanmzaryn ¢pmistp COK moxaspiBaeT mpeBOCXO0JCTBO B IIPOU3BOAUTENLHOCTH Ha 28% 110 CpaBHEHHIO
¢ ¢usTpom JICC. MBI npearonaraeM, 4To 3TOT pe3yJbTaT MOXKET OBITh BOCIIPOM3BENICH HA yCTPOWCTBax c Ooiee
COBEpIIEHHOH TEXHOJIOTHEH MPOM3BOACTBA. BIIoJIHE BO3MOXKHO, UTO PE3yJIbTaThl B 3TOM cilydae OyIayT emie Jydiie, 1
9TO MO3BOJIUT IPOEKTUPOBATH YCTPOUCTBA C OOJIee BHICOKON IPOU3BOANTENHHOCTBIO.

3aki0ueHne

B cratee mpemnaraercst ycTpoiicTBO, peannzyroiiee 00pabOTKy BHAEOCHTHANA C HMCIOJIb30BAaHUEM BBIYHCIICHHUI
COK. CpaBuenne npemiokeHHoro moaxonaa ¢ pacueramu B COK 1 M3BECTHBIM METOJIOM, OCHOBAaHHBIM Ha pacydeTax B CH-
CTeMe CUHCIICHUS IByX KOMIIEMEHTOB, MOKa3bIBacT, uyTo ucnons3oBanne COK yckopsier Berancnenns Ha 28% mist obpa-
OOTKH BHUIIEO.

[lepcneKTHBHBIM HaNpaBlIeHUEM NATLHEUIIHX MCCIICAOBAHNHN SIBISETCS pa3paboTka d((GEKTHBHBIX CHCTEM 00pa-
601k Bupeocuraana ¢ pacaeramu B COK mis pemmenns: KOHKPETHBIX MPUKIIATHBIX 3aa9: KOMIIBIOTEPHOTO 3PEHUS, BUICO-
HaOJTFOICHUS U JIP.
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Annomayusa: B cmamve npedcmasnenvl pe3ynbmamol onpeoenenis YCioeuli XpaHeHus B00HbIX KOIOUOHBIX PACIBOPOS CelleHd,
cmabunuzuposanvix noausuHurnuppoauoonom. Cyenvio agmomamuzayuu paciemos 00pabomxa IKCHEPUMEHMANbHBIX OAHHBIX 8e1ACh C
ucnonvL306anuem nakema npukiaousix npoepamm StatisticaNeuralNetworks v.4.0e. Ananuz pe3ynomamos nokaszai, 4mo onmumManbHbIMU
VCI0BUAMU, NPU KOMOPBIX KOIIOUOHbIE PACMBOPLL CeNeHd COXPAHAION MAKCUMATLHO O0JI20€ 8peMsl C80U DUON0UUECKU aKMUBHbIE CBOl-
CMea AGNAIOMCA: AKMUSHAS KUCTIOMHOCMb cPedbl — Clab0 KUCTAs UNU HEUMPATbHAs, UOHHAS CUNA PACMBOPA — MUHUMATbHbIE KOHYeH-
mpayuy NOCMOPOHHUX NeKMPONUmos; memnepamypa — He eviue 30°C; epems 6b10epaHcK — OONYCIMUMbL OLKO KPAMKOCPOUHbLE 803~
Oeticmeusi, He bI3blBarouue HeOOPAMUMbIE USMEHEHUS CBOLUCME KOLNOUOHOU CUCTIEMbL.

Knrouesvle cnosa: HaHOPa3MEPHBIH CeJeH, AUCIIEPCHOHHAs cpela, OHOJOrHYeCKH aKTHBHBIC CBOWCTBA, HEHPOHHEIE CETH,
MIEPCENTPOH, TUCTOTPaMMa paclpeaeIeH s THAPOIMHAMUYECKUX PaIHyCOB

Abstract: The article presents the results of determining the storage conditions for aqueous colloidal solutions of selenium stabi-
lized with polyvinylpyrrolidone (PVVP). The experimental data were processed using the Statistica Neural Networks v.4.0e software pack-
age. The analysis of the results showed that the optimal conditions under which colloidal solutions of selenium retain their biologically
active properties for the longest time possible are: pH of the medium - weakly acidic or neutral; ionic strength of the solution - the mini-
mum concentration of extraneous electrolytes; temperature - no higher than 30°C; holding time - only short-term effects, not causing irre-
versible changes in the properties of the colloidal system are permissible.

Key words: nanosized selenium, dispersion medium, biologically active properties, neural networks, perceptron, histogram
of hydrodynamic radius distribution.
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Introduction

Selenium is an important biologically active essential trace element. It is part of a number of hormones and en-
zymes, plays an essential role in the functioning of the immune system [1]. Selenium compounds protect cell mem-
branes from the effects of free radicals and prevent their generation, reducing the risk of tumors and the development
of heart and blood vessel diseases [2, 3]. These factors determine the intensity of research in the field of creating bio-
logically active drugs containing selenium. Russia, at present, is one of the leaders in the variety of selenium-based
preparations, including nanoselenium [4, 5]. Abroad, the main forms of microelement use are sodium selenite and
selenate [6-9]. Studies of domestic and foreign scientists show that preparations based on selenium compounds are
more toxic than selenium nanoparticles. In addition, selenium nanoparticles are more effective and do not require
large dosages [10 - 14].

To obtain selenium nanoparticles, physical, chemical and biological methods of synthesis are used. The most com-
mon synthesis method is chemical reduction followed by stabilization of the resulting nanoparticles. Varying the synthesis
parameters makes it possible to regulate the size and stability of colloidal solutions, and to modify the surface of selenium
nanoparticles with molecules of biological active substances. It has been proven that the biological activity and toxicity of
selenium nanoparticles are directly related to their size. Selenium particles with a size of 20 - 60 nm have a greater biological
activity and less toxicity [3, 4, 6]. In this connection, an important task is not only the selection of the conditions for the syn-
thesis of nanoparticles of a certain size, but also the identification of factors affecting the aggregative stability of nanoparti-
cles after synthesis, and the determination of the optimal storage conditions for colloidal solutions of selenium without los-
ing biologically active properties for the longest time possible.

In turn, to optimize the process of obtaining stable biologically active colloidal systems of selenium, as well as
to predict and control their properties, it is proposed to use neural network modeling. Neural networks are a highly
promising method of data analysis that allows reproducing extremely complex dependencies and is used in various
fields - in chemistry, physics, medicine, and so on [15]. In particular, neural networks are non-linear in nature. In addi-
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tion, neural networks cope with the "curse of dimension", which does not allow modeling linear dependencies in the
case of a large number of variables. A neural network user picks up representative data and then runs a learning algo-
rithm that automatically perceives the data structure. In this case, of course, the user is required to have some kind of
knowledge about how to select and prepare data, choose the desired network architecture and interpret the results [15].

So, the purpose of this work was to identify factors that have a significant effect on the aggregative stability of
biologically active selenium nanoparticles, and to choose the optimal storage conditions for its colloidal solutions.

Experimental part

For the synthesis of nanoparticles of zero-valent selenium, we used selenous acid, analytical grade. (according
to GOST 11081-75), ascorbic acid (according to FSP 42-3268-08), low molecular weight medical polyvinylpyrroli-
done (PVP) with a molecular weight of 8000 + 2000 (FSP 42-0345-4368-03).

Nanosized selenium was obtained during the reduction of selenous acid with ascorbic acid in an aqueous medi-
um. The reaction resulted in the formation of zero-valent amorphous red selenium and dehydroascorbic acid [16 ] (1):

H,5e0, +2C,H,,0, = Se+2C,H,O, +3H,0 )

In the absence of stabilizers, the colloidal solution of selenium is unstable; within a few hours, the particles ag-
gregate and precipitate. To obtain aggregatively stable nanoparticles of zero-valent selenium with high biological ac-
tivity, a stabilizer, a medical low-molecular-weight polyvinylpyrrolidone, which is widely used in pharmacy and med-
icine as a water-soluble non-toxic component of many drugs, was introduced into the reaction system.

Selenium nanoparticles are hydrophobic. PVP is adsorbed on the surface of selenium nanoparticles due to the
interactions of hydrophobic fragments of molecules with surface atoms of Se particles (steric stabilization) [ 17, 18]1].
The results of preliminary experiments and analysis of literature data made it possible to identify factors that have the
greatest influence on the size and aggregate stability of selenium nanoparticles.

The following parameters were chosen as variable parameters:

1. pH of the medium, rel. units

2. lonic strength (concentration of sodium chloride, mg / ml).

3. Temperature of the medium, (°C).

4. System exposure time, min.

The response function (output parameter) were selected:

Ybaf—mass fraction of biologically active fraction of selenium nanoparticles (r < 50 nm) according to photocor-
relation spectroscopy data,%;

rav — average hydrodynamic radius, nm;

polydispersity, nm.

On the basis of preliminary experiments, the levels of variation of the variable parameters that have the most
significant effect on the aggregate stability of selenium nanoparticles in agueous solutions were determined, the data
are presented in table 1.

Table 1
Plan parameters
Ne . Parameters a b c d
of experience
1 alblcldl 3 0 25 5
2 alb2c2d2 3 0,1 55 30
3 alb3c3d3 3 0,2 85 55
4 a2blc2d3 8 0 55 55
5 a2b2c3d1 8 0,1 85 5
6 a2b3cld2 8 0,2 25 30
7 a3blc3d2 13 0 85 30
8 a3b2c1d3 13 0,1 25 55
9 a3b3c2d1 13 0,2 55 5
The experimental design matrix shown in table 2 was obtained by the Greco-Latin squares method.
Table 2
Experiment planning matrix
Name of parameters, designations Variation levels of variables
pH of the medium, rel. units, (a) 3 8 thirteen
lonic strength, mol / L, (b) 0 0.1 0.2
Temperature, ° C, (s) 25 55 85
Synthesis time, min, (d) five thirty 55
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Neural networks are computational structures that model simple biological processes commonly associated
with processes in the human brain. The basic principle of a neural network is to adjust the parameters of a neuron in
such a way that the behavior of the network corresponds to some desired behavior. By adjusting the weights or bias
parameters, you can train the network to do a specific job; it is also possible that the network itself will adjust its pa-
rameters in order to achieve the required result. Adaptable and trainable, they are parallelized systems capable of
learning by analyzing positive and negative impacts [20].

The average hydrodynamic radius of selenium nanoparticles was measured by photon correlation spectroscopy
on a Photocor Complex setup (manufactured by OOO Antek-97, Russia). Computer processing of spectroscopy results
was carried out using the DynaLS software.

Results

Figure 1 shows a histogram of the size distribution of nanosized selenium stabilized by PVP in colloidal solu-
tion after synthesi
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Figure 1. Histogram of the distribution of the average hydrodynamic radius of nanoselenium particles

Analysis of Figure 1 showed that the histogram of selenium nanoparticles has a normal distribution, where the aver-
age hydrodynamic radius of nanosized selenium is about 25 nm.

The experimental data were processed using standard methods of variance, regression, and correlation analysis. The
mathematical dependencies of the processes under study were obtained in the form of response functions connecting the
output parameter with the investigated variable factors.

In order to automate calculations when detecting gross errors, assessing variances, determining the adequacy of coef-
ficients and derived equations, we used the Statistica Neural Networksv .4.0 e software package .

The neuro-genetic algorithm for selecting input data, implemented in the Statistica Neural Networks module , com-
bines the capabilities of genetic algorithms and PNN / GRNN ( PNN - probabilistic neural networks, GRNN - generalized
regression neural networks) to automatically search for optimal combinations of input variables, including in cases where
there are correlations and non-linear dependencies between them. The almost instantaneous learning rate for the PNN /
GRNN -algorithm makes it possible to apply the genetic algorithm, and conduct your own experiments on the sensitivity of
the data in real time. SNN also contains a built-in principal component analysis system that allows you to downsize the orig-
inal data. Before data can be entered into the network, it must be prepared in a certain way. It is just as important that the
output is easy to interpret. In StatisticaNeuralNetworks it is possible to automatically scale the input and output da
ta; variables with text values can also be automatically recoded, including 1-of-N encoding. SNN also has missing data han-
dling facilities. Such normalization functions as "unit sum", "winner takesall" and "vector of unit length"
are implemented . There are data preparation and interpretation tools specially designed for time series analysis [15, 19].

At the initial stage of the analysis of the obtained experimental data, a neural network was created, that is, a multi-
layer perceptron with four input variables and three output variables - functions that are shown in figure 2.

pH
C(NaCl), Mg'ml
t,°C

Figure 2. Multilayer perceptron adapted to the model of the influence of external factors on the aggregative stability
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of selenium nanoparticles

Using training algorithms, the neural network was brought into line with the experimental data. The adapta-
tion conditions were determined using a genetic algorithm by creating an array of data taking into account all possible
factors affecting the aggregate stability of selenium nanoparticles during storage.

As a result of mathematical processing of the experimental data, the dependences of the radii of selenium na-
noparticles and their polydispersity on temperature, exposure time, pH, and ionic strength of the dispersion medi-
um were obtained .

In Figure 3a shows a surface radius selenium nanoparticles response from the pH of the medium and the time
delay colloidal solution under these conditions.

Polydispersitynm

. nm

B x ‘
- Pt
. the time delay, min

a b c
Figure 3. Response surfaces of the output parameters from the pH of the medium and the exposure time:
a - the radius of selenium nanoparticles, b - the content of the biologically active fraction, c - polydispersity

It is seen that an increase in the pH of the reaction medium from 3 to 7 leads to a decrease in the particle size. The mini-
mum size of Se nanoparticles is reached after 30 minutes of exposure under these conditions. Longer exposure of the colloidal
solution at pH =7 promotes a slight increase in the size of nanoparticles. Weakly and strongly alkaline medium ( pH > 7) has a
negative effect on the stability of the colloidal selenium solution. Even a short-term increase in the pH of the dispersion medium
to 12 causes an eightfold increase in the average hydrodynamic radius of selenium nanoparticles and leads to particle aggrega-
tion and loss of stability of the colloidal system. This is due to the hydrolysis of PVP in an alkaline medium, which is accompa-
nied by an increase in the proportion of electrically charged (hydrophilic) functional groups in the polymer chain due to the
opening of the lactam group and the formation of a carbonyl group and an amino group. The carbonyl group is activated in an
alkaline environment, and the amino group in an acidic environment. An increase in the hydrophilicity of PVP molecules leads
to desorption of molecules from the hydrophobic surface of Se nanoparticles . The maximum content of the biologically active
fraction (Figure 3b) and a narrow size distribution (Figure 3c) are observed in an acidic medium with a minimum holding
time. With an increase in the pH of the solution, the proportion of the biologically active fraction decreases, the size distribution
becomes wider, reaching a minimum in a strongly alkaline medium and a maximum exposure time.

Optimal conditions under which colloidal solutions of selenium retain their biological activity and stability for the long-
est possible time are acidic medium ( pH = 3 + 4) or neutral medium, if a decrease in the proportion of a biologically active
fraction and an increase in polydispersity are acceptable.

Figure 4 shows the response surfaces of the output parameters (a - the radius of selenium nanoparticles, b - the content
of the biologically active fraction, ¢ - polydispersity) on the ionic strength of the solution and the pH of the reaction medium.

Polydispersitynm

P
-

f
$
|
§
|
t
i
t

»

a b c
Figure 4. Response surfaces of the output parameters (a - the radius of selenium nanoparticles, b - the content of the biolog-
ically active fraction, ¢ - polydispersity) on the pH of the medium and the ionic strength of the solution

Analysis of the response surface shown in Figure 4a shows that a change in the ionic strength of the dispersion
medium leads to an increase in the average hydrodynamic radius of selenium particles. In an acidic medium and in a
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neutral medium, changes in the size of nanoparticles are insignificant, while in an alkaline medium, even a
slight change in the ionic strength of a solution leads to a sharp increase in the size of nanoparticles and a loss of sta-
bility, due to an increase in the hydrophilicity of the system. An increase in ionic strength, at any pH value of
the medium, leads to a decrease in the proportion of the biologically active fraction (Figure 4b) and an increase in the
size distribution of selenium nanoparticles (Figure 4c).

Optimal conditions under which colloidal solutions of selenium retain their biologically active properties and
stability: weakly acidic or neutral medium with a minimum value of the ionic strength of the solution.

Figure 5 shows the response surfaces of the output parameters from the pH of the dispersion medium and the
temperature of the colloidal solution .

Polydispersitynm

R L

B
Figure 5. Response surfaces of output parameters (a - radius of selenium nanoparticles,
b - content of biologically active fraction, ¢ - polydispersity) on pH and synthesis temperature

An increase in the temperature of the colloidal solution leads to an increase in the rate of polymer desorption
from the surface of selenium nanoparticles and their aggregation at any pH of the dispersion medium (Figure 5a). The
proportion of the biologically active fraction of selenium nanoparticles is maximum at pH = 3 and a temperature of 30
° C (Figure 5b); under these conditions, a minimum size distribution is observed (Figure 5c). An increase in the pH of
the medium and the temperature of the colloidal solution contribute to an increase in the size of particles, their aggre-
gation and loss of stability; therefore, colloidal solutions of biologically active selenium must be stored at a tempera-
ture not exceeding 30 ° C.

Conclusion

Based on the results of the work carried out, the following conclusions can be drawn:

1. The content of the biologically active fraction, the size of selenium nanoparticles and their polydispersity are
influenced by the following factors - pH of the dispersion medium, ionic strength, temperature and time of holding the
system under given conditions;

2. The optimal conditions under which colloidal solutions of selenium retain their biologically active properties
for the longest possible time are: pH of the medium - weakly acidic or neutral; ionic strength of the solution - the min-
imum concentration of extraneous electrolytes; temperature - no higher than 30°C; holding time - only short-term ef-
fects are permissible, which do not cause irreversible changes in the properties of the colloidal system.
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AHHomauu}l . B cratee TIPEACTABJICHBI PE3YJIBTATBI KBAHTOBO-XUMHUYCCKOI'O0 MOACIMPOBAHMU IIpOLEcca CTa6I/IHI/IBaLlI/II/I HaHO4Ya-
CTHI[ OKCH/IA ME/IM PA3IMIHBIMU CTaOHIIM3aTOPAMH, KOTOPOE MPOBOAWIN B mporpamme QChem ¢ ucrons30BaHHEM MOJIEKYIISIPHOTO pe-
nakropa 1Qmol. TlosydyeHs! KBAaHTOBO-XUMHYECKHE MOJIENN MOJIEKYISIpHBIX cructeM CUuO-cTabuimmsarop, rie B KauecTBe CTabuin3aTopa
BBICTYIIAJIA T'HAPOKCUMETWIIAIUIIOI03a THAPOKCUITHIILEIII0JI03a, THAPOKCUMETWIILICIII0JI03a, HETHITPUMETUIIAMMOHUA 6p0MI/I}I, TIOJIMBH-
HWINUPPOIUIOH, XUTO3aH U r'HaTypOHOBasA KHUCJIOTA. Ananu3 TIOJIYYCHHBIX JJaHHBIX I10Ka3ajl, 4To HauboJiee OHEPreTUYCCKU BLIFO[[HOﬁ (E
=-3557, 94 kkan/monb) u crabmibHOU (AE = 0,260 5B) MonekysipHO# cucteMoi siBisieTcs: cucteMa « CUO-THaTypoHOBast KUCIOTay.
Knrouegwie cnosa: KOMITBIOTEPHOE KBAHTOBO-XUMUYECKOE MOJCIIMPOBAHUE, HaHOpa3MepHLIﬁ OKCHJ MEau, CTa6I/IHI/I3aT0pLI.
Abstract: The article presents the results of quantum-chemical simulation of the copper oxide nanoparticles stabilization process
with various stabilizers. The simulation was carried out using the QChem software and the 1Qmol molecular editor. Quantum-chemical
models of CuO-stabilizer molecular systems were obtained. Hydroxymethylcellulose, hydroxyethylcellulose, cetyltrimethylammonium
bromide, polyvinylpyrrolidone, chitosan, and hyaluronic acid were used as stabilizers. Analysis of the data obtained showed that the most
energetically favorable (E =-3557, 94 kcal/mol) and stable (AE = 0.260 V) molecular system was the “CuO-hyaluronic acid” system.
Key words: computer quantum chemical modeling, nanoscale copper oxide, stabilizers.

Hccnedosanue evinonneno npu punancosoii nodoepicke Cosema no epanmam Ilpezuoenma Poccuiickoii @edepayuu
(npoexm CI1-1191.2019.4)

The study was made with the financial support of the Council for Grants of the President of the Russian Federation
(project SP-1191.2019.4)

Intriduction

In science and technology, nanosized particles of metal oxides, which have found application for biomedical sensors,
antimicrobial drugs, industrial catalysts, semiconductors, and cosmetics, are of particular interest, due to their physicochemical
properties and high biological activity [1-3].

A promising material is nanosized copper oxide, which is interesting because of its antimicrobial, catalytic, bi-
ocidal, and optical properties [4-9]. CuO nanoparticles can also be used in the production of supercapacitors, solar
cells, biosensors, in particular, glucose biosensors, as reagents used to remove heavy metals from water [10-14]. Due
to the wide range of applications, the study of nanosized copper oxide is an urgent task, which is implemented in prac-
tice using modern methods of computer modeling and statistical processing of experimental data.

Theoretical chemistry continues to improve its effectiveness, and the spread of classical chemistry, wave func-
tion and density functional methods in experimental communities is now undeniable. The pursuit of computational
chemistry is to provide predictive power to reduce the number of physical experiments that need to be performed. This
is especially important when systems arise that are difficult to study experimentally. This makes it possible to reduce
financial and environmental costs, as well as reduce the time required for conducting physical experiments.

Currently, methods of quantum-chemical modeling have gained popularity, which make it possible to describe
and predict the physical and chemical properties, structure, and energy characteristics of molecules by means of a
mathematical model [15]. Using modern software packages for quantum-chemical modeling, such
as QChem , ChemBio 3 D, the HyperChem and many others, it is possible to calculate and reduce the number of nec-
essary experiments to determine the optimal composition of the material and it’s structure [16,17].

In this regard, the aim of this work is to find an energetically optimal stabilizer for copper oxide nanoparticles
using quantum chemical modeling.

Experimental part

Quantum-chemical modeling of the stabilization nanoparticles CuO various stabilizers was performed in the
program QChem using molecular editor IQmol . The calculation was carried out on the equipment of the data pro-
cessing center ( Schneider Electric ) of the Federal State Autonomous Educational Institution of Higher Education of
the North Caucasus Federal University.

IQmol is an open source molecular editor and imaging package that runs on Windows, Mac OS X and
Linux . IQmol allows the creation of arbitrary molecular structures that can be energetically and geometrically opti-
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mized using the various force fields of molecular mechanics. IQmol is capable of displaying a variety of molecular
properties including atomic charges, dipole moments and normal modes. Several types of surfaces can be displayed,
including molecular orbitals, (spin) densities, and van der Waals surfaces . These surfaces can be collected according
to an arbitrary scalar field such as electrostatic potential. Animations are also available for vibrational frequencies and
response and optimization paths.

IQmol can work as a stand-alone package, but has also been written to work seamlessly with the Q-
Chem computational chemistry package . A full featured input file generator, the Q-Chem User Interface ( QUI ), pro-
vides access to most of the available options in Q-Chem , and these options are presented in an intuitive hierarchical
manner. The generated input files can be sent to local or remote servers that have Q-Chem software installed . In par-
ticular, there is a publicly available server that allows you to run quantum chemistry calculations without the need to
purchase and install Q-Chem .

The Hartley-Fock ( HF ) method is a variational method for solving electronic structure problems. The method
works either as an approximate scheme for calculating the ground state, or as a starting point for other methods de-
scribing the effects of electron correlation, such as the interaction configuration method and many-body perturbation
theory. A central aspect of HF problems is that the basic equations of the method are non-linear. They were obtained
as a necessary condition for determining the extrema of the HF -functional that make up a system of coupled integro-
differential equations [18].

The following compounds were considered as stabilizers: hydroxymethylcyllulose, hydroxyethylcellulose,
cetyltrimethylammonium bromide (CTAB), polyvinylpyrolidone (PVP), chitosan, hyaluronic acid, and amylopec-
tin. The calculation of the total energy of the molecular system stabilizer - CuO and other characteristics was carried
out with the following parameters: calculation: Energy , method: HF , basis: 3-21 G, convergence - 5, force field -
Ghemical .

Results and Discussions

Simulations were carried out to determine the optimal configuration for the interaction of copper oxide with various
stabilizers. The resulting models are shown in Figure 1-7. To simplify the calculations, we used one molecule of CuO , free
oxygen, which was hydrogenated. For each interaction model, the total energy, the distribution of the surface potential, the
energy of the highest occupied molecular orbital (HOMO ) and the lowest free molecular orbital ( LUMO ), the angle and
length of the new chemical bond were determined. ... The data obtained are presented in table 1.

Table 1
Results of computer quantum-chemical modeling
- Total energy, | HOMO , LUMO, o Link
Stabilizer keal / mogly Y, oV AE,eV Angle, length, A
Hydroxymethylcyllulose -2736.11 -0.142 0.074 0.216 110.38514 1.10182
Hydroxyethyl cellulose -2853.17 -0.134 0.085 0.219 110.19116 1.10151
CTAB -2584.32 -0.158 0.094 0.252 117,30094 1.11204
PVP -2227.60 -0.159 0.099 0.258 112.56589 1.10264
Chitosan -2491.46 -0.119 0.099 0.218 113.06035 1.11471
Hyaluronic acid -3557.94 -0.153 0.107 0.260 121.83428 1.11495
Amylopectin -3157.71 -0.121 0.095 0.216 110.23957 1.10108

Figure 1. Quantum-chemical model of the molecular system CuO- hydroxymethylcellulose:
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a - interaction model, b - HOMO, ¢ - LUMO, d - decoding

c

Figure 2. Quantum-chemical model of the molecular system CuO- hydroxyethylcillulose:
a - interaction model, b - HOMO , ¢ - LUMO

g, B,

c

Figure 3. Quantum-chemical model of the molecular system CuO- acetyltrimethylammonium bromide:
a - interaction model, b - HOMO , ¢ - LUMO

Eis s

Figure 4. Quantum-chemical model of the molecular system CuO -polyvinylpyrolidone:
a - interaction model, b - HOMO, ¢ - LUMO
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a b c
Figure 5. Quantum-chemical model of the CuO- chitosan molecular system :
a - interaction model, b - HOMO, ¢ - LUMO

Figure 6. Quantum-chemical model of the molecular system CuO- hyaluronic acid:
a - interaction model, b - HOMO, ¢ - LUMO

c

Figure 7. Quantum-chemical model of the CuO- amylopectin molecular system :
a - interaction model, b - HOMO , ¢ - LUMO
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When analyzing the data, it was found that the energy of molecular systems CuO-stabilizer is significantly
lower than the energy of individual molecules: hydroxyethyl cellulose, hydroxymethyl cellulose, cetyltrimethylammo-
nium bromide, polyvinylpyrrolidone, chitosan, hyaluronic acid, amylopectin. This fact testifies to the energetically
favorable formation of a chemical bond between the stabilizer molecule and copper oxide.

As a result of data analysis, it was found that the most energetically favorable system is the system "CuO-
hyaluronic acid”, the energy value of which is -3557.94 kcal / mol [19]. The interaction between the surface
of CuO nanoparticles and hyaluronic acid is carried out through the nitrogen atom of N- acetyl- D- glucosamine in the
monomeric unit of hyaluronic acid.

Conclusion

As a result of the work carried out, it can be concluded that the program for computer quantum-chemical mod-
eling 1Qmol is casual for users. This is due to its ease of use, a logically structured interface and a database that simpli-
fy the modeling process, which allows the user to quickly adapt and perform the necessary computational operations.

Long experience of working with the program has shown that the possibility of working in it implies modeling
both simple molecular compounds consisting of several atoms and supramolecular assemblies, including hundreds to
thousands of atoms, as well as the processes of interaction of the listed types of compounds.

As a result of modeling the stabilization of copper oxide by various compounds, including such classes as: quater-
nary ammonium compounds and polymers, including saccharides with various functional groups. Models are obtained
that describe the process of interaction of the stabilizer- CuO system, and the energy characteristics of the interaction are
calculated. It was found that the energetically optimal configuration is the "hyaluronic acid- CuO " system.

At the next stage of work, it is planned to synthesize this system in laboratory conditions, and subsequently, to
study its physicochemical and optical properties. An analysis of the correspondence of the experimental data with the
earlier obtained computer quantum-chemical models will also be carried out.
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Annomayusa: Ha coBpeMEHHOM dTare pa3BUTUS B LEIX 00ECHEUCHHS BBIOJIHEHIS PA3JIMIHOTO pojia 3a/ad rocyIapCTBEHHOM
BOXHOCTH BCE Hallle MCIONB3YIOTCS CHCTEMBI Ha 0a3e IPyHITMPOBOK HHU3KOOPOHUTAIBHBIX KOCMUYECKHX allllapaToB CBs3H. [Ipumepom
TaKUX CIYTHHKOBBIX cucteM sBisiercs AO «CrnyTHuKoBas cucteMa «l OHel, NMPefoCTaBILIOIas KaHajbl IOJBWKHOI CITyTHUKOBOM
CBSI3U JJI1 MOOWJIBHBIX U CTAIIIOHAPHBIX A00OHEHTOB B JIF000H TOUKe 3eMHOTO Iapa U pa3padaThIBAIOIIAsCs TI0 3aKa3y rocylapCTBEHHON
KOPIIOpAaIMK MO KOMUYECKOH nesTensHocTH «PockocMocy. [loaToMy, B BHOY BaKHOCTH M HEKOTOPBIX CIYYasx KOH(PHICHIHAILHOCTU
BBITIOJIHSIEMBIX 3a71a4, BO3PACTAlOT TPeOOBAHUS MO CKPHITHOCTH M MOMEXOYCTOWYMBOCTH, MPEABSBISIEMbIC K JaHHBIM crucTeMaM. [10BbI-
CHTB CKPBITHOCTD, & IMEHHO HH(OPMAIIMOHHYIO €€ COCTABISIONIYI0, BO3MOXKHO 32 CUET MPHUMEHEHHUS MPOTOKOJIA ayTeHTU(UKALINH, TI0-
CTPOEHHOTO Ha JIOKA3aTEeNbCTBE C HyJIEBBIM pasriIalllcHUeM 3HaHWH, (yHKIMOHMPYIOMIETo Ha 0a3e MOIYILPHBIX Ko1oB. OIHAKO, MOAY-
JISIpHBIE KOJIBI B HEKOTOPBIX CHCTEMaxX HCIONB3YIOTCS elle U i1 G0pbOBI ¢ OTKazaMu M cOOsIMH 000PYIOBaHYS, a TAK)KE NPH BBEICHUE
OoJIbILel H30BITOYHOCTH CIIOCOOHBI JIOKAJIN30BATh U OIIMOKH, BEI3BAHHBIE TIOMEXaMH B KaHaJIE CBS3H. TakiuM 00pa3oM, UCIIONB3Ys MOLY-
JISIpHBIE KOJBI [UI 00ECIeUeHHsI CKPBITHOCTH, OOpBOBI ¢ OTKa3aMH U COOSIMH, a Takke O0ECIICUSHHs IIOMEXOYCTOHYMBOCTH O3BOJUT
nepeiiTé K eIMHOMY MaTeMaTH4eCKOMY almapary MOCTPOEHUS CUCTEMBbl U TEM CaMbIM OTOMTH OT TPaJULMOHHO NPUMEHSEMbIX KacKa-
HBIX K0710B. [ToaToMy 3aagua pa3paboOTKI HOBOTO METOIa IOCTPOEHHST MOIYJIIPHOTO KOMITIO3HIIMOHHOTO KOJa IS 00ECTICYEHHS TIOMEXO-
3aIMIICHHOCTH SIBISIETCS aKTYaJIbHOM.

Knroueesvie cnosa: HU3KOOpOUTANBHAS CHCTEMa CITyTHHKOBOM CBS3H, CHCTEMa OIO3HABAHMS CITyTHUKA, MTPOTOKOJ ayTeH-
TU(UKAINAN, MOIYIIAPHBIA KOMITO3UIIMOHHBIN KOJI.

Abstract: At the present stage of development, in order to ensure the fulfillment of various kinds of tasks of national importance,
systems based on groups of low-orbit communication spacecraft are increasingly being used. An example of such satellite systems is the
Gonets Satellite System JSC, which provides mobile satellite channels for mobile and stationary subscribers anywhere in the world and is
being developed by order of the Roskosmos state corporation for comic activities. Therefore, in view of the importance and in some cases
the confidentiality of the tasks performed, the requirements for stealth and noise immunity for these systems are increasing. Increasing
secrecy, namely, its information component, is possible through the use of an authentication protocol based on evidence with zero
knowledge disclosure, which operates on the basis of modular codes. However, the modular codes in some systems are also used to combat
equipment failures and malfunctions, and when introducing more redundancy, they are also able to localize errors caused by interference in
the communication channel. Thus, using modular codes to ensure stealth, to combat failures and malfunctions, as well as to provide noise
immunity, it will allow you to switch to a single mathematical apparatus for constructing the system and thereby move away from the tradi-
tionally used cascade codes. Therefore, the task of developing a new method for constructing a modular composite code to ensure noise
immunity is relevant.

Key words: low-orbit satellite system, satellite identification system, authentication protocol, modular composite code.
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At present, the issue of ensuring uninterrupted communication of subscribers located anywhere in the world is
becoming more and more acute, this issue is especially important when organizing communication in regions with a
low population density and underdeveloped infrastructure in order to fulfill tasks of state importance. One of the most
effective ways to solve this problem is the use of low-orbit satellite communication systems (LSCS), since, in compar-
ison with geostationary satellite systems, the LCCS has many times less length of radio lines, and the problem of cre-
ating multi-beam antennas is less acute.

An example of such a system is the Russian multifunctional personal satellite communication system "Gonets",
developed by the state corporation "Roskosmos™ and designed to provide a connected environment for the GLONASS
coordinate-time support system and to provide communications for territories not covered by terrestri-
al GSM networksand subscribers located in hard-to-reach regions. Also, one of the significant advantages of the
NCCS is the low power of the transmitters, which makes it possible to reduce the size and reduce the cost of the ter-
minals. Thus, in view of the importance of the tasks performed by these systems and the features of the low orbit,
more stringent requirements for secrecy and noise immunity are applied to the NSSS. In [2, 3], to increase the speed of
determining satellite ownership, it is proposed to use an authentication protocol based on modular codes (MC). This
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type of codes is arithmetic, which makes it possible to correct errors that occur in the computational paths in cases of
failures or malfunctions of encoders. But also these codes, with the introduction of additional redundancy, can also be
used as noise-resistant ones. Thus, the use of a single mathematical apparatus in the construction of source and com-
munication channel coders will allow us to get away from the traditionally used concatenated codes and thereby re-
duce the complexity of the developed coding structures. Consequently, the development of a method for constructing
a modular compositional code (MCC) for an anti-jamming satellite authentication system is an urgent task.

Purpose of the study

In view of the fact that the flow of failures is the simplest, in some computing systems modular codes are used
to increase fault tolerance in the coding structures of message sources, since they are arithmetic, and the introduction
of only two control bases into the code structure allows the MC to correct single errors regardless of places of their
location [4]. In this paper, it is proposed to use the MC for the localization of errors arising in the communication
channel due to interference. However, in the case of using the classical approach of forming the MC, this will entail an
increase in circuit costs, since for a guaranteed correction of each additional error in the code constructions, two more
control bases will be needed. Thus, the efficiency of modular codes can be increased using a new principle of their
formation. The aim of the article is to increase the noise immunity of the LEO satellite authentication system through
the use of new principles for constructing a modular compositional code.

Materials and research methods

It is known from [4,5] that the number X in MK is represented as a tuple of remainders

X=Xy Xy ooy X ), (€

which are the remainders of dividing the number X by the selected coprime bases pP,, P,,..., P, Where

HOJZ(p; , pj) =1 . Then the operating range of the system is

i#]
R k
M=]T]p . @)
i=1

When using MK, arithmetic operations are represented as
) : 3
Py

where * - operations of multiplication, addition or subtraction; D=dmod p; ; x, =Xmod p, i=1 2,..., k.

In order to increase the efficiency of passing the satellite identification procedure, a spacecraft (SC) authentica-
tion protocol was developed [3]. This protocol is based on MK. In this protocol, S'is the session key of the CA, U is
the secret key of the CA and T 'is an additional number used in the equation that allows you to obtain the public key

of the CA when S !is reused . These parameters must satisfy the condition {U, S , T! }< |\7| .

X*D:le*dl‘p [x *d,

*
;---1‘Xk dk

P2

Then they are transferred to MK.As a result, reduced to the form U= (ul, Uy uk),
S'=(s),s),...,S)), T =(T),T)..,T)), where u, =mod p,, S/ =S’mod p,; T, =T 'mod p, ;
i =1, 2,..., K. Operations are performed in the following sequence:

Stage 1. To conduct the j-th communication session, the responder calculates the true status of the KAA in
the MC

c'=(cl,cl,...,Cl), (4)
where Cij = (g Ui .gsiJ .gTij )mod P, ; g the generating element of the cyclic group; ...1=1, 2,..., K.
Stage 2. The defendant then makes random changes {Aui , ASij, ATij}
l—Ii = (ui +AU; ) mod ¢(pi ) ’Sij = (Sij +ASij)mod o(p;), Tij = (Tij +ATij)m0d o(p),
where {Aui ,AS), AT/ }< @(p;); ¢(p;) -isthe Euler's function of the base m;; 1 =1, 2,..., K.
Stage 3. After that, the noisy status of the spacecraft is determined using the MC
c’ =(51‘1---,5k")=( = p j ®)

Stage 4. At the authentication stage, the requestor generates a random number, represents it in the
form d' =(d{, d},...d}),where d! =d’ mod p; and then passes it on to the respondent.

+
]
Tl

S I Sl i
U, S, U Sy . T,

g --9°-g g -g*-g"
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Stage 5. The respondent, having received d’ = (d!, d},...d!), answers the question of the requestor in ac-

cordance with
+

n 'rizz‘gij_dii.sij‘* ,I’i3=‘-|:;j_dij 'Tij‘ . @)
pi p| pi
Stage 6. The defendant transmits {(C{, .y Ci), (Cj, .y Ci), (rll, . rli), (rlz, vy rkz), (rf, vy rlf)}

Stage 7. The interrogator, having received the transponder signal , calculates the status of the spacecraft

/) g g g

Y = 3 ®)

Pi
to the satellite, provided that the condition is

The interrogator will assign the status
met { Y} =Cl,Yj=Cl,.,Y/=Cl}

Considering these results, we can conclude that in the event of failures or failures in the computational paths, as
well as in the event of errors in the communication channel under the influence of interference, the satellite is recog-
nized as "alien" and the communication session will be interrupted, otherwise as "own".

The analysis of this protocol indicates that if in the course of the system operation, an erroneous SC identifica-
tion occurs, which occurs both as a result of failures or failures in the operation of the system, and in the event of in-
terference in the communication channel, then “our” satellite will be perceived as “alien”, and he will be provided in
the communication session. In order to increase noise immunity and minimize session interruptions, we will introduce
the mathematical apparatus for constructing the IWC into the satellite authentication procedure.

In the developed method, the interrogator receives the transponder signal, which consists of five parts, accord-
ing to (9). Therefore developed a modular composite code must contain at least five residues For convenience use a

2 =a4i;ri3 :(X,Si7 V::l., 2,3, 4,5Then

own

single view of the balance «,, , that is Cij =a,;Cl =a,; ri1 =0y,

(C{, C3, Cy, Cy, CY), (013, Oyp, OLygs Olyy, OLys)
(C{,C},Cy, C,, C), (OLgy, gy, Ologs Oloys Olyg)
(r1la rzlv rsll I‘i, rsl)v = Aok = 9(0ay, Olgy,s Olggy OLgy, Olgs) )

2 2 2 2 .2
(P P P ol F B (Qlyys Oy Olyg, Olyyy Olys)

3 3 3 3 3
(0,1, 15, 1, 15). (0L, OLgy, Olsg, Oy, Olgs)
It is possible to localize a single error in MC using two control bases that satisfy the condi-
tion Py Py < Pysg P As aresult, the full MK range will be equal to

k+2 . k+2
M=]]p=M]]n. (10)
i=1 i=k+1
In this case, the extended MK combination does not contain an error only if the following condition is met
X = (X, Xy peeey Xin) <M. (11)

In this case, the modular compositional code will have the form

Olypy Olyps Olygy Olyygy Oy, 0‘161 0‘17

oy Qlppy Ology Oloyy Olos, 0‘126’ O‘127

Olggy Qgps Olgzs Clgyy Olgs, 0@5, 0‘;7

Anie = 0gqs Olyp, Olygy Olyy, Olys, Olie, Odn 12)
sy, Olgpy Olgzs Olgyy Olgs, OLES’ O‘157

afev 0(;51 0(’56’ chm, aéa

2 2 2 2 2
Oly7y Qy7, Olaz, Olyg, Olgg

Horizontal control residues are calculated as follows

5 5
age :(Zavi B, mod M Jmod Pe, Ay :(Zavi B, mod M Jmod p,, (13)

i=1 i=1
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M
where V=1,23,4,5; B, =h. — —orthogonal basis; h; — weight of the orthogonal basis.
i
Vertical control residues, for j = 6, 7, are calculated as follows

of; =|( B, +,B, + 1B + 1, B, + By ) mod M

Pj
+

i .
o2 =[(@B; + B, + 5By + 2B, +aysB; Jmod M )
J

+

o = \(05318l +0,,B, + B, + 1B, + 5By Jmod M|

Pj
+

) .
o] =|(@B, + 5B, + 3By + B, +aysB; )Jmod M §
]

(14)
A |+
o =\(05513l +0yB, + 0B, + B, +tggB, JMOd M iy
]
To localize errors, we use the positional characteristic - the interval
+ + + +
A ! . A ! .
86:|:_" :Zai Ri +r , S7: — :Z(Zi Ri +r (15)
M Ps =1 Ps M p; i=1 p;

5
where B, =R,M+B,;B, nr= {z B, /M} — orthogonal basis and rank in the non-redundant RNS.
i=1

If a combination A =(a,,..., a;) < M , then it is error-free and PX S =0.

The developed method for constructing a modular compositional code allows one to localize all double errors
that occur in one MC combination. As an example, let us take the first combination A;, in which the residuals are er-

roneous oL, and OLI3 with the error depth, respectively Ao, nand Aa., ;. Then we get a combination of the form

m3

o * 1 1y _ + * 1 1
A1 = (all’a12’al3' 0"14’0('15’0(‘16’0(‘17) - (‘a11+A0°11‘m ’0‘12"0‘13 + Aam‘ 10‘14’a15’a16’a17j
1

Using the Chinese remainder theorem to translate the positional code, we get

+
* + +
A=A+ ‘Aall‘ B, +‘Aa13‘ B, (16)
Py Ps M
Let's use expression (15). Then the interval of this combination is
1 AI ! Ai* *
Sl = [—} mod ps =S, +S,,| S, = {—} mod p, =S, +Sy[ . an
M Pe M Pz

where S;;,S;; — are the numbers of the intervals in which the MC are located when single errors oc-
cur oy = (ay; +Aay;)mod p; and oy = (e, + Aays) mod p; .

It is known that the MC cannot correct a double error when using two control bases, but the developed method
allows this drawback to be eliminated. After all, the erroneous balances oql and OLIS are used in the calculations

2 2 2 2

(SlG’ S17) ' (846’ S47)'

Research results and their discussion

Choosing the base for the IPC p, =7, p, =11, p, =13, p, =19, p; =29 . Then the working

5
range M :H p; =551551 . Let there be redundant grounds Pg =37, p, =43. Then the full range

i=1
M = 877517641 . Let the transponder signal be given. Let us transform its ICC has the form
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_ 2 2 2 15 17 4 14]
Cl =(2,2, 215,17, 4,14), ) ; % 1 1
Cl=(24,73 26,12,1), 1 3 7 1 6 8 9
rt=@13716,89), Ayc=|5 10 0 12 20 25 5
r2 = (5,10, 0,12, 20, 25, 5), 1 7 8 1 5 29 42

30 40 0 34 23 |

Suppose that during transmission in the communication channel errors occurred with the depth Aot ; =3 and

* + + * + + .
Aoy, =4 . Then oy, = ‘all + Aall‘pl = |2 + 3|7 =5, a3 = ‘alg + AO!lS‘p3 = |2 + 4|13 = 6. We get a combina-

tion of the form

(5" 2 6 15 17 4 14]

2 4 7 3 26 12

1 3 7 1 6 8
Awe=|5 10 0 12 20 25 5

1 7 8 1 5 29 42

21 17 20 23 10

30 40 0 34 23 |

We calculate the values of the interval using
+

! y * 1 1 ~
Sis :‘aan +o,R, +a,R, +a,R, +aRe +a R +a,R, +T,

Ps
= “5-909 +2-1446 +6-122 +15-1172 +17 -877 + 4-430 +14 -1406 + 21”;7 =34,

+

Sy7 = ‘allRl +a,Ry +oyRy + o Ry + R + o Re + 7R, +1

Pz

=[5-909 +2-1446 + 6122 +15-1172 +17 -877 +4-430 +14.1406 + 21, =34,

However, no single error will fall into this interval. Therefore, the decoder, when receiving the interval,
is (Sis, 817) not able to localize the error in the code. Usage developed method overcomes this disadvantage. Let's

calculate (SZ;, S%).
Sf =[oti iRy + R, + g Ry + Ao R, +aggRs + R +aiR, +T, | =[1137[] =27
16 111 22" ‘2 33''3 54" *4 55" Y5 16" 6 17° Y7 1 P 37 ’
2 * 2 2 ~ |t +
S? :\aan + R, + R, + g R, + g R, + AR, + a2 R, +T, \m =[1137|,, =19.

The resulting interval corresponds ocIl to the depth error Aat,, = 3. In this case, the erroneous remainder

OLI3 used in the calculations (Sie, wa) . Then the interval is
2 * 2 2 = |t +
SZ, :‘aMRl +ag,R, + R, +a R, +ag R +alR, +alR, +T, ‘ps =[490|, =9,
S2 = R R "R R R 2R 2R+, | =490l =17
47 = |0y F a5y 3Ry 0 Ry O o gRg + Oy + 1 p7_| |43_ '

The resulting interval corresponds OLIS to the depth error Aot;; =4 . Localization of errors in the code struc-
ture is performed as follows
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A, =AI —e= (5*, 2,6 ,15,17, 4, 14)-(3,0,4,0,0,0,0,0)=(2, 2, 2,15,17, 4,14).

To assess the effectiveness of the method for constructing a modular compositional code, a software package
was created that allows simulating a communication channel with both single and impulse noises. The comparison
was made with the classic RNS code with check bases P, =37, p; =43, pg =47, Py =53, which also corrects
double errors. The results of the research are shown in Figure 1.

P
er 100’ E
\b—-0-,~:f;_¢ ——a
107 | §
102}
103+ 4
104 + I i}
—=—BER of the classical approach o
—=—BER of the developed algorithm
10°5 2 i I i H A
0 2 4 6 8 10 12 14

En/No

Figure 1. Immunity of the identification system operating in the ICC

Figure 1 shows that the use of the developed method for constructing the ICC allows us to increase the noise
immunity of the NSSS. So when the signal-to-noise ratio E ,/ N = 13 dB, the probability of system error using the

developed method is P, =3,79-10°, while for the classical RNS - P, =1,61-10"*. This means that the devel-

oped method increased the noise immunity of the identification system by a factor of 4.25 in comparison with the
classical method of constructing modular codes.

Conclusion

The article shows the relevance of the development of modular compositional code. An algorithm for searching
and correcting errors in a modular compositional code, both single and arising from impulse noise, is considered. An
example of the implementation of the MCC is presented. It is shown that for the signal-to-noise ratio E ,/ N =13 dB,
the probability of a system error using the developed method is p —379.10°, while for the classical RNS -

P =161-10"*. Thus, the developed construction MCC method has enhanced immunity recognition systems in 4.25

ow

times in comparison with the classical method of constructing correcting codes CSB .
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Annomayus: IlpoBeneHHO NpeoOpa3oBaHue BXOAHOTO MOTOKA IakeToB ¢ camononooHsiM 3SAKOHOM pactipeneneHnst HHTepBa-
JIOB BPEMEHU MEKy ITaKeTaMU B ITyaCCOHOBCKHUII 3aKOH IIPU PaBEHCTBE BEIUMUYMHBI MeauaHbl I[IpoBeieH CpaBHUTEIIBHBIN aHATIN3 3aBU-
CHMOCTH HMHTEGHCUBHOCTH BBIXOJIHOTO IIOTOKA, HMEIOIIEro 3KCHOHEHIMAIBHOE paclpeielieHle OT MoKa3aTels XepeTa CaMOoIoI00Horo
BXOJJHOTO TTOTOKA, PAcTpeIelieHHOro 1Mo 3akoHaM [lapeto u BeliOyiuia npu ycioBUHM paBEeHCTB MAaTEMaTHUECKUX OKUIIAHHN BXOIHOTO H
BBIXO/IHOTO TTOTOKOB U TIPH PABEHCTBE BEJIMYMHBI MEIUAHBI BXOJHOTO M BEIXOAHOTO TIOTOKOB.

Knrwueesvie cnosa: camonofoOHBIN MOTOK MAKETOB, MOKa3aTelb XepCTa, MPOU3BOIUTENBHOCTD, pactupenencaue [lapeto,
pacmpenenenue Beiibyna, Mmeanana.

Abstract: The transformation of the input traffic with a self-similar law of distribution of time intervals between packets
into the Poisson law is carried out when the value of the median is equal. A comparative analysis of the dependence - the intensity
of the output stream, which has an exponential distribution on the Hurst exponent of the self-similar input stream, distributed
according to the Pareto and Weibull laws is carried out, provided that the mathematical expectations of the input and output streams
are equal and the median value of the input and output streams is equal.

Key words: self-similar traffic, Hurst exponent, performance, Pareto distribution, Weibul distribution, median.

Benenune. OnHol 13 IpoOIIeM TEIEKOMMYHHKALMOHHBIX CETeH sBIseTCS 3 PEKTUBHOE HCII0JIb30BAHUE Y3I10-
BBIX M KaHAJIBHBIX PECYPCOB IPH 00CITYKUBAHUH CaMOIOJ00HOr0 MOTOKa naketoB. Ee pemenue Tpedyer pa3paboTku
HOBBIX METOJIOB, ITO3BOJIIOIINX ITOBBICHTH MPOM3BOAWTEIHHOCTh 32 CUET ONTHUMH3AILMH CETEBHIX pecypcoB. s
ocabneHns! BIMSHUSL CaMOIIOIOOHST CETEBOTO TOTOK MAaKETOB MCIIOJIB3YIOTCS Pa3IMYHbIe MOJIENH M YCTPOUCTBA Tpe-
obpasoBanus Tpaduka. B paborax [1, 2] paccMoTpeHbI BOpockl NpeoOpa3oBaHus BXOIHOTO MOTOKA MAKETOB € CaMO-
MOJIOOHBIM 3aKOHOM paclpeieeHHss HHTEPBAJIOB BPEMEHN MEXIy NMaKeTaMH B ITyaCCOHOBCKHH 3aKOH. B TPEUIOKEH-
HBIX MOJIEJISIX BXOJHOM M BBIXOIHOM MOTOKHM COINOCTABILUIMCH MEX/IY COOOM MO BEIMYMHE MaTeMaTHYECKOTO OXHIa-

+00
HUSl. MATEMAaTHYECKUM OXHJAHWEM HETPEpPBIBHOM CIIydaliHOW BeNWYWHBI X Ha3bIBAacTCS WHTETpal MY J.Xf (x)dx -

o
CyIecTBYIOT cay9YaiHbIe BEIMYUHBI C TUIOTHOCTBIO pactpeneneHus R(X) Takoil, 4To B pe3yibTaTe BHIYUCICHUI ITO-
JTy4daeTcsl pacxosuiuiics narerpan. HampuMep, U3BeCTHO 4TO, MaTeMaTHYECKOe OXKUIaHUe pacnpeneneHus Komm He
CYIIECTBYET, TaK KaK PaCXOJUTCS MHTETpaJl.

© 1 o 1 - 1
E‘é‘ = __!]X‘mdx = !m}dxz = ) |Im+w;|n(1+ Xz): +00
1

PaCXO,HI/ITCSI OH H3-3a TOI'0, YTO NOJAbIHTErpaibHasA q)yHKIII/ISI BEIET cebs Ha OECKOHEUYHOCTH KaKk — . HOSTOMy
X

HE CYIIECTBYIOT HU JUCTIEPCHS, HI MOMEHTHI 00JIe€ BEICOKMX MOPSIKOB 3TOTO paclpeaeIeHIs.
V pacnpesienenus [1apeTo cymecTByIOT TOIbKO MOMEHTHI opsaka 1 < & , mockombky

EEF:I%aXiNXZIa—E—dx
1 1

a—t+1

CXOOUTCA TIpUu t< O, Korga NOAbIHTEIpaJIbHAs q)yHKL[I/IH Ha OECKOHEYHOCTHU BEIET cebs Kak rac

s=a—-t>0.

To ecTh, MATEMaTHYECKOTO OXHIAHHS y TAKUX CIyYaiHBIX BEJIUYMH HET (WIM MATEMATHYECKOE OXKHIAHHEC
paBHO OECKOHEYHOCTH). B HEKOTOPBIX CIydasx 3TO OOCTOSATEIbCTBO HE IO3BOJISIET HCIOJIB30BAThH MPEJIOKECHHbIE
panee mozenu [1, 2].

JleficTBUTEIbHO, MATEMAaTHYECKOE OXKUAAHHIE ISl BXOJHOTO CaMOIO00HOr0 MOTOKA, paclpe/ielIieHHOTO 0 3a-

kony ITapeTo, MOeT OBITh IMOTY4eHO TI0 (hopMyIIe
- X
E,=—T1 (D)
I7 1
-1
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rae & - kooppuuuent Gopmbl, a X, - KoaGpuuuent Macmrada. 3nadenus kodpuuuenta GopMbl X U NOKazaTess

Xepcra H nns pacnpenenenns Iapero cesizanst cooTHomenueM [3, 4, 51:

a=3-2H. 2
Maremaruueckoe OXUAAaHUEC JId BBIXOJAHOI'O IMOTOKA, UMCHOMICTO 3KCIMOHCHIIMAJIBHOE PACIPECACICHUC PaBHO
, 1
E = z y TAC ﬂ, - HHTCHCHUBHOCTbH IIOTOKA.

! o
HpI/IpaBHHB 3HA4YCHUA E17 u E , HAUJICM MHTCHCHUBHOCTbH IMOTOKA 5KCINOHCHIHAJIBHOTO paclupeAciCHus, Mpu KOTO-
poM obecneunBaeTcs PaBCHCTBO MATEMATUICCKUX 0XKMIAHUH BXOJHOI'O ¥ BBIXOJHOI'O IIOTOKOB:

a-X, 1
a-1 21’
OTKyJZla IOJy4yaeM
a-1
A=— 3)
a-X,

HMoctponm rpaduk sasucumoctn A(H) nmpu X, =1, a Takke npu ycinoBun paBeHCTBa MaTeMAaTHYECKHX

O’KHTaHUH BXOHOTO M BEIXOTHOTO TIOTOKA MaKeTOB (puc.la).

< D5 b |
p e < 104
& St = S
5 g “
g2 041 = o hY
Ny 2 08 <
2 S =) ..
% i\.\ |6 ,
N
& 03 ~ & 06 >,
& S g .
= - = .,
I - 3 Ay
o ~ m Ay
o 02 M ,
2o < g 04 s
[%) £y u LY
=] ~ g B
T * T \
5 011 * = kS
u ., g 02 X,
ja £ T A
] » ] AN
'E \ E .
" I A
= 00 i = 00 2
o5 06 0.7 0.8 09 10 0.5 06 07 08 09 10
MokazaTens XépcTa H MokazaTens Xépcta H
a) 0)

Pucynok 1. T'paduk 3aBUCHMOCTH MHTEHCHBHOCTH BBIXOHOI'0 MOTOKA, MMEIOILETr0 SIKCIIOHEHIIHAILHOE
pacnpelesieHue OT noKa3aTeJisi Xepera caMonoI0GHOro BX0HOI0 MOTOKA, pacnpeneieHHoro no 3axkonam Iapero (a)

u BeiiGy.na (0), mpu X, = 1 u paBencTBe MaTeMaTHYeCKHX O/KUIAHMIT BXOTHOTO H BLIXOTHOIO IOTOKOB

Amnanu3 puc.la mokasan, 4TO IpHU yBEJIMYEHHH TOKazarens Xepcta H MHTEHCHMBHOCTH BBIXOAHOTO TOTOKA
ymensbInaercs. [Ipuy H O01m3kux k 1 MHTEHCHBHOCTH BBIXOJHOTO MOTOKA MakeToB cTpemurcsa K 0. To o3HadaeT, 4To
MaKeThl He 00CITY)KUBAIOTCS M HAKAIJIMBAIOTCS B OUEPE/IN, OUepe/ib PACTET U €€ pa3Mep CTPEMHUTCSl K OECKOHEUHOCTH,
a B ClIy4ae UCIONb30BaHUs OYepead KOHEUHOIO pa3Mepa BO3HUKHET HauXy/IIas CUTYalHsl, KOrja nocie 3aloIHEeHHUs
ouepenu OyIayT NOTEPSIHBI BCE BHOBD MOCTYIIAIOIINE MTAKETHI.

IIpoBeneM aHaNOrMYHOE HCCIIEAOBAaHME C UCIONB30BAHHEM MATEMAaTHUECKOE OXHMJAHME B KaueCTBE MEpPBI
HavyaJIbHOM TEHJEHLMH Il BXOJHOT'O IIOTOKa IAaKEeTOB, MMEIOIIETo pacnpenesneHue BeiOymna. Marematudyeckoe
O’KHJIaHWE BXOIHOTO TIOTOKA OTIPEEIsIeTCs 1o (hopMyJie

1
E;, =x, -T11+—1, @)
a

rae o - koddounuent popmel, X - K03pduIneHT Macmrada, F( )- ramMMa-(QyHKIHSL.

3nauenus kodpdummenta popMbl & u nokazarens Xepcra H s pacnpenenenns BeiiGyiia cBs3aHbl cOOT-
HoIlIeHueM [6]:
a=2-2H. 5)
Hpupasusp 3nauenns E, u E', naiinem MHTEHCHBHOCTH MOTOKA SKCHOHEHIHATEHOTO pacnpenenenus, npu
KOTOPOM 00ecIieunBaeTCs paBeHCTBO MAaTEMaTHIECKUX OXKHUIAHIH BXOAHOTO U BEIXOJHOTO TIOTOKOB:

Xp - T 1+1 :1.
a A
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OTtkyna
A= ;1, (6)
X, I 1+—
(24

I'(z) = j t*ledt
0

I'paduk 3aBucumoctn A(H) B ciywae X, =1 mnpu paBeHCTBe MaTeMaTHYECKHX OKHIAHUH BXOZHOTO W Bbi-

XOJIHOTO IMOTOKOB MAKETOB MPEJCTABICH Ha puc. 10.

AHanuz puc.10 mokaszay, 4TO IPU yBEIHUCHHH IMOKa3aTesss Xepcta H MHTCHCHBHOCTH BBIXOJHOTO IMOTOKA
ymenbInaercs. [lpu H 6xam3kux k 0.9 MHTEHCHBHOCTH BBIXOJIHOTO MOTOKA cTpeMUTcs K 0. DTO 03HAYaeT, YTO MaKEThI
HE 00CITYKMBAIOTCSA U HAKAIUTMBAIOTCS B OUEPEIU, OUePEIb PACTET U CTPEMHTCS K OCCKOHEYHOCTH.

B craTtpe mnd peleHns yKa3aHHBIX MMPOOJIEM IpeaiaraeTcs MCIOIb30BaTh MEIMAaHy ISl COMOCTABICHHU BXOI-
HOTO ¥ BBEIXOJTHOTO MOTOKA MPH (PYHKINOHAIBHBIX MpeoOpa3oBaHsIX. MearaHa BEIOOPKH JaHHBIX — 3TO TaKOe 3Hade-
HHUE, KOTOPOE JEIUT 3Ty BRIOOPKY ITOTIOJIAaM — JaHHBIE U3 OJHOW ITOJIOBHHEI UMCIOT 3HAYCHHUE HE MCHBIIC MEIHAHEI, a
13 BTOpOH — He Oomnble. [IeHHOCTh MCTIONP30BaHUS MEIUAHBI 3aKII0YAcTCsA B TOM, UTO €€ 3HaUCHHE HE 3aBHCHT OT
BEJIMYUHBI CITYYaHBIX BCIICCKOB, KOTOPBIE MOTYT OYEHb CHIIBHO ITOBJIHATH Ha CPEIHEE.

X
PaccMOTpHM BEpOSITHOCTHOE NPOCTPAHCTBO (Q, F, P) u P” - BeposTHocTHAs Mepa, 3amaromas pacmpene-

JIEHHE HEKOTOPOM cilyyaiHoH BenmuuHbel X 3ajaHHOro mpocrtpanctsa. Ilycts dukcuposano ( € (0,1) . Torma Q-
X
KBaHTHJIEM (WIIM KBAaHTHJIEM YpOBHS () pacnpenenenns P~ HaswBaercs umcio X, € R, takoe uro
P(X <x,)>q
P(X >x,)>1-q
[l HenpepbIBHOIO paclpeesIeHusl (-KBaHTW/Ib OJHO3HAYHO 337aeTCs yPABHEHUEM Fx (Xq ) =(, rae Fx -

X
dynxums pacupenenenus P .
OueBHIHO, YTO JIJIsl HENIPEPHIBHBIX paclpe/ielieHHi CIIPaBe/IIMBO CIIEIYOIIee IIMPOKO UCIIOJBb3YIOIIeecs Mpu
MIOCTPOCHHUH JIOBEPUTENbHBIX HHTEPBAIOB PaBEHCTBO [7]:

Pl X, g X <X, |=0- ()

ITocTtanoBka 3agaum. HpOBeCTI/I npeo6pa3OBaHHe BXOIHOI'O IIOTOKa IMAaKETOB C CaMOHO}IO6HLIM 3aKOHOM pac-
NPEACICHUS UHTCPBAJIOB BPEMECHU MCEXKIY MaKETaMU B HyaCCOHOBCKI/Iﬁ 3aKOH IPU PaBCHCTBE MEAHWAHBI BXOOHOTO M
BBIXOJITHOT'O ITIOTOKOB.

[TpoBecTH CpaBHUTEJBHBIN aHAIM3 3aBUCUMOCTH A - yrencusrocTH BBIXOIHOTO TOTOKA, UMEIOIIET0 SKCIO-
HEeHIMAJIBHOE paclpe/iejieHre OT MoKaszaTelst Xepera caMoIof00HOT0 BXOIHOTO MOTOKA, PACIPe/IeNICHHOTO 110 3aK0-
nam Ilapero u BeiiOyina, koraa koodduuuent Macmrada X =1 Npu yCIOBHH PaBSHCTB MAaTEMATHYECKUX OXKHIA-

HUI BXOJTHOTO ¥ BBIXOJTHOT'O TIOTOKOB U IPH PABEHCTBE BEIMYMHBI METUAHBI BXOTHOTO ¥ BBIXOJIHOT'O TIOTOKOB.

OnpeneiuTs 00 COXPaHsIEeMONH H3MEHYHBOCTH Ui (PYHKIIMOHAIBHOTO MPeoOpa3oBaHUsl BXOIHOTO CaMOIIO-
JNOOHOTO MOTOKA, paCIpPEICICHHOTO 10 3akoHaM [lapeTo u BeiiOyia B MOTOK, HMEIOIINI SKCIIOHCHIIMAIBHOE pacipe-
JICTICHHE

Pemrenne 3agaun. [IpeoOpazoBaHue BXOJHOTO caMOIOI00OHOTO IMOTOKA, paclpeeIeHHOTO o 3akoHy [lapero
B IOTOK, UMEIOIIHH SKCIIOHEHIUAIBHOE pacIipe/ieJieHUe C UCIOIb30BAaHUEM B KaUECTBE MEP LIEHTPAJIbHOM TeHAESHIIUU
MEUaHy.

Hcnonk3yeM MenuaHy B KadecTBE MephI IEHTPaJbHOW TEHIEHIIMU MPH NpeoOpa3soBaHWU BXOJHOTO CaMOIIO-
JIOOHOTO MOTOKA, pacTpeIeIeHHOT0 10 3aK0oHy [1apeTo B MOTOK, MMEIOIIHNH IKCIIOHEHIINAIBHOE Pacpeie/icHIe.

Benuunnaa MeauaHbl At BXOJHOTO IMOTOKA, UMEIOIIET0 pacmhpeneneHne Ilapeto MoxeT ObITh MOJIydeHa o
1

dopmyne M =x_2¢.

Benngunaa MeauaHbl AJ1s1 BBIXOAHOTO TTOTOKA, IMEIOIIET0 SKCITOHSHIIMALHOE pactpeacieHue M ' = h172 .

1 o
HpI/IpaBHHB 3HAYCHUS M nu M , HAUJIEM MHTCHCHUBHOCTLH IIOTOKa ﬂ, OKCIIOHCHIIUAJIBHOI'O pacnpez[eﬂeHI/Iﬁ,
L
TP KOTOPOM OyZIeT 00ECreueHo PaBEHCTBO MEIMAH BXOHOTO U BEIXOJIHOIO MOTOKOB: X 2¢ = ——, OTKyJa
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ﬂ:ln_zl. (8)
Xy, 2%

Hocrponm rpadux 3asucumoctn A(H') B ciyuae, koraa kospduiment macmrada X, =1

- ~ 05
T 048 2
s g
5 5
2 o046 g o4
=1 [=]
= [
S pa4 2
= g 03
g 2
X p42 E
=] m
o a 02
£ 040 =
[=] [=]
5 3
o 038
5 E 01
I I
E 0.36 f‘-‘l === MaTeMaTUYeCKoe O¥HOAHHE A
E % o0 4 = MeawaHa )
034 1— T T T T T T T T T T T
05 06 0.7 0a 0.9 10 05 06 0.7 0.8 09 1a
Moka3aTens X&pcTa H MokaszaTens Xepcta H
a) 0)

PucyHok 2. a) 'paduku 3aBHCHMOCTH MHTEHCHBHOCTH BBIXOJHOI'0 MOTOKA, HMEIOLEr0 IKCIOHEHHAILHOE pac-
npejie/ieHHe OT NMOKa3aTessi XepcTa caMonoA00HOro BXOIHOTO MOTOKA, pacnpe/eeHHoro no 3akony Ilapero, korna

X, = 1 a) npu paBencTBe BeIMYHHBI MeAHAHBI BXOJHOTO H BLIXOIHOTO MIOTOKOB; ) TPH YCJIOBHH PABEHCTB MATEMATH-

YeCKHX 0KHIAHUI U NPy paBeHCTBE BEJINYUHBI M€IMAHBI BXOAHOI'0 U BBIXOAHOI'0 ITIOTOKOB

AHanu3 puc.2a mokasaj, 4TO MpH yBEJIWYEHHH TokazaTens XepcTta H MHTEHCHBHOCTH BBIXOJIHOTO MOTOKA
YMEHbIIAETCS.

ITpoBe/IeM CPaBHUTENBHBIH aHAIM3 3aBUCMMOCTH MHTEHCHBHOCTH BBIXOJHOTO TOTOKa A , IMEIOIIEro SKCIIO-
HEHIMAJIbHOE paclpe/ielieHNe 0T oKa3aTelst XepcTa cCaMOnog00HOr0 BXOAHOTO OTOKA, PacpeIeIeHHOTO 110 3aKOHY
[apero, koraa kodpduiment macmraba X, =1 mpu ycnoBuu paBeHCTB MaTeMaTHYECKUX OKHIAHHI BXOJHOIO M

BBIXOJTHOTO TIOTOKOB ¥ ITPH PABEHCTBE BETMUMHBI MEHAHBI BXOJHOTO M BHIXO/THOTO IIOTOKOB.

[octpoum rpaduku 3asucumoctd A(H) s gyx ciyuaes. Ananus puc. 26 mokasai, 4To s BXOJHOTO Ca-
MOIIOTIOOHOTO MOTOKA ¢ Moka3aTeneM Xepcra H=1 mpu mcmonb30BaHHM B KauecTBE MEPHI IICHTPAJIbHON TEHACHIINU
MaTeMaTH4ecKoe 0XKHIaHUE HHTEHCHBHOCTH BBIXOJHOTO 1MOTOKa cTpeMuTcs K 0. [Ipu ncnonb30BaHUM B KauecTBE Me-
PHI LIGHTPAJIbHOM TEHICHIIMHM MEIMaHy Ul BXOJHOTO CaMOII0JJOOHOTO MOTOKA ¢ rokasareneM Xepcra H=1 uarencus-
HOCTH BBIXO/IHOTO ITOTOKA UMEET 3HAUEHHE, OTIMYHOE OT HYJIS.

Haiiziem TOUKy nepecedyeHus JByX rpauKOB, JUIsS 3TOTO PUPABHAEM 3HAYEHWS UHTEHCHMBHOCTH A 1J1si 3THX
JIBYX METOJIOB!

a-1 In2
., T 1
a-X =
m a
X 2
HOCJ’IG Hp€06pa3OBaHHﬁ 3TO BI)Ipa)KCHI/IG MOXKET 6I>ITL CBCICHO K CJ'IC,HyIOIlICMy ypaBHCHI/IIOZ
1
= aln?
20 = —
a-1

Haiinem 3HaueHne ¢ , yIOBIETBOPSIOIIEE STOMY ypaBHeHHIO: o ~ 1.94

DTOMy 3HAYEHHUIO COOTBETCTBYET BeMunHa nokasatens Xepcra: H =~ 0.52

Ananu3 rpadukoB puc. 20 mokasai, 4To 3TH I'paduKd UMEIOT OJHY TOUKY repecedeHus. B nanHoil Touke
(H=0.52) BBIXO/IHBIE TOTOKH, MOJyYCHHBIEC B pe3yiabTaTe (PyHKIIMOHAIBHEIX IPE0Opa30BaHUN C NCIIOIH30BAHUEM
B Ka4yecTBe Mep LEHTPAIbHON TEHACHIIMH MAaTeMaTHYeCKOr0 OXKUIAHUS U MeJAMaHbl UMEIOT OJMHAKOBYIO WHTE H-
CHUBHOCTb.

OmnpeneneHne A0IU COXPAHAEMON N3MEHUYMBOCTHU IS (DYHKIMOHAIBHOTO MIPe0Opa30BaHMs BXOJHOTO CaMOIIO-
JOOHOTO MOTOKA, PacTIPEEIICHHOTO 10 3aK0oHY [lapeTo B MOTOK, MMEONINIi SKCIOHEHIINATIBHOE PacTIpeelICHHUE.

ITpn npeobpa3oBaHNU BXOJHOTO CAMOIIOJOOHOTO MOTOKA, PACIPENEICHHOTO MO 3aKOoHy [lapeTo B MOTOK, MMe-

o X a a
IOLIMH 9KCHOHCHIMAIbHOE PACTIPESNICHUE JIOJDKHO BBINIOJIHATBCS Clielytoliee paBeHcTBo (," = (], , rae (|, - meau-

X
aHa BXOJHOI'O IIOTOKa IIak€ToB, a qzm - MCIMaHa BBIXOJHOT'O IIOTOKA ITaKCTOB.
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1

a =
[[J'Ii[ pacopeaciacHus HapeTo MoJIyuynm q2 = Xm . 20[ , TOTAa KaK JJid 9KCIOHCHIHUAJIBHOTO paCpeaCICHUA

o In 2
2 = .
A
Vcxons u3 paBeHCTBA MEAMAH IBYX TIOTOKOB, ONPEICTIMM HHTEHCHBHOCTD ITOTOKA 3asBOK ITOCIIE MPeoOpa3oBaHUs
P In2 o
. o
X, 2

BenmunHb! pa3dpoca BXOIHOTO 1 BEIXOJHOTO MOTOKA MAKETOB OMPEJIEISIOTCS COOTBETCTBEHHO (hopMymamu:

1
A =X, 27 t ! :

1 1

- @A+g-
1

Al :1n1+q :xm-2“ |n1+q.

2 1-q h2 1-q

Hcxonst u3 ynoBIeTBOpeHHsl TpeOOBaHUI K IOKa3aTessiM KauecTBa OOCIY)KMBAHMS MTAKETOB, MOTPeOyeM BbI-
a X
TIOJTHEHHSI PaBEHCTBA Aq = Aqm . 3HaueHne ( 3a7aeT J0JI0 MHTEPBAJIOB BPEMEHH MEKAY MaKeTaMH, KOTOPbIE OCTa-

HYyTCsI TI0CIIe IpeoOpa3oBaHust BXOIHOTO [IOTOKA MMaKeToB Oe3 n3MeHeHus. Torza:
1

. 1
il . 2a
X, 2% ! o= L - _ % In1+q (10)
= = In2 1-q
- @A+
mmocye mpeoOpa3oBaHuUil MOTyIUM:
In2 t 1 =1In 1+_q_ (11)

@-q)* (@1+q)*

BrimosmHuM nccneioBanue 3Toro ypaBHeHus. OUeBHIHO, 3TO ypaBHEHHE MMEET eIUHCTBeHHOe pemenue =0.
3TO 3HAYMT, YTO MPU BHITOJHEHNH PE0Opa30BaHMs BETMUMHA pa30poca He COXpaHsIeTcs.

IIpeoGpa3zoBaHue BXOJAHOI0 CAMOINOAO0HOIO MOTOKA, paclpeae]eHHOr0 1Mo 3akoHy Beii0ya1a B NmoTOK,
HMeEIOLIUI IKCIIOHEHIMAJIbHOEe paclpeae/ieHle ¢ HCN0JIb30BaHHeM B KayecTBe Mep LEeHTPAJbLHON TeHIeHIHH
MeAHaHy.

I/ICHOJ'IB3yCM MEINaHy B Ka4C€CTBE MEPBI HeHTpaJ'IBHOﬁ TCHACHIUU IIpU npe06pa3OBaH1/m BXOOHOTO CaMOIIO-
JOOHOTO MOTOKA, PacHpeAeIeHHOro Mo 3aKoHy Beii0yina B HOTOK, MMEIOLIHI 3KCIOHEHIIMATIBHOE PACTIPECICHHUE.

OnpenenuM MeIuaHbl BXOJHOTO, MMEIOIIETO pactpeaeieHne Beiibyina, u BEIXOJHOTO TIOTOKOB TAKETOB COOT-
BETCTBEHHO ()OpPMYJIaMH:

1
M =x,(In2)a, (12)
In 2
M'=—= (13)
A
HCXOH?{ us3 M = M ! 5 HaﬁﬂeM HMHTCHCHUBHOCTSD IIOTOKA BBIXOJHOI'O ITIOTOKA ITaKECTOB:
t In2
X, (In2)a =—=,
A
OTKyza
1 1
A=—(n2)". (14)
Xm

Mocrponm rpadux 3asucumoctn A(H) mpu X, =1.
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Pucynox 3. I'paduku 3aBUCHMOCTH MHTEHCHBHOCTH BBIXOJHOI'0 MOTOKA, HMEIOIIETr0 IKCIOHEHIIUAIBHOE
pacnpe/ejieHue OT MOKa3aTessi XepeTa caMonoa00HOro BXOJHOr0 MOTOKA, Pacipe/ieJIeHHOro 1o 3aKoHy Beiioyia,

npu Xm = 1 a) NpHU PAaBEHCTBE BCJIUYMHBI MEAMAHBI BXO/IHOI'0 U BBIXO/IHOI'0 IIOTOKOB 6) pu yCJIOBUH PAaBEHCTB MaTeMa-

THYECKHUX O;KHIAHHH U NPpU PaAaBEHCTBE BeJINYNHBI MeIHAHbI BXOJAHOI'O
M BBIXOJHOI'O IIOTOKOB

Amnanu3 puc.3a moKasaj, 4yTo IIPH yBEIHMUCHHUHM Moka3aress Xepcra H HHTEHCHMBHOCTH BBIXOJHOTO IOTOKA yBe-
nmmyuBaetcs. [Ipu H Gnm3knx k 0.9 MHTEHCHMBHOCTH BBIXOJHOTO IIOTOKA ITAKETOB CTPEMHUTCS K OECKOHEYHOCTH, 4TO
SIBIIICTCSA HEOCTaTKOM MCIOIb30BAaHUS JAHHOTO IOAX0/a.

Amnanu3 puc. 30 mokasai, 4To rpad)ukyu UMEIOT OZHY TOYKY IepecedeHus. B 3Toi Touke Benn4nHa 3HAYCHUSA
nokazarens Xepcra H=0.5. MoxHo caenats BbBOI, yTo Ipyu H=0.5 BBIXOAHBIE MOTOKH, NOIYYEHHBIE PU UCIIOJIB30-
BaHWM B KAa4eCTBE MEpHI IICHTPAILHON TEHICHIMH MaTEeMaTHYECKOE OKHIaHWE M MEAWaHy, UMEIOT PaBHYIO MHTEH-
CHUBHOCTBIO.

OmpeneneHne 10U COXPAaHIEMOH U3MEHUYMBOCTH ISl (DYHKIIMOHAIBHOTO IIPEe00pa30oBaHus BXOAHOTO CaMOIO-
J00HOT0 NOTOKA [AKETOB, PACIPEASIICHHOTO 110 3aKOHY BeliOyiia B HOTOK, UMEIONIHI SKCIIOHSHIHANbHOE Pacpese-
JICHUE.

ITpn npeoOpa30BaHUK BXOJHOTO CaMOIIOJOOHOTO MOTOKA, paclpelielIeHHOro Mo 3akoHy BeiiOynna B moTok,

v X a a
HUMCIOIINUN 3KCIIOHCHIIUAJIBbHOC PACIPCACIICHUC JTOJKHO BBIINOJHATHCA CICAYIOMICES paBEpPCTBO qzm = q2 , T q2 -

S
MEHaHa BXOJJHOTI'O IIOTOKa ITaKE€TOB, a q2 - ME€JIMaHa IOTOKa IIaK€TOB IT0CJIC npeo6pa30BaHH$1.

s pacnpenenenus BeiiOymna 3HaYeHHEe MEAHAHBI TIOTYIHM qg =b- (In 2);, TOrga Kak JUIst DKC-

In2
IIOHEHIIUAJIbHOI'O pacnpeneneHI/m: q;m = 7 CJ'IG,I[OBaTeJ'IbHO, HUHTEHCHUBHOCTDb JKCIIOHCHIIMAJIBHOI'O IIOTOKa
MOXKET 6LITL nonyqua n3 BLIpa)KeHI/IiIZ
In2 1 L
A=—1C  _Z(n2).. (15)
b-(In2)«
Benuunnbl pa3dpoca BXOJHOTO W BEIXOJHOTO TTOTOKOB OIPEAETISIOTCS COOTBETCTBEHHO (OpMyJaMHu:
1 1
2 \e 2 \e
Ay =b | In—| —|In— , 17)
1-q 1+q
1, 1+ b 1+
qum=z 1 q_ 1In1 a (18)
~9 (n2pa 170

Vcxons U3 yIoOBIETBOPEHHS TpeOOBAaHHMN K MOKa3aTesIM KadecTBa OOCTYKMBAHHUS MAKETOB, MOTpeOyeM BBHI-
a X
MIOJIHEHUS] PaBEeHCTBA Aq = Aqm . 3Ha4yeHME ( 3a[acT JOJI0 pa3dpoca B MHTEPBAJIaX BPEMEHHU, KOTOpas OCTaHeTCs 0e3

M3MEHEHHUS MTOCIIE BHITIOITHEHHSI TPeoOpa30oBaHmsl BXOIHOTO TTOTOKA MTAKETOB.
Torma
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1 1
bof[n2 | [m2 ] |- _ni*a
1-¢ 1+q (In 2)1—; 1-q
nocie npeodpa3oBaHuUi TTOIYIUM

1

1 a a
(N2« || In S L A (19)
1-¢ 1+q 1-q

BrinmonHuM uccnegoBaHue 3TOro YpaBHCHUA. O‘-ICBI/IILHO, 9TO YpaBHCHUEC UMECT €ANMHCTBCHHOC PCHICHUC q:O
2710 3HAYUT, YTO IIPU BBITTOJIHCHUN HpeOGpa?;OBaHI/[S[ BCJIMYHWHA pa36p0ca HC COXpaHACTCA.

3akaiouenue. B pE3yJIbTAaTC aHaJin3a pE3yJIbTaTOB (byHKHI/IOHaJ'IBHLIX npe06pa30BaHI/H71 C HCIOJB30BAHHUCM
MATEMaATUYCCKOI'o OXXKHAaHUsA ObliIa BBISIBIEHA ciaeayromas npo6neMa: IpU YBECJINMYCHNUU TMOKA3aTECJIA XepCTa H unTen-
CHUBHOCTb BBIXOAHOTO MOTOKA YMCHBIIACTCA. HpI/I H 6nu3kux x 1 HHTEHCHBHOCTH CTPEMUTCA K 0. 310 O3Ha4acT, 4To
ITaKE€ThI HE O6CJ'Iy)KI/IBaIOTCiI 1 HAKAIUTMBAKOTCA B O4YCpCar, OUYCPCAb PACTCT U €€ pa3MEp CTPEMUTCA K 6€CKOHC‘IHOCTI/I,
a B CJIy4dac MCHOJIb30BaHUA OUCPEAN KOHCUHOI'O pa3Mepa BO3ZHUKHCT HAUXYAIlasaA CUTyalus, Korjia mocje 3aroJIHCHUA
oyepean 6y,£[yT MOTCPAHBI BCEC BHOBb IMOCTYNAIOIINC MMAKETHI.

B cratbe ObLIO MIPOBCACHO HCCICAOBAHUC (I)yHK].[I/IOHaJ'IBHLIX r[pe06pa30BaH1/H‘/'1 C HCIIOJIb30BAHUEM MCIHAHBI.

HpOBeI[eH CpaBHI/ITeHLHHﬁ aHaJIN3 3aBUCUMOCTH HMHTCHCHBHOCTH BBIXOAHOI'O IIOTOKa ﬂ, , AIMCIOIICTO 3KCIIOHCHIIH-
AJIbHOC PACIIPEACIICHHUEC OT IMMOKa3aTeyIsd XepCTa CaMOHO,I[O6HLIX BXOJHBIX MTOTOKOB, PACIIPCACIICHHBIX 10 3dKOHaAM IIa-

pero u Beiibymma, korma kodpduuuent macmrada X, =1 Hpu ycnoBMHM paBEeHCTB MaTeMaTHYCCKHMX OXKHIAHHIA

BXOJIHOTO ¥ BBIXOJTHOTO TIOTOKOB ¥ IIPH PaBEHCTBE BEIMYMHBI MEIHUAHBI BXOJHOTO M BEIXOTHOTO TIOTOKOB.

Brutn morydeHs! clieAyIomue pe3yIbTaThl:

1. [yis BXOTHOTO caMOIoM00HOr0 MOTOKA, paclpeIeieHHOro 1o 3akoHy IlapeTo ¢ mokasatenem Xepcra H=1
Ipu HCIOJIB30BaAHUMU B KadY€CTBE MEPLBI ueHTpaanoﬁ TCHACHIIMU MATEMAaTU4YCCKOC OXHUJIaHHC HHTCHCHUBHOCTH
BBIXOJHOTO MMOTOKa CTPEMUTCA K 0. HpI/I HCIIOJIb30BaHUN B Ka4Y€CTBEC MEPLI HeHTpaHLHOfI TCHACHUWU MCIOWAHYy A
BXOJIHOTO CaMOTIOJJOOHOTO TOTOKA C MoKasareneM Xepcra H=1 WHTEHCHBHOCTh BBIXOJHOTO MOTOKA MMEET 3HAUYCHHE,
OTIIMYHOE OT HYJIS.

2. Haiineno 3nauyenue mnokasarens Xepcra (H=0.52) mis BXOJHOro MOTOKA, pacrpe-ACICHHOTO MO 3aKOHY
[Mapero Ans KOTOPOTO BEIXOMHBIE ITOTOKH, MOJYYCHHBIE B pe3yibTaTe (YHKIHOHAIBHBIX IPeoOpa3oBaHUA C
WCTIONB30BaHUEM B KA4eCTBE Mep LEHTPAIGHOW TEHACHIMH MaTEMaTHYECKOTO OXXHIAHWS M MEIUaHBl HUMEIOT
OJIMHAKOBYIO HHTCHCHBHOCTb.

3. B pesynprate (QyHKIMOHAIBHBIX IMPEeOOpPa3OBaHUH C WCIOJIB30BAaHMEM B KadyeCTBE MEphl ICHTPaJIBHON
TEHJCHIIMA MeIUaHBI ISl BXOTHOTO IMOTOKA, pacIpeieNICHHOTO 110 3aKoHY BeiiOyna ObLIO ompezieieHo Clieyrolee: pu
VBEJIMYCHUH TIOKa3aTelnss Xepcra H HMHTEHCHBHOCTh BBIXOIHOTO TOTOKa yBeimumBaercs. [Ilpm H Ommkmx x 0.9
MHTECHCHUBHOCTh CTPEMHTCS K OCCKOHEYHOCTH, YTO SIBJIICTCS HEIOCTATKOM HCIIONB30BaHUS MaHHOTO mnojaxoma. OmHako,
MOYHO HCIIOJIF30BaTh OYepe/Ib HeOOBIIOro pa3Mepa, TOT/Ia MakeThl OyIyT U3 HUX BEIOMPATHCS MOJTHOCTHIO.

4. OmpeneneHsl TOMM COXpPAaHAEMOM W3MEHYMBOCTH I (YHKIHMOHAJBHBIX MpeoOpa3oBaHMI BXOTHBIX
CaMOIOJIOOHBIX IIOTOKOB, paclpeleNeHHBIX Mo 3akoHaM Ilapero n Beiibymia B 1OTOKH, HMerOINE
9KCHOHEHIMAIBHOE pacipeesieHie. bpIto onpeneneHo, 4To MpH BHIIOJHEHUH NpeoO0pa3oBaHus BeIWIHHA pazdpoca
HE COXPaHAETCS.
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M.SL. Bypnes [M. Ya. Burlev]®

VIIK: 664.8.037.1 IJEKTPOHHO-UOHHAA TEXHOJIOT'US1: SKOJIOT'HYECKHUE
ACIIEKTBI EE IPUMEHEHUSA B IIMIEBOU
DOI: 10.37493/2307-910X.2021.1.7 IMPOMBIIIVIEHHOCTH

ELECTRON-ION TECHNOLOGY: ENVIRONMENTAL
ASPECTS OF ITS APPLICATION IN THE FOOD INDUSTRY

'®re0y BO «Mockosckuii 20cy0apcmeen blii yHUGepCUmem numiessix npouzeodcmey», | Moscow State
University of Food Production, e-mail: mgupp2@gmail.com

2 BHUXH- ¢punuan ®TBHY «®HI] nuwesuix cucmem um. B.M. Fopéamosa» PAH/NNIHI-Branch of the
V. M. Gorbatov Federal Research Center for Food Systems of the Russian Academy of Sciences,

e-mail: korniz@yandex.ru

* 000 «®upma Maiikep»! LLC ""Firm Maiker", e-mail: burlevm@yandex.ru

Annomayusa: Pa3zpaboTka HOBBIX M COBEPIICHCTBOBAHKE CYLIECTBYIOIIMX BHAOB 00OPYIOBaHMS MOIpa3syMeBaeT HHTEHCU(HKA-
L0, SKOJIOTHYHOCTh M 3HEProd((peKTHBHOCTh MPOTEKAIOIIMX B HUX MPOLECCOB. McCenoBaHUs Pa3IMUHBIX SHEPreTHUECKUX BO3CH-
CTBHI1 Ha CHIPBE )KMBOTHOTO U PACTHTEIILHOTO MPOMCXOKICHHS MOKA3aIH, YTO JIEKTPHIECKIE TEXHOJIOTHH SIBSTIOTCS. OJTHUMU U3 Hanbo-
Jiee EePCHEKTUBHBIX [Tl HHTCHCH(UKALIMH IpoLiecca UX IepepaboTKy. DNEKTPOHHO-MOHHAS TEXHOJIOTHS], 3aKIII0YAIOIIAsAcs B IIPOLiecce
BO3JCHCTBHUS IEKTPUYECKOTO IOJIsI HEMOCPEICTBEHHO MM uepe3 pabouyro cpemy Ha oOpabaThiBacMOE ChIpbE, 3aCILyKHUBAeT 0co0O0ro
BHUMaHus. Hanboree akTyabHbIM SBISIETCS BOIIPOC 00 3KOJIOTHUYECKOi 6e30macHoCTH 000pyj0BaHUsT H 00CITYKUBAFOLLETO [IePCOHaIa, a
TaKKe KOHTPOJIb COCTOSIHUS OKPY)KalOLICH Cpelbl, I/ie IIPHMEHSIETCSl TEXHOJIOTHS C UCIIONB30BaHUEM JICKTPUYECKOro mosst. IToka mMano
HCCIIEeIOBAHbI BIMSHUS MOIIHBIX 3JICKTPUYECKHX TMOJIeil B Mpoliecce MHAYLMPOBAHUS JEKTPUYECKHX MMITYJIbCOB, & HMEHHO, BIIMSHUE
MOOOYHBIX HETaTHBHBIX MOCIE/ICTBHIA, KaK B HAIPABJICHHUH 3JICKTPOMArHUTHBIX XapaKTEPUCTHUK, TAK M BO3SMOXKHBIX PEHTTCHOBCKUX H3ITy-
yeHuil. D(PPEeKTUBHOCTH MCTIOIB30BAHUS HIIEKTPOHHO-HOHHON TEXHOJIOTUH 3aBHCHUT OT IITyOOKOrO M BCECTOPOHHETO H3Y4EHHS TOJIOKH-
TEJIbHBIX U HEraTHUBHBIX CTOPOH BIIMSIHHS HJIEKTPHYIECKOrO MOJIS Ha SKOJIOTHYECKOE COCTOSHUE MPOTYKTa, POU3BOJICTBO U YeNIOBEKa.

Kniouesvie cnoga: 3neKTpUYecKoe MoJie, 3J€KTPOHHO-HOHHAsL TEXHOJIOTHs, IepepaboTKa ChIPbs >KMBOTHOTO U PACTUTEIBHO-
IO MPOUCXOXKICHHS, HHTCHCH(UKALUS TEXHOIOTHYECKUX MPOLECCOB, IKOJIOTHYECKHE MPOOJIEMBI, IKOJIOTHYECKOE COCTOSHHE TPO-
NyKTa, IPOU3BOJICTBA U YEJIOBEKa.

Abstract: Development of new and improvement of existing types of equipment implies the intensification, environmental friend-
liness and energy efficiency of their processes. Studies of various energy effects on raw materials of animal and plant origin have shown
that electric technologies are the most promising for intensifying the process of processing raw materials of animal and plant origin. Special
attention should be paid to electron-ion technology, namely the process of applying an electric field directly or through the working medi-
um to the processed raw materials. The most relevant issue is the environmental safety of equipment and service personnel, as well as envi-
ronmental monitoring, where the technology is used using an electric field. The influence of powerful electric fields in the process of induc-
ing electrical impulses, namely, the influence of negative side effects, both in the direction of electromagnetic characteristics and possible
x-rays, has not been studied yet. The effectiveness of using electron-ion technology depends on a deep and comprehensive study of the
positive and negative aspects of the influence of the electric field on the environmental condition of the product, production and people.

Key words: Electric field, electron-ion technology, processing of raw materials of animal origin, intensification of technological
processes, environmental problems, ecological state of the product, production and human.

O}]HOﬁ M3 TJIABHBIX 3a1a4 MHXCHCPHO-TEXHUICCKUX pa6OTHI/IKOB HPIH_IeBOﬁ TIPOMBINIIIICHHOCTH SABJIACTCSA MHTCHCU-
(HUKaIWs TPOM3BOACTBEHHBIX IIPOIIECCOB, OT KOTOPOI HANPSMYIO 3aBHCHUT HPOU3BOAWTENHFHOCTH 0OOPYHOBaHHSA M €ro
9HEProeMKoCTb [1].

BOJIBIIMHCTBO CTaHAAPTHBIX CIIOCOOOB MHTEHCHU(HKALMN CBS3aHO C M3MEHEHHEM I'€OMETPHM NPOIYKTa (TOHKHI
CJIOH, TUCTIEPTUPOBAHKE, TPAHYJIMPOBAHKE 1 JIP.), C YBEIMUYECHUEM JIBIDKYIIIEH CHIIBI TIporiecca (pa3HOCTh TeMIeparyp, JaB-
JIEHWH M KOHLEHTpALMii) ¥ CKOPOCTH JBIKEHUsI pabourx cpe (poayKTa U TerioHocutens) [2]. Ha ceropnsiuuii neHb
9T CIIOCOOBI BO MHOTHX TE€XHOJIOTHYECKHX MpoIieccax ceOsl IOYTH MCUEpIIaid WX UMEIOT Cephe3HbIE OTPaHMYEHHUS, CBsI-
3aHHBIE C TEXHOJIOIMYECKUMH PEKHIMaMH M TpeOOBaHUSMH K CBOWCTBAM MPOIYKTA.

B 9THX ycnoBusiX MOKCK M pa3paboTKa HOBBIX CIIOCOOOB MHTEHCH()MKAIIMN TEXHOJOTHYECKHX MPOLIECCOB, CBS3aH-
HBIX, B TOM YHCJIE, X ¢ OCOOEHHOCTSIMHU (DPM3MKO-XMMHUYECKUX CBOVCTB ITHIIEBBIX MPOAYKTOB, SBIIETCS aKTyalbHON 3a1auci
[3, 4]. zyueHue BAMSHUS Pa3IMYHOTO POJA SHEPrEeTHICCKHX MOJICH Ha ChIPHE )KMBOTHOTO W PACTUTEIIBHOTO MPOUCXOXK/IC-
HUS TI0KA3aJ10, YTO ISl MHTEHCU(MKAIMH IIPOIIECCOB MX 00PaOOTKH MPHMEHEHHE IEKTPUUECKIX TEXHOJIOTUH 3aCITyKUBa-
eT oTaeNbHOT0 BHUMAaHUS [5—8]. C 3Toi TOUKM 3peHus dJeKTPOHHO-HOHHAs TexHoorus (OUT), 3akimodarorias B porec-
ce BO3AEHCTBUA AIEKTPUUECKOTO MOJIST HETIOCPEICTBEHHO MITM Yepe3 pabodyro cpey Ha 00pabdaTbIBacMOE ChIPhE, SBISIETCS
OJTHOM M3 TIEPCTIEKTUBHBIX MHHOBAIIMOHHBIX TeXHoJorui [9, 10, 33].

50 Bbinyck 1, 2021


mailto:mgupp2@gmail.com/
mailto:korniz@yandex.ru
mailto:burlevm@yandex.ru

COBPEMEHHAA HAYKA U WUHHOBAUWMNU

Kpome Toro, cpokn nepepaboTkn 1 MOTPeOIEHHUsI CebX03MPOLYKINH TIPU CYIIECTBYIOIIUX CIIOCO0axX XpaHEHUs C
NIPIMEHEHNEM HMCKYCCTBEHHOTO XOJIOJa OTpaHWYEHBI, B OCHOBHOM, IIEPHOJIOM CO3PEBAHMSI WM CKOPOCTBIO IPOTEKAHMUS
Tiporiecca MUKPOOHOJIOTHYECKOW TTOPYH. DTO BBI3BIBAET HEOOXOAWMOCTH IPUMEHEHHS JOTIOJIHUTEIHBIX METOOB, KOTO-
pble ObI MO3BOJIMIIH IIPOJUTHTH 3TH CPOKH, @ TAKKE CO3/1AJTH BO3MOXKHOCTh TPAHCIIOPTUPOBKH TAKOH MPOAYKIMU Ha JAJIbHHUE
PaccTOsIHYSL, COXPAHUB MX Ka4eCTBO M 0€30MacHOCTb. VCob30BaHue ISl 3THX LENeH dJIeKTPUIECKUX MOJIeH MOCTOsHHO-
TO ¥ IIEPEMEHHOTO TOKA, & TAK)KE COUETaHHE JICHCTBHS 3JIEKTPUUECKOTO MOJIS,, HOHU3UPOBAaHHOTO BO3/yXa M 030HA, IT03BO-
nsieT B GOJIBIIHHCTBE CTy4acB IOCTUYb OaKTEePHO-CTATHISCKOTO U OakTepuiiaHoro addekra. [11-14].

TpanuIuOHHBIMU TEXHOJIOTUYECKHMMH c(epaMH NPUMEHEHHS JIEKTPUYECTBA B IHILNEBON HHIYCTPUH SIBIIOTCS
TIPOMBITITIEHHOE 000pynoBaHue, 31ekTponpudopsr, MK-HarpeB, CBU-HarpeB, TEXHOJIOTHH ¢ TIPIMEHEHHEM SJICKTpOMar-
HUTHBIX onielt (OMI]) u np. [15-17]. OxgHako creKTp 3JeKTPOMAarHUTHBIX BO3JCHCTBIIA HACTONBKO IMIUPOK, YTO TIPOCTHPA-
€TCs OT MPAKTHIECKH OE30IaCHBIX PAAMOBOIIH JI0 CMEPTENIHHO ONACHBIX PEHTTEHOBCKOTO M3TydYEHHS U TaMMa-H3ITyIeHUH
(pucyHok 1) [18]. I[ToaToMy HEOOXOANM CTPOTHi MOAXOA KaK K MPABHIIBHOMY BBIOOPY YHEPreTHIECKUX TEXHOJIOTHI, TaK 1
K TIIATEBHOMY HOJI00PY palliOHATIBHBIX PEKUMOB TEXHOJIOTHYECKOH 00pabOTKH.

OnHUM 13 BOCTPEOOBAHHBIX HANpPABJICHHUI B MHILEBOW IPOMBIIUICHHOCTH SIBJISETCS pa3padoTKa TEXHOIOTHI (hU3H-
YeCKOTro BO3JICHCTBHS HA JKM3HEEATEIbHOCTh MUKPOOPTaHU3MOB, UCIIONIB3YIOLIMX, HAIPUMED, YIbTPapHOIECTOBYIO paii-
aluIo ¥ paIOaAKTUBHOC U3JTYYCHUEC, TCPMHUUCCKUC U DJICKTPUICCKHUEC METOABI U T.1.

3ameieHre MPOIECCOB KU3ZHEASSITEIPHOCTH W Pa3MHOXKEHUsI IATOT€HHBIX MUKPOOPTaHU3MOB, yXY/IIAIOIINX Ka-
YECTBO CEJbCKOXO3SIMCTBEHHOTO CHIPbsI, MCIOJIb3yeMOr0 B IPOIECCe MPOM3BOJCTBA MHIIEBBIX MPOIYKTOB, MO3BOJIIET C
nomonisio OUT nobutsest TpeOyeMbIX MNOKazaTeneil ero MUKpOOHOH 0OCEMEHHOCTH, COXPaHss MPH 3TOM HEOOXOIMMbIE
OPraHOJIETITHYECKHE CBOMCTBA, TAKXKE IHIIECBYIO M OMOJIOTMYECKYIO IIEHHOCTb, HE HAHOCS ITIPU 3TOM Bpela 30POBBIO
HAaceJIeHNI0, MOTPeOIIsIomUMH JaHHyI0. MeToap! OUT MoryT ycrenHo KOHKYpHpOBaTh ¢ XUMHUUYECKIMH, HE 00J1a1ast Ipu
9TOM HX HENOCTaTKaMH: «IIPHBBIKAHUEM» BO3OYIHUTENS K (YHIMIUIAM, TOKCHYHOCTBIO, HAKOIUIEHHEM B SKOJIOTMYECKUX
MUIIeBbIX Hersix [11].
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PncyHox 1. Ucnoab3oBanmne JJIEKTPUYECTBA B PA3JIMYHbBIX 00J1aCTAX YeT0BeUeCcKoii ACATCJIBbHOCTH

B msicHO# 1 MonouHO# npombinmieHHocTH DT uemosb3yercst Uit yMEHbIICHINST MUKpOOHOJIOrnuecKoii odceme-
HEHHOCTH CHIPbhsI, YBEIMUCHHUS XPAaHUMOCIIOCOOHOCTH TMHIIEBBIX TPOIYKTOB 32 CUCT CHIKCHHS KOJMYECTBA BErCTATUBHBIX
MHKPOOPran3MOB, BBI3BIBAIOIIUXHX MTOPYY, YIYUIICHHS ()YHKIIMOHATIEHBIX CBOMCTB U TOBBIIICHUS O€30MIACHOCTH TPOIYK-
um [19-23].

B pabote [17] oTMeuaeTcs, 4TO NMPaBIWIBLHO MOJOOpaHHBIE PEXKUMBI 00PaOOTKHA MSCHOTO CBIPhS C IMIOMOIIBIO
OUT moN0oXUTENBHO BIHMAIOT Ha WX OPraHOJENTHYECKHE TTOKA3aTeIn U CEHCOPHbIE CBOWCTBA, mpu 3ToM DUT omHO-
BpEeMEHHO 00J1a/1aeT MM BO3ICHCTBUEM B CPABHEHUH C TPAJTUIIMOHHBIMH CITOCOOaMH 00paOOTKH.

Texnonorust DUT ocHOBaHa Ha MCIOJIB30BaHUE CHJI B3AMMOJCHCTBYSI SJEKTPHUECKUAX 3aPsI0B JUISI OpraHu3a-
MY Ha MOJIEKYJISIPHOM YPOBHE YIOPSJOUYEHHOTO IBIKEHUSI MUKPOUACTHI] TBEPIBIX U *KUAKHUX BemecTB [25]. [Ipume-
HEHHUE CHJI DJIEKTPUYECKOTO TOJISl TIO3BOJISIET B PAJE CIydaeB JOOUTHCS COBEPIICHCTBOBAHUS (PU3UKO-XUMHUECKHX
MIPOIIECCOB MPH 00pabOTKE MPOAYKIMH )KHBOTHOTO U PACTUTEIBHOTO Ipoucxoxkaenus [10, 17, 26].

B pabote [24] 000CHOBBIBaE€TCS METOJ[ aKTHBALUH MUKPOOPTAaHU3MOB IS MPOM3BOJCTBA MOJIOYHOM MPOIYK-
LUH, U Y€ro MPeaaracTcs UCIOJIb30BaTh IEKTPOHHO-UOHHYIO 00pabOTKY NP CKBAIIUBaHUU Kedupa U HOTypTa,
OKa3bIBAIOLIYIO 3aMETHOE BIIMSHHUE Ha PsiJi TapaMETPOB TEXHOJIOTHUYECKOT0 MPOLECca KUCIOMOJIOYHBIX POAYKTOB.

OT/enbHO BEICTCS PSJ UCCIICOBAHUI M0 MHTCHCU(DUKAIIMY MPOLECCa KOHBEKTHBHOM CYIIKU MPOJIYKTOB XKHU-
BOTHOTO U PACTUTEIHHOTO MPOUCXOKICHUS C HAJIOKCHUEM IJICKTPUICCKOTO IMOJIs, B TOM YHCJIC KPOBU YOOMHBIX KHU-
BOTHBIX [7, 27]. AKTHBHO M3y4YaeTcs MPOIECC KOHBCKTHBHOM CYIIKM MOJOKAa C MPUMECHECHUECM CIa0OMMITYJIbCHBIX
AJIEKTPUIECKUX BO3JIEHCTBUH M BIIMSHUE DJIEKTPUIESCKOTO TOJIST HAa CKOPOCTH Iporiecca CymKkH [28].
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I'maBHBIE MpEeNMyIIECTBA HUCTIOIb30BAHMS NEKTPUUECKHUX MOJIEH BHICOKON HANPSKCHHOCTH B MPOMBIIITICHHBIX
YCIIOBUSX CBSA3aHBI C MPOLIECCOM BO3HHUKHOBEHHS 030HA, KaK OJJHON M3 COCTaBIIAIOLIEH BO3AECHCTBHS MOIIHOIO 3J€K-
TPUYECKOTI'0 NOTEHIMANa Ha aTMOC(EPHbINA Bo31yX. O30H SBISAETCS XOPOIIUM Je3MH(EKTOPOM U J€30JI0PAHTOM, YHH-
yroskast MUKpoopranusmsl B 300 pa3 ObicTpee Apyrux ne3uH(uuupyromux BemecTs; He BiusieT Ha «pH» H20 u He
00pa3yeT TOKCHYHBIX MOOOYHBIX MPOJIYKTOB; MOXKET NMPUMEHSThCS B JIIOOOM TEXHOJIOTHYECKOM MPOM3BOJCTBE, HE
TpeOys XpaHEHHsI U IEPEBO3KH B IIPOMBIIUICHHBIX YCIOBUX [29].

B TO€ BpeMsi 030H MOKET KaK TIOJI0KUTEIBHO, TAK M OTPULIATENBHO BIMSTH Ha OpraHn3M yenoseka [30]. Atmocdep-
HBIA BO3yX COICP KUT 3HAYMTEIHHOE KOJINYECTBO PA3IMIHBIX MUKPOKOMIIOHEHTOB, KOTOPBIE TIOJ] ACHCTBHEM INIEKTPUIECKO-
TO pa3psiia MOTYT CTPYKTYPHO H3MEHSTECSI HAa MOJEKYIPHOM YPOBHE, 4TO TpeOyeT 0co00ro BHUMAHUS M JATBHEHIIETO U3Y-
yenus [9, 23].

TakuM 00pa3oM, TEXHHUECKHH MPOTPECC COMPOBOKAACTCS HE TOIBKO NMEPCHIEKTUBHBIMU CIIOCOOAMH M METOIH-
KaMH PEIICHNs Pa3INYHBIX 33734, HO U HETaTHBHBIMHU IIPOIIECCAMH IIPU MX PEaNN3allii, TTIABHBIMH U3 KOTOPBIX SIB-
JISIFOTCST DKOJIOTUYECKHE MPOOJIeMBbl, TpeOyrole MPUCTaIbHOTO BHUMaHUs. B mocnenHue rojpl o4eHb WHTEHCHBHO
Pa3BHBAIOTCS pa3lIMuHbIE OTPACIHU IPOMBIIIIIEHHOCTH, HATPUMEpP DHEPreTHKa 1 MH(POPMaTHKa, UCTIOJb3YIOIINE dJICK-
TPOIHEPTHUIO MTPOMBIIIICHHOI YaCTOTH U KOMIIBIOTEPOB. DTO NMPUBOAUT HE TOJBKO K TMONO0KUTEIBHBIM H3MEHEHHSAM B
KHU3HU 4eJI0BEKa, HO U CONMPOBOXKIACTCS aHTPOIIOTCHHBIM 3arpsA3HEHHEM, CBSI3aHHBIM C HalIW4YHeM He CBOMCTBEHHBIX
Ouocdepe BeIIecTB U SHEPTUil WM UX NOBBIIIEHHON KOHLEHTpAaUeH 1 HHTEHCUBHOCTBIO (PHCYHOK 2).

QHEPTETH‘IECKDE

= AHTPDHUTBHHDE 3arpdasHeHHe
BO3JeHCTEHE

HakonuTelbHOE |
(aKKyMYyJIHpYOIIee) Temrosoe [ PagmoansonHoe |

BO3JeficTBHE | | | | l l
] v Axxvern
HenaKkonHTelIbHoe | JASKIPH Marawut Honuzmpyio @H;;I:,;fgioe Hudpa ocxme
(paccenBaromee) Aeckne I Imee waryrenme | | momrenme IIyMEL
Bo3IeiicTBHE o LLOILE HTyIeHHe - e EnOpannn

PucyHok 2. DHepreTuueckoe 3arpsi3HeHHe OKpYy Kaloleil cpeabl

HecMoTps Ha 10CTaTOYHO BBHICOKMH Hay4HBIH YPOBEHb M 3HAYMTEINLHBIH 00beM paboT, BBINOIHEHHBIX B 0011a-
CTH TEOPETUYECKOT0 M3YUCHHS U pakTHieckoro npuMeHenust OUT, nmeercs elie MHOTO HEPEIICHHBIX BOITPOCOB.

BnusiHue pa3nuyHBIX 3HEPreTHUECKUX TEXHOJIOTHi, B ToM uncie DWT, Ha opraHu3M denoBeka, HaXOIIIerocs
B 30HE JICHCTBUS COOTBETCTBYIOIIEr0 00OPYI0BaHHMS, €Il HE JOCTATOYHO M3YyYEHO M UCCIICAOBAHMUS JOJIKHBI IIPOBO-
JUTHCS C YUYETOM HE TOJBKO MOJIOKUTEIBHBIX, HO M OTPUIATEIbHBIX XapaKTEPUCTHUK MPOIecca, OCOOCHHO B IMHIIEBON
MIPOMBIIIICHHOCTH.

Taxxe Mano ucciae10BaHbl BIUSHHUS MOITHBIX 3JIEKTPOHHO-NOHHBIX noneit (QUII) B mporecce HHIYIUPOBAHUS
ANEKTPUYECKUX UMITYIbCOB M TOSBJICHHUS CTaTHUECKOTO 3JIEKTPHUYECTBA; MTOOOYHBIX HETaTHBHBIX MOCIEICTBHM, CBS-
3aHHBIX C MOHM3AI[MeH KOMIIOHEHTOB BO3/lyXa M M3MEHEHMS MX Ka4eCTBEHHBIX XapaKTEPHCTHK; BO3MOXHBIX PEHTIe-
HOBCKHX U 3JIEKTPOMAarHUTHBIX U3IydeHuil u 1.4. [9, 23, 29, 31].

B Hacrosiiiee BpeMsi B paMKax pereHus: IpooJieM SKOJIOTHH NPU UCTIOJIb30BAHUH JIEKTPUUECKUX TEXHOJIOTHIA
MOYKHO BBIJIETTUTh TPU HANPABICHHUS:

— Onodusnueckoe — mccieqyeT BONPOCH B3aMMOJECHCTBHS OMOJIOTMYECKMX OOBEKTOB C 3JIEKTPUYECKUMHU
TIOJISIMU;

— OHoNoTHYecKOoe — M3y4aeT M HOPMHUPYET YPOBEHb MX BO3ACHCTBHUS Ha OKPYKAIOIIYIO CPEy U YETIOBEKa;

— TEXHHYECKOe — pa3pabaThIBaeT CIIOCOOBI OOECTIEYEeHHUS IKOJOTMYECKOH Oe30macHOCTH 00OpYyIOBaHUS H
CpEeCTBa 3aIIUTHI 00CITY>KUBAIOIIETO TIEPCOHAA.

OO0mMMH IPUHIMIIAME CHCTEMBI 3aITUTHI OKpyXKaromiei cpeabl oT DUT SBISIOTCA: HOPMUPOBAaHHE OT HJIEKTPOHHO-
noHHoro mnydenus (OWU), pacyeTHOE MPOTHO3MPOBAHHE SJIEKTPOHHO-UOHHON OOCTAHOBKH, MHCTPYMEHTAIBHBINA KOH-
Tpoutb 1 3amuTa oT DU, coBepieHcTBOBaHNE 000PYIOBAHMS C TOUKH 3PEHHUS €T0 0€30MacHOCTH (PUCYHOK 3).

Meps! 3amutsl 0T DM MoryT OBITH aKTHBHBIE U ITaCCHUBHBIE. [Ipn akTHBHBIX Mepax CTapaloTcsl BO3EHCTBOBATh Ha
caM MCTOYHHK U3JIyYEHHs], €r0 XapaKTEPHCTUKH M PEXUM padoThl. [TaccuBHBIE MEphI BKIIIOYAIOT B €05l OpraHU3alMOHHO-
TEXHUYECKHE MEPOTIPHATHS HA KOHKPETHOM IIPOHU3BOJICTBEHHOM O0OBEKTE C MCIOiIb30BaneM DM,
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CHcTeMa 3aIIATHI 0T

SHH
1 | . 1 1
HopvmHpoBaHHE Pacuerroe HHCTPYMEeHTATbHBIH 3amuTa 0T
NporHo3HpoOBaHHE - 3
MU T S SHH

o AKTHEHAA
TeXHHYeCKHX Be3onmacHOCTh raia

CpeacTe obopyAOBaHHNA 1

IIo

KOHTHHITeHTY ITaccueHas
ofaydaeMbIxX 3amHETa

Pucynok 3. CTpykTypa 3alIMThbI OKpY:KalolIei cpebl U YeJ0BeKa OT BO3/1eiicTBHUSA 3/1eKTPOHHO-HOHHOI0 H3.JTyYeHHUsl
AUn)

MeTtonbl 3aiuThl YenoBeka oT DV npencraBieHsl Ha pUCYHKE 4.

[epBbIit METO 3alMTHI OCHOBAH Ha pa3feiicHHMH HOKCOC(epsl (Cpeaa, B KOTOPOU JICHCTBYIOT OmacHbie (hakTo-
pe) U romocepsl (cpema, B KOTOPOH HAXOMUTCS YEJIOBEK) IO MPOCTPAHCTBEHHOMY MM BPEMEHHOMY MPH3HAKY
(HampaBneHue «a» Ha pucyHke 4). JlaHHBI METOJl CBSI3aH C OpraHM3AIMe CAHUTAPHO-3aIUTHBIX 30H BOKPYT H3IIy-
Yarouiero o00py0BaHus WM YCTAHOBJICHUS KOHTPOJISI BpeMEHH NpeObIBaHuUs YelloBeKa B 30He neiicTBus UL

Bropoi#t Meron CBsi3aH C NPUMECHECHHEM WHAMBHIYAIbHBIX CpPEJCTB 3all[UTHl YEIOBEKAa OT HOKCOCHEpHI
(nanpasnenue «by» Ha pucyHke 4).

Tpertuit MeTOZ COCTOUT B 00OECIIEYCHUH 0€30IIaCHOTO COCTOSHUS TOMOC(EPHI, IS YeTO HCIOIB3YIOT JOKAIh-
HBIE CIIOCOOBI €€ 3aIIUTHl OT HOKCOC(epsl, HalpuMep, SKpaHUPOBaHHUE pabOUIX MecT WM ucTouHuKoB DU (HampaBs-
JICHHUE «C» Ha pUCYHKE 4).

I

romocdepa

HOKcochepa

Pucynox 4. MeToabl 3aliMThl Yes10BeKa OT HOKcocdepbl: a — pa3jejieHne HoKkcocepsbl H roMocdepsl MO MPOCTPAHCTBEH-
HOMY W BpeMeHHOMY NMpH3HaKy; b — azanTanus 4e10Beka B IPOU3BOJ BeHHOH cpejie ¢ MOMOIIbIO CPEACTB HHIUBHIYAIb-
HO¥ 3a1UTHI; ¢ — IKPAaHHUPOBaHHUe roMocdepbl 0T BpeIHbIX (PaKTOPOB HOKcOChepbl

Mexny DJIeKTpUYECKUMHU TMOJSIMA W OUOJOTHYECKMMH OOBEKTaMH CYIIECTBYIOT CIIOKHBIE TPHYUHHO-
CJIEICTBEHHBIE CBSI3H, TAK KaK BEIMUMHA U XapaKTep BO3ACHCTBHS MOJICH HA YeTIOBEKa 3aBHCAT KaK OT UX IMapaMeTpPOB,
TaK U OT CBOHCTB JKMBBIX TKaHeH. [ TaBHBIM pe3yJabTaTOM TaKOTO B3aUMOJEWUCTBHS C MO3WUIIUH SKOJOTHH SIBIISETCS
HETaTUBHOE BIMSHKE HA XUBOW OPTaHM3M, YPOBEHb KOTOPOTO 3aBHCHT, C OJHOW CTOPOHBI, OT (PYHKIIMOHAIEHOTO CO-
CTOSIHUS OPTaHU3Ma, €r0 YCTOWYMBOCTH K BO3JCHCTBUIO MO M BO3MOXKHOCTH afalTalllH, a C IPYTOd — OT HHTCHCHB-
HOCTH TIOJIS M JIJTUTENBHOCTH Bo3AehcTBUA [32].

TpaauuuoHHO GONBIIMHCTBO CPEJCTB 3aIMTHI HAMIPABICHBI Ha 3KPAHHUPOBAHUE PA3IMYHOTO POJa M3ITyUCHHU.
3amuTy B BUAE SKPAaHOB peajibHO MOXHO HCIOJB30BaTh MPH BOSHHUKHOBEHHHM MOIIHBIX M3JIYYEHUN DJIEKTPUUYECKOTO
IOJIsl CHICHUANBHBIM 000pynoBanueM. [10 CBOMM KOHCTPYKTUBHBIM OCOOCHHOCTSIM TaKHE 3KPaHBI MOTYT OBITh BBITIOJ-
HEHBI TI0 O0IIEMy WJIM WHAMBHIYaJIBHOMY IpOCKTaM. B mepBoM ciydae au0O0 MPUMEHSIOT 3KPAaHUPYIOMIUA KOPITyC,
M3rOTOBJICHHBIA COTJIACHO TPEOOBaHUSIM TEXHHKH OC30MACHOCTH B BHJIE CETUYATOTO KapKaca M3 MeTayla COBMECTHO C
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TIOJIHBIM 3a3eMJICHHEM, JTH0O0 M30JIMPYIOT BEICOKOYACTOTHYIO YCTAaHOBKY B OTIEJIBHOE IOMEIICHUE ¢ IUCTAaHIMOHHBIM
yIIpaBJICHUEM.

Ecnu ycnoBust sKCIUTyaTtaniv BHICOKOBOJIBTHOTO O0OPYZOBaHUs HE MOJIAJIAIOT I0J] TpeOOBaHUs JeiCTBYIO-
IIMX HOPMAaTHBOB, TO IPUMEHSIIOTCS CIEAYIOIINEe WHIUBHIYAIbHbIE BapUAHTHI, TP KOTOPHIX BO3MOXKHA JKCILTyaTa-
LIUsI 3TOTO 000PYNOBAHUS:

— JIMCTaHLIMPOBaHHE 000PYJOBAHHMS OT JIPYTUX TEXHOJIOTHYECKUX YCTaHOBOK;

— IpOBEJCHUE OPraHU3ALMOHHBIX MEPOIIPHATHH 110 pa3MeIIeHHI0 000pYI0BaHHS B TEXHOJIOTHIECKHUX LIEXaX;

— NPHMEHCHHE NEPCOHAIOM MHIUBUIYAIBHBIX 3AIUTHBIX MEPONPHATHI;

— HCIOJIb30BAaHHE ABTOMATHKHY C LEIBI0 YAAICHHOTO KOHTPOIIS paboThl 000pyIOBaHUS;

— TPUMEHEHHE CHCTEMBI SKPaHOB JHOO0 B MECTax AWCIIO3MINN 000pyIOBaHMUS, THOO Ha pabodnx MecTax Ui
00CITy’)KMBaIOIIETO TIEPCOHANA.

Takum 06pa3oM, MOXKHO cIeNaTh CIEAYIONIHe 0000IIA0INe BEIBOIKIL.

1. Hay4Ho-TeXHHYECKHH Mporpecc croco0CTBOBaAI Bee OoJiee MaciITaOHOMY M pa3HOOOpa3HOMY MPUMEHEHHIO
HCKYCCTBEHHBIX JJIEKTPUYECKUX IMOJIEH (AICKTPOMArHUTHBIX, 3JEKTPOHHO-HOHHBIX M T.J.) B PAa3IMYHBIX 00JACTIX,
HECMOTpS Ha PsiJl HETaTUBHBIX BO3JCUCTBHUHN 3JIEKTPUUECKHUX TOJICH HA OKPYIKAIOUIYIO CPEy M YeIOBeKa.

2. ToJBbKO KOMIUIEKCHOE HUCCIIEIOBAaHHUE BIMSHHS JJIEKTPUUECKOTO OISl Ha 9KOJIOTMYECKOE COCTOSHHUE YeJIoBe-
Ka, MPOM3BOJICTBEHHOM Cpelbl U 00pabaThiBaeMOro MpoIyKTa MO3BOJIUT, C OJHON CTOPOHBI, 3P (PEKTHBHO UCIIOIB30-
BaTh €ro B TCXHOJIOTUU Hepepa6OTKI/I ChIpbs 6I/IOHOFI/I‘-ICCKOFO MIPOUCXOXKIACHHUA, a C [[pyl"Oﬁ — HOJIOKUTH B OCHOBY
pa3pabdoOTKU COBPEMEHHBIX, 3KOJIOIHUeCKH OE30IIaCHBIX IPOLIECCOB U AMIapaToB.

3. K HacTosmeMy BpeMEHHM HAKOIUIEH JOBOJBHO 3HAYMTENbHBIA HAay4HBIH MaTepuan Uil PeLICHUS
9KOJIOTHYECKHX MPOOJIeM NP HCIOJIB30BAHUH ICKTPUIECKUX TEXHOJOTHH 10 IBYM HAINpaBJICHUSIM: OHO(DH3HIECKOe
U MeUKo-Oroornyeckoe. HayqHo-TexHUUecKkoe HalpaBiieHHe (METO/BI M CPENICTBA 3AIUTHl) aKTHUBHO Pa3BUBACTCS B
TECHOM B3aHMOJICHCTBHHU ¢ HUMH, HO ITOKa OTCTAaeT B CBOEM Pa3BUTHH.
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Annomayusa: MoaenupoBaHUe Pa3INUHBIX JeTalei ABIseTCS HEOThEMIEMOHM YacTH MpH MpoeKkTupoBaHuu. Ha stane mo-
JIeTMPOBaHMsT HEOOXOIMMO BBIIBIATH MecTa OoJiee MoJBEep)KEHHbIE BEICOKMM HArpy3KaM M HampspDKeHHsM. BemencTBue anammsa
BBISIBJICHHBIX Y4acTKOB CJIe{yeT IIPHHUMATh JACHCTBHS 110 UX YCTPAHEHHMIO, JUIs JajbHeHIeil pa3paboTke.

Mamepuanvt u memoosi: PaccMOTPEH U IPOAHATU3UPOBAH paboumii OpraH MepeMeIINBAOIIEr0 YCTPOICTBA C IOMOIIBIO
nporpammbl SolidWorks. Ipu mpoeKTHPOBaHHH CHHUPATBHO-ICHTOYHON MCLIAIKH CMOJICIUPOBAHbI PeajbHbIC YCIOBHS, IPH KOTO-
PBIX HA JaHHYIO MEIIAJKy BO3AEHCTBYIOT MAaKCHMAIIbHBIC CHIIBI, AJISI CO3JAHMS 3araca MPOYHOCTH TOTOBOTO H3/IEIIHS.

Pezynomamot u oocysycoenusn: [IpoBeneHO MOJIETUPOBaHUE PadOYEro opraHa MepeMeNInBaloIero yerpoicrea. Tak B pe-
3yIbTaTe€ MOAENUPOBAHMS CIUPATBHO-TEHTOYHOW MEIIANKH, BBITOIHEHBI JIIOPHI HAMPSDKEHMS, MEepeMeIieHns U Ae(opMaliy.
Taxoke mpeacTaBIeHB! MATEMATHUECKUE YPABHEHHS, OMMCHIBAOINNE TOCTPOCHHBIE SMIOPHI.

3axnwouenue: B cBs31 ¢ pOCTOM TEXHHYECKH CIOXKHBIX A€Talleld, HEOOX0OMMO OCHOBATEIBHO MOJCINPOBATh U MPOBEPATH
co31aBacMble JIeTalH, Ul OoJiee JOIrOBEYHOTO CPOKa dKCIUTyaTaluu. Tak IpoBepKa Ha HalpshKeHUe, nepeMenieHue u gedopma-
LM SBJISIETCSI OCHOBOIOJIArarouiel Ul AaibHeHIero KOHCTpyUpOBaHUs AeTalleH.

Kniouesnie cnoga: Memmanka, SMOpsI, IPOYHOCTb, HANIPSIKEHHE, IEPEMEIICHHE.

Abstract: Modeling various parts is an integral part of the design process. At the modeling stage, it is necessary to identify
places that are more susceptible to high loads and stresses. As a result of the analysis of the identified areas, actions should be taken
to eliminate them for further development.

Materials and methods: The working body of the mixing device is considered and analyzed using the SolidWorks program.
When designing a spiral-belt agitator, real conditions are simulated under which maximum forces are applied to this agitator to
create a safety margin of the finished product.

Resultsanddiscussions: Modeling of the working body of the mixing device is carried out. So, as a result of modeling a spi-
ral-belt agitator, stress, displacement and deformation plots were made. Mathematical equations describing the constructed plots are
also presented.

Conclusion: Due to the growth of technically complex parts, it is necessary to thoroughly model and check the created
parts for a longer service life. So checking for stress, displacement, and deformation is fundamental for further part design.

Key words: agitator, plots, strength, stress, displacement.

Introduction

Research into agitators, modeling particle motion during mixing, and determining the optimal agitator size in
horizontal mixers requires special study. Stirring devices are widely used in food, agricultural, chemical and other
fields of activity. Experts have proposed various methods for solving problems, the main purpose of which is to in-
crease the mixing efficiency and improve the design characteristics of the working bodies of the mixers [3-4].

Literature review

The solution of the assigned tasks was reflected in the works of the following authors. Brazhnik Yu.V. in his
work [5] considers the conditions for mixing dry components in paddle mixers with a rapidly rotating rotor. Also in
this work, the geometric parameters of the layer of bulk material are determined.

The work of A.l. Zavrazhnov [11] is aimed at studying and solving the disadvantages of horizontally located
screws. In the course of analyzing the change in the homogeneity of the mixture at different rotational speeds, the au-
thor showed that its increase helps to improve the quality of mixing feed. It was found that increasing the angle of
inclination of the screws also affects the homogeneity of mixing.

In work [13] Savinykh P.A., Turubanov N.V. and others are investigating the improvement of the design and techno-
logical parameters of the horizontal mixer belt auger for the preparation of dry mixtures. Changes in the design of the bunker
and the belt auger of the mixer are presented, which will increase the coefficient of uniformity of the finished product by
eliminating stagnant zones.

In his work [14] Timoshuk AL, Khrutskiy V.I. et al. conducted a study of the mixer, which showed that under
the conditions of the observed in practice the variability of the properties of the initial components, moisture, particle
size distribution and at high intensity of operation, the mixer works reliably.

Kikin N.O. in work [12] set the time of mixing mixtures with an installed line of cylindrical rods. Conducted a
comparison of turbulent and cascade mation, as a result of which it was revealed that the cascade mode of operation of
the mixer allows to achieve greater intensification

Materials and methods
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The analysis of the work showed that checking the shaft for strength is an obligatory part in its design, since the
main load on the shaft blades is when mixing dry mixtures.

The design of the spiral-belt mixer, as well as its calculation, was carried out using the solidworks computer-
aided design system, taking into account the force in the amount of 50 kg per blade, which corresponds to the normal
operation of the mixer, with a margin of safety.

The first step in calculating the strength of an agitator is mesh generation.

Figure 1 shows a detailed mesh of the considered mixer.

Study Name: Statistical Analysis 1(Default)
Mesh Type: Rigid Mesh

Figure 1. Agitator mesh

This grid has 40691 elements. This characteristic is responsible for the quality of the final result and has a di-
rect relationship. The more elements the mesh contains, the more accurate the result will be.

This is followed by unloading with subsequent analysis of the results.

Figure 2 shows a VonMises stress plot .

Study Name: Statistical Analysis 1(Default)
Plot type: Statistical analysis Nodal stress Voltage 1
Deformation scale 1
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Figure 2. Stress diagram
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The vonMises or equivalent stress is the amount of stress calculated from the components of the
stress . Although the equivalent stress at a point is ambiguous about the stress state at that point, it provides sufficient
information to assess the reliability of a structure for many materials.

Unlike stress components, vonMises stress has no direction. It is completely determined by the value expressed
in terms of voltage.

The vonMises stress is calculated as follows, based on six stress components:

2 2
Oos = 10,5 [(Jx - JJ/) + (0 — GZ)Z + (Jy - Jz) ] +3- (Tﬁy + T:%z + fo)}(l/z) 1)
Or, equivalently, based on the three main stresses:
O = {0,5 [(01 — 02)% + (07 — 03)* + (07 — 0'3)2]}(1/2) (2

Thus, after analyzing the resulting stress diagram, the most stressed area is highlighted, which is located at the
junction between the shaft mount and the guide.

The next stage of the static analysis was the construction of a displacement diagram relative to the initial loca-
tion under the action of the applied force.

Figure 3 shows the displacement diagram.

Study Name: Statistical Analysis 1(Defaulf)
Plot type: Statistical displacement Displacement 1
Deformation scale 1
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Figure 3. Displacement diagram

Under the action of the applied force, the agitator blades move in the direction of the force direction.
The displacement is calculated using the following formula:

8; =6;—1 + AL 3

where 6; — is the displacement of the section under consideration;

&;_1 — is the displacement of the previous section;

Al; —is the deformation of the area located between the specified sections.

Based on the obtained values, a displacement diagram was obtained and presented. After analyzing the result-
ing diagram, the greatest displacement is observed in the first quarter of the turn of the outer blade. This movement is
15 mm, considering the scale, which is an acceptable deviation during the operation of the mixer. It should be noted
that the internal stirrer blades are practically not subject to movement, which indicates the rigidity of the structure.

The final stage of static analysis is the construction of a deformation plot.

Figure 4 shows a deformation plot.
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Study Name: Statistical Analysis 1(Default)
Plot type: Statistical seformation Deformation t 1
Deformation scale 1

ESTRN

Figure 4. Plot of deformation

The resulting diagram characterizes the deformation of the parts of the mixer, which are not directly subject to
force.
Equivalent Strain (ESTRN ) is calculated as follows:

(e1+8) @
ESTRN:Z-[ 1 2/3]
where ESTRN is the equivalent strain;
& =05-[(EPSX — £*)? + (EPSY — £")? + (EPSZ — £*)?] (5)
& = 0,5 [(GMXY)? + (GMXZ)? + (GMYZ)?]/4 (6)
e* = (EPSX + EPSY + EPSZ)/3 (7

where EPSX is the normal deformation along the X axis;
EPSY - normal deformation along the Y axis;
EPSZ - normal deformation along the Z axis;
GMXY - shift along Y in the YZ plane;
GMXZ - shift along Z in the YZ plane;
GMXZ - shift along Z in the XZ plane;
&, —normal deformation in the first principal direction;
&, —normal deformation in the second principal direction;
&* —normal deformation in the third principal direction;

Conclusion

Thus, after analyzing the diagrams presented above, a similar pattern is observed in the stress and strain dia-
grams. Also, these plots have similar critical points.

As a result of the work done, stress, displacement and deformation diagrams were built. The critical points with
the greatest loads have been identified. The maximum deflection of the blade was determined, which was 15 mm.
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Annomayusn:. B PO cymectByer NOTpeOHOCTH B OMOJIOIMYECKH aKTUBHBIX BUTAMIHHBIX U QHTHOKCHJAHTHBIX KOMIUIEKCAX MpPH-
poxHOro mpoucxoxaeHus. Ha coBpeMeHHOM 3Tale MOXKHO BBIIETUTH NEPCHEKTHBHYIO YHHBEPCAIBHYIO OHOAKTHBHYIO KOMIIO3HIIMIO,
TaKyr0 KaK KapOTHHOWAHBIA MUrMeHTHbIH Komiuieke mkonuH (E-160d). LlenecooOpa3sHOCTE UCTIONB30BAHMS KOMHATHON TEMIIEPaTyphI
TIPH pa3MOPAKUBAHUH apOy3HOH MSKOTH OOYCIIOBIIEHA, KPOME BBIIIE YKA3aHHBIX HMPHYHH, €I M 3aMETHBIM IMOBBIIICHUEM JOJH OTHe-
JIGHHOTO COKA, 94TO 00JIerdaer CyIIKy OCTaTOYHON MSKOTH BBHIY YMEHBIICHHS €€ BIKHOCTH U COAEpKaHMs B Heil caxapos. IIpu stom,
BCJIE/ICTBUE HEPACTBOPHMOCTH B BOJIE JIMKOITMHA, MOJKHO allpHOPH yTBEPIKIAaTh, YTO OH HE OTBOJUTCS C OT/AEIISIEMBIM COKOM H, KaK CJIeI-
CTBHE, €TO OTHOCHUTENIBHOE COZIEpIKaHNE B OCTATOYHON MSKOTH MoBbIIIaeTcsi. OOBEKTOM HCCIISIOBAHUS SIBIIIHCH OJIOKH MSIKOTH CHEJNBIX
apOy30B IPH YCIIOBUH MX KPACHOM LBETOBOI raMMBI, YTO ITO3UTHBHO BIIMSIET HAa U3BJICUEHUE JIMKONMHA. LIeNblo HcceIoBaHus SIBISIeT S
omnpenenenne. TeroBbIX 1 MacCOOOMEHHBIX TTapaMeTpOB MPH Pa3MOPaKUBAHUN MSAKOTH apOy3a. J{Jsl TOCTIKEeHHs! TOCTaBIICHHOM Lien
PEIIEHBI CIIeIYIONIHe 3a1a49n: ONpe/eeHIe KPHOCKOIMIECKOH TeMIepaTyphl: OIpeeNeHne, KOIMIeCTBA BEIMOPOXKEHHON BIIard B 3aBH-
CHMOCTH OT TEMIIEPATypBI; ONPEEIeHIE BIAKHOCTH MIKOTH apOy3a, IocIe pa3sMOPO3KH U 0 OTAENEHUS BEICBOOOKICHHON KUIKOH
(hazbl; onpesieNIeHNe ¥ COOTHOIIEHHS PACXO0I0B JKIAKOCTH M UCXOAHOTO MPOJIYKTA; ONPEIEICHIEe CaXapuCTOCTH Pa3MOPOKEHHOW MSIKOTH
apOy3a. OcTaToOYHOE HAJIMYHWE BIIArH M CaXapoB B SAT0aX U PPYKTax Mocie X AePPOCTallN UTPACT CYIIECTBEHHYIO POJTb, T.K. OTIPEIEIs-
€T €r0 CTPYKTYPHYIO OPTraHM3alHI0 1 KOHCHCTEHIIUIO, YTO B PE3YJIbTaTe 00YCIIOBIUBACT €r0 CTa0MIIBHOCTD NPH MOCIEAYIOIIel 00padoTKe
nim xpaHeHnd. CaxapyucTOCTb Pa3MOPOXKEHHON MAKOTH apOy3a cocTaBiseT 6,3%, HO3TOMY ee TakKe Kak U apOy3 B LI€JI0M, MOXHO OTHE-
CTH K KaT€rOpUH IUI0JI00BOLIHON NPOIYKIHH C BEICOKHM COZEPKAHHEM CaxapoB. PacCUMTaHO COOTHOLICHHE PACXO0B paszessieMbIx a3
T0CJIE Pa3MOPAKUBAHHL.

Knrouesvie cnosa: MakoTh ap0y3a, TUKOINH, BIAKHOCTh, KPHOCKOITIMYECKast TEMIIepaTypa, AedpocTanusi, 00e3BOXKNBaHHUE,
JIOJIsI BEIMOPOXKCHHOH BIIard, MaTepHAaIbHBIN OaaHc.

Abstract: In the Russian Federation, there is a need for biologically active vitamin and antioxidant complexes of natural origin. At
the present stage, it is possible to single out a promising universal bioactive composition, such as the carotenoid pigment complex lycopene
(E-160d). The expediency of using room temperature when defrosting watermelon pulp is due, in addition to the above reasons, also to a
noticeable increase in the proportion of separated juice, which facilitates the drying of the residual pulp due to a decrease in its moisture
content and sugar content in it. At the same time, due to the insolubility of lycopene in water, it can be argued a priori that it is not removed
with the separated juice and, as a result, its relative content in the residual pulp increases. The object of the study was blocks of pulp of ripe
watermelons, provided their red color scale, which has a positive effect on the extraction of lycopene. The aim of the study is to define.
Heat and mass transfer parameters when defrosting watermelon pulp. To achieve this goal, the following tasks were solved: determination
of cryoscopic temperature: determination of the amount of frozen moisture depending on temperature; determination of the moisture con-
tent of the pulp of watermelon, after defrosting and the proportion of separation of the released liquid phase; determination and ratio of
liquid and initial product consumption; determination of the sugar content of thawed watermelon pulp. The residual presence of moisture
and sugars in berries and fruits after their defrosting plays a significant role, because determines its structural organization and consistency,
which results in its stability during subsequent processing or storage. The sugar content of the thawed pulp of watermelon is 6.3%, there-
fore, like the watermelon in general, it can be classified as a fruit and vegetable product with a high sugar content. The ratio of the flow
rates of the separated phases after thawing is calculated.

Key words: watermelon pulp, lycopene, moisture, cryoscopic temperature, defrosting, dehydration, the proportion of frozen
moisture, material balance.

BBenenue

Ha poccuiickoM pbIHKE CYIIECTBYET MOTPEOHOCTH B OMOJIOTHYECKH aKTUBHBIX BUTAMHUHHBIX ¥ aHTHOKCHIAHTHBIX KOM-
IUTEKCaX MPUPOTHOTO TIPOUCXOXKACHHS. BBeieH e B CTPYKTYPY TIMTaHUS MOJJOOHBIX JOOABOK, TayKe B HE3HAUMTEILHOM JIOJTE,
BElICT K MUHHMU3AIMH BEPOSITHOCTH TOSBICHHS Psiia TIATOJIOTUH M CTAOWIM3UPYeT UMMYHHYIO cHUcTeMy 4enoBeka [1]. Ha
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COBPEMEHHOM 3Tale MO>KHO BBIIEIUTH MEPCIIEKTUBHYIO YHHBEPCATBHYIO OMOAKTHBHYIO KOMITO3HLIIO, TAKYIO KaK KapOTHHO-
WJTHBIN MUTMEHTHBIN KoMIuTeke JuKorvH (E-160d), ¢ moMompio KOToporo Imiof00BOIIHOE ChIPBE, K MPUMEpPY, TIOMHIOPBI U
apOy3bI 00JIAIAFOT HACKIILICHHBIM KPACHBIM OTTEHKOM [2, 3]. I3BeCTHO, YUTO JIMKOIMH KPOME KpacsIliei CiocOOHOCTH 001aa-
€T OMOJIOTMYEeCKH aKTUBHBIMU cBo#icTBamMU [3]. Ho cpaBHHTENBHO 00JIbIIast CTOMMOCTB U Masiast IOCTYITHOCTb €0 B PHIHOYHOM
cdepe cityKat JIMMUTHPYIOIIMMH (haKTOpaMH €ro NCHOJIE30BaHMUSI B ITHIIIEBOM €KECYTOUHOM PallHioHe.

JlukoruH 06nanaeT oOIMICYKPEIUISIONINM BIMSIHUEM Ha YeJIOBEUECKUI OpPraHu3M M Ps/IOM MO3WTHBHBIX (hapma-
KOJIOTUUECKUX XapaKTepucTHK. Ero 6moaktuBHas (yHKuus oOyclOBIEHa, B IEPBYIO OYepeab, aHTUOKCHIAHTHOM CIO-
COOHOCTBIO, T.€. BO3MOKHOCTHIO HHTMOMPOBAaTh CBOOOIHOpAINKAIbHBIE KICTOYHBIE Mporexypsl. [Ipu ycummBaromencs
BOCTPEOOBAHHOCTH JIMKONMHA BCE OOMBIIE YAETAIOT BHUMAaHAEC HAXOXICHUIO HOBBIX MCTOYHHKOB €ro moiydeHus. o
HACTOSIIIIET0 MOMEHTAa €r0 MCTOYHHKOM IPEHMYIIECTBEHHO CIIY)KWIN CIICIHAIbHO CENEKINPOBAaHHBIC B 3TOM ACIEKTE
copta moMunopoB [3, 4]. Ho mansnii yaensabnii Brxox (0,3...0,4 Mr/t ceipps [3]) 1 psii MHBIX TapaMeTpoB 00YCIIOBINBa-
€T BBICOKYIO CE0ECTOMMOCTD KOHETHOTO MPOAYKTa W SKOHOMHIECKH Mayro 3(pdexkTnBHOCTS. [IToMMMO TOMATOB K YHCITY
BHUJIOB CEIILCKOXO3SHCTBEHHOTO CBHIPBS, OOraToro Ha JIMKOIHH, OTHOCSTCS apOy3bl, K TOMY JK€, COIJIaCHO HOCIIEIHUM
HCCIIeI0BaHMsIM, apOy3 He YCTyIaeT IIOMUIOpPaM B €r0 COJICPIKaHUH, a JaXke ONepeskaeT UX M0 CBOEMY KOJIMYECTBY (CO-
JepKaHue JTUKonuHa B ap0Oy3e oT 4,30...6,20 mr/100r, B Tomare ot 2,30...3,0 Mr/100r) [5, 6]. Kak 3asBistoT pa3pabot-
YHKH, TEXHOJIOTHS [7] TOMydeHHs JIMKONHMHA 13 apOy30B MMEET JiBa MPEUMYILECTBA 110 CPABHEHHIO C €r0 HOJIy4eHHEM
U3 TOMATOB: HCT HEOGXOL[I/IMOCTI/I MPOBCACHUA MHOT'O3TAITHBIX TCXHOJOI'MYCCKUX MPOUCAYP, U U3 ap6y3H0171 MSIKOTH BBbI-
X0 HEJIE€BOI'O KOMIIOHEHTA € CIMHUIIBI MAaCChl UCXOAHOTO ChIPbh 6y/:[eT BBIIIIC.

Ha ocHoBe aHanm3a M3BECTHBIX CIIOCOOOB M3BJICUCHUS JIMKOIMHA U3 TOMATHOTO CHIPbS M aHAIM3a ITyOIHKaIHH,
OTMCHIBAIONINX MOTEHINAIbHYI0 BO3MOXKHOCTh HCIIOJIB30BAHUA MSKOTH apOy30B B TEXHOJOTHH JIMKONHMHA, MOXKHO
OTIPE/ICITUTH OCHOBHBIE TEXHOJIOTHIECKHE CTaNH II0 TTOIrOTOBKE apOy3a K ero MpoMbIIUICHHOH nepepabotke (puc. 1).

W3 npencraBieHHON TEXHOIOTHYECKON CXeMBI (pHC. 1) MOXKHO BBIIEIHUTH JIBE HAHOOJICe YHEPTOEMKHX H OTIpesie-
JISTFOIIMX Ka4eCTBO TOTOBOM MPOAYKIMH OTIEPAIH, TaKWe KaK pasMOpaKUBaHHUE apOy3HOH MIKOTH, a TAKXKE CYIIKa pe-
LENTYPHOH cMecH. B cBS3M ¢ 3TUM CTaHOBUTCS OYEBUIHOM HEOOXOIMUMOCTH ITOMCKA HOBBIX PAIlMOHAIBHBIX HAydHO-
TCXHUYCCKUX peH_IeHI/Iﬁ 3aa4 COBCPUICHCTBOBAHUSA TCIUIOBBIX U MaCCOO6MeHHLIX MpOoNIECCOB MpU pasMOpaXMBaHNU,
KOppEKTHAas pean3anis KOTOPHIX HEBO3MO)KHA KPHOCKOIIMYECKOM TeMIepaTypsl, KOJIMYecTBa BBIMOPOKEHHOM BIIaru B
MSIKOTH ap0y3a, ee BIaKHOCTH I10CJIe Pa3MOPO3KH M OTIEJIEHHS BBICBOOOKICHHOM XUIKON (ha3bl U COOTHOLICHHS pac-
XOJI0B XKHJIKOCTH ¥ HCXOTHOTO MPOTYKTa.

[enecooOpa3HOCTh MCIOIBb30BaHUSI KOMHATHON TEMIIEPATYphl IIPH Pa3MOPKUBAHUH apOy3HOH MSIKOTH 00Y-
CJIOBJICHA, KPOME BbIIIC YKa3aHHBIX MPUYHNH, €1IC U 3aMETHBIM MOBBINICHUEM JTOJH OTACJICHHOI'O COKa, 4TO obseryaer
CYIIKY OCTaTOYHOW MSKOTH BBHIY YMCHBIICHUS €€ BIAKHOCTH U COAEPKaHUs B HeH caxapos. IIpu 3Tom, BenencTeue
HEpacTBOPHMOCTH B BOJIE JIMKONIMHA, MOKHO allpHOPH YTBEPXKAaTh, YTO OH HE OTBOJUTCS C OTACIAEMBIM COKOM M, KaK
CJIE/ICTBHE, €70 OTHOCUTEIBHOE COAEPKaHUE B OCTATOYHOW MSKOTH MOBBIIIACTCS.

" MEXAHHYECKOE
APBY3 CBEKII ey
PA3JIEJTEHIE HA ®PAKITAI

KOXYPA APBY3HAS KOCTOUKA

‘ MSKOTE APBY3A l

JIAJIbHENILIAS TIEPEPABOTKA,
CBSBAHHAS C TTOJTVUEHIEM
IEKTHHOBBIX BEIECTB 1
KOPMOBBIX ITPOJTYKTOB

JIAJTHHEIIIA A [TEPEPABOTKA,
CBs3AHHAJS C TTIOJTYUYEHHEM
APBY3HOI'O MACJIA

3AMOPAKIIBAHITE

PASMOPAJKUBAHUE ey YACTIYHO OBE3BOAEHHAS MSIKOTH

¥ v

OTJIEJIEHHE COKA JIOBABJIEHUE [TUIEBOTO
* MEJIA 1 [IUIIEBOIT COJIBI
KOHI[EHTPYPOBAHIE v
¥ I[IEPEMEIIBAHIE
CHPOII APBY3HBII /
CVIIKA
HA SKCTPAKIIHIO

Pncyﬂox 1. OcHOBHBbIE TEXHOJIOTHYECKHE CTAUH 10 MOAT0TOBKE ap6y3a K ero l'lpOMl:Il.llJ'leHHOﬁ nepepaﬁoTKe
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B cBs3u ¢ 3TUM BO3HHKaeT HEOOXOAUMOCTh OIPEeIeH s KOJIMIECTBEHHOTO COOTHOIICHHUS OTIEIEMOro COKa
U OCTATOYHOW MSIKOTH, a TAKXKE €€ BIAXXHOCTH U KOHICHTPAILIUIO CaXapoB B COKE, T.K. 3TO MO3BOJUT PACCUUTATh KOH-
LEHTPALMIO CaXapOB B OCTATOYHOM MSKOTH, 3Hast ¢€ KOHICHTPALIMIO B UCXOJHOM MaTepuaie, MyTeM PEIICHUs ypaB-
HEeHUs MaTepHaIbHOro OanaHca.

esan u 3apaun

Llesnpio MCCIEIOBAHUS SBISCTCS OMpPEICICHHE TEIUIOBBIX M MAacCOOOMEHHBIX MapaMeTpPOB MPU Pa3MOpakHuBa-
HUU MSKOTH ap0y3a.

Jlnst ZOCTIKEHHS ITOCTaBICHHON el HeOOXOAUMO PELINTh CICAYIOLINE 3a1a4u:

— oIpezesieHne KPUOCKOIIMIECKOH TeMITepaTyphl:

— OIIpeziesieHUEe, KOJIMYEeCTBa BHIMOPO)KCHHOI BIIard B 3aBUCHMOCTH OT TEMIIEPaTypEL;

— ompelelieHHe BIAXKHOCTH MAKOTH ap0y3a, Mociie pa3MOpO3KU U OIH OTACJICHUS BBICBOOOXKICHHOM JKHIKOM
(azsr;

— OMpECNICHUE U COOTHOLICHHS PACXO/I0B JKHIKOCTH U UCXOIHOTO MPOJYKTa;

— OMpPEICNICHUE CAXapHUCTOCTH Pa3MOPOKEHHOH MAKOTH apOy3a.

O0BbeKTHI U METOIBI HCCIIEI0OBAHMS

OOBEKTOM HCCICIOBAHMUSI ABUINCH OJOKH MSKOTH CIIENBIX apOy30B MPH YCIOBHH UX KPACHOU LBETOBOW raM-
MBI, YUTO TIO3UTHBHO BJIMACT HA U3BJICUCHHUE JIMKOIIHMHA.

3HaHNe KPHOCKOITMYECKOr0 3HAYCHHUSI TEMIIEPaTyphl (tK - ) wm Temrepatypbl 7' 3aMOpPO3KH HEOOXOAMMO TIPH TIPO-

€KTUPOBaHNN XOHOHHHLHOﬁ TCXHUKH W HAXOXICHHUH TECIIJIO- (1)I/I3I/I'{CCKI/IX 1 TEXHUYCCKHX ITapaMeETPOB I‘I/I,I[pO(I)I/IﬂLHBIX

MaTe€puajioB MUIICBOIO Ha3HAYCHHUSA, K KOTOPBIM MOXHO HPUYHUCIUTH 00BEKT JaHHOI'O0 HUCCJICOOBaHUA. t Kp HaXOIUTCA B

3aBHCHMOCTH OT KOHIICHTPAIIMH PaCTBOPEHHBIX BEIIECTB, CTEIICHN MX IHCCOLHMAINH, MOJICKYIIPHOH Macchl, IapamMeTpoB
PacTBOPHUTEIS M ONPEACIISIETCS] TIPH TOSBICHUN KPUCTAUINYECKOTO JIba B PAaCTBOPE NMPH MCKIIIOUESHUN MEPEOXIaKICHHS,
T.€. B HAYaJILHBIA MOMEHT 3aMOPaKUBaHHS JKHIKOH Cpellbl B aHA3HpyeMoM obpaste [8, 9, 10].

BapesupoBarue 7 3amep3aHUS MAKOTH apOy3a OLCHUBAIN HA M3MEPHUTEIFHOM CTEHJIE, TIOKa3aHHOM Ha PHCYHKE 2,
KOTOPBIH NpeHa3HaueH AT €T0 ONPEACNICHHS U IOCTPOCHHUSI TEPMOTIPaMMBI.

Pucynok 2. OnbITHBII cTena 11st Haxoxaenust KT: : 1 — padounii pesepByap; 2 — TepMHUYeCKUii JaTYHK;
3 — KpHoTepMoOCTaATATHPYIOIIEE YCTPOICTBO; 4 — ero HH(popManuoHHOoe TadJ10; 5 — dekTpoHHBIH TepMomeTp «JIT-300»;
6 — ¢pparmenT padoTsl nporpammsel «ThermoChart»

DKCIIEPUMEHT MPOBOJIUTCS cleayromuM oopa3oM. CoOupaeTcs ycTaHOBKAa B COOTBETCTBUH CO CXEMOH 2, PO-
BEPSIIOTCS Ha pabOTOCHOCOOHOCTH BCE ee 3NeMeHThl. HacTpanBaetcs pabouas Temmneparypa KpuoTepmocraTta Ha -10
°C. YcraHaBmuBaeTcs TepMomnapa B o0paserl, KOTOPBIH ¢ TaTYNKOM MTOMEIIAeTCs B pabOUy0 KaMepy MOPO3WIBHHUKA.
Brumrowaercs nmporpamma «ThermoCharty Ha mepcOHAIEHOM KOMITBIOTEPE, MTOCPEICTBOM KOTOPOUH (PHUKCHPYETCS TeM-
mepatypa BHYTpH 00paslla 4epe3 3aJaHHbIC OTPE3KH BPEMEHHU H CTPOUTCS rpaduK 3aBHCUMOCTH TEMIIEPATypPBI OT
BpeMeHHU nporiecca (puc. 3.).

DKCHEPUMEHT BENIETCS JI0 JOCTHKEHHUSI B 00paslie TaKoil TeMIlepaTypbl, KOTOpasi OJJHO3HAYHO rapaHTUPYyeT HATMYNE
Ha rpadrike TOPU30HTAIBHON IUIONIA/IKH, [0 KOTOPOH M OMpPEEeNsieTCs ¢ KPHOCKOIMYECKOe 3HAYeHHe. JTO 03HAYAeT, uTo
Ha OMpEJEICHHOM JTarle 3aMOPO3KH y 00pa3iia HEKOTOPOe BpeMsi COXPAHSETCsl MOCTOsIHHASI TeMIepaTypa, MpH KOTOPOi
BJara B 00pasiie MeHsIeT CBOE arperarHoe COCTOSTHHUE.
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Pucynok 3. ®ororpagus ¢ MOHUTOPA KOMIIBIOTEPa IKCIePUMEHTAIBHOI TeMIepaTypHOii KpUBOii,
nocTpoeHHoii nocpeacrsom nporpammbl «ThermoChart».

Pe3yabraTsl HCCIeTOBaHUS U UX 00CY:KIeHHE
Pe3ynbTaThl 9KCHEPUMEHTANIBLHOTO ONpENeNICHHs] KPUOCKOIUYECKOH TEeMIIepaTyphbl Uil MSKOTH apOys3a, Mpu
IIATUKPATHOH MOBTOPHOCTH IpecTaBleHsl B Tabnuie 1. B urore ee MoxHO NpuHATH paBHOH -0,94 °C.
Ta6muua 1
Pe3ynbTaThl 110 ONPEAEIeHHI0 KPHOCKOIIMYECKOH TeMIIepaTyphl Uil MAKOTH apOy3a
Howmep 3kcriepumenTa 1 2 3 4 5 CpeHee 3HAUCHUES
Kpnockonugeckas

T t o -0,94 -0,96 -0,93 -0,94 -0,95 -0,94
emmeparypa L, C

W3 BBIIIEU3II0KEHHOTO CIIETyeT, YTO MPU 3aMEP3aHHU CIOXKHBIX 10 KOMIOHEHTHOMY COCTaBy CyOcTaHIHiT Omoo-
TMYeCKOI Mpupo/pl, 00mas TeHICHIMSA yBEJINUCHUSI KOHLICHTPAllMk OcTaeTcs Hen3MeHHOH. To ecTs, mpu MX 3aMOpo3Ke

MOJKHO IIPUHSTH HEM3MEHHOCTD th n pocta KoHueHTpanuu. [Ipu pukcnpoBanHOl 7 OTHOCHTENILHOE COJIEPKAHNE BBIMO-
POXKEHHOM BOMBI (0 (K2/k2) HAXOMUTCSI TI0 COOTHOIICHHUIO JICISTHOM Gﬂ 1 00111eit Macchl BOJHOM Cpe/ibl B HCXOAHOM IPO-
nykre G 5
B
O4eBHIHO, YTO MPH 3aMOpO3Ke 00BbeKkTa () B HEM yBenuuuBaeTcs. IIpubarkeHHO pemuTh 3aqady onpeserne-
Hust O (%) npu npoussonbHoi T (t) mst HeaUCCOUMUPOBAHHBIX Pa30ABIEHHBIX PACTBOPOB, 0A3UPYETCs HA 3aKOHO-

MepHocTu Pays:
o=[1-"¢ }-100 @

rae { L uccieayeMon MIKoTH apOys3a, °C.

Cooruomenne (2) moxkuo npumensts 10 £ =—30°C | o u npu Gonbumx T maGrroxaercs 3asimennas ()
Ha 8% 10 OTHOIIEHHMIO K SMIUpPUYECKUM pe3ynbTatam [9, 11]. Hike, Ha pucyHke 4, 11 cciiexyeMol MsIKOTH apOy-
3a, UCHONB3Ysl cooTHOmEHue 2.1.2, Obula MoJydeHa UCKOMasi 3aBHCUMOCTh BBIMOPO)KEHHOH BJIard OT TEMIIEPaTYphI
3aMOpaXMBaHMsS OT KPUOCKOITMUEeCKoit 110 -18°C, npu KOTOpO# M peanus3yercst XpaHeHue noxydadpukara.

VYuuThIBas, 4TO B AANbHEUIINX pacyeTaX, B YACTHOCTU IPU MOJEIUPOBAHUU NIPOLECCA PA3MOPaKUBAHUSA, TEM-
nieparypa JJ0JDKHa BBIpaXkaThes B rpajgycax KenbBuHA, cooTHOLIEHHE 2 HEOOX0AMMO NPeoOpa3oBaTh B HYKHBINH BHI:

- 273,15
_ M .100 3)
(T —273,15)
3nech TKP =272,21°K ; T — rexymas tremneparypa B urrepsaie ot 255,15 °K 1o TKp .

w=
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PucyHok 4. 3aBHcHMOCTb BBIMOPOKeHHOH BJIard OT TeMIepaTyphl 3aMOPaKHBAHUS

B pe3ynbTare npoBeCHHBIX HKCIEPUMEHTANBHBIX UCCIEIOBAHUH 110 ONIPEe/ICHUIO KOJIMYEeCTBA COKa, BRIIEIA-
€MOTO IIPU OTTauBaHUH apOy3HOW MSIKOTH, a TAaK)Ke KOHLEHTPA[MK B HEM CaxapoB pepakTOMETPUIECKUM CIIOCOO0M,
NIPU MX TATUKPATHOW MOBTOPHOCTH, OBUTH MOJIY4YEHBI ClIeyIOLIHe JaHHbIe (Tadi. 2), HCIOIb30BaHHE KOTOPBIX MO3BO-
JINJIO PacCYUTATh NMPOLIEHTHOE COJCPHKAHUSA OCTATOUHBIX CaXapoB B Pa3MOPOKEHHOM MPOIYKTE.

Tabmuma 2
Pe3ynbraThl 10 3KCIIEPUMEHTATIFHOMY OIIPECIICHUIO OTACISIEMOTO COKa
13 MSIKOTH ap0y3a ¥ KOHIICHTPALIMU B HEM CaXapoB
Howmep Macca ucxoaHoi Macca oTaeaeHHOTo [IpoueHT oTAeneHHOI CozeprxaHue B COKe
SKCIEPUMEHTA MSIKOTH, T COKa, T Macchl U3 MIKOTH, % caxapos, %
1 29,39 9,96 33,9 8,4
2 21,02 6,73 32,0 8,6
3 37,71 12,24 32,5 8,5
4 33,17 11,12 33,5 8,5
5 24,53 8,04 32,8 8,5
CpenHee 3HaUCHUE: 32,9 8,5

VYUuThIBasl BBIIICU3I0KEHHOE, IPUHUMAEM, YTO OOIlee KOJUYECTBO CaXxapoB B apOy3HO#M MSKOTH a0 aedpo-
cranmy cocTaBisieT 7%, a B oTaeneHHOM coke (33% oT obmieit macchl (Tabm. 3)) mocie pasmopaxuBauus — 8,5%. Pac-

CUMTaEM KOHIEHTpAIMIO caxapos X o6 B oTTasBLIel apOy3HOI Macce n3 OAIaHCOBOTO YpaBHEHHS:

_m

ucx Xucx — mC()K XCUK

m

X ) .100%: ()

ap6
apb

rae M, = — Macca HCXOAHOrO MPOAYKTa, Kr; X . — JIOJI CaxapoB B UCXO/AHOM IIPOAYKTE, KI/KT; m,_,. — Macca ot-

JCIUBHICTOCA COKa, KI'; XCOK — HAO0JIL CaXapoB B COKE, KF/KF; map6 — Macca paSMOpO)KGHHOﬁ MSKOTH, KT

Mycts M, = 100 «r, Torna m,.= 0,33:100=33 u map6 =100—-33=67 xr. X _u X -

ucx COK

H3BECTHBIE BeIMYUHBI, cOOTBeTCTBeHHO 0,07 kr/kT 1 0,085 kr/kr. Haiinem Xap6 :

_ (100-0,07 —33-0,085)
Xaps = 67

C menpr HaXO0XICHUS BIAXXHOCTH MSKOTH apOy3a mociie AedpocTaliy U OTICIICHHUS OT Hee BRICBOOOKICHHO-
T'0 COKa, HCIIOJIh30BAJICSI METOJI BAKYYMHOTO 00€3BOXKHBAHHUS [P PAJAUAIIMOHHOM dHEpromnoasoae. ONbITHbIC JaHHBIC
cBeeHbl B Ta0uL. 3.

-100% =6,3%-

Tabnuia 3
OnbITHBIE PE3yIBTATHI 0 HAXOXKACHUIO BIAKHOCTH
Howmep HavanbHas KonunuectBo ynaneHHoi Braxuocts o6pasua, %
HKCIEPUMEHTA Macca obpasna, T BJIATHU, T

1 16,96 1,63 90,4
2 25,32 2,34 90,8
3 13,15 1,16 91,1
4 21,85 2,07 90,5
5 19,11 1,81 90,5

CpenHee 3HaYCHUE 90,8
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BriBog

Takum 00pa3oM, IKCIIEPUMEHTAIBHO OMpEICIICHa KPHOCKOMMIECKast TEMIIepaTypa 00beKTa pa3MOPaKMBAHUS U
Ha OCHOBE TEOPETUUYECKOTO aHAIM3a MOJy4eHa 3aBUCHUMOCTh BHIMOPOXKEHHOH BJIard B HEM OT TEMIIEpATyphl 3aMopa-
JKHBaHUs.

OcTaToyHOE HAJUYWE BJIATH W CaXapoB B sATroAax W (QpyKTax mocie ux Ae(poCcTaiuu UrpaeT CYIIeCTBCHHYIO
pOJib, T.K. OMPENEISET €ro CTPYKTYPHYIO OPTaHU3AIMI0 U KOHCUCTEHIIUIO, YTO B pe3yJibTaTe 00YCIOBIMBAET €ro cTa-
OWJIBHOCTB IIpH MOCIEayoMIei 00padoTke min XxpaHeHnu. CaXxapruCTOCTh PAa3MOPOKCHHOM MAKOTH ap0Oy3a COCTaBIsIeT
6,3%, mo3TOMy ee TakKe Kak u apOy3 B I[EJIOM, MOKHO OTHECTH K KaTETOPHH IUIOTOOBOIIHON MPOJYKITHH C BRICOKAM
collep)KaHWEM caxapoB. PaccyWTaHO COOTHOIIECHHE PACXOJ0B pasleisieMbIX (a3 mociae pa3sMOpaKUBAHMS.

Takum 06pa3om, oTpeneseHbl TEIUIOBBIE 1 MACCOOOMEHHEIE MTapaMeTPhI IPH pa3MOpaXKUBaHUHN MAKOTH apOys3a,
KOTOPBIE MOYKHO HCIIOJB30BaTh B HHKCHEPHOH MpaKTHKe, IIPH MOJICSIUPOBAHUHN TIPOIECCOB Ae(ppoCTaly U MPOEKTH-
pOBaHUH 000PYIOBAHMUS JJISI UX OCYIIECTBICHUS.
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VIIK 664.8.047 BJIMSIHUE TEXHOJIOTMUYECKUX NAPAMETPOB
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DOI: 10.37493/2307-910X.2021.1.10 HA COJEP)KAHUE UHYJIMHA B IOPOILIKE U3
LIUKOPUSI
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THE INFLUENCE OF TECHNOLOGICAL PARAMETERS
OF DRYING ON THE CONTENT OF INULIN IN CHICORY
AND JERUSALEM ARTICHOKE POWDER

L @r40y BO Cesacmononsckuii 2ocyoapcmeennvlii ynugepcumem |

Sevastopol State University, Cesacmonons, Poccus, e-mail: eremenko.dmitry@mail.ru
2I'0 BIIO Joneykuil HayuoOHAIbHBLIL YHUGEPCUMEM IKOHOMUKU U MOP206IU

um. M. Tyzan-Bapanosckozo | Donetsk National University of Economics and Trade
named after Mikhail Tugan-Baranovsky, Joneux, Yxpauna, e-mail: hjvfirf.78@list.ru

Annomayusn. JKCIEPUMEHTAIHHO OIPESICHbI ONTHMAIBHBIE PEKHMBI CYIIKH KOPHS IIMKOPHS U KITyOHe# TormMHaMOypa ¢ 1ie-
JIBI0 COXPaHEHHS MONUCAXapr/Ia UHYJIMHA, 00JIaIaf0IIero npeOHOTHYECKIM JeHCTBHUEM, TS MOTy4YEeHHs MOPOIIKOOOpa3HOro moiydad-
puKaTa QYHKIMOHAIBHON HAPABICHHOCTH.

Mamepuanst u MmemooOwr:. J{71st CyIIKU KOPHSI IUKOPHS HCTIONB30BaJIaCh YCTAHOBKA C LIEHTPOOSKHBIM MCEBIO0KIDKEHHBIM CII0-
eM, KiIyOHel TommHaMOypa — ycraHoBka ¢ CBU-HarpeBoM, Onpeaersiiach CTeleHb BIHsHUE (GOPMBI M pa3Mepa KyOHKOB MaTepHaia Ha
HMHTEHCUBHOCTH CYIIKH. J{j1s1 00paboTKM SKCIIEPHMEHTAIBHBIX JAHHBIX HCHOB30BATHCH METO/IBI MATEMATHIECKOH CTATUCTHKH.

Pesynemamut uccnedosanusn’: OnpeneneHsl panyoHaIbHbIE TapaMeTphl CYIIKH KITyOHEeH TonmrHaMOypa ¥ KOPHS IIMKOPHS
JUISL MAaKCUMAJBHOH CTENEHH COXPaHEeHUs WHYJIMHA W OOeCleyeHWs] MHHUMAIBHBIX SHEPreTHYECKUX 3aTpaT HMpPHU MPOU3BOJCTBE
nopomkoodpasHoro mnoxydadprukara n3 TonuHamMOypa W LUKOPHsS Ul JaJbHEWIIEro IPOM3BOJACTBA KYJIMHAPHOH IPOXYKIUH
(YHKIMOHAJIBHON HANPaBIEHHOCTH.

3axniouenue: ONTIMATBHBIM TEMIIEPATYPHBIM PEKIMOM CYIIKH KITyOHEH TOmHMHaMOypa SIBIETCS CTyNEeHIAThIi PEeKUM B IIEH-
TpOOEKHOM IICEBIOOKIDKEHHOM cltoe: Ha repBoii craaun — 110-120°C, ra BTopoit — 75-80°C, KomimdecTBO HHYJIMHA TP STOM COCTaBIISIET
11,9%. Ilpu cymke kopHs mukopus B noge CBY panmoHaIbHBEIM TEMIIEpaTypHBIM PEKMMOM SIBISETCS CyIIKA MPH MOIHOCTH TIOJIS
1,83 xB1/kT, comepxanue nHymHa coctasisieT 10,9%. BemmenazBaHHbIE PEXUMBI CYIIKH TSI KOPHS IUKOPHSI 1 KITyOHEeH TonrHamMOypa
00eCeurBaOT MaKCHMAaJIbHOE COXpAaHEHHE WHYJMHA B MOPOIIKOOOpa3HBIX Moiydabpukarax s KyJTHHAPHOW MPOIYKLIMM (YHKIHO-
HaJILHO HaNPaBJICHHOCTH.

Knrouesvie cnosa: cymika, KopeHb IUKOpUs, KIyOHH TonmuMHamOypa, nHynuH, CBU-HarpeB, eHTpOOSKHBIH MCEBI00XKH-
JKCHHBIN CJI0H, OPOIIOK, Moay(hadpuKar.

Abstract: Optimal drying modes of chicory root and Jerusalem artichoke tubers have been experimentally determined in or-
der to preserve the inulin polysaccharide, which has a prebiotic effect, to obtain a powdered semi-finished product of a functional
orientation.

Materials and methods: To dry the chicory root, a centrifugal fluidized bed installation was used, Jerusalem artichoke tu-
bers — a microwave heating installation, the degree of influence of the shape and size of the material cubes on the drying rate was
determined. Methods of mathematical statistics were used to process the experimental data.

Research results: The rational parameters of drying Jerusalem artichoke tubers and chicory root have been determined for
the maximum degree of preservation of the inulin and ensuring minimum energy consumption in the production of a powdered
semi-finished product from Jerusalem artichoke and chicory for further production of functional culinary products.

Conclusion: The optimal temperature mode for drying Jerusalem artichoke tubers is a step mode in a centrifugal fluidized
bed: at the first stage — 110-120°C, at the second — 75-80°C, the amount of inulin being 11.9%. When drying chicory root in a mi-
crowave field, the rational temperature mode is drying at a field power of 1.83 kW/kg, the inulin content is 10.9%. Aforenamed
drying modes for chicory root and Jerusalem artichoke tubers ensure maximum preservation of inulin in powdered semi-finished
products for the functional culinary products.

Key words: drying, chicory root, Jerusalem artichoke tubers, inulin, microwave heating, centrifugal fluidized bed, powder,
semi-finished product.

General formulation of the problem. In recent years, public catering and food industry enterprises have been
paying great attention to the problem of attracting new types of natural raw materials of plant origin and the creation
on their basis of powdered semi-finished products for functional purposes, the moisture content of which should not
exceed 12-14%.

Scientists are paying more and more attention to issues related to the expansion of the range of functional food
products in public catering establishments. Particular attention attracting Chenoa to meat food with the addition of
vegetable raw materials. Functional food products based on plant raw materials should perform not only energy, plas-
tic, but also regulatory functions, protect the human body from the effects of adverse factors. Particular attention is
paid to the use of chicory root and Jerusalem artichoke tubers as an additive in the production of food products in pub-
lic catering and food industry.
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Purpose. The role of powdered products in food production technologies is constantly increasing. This is due
to two reasons: first, due to the industrialization of food preparation; and secondly, due to the decentralization and
fragmentation of enterprises. These circumstances stimulate the development of the powder industry [1,2].

In this regard, research was aimed at developing a powdery semi-finished product made from plant materials:
Jerusalem artichoke tubers and chicory root, which contain a prebiotic substance - inulin and dietary fiber, as well as
the creation of culinary products based on it.

Analysis of recent research. Common chicory (Cichorium intybus L.) is a perennial herb of the Asteraceae
family. Chicory root is rich in carbohydrates (in particular, the fructosan content is 6.5%). The root also contains up to
9.5% free fructose and its water-soluble polysaccharide inulin.

Jerusalem artichoke (earthen pear) is a perennial herb about one and a half meters high with a straight stem,
ovoid leaves and yellow inflorescences-baskets with a diameter of (6-10) cm, belongs to the genus Helianthus.

Inulin, which is contained in Jerusalem artichoke tubers and chicory root, does not lose its biological activity
when the product is heated to 70-80 ° C and continues its activity in the gastrointestinal tract, eliminating the causes of
metabolic processes in the body [3]. Inulin performs the function of an active sorbent capable of binding and removing
from the body a large amount of toxic and ballast substances that get inside with food or are formed in the intestines
during digestion. Jerusalem artichoke and chicory root also contain organic polyoxyacids, which neutralize the harm-
ful effects of aggressive free radicals and under-oxidized metabolic products. In this case, a physiological alkaline
reaction is established in the intestine, which is necessary for the normal enzymatic digestion of food.

The known properties of inulin, extracted from chicory root, as a fat substitute, are already used in various food
products. Sausages are an example of the successful use of inulin to replace fat. Due to the change in the parameters of the
production process, taking the standard recipe as a basis, it is possible to obtain finished products containing only 5% fat [4].

Now the domestic market offers many concentrates in the form of puree and extracts containing prebiotics. However,
the use of dry powder mixtures is considered relevant. Powders are an additional cheap source of biologically active sub-
stances that are capable of forming stable complexes, improving digestion and organoleptic characteristics of semi-finished
products with their use.

In the scientific and technical literature, there are a number of publications on the preparation of powders of these tu-
bers and root crops, which describe the study of drying inulin-containing plant raw materials by non-traditional methods. For
example, the kinetics of drying Jerusalem artichoke tubers using superheated steam at atmospheric pressure as a heat carrier
in a pulsed fluidized bed has been investigated. The authors note that with impulse supply of the coolant, the Jerusalem arti-
choke layer is actively mixed, agglomerates are destroyed, which contributes to uniform drying [5].

However, it should be noted that in the above studies there is no analysis of the chemical composition of the
dried powder, the expediency of which is due to the long-term effect of high temperature on the product, which causes
the processes of caramelization and melanoid formation [ 6 ] . The consequence of these processes is a significant de-
struction of inulin, which is the target component of dried Jerusalem artichoke tuber powder.

Along with the advantages of the known drying methods, one should also note the disadvantages - the difficul-
ty of ensuring uniform processing of a fixed layer of the product due to the irregularity of the infrared field and the
low productivity of industrial devices of periodic action. The first drawback is confirmed by the light brown color of
the dried product, which indicates the presence of caramelization and melanoidin formation during processing. A large
amount of fructose also indicates a partial breakdown of inulin.

The kinetics of the process of drying Jerusalem artichoke tubers in a fluidized bed was investigated in the range of
changing technological parameters: air temperature - 60-115 ° C, the size of the product cubes face - 5, 6, 8, 10, 12 mm, the
specific load of the product on the gas distribution grid - 15-25 kg / m 2, air speed - 2.2 m / s. The authors note that the dried
product is characterized by high organoleptic characteristics. It is noted that the use of high temperatures in the advanced
stage for drying a number of products of plant origin (especially for Jerusalem artichoke) is futile.

Thus, the analysis of studies of drying Jerusalem artichoke tubers in various ways shows that the best indicators
of the finished product are provided when drying with a heat carrier with a temperature of up to 100 ° C.

A known method of drying chicory root, in which the crushed chicory root is extracted with water and ethyl alcohol
at a temperature of 90-95 ° C, the extract is separated, concentrated to a solids content of 35-40% and dried by freeze-
drying. During extraction, liquid CO ,is dispersed into the extraction mixture , the target product is concentrated by freezing
[ 7 1. The disadvantage of this method is the complexity and cumbersomeness of technological processes due to several stag-
es of extraction with water, at different temperatures, for several hours, freezing of the obtained extracts, two stages of freeze
drying, which leads to an increase in the cost of chicory root powder and a decrease in its yield.

A known method of drying an extract of chicory root, in which the crushed chicory root is extracted with ethyl alco-
hol, the liquid phase is separated, concentrated and spray dried. Grinding of raw materials is carried out to a particle size of
no more than 1 mm, extraction is carried out with 60-80% ethyl alcohol at a ratio of raw materials : extractant 1: (5-7), con-
centration is carried out by evaporation under vacuum to a ratio of raw materials - concentrate 1: (0.8-1 , 3). The disad-
vantage of this method is the insufficient amount of inulin content in the resulting powder, a decrease in the yield of the
product and the cumbersomeness of technological processes for producing chicory root powder.

The purpose of the article is to determine the rational parameters for drying Jerusalem artichoke tubers and
chicory root for the maximum degree of preservation of the target component - inulin and ensuring minimum energy
costs in the production of a powdered semi-finished product from Jerusalem artichoke and chicory.
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Presentation of the main material. Due to the fact that the powdered semi-finished product from Jerusalem
artichoke and chicory contains a valuable component - inulin, it was necessary to study the influence of methods and
parameters of drying on its quantitative content. Drying of Jerusalem artichoke tubers was carried out in a centrifugal
fluidized bed, the degree of influence of the shape and size of cubes on the intensity of drying was determined

The research was carried out on Jerusalem artichoke cubes with side sizes of 5, 6, 8, 10 and 12 mm. The air ve-
locity in all experiments was 3.65 m /s, the filling factor of the working chamber was 0.26. Indoor air temperature 17
° C, relative humidity 55%.

Analysis of these drying curves indicates that the processes of internal and external heat and mass transfer dur-
ing drying of Jerusalem artichoke tubers largely depends on the particle size of the product. So, when drying cubes
with a side size of 10 mm, the drying rate in the first period was 2.2 x 10-2% / s, and when drying cubes with a side
size of 6 mm - 2.9 x 10-2% / s. Reducing the particle size increases the specific surface area of the product, that is, the
contact surface of the dried material with the drying agent.

The characteristic size of the product also determines the path of moisture transfer from the inner layers to the
evaporation surface - the smaller the size, the shorter the path. All this leads to an increase in the moisture exchange
coefficient, which is inversely proportional to the value of the equivalent particle diameter.

The size of the cubes is due to the fact that their increase to 15 x 15 x 15 mm leads to an increase in the drying
time, while the product has a higher final moisture content in the range of 14-15%, a decrease in cubes to 5 x 5 x 5
mm leads to sticking of the product on the working surface of the drum, which leads to product losses.

In experimental studies, when drying cubes of Jerusalem artichoke tubers with a side size of 5 mm, agglomer-
ates of particles were formed that did not break when dropped. These agglomerates started to form after drying the
surface of the cubes after the start of the drying process. With an increase in the size of the side of the cube to 10 mm,
the formation of agglomerates was absent.

Figure 1 shows the curves of drying and drying speed of Jerusalem artichoke cubes measuring 10 x 10 x 10
mm at different air temperatures at the entrance to the working chamber.
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Figure 1. Curves of drying and drying rate of Jerusalem artichoke depending on the air temperature:
1,1'-75°C;2,2'-90°C;3,3'-110°C

As the analysis of curves 1 ', 2', 3 'shows, the temperature rise in the center of the Jerusalem artichoke cube is
very intense. The temperature head at the end of the process is: 4 ° C for curve 1 ', 8 ° C for curve 2' and 12 ° C for
curve 3. The air temperature significantly affects the duration of the process.

With its increase from 75 ° C to 105 ° C, the drying time to the equilibrium moisture content decreases by 2.3
times. At a temperature of 70-75 ° C, the drying process to a final moisture content of 12.2% lasts about 105 x 60 s,
while at 100-110 ° C to a final moisture content of 6-8% it takes about 45 x 60 s, that is, in 2 , 3 times faster.

The temperature of the product during drying determines the quality of drying Jerusalem artichoke, therefore,
to quantify the severity of the temperature effect of each drying mode, the average temperature of the product was
determined throughout the entire process. A number of studies have shown that the quality indicators of dried vegeta-
bles correlate well with the value of the average temperature.

Organoleptic characteristics, as well as the shape of the finished product, differ significantly for different air
temperatures. At an air temperature of 75 ° C and 90 ° C during drying, a significant shrinkage of Jerusalem artichoke
cubes occurs. They lose their original shape: the centers of the faces are displaced towards the center of the parti-
cle. At an air temperature of 110 ° C, the initial shape of Jerusalem artichoke cubes does not change (except for a gen-
eral decrease in the volume of the cube), which indicates the volumetric nature of moisture evaporation due to the high
temperature of the coolant.

The color of the finished product changes from slightly yellow (at an air temperature of 75 ° C) to light brown
(at an air temperature of 110 © C). Cubes dried at 110 ° C are hard, brittle and easy to grind into powder, while Jerusa-
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lem artichoke particles dried at 75 ° C and 90 ° C are viscous and poorly crushed due to adhesion to the working body
of the grinder. The taste is in all cases sweet, characteristic of the given product.

The color and structure of the finished product indicate a different degree of completeness of the reactions of
caramelization and melanoid formation, due to different temperatures of the coolant. The light brown color and the
corresponding structure for Jerusalem artichoke cubes dried at 110 ° C indicate deeper changes in the carbohydrate
complex. Therefore, such an air temperature leads to the loss of the target component of Jerusalem artichoke - inu-
lin. On the other hand, drying at lower temperatures can lead to a significant increase in the duration of the process,
which can increase energy costs.

The duration of the first stage of drying for cubes with a side size of 10 mm can be determined from the tem-
perature curve 3 '- this is the point in time when the temperature in the center of the particle reaches 65 ° C. This hap-
pens 14 x 60 s after the start of the process.

Figure 2 shows the drying curves 1, the temperature in the center of the Jerusalem artichoke cube 2 and the air
temperature at the entrance to the working chamber 3 with the above stepwise drying mode.
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Figure 2. Stepwise mode of drying Jerusalem artichoke tubers

According to Figure 2, the air temperature after 14 x 60 s was sharply reduced to 45 ° C in order to prevent
overheating of the product, and further increased to 75 © C in order to reduce the moisture content. Analysis of curve 2
indicates that a stepped temperature regime was applied, which ensured the temperature inside the cubes below 65 ° C
during the entire process. The drying time was 90 x 60 s.

One of the stages of the technology for the production of powder from chicory root is its extraction in a water-
alcohol solution at a ratio of the volume fractions of water and ethyl alcohol. After extraction, the chicory root is a
fraction similar in structure to brewer's grains. For this, chicory root was crushed, the resulting powder was extracted
with ethyl alcohol. In addition to inulin, chicory root contains a biologically active substance, which by its nature of
origin belongs to the group of glycosides. Therefore, the extraction was carried out in order to remove the glycosidic
substance intibin, which imparts a bitter taste to the chicory root.

It is known that inulin is difficult to dissolve in alcohol and cold water. The alcohol is able to remove the gly-
coside and give the chicory root a pleasant aftertaste. Therefore, when conducting a study on the extraction of chicory
root, ethyl alcohol and distilled cold water were used as a liquid to reduce bitterness, making it possible to obtain a
high quality product without losing the target component - inulin. The resulting solutions were left for a day to remove
the glycosidic substance intibin, then filtered and dried. Having received the dried and crushed powder, the bitterness
index was determined (figure 3).

Organoleptic characteristics of hydrolyzed chicory root powder were determined, according to which it was found
that the powder obtained by extracting ethyl alcohol in a ratio of 1: 4 (sample No. 1) has a less bitter taste than powders ob-
tained by extracting ethyl alcohol with water in a ratio of 1: 2: 2 (sample No. 3), 1: 1: 3 (sample No. 2), 1: 4 (sample No.
4). Thus, the use of ethyl alcohol provides a high quality product in terms of organoleptic characteristics.

When drying the chicory root, the following parameters were maintained: temperature 16-19 ° C, relative hu-
midity 48-49%, the radiation power of the microwave generator varied within 136-264 W, the weight of the product
load was within 5-75 g.

The intensity of heating the product with microwave heat supply is determined by the properties of the product
and the power of the electromagnetic field. Heat is generated directly in the product, and not in the external environ-
ment. Therefore, the integral parameter characterizing the degree of thermal effect on the product is the specific radia-
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tion power of the microwave generator. Figure 4 shows the curves of drying and drying rate of chicory root depending
on the specific radiation power of the microwave generator. The drying curves and drying speed in the graph show
that the drying process takes place in almost three periods: product warming up, constant speed and decreasing speed.
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Figure 3. Effect of extraction on the bitterness of chicory root powder:

1) 1: 4 (25 g of powder: 100 g of ethyl alcohol); 2) 1: 1: 3 (25 g of powder: 25 g of ethyl alcohol: 75 g of water);
3) 1: 2: 2 (25 g of powder: 50 g of ethyl alcohol: 50 g of water); 4) 1: 4 (25 g powder: 100 g water)

When comparing curves 1 ‘and 2' (Figure 4), it was determined that a decrease in the drying time is achieved
mainly due to an increase in the drying rate in the second period, that is, intensification of external moisture trans-
fer. For these experiments, the power of the microwave generators was the same and amounted to 136 W, and the ini-
tial masses were different - 75 g and 50 g, respectively. Moreover, in both cases, the product was loaded into the same
container, and with an increase in its mass, the layer height proportionally increased. As a result, it can be stated that
the thickness of the layer does not affect its diffusion resistance to moisture transfer in the third period, which is typi-
cal for microwave energy supply.
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Figure 4. Curves of drying 1-3 and drying rates 1'-3 "of chicory root at different values
specific power: 1,1 '- 1.83 kW /Kkg; 2,2 '-2.72 kW / kg; 3, 3 '- 5.28 KW / kg

The drying rate curves in Figure 4 indicate that the reduction in drying time for the above two power values occurs
both during a period of constant and during a period of decreasing drying speed. Thus, the constant drying rate is: at 1.83
kW / kg - 2.92% / min, at 5.28 kW / kg - 13.5% / min. Thus, an increase in power density accelerates both external and in-
ternal moisture transfer. When implementing the process in an industrial version, it is possible to recom-
mend increased product loads per unit of the working surface plane, which will ensure the small dimensions of the drying
unit and increase its productivity. To confirm this, the voltage of the working surface with moisture evaporation was deter-
mined: at 1.83 kW / kg it was 3.81 kg /(h x m %), at 2.72 kW / kg - 2.87 kg / (h x m ?).

The drying time depends significantly on the specific power. So, with its value of 1.83 kW / kg, the drying time is 79
x 60 s, while at 5.28 kW / kg it decreases almost three times and is 28 x 60 s.
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As a result of drying chicory root in a drying cabinet and a roasting cabinet, the amount of inulin is lost by 20-
22%, the moisture content of the powder increases by 20-30%, compared to drying in the microwave field, in which
the amount of inulin is lost by only 13%. Therefore, the most rational method of drying for chicory root is the micro-
wave field, since the inulin content in the product is 10.9%, the moisture content of the powder is 8-9%.

When drying Jerusalem artichoke tubers in a roasting cabinet, the amount of inulin is lost by 22%, which is
more than when drying in a centrifugal fluidized bed and in a microwave field, the moisture content of the powder
increases by 30%. When drying tubers in a microwave field, the amount of inulin is lost by 5%, which is less than
when drying in a centrifugal fluidized bed by 2%, but the moisture content of the powder increases by 25%. Also,
during the drying of tubers in the microwave field and the roasting cabinet, the processes of caramelization and mela-
noidin formation occur intensively , which worsens the organoleptic characteristics of the powder. Therefore, the most
rational way to dry Jerusalem artichoke tubers is to use a centrifugal fluidized bed, the amount of inulin is 11.9%, the
moisture content of the powder is 6-8%.

Table 1 shows data on the quantitative content of inulin in powders of chicory root and Jerusalem artichoke tu-
bers obtained under various drying modes.

The data in table 1 indicate that when drying Jerusalem artichoke tubers in a centrifugal fluidized bed at tem-
peratures of 9-95 ° C and 110-120 ° C, the amount of inulin is 9.19% and 8.10%, respectively. At a drying temperature
of 75-80 ° C the amount of inulin is 12.13% more than that during the drying step mode, but this temperature leads to
a rather long mu process from drying, and this in turn can lead to large power inputs.

Table 1
The quantitative content of inulin in powders of chicory root and Jerusalem artichoke
tubers at different drying modes
Drying method | Drying temperature / power | The amount of inulin after drying,%
Jerusalem artichoke tubers

75-80°C 12.13£0.01

90-95°C 9.19+£0.02

Centrifugal fluidized bed 110-120°C 8.10+0.01
step mode,

Stage 1 - 110-120° C, 11.90 £0.01

Stage 2 - 75-80° C

Chicory root

1.83 kW / kg 10.90 = 0.02
Microwave heating 2.72 kW / kg 9.20+0.01
5.28 kW / kg 8.71 £0.01

Conclusions . The most optimal temperature regime for drying Jerusalem artichoke tubers is a step regime in a
centrifugal fluidized bed : at the first stage - 110-120 ° C, at the second - 75-80 ° C, the amount of inulin being
11.9%. When drying chicory root in a microwave field, the most rational temperature regime is drying at a field power
of 1.83 kW / kg, the inulin content is 10.9%. When chicory root is dried with a field power of 2.72 kW / kg and 5.28
kW / kg, the amount of inulin is 8.71% and 9.2%, respectively, which is less than when drying with a field power of
1.83 kW / kg.
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COMPARATIVE EVALUATION OF CONSUMER
PROPERTIES OF SPECIAL DEER CUTLETS AND
CUTLETS DEVELOPED ACCORDING TO THE
TRADITIONAL RECIPE AND TECHNOLOGY
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Annomayusa: B craTbe npeACTaBICHBI PE3yIbTaThl CPAaBHUTEIBHON OLEHKH MOTPEOUTENBCKUX CBOHCTB KOTIET OJEHBHX
0COOBIX W KOTJIET, BEIPAaOOTAaHHBIX 10 TPAJULIMOHHON pelenType W TEXHOJIOTHH, Y CTAHOBIEHO, YTO KOTIEeTHl OJIeHBH 0COOBIE IO
OpraHoJICOTHYCCKUM ITOKA3aTCIIsIM HE YCTYIAlOT KOHTPOJIbHOMY 06pa3uy. AMMHOKHCIIOTHBIM cOcTaB Oelka KOTieT 0e3 oponika
TonuHaMOypa u KoTieT OJEHbHX OCOOBIX MpHONMKEH K dTanoHHoMy 3HaueHHo ®AO/BO3. Ilpu m006aBieHHH MOpPOIIKA W3
KIyOHel TomnHaMOypa B KOTJIETaX YBEJIMYMBACTCS COJACpKaHue BUTAMHHOB B, B,, Bs, C, a Taxke oOHapyxeH BUTaMuUH B,
KOTOPOTO HET B KOHTPOJIbHOM 06}‘)331_[6. B kornerax OieHbHUX OCOOBLIX BBIIIE COACPIKAHUE Kaliblivsd, Kajlusd, KEJI€3a, a TaKKE
COZIEPKUTCSI KPEMHHH, KOTOPOTO HET B KOHTPOJBHOM 0Opasue KoTieT. VcciaenoBaHus mokasaiu, 4yTo KOTiaeTel OneHbH 0coObIe
001a1a10T BRICOKUMH NOTPEOUTEIIECKUMU CBOHCTBAMH.

Knrwoueesvie cnosa: msacopactutenbHble monyhaOpHKaThl, OJEHHHA, MACO CEBEPHOTO OJICHS, TOMMHAMOYP, TOPOIIOK TOIH-
HamOypa.

Abstract: The article presents the results of the comparative evaluation of consumer properties of particular Deer chops and
cutlets, produced according to traditional recipes and technologies determined that Deer burgers special organoleptic characteristics
are not inferior to the control sample. Amino acid composition of protein cutlets without Jerusalem artichoke powder and special
cutlets Is close to the reference value of FAO/who. When adding powder from Jerusalem artichoke tubers in cutlets, the content of
vitamins B1, B2, B5, C Increases, and vitamin B7, which is not found in the control sample, is also found. In deer cutlets special
higher content of calcium, potassium, iron, and contains silicon, which is not in the control sample cutlets. Studies have shown that
special deer cutlets have high consumer properties.

Key words: meat and vegetable semi-finished products, venison, reindeer meat, jerusalem artichoke, jerusalem artichoke
powder.

BBenenne. B HacTosmIee BpeMst IIUPOKOE PACTIPOCTPAaHEHHE B MUPE TOXYYHIA POIYKTHl TUTAHUS (PYHKIHO-
HaJbHOIO Ha3HAUEHUs, yIIydlIaloUIie CTPYKTYpy NUTaHUs yenoBeka. C Leabio MOBBIIUEHUS MUIIEBON LIEHHOCTH MsiC-
HBIX MPOAYKTOB JJId UX MPOU3BOACTBA MCIIOJIB3YIOT Pa3IMYHbIC TEXHOJIOTHUUCCKUE }106aBKI/I, TaKW€ KaK NPOAYKThI I1€-
pepaboTKH THIKBBI, TOMMHAMOYpPa, TOPUHUIB], KYKypY3bl, IUIOJ0OOBOIIHBIX TOPOIIKOB, KOTOPHIE CIIy>KaT MCTOUHHUKOM
6eJIKOB, BUTAMHHOB, MHHEPAJIBHBIX BEIIECTB, YIIICBOIOB, MUIIEBBIX BOJIOKOH [1, 2, 3].

MaTepuanu U METOoAbI. I/IHyJ'II/IHCO}lep)KaHH/Ie CBIPBE ABJIACTCA MNMEPCHEKTUBHBIM CHIPEEBBIM PACTHUTCIIBHBIM
HMCTOYHHUKOM, 00OTaIIafoIM MSCHBIE MPOIYKTHI MUIIEBEIMHA PaCTBOPUMBIMHU BosIokHaMH. [Ipu pazpaboTke perenty-
PBI KOTJICT B Ka4eCTBE IMHIICBON JOOABKH MPUMEHSUICS MOPOMIOK TomrHamMOypa. Beibop maHHOW muIeBoi J00aBKU
00BSICHAETCS €€ BRICOKOW IMUIIEBON IICHHOCTHIO. B moporike u3 kiryOHe# TomuHaMOypa coiepKarcst OeIKU, YTO OYCHb
BaXHO IIPH HPOM3BOJCTBE MSICHBIX MPOAYKTOB. COaTaHCHPOBAaHHOCTh COCTaBa HE3aMEHUMBIX aMHHOKHCIIOT OelKa,
coJlleprKaierocst B 1obaBke, NPUOIIDKACTCS K «UICATEHOMY O€lKy». B kadecTBe OCHOBHOTO MSICHOTO CHIPBSI OBLIO
BEIOPaHO MSCO CEBEPHOrO oyieHsA. VMes CpaBHHUTENBHO HU3KYIO JHEPTrEeTHUYSCKYHO LEHHOCTh, OJICHHHA BBIACISACTCS
OOJIBIIIMM COJICpXKAHUEM OEJIKOB U JOCTATOYHO HU3KUM HalMuueM >KUpOB. [1o cOanaHCHPOBAaHHOCTH aMHHOKHCIIOTHO-
T'O COCTaBa OJICHWHA MPEBOCXOIUT CBUHUHY | Oapanuny [1, 2, 4,5].

Henp ncciemoBaHUs 3aKII0OYaIAch B MPOBEACHUH CPABHUTEIHHON OLIEHKH NOTPEOUTENHCKUX CBOMCTB KOTJIET
OseHpNX 0COOBIX U KOTJIET, BRIPAOOTaHHBIX MO TPAAUINOHHON PEHENType M TEXHOIOTHH.

O0beKTaMu HCCIe0BAHUS SBISUTUCE KOTIIeThl OJIeHBH 0cO0BIe C cofepyKaHHEM MOPOIIKA W3 KITyOHEeH TOIHMHAM-
Oypa B KommaecTBe 8% OT MAacChI ChIPhSI M KOTJIETHI 0e3 J00aBIeHHs MOpoIIka U3 KiIyOHeH TonrnHaMOypa (KOHTPOIBHBIH
obpaserr). Kotnersl BbIpaObOTaHBI 1O TPAJUIIMOHHON TEXHOJIOTHH. KOTIEThI TOTOBMJIM OJICHHHBI JKUJIOBAHHOM, CBUHHMHBI
YKIJIOBAHHOM MOTYKHPHO, JIyKa PEIYaToro, IIMHKa CBUHOTO, SUI] KYPUHBIX, COJIA OBAPCHHOM MUIICBOM, Xyie0a U3 IIie-
HUYHOW MYKH BBICILICTO COpPTa, CyXapei MaHUPOBOYHBIX, MEPIia YSPHOr0 MOJIOTOro. TomuHamMOyp MpeAcTaBisuT co00# 01~
HOPOJIHBIH TOPOIIOK, CBETIO-KPEMOBOT'O IBETa, O¢3 MOCTOPOHHUX MPUBKYCOB U 3alaXOB M MMEJ MACCOBYIO JIOJIO BIIArd
5%. OOpas31pl KOTIIET UCCIICIOBAIIHA B CHIPOM M TEpMOOOpaboTaHHOM BHjIE [6].

Pe3ynbTaThl ncciienoBanns u oocy:xaenusi. Ha nepBoM 3rarie uccieoBaHus MOTPEOUTENILCKUX CBOWCTB paspa-
OOTaHHBIX MSCOCOCPKAIIUX KOTIET OJICHBHX 0COOBIX OLICHUBAIM OPTaHOJICIITHYECKHUE IOKAa3aTeNu KadyecTra [7].
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COBPEMEHHAA HAVYKA U

MHHOBALUMUMN

B Tabmune 1 nmpuBeaeHb OpraHoJIeNTHYECKIE TTOKa3aTen KadyecTBa pa3paboTaHHOTO monydadpukara B cpas-
HEHHH C KOHTPOJBHBIM 00pa3ioM. BHeIIHUI BU, BUI Ha Cpe3e, LBET U 3amax Noiay(haOdpUKaTOB OIICHUBAIN B CHIPOM
Bujie. BKyC OllcHHMBaNH MOCIIE TEIIOBOI 00pabOTKH — KapKH.

Tabuuna 1

OpFaHOHeHTI/I‘{eCKI/Ie TOKa3aTCJIM Ka4€CTBa MACOCOACPKAIIUX KOTJICT

Ne HaumenoBanue
MOKa3aTes

Kotnets! 6e3 moporuka TonuHamMOypa
(KOHTpOJIB)

Kotnersr OneHbu 0coObIe

1 Bremnwmit Buj

M3menpueHHass ogHOpomHas macca 06e3 Ko-
CTEH, XpAIICH, CyXOXKWINH, TpyOOl COeTUHU-
TEJbHON TKaHH, KPOBSIHBIX CI'YCTKOB M ILJIe-
HOK, pPaBHOMEPHO TIiepeMelnaHa, 0e3 paso-
pBaHHBIX U JIOMaHBIX KpaeB, PaBHOMEPHO

W3menbueHHas oqHOpomHas macca 0e3 Ko-
CTeH, Xpsmiel, CyXoXWIHi, rpy0oii coenu-
HUTEILHOH TKAaHW, KPOBSIHBIX CTYCTKOB H
IUICHOK, paBHOMEpPHO IiepeMelnana, 0Oe3
Pa30opBaHHBIX M JIOMaHBIX KpaeB, pPaBHOMEP-

HOKPBITA TAHUPOBOYHBIMHU CYXapsIMU
@apir Xopomo nepeMelad, Macca OZHOPOI-
Hasl ¢ BKJIIOUCHHUEM HHIPEUEHTOB PELEHTYPEI

HO MOKPBITa NAHUPOBOYHBIMU CyXapsMH
®apm xopowio mepeMeriaH, Macca OJHO-
poIHas ¢ BKIIOYEHHEM HHIPEIUEHTOB pe-
LENTYPBI

CBOWCTBEHHBII JaHHOMY HaWMEHOBaHUIO
nonypadpukaTta ¢ y4€TOM HCIOJB3yEMBIX
pPELenTYpHBIX KOMIIOHEHTOB, 0€3 IOCTO-
POHHUX NPHUBKYCA U 3amaxa

2 | Buanacpese

3 LBer, 3anax, BKyc CBOWCTBEHHBIHI JTaHHOMY HaUMEHOBaHUIO
nonygpadpukaTta ¢ YYETOM HCIOJIb3YEMBIX
PELenTypHBIX KOMIIOHEHTOB, 0€3 IIOCTOpPOH-

HHX OPUBKYCa U 3araxa

B tabmure 2 npuBeneHBI pe3yIbTaThl OIIEHKHA OPTaHOJIENTHYECKIX MOKa3aTelel JeryCTallmoHHONH KOMHCCHEH,
cocrosieit u3 7 skcnepToB. [IpoBoamiIack 3aKphiTasi JETyCTAIlUsI KOTIET MO 9-0aibpHO# mikaie. OUeHUBAICS Kak-
JIBIN TIOKAa3aTeNb KaueCTBa U BRICTABIISUIaCh 001as cpeHsis oleHka [7].

Tabnuma 2
JlerycranmonHas oneHKa KauecTBa MsICOCOAEPKAIIUX KOTIET

Ne HaunmeHnoBanwue mokazaTest OreHKa, OaIbl
n/m Kotnetsr 6e3 moporka TonnHamMOypa Kotnerst Onensu ocoOble
(KOHTPOIIB)
1 | Buemnuii Bujg 8,6+0,2 8,54+0,3
2 L{BeT Ha pa3pese 8,4+0,1 8,3+0,1
3 | 3amax 8,5+0,2 8,5+0,2
4 | Bkyc 8,4+0,3 8,4+0,1
5 | Koncucrenuus 7,9+0,2 8,54+0,2
6 | Counocth 7,8+0,3 8,6+0,3
7 | O6uias olleHKa KayecTBa 8,3+0,3 8,5+0,2

AHanu3 pe3yabTaToB JETYCTAIIMOHHOW OIEHKM KadecTBa KOTJET MOKa3aJl, YTO MO OPraHOJENTHUECKUM MOKa3a-
TeIM pa3pabdOTaHHBIA MPOOYKT HE YCTYyIaeT KOHTPOJBbHOMY 00pasimy. Criemayer oTMETUTh Ooliee BBICOKYIO OOIIYIO
OIICHKY KadecTBa pa3paOd0TaHHBIX KOTJIET 110 CPAaBHEHUIO C KOHTPOJIBHBIM 00pa3IoM.
B tabnwie 3 nmpuBeaeHBI pe3yIbTaThl UCCICIOBAHNAN O0IIET0 XUMHIECKOTO COCTaBa Pa3pab0TaHHBIX KOTIIET.
Tabmuma 3
OOuwii XUMUIECKHAH COCTaB MACOCOIEPIKAMUX KOTIET

Ne HanmeHoBaHue nmokasarens Kotners! 6e3 moporka TonuHamOypa Kotnersr Onenbr ocooObie
/i (KOHTpOJIB)

1 Maccosas noas 6enka, % 12,84+0,35 10,63+0,27

2 Maccosas goust sxxupa, % 15,22+0,28 10,37+0,26

3 MaccoBas 105 YrieBoaoB, % 7,98 12,38

4 MaccoBast 105 30751, %0 1,84+0,06 1,69+0,07

5 MaccoBast goss Baaru, % 62,12+0,64 64,93+0,52

AHanu3 TaHHBIX, IPUBEACHHBIX B Ta0yuIle 3, MOKa3bIBAET, UTO pa3padOTaHHBIE MCOCOEPIKAIINE KOTIETHI CO-
JIep>KaT MeHbIIe OeNKa, JKUpa, 3051bl, BIArH 1 OOJIbIIE YIIIEBOIOB MO CPABHEHHIO C KOHTPOJIBHBIM 00pasiom [8] .

PesynbraThl nccne0BaHUS aMUHOKUCIIOTHOTO COCTaBa Oellka OIEHMBAEMBIX 10JTy(haOpHKAaTOB IPEICTaBICHBI
B Tabuniie 4, JaHHBIE KOTOPOH CBUAETENHCTBYIOT O TOM, YTO AMMHOKHCIIOTHBIN cocTaB Oeika KOTJIeT 0e3 MOopoluka
TONMMHaMOypa 1 ¢ HOPOIIKOM TOIMHAMOYpa NPHOIIMKEH K TanoHHoMy 3HadueHnio @AO/BO3.

Tabiuma 4
AMUPHOKHCIIOTHBIN COCTaB OeJKa MsICOCOACPIKAIINX KOTIET
Ne HaumenoBanue Kotnets! 6e3 moporuka TonuHam- Kotnersr Onensu ocobbie OrasoH
n/m AMHHOKHCIIOTHI Oypa (KOHTPOJIb) DAO/BO3,
Conepxanue Cxkop, Conepkxanue Ckop, /100 r Genka
aMUHOKHUCJIOT, % aMUHOKHUCIIOT, %
r/100 r Genka /100 r Oenka
2 W3oneiinma 5,12+0,02 128,00 4,89+0,01 122,25 4,0
3 Jleiiuun 7,82+0,03 111,71 7,74+0,05 110,57 7,0
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4 JIuzun 6,12+0,04 111,27 5,90+0,04 107,27 55
5 MetnonuH + [uctun 3,23+0,04 92,28 3,00+0,03 85,71 3,5
6 DennanaHuy 5,90+0,01 98,33 6,10+0,01 101,66 6,0
+Tupo3un
7 Tpeonun 3,63+0,01 90,75 3,52+0,02 88,00 4,0
8 Tpunrodan 1,24+0,01 124,00 1,234+0,01 123,00 1,0
9 Bamun 5,24+0,01 104,8 5,17+0,03 103,4 5,0
10 CyMMa HE3aMEHHUMBIX 38,30 - 37,53 - 36,0
AMHHOKHCIIOT

Hamu npoBezieHa olieHKa coJiepyKaHus BUTAMUHOB M MHHEPAIbHBIX 3JIEMEHTOB B MACOCOIEPIKAIIUX PyOICHBIX
oy abprkaTax, BEIpaOOTaHHBIX C BBEIEHHEM B PEIETITYpy pPa3HOTO KOJIMYECTBA MOPOIIKa U3 KIyOHe! TonmnHamMOy-
pa [8]. Pe3ynbTaThl MpencraBieHs! B Tabmunax 5, 6.

Couepma}me BUTAMHWHOB B MACOCOJACPKAINX KOTJICTAX

Tabnuua 5

Ne HammeHoBaHue BUTaMiHa Kotnersr 6e3 moporka TonnHamMOypa Kotnersr Onensu ocobbie
/11 (KOHTPOIIB)
1 By, Mr/100 T 0,273+0,006 0,347+0,004
2 By, Mmr/100 T 0,299+0,005 0,808+0,001
3 B, mr/100 ¢ 25,013+0,5 21,552+0,5
4 Bs, Mr/100 0,170+0,01 0,250+0,02
5 Bg, Mr/100 T 0,229+0,02 0,224+0,02
6 B;, Mxr/100 T - 3,943+0,03
7 By, Mxr/100 T 11,049+0,3 9,526+0,1
8 B1,, Mxr/100 1 0,258+0,06 0,220+0,03
9 C, mr/100 r 0,263+0,01 1,034+0,01
10 | PP (B3), Mr/100 T 4,904+0,05 4,228+0,06
11 | E(T9),mr/100T 0,449+0,004 0,366:+0,004
12 | A(PD), mxr/100 T 6,371+0,01 4,799+0,01

Crnenyet oTMeTUTh yBeanueHue BuTamMuHoB C u B, B 3,93 u 2,70 pa3a cOOTBETCTBEHHO.

JlaHHbIEe TAaOIUIBI 5 CBUAECTENLCTBYIOT O TOM, YTO BBEJIEHUE B PEIENTYPY KOTJIET MOPOIIKa U3 KIyOHEW TO-
nuHaMOYpa BIUSET Ha COJIEp>KaHUE BUTAMUHOB TPYIIIBI B TOTOBOM MpoaykTe. [Ipu qobaBieHnn mopoika u3 KiryoHei
TonuHaMOypa B KOTJIETaxX yBEIMUMBAETCS COAEpkKaHUe BUTaMUHOB B, By, Bs, C, a Takke oOHapyxkeH BUTaMHUH Bg,
KOTOpOro He ObUTO B KOTiIeTax 0e3 TonuHamOypa. KoiuuectBo ButamuuoB By, Bg, Bg, B1o, PP, E, A ymeHnsbIiaercst.

PeSyJ’II)TaTLI HCCIICJOBaHUA COACPIKAHUA MUHEPAJIbHBIX BEIIECTB B KOTJIETAX NPEACTABJICHLI B Ta6nmue 6.

Tabmuma 6

Coz[epxca}me MakKpo - 1 MUKPOIJICMCHTOB B MACOCOACPKAIUX KOTJICTAX

Ne HawnmMeHOBaHME MUHEPAITLHOTO 3JIEMEHTA KoTtnets! 6e3 moporika TomuHaM- Kotnetsr Onenbu ocobbie
n/m Oypa (KOHTpOJIb)
MaxkpoaeMeH Tl
1 Kanpimit, mr/100r 20,855+0,6 23,974+0,4
2 Marnwnii, mr/100r 17,010+0,1 15,716+0,3
3 Kanmii, mr/100r 196,758+2.5 334,528+2,0
4 Harpuii, mr/100r 509,373+3,8 434,359+2.7
5 Docdop, mr/100r 122,831+1,5 109,355+1,3
6 Cepa, mr/100r 127,560+2,5 96,517+3,0
7 Xnop, mr/100r 694,671+5,1 597,578+4,5
MHUKpPO3JIEMEHTHI

8 XKeneso, mr/100r 1,820+0,3 3,005+0,4

9 Menp, Mxr/100r 109,219+1,7 83,847+1,5
10 Mapraner, mr/100r 22,487+0.4 15,197+0,1
11 Iunk, mxr/100r 1976,676+3,5 1 408,088+3,5
12 Kpemuwit, mr/100r - 0,552+0,02
13 Ko6asnbTt, Mxr/100r 2,246+0,04 1,935+0,05
14 Cenen, mxr/100r 10,334+0,1 7,188+0,1
15 WMo, Mxr/100r 1,845+0,05 1,590+0,03
16 | drop, mxr/100r 15,618+0,56 13,458+0,10
17 | Xpowm, mxr/100r 3,139+0,12 2,705+0,15
18 Monu6eH, Mxr/100r 9,083+0,13 7,138+0,18
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W3 maHHBIX TAOMUIEI 6 ciiexyeT, 9To B Koiierax OJIeHBUX 0COOBIX BBINIE COACPKAHUE KABITUs, Kallus, kKe-
JIe3a, a Takke 0OHapyKeH KPEeMHHM, KOTOPOTo He OBUIO OTMEYEHO B KOHTPOJILHBIX 00pa3iiax KOTJeT.

Hapsiny ¢ opranoienTuaeckuMu U GU3HKO-XUMHUIESCKUMH CBOWCTBAMH, HE MEHEE BAXKHOU TPYITON MOTpeOn-
TEIBCKUX CBOWCTB SIBJISIFOTCS TIOKA3aTeNId 0€30MacHOCTH. Y UUTBIBAsI 3TO, UCCIEAOBAITM MUKPOOHOJIOTHIECKUE TTOKa3a-
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Tenu 6e30IacHOCTH BBIPAOOTAaHHBIX MSACOCOACPKAIINX KOTIET B CPABHEHHWH C KOHTPOJIBHBIM 00pasmoM. Pesymbrater
HCCIIeI0OBaHUs NpUBECHBI B Tabauie 7.

Tabmuua 7
MuKpoOHOIOTHUECKUE TTOKA3aTEIN 0€30IMaCHOCTH MSICOCOACPIKAIIUX KOTIICT
Ne HaunmenoBaHue nokazarems Kotnetsr 6e3 moporika Kotnetsr Onenbu TpeboBanus
n/n TonrHaMOypa (KOoH- ocoOble TP TC 034/2013
TPOJIB)
1 KonndectBo Me30(hHITBHBIX 2,5 10° 2,1- 10° He 6onee 5-10°

a3pOoOHBIX U (aKyIbTaTUBHO-
aHa’poOHBIX MUKpoopranm3Mos, KOE/r
2 | bakrepun Trpynnbl KUIIEYHOH MaJOYKH OTCYTCTBYIOT OTCYTCTBYIOT HE JIOIYCKAIOTCS
(xomudopmer) B
0,0001 r mpoaykTa
3 IInecens, KOE/r OTCYTCTBYET OTCYTCTBYET He Gosee 500

W3 npuBeneHHBIX B Ta0MUIE 7 pe3yIbTaToOB BHIHO, YTO MSCOCOJEPIKAIie KOTIEThI T0 MUKPOOHOIOTHIECKIM
moKazatessiM 0e30macHOCTH cooTBeTCTBYIOT TpeboBanusM TP TC 034/2013 «O Ge3omacHOCTH Msica M MSCHOU TpPO-
qykoum» [9].

Crnenyet oTMeTHTH 00Jiee HU3KOE KOJIMYECTBO ME30(HIBHBIX a3pOOHBIX U (PaKyIbTaTHBHO-aHAIPOOHBIX MHK-
poopranuzmoB (KMA®AHM) B pa3paboTaHHBIX KOTJETaX MO CPABHEHUIO C KOHTPOJHHBIM 00pa3ioM. ITO MOXKHO
00bsicHUTH OoJiee HU3KUM KondecTBoM KMA®AHM B nopoinke U3 KiyOHe# TonnHaMOypa o CpaBHEHHIO C MSICHBIM
CBIPBEM.

BuiBoabl. B pesynbraTe cpaBHUTENBHOI OLIEHKH OTPEOUTENBECKUX CBOICTB KOTIEeT OJEHBUX OCOOBIX M KOT-
JIeT, BEIpaOOTaHHBIX MO TPAJUIMOHHOM PELEeNType U TEXHOJIOTUH YCTaHOBIICHO:

— 10 OPraHOJIENTHIECKUM MOKa3aTelsIM pa3padoTaHHbIM NPOAYKT HE YCTYIaeT KOHTPOJIbHOMY 00pasIty;

— aMHUHOKHUCIIOTHBIM cocTaB Oesika KOTJIET 0e3 MOopomka TOMMHaMOypa W ¢ IOPOIIKOM TONHHaMOypa
pUOIIMKEH K 3TaToHHOMY 3HaueHuio ®AO/BO3;

—TIpu J00aBIEHUM MOPOIIKa U3 KIyOHeH TommHamMOypa B KOTJIETaX yBEIWYHMBACTCS COAEP’KaHWE BHTAMUHOB
B;, By, Bs, C, a Taxoke o0Hapy»KeH BUTaMHH B7, KOTOPOTro He OBUTO B KOHTPOJIHHOM 00pa3iax KOTJeT;

—B Komretax OJEHBMX OCOOBIX BBINIE COJIEPKAaHUE KaJbIMS, Kalus, jKejie3a, a Takke OOHapy>KeH KPeMHUMH,
KOTOPOTO He OBIJI0O OTMEUEHO B KOHTPOJIBHBIX 00pa3iax KOTIeT.

HccrnenoBanust mokasanu, 49To KoOTieThl OieHbn ocoOble 00NagaroT BBICOKUMH MOTPEOHUTEITBCKUMHU
CBOICTBaMH.
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COBPEMEHHAA HAYKA U WUHHOBAUWMNU
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A CONCEPTUAL APPROACH TO THE SCIENTIFIC
JUSTIFICATION OF THE MODIFICATION OF TECHNICAL
MEANS AND TECHNOLOGICAL EQUIPMENT OF FOOD
PRODUCTION
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Annomayusn. PaccMaTpHBarOTCs U aHAJIM3UPYIOTCS OCHOBHBIE HAIIPABICHHS U METOJIBI pa3pabOTKH TEXHUUECKUX PEIICHUH
B LEJISIX HOBBILIECHUS SKCIUTYyaTaI[MOHHBIX CBOMCTB TEXHOJIOTHMYECKOT0 000PYIOBaHUsS MUILEBOH MpoMbliIeHHOCcTH. [Ipemnaraercs
KOHIIETITYaJIbHBIN TOJX0J] K HAYYHOMY OOOCHOBAaHMIO TEXHWYECKUX PEIICHUH I MOAU(MHUKAIMKM U pa3pabOTKH TEXHUYECKHUX
YCTPOWCTB C MPUMEHEHHEM (PU3NUECKUX, MEXaHUUECKUX, XUMIUECKUX MOJIENIeH TEXHOTOTHUECKUX IIPOIIECCOB MPOIOBOIbCTBEHHO-
ro obecrieueHus. PacKkpbIBaloTCs IPUHIUIB MOAU(UKAIINH TEXHUUECKUX CPECTB IPOU3BOACTBA M KBATUMETPHU IPOTOBOIBCTBHS
IIpU KOMIIJIEKCHOM INIPUMEHEHHH METOJIOB TaKCOHOMHHU (DYHKIHMOHATIBHBIX XapaKTEPUCTUK M KBAIMMETPUYECKUX ITOKa3aTeleH,
aHaNn3a TOYHOCTH U CTAOMIEHOCTH TEXHOJIOTHYECKHUX MPOLECCOB, TEOPUH BHIIOIHEHHUS YKCIIEPUMEHTAIBHBIX UCCIIEIOBAHHH, UMH-
TaI[IOHHOTO MOJICJINPOBAHMs, a TAK)KE CTATUCTUYECKUX METOJIOB.

Knrouesvie cnosa: TexHOIOrHUeCcKoe 000pyIOBaHHE, TEXHUYECKUE CPENCTBA, HaAy4yHOE 000OCHOBaHHE, MOIU(DHUKALNS, Me-
TOZ0JIOTMYECKUETIPUHIIUIIBL.

Abstract. The main directions and methods of developing technical solutions for improving the operational properties of food pro-
cessing equipment are considered and analyzed. A conceptual approach to the scientific justification of technical solutions for the modifica-
tion and development of technical devices using physical, mechanical, and chemical models of technological processes of food supply is
proposed. The principles of modification of technical means of production and food qualimetry are revealed in the complex application of
methods of taxonomy of functional characteristics and qualimetric indicators, analysis of accuracy and stability of technological processes,
theory of experimental research, simulation modeling, as well as statistical methods.

Key words: technological equipment, technical means, scientific justification, modification, methodological principles.

BBenenmne. KauecTBo murtaHus ompenensieT YpOBEHb JKU3HU HACENEHUs, 0JarocOCTOSIHHE M HAIMOHAIBHYIO
Oe3omacHOCTh oOmiecTBa. Pemenne mpobieM MOBBIICHMs Ka4ecTBa MPOIYKTOB MUTAHUS TPEOYeT OnpeaeTCHHs paiu-
OHAJIBHBIX CIIOCO00B MOAM(UKAINN TEXHOJIOTHYECKOTO O00OPYIOBAHUS IMHUINEBOW MPOMBIIIICHHOCTH. HeoOxommmel
HOBBIC TEXHHYECKHE pEIICHUs, pa3paOOTaHHBIE ¢ MPUMECHEHHEM WHHOBAI[MOHHBIX TEXHOJOTHH, Oa3upyrommecs Ha
HCTIOJIB30BaHUH COBPEMEHHBIX MATEPHANIOB, (PU3MUECKUX, MEXAaHUIECKUX, XUMUUECKAX MOJENECH TeXHOIOTHUSCKUX
MIPOIIECCOB MPOIOBOIBCTBEHHOTO obecrniedeHus. HecMoTpst Ha OOJBIIOE KOJIMYECTBO HAYYHBIX Pa0OT, IMOCBAIICHHBIX
9TOW 00NacTH WCCNeNOBaHUM, 3a/1auyl CO3aHHUS METOJOJOTHH OOOCHOBAHMS TEXHHYECKUX PEIIeHUN MOau(HUKAIIN
TEXHUYECKHUX CPEJICTB M TEXHOJIOTHIECKOTO 000pyIOBaHUS MPOIIECCOB TPAHCIOPTHPOBAHUS, XpaHEHNUS, IEPEPabOTKH,
IIPOU3BOACTBA MPOJAYKTOB IMUTAHUA W KOHTPOJIA MX Ka4€CTBa, HE PCUICHBI. OcCHOBHAsI CJIOKHOCTb B pemieHun 3TON
3aJa49 COCTOUT B OTCYTCTBHUH BO3MOKXHOCTU OTPA3UTH IPOLECCHI W COACPKAHUC MO}II/I(I)I/IKaHI/II/I Ha OCHOBE KaKoOii-
6o oxHOM Teopun. HaydHoe 000cHOBaHME TaKMX pemIeHUH TpeOyeT MPUMEHEHUS! COBOKYITHOCTH METOJIOB, OTHOCS-
IIMXCS K pa3HbIM pas3jeiiaM TEOPETHYCCKOW W MPAKTHYSCKOW (PU3HMKH, XUMHU, KBaTUMETPHH, TCOPHU YIPYTOCTH U
MIPOYHOCTH, SKOHOMUKH H JIOTHCTHUKU U MHOTHX JIPYTUX 001acTeil HayKu.

OO0BeKT 1 MeTOIbI UCCIEOBAHUSA. B KauecTBe METONONOTAYECKOM 0a3bl HAYYHOr0 0OOCHOBAHUS TEXHUIECKUX
PCIICHUI COBEPIIICHCTBOBAHMS TEXHHYECKHX CPEICTB M TEXHOJOIMYECKUX MPOIECCOB MPOJOBOIBCTBCHHOTO OOCCIICUCHHS
LIeTIeco00pasHO TPUMEHSATh KOMIDICKC HauOoliee OOIIMX METOIOB TEOPETHYECKUX M AKCHEPUMCEHTAIBHBIX HCCIICIOBAHUI.
[Ipexxae Bcero, 3T0 METObI TAKCOHOMHUUYECKOIO M KOPPEJISIIMOHHO-PErPECCUOHHOTO MCCIIEJOBaHUs, TEOPUHU IJIaHUPOBAHUS
9KCIIEPUMEHTa, IMHUTAIIMOHHOTO MOJICIIMPOBAHNS, & TAK)KE CTATUCTUYECKHE METOIBI aHATIN3a TOYHOCTH U CTaOFITBHOCTH TEXHO-
JIOTHYECKHX TIporieccos [1-3].

K mpumepy, it o00CHOBAaHMS TEXHWYECKHX XapaKTEPHUCTHK M SKCIUTYaTallHOHHBIX CBOMCTB HPHOOPOB H
YCTPOWCTB KOHTPOJIS Ka4eCTBa MPOTYKTOB MUTAHHUS MOKHO YCIICITHO WCIOIb30BaTh METOIBI TAKCOHOMHH (DYHKIIHO-
HAJIBHBIX XapaKTEPUCTHK U KBAJMMETPUICCKHUX ITOKa3aTemneil.

B moapoOHO# cuTyanuy e HaydHOro 000CHOBaHUS, KaK MPABHMIIO, OYJAET COCTOSTH B Pa3pabOTKe TEXHHUYE-
CKHX PCIICHUI ¥ TeXHHYCCKUX YCTPOUCTB, PYHKIIMOUHPOBAHHE KOTOPHIX OCHOBAHO HA YCTAHOBIICHHU CTETIICHU COOT-
BETCTBHS TEX WU MHBIX KBATUMETPHYCCKUX APAMETPOB MPOAYKTOB MUTAHUS UX (PU3UICCKUAM CAUHUIIAM U3MEPCHUS
(reoMeTpUYeCKUe, DICKTPUIYCCKIE, MATHUTHBIC, TCILIOBBIC U AP. TApAMETPhI), OMPEACIAECMbIM C MPUMEHECHHEM IMPEI-
JIAraeMbIX TEXHHUUYCCKUX YCTPOMCTB. B mensx ompemencHus YpOBHS COOTBETCTBHUS (PACXOXKICHUS) MOXKHO HCIOIb30-
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BaTh PE3yJIbTAThl CPABHEHNS KBAIMMETPHYECKHUX NTapaMETPOB ITAJOHHBIX 00Pa3LOB NPOAYKTOB IIUTAHUS C pealbHbI-
MU (M3MEpEHHBIMH) TTOKa3aTesIMI KauecTBa UCCIIEyEMOro MPOIOBOJILCTBUS, BKIIIOYAsl MMPOAYKTHI ITUTAHUSI HU3KOTO
(coMHHTENBHOTO) KauecTBa U (anbcudukater [4-8].

YucneHHble 3HaYEHHS BBISBICHHBIX, TOCPEACTBOM pacyeroB, Mokaszarelieil (KoaQpUIEeHTOB) TOX/IECTBEHHO-
CTH 3TAJOHHOTO 00pa3ia (haKTHYECKOMY MPOAYKTY IHUTAHUS ITO3BOJISIOT ONPEACIUTh WHTEPBAJIbBI €UHUL] H3MEPEHUS
(U3MYECKUX BEIMYMH, XapaKTepH3YIOIIUX MOKA3aTeId KayeCcTBa, COOTBETCTBYIOIINE CBEXEMY (ITAIOHHOMY), Kade-
CTBEHHOMY, YIOBJICTBOPHTEIIFHO Kaue€CTBEHHOMY COCTOSIHHIO 00pasiia, a Takke ero HeyJOBJIETBOPUTEIHLHOMY Kaye-
CTBY U anbcudukary.

B cooTBEeTCTBHUHM C 3THM, JUIS AaHAJIW3a M OLCHKU YPOBHS Ka4eCTBEHHOI'O COCTOSHHMS IPOAYKTOB MTUTAHUS U UC-
XOIHBIX KOMIIOHEHTOB LIeJIecOO0pa3sHO HCIOJIB30BaTh MPUHIMIBI TAKCOHOMHH (YHKIMOHAIBHBIX XapaKTePHCTHK H
KBATMMETPUYCCKHX TIOKa3aTeell. MeToqpl TAKCOHOMHYECKOT0 aHaIN3a I03BOJIIOT HA OCHOBE CPaBHCHHUS OOBEKTOB
(TanoHa M uccuegyeMoro oopasna) 1o 3apaHee yCTaHOBJICHHBIM IPHU3HAKaM OLICHHUTH CTEICHb HX CXOXKeCTH. B pac-
CMaTpHUBaeMOM ITOCTAHOBKE 331a4M MpeJlaracMblii KOHIENTYaJIbHBIH IOIXO0/ SBJSIETCS HM Ye€M WHBIM, KaK MOJIENbIO
(YHKIIMOHUPOBAHUS TEXHUYECKUX CPEJICTB KOHTPOJIS 32 KAUECTBOM MPOYKTOB IIUTaHUSI.

Crenyer npuHATH BO BHUMaHHUE, YTO KBAJIMMETPHUYECKHE NapaMeTphl MPOIOBOJIbCTBEHHBIX IPOAYKTOB, MO3BO-
JISIFOT JIeNIaTh BBIBOJBI O HATMYUK (OTCYTCTBUH) Y HUX ONPEAEICHHBIX CBOMCTB. [Ipy TakoM paccMOTpeHHH 3TH mapa-
MeTpBI (II0Ka3aTeNl KauecTBa) MOMKHO JIETKO CBECTU K JormdeckuM. Vcroab3oBaHue Takoro npeodpaszoBaHus odec-
MEYMBAET BO3MOXKHOCTh C HEOOXOIUMOM a/IeKBaTHOCTBIO HMHUTHUPOBATh PabOTy TEXHUYECKUX CPEIICTB KOHTPOJIS Ka-
YecTBa MPOJOBOJILCTBEHHOM MPOIYKINH Ha OCHOBE ONPEACIICHUS MEPHI €€ CXOJCTBA C ATAJIOHHBIMH 00pa3LaMHu.

Hcxons U3 3TOrO, MpeaycMaTpUBaeTCs, YTO UMEIOTCS IPH3HAKH, XapaKTepU3yIIIUe KadecTBO HEKOTOPOro
MHOecTBa (Habopa) MpoJOBOIBECTBEHHBIX IPOAyKTOB. Hanpumep, B [4, 6, 8] Takue MpU3HAKU YCTAHOBJICHBI TS PhI-
OBI Msca, OBOILCH, XJIeO0IeKapHBIX IPOXIKEH, PPYKTOB U Ip.

JU71s BBITIONTHEHHS PACYETOB O OIPEICICHHIO MEPhl COOTBETCTBHS NMPOJYKTOB MUTAHUS B PEaIbHOM COCTOSIHHH
YCTaHOBJICHHBIM NpH3HaKaM (opMHUpyeTcss MaTpuia (Tadmuna 1), B KOTOpPOil KaIOMy j-My IPOXOBOJBCTBEHHOMY

MPOAYKTY HNPUCBAMBACTCA CTPOKAa M C 3JICMCHTAMH MATPUIIbL n , IPUHUMAIOIUMHA 3HAYCHU SAUHULIBI UIW HYJIA B
COOTBCTCTBUM C IIPAaBUJIOM:

S = 1 npu Hanuuuu y j—eo obwvexma i —eo npusHnaka,

)

0 npu omcymemsuu npusHaxa.

Hanuuue (oTCyTCTBHE) Y IPOJIOBOJILCTBEHHOTO MPOAYKTA 1-rO MpPU3HAKa OLEHUBAaETCs KOI((GHUIUEHTOM WH-
(OpPMAaTHBHOCTH, PABHBIM OTHOILIEHUIO YMCJIA IPOJYKTOB MTUTAHHS, Y KOTOPBIX JAHHBIM MPU3HAK OTCYTCTBYET, K YK C-
JIy TaKUX IPOAOBOJIbCTBEHHBIX IIPOAYKTOB, Y KOTOPBIX OH €CTh!

n—znléji
j=1

Kop i =
S.
2% (1)
Ta6ma 1
IIpr3HaKu opraHojenTHYECKUX NapaMeTPOB KauecTBa MPOI0BOILCTBEHHBIX MPOAYKTOB
ITpoayKThI OpraHosenTH4YecKue MoKa3aTel Ka4ecTBa
MUTAHUS Buenmnii Bunt 3arrax Bkyc Texcrypa (KoHCH-
Iger Dopma CocrosHpe ro- CTEHIST) IPO/TYKIIAH
BEPXHOCTH

Msico
cBeXKee (ITATOHHBIN 00pasern) 0 0 0 0 0 0
Ka4eCTBEHHOE 0 0 0 0 0 0
YIOBJIETBOPHUTEITEHOE 1 0 1 0 0 1
HEYJIOBJIETBOPUTENLHOE 1 1 1 1 1 1
(bambcrburar 1 1 1 1 1 1

Priba
cBeKee (ITAOHHBIN 00paseln) 0 0 0 0 0 0
Ka4eCTBEHHOE 0 0 0 0 0 0
Y/IOBIIETBOPHUTEIIBHOE 1 0 0 1 0 1
HEYJIOBIIETBOPUTENIEHOE 1 1 1 1 1 1

Macio KopoBbe

ITAJIOHHBIA 00pa3zel] 0 0 0 0 0 0
YJIOBJIETBOPHUTEIHOE 0 0 0 0 1 0
HEYJIOBIIETBOPUTENIEHOE 1 1 1 1 1 1
Ganbcudurar 1 1 1 1 1 1

OBonu
9TaJIOHHBIH 00Opaser] | 0 | 0 | 0 | 0 | 0 | 0
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YJIOBJIETBOPHTEILHOE 0 0 1 1 0 1
HEYJIOBJIETBOPUTEIIHHOE 1 1 1 1 1 1
PpyKTHI
JTAIOHHBIH 00paser] 0 0 0 0 0 0
Y/IOBIIETBOPUTEIIBHOE 0 0 1 1 0 1
HEYJIOBJIETBOPUTEIIHHOE 1 1 1 1 1 1
0EOKH XJIe0OTIeKapHEIe
JTAIOHHBIH 00paser] 0 0 0 0 0 0
Y/IOBIIETBOPUTEIIBHOE 0 0 0 0 0 0
HEYJIOBIIETBOPUTEIHHOE 1 1 1 1 1 1
Myka
JTAJIOHHBIH 00pa3zel] 0 0 0 0 0 0
Y/IOBIIETBOPHUTEIIHHOE 0 0 0 0 0 0
HEYIOBIIETBOPUTEIEHOE 1 1 1 1 1 1
Ganbcudurar 1 1 1 1 1 1
Caxa
STAJIOHHBIH 00paser] 0 0 0 0 0 0
VIOBJICTBOPUTEITHHOE 0 0 0 0 0 0
HEYJIOBIICTBOPHTEIFHOE 1 1 1 1 1 1
Ganbcudurar 1 1 1 1 1 1

n
Hnapimu CJIOBAMH, €CJIM IPU3HAK CBOMCTBEHECH JJIA BCEX O6p8.3LIOB IPOAOBOJIBCTBCHHOI'O IPOAYKTA (Z 5“ = n)
j=1

. ® -
, TO ero nHGOPMATUBHOCTH SABIISIETCS HYIeBOH ( Kqub i min = 0), n, HAOGOPOT, B TOM CiTydae, KOTJa MPU3HAK UMe-
® —n—
€TCs1 TOJILKO Y OJIHOTO M3 00pasioB, TO €ro HHPOPMATUBHOCTh MAKCHMaIbHA, T.¢. K ™ b i max =N 1.

Bwmecre ¢ Tem, pacrio3HaBaHHE KauecTBa 00pa3ia MOXKET PONU3BOIUTHCS HE TOJIBKO 0 HAMYHUIO KBAJIMMETPH-
YECKOro MapaMmerpa, HO U 10 ero oTcyrcTBuo. KoadduumeHT nHhopMaTHBHOCTH OTCYTCTBHS y NPOAYKTA IIUTAHUSA i-
T'O KBAJIMMETPUIECKOTO MapameTpa (IIpu3HaKa) ONpezessieTcsl OTHOICHHEM Ynciia 00pa3ioB, y KOTOPBIX OH IPHUCYT-
CTBYET, K YHCITy 00pa3loB, Y KOTOPBIX OH OTCYTCTBYET:

n
Z §ji
j=1

(0) _
Kqu’) i~ - (2)
n-2.5;
j=1
HecnoxHo yBuaeTs, 4to
() 1
ung i K o . (3)
ung i

0 1
Pesynbrathl pacuera kospdumuentos K 15;12# | H Klsﬂ)dj i L1e71ecoo0pas3Ho MPeCTaBUTh B (hOpMe MATPHIBI Pas-

MEPHOCTBIO 2XM (TAe M — KOJIMYECTBO KBATMMETPUIECKHX MOKa3aTenei, a 2 — nHPOPMATUBHOCTh WJIK OTCYTCTBHUE

. @) .
HH(bOpMaTI/IBHOCTI/I), A€ B OAHOU CTPOKE YKA3bIBACTCA 3HAUYCHUC KuH([J j A1 KOHKPETHOI'O 06pa3ua, a BO BTOpOU —

0 H —
KIEH;) j A1 BCEX |1 = 1, M . Tak kak METOA TaKCOHOMUU (byHKIII/IOHaJ'H)HLIX XapaKTCpUCTUK U KBAJTUMETPUYCCKUX I10-

KazaTesell OCHOBAH Ha MONapHOM CPABHECHHU IOJABCPrarouIierocss KOHTPOJIO MMPOAYKTA NUTAHUA C 9TAaJIOHOM, TO B Ka-

4ecTBE CTENEHU CXOJCTBA PACCUUTHIBAETCS MOKasaTesb (kod(duuuenT) cxoacta K (°¢ »7°) . Jljisd 3TOro UCIOJb3Y-
cx

€TCA cieayroulas 3aBUCUMOCTb

(06 omdy _ L gm ) <@y (0,00 <(0,0) (0,0) (01,1,0) <(0,11,0)
Koo _E E i:1(\Ni -0, +W, ) +W, +W. -0, ), @
1) _ @
Tae Wi D = Kuid) i— IIOKAa3aTeJIb 3HAYUMOCTH, KOTOpBIﬁ YYUTBIBACT BKJIAA B MEPY CXOJACTBA HAINYHA Y KOHTPOJIHUPYEC-

MOTr'0 IPOAYKTA MMUTAHUA U OTaAJIOHHOI'O 06pa3ua i-ro Npu3HaKa,
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W00 — g © ,— ToKasareJib 3Ha9MMOCTH, KOTOPBIM YYUTBIBACT BKJIAJ B MEpPYy CXOACTBA OTCYTCTBHSI Y KOHTPOJIH-

i ung

PYEMOTO MPOJTyKTa MATAHHE U TAIOHHOTO 00pasiia i-ro MPU3HAKa;
W, 9 =1 — nokazaress 3HAYMMOCTH, KOTOPBIH YUHTHIBACT BKJIA B (HOPMHPOBAHHE MEPBI CXOICTBA HECOBIIAICHIS

HaJIn4yus UKW OTCYTCTBUS Y KOHTPOJIHUPYECMOTO NPOAYKTaA IMUTAHUA U DTAJIOHHOTO 06pa3ua i-ro IpU3HaKa.

3nech

S50 _ 1 ecauo,,,=0,, =1
i = ]

0 ,6 npomusnom ciyuae

500 _ 1 ecau S,,,=0,, =0
; =

0 ,6 nponmenom cnyuae

50810 _ 1, ecnu 8,,#96,,,
1

0 ,6 npomusnom ciyuae

i(é-i(m) " 5i(o,0) i 5i(0,1;1,0)) -m. )
i=L
[Ipu BBIMOJIHEHUH MOCIICIOBATEILHOTO CPABHEHHUS 3TATOHHBIX U (PAaKTHUYCCKHX MPOMYKTOB MUTAHUS 10 yCTa-
HOBJICHHBIM IMPU3HAKaM KaueCTBa MOCPEICTBOM pacuera KO3 (GHUIIMECHTOB CXOJCTBA, UX BBHIYMCICHHBIC 3HAYCHUS 00-
pasyiot matpuity pazmepHocThio N XN, 061a1a0111y10 HHTEPaKTUBHBEIMH CBOWCTBAMHU.
C HUCIOb30BaHUEM PACCYUTAHHBIX MO (Gopmyre (4) 3HaueHHI KOI(DGUIMEHTOB CXOACTBA, OICHUBACTCS CTe-
MIeHb KaYECTBEHHOI'O COCTOSHUS KOHKPETHOT'O MPOJOBOJILCTBEHHOI'O MPOAYyKTa. B cuTyaruu, Koraa mpu3Hakyd Kade-
CTBa UMEIOT HE TOJBKO JIOTHUECKYIO MPUPOAY, HO M KOJHUSCTBCHHBIC H3MEPUTEIH, SJI€MEHTAMIA MATPHIIBI SBISIOTCS
KOHKpPETHBIC (PH3MYECKUE BEIMYMHBI C COOTBETCTBYIOMIMMH CIUHHUIIAMH W3MEPEHUS KBAIMMETPHUUSCKUX HapaMeTPOB
STaJIOHHBIX 00PAa3I0B MPOJIOBOIHCTBEHHBIX MPOIYKTOB.
B 3TOM ciiydae mpHHUMAROTCS BO BHUMAHUE CIIEAYIOIINE YCIOBHS:
1. Cymma k03¢ PHIIMEHTOB CXOACTBA MPOJIOBOIBCTBEHHBIX MPOAYKTOB C CAMIMH COOOM paBHA YHCITY IIPOJIOBOIIH-
CTBEHHBIX TIPOTYKTOB

K =n. (6)

j=L o i—j

2. Cymma K03 PHUIIUESHTOB CXOICTBA JHOOOT0 MPOIYKTa MUTAHKS C CAMHM COOOM M CO BCeMH 00pasiiaMu paBHa
HYJIIO:

Y K., ;=0 i=1n. )
j=1

PaccMoTpeHHbIe YCIOBUS, XapaKTEPU3YIOIIUE CBOWCTRA 3TAJOHHBIX 00Pa3I0B MPOJAYKTOB MUTAHUS, 00CCIICY U~
BalOT BO3MOYKHOCTB OILIEHKH TOCTOBEPHOCTH PACYETOB KOA(P(PUIIMEHTOB CXOICTBA.

KpoMe MeTo0B TaKCOHOMHYECKOTO aHAlIM3a, B LESIX OIEHKHA PabOTOCIIOCOOHOCTH TEXHHYECKHX CPEICTB
MIPOU3BOJICTBA MPOIOBOIBCTBHS LEIECOOOPA3HO UCIIOIB30BaTh CTATHCTUYCCKUE METOJBI aHAM3a TOYHOCTH M CTa-
OMJIBHOCTH TEXHOJOTHYCCKHX MPOIECCOB. [[puMEHEHNEe METOIOB CTATUCTHYCCKOTO aHAJM3a U IIPOBEPKU TUIIOTE3 AaCT
BO3MOKHOCTh BEIOPATh PEXKHUMBI PA0OTHI TEXHOJIOTHYECKOTO OOOpPYIOBAaHUS Ha BCEX STalax MPOU3BOJICTBA MPOIO-
BOJILCTBCHHBIX IPOJIYKTOB. B CBSI3M CO CIOXHOCTBIO M OOJBIION TPYJOEMKOCTHIO MOTYUYCHUS aHAMTUYCCKUX 3aBH-
CHUMOCTEH OIICHKH Pab0TOCIIOCOOHOCTH BCEX BHUJIOB TEXHOJOTHYCCKOTO OOOPYIOBAaHUS MHINEBOW MPOMBIILICHHO CTH
HE00X0IMMO pa3paboTaTh €IUHBIA METOIOIOTUIECKUH MOAX0] K PEIICHHUIO ITOK 3a/1auu, 0a3upyIOIIUNICS Ha MOCTPO-
€HUH 1 MPUMEHEHUN UMUTAIIMOHHBIX MOJIEIEH.

MeToibl IMUTAIIMOHHOTO MOJIEIMPOBAHUS W TEOPHH TUIAHUPOBAHUS JKCIIEPUMEHTA TPEJIaraeTcs MCIOJIb30-
BaTh ISl COKPAIICHUS KOJIMIECTBA HATYPHBIX MCIBITAHUA 00Pa3I[0B TEXHOJIOTHIECKOTO 000Dy IOBAHMS ISl TUIIEBBIX
TIPOU3BOJICTB, & TAKXKE XPAHCHUS W TPAHCTIOPTHPOBKHU IMPOJOBOIHCTBEHHBIX MPOAYKTOB. KOMIIIEKCHOE MCTIOIh30BA-
HHUE 3TUX METOJIOB 00ECTICUUT BO3MOKHOCTh 3HAUUTEIBHOTO COKpAIICHHS 3aTpaT Ha MOMCK ONTHMAIBHBIX TEXHUYE-
CKHUX PEUICHUH MO MPUMEHEHHIO KOHCTPYKIIMOHHBIX MAaTepUANIOB AJISi U3TOTOBJICHUS TEXHUYECKUX CPEACTB U TEXHO-
JIOTHYECKOTO 000PYIOBaHUS [T MUILCBOM MPOMBIIIIIICHHOCTH.

HoBwu3Ha mpejyiaraeMoro mojaxojaa K Hay9HOMY OOOCHOBAHHIO TEXHUYECKUX PCIICHUA MOIU(DUKAIIMU TCXHU-
YECKHUX CPEJCTB U TEXHOJIOTUYCCKOTO 00OPYAOBaHUS MHUIICBBIX MPOW3BOJCTB 3aKJIFOYACTCS B KOMILICKCHOM IIPUMeE-
HEHUU COBOKYMHOCTH METOJ0B TAKCOHOMUYECKOTO aHAIM3a, TEOPUU IJIAHUPOBAHUS IKCIIEPUMEHTA, UMUTALIIOHHOTO
MOJICIIMPOBAHIS, a TAK)KE CTATUCTHYECKUX METOJOB aHAJIN3a TOYHOCTH W CTAOMIBHOCTH TEXHOJIOTHYECKHX IPOIec-
coB. B cBoro ouepens, HaydyHOE OOOCHOBaHHME HOBBIX TEXHHYECKHX M TEXHOJOTHUECKHX DPEIICHWH 3aKIodyacTcs B
MIPUMEHEHNH HAYIHO O0OOCHOBAaHHBIX METOJOB, MOJENEH, METOIUK TEOPETHUECKUX M IKCIIEPUMEHTAIBHBIX HCCIIEeN0-
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BaHWH 7SI pacdeTa MapaMeTpOB U ONPEAEICHHS HOBBIX ITOKa3aTeNe COOTBETCTBUSI TEXHMUECKUX CPEACTB M TEXHOJIO-
I'MH MPOJIOBOJILCTBEHHOTO O0ECHEUYECHUSI TEXHHKO-9KOHOMUYECKUM, SKOJOIMYEeCKUM, SKCIUTyaTallMOHHBIM, T'MTHEHU-
YECKUM U JIp. TpeOOBaHUIM K 00pa3laM TEXHHYECKUX CPEJICTB, TEXHOJIOTHYECKOMY O0OPY/ZIOBAHUIO U TEXHOJIOTHYE-
CKUM TIpolieccaM TPaHCIIOPTHPOBAHMS, XPAHEHHUS, IEPEPaOOTKH, MPOM3BOACTBA IHIIEBBIX TPOAYKTOB U KOHTPOJIS UX
Ka4yecTBa.

IMony4yennble pe3yJbTaThl H UX 00cy:kaeHne. C NpUMEHEHWEM COBOKYITHOCTH METOJOB TAaKCOHOMHH (DyHK-
LMOHAJIBHBIX XapaKTEPUCTUK M KBAJIMMETPUUYECKUX ITOKa3aTeseil MpoBeeHa SKCIIepUMEHTaNIbHAs IPOBEPKa IPHUIO -
HOCTH TIpe[jIaraeMbIX TEXHIHYECKUX pelieHui [4, 5, 6, 7, 8] KOHTpOIA KadecTBa MHUIIEBHIX MPOIYKTOB, HX TEXHAYE-
CKHX XapaKTEPHUCTHK U SKCILUTyaTalHOHHBIX CBOUCTB.

Ilens SKCIEpUMEHTANBHBIX HCCIECAOBAHMI COCTOSNIA B ONpEeNeHNH KO3()(UIMEHTOB CXOJCTBA 3TaJIOHHBIX
KBIMMETPUIECKUX NTapaMETPOB IHIIEBBIX IPOAYKTOB C N3MEPEHHBIMH TTOKa3aTesIMH ((pakTHIECKNMH BETHUHMHAMH,
XapaKTePU3YIOIINMH Ka4e€CTBO HCCIIETYyEeMbIX IPOIYKTOB MUTAHUS).

KonmuecTBeHHBIE 3HAUEHHSI PACCUUTAHHBIX KOA(QHUIIMEHTOB CXOJCTBA ATAIOHHOTO 00pasla ¢ (akTHUECKHM
MIPOJYKTOM IUTAHUSI TO3BOJIMIIM ONPENEINTh HHTEPBAIBI €MHULL H3MEPEHH (PU3MIECKNX KBaJMMETPHUYECKUX Tapa-
METPOB COOTBETCTBYIOIUX CBEXEMY (3TATOHHOMY), yIOBJIECTBOPUTEILHOMY U HEYIOBICTBOPUTEILHOMY KayecTBY, a
Takke danbcudukary. J{as 3Toro ObUIa BBIMOJHEHA ACKOMIIO3UIUS KO3 (GHUIIMEHTOB CXOACTBA 3TAIOHHOTO 00pasiia
MIPOAYKTa MUTaHUA (PUCYHOK 1).

CIUTa TOKa
pH
__ Cpexcii JKusotHoro oObeM cepoBogopoIa
MPOHCXOKASHHSA o0beM aMMHaKa
CIUIa TOKa
- pH
JKuBotHorO 00BeM cepoBOIOPOaA
HPOHCXOATICHH 00beM aMMIaKa
Pacturensnoro OUBEM CIMpTa
. . - JUIITHA BOJIHBI
— KauecTBeHHbIIT NIPOHCXOKICHIA CIUIa cBeTa
Jlpoxoxkn —JlaBIeHHe
Ecxma cBeTa
Heopranmaecknii JUIIHA BOJIHbI
CIUIa TOKA
K H
IIponyxr mutarus g ARRBOTHOED gﬁ'bem cepoBoIOpoOa
(Oramon) HPONCXOKASHIS b
- 0o0BeM aMMHaKa
o0BeM crmpTa
| Pactureasnoro A TR
CoOMHHUTEIBHO TIPOHCXOKIACHIA IUIa cCBeTa
Ka4eCTBEHHbIT | J[poskn ———————— JaBJIeHIe
Ecma cBeTa
— Heopranmgecknii JUIHHA BOJTHBI
CIUIa TOKa
i pH
— JKusorsoro 00BeM cepoBoopoaa
TIPOHCXORICHI 00BeM aMMHaKa
| — HexkadecTBeHHBII PactirensHoro obbeM crmpra
™ IPOMCXOKICHHL —Efﬂ"ﬂa BOJHEI
CIlIa cBeTa
— JlpoxKn ———————— JIaBJIeHIe
Ecma cBeTa
— Heopranmaeckmit JUIHHA BOJIHBI
PacturensHoro JUIIHA BOJIHBI

L — damscnduxar TIPOHCXOKICHISA — [ cuna crera

. JUINHA BOJIHBI
Heopranmae cknii pEigalny

Pucynoxk 1. Jlexommo3umms k03 HUINEHTOB CXOICTBA ITAJIOHHOTO 00pa3ia MUIEBOTO IPOAyKTa

B pesynbraTe AEKOMIO3WIMU U IPUMEHEHHUS METOJ0B TAKCOHOMUYECKOTO aHalu3a, ObUIN OIpeeNeHbI TOKa-
3aTeI CXOJICTBA HCCIIEAYEMBIX 00Pa3IOB C UX 3TAJIOHAMH.

CXOACTBO OIEHMBAJIOCH HA OCHOBE ITOKAa3aTeNiell KauecTBa MPOJYKTOB IMHUTAHMSA, XapaKTEPU3YIONINX HaTIHdne
WIN OTCYTCTBHE Y HUX OIIpeJeNICHHBIX CBOMCTB. BHauase 3Tm mokasareianm pacCMaTpHBAJINCh KaK JIOTHYECKHUE, YTO
MIO3BOJIMJIO C JOCTAaTOYHOH TOYHOCTBIO OINPEIEINTh MEPY CXOZACTBA KOHKPETHOro oOpasna ¢ 3TaoHoM. [Ipu sTtom
IIPEAIOoIarajgoch, YTO U3BECTHBI KBAIMMETPHUECKUE MapaMeTphl HEKOTOPOI'O MHOXKECTBA MUINEBHIX MPoAykToB. Ha
CIEyIOLIeM 3Tale PacCUUTHIBATUCH KOMMYECTBEHHBIC 3HAUEHUS IOKa3aTelel KauecTBa, XapaKTePU3YIOIIHECs KOH-
KPETHBIMH (PM3MYECKUMH BEIMYNHAMH C TIPUCYLIMMHU UM €IMHUIIAMHI N3MEPCHUSI.

(0) 1
3Ha4YeHNS TOIYICHHBIX KO3 PHUINESHTOB Kump | " KY i pacCUYMTaHHBIX 110 3aBUCUMOCTSIM (2) U (3), mokasa-
UH,

HBI B TA0HLE 2.
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OnpeneneHne CX0CTBA HCTBITYEMbIX 00pa3IioB ¢ 3TAJIOHOM BBITIOIHSIOCH TI0 hopmyrie (4). Pe3ynbraTer pac-
YyeTa CTENCHH CXOJICTBA ITAIOHHBIX M (DAKTUYECKUX 00pa3I0B MPUBEACHBI B Ta0uIle 3. DTO MO3BOIUIO MOCTPOUTH
MaTpuiry pasmMepHocTbio NxN, koTopast 00J1aiacT MHTEPAKTHBHBIME CBOWCTBAMH, TIO3BOJISIFOIIIUMH CICTATh BBIBOJ O
Ka4eCTBEHHOM COCTOSHHIA MUIEBOTO MPOIYKTA.

Tabrmvia 2
IIpyu3Haku opraHoaenTHYECKUX NOKa3aTesIel KauecTBa NPOIyKTOB MUTAHUS
ITpomyKThI OpraHonenTH4ecKHe MoKa3aTeIn KayecTa
MUTAHUA Buemnuii Bug 3amax Bkyc Texcrypa
LBer dopma CocrosiHue (KOHCHCTEHIIHS)
MIOBEPXHOCTH MPOAYKIHH

Msico

UH()OPMAaTHBHOCTh 0,6 15 0,6 15 0,6 15

OTCYTCTBUE HH()OPMATHBHOCTH 15 0,6 15 0,6 15 0,6
Pri6a

MH()OPMaTHBHOCTh 1 3 3 1 3 1

OTCYTCTBHEC HHG)OPMATUBHOCTH 1 0,3 0,3 1 0,3 1

Macno kopoBbe
HH()OPMATHBHOCTH 1 1 1 1 0,3 1
OTCYTCTBHE HH()OPMATUBHOCTH 1 1 1 1 3 1
Osonu
WHPOPMATHBHOCTh 2 2 0,5 0,5 2 0,5
OTCYTCTBUE HH)OPMATHBHOCTH 0,5 0,5 2 2 0,5 2
PpyKTHI
UH()OPMATHBHOCTH 2 2 0,5 0,5 2 0,5
OTCYTCTBHEC HHG)OPMATUBHOCTH 0,5 0,5 2 2 0,5 2
Jpoxoku XyebomeKapHble

HH()OPMATHBHOCTh 2 2 2 2 2 2

OTCYTCTBUE HH(POPMATHBHOCTH 0,5 0,5 0,5 0,5 0,5 0,5
Myxka

MH(OPMaTHBHOCTh 1 1 1 1 1 1

OTCYTCTBHE HH()OPMATHBHOCTH 1 1 1 1 1 1
Caxap

WHPOPMATHBHOCTh 1 1 1 1 1 1

OTCYTCTBHE HH()OPMATHBHOCTH 1 1 1 1 1 1

Tabmuua 3

Marpuia KBaIMMETPUIECKUX ITapaMeTpOB MHUIIEBEIX MPOAYKTOB U3MEPSEMBIX YCTPOHCTBAaMI KOHTPOJIS KauecTBa

DOTOITEKTPOREE HIMEPHTSTE 18 JKC- DoToMeTp KOE- ApaTH23TOp KOEISHTpanuH Jetvuux | [Ipmbop ons omes- | Amamizatop kade-
MePTHIE] CESHECTH MHINESEERN NPOIVETOR 110 | TPOMIA KadecTEa OpraHHYECKHX BEMIECTE B OPOAVETAX | KH CESKECTH Mic- | CTB3 XIedomexap-
nBETY TIPOIOEQIECTERT 0 TMHTAHHT, HEIX H PEIOHERX HEIX JpoickeH MO
OOBeETE Kpaceemt, 3emeHEDE, Bemeni, xx | HIMEPEHHIO IHED- Ong t-nrt IpOIVETOE Io pH, | momeeMmEOlH cHIE,
K1 ‘ KT ‘ THE, i/ Annmag | Ceporogopog [ Compt MA Ma
Msaco (CEHHHHE)
3ITATOHHENE 00pazen 32-34 33-35 42-44 170-175 o 60 0 - §35-803 -
Ka9SCTECHHOS 25-31 48-52 3841 160-169 60-80 2 - 800-820 -
YAOBIETBOPHTEIEHOS 18-24 40-47 3237 120-159 80-110 5 — 680-750 —
HEYIOEIETEOPHTEIEHOS 10-12 32-38 22-29 90-118 110-160 10 — 460-333 —
tamecHbHKAT <0Hm> <30 Hm <IS§Hm > <85 Ema > 180 0 1 - 0 -
36 =58 46
Prida (ropbyima)
3ITATOHHEI 00pazer 28-30 48-50 46-48 160-165 0 0 - 630-680 -
Ka4YecTEEHHOS 24-27 4547 4145 150-159 3 2 - 575-600 -
YAOEIETEOPHTEIEHOS 17-23 40-44 3140 130-149 10 5 - 440-520 -
HEYIOEIETEOPHTEIEHOS 9-15 30-35 22-30 110-125 20 10 — 1o 420 —
Maco KopoeEe
3ITATOHHEH 00pazen 36-38 59-60 50-54 185-190 — — - - -
VIORETEOPHTETEROS 33-315 55-38 46-49 176-184 - - - - -
HEVIORIETEOPHTEEROS 30-32 50-34 40-45 150-170 - - - - -
dammdeEar =29 =48 =39 =145 mma = 200 — — - - -
Osommn (kamycTa)
3TATOHHEE 00pasen - - - - - - 0-10 - -
VIORTETEOPHTEERELS - - - - - - 11-20 - -
HEVIORIETROPHTEEHEE - - - - - - =21 - -
PpyKTE (A0M0KH)
ITATOHHEN 00pazen - — - — - - 0-15 — —
VIOETETEOPHTEEHELE - - - - - - 16-40 - -
HEVIORIETEODHTEEHER — - - - - - =41 — —
Jposcis xIcOONCKapHER  CyadHe
ITATOHHEN 00pazen - — — - - - - — 1050
VIOETETEOPHTEEHELE - - - - - - - - 1035
HEVIORIETEODH TSR B — — — — — — — - = 1020
Myxa mmesssas | copr
3TATOEHEN 00pazen 37-38 50-62 4749 193-105 — — — — —
VIORTIETEODHTEEHATL 33-36 56-38 43-45 187-192 - - - - -
HEVIORIRIEOPHTEE a1 30-31 53-35 42-47 180-185 — — - - -
amsmdemar =29 =52 =3 =179 mma = 196 — — - - -
Caxap-necok (OeIEH CESKIOEHUHER CaXap, MeIKOKPHCTALIHEECKHE )
3ITATOHHEH 00pazel 39-40 64-65 38-60 198-200 — — - - -
VAORTETEOPHTEEROS 35-38 60-63 54-57 194-197 - - - - -
HEYIORIETBOPHTEEI0S 32-34 55-50 46-30 185-100 — — — — —
[ farecnbenar =30 =3 =45 =180 = = - = -
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KagecTBeHHOE COCTOSIHME KOHKPETHOTO NHIIEBOTO MPOIYKTa ONMpenessuiocs mo Gopmyne (4), obecmeunBaio-
el BO3MOXHOCTD OIpeeNieHIsI KO QHUIINEHTOB CXOJICTBA.

Pe3ynbTaThl SKCIIEPUMEHTANBHBIX HCCICAOBaHUI OBUTM MCIONB30BAHBI U pa3paboTKH IPOrpaMMHOTo odec-
NEeYEHHs B LEJIIX aBTOMATH3alUK PACYETOB, 00CSCIICUNBAIOIINX IKCIIPECC-OLEHKY KauyeCcTBa IIPOIOBOIBCTBHUSL.

BeiBoabl. B 3TOM 3akimroyarorcs mpeniiaracMble METOJOJOIHYECKHE NMPHHIMIBI KOHIENTYAIBHOTO IOAX0Ja K
HayJIHOMY OOOCHOBAHHIO TEXHUYECKHX PELICHUH MOAM(DHKALMN TEXHUYECKUX CPEICTB M TEXHOJIOTMYECKOro 000pynoBa-
HUS MHUIIEBBIX NPOM3BOJACTB. Ilpesnonaraercs, 4YTo MpUMEHEHUE NMpeIaraeMoro KOHLENTYalIbHOrO IOJIX0/a JacT BO3-
MOXKHOCTb JIJIbHEHIIIEMY Pa3BUTHIO TEOPHH OLIEHKU 3KCILTyaTAllMOHHBIX CBOWCTB, CTAHAAPTU3ALMU U METPOJIOTUH TEXHH-
YECKHX CPEACTB M TEXHOJIOTUYECKOTO 000PYIOBaHHS IIUILEBOH IIPOMBIIUIEHHOCTH, & TAKKe pa3padoTKe W BHEIPEHUIO WH-
HOBAIIMOHHBIX TEXHOJIOTHH B HHYCTPHU NPOM3BOCTBA, XPAHEHHS U TPAHCTIOPTUPOBKHU HPOJIOBOJILCTBHSL.
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Annomayusn: OHOW U3 aKTyaJbHBIX IPOOJIEM SIBJISIETCS] HCIIOIB30BAHUE B BBINICYHBIX XJI€O00YIOUHBIX H3/1e-
JIUSX Pa3IndHOTO poJia MOANGHUIMPOBAHHBIX KpaxMaioB. Takue Kpaxmajibl MOTYT OBbITh MOJYYEHBI U3 3e€pHa HEBBICO-
KOTO KadyecTBa, OOBIYHO COCTABISIONIETO 3HAYMTENBHYIO 9aCTh MOTEPh NMpH ero xpaHeHHH. OcoOyro akTyaJlbHOCTh
nepepaboTKa TaKOTO 3€pHA B IIOJIE3HBIC MHIPEAMEHTHI ISl MCIOJIB30BAHUS TPH IOMYYCHUH HPOSYKTOB MUTAHHSA
MIPEJCTABISET B YCIOBUSAX OTCYTCTBUS PSIIOM C XPAHUIHIIAMHU CHELMATH3UPOBAHHBIX KPAXMaIbHO-MATOYHBIX MPOU3-
BOJICTB, HanmpuMep B paiioHax Kpaiinero CeBepa, BAXTOBBIX IOCEIIKOB M JPYTUX PAOHOB ¢ KOMIIAKTHBIM IPOKUBaHU-
€M HacelleHHs TUIIEHHBIX BO3MOXKHOCTEH PETyIIIPHOTO MOMOIHEH S TPOAYKTAMH MTUTAHUS.

Kniouegvie cnoga: BbiniedHbIEe X1€000yI0YHBIE H3EIHS, MOANDHUIMPOBAHHBIE KPAaXMaJbl, 3¢pHO HEBBICOKOTO
KauecTBa, [IOTEPU IIPU XPAHEHUU, [10JI€3HbIE UHTPEUEHTHI.

Abstract: One of the most pressing problems is the use of various types of modified starches in baked bakery
products. Such starches can be obtained from low-quality grain, which usually accounts for a significant part of the
losses during storage. The processing of such grain into useful ingredients for use in the production of food is of par-
ticular relevance in the absence of specialized starch-treacle production facilities near the storage facilities, for ex-
ample, in the Far North, shift settlements and other areas with a compact population deprived of the possibility of
regular replenishment of food.

Key words: baked bakery products, modified starches, low-quality grain, storage losses, useful ingredients.

Introduction. Modern requirements of critical technologies and priority directions of the development of sci-
ence and technology associated with the rational use of natural resources and the development of biotechnology at the
current level should be implemented in the food industries in the form of deep processing of such valuable food raw
materials as grain. Experts believe that a promising direction in this area is the search and application of new techno-
logical methods for processing low-quality raw materials into useful ingredients for their use in the production of food
products, in particular bakery products [1]. In this regard, additional research is required to identify the effective-
ness of the use of different types of starch in baked small-piece bakery products.

Research objectives and formulation. Formulations and starch slurry manufacturing process chosen for the
experiments traditional native starch and in accordance with the development of All-Russia Research Institute of
starch products [2]. They included thorough mixing of the starting material in water at 50 of C, and maintaining the
resulting slurry for one hour, and in 0.12% FeSO 4 and 0.20% H 2 O 2 wt. were taken as modifying reagents of dry
substances.

For the prepared samples, the rate of gelation was determined in accordance with the developed technique.

A comparative qualitative analysis of the gelation rate was determined using high-speed photography on pre-
pared samples of starch suspensions by the gelation rate determined by the ratio of the equivalent spreading diameter
to the gelation time (Fig. 1)

S
V =D/t [m/s] or V= ﬁ [mi/s]

Comparison of the experimental results obtained over a period of 5 to 20 minutes indicates that modified starches
have a higher gelation rate, as evidenced by a lower spreading rate of the paste (Fig. 2). In order to improve the technology
for the production of modified starches for workshops of low productivity, we have carried out studies of the combined
thermo-chemical treatment of grain starch of the first grade in accordance with GOST 31935-2012 Wheat starch. Technical
conditions. The composition of the raw material source for it was selected in the form of wheat with lower quality require-
ments bordering on substandard grain according to GOST 9353-2016 Wheat.Technical conditions. The chemicals used were
the same as in the preliminary experiment with the same dosages.
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Figure 1. Dynamics of gelation of starch paste at 50 °C
(upper row - spreading of control samples along the measuring grid, lower row - spreading of modified samples)
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Figure 2. Comparative characteristics of the spreading rate of chemically modified (1) and native (2) and starch

Table 1
Characteristics of grain raw materials selected for the experiment
Indicator name Characteristic
top grade first grade

Mass fraction of moisture,%, no more 14 14
Mass fraction of total ash in terms of dry matter,%, no more 0.20 0.30
Acidity, cm , no more 20 25
Mass fraction of protein in terms of dry matter,%, no more 0.3 0.5

The thermo-chemical treatment of such grain was carried out on a KESh-2 extruder equipped with the neces-
sary measuring sensors, according to the modes recommended for extruding starch-containing food raw materials [3].
After receiving the extruded product (Fig. 3), it was ground on a laboratory hammer mill MD 5 x 2 to the de-

gree of powder.

Figure 3. Extruded starch
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The obtained thermo-chemical modified starches were used for baking samples of small-piece bakery products
to compare their organoleptic characteristics.
The quality of baked samples of bakery products was assessed organoleptically (Fig.4).

Figure 4. Samples baked using different starches for organoleptic evaluation:
1 - native; 2 - chemically modified; 3 - thermo-chemically modified

Results obtained and discussion
The organoleptic assessment of the quality of baked bakery products was carried out by a group of experts in-
cluding designers of heating equipment, technologists of bakery production and representatives of customers from
chain supermarkets, such as "Lenta". Concordance of the expert group was assessed by the Kendall criterion
128 )
m?(n®—n)
where M is the number of experts in the group;
N is the number of factors;
S is the sum of the squares of the rank differences (deviations from the mean), calculated by the formula:
S =3O Al —%m(n 1) )
j-1 i1
The value of this criterion turned out to be 0.87, which indicates the consistency of the opinions of experts.
During the survey, an attempt was made to identify the influence of the main organoleptic indicators on the
quality of bakery products baked with native starch, chemically modified, thermo-chemically modified.
The indicators set for organoleptic control by the National Standard of the Russian Federation [4] were chosen
as descriptors for such an assessment.
The collected data was subjected to statistical processing, taking the overall quality of the product as an objec-
tive function, and individual indicators as descriptors.

Table 2
Descriptors according to the national standard
Indicator name Characteristic
Smell Characteristic of a product of this type, without foreign smell. When using aromatic additives - the smell
characteristic of the added additives
Surface Corresponds to the type of product
Color Light yellow to dark brown
The form Inherent to the product
Baked Baked, not wet to the touch, no traces of impurities
Promes No traces of impurities
Porosity Porous
Taste Characteristic of a product of this type without any foreign taste, When using food additives, characteristic
of the additives introduced
Table 3
Quality of baked goods
Starch type
Name of indicator Native Chemically modified Thermo-chemically modified

1. Smell 77 64 75

2. Surface 22 41 31

3. Color 21 37 38

4. Form 22 34 41

5. Baked 31 33 23

6. Promes 16 15 17

7. Porosity 5 14 8

8. Taste 30 41 48
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In order to more objectively assess the quality of baked products, you can determine the areas of the figures
outlined by the corresponding curves. The results obtained are presented in Table 4 and Fig. 7. The calculation results
showed that the filling factor for baking using thermo-chemically modified starch is 1303, and for chemically modi-
fied starch 812.242.

Table 4
Results of the survey of experts
Expert Starch type
Ne Native Chemically modified Thermo-chemically modified

1 77 64 75
2 22 41 31
3 21 37 38
4 22 34 41
5 31 33 23
6 16 15 17
7 5 14 8
8 30 41 48
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Figure 5. Processing of survey results by types of starch: 1 - native; 2 - chemically modified; 3 - thermochemically modified

For the scientific substantiation of the technology and technological processes of food production, a mathemat-
ical model has been developed for predicting the accuracy and stability of processes [5]. The essence and main stages
of modeling are shown in figure 6.

=stage 1 "

Procassas and operations that affect the quality |
nf frndd

Datermination of indicators for assessing the qt,a.lit}_|
of TO

Choosing a method for evalvatine the accvracy and
stability of TP
Dztermination of the volume, place, time
and experimental sample

| Zzlection of squipment for quality control |

stage 2 ‘ | Plotting the sxperiment curve

Determination of the scattering field of
a food quality attribute
oo © i
o - seattering fizld f¢) cosfficient from the
§ the averags square seviation  distribution law

.
Kr=2, Ke=21
F T i T -

Caleulation of the TP accuracy and stability
indicator  Kr=0.73

stage 3 ‘ Comparison of the obtained scattering fisld with the

tolerancs

Determination of technological factors

that cavse TP instability
Devalopment of a complax to sliminate

inaccuraciss

Implementation of measuras of the

food production process

Figure 6. The main stages of the mathematical model for predicting the accuracy and stability of grain processing
and production of baked goods
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Results

Modern requirements for resource conservation, the fulfillment of which is implemented in the food industries,
require deep processing of such valuable food raw materials as grain. One of the promising directions in this area is
the use of modern technological methods for the processing of low-quality raw materials into useful ingredients for
their use in the production of food products, in particular bakery products. The above experiments have shown that the
best quality is possessed by baked goods containing thermo-chemically modified starch obtained by extrusion of low
quality grain subjected to preliminary chemical treatment.
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Annomayus: B craTbe onmmcaHa MOJOJICKHAS TONUTHKA B chepe Typuzma. OmnpesiesieHa METOI0NOrHIecKas OCHOBA MOJIO-
JISKHOHN MOTUTUKU B chepe TypudMa. PackpbiTo HOpMAaTHBHO-IIPABOBOE 00CCIICUCHHUE MOJIOJICKHON MOJMTHKA B cepe Typuzma.
OmnpezeneHsl METOIbI IPOABHKECHUS TYPIPOIYKTa CPEIU MOJIOHCHKH.

Knrwouegwle cnosa: MononexHas MOJUTUKA, TYPU3M, METOAOJIOTHS, HOPMATHBHO-IIPAaBOBAasi OCHOBA, TYPUCTCKHH MPOIYKT,
MIPOABMKCHHE.

Abstract: The article describes the youth policy in the field of tourism. The methodological basis of the youth policy in the
field of tourism is defined. The regulatory and legal support of youth policy in the field of tourism is disclosed. Methods of promo-
tion of tourist products among young people are defined.

Key words: youth policy, tourism, methodology, regulatory framework, tourism product, promotion.

Introduction. Youth policy is aimed at realizing its potential in various spheres of life. The tourism sector is
also in the focus of the implementation of youth policy. Young people are the main consumer of travel services in our
country and abroad. Youth potential contributes to the development of tourism, the implementation of the main strate-
gies of instrumentalization and, after that, the technological implementation of youth policy in the field of tourism.

Objects and research methods. The object of our research is youth policy. The subject is the implementation
of youth policy in the field of tourism. The problem to be solved by the research: to reveal the theoretical and method-
ological basis for the implementation of youth policy in the field of tourism and the promotion of travel services
among young people. The main tasks that are solved in our research: determination of the methodology of youth poli-
cy in the field of tourist services; regulatory support of youth policy in the field of tourism, determination of the main
directions of youth policy in the field of tourism; promotion of tourist products among young people.

Theoretical and methodological substantiation of youth policy in the field of tourism is a rather complex phe-
nomenon. This is due to the fact that youth policy as a type of state policy is an independent and multi-level phenome-
non. The tourist industry, in turn, has its own purpose and its own specifics. In the study of youth policy in the field of
tourism, integrative tendencies are manifested at different levels of their functioning.

The methodological substantiation of youth policy in the field of tourism is based on a systematic approach. Youth
policy in the field of tourism is considered as a system of interconnected subsystems, which has its own functionality and
synergistic effect in interaction, which contributes to the results of increasing the development and implementation of youth
tourism products. An integrative approach allows for the integration of elements of youth policy in the field of tourism at
different levels of integrity. The tasks set require the use of various levels of integrative paradigms: summative unity, com-
plex, integration. A procedural approach is necessary to justify the development and implementation of the process of func-
tioning of tourist services in the youth environment. The developing potential of youth policy in the field of tourism makes it
possible to substantiate the acmeological approach, while it is important to algorithmize various kinds of decisions in pro-
moting tourism services and tourism products. No wonder, according to the research of specialists, “the youth tourism mar-
ket is the fastest growing in the world and every year there are more and more young travelers. This is primarily due to the
increased economic stability of many countries [9]. The variety of methodological approaches provides flexibility in re-
search directions and the use of methods adequate to the problem. Along with the methodological substantiation, it is im-
portant to provide legal support for youth policy in the field of tourism.

A number of bills are dedicated to the implementation of youth policy in the field of tourism. The "Model Law"
On Children and Youth Tourism "has been established, according to the provisions of which," Children and youth
tourism is understood as a means of harmonious development of children (persons under the age of 14), girls and boys
(persons under the age of 18) , realized in the form of recreation and socially useful activity, the characteristic struc-
tural components of which are a hike, travel, excursion ”” [1], [11].

Federal Law of November 24, 1996 No. 132-FZ "On the Basics of Tourist Activities in the Russian Federation™
establishes that children's tourism is "tourism of an organized group of underage tourists accompanied by a leader who
is responsible for their legal representative™ [2], [11].

GOST R 54605-2011 “Tourist services. Services for children and youth tourism. General requirements " con-
tains definitions of children's and youth tourism (differing according to the age of the participants) - trips or excursions
organized by tourist or excursion groups of children (boys and girls) aged 7 to 14 years (from 14 to 18 years old) ac-
companied by a group leader, on tourist routes with cognitive, educational, recreational, health-improving, physical
culture and sports and other purposes ”[3], [11].
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A theoretical analysis of scientific research on youth policy in the field of tourism allows us to conclude that a
number of areas in the field of tourism services are the most popular and in demand [12]. This is how the relationship
of tourist resources with regional characteristics and the presence of youth potential is considered. In this case, we are
talking about the possibilities and limitations in the implementation of youth tourism. Particular attention is paid to the
sale of tourism products, which requires investment in various areas. The most popular routes are along the Golden
Ring, Transhaikalia, Novosibirsk region [5,8,9]. The analysis of tourist offers in these directions indicates that the
greatest attention in the development of tours is paid to adaptation to different age groups, with special attention being
paid to young people. This experience needs to be extended to other regions. Lipetsk region is open for tourism and
youth policy in this area is interconnected with the economy of the region. Based on the modern regional practice of
the constituent entities of the Russian Federation, for the development of the tourism industry it is necessary to have
tourist and recreational resources, to create such resources for young people [7].

Results and Discussions. Determination of the main directions of youth policy in the field of tourism is a
guideline for the development of tourism products, the organization of travel services and further promo-
tion. According to the research carried out in the Lipetsk region in the field of tourism among young people, data on
the target orientation of young people in the field of using travel services were obtained. Thus, 41% of the respondents
indicated that the purpose of travel in most cases is professional; 12% - leisure activities; 10% - for medical purpos-
es; 37% - others (including religious / pilgrimage - 0.3%, education and vocational training - 4%). We see that only
12% of those surveyed have a vacation as the purpose of travel. A large share is taken by business and professional
travel. At the same time, young people travel in groups - from 3 to 6 people. Among all types of tourism, young peo-
ple are more interested in educational and entertainment tourism. Young people associate their trips with visiting the
spiritual places of the cities of Yelets, Zadonsk, Lipetsk, with visiting the entertainment places of these cities, with a
visit to the Forest Park (rope town), the Natural Park "Kudykina Gora". Based on the survey, the following conclu-
sions were drawn. Seasonality is dominant in the demand for the route (preferably the warm season). The most rele-
vant tours last up to a week and weekend tours . There is interest in youth programs with an interactive component.

A tourist product should be attractive to young people, in this regard, it is important to promote it by large tour-
ist companies in the market of tourist services among young people using adequate advertising methods
[4,6,7,10]. Promotion of a tourist product among young people can be both advertising and non-advertising. Not ad-
vertising are personal sales, information distribution, telephone sales, SMS messages, mailing. Sales promotion
measures can be directed: “to the address of a potential tourist, a consumer of tourism services, or to the address of
retail tourism firms and organizations” [4].

The objectives of stimulating consumers are: "encouraging more consumption of offered tours or individual
services, determining the reasons to use or not use travel services that tourists have not used before™ [4,6]. Methods for
promoting a tourist product are selected depending on the objectives of the implementation of tourist services: adver-
tising in the media, catalogs, brochures, brochures, street advertising, letters of sale, advertising at a point of sale
[6]. Each of the advertising methods has its own pros and cons. But in any case, it is necessary to carefully study the
contingent of customers and their tourist needs. If in the study of the tourist needs of the youth of the Lipetsk region,
priorities are identified, then in accordance with the leading ones, you can use the methods of public relations: press
release, press conference; videos, study visits. Promotion of a tourist product is the basis of a strategy for attracting
youth in the sale of a tourist product.

Conclusion. Youth policy in the field of tourism is methodologically sound. The complex of methodological
approaches and the corresponding methods make it possible to create a tool for the development of both a regulatory
framework and the promotion of travel services and tourism products among young people. Regulatory support allows
you to establish opportunities and restrictions in the field of youth tourism. Practical orientation of youth tourism lies
in consumer demand for tourism products and travel services. Promotion of travel services allows to increase the in-
volvement of young people in their consumption.
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THE STUDY OF THE IMPACT OF TRAINING DESCRIPTION
IN EDUCATIONAL ORGANIZATIONS THAT TRAIN MIDDLE-
LEVEL SPECIALISTS ON THE NUTRITIONAL BEHAVIOR OF
THE STUDENTS
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Annomayun: 1lenpio HACTOSIIETO MCCIEIOBAHUS SBISIETCA BBIIBICHHE B3aMMOCBA3M IHIIEBOTO MOBEICHUS
ydaImecs MoJIoJIeKH ¢ TpoduiieM o0ydeHnsI ¥ ypoBHEM HMH()OPMHUPOBAHHOCTH YYAIIMXCS O MPHHIMIAX 340POBOTO
o0paza XHW3HU U MPaBIIBHOTO NHTaHus. MccnenoBanne BKIIIOYAIO HECKOJIBKO ATAIOB: ONpPEeICHNE YpOBHS HH(POP-
MHPOBAaHHOCTH IOHOIIECH ¥ JEBYIIEK O MPUHIMIAX 340POBOTO 00pa3a )KM3HH W NMPABWIBHOTO MTUTAaHMS; H3yUCHUE HC-
TOYHHKOB MH(OpMALNK O PAIMOHAIEHOM NUTAHUH; U3YYEHHE W BBIIBICHHE HAPYLIICHUH NHIIEBOTO ITOBEICHUS yda-
meicst Mostoexxu. CpaBHUTEIBHBIN aHAN3 ITOKA3aTeNe IPOBEEH 1Mo MPOo(GHIIM 00ydeHHS.

KaroueBble ciioBa: npaBHIbHOE NMMTaHUE, 310POBBIH 00pa3 )KU3HH, MUIIEBBIC MPUBBIYKH, KAYECTBO MUTAHUS,
OpraHu3aIsl MUTAHUS yJaluXCs.

Abstract: The purpose of the study was to identify the relationship between nutritional behavior of the students
with training description and the awareness level of the students about the principles of healthy lifestyle and proper
nutrition. The study included several stages: assessment of the awareness level of young men and women about the
principles of healthy lifestyle and proper nutrition, study of the sources of information about rational nutrition and
study and identification of nutritional violation of the students. Comparative analysis of indicators was carried out
according to training description.

Key words: proper nutrition, healthy lifestyle, nutritional habits, food quality, nutrition organization of the students.

Preserving and strengthening the physical and mental health of young people in a constantly changing medical and
demographic situation is a priority task for increasing the productive power of society and the national security of the coun-
try [11; 18 1. As you know, the state of health of all population groups without exception is influenced by the nature of the
diet, including eating behavior. Currently, within the framework of monitoring the nutritional status of all groups of the pop-
ulation of Russia in the organization of nutrition for schoolchildren, violations have been identified, which are often associ-
ated with a lack of knowledge and awareness in this area.

Many factors influence the formation of eating behavior: social, economic, ethnocultural, personal characteristics,
learning environment, etc. [1 ; 2; 6; ten; 14; 15 ]. From the point of view of the adequacy of eating behavior, student youth
can be attributed to the risk group [ 7; 8; 12 ] . On the one hand, boys and girls those receiving secondary vocational educa-
tion are often exposed to informational and emotional stress that accompanies the learning process. On the other hand, this
age group of the population is a rather sensitive contingent with unfinished processes of body formation and growth. In addi-
tion, young people are a specific contingent with their own value attitudes, motives of activity, lifestyle features and stereo-
types of behavior.

Currently, there are a number of scientific studies that confirm the need for educational programs to improve
the nutritional culture of boys and girls [3, 4, 5, 13, 16, 17, 20, 21, 22]. However, in the majority of such studies, there is no
objective assessment of the changes occurring in the eating behavior of young students under the influence of the knowledge
gained in the field of nutrition.

The purpose of this study was to identify the relationship between the eating behavior of young students and the edu-
cational profile and level of awareness of young men and women about the principles of a healthy lifestyle and proper nutri-
tion.

The study was carried out in 2015 in the process of teaching young men and women in their first year and in 2018
towards the end of their education in their third year. The object was students of educational institutions of Orel, who train
mid-level specialists. The study included boys and girls receiving the qualification “Technician-technologist” (“food” pro-
file) in the specialty “Technology of public catering products” (group TT) - 82 people; boys and girls receiving the qualifica-
tion "Banking Specialist" ("non-food" profile), specializing in "Banking" (DB group) - 78 people. Throughout the entire
period of study, the TT group studied special disciplines, acquiring knowledge in the field of nutrition, in contrast to the stu-
dents in the BD group.
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The average age of freshmen at the time of the study in 2015 was 15.8 + 1.2 years. According to the data presented in
the preliminary survey, all respondents were assigned to the first group of labor intensity, that is, with very low physical
activity. The criteria for inclusion in the study were voluntary consent to participate, the provision of the necessary personal
information, age 15-18, full-time training in educational organizations that train mid-level specialists.

The research included several stages: determination of the level of awareness of young men and women about the
principles of a healthy lifestyle and proper nutrition; study of sources of information on good nutrition; study and identifica-
tion of eating behavior disorders of student youth. Comparative analysis of indicators was carried out according to the profile
of training.

To check the level of awareness of young people about the principles of a healthy lifestyle and proper nutrition, we
used test items. The test included 30 questions. Students were considered to have successfully passed the test if they an-
swered correctly more than 15 questions. In order to determine the sources of obtaining information about proper nutrition, a
questionnaire was conducted using the tools of the questionnaire method. Eating behavior of respondents was assessed using
the sociological method "Dutch Eating Behavior Questionnaire™ (DEBQ, 1986, Netherlands) using the Dutch eating behav-
ior questionnaire, which meets the criteria of validity and reliability [1] .

The research materials were statistically processed using the Statistica-6 package and MSExcel capabilities. The
choice of statistical processing methods was determined by the nature of the distribution of the studied features and the type
of data.

The reliability of changes in the indicators of eating behavior, the level of awareness of the principles of healthy eat-
ing and the relationship of information sources about proper nutrition with the learning profile of respondents from unrelated
groups was determined using the 2 -Pirson criterion. The critical level of significance was taken to be 0.01.

Among the many factors that cause nutritional disorders in young men and women, the determining role is played by
the incompetence of young people in matters of nutrition culture. This fact was confirmed by the results obtained at the ini-
tial stage of the study, during which first-year students were tested. The test contained questions about the level of awareness
of the respondents about a healthy lifestyle and proper nutrition.

The level of awareness of student youth about a healthy lifestyle and proper nutrition was determined using test
items. The test results are presented in table 1.

Table 1
Level of awareness among students about healthy lifestyles and proper nutrition

Test results Percentage of of students studying,%

1 course (2015 year) 3 course (2018 year)*
TT (n=82) BJI (n=78) TT (n=82) BJI (n=78)
More than 50% of the questions answered correctly 34,1 32,0 83,0 42,3
Answer 50% of the questions correctly 4,9 7,7 7,3 6,4
Less than 50% of the questions answered correctly 63,7 60,3 9,7 51,3

* The relationship between the factorial and effective signs is statistically significant at a significance level of p <0.01,
2
x “=33.478.

In the first year, the number of TT and DB respondents who gave correct answers to more than half of the
questions was 34.1% and 32.0%, respectively. The groups of freshmen did not differ statistically significantly from
each other in this indicator. It should be noted that at the initial stage of the study, the overwhelming majority
of respondents, regardless of the educational profile, were informed that unhealthy diet can lead to nutritional-
dependent diseases.

Testing, carried out on the 3rd year, showed a significant increase in knowledge among TT students - by
50%. The share of students who successfully passed the test tasks among TT boys and girls was significantly higher
(p <0.01) than in the BD group. A greater awareness of which foods contain polyunsaturated fatty acids and the most
useful fats and carbohydrates, how to enrich the diet with dietary fiber, vitamins, minerals, which foods contain the
greatest amount of complete proteins were demonstrated by the respondents of the 3rd course of TT in comparison

with the BD group. the same course.

In order to determine the sources of obtaining information on the principles of proper nutrition, a survey of stu-

dents was conducted. The results are shown in

Table 2.

Table 2

Correlation of sources of information on proper nutrition with the educational profile of student youth

The source of information Percentage of of students studying,%
1 course (2015 year) 1 course (2015 year)
TT (n=82) BJI (n=78) TT (n=82) BJI (n=78)
Mass media (mass media), incl. Internet 31,7 24,3 14,6 47,4
Educational and scientific literature 4,9 2,6 34,1 2,6
Teachers 1,2 - 17,0 1,3
Medical professional recommendations 8,5 1,7 9,8 10,3
Parenting advice 48,8 59,0 19,5 26,9
Friends Tips 4,9 6,4 4,9 11,5
Other - - - -
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* The relationship between factorial and effective signs is statistically significant at a significance level of p <0.01,
2 _
x“=91.778

For most first-year students who are in the age of approximately 15 years in both groups of TT (40) and the da-
tabase (44 people), a priority source of information about the correct m Nutrition is parenting tips. From 24.3 to 31.7%
of first-year students received information from television programs, popular magazines and other types of media,
including the Internet. An insignificant proportion of young people at school used the recommendations of medical
workers, advice from friends. The respondents practically did not turn to the recommendations of teachers, education-
al and scientific literature. There were no significant differences in the analyzed indicators between the first-year stu-
dents of TT and DB.

By the end of the third year, regardless of the educational profile, the share of students who named parental ad-
vice as the main source of knowledge about the principles of proper nutrition has significantly decreased. At the same
time, the number of DB students increased (by 23.1%), focusing mainly on information from the Internet and other
media, which can often be unreliable and even false [ 19 ]. It is a fact that among today's youth, the main sources of
knowledge about healthy eating are television media and advertising, incl. the Internet, and not scientifically based
recommendations, confirmed by other researchers [ 9 ]. The share of BD students also increased (by 5.1%), which in
matters of nutrition was guided by the advice of friends. Yu burden and girls TT completion of the learning process
priority sources of information in the questionnaire indicated teachers (14 people), educational and scientific literature
(28 people) .Vyyavlennaya relationship between the profile of training and sources of nutrition information were sta-
tistically significant (p <0.01).

Since the nature of the diet is largely determined by the type of eating behavior, the eating behavior of students
was also studied using the sociological method DEBQ. Eating behavior is assessed as adequate (harmonious) or devi-
ating (deviant) depending on many parameters, in particular, on the place that the process of eating in the hierarchy of
human values occupies, on the quantitative and qualitative indicators of nutrition. Deviant eating behavior, in turn, is
subdivided into types: external, emotiogenic and restrictive [1]. The results of the assessment of the types of eating
behavior of the TT and DB students in the 1st and 3rd courses are presented in Table 3.

Table 3
Distribution of student youth by types of eating behavior
Type of eating behavior Percentage of of students studying,%
1 course (2015 year) 1 course (2015 year)
TT (n=82) BJI (n=78) TT (n=82) BJI (n=78)
Adequate 17,1 19,2 22,0 115
Deviant, incl. 82,9 80,8 78,0 88,5
-restrictive 19,5 23,1 36,6 20,5
-external 34,1 42,3 17,1 42,3
-emocyogenic 29,3 15,4 24,3 25,7

* The relationship between factorial and effective signs is statistically significant at a significance level of p <0.01,
2
x “=12.798.

According to the results obtained in the course of testing, it was found that in the 1st year the distribution of
students by types of eating behavior did not depend on the profile of education. A significant part of the freshmen of
the TT and BD groups had deviant eating behavior with a predominance of the external type - 34.1% and 42, 3% re-
spectively.

When retesting by the end of the third year of training, a redistribution of respondents by groups of eating be-
havior was revealed. The number of people with adequate eating behavior in the TT group increased by 10.5% in
comparison with the BD group. In TT students with deviating eating behavior, the restrictive type began to prevail,
and among the students in the BD group, the external type still prevailed. The distribution of respondents by types of
eating behavior, revealed during testing, statistically significantly depended on the learning profile (p <0.01).

In this study, a relationship was established between changes in eating behavior stereotypes and the level of
knowledge in matters of a healthy lifestyle and proper nutrition. of TT students with deviant eating behavior, the restrictive
type began to prevail. This fact can presumably be associated with the acquisition of special knowledge from this part of the
respondents in the learning process, which makes it possible to strengthen self-control in nutrition.

Thus, the results obtained in the study showed that young students, osvoivsh th "food" qualifications, as op-
posed to boys and girls of the "non-food" profile, the older exchange rate increased and food culture by changing the
sources of information and as as a result, their stereotypes and habits in this area. The data obtained will help in con-
ducting targeted preventive work in the framework of hygienic education of student youth in educational organizations
that train mid-level specialists.
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Abstract: Defined organoleptic and physicochemical parameters quality non-yeasted bakery (physicochemical
parameters, organoleptic .) Using the dough intensive technology.

Key words: dough , yeast-free bread , sourdough, whey, ionized water.

The diet of a healthy person cannot be imagined without bread. People in need of dietary nutrition also cannot
do without bread. This product has a rare property for food - bread never gets boring, and this allows it to be included
in the diet everywhere.

Since the beginning of the last century, experts and adherents of healthy nutrition have been discussing what
types of bread can be considered healthy. According to supporters of baking yeast-free bread, yeast fungi (store yeast,
dry yeast in packages), getting into the human body, can gradually accumulate, while destroying the beneficial micro-
flora, both in the stomach and intestines, thereby undermining immunity and affecting our general well-being.

Regular consumption of fermentation products in food leads to increased fatigue, the body's susceptibility to
the harmful effects of the environment.

The best solution for those who lead a healthy lifestyle, as well as people suffering from diseases of the gastro-
intestinal tract, may be the use of yeast-free sourdough bread without the use of baker's yeast.

The purpose of the study is the development of recipes and technological modes for the production of yeast-
free bakery products from wheat flour.

The objects of research are wheat flour of the first grade (GOST 26574-85); dry milk whey; leaven; ionized water.

To study the quality of yeast-free bread from first grade wheat flour, bread was baked in laboratory condi-
tions. Bread dough (control sample) was prepared in a safety-free way. Dough kneading, fermentation, proofing and
bread baking were carried out according to the methods described in the manual [ 1,2,31].

To obtain semi-finished products from wheat, a mixture of rye and wheat flour, a biological method is tradi-
tional, providing for their loosening as a result of alcoholic and lactic acid fermentation.

The dough was kneaded in the following ways:

- in a safe way (control);

- without activation of fermentation ;

- in an accelerated way (with the addition of serum and ionized water);

- preparation of sourdough dough (part of ripe dough and ionized water);

- in an accelerated way to ferment with the addition of serum and ionized ionized water.

The use of ionized water, which has many useful properties (bactericidal, redox, etc.) in the production of flour
products is a promising direction in the production of environmentally friendly products. lonozonized water was ob-
tained using a hydroionozonator setup [4].

To accelerate the maturation of the dough, intensive kneading was used and acidifiers and multicomponent
bakery improvers were used. A part of the fermented dough of the previous batch and dry milk whey were used as
acidifying additives.

An urgent task in the production of yeast-free bread with a reduced cycle is to obtain a pronounced aroma and
color of the product. This can be achieved by adding sourdough to the recipe, using fermented old dough as a sour-
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dough. Such a dough is made from flour and water without additives and left for a while. You will soon notice how
various gases are formed in the dough. Under their influence, the dough turns sour, becomes loose, the fermentation
process begins in it. Various enzymes are formed in the dough. If you add flour and water to such a dough, the fer-
mentation process will intensify. The result is a dough that is fermentable, just like yeast. It should be noted that the
resulting dough has a different smell and taste than yeast dough. In sour dough, along with useful ones, foreign micro-
organisms are formed, which reduce the lifting force of the dough, therefore it must be periodically refreshed by add-
ing fresh flour and water. The moisture content of the starter is 56%, the acidity is 12 degrees. To obtain a sour dough,
flour and water are taken in a ratio of 10: 6. The water should be at the same temperature as the dough - 24-26 ° C.

Organoleptic ( surface condition, consistency, degree of dryness, aroma ) and physicochemical (temperature,
humidity, acidity) indicators of dough for unleavened bread prepared in various ways from wheat flour of the first and
second grade are shown in Table 1.

Table 1
Organoleptic and physicochemical indicators of the test
o Without active_ition of With added On v\\,/\i/tlrghtﬁgzrc?c?iltji%rrll
Test indicators The control fermentation whey leaven of whey
from wheat flour of the first grade
Organoleptic

Surface condition convex Less convex less convex convex convex
Consistency norms strong norms norms norms
Dryness degree dry dry dry dry dry
Scent alcoholic no smell of alcohol a alcoholic alcoholic alcoholic
Physicochemical
Temperature, ° C 31 32 33 33 33
Acidity, hail

initial 35 35 4.8 55 6.0

the ultimate 4.0 3.6 5.5 6.5 7.0
Humidity,% 455 45.0 45.0 45.0 45.0

When developing the technology of yeast-free bread, the study of the quality of the finished product is
of practical importance. For this, laboratory baking of bread from wheat flour of the first and second grade was carried out
in an accelerated way with the addition of whey and ionized water; with the addition of starter culture and ionized wa-
ter; in an accelerated way with sourdough with the addition of whey and ionized water. Control samples were samples
of wheat bread prepared according to the recipe given in the literature. The analysis of the quality of the bread was carried
out 14-16 hours after baking according to the methods described in the literature. The results of the study of the quality of
yeast-free bread made from wheat flour of the first grade are presented in tables 2.

Table 2 shows that all samples have the correct shape, the crust is smooth, without cracks and explosions, the
crumb is characterized by a uniform arrangement of pores and good elasticity, except for a sample of bread pre-
pared without fermentation activation . Bread cooked without fermentation activation had a pale gray crust and less
elastic crumb. The moisture content of the bread in all samples was approximately 43.0%. The acidity ranged from 3
to 6.5 degrees. The highest acidity was in the sample prepared with sourdough with the addition of whey. The specific
volume of bread varied from 2.5 to 3.85 cm 3/ g, the lowest specific volume of bread was in the samples prepared
without yeast and with the addition of whey 2.5 and 2, 7, respectively.

Similar changes were observed in the porosity index. The porosity of the bread varied from 55 to 70%, the
lowest porosity was in the samples of bread prepared without fermentation activation and with the addition of whey,
55 and 65%, respectively. Then, as in the control sample, the porosity was 72%.

Form stability of the bread ranged from 0.32 to 0.5. The lowest dimensional stability in bread prepared without
fermentation activation was 0.32, in bread with the addition of whey - 0.35, in bread prepared with sourdough - 0.4, in
bread prepared with sourdough with the addition of whey - 0.45, while in the control sample, this figure is 0.5.

Analyzing the data obtained, it was found that in terms of organoleptic and physicochemical indicators, bread sam-
ples prepared from first grade wheat flour without yeast and using whey are much inferior to the quality of the control sam-
ple, while bread samples prepared on sourdough and sourdough with whey are almost are similar to control.

Table 2
Quality of yeast-free bread made from wheat flour of the first grade
Without With added whey On Sourdough with
Indicators The control activation of leaven added whey
fermentation
Organoleptic
Appearance:
the form correct correct correct correct correct
peel color light brown pale gray light brown light brown light brown
surface condition smooth cracked smooth smooth smooth
and undermining

Crumb condition: less
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elasticity lastic elastic elastic elastic elastic
color light coloured | lightwithagray | light with a yellow- light coloured light with a yel-
tint ish tinge lowish tinge
porosity uniform, uniform, fine uniform, medium uniform, uniform, medium
medium medium
Physicochemical
Humidity,% 43.0 425 43.0 43.0 43.0
Acidity, hail 3.5 3.0 4.0 5.0 6.5
Porosity,% 72 55 65 68 70
Specific volume, cm*/g 3.85 25 2.7 35 3.7
Form-stable vost, N /A 0.50 0.32 0.35 0.40 0.45

On the basis of the obtained results of the study, a recipe and modes for preparing a dough of unleavened bread from
wheat of the first grade with the use of ionized water for dough testing, having an optimal ozone concentration of 2 mg / I,
were developed and proposed.

The dough was prepared in a safe manner using ion-ionized water.

The dough is prepared under pressure in a hermetically sealed kneading and whipping machine from wheat flour of
the first grade and additional raw materials according to the recipe.

The dough is kneaded for 3-5 minutes in a laboratory batch mixer at a kneading body rotation frequency of 55,
then ion-ozonated cavitation air is fed into the kneading chamber under a pressure of 0.40 MPa and the dough is knocked
down for 5-7 minutes at a kneading speed. organ 4-5s ™.

The kneaded dough was divided into two pieces and weighed with a mass of 400 g and 200 g and shaped. The
dough was cut manually. Pieces immediately after molding were placed in pre-lubricated molds: 400 g for baking tin
bread, 200 g for baking hearth bread.

After cutting, the dough pieces were sent to the final proofing for 35-45 minutes for products made of 1st grade wheat
flour . The products were baked in a humidified baking chamber at a temperature of 220-240 ° C. The baking time is 35-40
minutes, depending on the weight of the products. Bread should be stored at a temperature of 25 °C and a relative humidity of
no more than 85%. Photos of finished bakery products are shown in Figure 1.

Figure 1. Wheat bread made of first grade flour with sourdough: 1 - using ionized water with sourdough; 2 - control

The results of studies of the properties of the dough, the quality of yeast-free bread from wheat flour of the first
and second grade, prepared in different ways, show that samples of yeast-free bread made from wheat flour of the first
and second grade and ionized water without yeast and using whey are much inferior to the quality of the control sam-
ple, then as the samples of bread prepared with sourdough and sourdough with whey are similar in quality to the con-
trol samples.

Based on the data obtained, a recipe and technological modes for preparing dough for yeast-free bakery prod-
ucts from 1st grade wheat flour with the use of ionized water, whey, starter culture and ionozonocavitation technology
have been developed .
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Annomayus. Cmamus NOCEAUEHA PACCMOMPEHUIO MEMOOOTIOSUYECKUX NOOX0008 K bIAGIEHUIO U OYEeHUSAHUIO
@axmopos, okazpl8AOWUX EIUAHUE HA AKIMUSHOCHb COBPEMEHHOI CIYOenyecKoll Moaodedxcu. B cospemennoii coyuo-
J02UU, KaK npasuio, aHaiusupyiomes ooujue meopemuieckue npoonemvl MOI00eHCU U MOTOOEHCHOU NOAUMUKY. AK-
MUBHO NPOBOOUMbIE IMIUPULECKUE UCCTEO08AHUS 8 PAMKAX MOIOOENHCHOU NpodIeMamuku 6 OoIbuiell cmenenu Haye-
JleHbl Ha cOOp CMamUCmMu4eckux OAHHbIX, d MAKice UsyueHue pasiuiHblx dcneKmos cocmoanus moaooedxcu. Ipeo-
Memom OAHHO20 UCCAeO08AHUSA AGTAIOMCS HO8blE NOOXOObl U MEMOObL K UZYUEHUIO (PaKmMopos COYUaNbHOU U NOTUMU-
YecKol aKmusHOCMU CMyOeHYecKou monodedxcu. Hccnedosanue basupyemcs Ha Memooosocuu KOMIIEKCHO20 NOOXO-
0a: CUCTEMHO20, NOTUMUYECKO20 U COYUOTOUTECKO20 AHANU3A, MEeMOO08 IKCHEPMHBIX OYEHOK, 8 YACMHOCIU Mem O-
0a paneos, cmpyKmypHo-QyHKYUOHATbHO20 U (PaKMOPHO20 ananuza. B cmamve npedcmagnenvl OCHOBHbIE 8b1600bl NO
Pe3VIbMamam coyuanbHO-NOTUMUYECKO20 UCCIe008AHUS CMYOCHUECKOU cpedbl ucmopuyeckozo gaxyrvmema Kpac-
HOAPCKO20 20CY0apCmBeHH020 nedazouieckoeo yrugepcumema um. B.I1. Acmaghvesa. Ananuz smnupuieckux Oaw-
HbIX, NOJYYEHHBIX 8 pe3yabmame aHKemHO20 ONpoca CMyOeHmos, NO360JAen BbIASUMb PAKMOpyl, auUAIOwUe HA UX
AKMUBHOCMb 8 COYUATLHO-NOTUMUYECKOM NPOCIPAHCEE, U CHOPMYIUPOSAMb NPEONONHCEHUS NO KOPPEKMUpogKe
Memooono2uy pabomvl ¢ COBPEMEHHOU CMYOEHUEeCKOU MOI00ENCHIO.

Kniouesvie cnosa: cmyoenueckas mMonooedxics, COYUanbHas AKMUBHOCb, IKCHEPMHAA OYeHKd, IKCHepmHoe
DAHAHCUPOBAHUE, MEMOO PAH208, CIPYKIMYPHO-(DYHKYUOHATLHIN AHATU3, PAKINOPHYIN AHATUS.

Abstract

The article is devoted to the consideration of methodological approaches to identifying and evaluating factors
that influence the activity of modern students. In modern sociology, as a rule, the general theoretical problems of
youth and youth policy are analyzed. Actively conducted empirical research in the framework of youth issues is aimed
at collecting statistical data, as well as studying various aspects of the state of youth. The subject of this research is
new approaches and methods to the study the factors of social and political activity of students. The research is based
on the methodology of a comprehensive approach: system, political and sociological analysis, methods of expert as-
sessments, in particular, the rank method , structural-functional and factor analysis. The article presents the main
conclusions based on the results of socio-political research of the student environment of the faculty of history of the
Krasnoyarsk State Pedagogical University named after V.P. Astafiev. The analysis of empirical data obtained as a
result of a questionnaire survey of students allows us to identify factors that affect their activity in the socio-political
space, and formulate proposals for adjusting the methodology of working with modern students.

Key words: students, young people, social activity, expert assessment, expert ranking, rank method, structural
and functional analysis, factor analysis.

Discussions about the characteristics of modern student youth In the scientific literature, you can find a wide
range of studies of youth issues within the framework of sociology [1; 2; 3; four; 5, 6; 7; 8; 9], psychology [10], an-
thropology [11], philosophy [12], cultural studies [13; 14; 15; 16]. At the same time, according to I.S. Kohn, “there are
two polar approaches to youth and youth in world literature, the first of which can be called naturalistic-ontological,
and the second already has its own name - social constructivism” [17]. Within the framework of the first approach,
youth is defined from the point of view of ontogenesis, within the framework of the second - through the influence of
social dynamics.

Studying youth in the framework of the second approach, some scholars note that the concept of "youth™ is in-
cluded in the socio-political discourse at the turn of the 19th and 20th centuries, which was largely due to certain soci-
ocultural reasons. According to S.I. Levikova, “there is no concept of*“ youth “’in any pre-industrial society. Moreover,
in the so-called primitive societies, the child became an adult either at the time of the appearance of the first essential
signs of physiological puberty, or, if this was the case in his community, after passing the initiation rite ... No period of
adolescence or youth was expected in such societies ”’[14 , from. 60]. Thus, we can say that youth as a special social
group appears in the era of "modernity-modern™ [18, p. 112].
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It should be noted that if "youth™ is considered as a phenomenon that arose only at the industrial stage of the
socio-historical development of mankind, then the understanding of this phenomenon will not be entirely complete
and deep. M.M. Belousova rightly asserts that “many researchers of youth and youth culture, who deny their presence
at the pre-industrial stages of human evolution, are very uncritical about the ideas of Western culture anthropologists”
[19, p. 19].

Based on the scientific discussion, we can assert that youth "was" in different societies at different stages of
their socio-historical development, and not only as a specific age group, but also as a certain socio-political concept in
public consciousness. We see that in history, each epoch had both, in fact, young people and their inherent socio-
cultural forms.

Considering the problems of modern youth, it is worth noting that youth is traditionally distinguished by such
an attributively inherent value as the desire for change. At the same time, today the desire for change is one of the
dominant values and gives rise to a higher degree of contradiction between young people and other social groups than
in recent decades, which some researchers consider as a prerequisite for a “youth explosion” [20, p. 196].

As an actualized concept, young people are considered by scientists as “a socio-demographic social group, dis-
tinguished on the basis of a set of characteristics, characteristics of social status, conditioned by certain socio-
psychological properties and characteristics, which in turn are determined by the level of socio-economic and cultural
development, and also by the peculiarities of socialization in Russian society ”’[21]. Hence, the statement of V.A. Lu-
kov that youth is always “a social structure of a certain time and certain socio-cultural conditions” [13]. If this is so,
then today's characteristics of young people, including the absolute domination of consumption over creativity, the
specifically hedonistic orientation of leisure, the borderline of norms of behavior, etc., and the events it produces are a
harsh assessment of the state of modern society, and therefore a "serious challenge” [ 22].

Meanwhile, today the question of the existence of special signs and socio-political characteristics of student
youth remains debatable. We see in scientific research the allocation of student youth as a separate phenomenon, but
at the same time, only students who are not engaged in any systematic business, except for study, are defined as carri-
ers of a special student culture, since otherwise they can only be called relatively students, since they appear in educa-
tional institutions from time to time usually during sessions.

In our case, the bearers of student culture is understood as student youth who regularly attend classes, have sys-
tematic interpersonal contacts in the student community, and also have certain socio-cultural characteristics, for ex-
ample, a specific language (student slang).

Interpreting the youth context in this way, it can be assumed that today, on the basis of social values prevailing in the
youth environment, new (or renewed) values and preferences are formed, which, in addition to special features (legal, politi-
cal, social, etc.), have fundamental sociocultural content. niyem. As if to prove this, E.L. Omelchenko notes that recently
youth activity has moved mainly from the political space to the socio-cultural space [23]. Thus, the socio-cultural content of
the values of student youth objectively reflects its specificity as a subject of socio-political activity.

The problem of methodology for identifying factors affecting the activity of young students

The processes of change in the Russian higher education system continue. The process of consolidation of uni-
versities has been practically completed, innovative universities have been created. The mechanisms for managing
them have changed, new rules for the selection of applicants have been introduced. The educational process is being
improved, new areas of training are being created, the material base is developing, etc.

The ongoing process of transformation of the Russian higher education system determines the need to find so-
lutions to key problems that are adequate to the corporate culture of the university, the mechanisms of its educational
process, correction of the university management system, etc.

Today, it is becoming more and more obvious to build a complex multidimensional stratification of youth, the
growth of its differentiation (both in terms of socio-political activity and in accordance with new criteria, including
material status, employment, lifestyle, sociocultural identification).

No less relevant is the request for the study of the corporate culture of students, their expectations from study-
ing at the university, their free pastime, their participation in various cultural, socio-political practices, both of their
own university and the city where the university is located. The principles of structural and functional analysis in the
study of youth problems were actively used by sociologists at the end of the last century. The object of their analysis
was the basic indicators: as the socio-economic status of young people, the discrepancy between their professional
status and qualifying university training, labor and social activities, formal involvement in management structures and
real participation in decision-making that determine the relationship between youth and society [24; 25].

Numerous sociological studies in universities, in our opinion, do not reveal the real tendencies in the develop-
ment of problematic phenomena in the university. To search for solutions to the problems of the university, relations
"university - student", "student - city - urban environment”, not just sociological research is needed, but complex mon-
itoring studies using methods of qualitative analysis, methods of expert assessments, which increases the reliability of
solving scientific and managerial problems.

When solving many practical problems, especially when studying youth problems and young people themselves, it
often turns out that the factors that determine the final results of behavior, the forms and methods of youth policy, cannot be
directly measured. It is important to find approaches and research methods not just opinions in the moment, but to under-
stand the mechanisms, conditions, factors, etc. at the moment of the stratification transition from one age category to the
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next, to represent in general the dynamics of changes in the sequential "cohort™ transition. As a rule, the objects under con-
sideration, behavioral reactions, the formation of value preferences, the choice of life strategies, etc., have a different nature
in nature and, therefore, become incommensurable. In this case, the establishment of their significance with the help of ex-
perts, as well as the assignment of natural numbers, which in turn determine the order (and place) of each phenomenon in the
studied population, greatly facilitates the choice of the more preferable of the alternatives.

Expert ranking is proposed to be applied in cases where it is impossible or impractical to directly assess the
problem objects under study. Since when ranking, we receive information only about which of the studied objects is
more preferable, but without specific comparative characteristics of the preference of one object over another. In terms
of meaning, ranking in such a context is, first of all, a process of quantitative determination of ranks, and rank, first of
all, is the degree of difference in any attribute of the object under study.

When ranking information, the importance, perceptibility, significance, persuasiveness or "weight" of various
quality indicators is revealed, a list ("register") of quality indicators is determined.

In combination with the factor analysis of the student-university relationship, we obtain more adequate infor-
mation, since the interrelation and interdependence of subject-object relations are taken into account. Some of them
are directly related, others are indirectly.

This method of research allows, on the one hand, to describe the object of research correctly and at the same
time comprehensively; on the other hand, to identify the factors responsible for the presence of linear statistical rela-
tionships of correlations between the observed variables. After that, in each case, we conduct a ranking (form a hierar-
chical list) and analyze the structure of the hierarchy according to various parameters, first of all, by age, select, refute
(merge) groups, that is, we conduct a deep parametric and nonparametric analysis, depending on the resulting inter-
mediate results and assigned tasks. Thus, we get an answer to the question of whether the structure of values of young
people is the same in general, across groups, and what it is, we identify significant factors for a particular stable struc-
ture of a group of young people.

Empirical research results. The rank method was used by the authors in 2017 when conducting an initiative
questionnaire survey of full-time students of the Faculty of History of the Krasnoyarsk State Pedagogical University
named after V.P. Astafiev (KSPU named after V.P. Astafiev). The analysis of the entire empirical base of the research
was carried out on the basis of the complex application of methods of qualitative and quantitative analysis of the re-
sults. At the same time, the education process was understood as an important part of a life strategy, especially for
student youth, since the quality of education is the result of the dialectic of interaction and politics, and the economy,
culture and social roles of an individual.

When developing the program and research tools, semantic blocks were identified. One of them: Higher educa-
tion is a strategically decisive stage in the implementation of the life plans of young people. The questionnaire survey
covered four-year students of the Faculty of History. In total, 130 students of the Faculty of History, studying in the
areas of training: Political Science 40 (15 students), Pedagogical education: history and social studies (42 students),
Pedagogical education: history (14 students), Pedagogical education: history and law ( 38 students), Pedagogical edu-
cation: history and foreign language (13 students). 8 students refrained from answering.

Within the framework of this article, the general "passport” information of the surveyed students, the answers
to the questionnaire are given only in the general characteristics of the students of the faculty, without breakdown by
specializations and courses of study. The final report of the initiative research contains an analysis of information tak-
ing into account specific courses, specializations, and the age of survey participants. Separately, for some of the ques-
tions, the analysis of the received answers was carried out, taking into account the places of residence, receiving sec-
ondary education, living in a hostel, with parents or in a rented apartment. The analysis of the structure of answers and
correlations was carried out, taking into account the specifics of the participants in the questionnaire survey.

The age of the students who took part in the survey: 64 students - 17-19 years old, 64 students - 20-22 years
old, 1 student noted his age in the range of 23-25 years. There were no students older than 25 at the Faculty of History
at the time of the survey. 1 person did not indicate their age. Of 130 respondents, 47 people received secondary educa-
tion in the city of Krasnoyarsk, in other municipalities of the Krasnoyarsk Territory - 83 people.

The following answers were received to the question of the questionnaire "Indicate your current place of
residence". In the hostel of the KSPU named after V.P. Astafieva is home to 49 students; together with parents - 42
students; 14 students indicated their accommodation; rented apartment or room - 14 students; other (for example, from
relatives) - 11 people. The use of the rank method made it possible to draw the following conclusions: the predomi-
nance of residents of Krasnoyarsk and other cities of the region among students. Residents from rural areas and other
regions of Siberia are extremely insignificantly represented.

"What were the motives for choosing the Faculty of History?'" As a result of ranking and analysis of the hi-
erarchical list of preferences, summing up students' answers to the questionnaire, the following results were obtained:

The main motive for choosing a faculty was the state status of the university - for 27 people; the fame and pres-
tige of the faculty determined the choice of 26 people; the high quality of teaching, which the future student learned
about from relatives / friends, became a defining motive for 31 people; the possibility of employment after graduation
from this university has become a defining motive for 58 people; interesting student life prompted 18 people to enroll;
low competition for the direction of training 40 determined the choice of 16 people; the decision of the parents was a
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decisive factor for 5 respondents; the choice of friends / classmates according to the principle "where everyone is -
there and I" influenced 2 people; “There was no other choice” - this is how 13 people defined their choice.

Thus, based on the data obtained, we can conclude: the main motives for choosing their future profession for
the majority of the surveyed students when ranking the answers, judging by the quantitative distributions, the priority
was the possibility of employment after graduating from the university (58.44%), high quality of teaching, about
which the student learned from relatives / friends (31.24%), the state status of the university (27.20%), the fame and
prestige of the faculty (26.19%).

Using the rank method , the specifics of the choice of the faculty are revealed. Judging by the percentage distri-
butions of the answers received, the majority of students consciously approached the choice of the place of study,
while making the choice in most cases independently. However, the motives of more than a third of the respondents
indicate that the position of the survey participants on this issue was not yet fully formed, which is possibly due to
their age and social status at the moment in their lives.

""Can you say that you understand the content of your future profession well enough?'* Content analysis
of the answers to this question in the questionnaire gave the following results: “Yes, I am confident in the correctness
of my choice and I am preparing for my future professional activity” — 59 answers; “I have a very vague idea of my
future profession, but I hope that at the beginning of my practical activity I will not be disappointed in my choice” —
22 answers; “I doubt the correctness of my choice of my future profession” — 17 answers; “I haven’t thought about it
yet, the main thing is to graduate from the university” — 12 answers; “The main thing for me is just to get a higher
education” — 15 answers Based on the data obtained, it was concluded that a significant part of the respondents still
lacks a stable professional orientation.

The rank method in the formation of a hierarchical list of students' social expectations from studying at the faculty
revealed the following: a set of expectations, which is practically unrelated to future professional activities, somewhat pre-
vails, and faculty students are more likely focused on the social and humanistic function of higher education rather than pro-
fessional. This fact is extremely important to take into account when forming the youth policy of the university, all educa-
tional work with students, as well as in the process of forming the corporate culture at the university.

"What is your attitude to the quality of the organization of the educational process?'" The analysis of the an-
swers to this question in the questionnaire gave the following results: “no special complaints” — 57 answers; "Inconsistency
of the studied disciplines of the specialty being received" — 9 answers; ‘“Discrepancy between the significance of the subject
and the number of hours” — 24 responses; “Overloaded with auditorium lessons” — 10 answers; “Dissatisfaction with the
quality of classes” — 17 answers; ‘“Dissatisfaction with the organization of tests and exams” — 7 answers.

In addition to these answers, other assessments were expressed: “dissatisfaction with specialists”, “biased atti-
tude of some teachers”, “the schedule is not set on time”, “few subjects”, “more psychology, political science and his-
tory, and the rest is less”, “dissatisfaction with the organization of educational activities ; distribution of loads during
the semester "," inconvenient schedule, "windows" in the schedule ".

Based on the data obtained, it was concluded that most of the students at the time of the research were, on the
whole, satisfied with the organization of the educational process at the faculty. At the same time, some of the students
surveyed (67 answers) were to one degree or another dissatisfied with the system of assessing knowledge, the sched-
ule of classes, and the quality of the curriculum.

The process of studying at the faculty arouses a certain interest among the majority of the respondents, which
indicates the involvement of the respondents in educational activities, their focus on acquiring knowledge. It was also
received important information that, no significant differences in attitudes towards learning among students studying
on a budgetary and non-budgetary basis were found.

"What student problems are of particular concern to you now?"

The quality of scheduling classes — 55 answers; quality of teaching — 50 answers; quality of knowledge assess-
ment — 47 answers; the work of the canteen of the faculty — 44 answers; no hygiene products in toilets - 39 responses;
practice - 41 answers; independent work of students — 21 answers; living conditions in a hostel - 32 answers.

Other problems were named: "there is always no money", "there are few shops on the floors", "projectors, in-

teractive whiteboards in each classroom", "cockroaches in the dining room and classrooms", "the size of the scholar-
ship forces you to work at night", "few budget places", "Expensive training".

"How satisfied are you with the material base of the faculty?"

The following answers were received: quite satisfactory — 28 answers; partially satisfies — 71 answers; does not
satisfy — 27 answers.

Specific problems were indicated: "repair in offices”, "no free wi-fi", "call a" repair school "," equipping offic-
es "," no payment for trips to sporting events. " The content analysis of the answers to the questions of this block of
the questionnaire gave the following results: some of the students, answering the questions of the questionnaire, ex-
pressed dissatisfaction with the state of the material base of the faculty. The greatest dissatisfaction of students was
caused by the following aspects: the state of toilets, moving to physical education classes at the expense of the student,
sanitary and hygienic conditions of the 10th canteen of the faculty, cleanliness of smoking areas, the state of the terri-
tory adjacent to the educational building (paths, flower beds, benches, trash cans), the availability of parking for per-
sonal vehicles, the state of hostels.
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Some of the students surveyed experience certain difficulties in their studies. Among the most important rea-
sons causing these difficulties, judging by the answers, are the lack of knowledge and the inability to replenish it,
complex interpersonal relationships and relationships with teachers, as well as various external circumstances, for ex-
ample, the remoteness of the place of study from the place of residence, the need to combine studies. with work, fami-
ly problems, etc.

"Evaluate the educational activity at the faculty as a whole on a 5-point scale.” The content analysis of the
answers to this question of the questionnaire gave the following results: the item “Compliance of the information pre-
sented by the teacher with the subject of the subject” was assessed by the majority of students at 4 points (51 votes);
the item “Equipping practical training with modern equipment” was rated by the majority of students at 2-3 points
(34-37 votes); the point "Relevance and relevance of information taught in the classroom™ was assessed by most of the
students at 4 points (53 votes); the item “The ability of the teacher to interest students in the learning process” was
rated by the majority of students at 3 points (47 votes); the item “Accessibility of practical training” was rated by most
of the students at 4 points (34 votes); the point "Objectivity in assessing students' knowledge, respectful attitude" was
assessed by the majority of students at 4 points (42 votes).

""Are you satisfied with the organization of training / practical training?"

Most of the votes were cast for the option “got acquainted with the work, but nothing interesting” — 49 people
and 11 people think that they “lost time on unnecessary and uninteresting work”.

Conclusion

The use of the rank method when conducting a questionnaire survey made it possible to obtain an array of em-
pirical data, form hierarchical lists of preferences and then analyze correlations, etc. This also provided an understand-
ing of the system of value orientations of faculty students, to determine a kind of deep basis of personality, conditions
and factors influencing the content of social activity, semantic priorities and the direction of the social position of
young people, to identify a common approach to oneself.

The use of the rank method in the processing of empirical material and an expert assessment of the received
answer options revealed the need to create a communication system "student - university", social activity of students
both within the faculty and outside the university. Such a system should ensure 7 the disclosure of abilities, and in the
organization of the educational process create conditions when the accumulated competencies would allow directly
testing the general cultural knowledge and socio-cultural orientations of students acquired at the university.

The use of the rank method in socio-political studies of youth issues allows us to form an integrated approach
to the study of student youth in cities, to ensure the actualization of youth issues in order to find the optimal algorithm
for municipal youth policy, while considering students as the main partner group, a consistent supporter of changes
that affects the process of transformation at the municipal level, which has significant potential in order to facilitate
the implementation of practice-oriented education for young people, active citizens.

At the municipal level, within the framework of youth policy, the application of the rank method and direct as-
sessment of factors in the study of the social activity of student youth in the city will make it possible to develop mod-
els for the structures of participatory management, that is, management aimed at liberating the creative activity of stu-
dent youth, creating opportunities and freedom in the city for individual achievements. talented people.

The use of the rank method in the development of various target programs for the development of the city will
allow developing a unified approach to expanding the participation of students in the organization of the activities of a
particular municipal entity.
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IDENTITY OF THE INHABITANTS OF THE CRIMEAN
PENINSULA:

IS THERE A CHANGE OF ETHNIC BORDERS? (PART I)
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Annomauuﬂ. HpeZ[CTaBJICH aHaJIN3 HUCCIICAOBaHUA I/IﬂeHTI/I‘{HOCTeﬁ 1 CMBICJIOBBIX KOHCprKHI/II\/'I IOCHHOCTHOTO
CO3HAHHUS JKHUTEIICH PeCl‘[y6J‘II/IKI/I KpLIM n CeBacTomnoiisi B STHUYSCKHUX rpynmnax. Hcnonp3oBan noaxoa ConHuaJIbHOIo
AHTpOIo0JIoTra . BapTa 0 CMEHE STHUYECKOM HWACHTUYHOCTH, C IOMOLIBIO KOTOPOI'0 aHAJIU3UPYCTCA MPOLLCCC (I)OpMI/I-
POBaHUA UACHTUYHOCTU JKUTEIIeH KpBIMa B HOBOM COHHaHBHO-HOHHTH‘IeCKOﬁ PCAIBbHOCTH. ABTOpBI IIONBITAJIUCH IIO-
HATH, KaK COOHAJIbHBIC MPOLECCHI CHOCO6CTByIOT COXpPaHCHHUIO 3THUYECKOI'0 CTaTyCa, 4YTO MPOUCXOJUT ITPU pa3sMbIBa-
HUU W CMEHE DTHUYCCKUX XapaKTCPUCTHUK.

OMrpuyeckas MOJeb UCCIIEIOBaHMS cozieprkaiia MaccoBblil ompoc 2000 sxureseit ropogos PecnyOniku Kpeim u
Cepacromnodst. OObEKTOM HCCIEIOBaHMs BEICTYITHIIN JKUTENN MOITyOCTPOBA, B X0/I€ KOTOPOTO OBLIN BBIACICHBI TPH TPYIIIEI
0 HAIMOHAILHOMY IPU3HAKY: OTHOCSIIME ce0sl K PYCCKUM — B TPYIITY «PYCCKHE», OTHOCSIINE ce0s K yKpauHLaM — B
TPYIILYy «yKpPauHIIBD», OTHOCSIIHE K KPBIMCKO-TaTApCKOMY HACEJIEHUIO — B IPYIIILY «KPBIMCKUE TaTapbl».

[Nonnmanwe mporecca GOPMUPOBAHHS U CMEHBI HACHTHYHOCTEH Y xkuTenelt KppIMCKOTO MOIyoCTpoBa aBTOPHI
CBA3BIBAIOT C (I)aI(TopaMI/I COL[I/IaJIbHOﬁ Cpeabl, KOMMYHUKaUAMU, NOJIUTHUICCKUMU U 3 KOHOMHWYCCKUMHU BbII'OJdMU. B
Ka4CeCTBC BbIBOJAA aBTOPbI OTMEYAIOT, YTO MMPOLECC (1)OpMI/Ip0BaHI/I$[ I/I,IleHTI/I‘IHOCTeﬁ B PA3JIMYHBIX 3THUYCCKUX I'PYII-
max KpBIMa CJICAYCT OCHOBBIBATH HA MNPHUHIHUIIAX PCTHUOHAJBHOI'O HNATPHUOTHU3MA € YUCTOM TeppHTOpHaﬂLHOﬁ MpuBsI-
3aHHOCTHU K KpBIMy, CO3J1aHUHN 06’BCZ[I/IH$IIOH.[I/IX KYJBbTYPHBIX KOJOB, IIPEAOCTABJIICHUA OTKPBITHIX aJIbTCPHATHB, COLIU-
aJIbHBIX BO3MOXXHOCTEH, COLMAIbHBIX TPACKTOPUN YCIEIIHOCTH, KOTOPbIE MOXKET TPAHCIMPOBATh ITHUUYECKAs IIPU-
HaAIJIC)KHOCTD.

KiroueBble cjioBa: UICHTUYHOCTD,ICHHOCTHU, IMYHOCTHBIC Ka4€CTBA, MEXXHAIIUMOHAJIbHOC COTJIACHUE, MEXKPEIIN-
THO3HOE coryacue, 6onbpine gannelie, Pecryonuka Kpeim, CeBacTonomnn

Abstract. The analysis of the study of identities and semantic constructions of the value consciousness of the
inhabitants of the Republic of Crimea and Sevastopol in ethnic groups is presented. The approach of the social anthro-
pologist F. Barthes about the change of ethnic identity is used, with the help of which the process of the formation of
the identity of the inhabitants of Crimea in the new socio-political reality is analyzed. The authors tried to understand
how social processes contribute to the preservation of ethnic status, which occurs when ethnic characteristics are
blurred or changed.

The empirical model of the study included a mass survey of 2000 residents of the cities of the Republic of Cri-
mea and Sevastopol. The object of the study was the inhabitants of the peninsula, during which three groups were sin-
gled out according to their ethnicity: those who consider themselves to be Russians - into the group of "Russians",
who identify themselves as Ukrainians - into the group "Ukrainians", who refer to the Crimean Tatar population - into
the group "Crimean Tatars ".

The authors associate the understanding of the process of formation and change of identities among residents of
the Crimean peninsula with factors of the social environment, communications, political and economic benefits. As a
conclusion, the authors note that the process of forming identities in various ethnic groups of Crimea should be based
on the principles of regional patriotism, taking into account territorial attachment to Crimea, creating unifying cultural
codes, providing open alternatives, social opportunities, social trajectories of success that ethnicity can transmit.

Key words: identity, values, personal qualities, interethnic harmony, interreligious harmony, big data, Republic
of Crimea, Sevastopol.

Introduction. Taking into account the multinationality, informational and terrorist challenges, it remains rele-
vant to analyze the factors influencing the process of forming the identity of the population of the Crimean peninsula.
Analyzing scientific sources and already available research material, the authors formulated the assumption that peo-
ple of different nationalities can reproduce in different ways the model of interethnic and interreligious behavior in
their living space [14, 23]. The speed of formation of "collective ideas", "agendas”, patterns (patterns of behavior),
demonstration of the position of the "generalized other" (“likes", "reposts”, "friends", etc.) significantly affects the
process of forming value orientations, behavioral attitudes and identity.

Value shifts in mass consciousness often occur during a period of radical changes in society. And such a signif-
icant geopolitical event as the reunification of Crimea and Sevastopol with the Russian Federation marked the prob-

lem of the formation of a new semantic and value field among the inhabitants of the peninsula, which is complicated
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by the fact that the value orientations of people of different ethnicity were formed in different historical and socio-
cultural environments. In this regard, from the perspective of our research, it was important to understand not only the
process of forming the identity of Crimeans and Sevastopol residents, but also the structure of their value conscious-
ness, life priorities and strategies, attitudes towards various ethnic groups.

Turning to the approach of value researchers, Russian classics of sociology A.G. Zdravomyslov and V. A. Ya-
dov, it is important to understand value as a component of the personality structure, with the help of which her
thoughts and feelings are formed and from the point of view of which many life issues are resolved [8]. Sociologist R.
Inglehart, analyzing values, attributes them to human needs and distinguishes materialistic (material and physical se-
curity), post-materialistic (freedom, participation, self-expression) and self-expression values (interpersonal trust, hap-
piness, tolerance) [10]. The authors will analyze the structure of value orientations of the inhabitants of Crimea, rely-
ing on Inglehart's hierarchy of values.

Identity is a reflection of consolidation processes in the interethnic space. In the course of the study, the authors
turn to the concept of identity, disclosed by the Russian sociologist L. M. Drobizheva - “not only through loyalty to
the state, but also through identification with the citizens of the country, ideas about this community, responsibility for
the fate of the country and feelings, experienced by people ”[5]. It is from this perspective that the identity of the resi-
dents of the Republic of Crimea and Sevastopol, who are still in a borderline state after the events of the Crimean
Spring, is analyzed.

The approach of the Norwegian social anthropologist F. Barth to the study of ethnicity is interesting for our
analysis because ethnic groups are formed at the boundaries of interaction with other ethnic groups, and these bounda-
ries between them are understood by him not as geographical, but as social. His reflections on the change of identity,
how in one or two generations people from one ethnic category can turn into representatives of another, that is, change
their ethnic "label”. Barthes' approach to the study of the change of identities in the borderline state of society contrib-
utes to the analysis of the process of formation of the identity of the inhabitants of the Crimea in the new socio-
political reality [22].

Important for our research are Barthes' ideas about the relationship between identities and values: the more dif-
ferences between value orientations, the more restrictions are imposed on interethnic interaction, which affects the
behavior of people - they fear that their behavior does not correspond to people of their identity, associating them-
selves with a certain ethnic cluster. In this way, members of all ethnic groups in a multi-ethnic society can act in a way
that preserves differences, which shape the emergence of boundaries that support ethnic diversity.

The formation of such a new field with moving ethnic boundaries creates a kind of network - a system of rela-
tionships in which values are exchanged. Members of such a network behave as if ethnicity “does not matter”, or there
are paradoxical situations: when ethnic status forms relations in a public network. The authors tried to understand how
social processes contribute to the preservation of ethnic status, what happens during the erosion or change of ethnic
characteristics, whether they cease to be representatives of this nationality from the point of view of the social envi-
ronment and to be associated with this identity.

Theoretical and methodological basis of the research. The theoretical foundation of the research was formed
by the theory of discourse (E. Laclos, C. Mouffe, T. van Dijk, N. Faircloe), the theory of collective representations (G.
Le Bon, G. Marcuse, E. Durkheim), the concept of factors of socio-political destabilization (J. Goldstone, F. Howard),
the tradition of realism in the analysis of the nation and interethnic relations (W. Altermatt), the theory and concept of
social, ethnic and interethnic attitudes (G. Allport, D. Uznadze, Yu.V. Harutyunyan), the concept of social and cultural
distance (G. Simmel, E. Burgess), concepts and theories of the system of identities and ethnic identity (E. Erickson,
J.G. Mead, N. Luhmann, F. Barth), concepts and theories of interethnic and interfaith harmony (V. A . Tishkov, L. M.
Drobizheva) [1-30].

The principles of social phenomenology were used (A. Schiitz, P. Berger, T. Luckmann), according to which
the key factor influencing the formation of value orientations is the social environment changing in the process of
communication [2, 20]. The research methodology is based on the following approaches: new institutionalism, net-
work and cognitive approaches, comparative and conflictological analysis. The new institutionalism makes it possible
to explore the rationality of the choice of behavior strategy in a complex society (D. North, E. Ostrom) [29]. The net-
work approach will make it possible to study the relationship between the mobilization of political action and the net-
work activity of Internet users (G. Gradoselskaya, L. Smorgunov) [4, 16]. The cognitive approach is focused on the
analysis of the processes of formation of the subjective interethnic and interreligious world, subjective perception and
interpretation of messages broadcast in the social media space. Comparative analysis is used to compare the substan-
tive features of indicators of interethnic and interreligious relations; Conflict analysis will make it possible to under-
stand the procedural, structural-role and functional features of the cases considered in the study.

Description of the study. The sociological dimension of interethnic and interreligious harmony in the Repub-
lic of Crimea and Sevastopol included research blocks on value orientations, personal qualities, life strategies and
identity of Crimeans and Sevastopol residents. The empirical research model contained a mass survey with a final
sample of 2000 people (1265 residents of 16 cities of the Republic of Crimea - Alupka, Alushta, Armyansk, Bakh-
chisarai, Belogorsk, Dzhankoy, Evpatoria, Kerch, Krasnoperekopsk, Saki, Simferopol, Stary Crimea, Sudak, Feodosia
, Shchelkino, Yalta and 735 residents of Sevastopol aged 18 and older, representativeness by territory of residence,
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gender, age, subject to the maximum sampling error of 3%). To measure the meaningful characteristics of interethnic
and interreligious harmony, the Bogardus scale was used, modified to the Crimean conditions.

The object of the study is the residents of the cities of the Republic of Crimea and Sevastopol, during which
three groups were identified according to their ethnicity: those who refer to themselves as Russians - into the group of
"Russians"”, who refer themselves to Ukrainians - into the group of "Ukrainians", referring to the Crimean Tatar popu-
lation - to the group "Crimean Tatars".

Empirical results. An analysis of the identity of the inhabitants of the peninsula showed that a fifth of the
group is close to the group “we are citizens of Russia”, about 20% of respondents define themselves as residents of
Crimea and 15% as residents of their city; thus, 35% of the respondents have a strong peninsular - Crimean - identity.
The ethnic and religious affiliation of the inhabitants of Crimea is very low, which indicates the weakness of the na-
tional and religious factors in the formation of the identity of the inhabitants of the peninsula (Fig. 1).

/e 2

MBI - JTIO/IM HAILIETO YPOBHS JKM3HN o 2
- 4
MBI - JIFO/IM O/IHOM Beppl W 2,7
— 34
MBI - JIFOJT HAIIICH HAITMOHAJBHOCTY |y 6,3
S G 4
MBI - HOCUTEJIH ONPEIETEHHON KyIbTyphl [T 6,8
S 10,4
MBI - KMTEJIN HAIllero roposia/cesa  —" 15,5
A 18,6
MBI - TPaKIaHE PO I 23,5

Figure 1. Choose from the groups listed below that are closest to you in spirit (as a percentage of the number of respondents,
the choice of no more than 3 answer options)

To understand the construction of the foundations of identity in the ethnic groups identified by us, we analyzed
the correlations of answers to the questions "Choose from the groups listed below that are closest to you in spirit" and
"Who do you consider yourself to be?" (Table 1). State and peninsular identities are in the priorities of all ethnic
groups. But it should be noted that the Crimean Tatars are more strongly associated with Russian citizenship, and the
attachment to the peninsula is strong in the Ukrainian group. Ukrainians, more than others, are inclined towards the
groups "bearers of a certain culture", "people of our nationality", "people of a common destiny", which indicates their
separation into a separate ethnic and cultural community. The Crimean Tatars have a stronger territorial attachment to
their place of residence, gender and confessional identity. In the group of Russians, identity is based, first of all, on the
basis of belonging to the Russian state, to Crimea and their city as a territory of residence, is formed under the influ-
ence of generational, political (political views ) and economic (living standards) factors.

Table 1
Belonging to a social group depending on ethnicity (as a percentage of the number of respondents)
Social group membership / Nationality Russian Ukrainians Crimean Tatars

We are citizens of the Russian Federation 23,6 21,9 30,2
We are residents of our city / village 16,1 13,1 18,8
We are the people of our generation 10,8 7,4 7,3
We are people of our nationality 6,2 9,2 7,3
We are the inhabitants of the peninsula 18,9 23,9 15,6
We are men / We are women 7,6 48 8,3
We are people of our standard of living 2,2 0,9 0
We are the bearers of the family role 2,5 1,8 2,1
We are people of the same faith 2,3 2,4 3,1
We are people of a common destiny 2,7 3,7 3,1
We are the bearers of a certain culture 54 9,2 54
We are people of the same political views 19 18 1,0

Identity is manifested not only in belonging to a particular social group, but also in certain actions of people,
revealing their attitude, in particular, to the state and place of residence. So, only 40% of the respondents answered
that they know to varying degrees - they know but do not perform in public, or they know only some phrases, or they
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gladly perform - the words of the Russian anthem. These are mainly representatives of the Crimean Tatar and Russian
groups. In the Ukrainian group, 37% of respondents do not know the Russian anthem and do not consider it important.

Only a third of the respondents (36%) see themselves in Crimea in the next five years, of which 62% are Cri-
mean Tatars and the same number are Russians, 59% are Ukrainians. Among those who seek to leave for other Rus-
sian regions, 35% of respondents are Crimean Tatar, 25% are Russians and 24% are Ukrainians; Ukrainians tend to go
abroad to a greater extent (17% in comparison with Russians (13%) and Crimean Tatars (3%)).

The data obtained on the structure of the value consciousness of the inhabitants of the peninsula made it possi-
ble to analyze the value and semantic criteria influencing the formation of interethnic and interfaith integration on the
peninsula. The basic values of the Crimean people are traditional - health (45%), happy family life (43%), love and
friendship (42%, respectively). The authors described the second group of values as ambitious - these are the values of
freedom, the desire for education and professional growth, the importance of a happy environment, and creative self-
realization. The value of material security was not included in the nuclear value structure of the inhabitants of the pen-
insula (Fig. 2).

310pOBEE L W
Ilocyr, pa3BiedeHus A 42
Jlto6op, ME— 42
CpoOoja I 39
CuyacTbe APYrUX Jroaei A 38

Haquuue giacTy e 14

MarepuanbHas 06ecriedeHHOCT, 9 2

Figure 2. Value orientations of the residents of the Republic of Crimea and Sevastopol (as a percentage of the respondents,
the most significant according to a scale assessment from 5 to 10)

For a deeper analysis of the value consciousness of the inhabitants of the Crimea and Sevastopol, it was as-
sumed an understanding of the qualities that a modern person should have. It turned out that these are efficiency in
business (51%), responsibility (40%) and honesty (39%). In addition to assessing personal qualities, the respondents
assessed the qualities that they value in others. The main thing is the community of interests (42%), 24% of the re-
spondents pay attention to the social status of a person, and the community of religious views and ethnic origin of the
interlocutor are not significant criteria for assessing the other (Fig. 3).

00IIHOCTH HHTEepecOoB I ——— 0,419
COLMATLHBIN cTaTyc I 0,242
MaTepHalibHOe Onaromnonyurc IE————_ 0,147
OOIIHOCTH MMOJUTHYECKUX B3IUIA10B NN 0,082
00IIHOCTH pENMUIrHO3HBIX B3MUIA10B N 0,064

STHUYECKOE IPOUCXOXKIcHe I 0,046

Figure 3. The importance of personality traits in others (as a percentage of the respondents)
The community of interests is more significant for the representatives of the Crimean Tatar group. Common

political interests are significant for Crimean Tatars and Ukrainians, ethnic origin - for Russian and Crimean Tatars
(Table 2).
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Table 2
The significance of personal qualities depending on ethnicity (as a percentage of the number of respondents)
Community Community . .

L o L . Material Community
of religious of political Ethnic origin | Social status well-being of interests
views views

Russian 6,8 7,8 4,9 24,7 15,1 40,7
Ukrainians 4.8 10,9 2,7 23,7 16,3 41,6
Crimean Tatars 5,8 10,1 4,3 23,2 10,1 46,4

The connection between the ethnic "label", as Barthes put it, and the definition of reference and personal com-
munication, the attitude towards social approval or condemnation, manifested itself in the respondents' answers when
choosing value judgments. Thus, when choosing a friend, the respondents pay attention to his ethnic and religious
affiliation, but when choosing a life partner, they do not care. 60% of respondents are ready to justify a bad deed or
even a crime of a person with the same nationality and faith to which they belong. Half of the respondents have a feel-
ing that representatives of certain ethnic groups are critical of them. The data obtained make it possible to reflect on
the existence of boundaries between ethnic groups living on the Crimean peninsula: at the same time, these boundaries
are erased in the family, but they are present in communications, attitudes and models of behavior in relation to other
ethnic groups.

Findings. Summing up, it can be noted that the process of the formation of identities, value orientations, atti-
tudes and models of behavior in various ethnic groups of the Crimean peninsula is differentiated. In the system of
identities of the Ukrainian group, peninsular attachment is most pronounced, while territorial or settlement - in the
group of Crimean Tatars. The formation of the identity of Ukrainians and Crimean Tatars is influenced by cultural and
ethnic factors: in these groups, belonging to a common culture, nationality and faith is strong. The identity of the Cri-
mean Tatar group is based on "land" attachment, gender and confessional identity.

At the core of the structure of the value consciousness of the inhabitants of the peninsula, there are basic, uni-
versal values; near-nuclear are those that provide a person with self-realization, education and professional growth,
which, in the definition of R. Inglehart, speaks of the priority of traditional and post-materialistic values among Cri-
means. The insignificance of material values is explained by the fact that for people they are not values, but rather
needs that ensure their standard of living.

The presence of a bloc of so-called ambitious - post-materialistic - values among Crimeans and Sevastopol res-
idents is enhanced by the fact that among personal qualities they highlight efficiency in business, responsibility and
community of interests. The commonality of religious views and ethnic origin turned out to be insignificant, which
reflects the weakness of the confessional and national criteria when choosing their reference environment. This thesis
confirms the fact that when creating a family, the ethnic and religious affiliation of the partner is not important. How-
ever, some concern is caused by the fact that when communicating with representatives of other ethnic groups, half of
the respondents feel discomfort.

In the modern world, transitions of individuals across "ethnic boundaries" are often observed, according to Barthes,
but at the same time a change of place of residence, lifestyle or political orientation does not lead to a change in their ethnic
identity. At the same time, there are situations when there is a complete change of identity, value and cultural integration,
within which a person fully adapts and adopts a new ethnic model. According to Bart, the incentives to change identity are
inherent in the social conditions of life: ethnic identity will not persist if a person adheres to a system of values that does not
bring him success or promising opportunities, or alternatives. And there is often confirmation of this: when people in the
public sphere demonstrate their identity without formally belonging to it. The analysis of the process of changing identities
observed in Crimea is similar to Bart's research notes: ethnic boundaries are erased in the immediate environment, but in
society they become more accurate and brighter, defined primarily socially. At the same time, the emergence of “Russian
Crimean Tatars” and “Russian Ukrainians” is thus a consequence of a change of identities: belonging to Russia and the Rus-
sian world, Russian culture and its values provides social alternatives and opportunities for professional growth and career,
which, as noted, are significant for Crimean residents.

Understanding the process of the formation and change of identities among the inhabitants of the Crimean pen-
insula is associated with an analysis of the factors of the social environment, communications, political and economic
benefits. Systemic monitoring of the value components of interethnic and interfaith consolidation, value-semantic
structures and personal attitudes makes it possible to identify the mechanisms of the successful formation of ethnic
and interreligious harmony in the Republic of Crimea and Sevastopol. The process of forming identities in various
ethnic groups of Crimea should be based on the principles of regional patriotism, taking into account territorial at-
tachment to Crimea, creating unifying cultural codes, providing open alternatives, social opportunities, social trajecto-
ries of success that ethnicity can transmit.
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Annomayusa. ABTOp paccMaTpUBaeT B3aUMOCBS3b IIOJIUTUKU U CIIOPTa B aCHEKTE MOJUTUYECKON TEONIOTud. AKTYaIbHOCTD
TEMBI CTaThH 3aKJIF0YaeTCcss B HEOOXOMMOCTH OCMBICTICHHS B3aHMOCBSI3H MOJNTHKU U CIIOPTa B COBPEMEHHBIX yCIOBHIX. B kaue-
CTBE LIEJTH CTaThH aBTOP CTABHUT MOHUCK MOJAX0JA K MPoOIeMe B3aUMOCBSA3H PEIUTHO3HOTO, MTOJUTHYECKOTO U JyXOBHOTO HA MaTe-
puaine CIOpTHUBHOM AeATEIBHOCTH. B mepBoii 4acTu ctaTby aBTOP MPOBET HEOOXOAMMBIN aHAIU3 KOHLEMIUH TyXOBHOCTH Kak 00-
TOIOCTIDKEHUSI B PEITMTHO3HOM acIIeKTe, a BO BTOPOH 9acTH COCPEIOTOUNI BHUMAHHE Ha ONpPEEIeHHH KOHIEIINH TyXOBHOCTH B
CIOPTHBHOH moiuTHKe. JlenaeTcst BEIBOJ, YTO MOJIUTHKA HE JOJDKHA PACCMATPUBATHCS KaK €AMHCTBEHHBIH ONPEAeIIONIIA (hakTop
CIIOPTHBHOHM JTyXOBHOCTH. PelMruo3Hasi nmepcrekTHBa pecakpaln3aliy HOJIUTHIECKOH 00JacTh cropTa He MEHee BaKHa U CyIlle-
CTBEHHA B COBPEMEHHOM POCCHHCKOM 00mIecTBe. B pe3ysbrare BBIIBICHBI (YHKIUH CHOPTHBHON TYXOBHOCTH B CHOPTHBHOHM IO-
JIUTHKE ¥ 0003Ha4YeH MPUKIIAHOM aCIeKT JaHHOTO HaIpaBJICHHSI.

Knrouesvie cnoga: monutuyeckas T€0JIO0IUs, CIIOPTUBHAS MOJIUTUKA, CAaKpaIU3alLysl, CIIOPTUBHAS JYXOBHOCTb, CIIOPTUBHOE
coo01ecTBo, pu3udIecKas KylIbTypa U CIIOPT, FOCYJapCTBEHHAs MOIUTHKA B CIOPTHBHOMN JEATEIBHOCTH.

Abstract: The author examines the relationship between politics and sports in the aspect of political theology. The relevance
of the topic of the article lies in the need to understand the relationship between politics and sports in modern conditions. As the
goal of the article, the author sets the search for an approach to the problem of the relationship between religious, political and spir-
itual on the basis of sports activity. In the first part of the article, the author conducted the necessary analysis of the concepts of
spirituality as comprehension of God in a religious aspect, and in the second part he focused on defining the concept of spirituality
in sports politics. It is concluded that politics should not be seen as the only determining factor in sports spirituality. The religious
perspective of the resacralization of the political field of sport is no less important and essential in modern Russian society. As a
result, the functions of sports spirituality in sports policy were revealed and the applied aspect of this direction was indicated.

Key words: political theology, sports politics, sacralization, sports spirituality, sports community, physical culture and
sports, state policy in sports activities.

The relevance of the topic lies in the fact that this topic is aimed at solving applied problems of identifying the rela-
tionship between political theology, sports policy and sports spirituality in understanding the problems of resacralization of
spirituality in secular reality. For the secular consciousness, the sacred tradition of the Christian understanding of political
realities has lost its significance, therefore, the comprehension of these tasks will be the purpose of the article. It is impossi-
ble to disregard such a very important detail that in modern society there are millions of Christians who mentally perceive
political reality through the prism of Christian definitions and understandings [5]. Therefore, the spiritual functions of sports
policy can be considered in the practical aspect of ortho-doxal traditionalism at the all-Russian, regional and municipal lev-
els in the upbringing, education, integration and national self-identification of Russian society.

Ordinary, secularized political science remains outside the boundaries of the Christian worldview, does not suit
the modern Christian understanding of the political and cannot help it in any way, since it is precisely political theolo-
gy that is needed to define religious views in the direction of fundamental political problems [1]. Christian political
science, possessing inexhaustible heuristic possibilities, is able to reveal the facets of political reality hidden from the
secular consciousness, highlighting the nuances of meaning in various theoretical models.

It is socially oriented political theology that opens up the opportunity to “explain the entire social space and
structure through Christ,” deciphers the hierarchy of spiritual determinants and events of sports politics, translating
their meanings into the language of theology, thereby contributing to the formation of knowledge of how God dwells
and acts in life human community [4]. The thesis about the modesty of the Christian approach to sports activity, ap-
parently, contradicts the fact that for the last two hundred years sports policy was carried out under religious slogans,
competitions were carried out, clubs and social movements were created. The ideas and concepts of political theology,
concentrated in the works of Christian philosophers and political scientists, could contribute to the removal of political
consciousness in sports activities of a modern person from the atheistic state of attitude to the spiritually religious [24].
The idea of the spirituality of the political sphere prompts reflections on sports politics, taking into account a religious-
theological perspective. The question arises, which point of view: political or religious-theological is more important
here, which point of view dominates and which is the most priority? What do we mean by the idea of spirituality in
sports politics and what can ultimately be hidden under this name?

Not superficial reflections on this, but scientific research can enrich political philosophy and theology, achieving
deeper results in the applied aspect, taking into account not only the metaphysical, but also the religious point of view. To
people for whom the religious dimension of human life is essential, this thesis seems quite obvious, if not banal [2]. The idea
of combining political and theological points of view, for example, from the perspective of political theology, is obviously
not a full-fledged invention of Karl Schmitt, the German theorist of state and law, who played an important role in spreading
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this concept thanks to the book Political Theology [22], published almost a hundred years ago in 1922. He himself knew
well the work of Nikolai Bakunin "The Answer of an Internationalist Mazzini* (1871) [15]. It is also worth mentioning the
work of Baruch Spinoza "Theological and Political Treatise" [20], published two centuries earlier, in 1670. The dispute
about possible copyright for the concept itself seems unimportant here, but much more significant is the assumption underly-
ing the sacralization of public thinking, which is directly related to this concept.

Schmitt wrote his work as a challenge to secularization, in which the prevailing understanding of theology in
political reality begins to emerge as a field of scientific knowledge. Schmitt's work, and especially the famous phrase
that opens the third chapter of Political Theology: "All important concepts of modern science of the state are secular-
ized theological concepts” [22], was a deliberate controversy and provocation addressed to the then intellectual main-
stream of specialists in the field of state and rights, for which politics has become a purely technical problem - the art
of institutional organization of human life and effective management of material resources [11]. Schmitt posed a po-
lemical challenge to those who looked at the world of politics in accordance with the modern paradigm of modernity,
where the center around which everything revolves and from which everything arises is technical progress, and a per-
son is perceived as an autonomous personality exclusively in the linear aspect of time.

Now let's move on to the question of what might the concept of spirituality in sports politics mean? It should be
emphasized that the perspective of thinking associated with the concept of spirituality in both sports and political
space is not completely clear and unambiguous and, thus, can easily confuse us [6]. Therefore, it is necessary to intro-
duce the appropriate differences and elementary order. I think it’s worthwhile to think a little about what politics and
spirituality are first, and then move on to the political spirituality of sports activities and related issues. Let's start with
the political sphere. What is politics in the original plane of this social phenomenon? One of the definitions of politics
is the issues and events of public life, penetrating and including all forms of social activity of people, all types of ac-
tivities for their organization and leadership [13]. The definition is associated with the etymology of the Greek.
moltikdg, wWhere ol (poly) means set, and twkdg (tikos) - interest; (literally - “many interests.”) Further, speaking
about spirituality, we naturally think about the religious context and definitions formed in this plane, where spirituality
is (Art. Slav. JIxn; Greek mvon, mvebua, yoyn - spirit, soul) dimension of human existence, associated with the con-
scious and responsible orientation of the individual to the development of old and the creation of new spiritual values,
the basis of which is the humanistic, morally justified content of human existence [14].

However, let's try to get away from this picture for a while and look at the problem more broadly. Spirituality -
in the most general and simple sense - is a natural natural property as a state manifested in the consciousness of a per-
son, which consists in attraction, in the striving for the unity of Man with God, with meta-consciousness and manifest-
ed in Divine love, in the highest criteria of spiritual ethics and principles, as knowledge of the Divine in line with a
particular confession and tradition, for example, Orthodox theology.

But how do you know anything about the divine? This knowledge can be obtained from two different sources.
First, what we know about the Divine we receive from other people is knowledge transmitted to us in the form of a
certain religious tradition inherent in the community in which we grow up and in whose life we participate. These sto-
ries, myths, customs and religious symbols that are transmitted to us shape our ideas about the divine and the absolute.
Among the many religious traditions, a special place is occupied by those that directly relate to divine revelation -
these are the religions of the Word of God written in the Holy Books. According to this, God reveals Himself to man
by speaking to him. He tells people who he is and at the same time indicates what kind of human existence and action
he expects. This applies to all human activity, including those associated with the organization of various forms of
political life [25]. A person rooted in a certain religious tradition basically knows (even if it is fuzzy and confused
knowledge) how he should act and what his political community should look like. Spirituality, practiced within the
framework of a specific religious tradition, allows one to present in a systematic form given or revealed knowledge
about God and its consequences for man and the human community [12].

Secondly, God and divine manifestations can be known and described in another way, as the ancient Greeks
taught us, who replaced the language of religious stories and myths with philosophy. An example and proof of what
natural theology is were ancient philosophers such as Socrates or Plato [9]. Four centuries before the birth of Christ,
they were able to bracketed the entire world of Greek beliefs of that time and by the power of natural reason to dis-
cover the image of God, very close to that which we know thanks to Christian revelation. Starting with the question of
the "Arche" - about the root cause, the basis, the principle that governs the world - we are dealing with a series of at-
tempts to penetrate the human mind to ontological reality. What we call the first philosophy - metaphysics, we may
well call natural theology - the achievement of who God is in essence, but not through a given message and recorded
in culture, but directly, by the natural light of reason [23]. Such an approach, however, can mean distancing and criti-
cal attitude towards specific religious forms and content present in the modern community.

Plato was the first to consciously and consistently put forward a project of political spirituality - it was a natural polit-
ical theology based not on Revelation, but on a rational understanding of the metaphysical basis of reality. As we read in the
X Book of Laws, the world is ruled by God, who is not only the Creator of harmony in space, as evidenced by the "regulari-
ty of the movements of the stars and other celestial bodies™" [966€], but also the Highest Good with distinctive features. His
concern for people shows and confirms that he is "a will consciously striving for good"” [967a]. In their actions, people
should imitate God: “whoever, like God, wants to become good, should become as much as possible” [716¢-d], and this
applies, above all, to those who will be responsible for creating and maintaining harmony in the political community - this is
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what Plato's vision of an ideal political community ruled by philosophers-guards fits. On the other hand, in no case should
someone who does not have real knowledge of God, “who is not filled with God's spirit and does not strive for the most
powerful knowledge of God's things” [966d] [16], should not participate in politics and govern the state. Indeed, it is difficult
to find a clearer formulation of spirituality in political theology.

What does this mean for us? First of all, that each person has double access to the knowledge of God. In a sense, we
are dealing with a double revelation: external spirituality, which we owe to the knowledge of our tradition and culture, and
internal, given to us directly by natural light, illuminating the search for our mind. The systematic work of the human mind
takes Revelation as a starting point, and then tries to understand, that is, to reveal what it says is a bridge that connects man
with God [8]. The perspective of theology and the science of God was completely opened thanks to the coming into the
world of Jesus Christ, but philosophers have developed tools of rational thinking, which, thanks to the natural light of reason,
are a form of revelation of the divine Logos, a kind of theological reflection [19]. It is by these constant mutual adjustments
that theology is properly practiced as the science of God, which connects the truths of faith with the philosophical workings
of reason and compares them [3]. We can say that in the broadest sense, the religious aspect of the manifestation of spiritual-
ity can be natural knowledge of God, that is, simply metaphysics, the first philosophy, rational thinking that raises questions
about the foundations of our world, but it can also be an attempt to rationally organize the message that is believed people
associated with a particular religious revelation.

Now let's move on to the issues of spirituality of political theology, and as a result, we can talk about the essen-
tial for us the importance of the integration of political theology, sports politics and the philosophy of traditionalism.
The basis and assumption of this is the recognition of the close connection between how we understand our God, how
we act, and how our life looks like, including the shape of our political community. The image of God and his theo-
logical interpretation show and establish a model of correct interpersonal relations between God and man, and, there-
fore, form the appropriate institutions [17]. For us, the most important question is what consequences for the organiza-
tion of the life of the political community can a sports spirituality close to us have in the interpretation of orthodox
Christian traditionalism and Revelation [21].

To consider the problem in more detail, let us ask ourselves the question: can a Christian community or church
organization take part and interact in certain forms of government? First of all, what is characteristic of the Church
and the most essential in it concerns the order of salvation, for which concrete historical and political conditions create
only an external decoration [10]. Simply put, the very drama of God's love awaits a personal response from each indi-
vidual person, and the sphere of political realities is not a prerequisite and necessity for salvation. The church can still
remain a church, even if it has completely thrown the political sphere out of its interests [7]. Christians, unlike Jews,
knew from the very beginning that their kingdom was not of this world, that they were citizens of another heavenly
homeland, and that living in a certain state and the requirements arising from it did not ultimately bind their
worldview [18]. In other words, the absolute starting point for them will never be the order of power or even the good
of their own political community, but only the manifested will of God.

The thesis that the world of politics is not the prerogative of the Church finds strong support in the Holy Scriptures.
The first commandment, engraved on the tablets of Moses, tells us about the insurmountable border of the demands of polit-
ical power: "May you have no other gods before Me!" (Ex 20: 3). In the Gospels, we find two statements of Jesus that direct-
ly relate to this issue: - to Pilate's question whether he was the king of the Jews, Jesus says: "Yes, | am a king," adding, how-
ever,: "My kingdom is not of this world" (John 18: 33-36). - Earlier, to the question of the Pharisees: “Is it legal to pay tax to
Caesar or not?” he answered: “So give Caesar what is Caesar's, and God’s what is God” (Matt 22: 15-22; Mark 12: 13-17;
Luke 20:20 -26). In the New Testament texts, we do not find many indications of which model of public policy a Christian
might consider his own. A general statement from the Epistle of the Apostle Paul to the Romans (Romans 13: 1-7) shows
that the proper task of government is to safeguard security, justice and peace.

The toolkit, which researchers arm the Holy Scripture, the Christian understanding of the spiritual and intellec-
tual tradition of political reality [26] in the field of physical culture and sports, has its own language and style of think-
ing. The books of the Old and New Testaments, the thoughts expressed by Jesus Christ and the Apostles, the works of
the holy fathers and teachers of the Church, old and new theological developments - appear as the main sources of
ideas and principles of Christian spirituality in sports politics. In them, the main didactic goal is to provide everyone
with an opportunity to look at the political life of sports communities from the perspective of religious positions and
relations. Orientation to everyday political life makes it possible to identify and combine deep semantic constants of
biblical truths with the categories of state and world politics in the field of physical culture and sports. One could even
say that Christian political theology seems apophatic (negative), that it tells us what a Christian should avoid in poli-
tics, what he should say “no.” Filling this empty space is left to human creative freedom, for example in sports poli-
tics. thus characterizing the political community of Christians.

Thus, sports spirituality in politics is a project in political thought aimed at researching the connection between
theological concepts and politics in physical culture and sports, towards resacralization and studying the influence of
the spiritual aspects of sports policy on the "sports community" and its formation. Politics should not be seen as the
only determinant of sporting spirituality. The religious perspective of the resacralization of the political field of sports
is no less important and essential in modern Russian society. The main spiritual functions of sports policy in modern
Russian society are state and civil self-identification, military-patriotic education, national security, regulating and
integrating functions, the function of resacralizing power.
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Sports spirituality in the political space can solve the following socio-political tasks:

— to demonstrate the analytical, explanatory capabilities that Christian thought has in relation to the reality of
sports policy;

— to systematize individual and collective socio-political experience in the light of the principles of the Chris-
tian world interpretation;

— transform this experience into forms that meet the criteria of modern Christian political culture in the field of
physical culture and sports activities;

— in the applied aspect of modern practices, sports spirituality means the formation of not only physically, but
also a spiritually healthy lifestyle of the population.

With this understanding, Christian spirituality and revelation leaves enough room for theological and philo-
sophical reflections on the political space of physical culture and sports. In modern reality, the spirituality of sports
policy can be designated in two variations: as a kind of analytical form that interprets certain events in the world of
sports policy from the point of view of Revelation, or as a specific mechanism aimed at resacralizing sports policy.
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Annomayua. ViccrenoBaHue IOCBSINEHO aHAIU3y NPOONEM IPECTYIHOCTH CPEAM HECOBEPIICHHONETHHX C COLUAIBHO-
TIOJIUTHYECKON TOUKH 3peHus. OTMedaeTcs, YTo pacTyIasi U3 roja B roJl PECTYITHOCTb B MOJIOJIG)KHO! Cpe/ie BBI3BIBACT CEPHE3HYIO 03a-
0OYEHHOCTB, KaK B OOIIECTBE, TAK M BO BIACTHBIX CTPYKTypax. MHOTHe MOJIO/bIe IPABOHAPYLINTENN CaMU SIBJITIOTCS )KEPTBAMHU COLIH-
ITBPHON HECTaOMIBHOCTH, MPEOIOTICHNE KOTOPOH TpeOyeT YCHIIHIA CO CTOPOHBI TOCYAapCTBa MO JOCTIDKEHHIO OalaHca OOIIECTBEHHBIX U
JIMYHBIX MHTEpecoB. /lenaercs BRIBOJ, YTO KPUMUHAM3AIMS MOJIOJCKH SBIACTCS MEXIYHAPOIHOH MpoOIeMoid, XapaKTepHOU L1t 60Ib-
IIMHCTBA TOCY/IAPCTB COBPEMEHHOTO MHPA.

PaccmarpuBaroTcst IpeCTyHOCTD CPEIH HECOBEPIICHHOJIETHHX M MPABOCY/ANE C COLHAIBHO-TIOIUTHIECKON TOUKH 3peHust. MHO-
THE YTBEPKIAIOT, YTO HaM IIPEICTOUT MPOUTH JOJTHH MyTh, IPEXKIE YeM MBI MPUIEM K IOBCHATGHON FOCTUINH, JOOPOKEIaTeIbHON K
nersiM. Bo BceM Mupe CyIIecTBYIOT pa3iMyHbIC M HeaeKBaTHbIE IPABOBbIC PaMKH, KOTOPHIE HE COOTBETCTBYIOT BO3PACTy IPaBOHAPYIIIH-
Tenel, OTCYTCTBYIOT CHELHAIM3UPOBaHHBIC I0BEHAJIBHBIC CITyKOBI M YUPEKICHYS, a TAKoKe HAOI0IaeTCsl OCTpast HeXBaTKa CICHUAIICTOB,
YTO HPHUBOJUT K IIPOOIIEMaM, CBSI3aHHBIM C 00yYCHHEM U KOHTPOJIEM 32 STOH YsI3BUMOIT COIMAILHOM TPYIIOH HaCeIeHHsI.

Mera-aHau3 BBIIBHIJI TPH OCHOBHBIX (DaKTOpPa, CBSI3aHHBIX C 3()EeKTUBHBIMH BMEIIATEILCTBAMH ISl HECOBEPIIICHHOJIETHHX TIpa-
BOHapyIHTeNei: GuIocodust «reparneBTHIeCKOro» BMEIIATeNbCTBa, 00CTyKHBaHHE IPABOHAPYIIUTEIEH U3 TPYIIBI BEICOKOTO PHCKA U
Ka4yecTBO pealn3allii. DTH Pe3ybTaThl COINACyIOTCs ¢ (pakTopamm, KOTOpBIE, KaK MPEIoaracTcsl, B3anMOCBSA3aHbI C XOPOILINMH pe-
3ylbTaTaMH B IEHTPaxX-MHTEPHATAX UL HEOIAroMmoydHbIX MMOAPOCTKOB M HECOBEPIICHHOICTHUX MPABOHAPYIIUTENEH: XOPOIHe OTHO-
IISHHs] MeX/Ty MEPCOHATIOM 1 MOAPOCTKAMH, BOCHIPUSITHE MEPCOHANA KaK MPOCOIMATBHBIX POJIEBBIX MOJIETIEH, OIOKHUTENBHOE TaBIICHIe
CO CTOPOHBI CBEPCTHUKOB, MHJIMBHIYATbHBIN TOIXO0]] K TeParleBTUYECKON IporpaMMe, COOTBETCTBYIOIIHE POrPaMMBbI H MEPOIIPHSATYS,
YeTKHE OXKHUJIAHWS 1 TPAHHUIIBI, a TAKKE MECTa pa3MelleHNs], O3BOJIIIONINE TIO/IeP)KHBATh TIOCTOSIHHBIE KOHTAKTHI ¢ ceMbel. Bbuto ycra-
HOBJICHO, YTO B OOIIECTBE NMPUHYANTEIBHBIC CTUIIM B3aMMOJCICTBHS MEHEe YCIEIHBI [Tl JOCTVOKEHHUS TIPUBEP)KEHHOCTH CPEIN Heco-
BEpIICHHOJIETHHX [IPABOHAPYIINTENEH, 4eM MOIX0/1, OPHEHTUPOBAHHEII Ha KIIHEHTA.

Llena aHTHOOIIECTBEHHOTO MOBEEHNSI HECOBEPIIEHHONIETHIX BBICOKA M JIOXKHUTCSI Ha IJIEYN OOIIecTBa M rocyaapcrsa. Hermem-
HHUH KIMMAaT JKECTKOH SKOHOMHH B chepe TOCYIapCTBEHHBIX YCIyT TpeOyeT, 9TOOB! T00bIe MEephl BMEIIATENILCTBA OBLIA HE TOJIBKO 3(-
(heKTMBHBIMH, HO M PEHTA0ENBHBIMH, YTO CO3/AET MPOOIEMBI B PEa3alliii Mep BMENIATENbCTBA IS 3TOH YSI3BIMOW COIMATIEHON IPyTI-
TIbI MOJIOJIBIX JIFOJIEH.

Kniouesvie cnosa: MONIOAEKHAS MPECTYMHOCTb, COLMANBHO-TIOJIMTHYECKHUE TPENOCHUIKH, KPUMHHAIIM3ALHUS MOJIOJIEKH, (OPMBI
MOJIOJIG)KHOW MPECTYITHOCTH, OCOOCHHOCTH MOJIOISKHBIX IPECTYIUICHHH, Cy1e0Hast AeTCKast ¥ OIPOCTKOBAs ICUXHUATPHSL.

Abstract. The study analyzes the problems of juvenile delinquency from a socio-political point of view. It is noted that the crime
among the youth that is growing from year to year causes serious concern, both in society and in government structures. Many young of-
fenders are themselves victims of social instability, which requires government efforts to balance public and personal interests. It is con-
cluded that the criminalization of youth is an international problem that is characteristic of most states in the modern world.

The article considers juvenile delinquency and justice from a socio-political point of view. Many argue that we have a long way to
go before we arrive at child-friendly juvenile justice. Around the world, there are different and inadequate legal frameworks that do not
correspond to the age of offenders, there are no specialized juvenile services and facilities, and there is an acute shortage of specialists,
which leads to problems related to the training and supervision of this vulnerable social group.

The meta-analysis identified three main factors associated with effective interventions for juvenile offenders: the philosophy of “thera-
peutic” intervention, service for high-risk offenders, and quality of implementation. These results are consistent with factors that are thought to
be associated with good outcomes in residential care centers for disadvantaged adolescents and juvenile delinquents: good staff-adolescent
relationships, perceptions of staff as pro-social role models, positive peer pressure, individualized treatment program, related programs and
activities, clear expectations and boundaries, and placements to maintain ongoing contact with the family. In society, coercive interaction styles
have been found to be less successful in achieving adherence among juvenile offenders than a client-centered approach.

The price of antisocial behavior of minors is high and falls on the shoulders of society and the state. The current climate of austeri-
ty in public services requires that any intervention is not only effective but also cost-effective, which poses challenges in implementing
interventions for this vulnerable social group of young people.

Thus, the relevance of such studies at the present time lies in the fact that, having summarized the opinions of various scientists,
having analyzed modern Russian and foreign legislation, judicial practice, we must admit that the problem of criminalization of youth, both
in our country and in the world as a whole has a pronounced socio-political character due to its influence on the fate of future generations
and the states themselves.

Key words: youth crime, socio-political preconditions, criminalization of youth, forms of youth crime, features of youth crimes, fo-
rensic child and adolescent psychiatry.
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Introdaction. In recent years, there has been a steady scientific interest in the influence of a person's mental
health on his antisocial behavior, while more and more attention is paid to the socio-political analysis of the criminal
behavior of minors and young people [2; 4; 7].

The magnitude of the problem of youth crime is causing mixed reactions from governments around the world
and from the media around the world. At the same time, calls for improved rehabilitation and support for juvenile of-
fenders compete with the voices of those who advocate strengthening punitive approaches. Meanwhile, decades of
rigorous scientific research have shed light on the complex and varied needs of adolescents and young people in con-
flict with the law. Much of the literature on juvenile delinquents demonstrates significant overlap between criminolog-
ical, social and biomedical research, with consensus emerging on the importance of understanding the development of
juvenile delinquency and at the government (political) level.

This is due to a number of circumstances. First, the protection and maintenance of the most important political
and legal object - the physical and moral health of the population, as an inalienable condition for the full life of socie-
ty. The main task of the state in the field of protecting the safety of the population is to create a special system of so-
cio-economic, medical and political and legal instruments. The latter includes the criminal legislation of Russia, which
protects these important objects from the most dangerous encroachments.

Secondly, the ability to protect a wide range of potential victims by political and legal means, since offenders
infringe on the physical and moral health of not only the nation as a whole, but also an individual individual, and,
what is especially regrettable, minors and young people, in our opinion , it is quite obvious that this can include spir-
itual qualities, ethical standards by which society is guided, and the moral health of society.

Thirdly, the growth trend in the overall structure of crime. So, for example, the Stavropol Territory in 2020 was
in 7th place among other constituent entities of the Russian Federation, with the highest growth rates - 26% [5]. Juve-
nile offenders are invariably identified as a group that suffers from a significantly higher prevalence and severity of
mental disorders than the general juvenile population. Meeting the needs of these young offenders presents practical
and ethical challenges with regard to their treatment and management, including liaising with other institutions.

Discussion. Who is considered a minor?

Juvenile delinquency is a term commonly used in academic literature to refer to a young person who has com-
mitted a criminal offense, although the precise definition may vary depending on local jurisdiction. The specific rea-
sons behind these differences are unclear, but they may arise due to the lack of an agreed international standard.

The term “minor” in this context refers to a person who, by law, may commit a criminal offense because he or
she exceeds the minimum age of criminal responsibility, but who has not reached the age of majority when the person
is legally considered an adult. The minimum age of criminal responsibility in different countries varies from 6 to 18
years, but the age of majority is usually 18 years.

In some cases, persons over 18 years of age may be heard in a juvenile court and will therefore still be consid-
ered minors. Indeed, the United Nations (UN) defines "youth" as the age from 15 to 24 years old. The term “child of-
fenders” has been used to refer to children under the age of 13 who have committed an offense, although elsewhere
“children” are often defined as persons under the age of 18. The term “young offenders” is broad and can refer to of-
fenders under the age of 18 or include young people under the age of 25 [4, 256].

What is an offender?

An offender is a person who has committed an offense. Thus, the offense includes a huge range of actions that
are regulated by legislation that differs from one jurisdiction to another, and over time may change in legislation.
While acts of theft and serious interpersonal violence are generally considered criminal offenses, other acts, including
alcohol consumption and sexual behavior among young people, are tolerated to very different degrees around the
world. Fighting with a partner, revenge, divorce, job loss, and the need to pay debts are other reasons that can lead
girls to prostitution. Sometimes these differences arise as a result of historical or cultural factors and can be reinforced
by traditional religious laws, for example, in some countries of the Middle East. East. Some offenses can be divided
between jurisdictions, but punishable by different standards - for example, "illegal assembly", often used to prevent
disorder, is used in Singapore for young people who gather in public in groups of five or more as part of police efforts
to combat youth gangs. In addition, “status offenses™ - acts that would be permissible for adults but criminalized for
children, such as drinking alcohol or absenteeism - not only differ from jurisdiction to jurisdiction, but also contribute
to interruption when comparing juvenile delinquency and the adult population in the same jurisdiction.

Lack of clarity can also arise in jurisdictions where the treatment of a young offender is carried out through the
social security system rather than through the juvenile justice process. Countries with a high minimum age of criminal
responsibility may not technically criminalize young people for behavior that is usually prosecuted and therefore clas-
sified as an “offense” in other countries.

Not all juvenile prisoners are “offenders”, as some of them can be held in pretrial detention and cannot be con-
victed of an offense. Even if found guilty, it would be wrong to assume that every “juvenile offender” meets the crite-
ria for a conduct disorder diagnosis: the offenses vary considerably and may not be associated with a wide range of
offenses. In addition, most “juvenile offenders” do not pose an immediate risk of violence to others, and the vast ma-
jority of convicted juveniles serve their sentences in the community.

The ideology of youth criminal gangs is inherently criminal, since the composition of its views and ideas is de-
signed to motivate young people to commit crimes. Although such an ideology is not the basic reason for committing
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specific crimes, at the same time, its danger is determined by the fact that its influence forms in specific young people
a basic readiness to commit crimes. It is important to note that this is a stable growth of public offenses that are com-
mitted openly, and often with an open challenge to others [4, 257]. In our opinion, attraction is understood as the
commission of active actions aimed at encouraging a minor to take part in the above activities. The form of attraction
can be any and be expressed in the form of bribery, agreement, threats of a property nature, blackmail.

And yet, the main reason for the criminalization of young people lies in the peculiarities of psychological de-
velopment in a given age period.

To meet the diagnostic criteria for conduct disorder, evidence of a consistent pattern of dissocial or aggressive
behavior that conflicts with age-appropriate social expectations is required. Behavior can include cruelty to people or
animals, truancy, frequent and violent tantrums, excessive fighting or bullying and arson. Conduct disorder can be
diagnosed when one of these behaviors is clearly present.

In general, the term juvenile delinquent is widely used in academic literature, but requires some caution. This
can be a potentially problematic term, and in some contexts it can sound derogatory and misleading. For example, the
UN has used the phrase “children in conflict with the law” for several years to describe a diverse group of people un-
der the age of 18 who have broken the law or are at risk of doing so [4, 258-259].

General principles of juvenile justice.

A conviction for a convicted felon is largely driven by three key considerations: retribution (punishment), de-
terrence and rehabilitation. In the case of juvenile offenders, the principle of rehabilitation is often given the highest
priority.

The focus on juveniles in the criminal justice system is not a new concept. In Roman law, the doliincapax prin-
ciple protected young children from prosecution on the basis of the presumption of incapacity and an understanding of
the conditions necessary for the commission of a criminal offense. Most countries have provisions for the special
treatment of children in conflict with the law, but the extent to which this is granted varies from location to location. In
some countries the “welfare” model prevails, which focuses on the needs of the child, diagnosis, treatment and more
informal procedures, while other states prefer the “justice” model, which emphasizes responsibility, punishment and
procedural formalities [2; 245-246].

Belgium is often cited as an example of a country with an advanced social security system supported by a high
minimum age of criminal responsibility of 18 years. Likewise, France earned a solid reputation for social security,
placing education and rehabilitation at the center of juvenile justice reform in the 1940s. In New Zealand, the widely
recognized family group conference system was established in 1989 as an integral part of juvenile justice, with an
emphasis on rebuilding relationships and reducing incarceration, which could be considered part of an approach to
welfare. [3] In contrast, the United Kingdom and the United States are traditionally associated with a model of justice
and a low age of criminal responsibility - 10 years in England and Wales, and only 6 years in several US states [1].

Under welfare or justice models, a young person may at some point be “deprived of his liberty” - defined as
any form of official detention in a public or private place from which the child is not allowed to leave. Places where
children may be deprived of their liberty include police stations, detention centers, prisons for minors, safe pre-trial
detention centers, work or training camps, penal colonies, closed specialized schools, educational or rehabilitation
facilities , military camps and prisons, immigration detention centers, guarded youth hostels and hospitals.

The correlation between less and more punitive systems.

The UN supports the development of specialized systems for working with children in conflict with the law.
When the first children's courts were established in the United States in the 1930s, they were widely recognized as a
progressive system serving the best interests of the child. Although informality was championed as a particular bene-
fit, serious concerns arose in the 1960s about due process and the protection of the legal rights of minors. The subse-
quent development of formal juvenile courts took place in the context of an ongoing ethos of youth rehabilitation, with
the move away from juvenile imprisonment in the 1970s, especially in Massachusetts and California. However, after a
noticeable peak in juvenile delinquency statistics in the 1980s and 1990s, public and political opinion changed dramat-
ically in a more punitive direction [6].

When the UN Convention on the Rights of the Child came into force in 1990, the United States did not sign it
due to the fact that 22 states allowed the death penalty for those who committed crimes during adolescence. It is re-
ported that 19 juvenile offenders were executed in the United States between 1990 and 2005. While this number may
represent a small percentage of the total number of those sentenced to death in the United States during this period, the
practice has been widely criticized by international bodies and organizations. A landmark decision by the US Supreme
Court outlawed the execution of juvenile offenders in the United States, but today a small number of countries around
the world still practice this practice, sometimes as a result of religious laws [1; 6].

However, it would be wrong to assume that social security systems are automatically preferable to a juvenile
justice approach, since social security measures can be equally coercive in terms of juvenile incarceration. They may
lack proper procedures, guarantees to obtain reliable evidence from young people, procedures for checking evidence,
and procedures for checking or appealing after removal.

Membership in a juvenile gang.

One of the characteristics of urbanization around the world is the rise of youth gangs, groups of young people
often defined by geography, ethnicity or ideology. Recent reports indicate a rise in extremist groups. Models explain-
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ing the rise of youth gangs include factors such as economic migration, loss of extended family networks, declining
control over children, globalization, and exposure to unattainable lifestyle “ideals” portrayed in today's media.

The Japanese authorities attribute the surge in serious youth crime in the 1990s primarily to juvenile bicycle
gangs known as bosozoku, who are believed to be responsible for more than 80% of serious juvenile crimes, allegedly
backed up by the repression of yakuza organized crime syndicates. Although difficult to quantify, gang involvement
appears to be present in a significant proportion of juvenile delinquency, and there is evidence that gang membership
contributes to the most serious acts of violence, including murder [4, 256].

Mental health.

Compared to common and juvenile offenders, juvenile gang members have significantly higher rates of mental
disorders such as conduct disorder: antisocial personality disorder, post-traumatic stress disorder (PTSD), anxiety dis-
orders, and attention deficit hyperactivity disorder (ADHD). Gang members are much more likely to use mental health
services than non-gang members and have significantly higher levels of mental illness, primarily antisocial personality
disorder, psychosis and anxiety disorders.

Gang members are also arriving with an increase in cases of depression and suicidal tendencies among younger
gang members. The prevalence of ADHD is significantly higher among young prisoners (30.1%) than in the general
estimates of young people (3-7%), so a similar increase in the prevalence among juvenile gang members can be ex-
pected [7, 239-240].

Forensic psychiatric services for children and adolescents.

Raising awareness of the socio-political factors that contribute to juvenile delinquency has strengthened the
public health perspective on the issue. In the UK, for example, joining the juvenile justice system has been adopted as
an indicator of the general health of the population. Dictionaries often define “forensic expertise” as “legal”, meaning
a relationship with any court. Indeed, many forensic psychiatrists, especially in child and adolescent services, take on
roles that span many legal areas relevant to mental health, including criminal law, family and child custody cases, spe-
cial training tribunals, and immigration or extradition.

Requirements for forensic psychiatric examination vary considerably from country to country, but generally fo-
rensic psychiatric assessment and treatment of individuals in psychiatric hospitals with varying levels of safety and
control are maintained in the community. In some countries, there is a tendency for forensic psychiatrists to work al-
most exclusively with the courts of general jurisdiction, providing independent expert opinions to assist the court.

In the UK, forensic child and adolescent psychiatry has developed into a clinical specialization. Some services are
based in specialized safe youth hospitals and serve a relatively small number of high-risk juvenile offenders with the most
severe mental disorders. In the absence of such specialized resources, young people may be in suboptimal settings, such as
juvenile prisons, safe places or secure psychiatric wards for adults, or even not receiving treatment [4, 257].

In case of the growing number of evidence-based interventions for juvenile delinquents within the public health
system, the role of child and family mental health services may increase over time. In addition to their direct clinical
roles, forensic child and adolescent psychiatry practitioners are also well positioned to work with a wide range of part-
ner agencies to plan and implement broader primary and secondary prevention of juvenile delinquency.

Mental health treatment for juvenile delinquents.

The incidence of mental health problems among juvenile offenders is significantly higher than among their
non-offended peers, with two thirds of male juvenile offenders identified as meeting the criteria for at least one mental
disorder. It is estimated that one in five juvenile offenders suffers from serious functional impairment as a result of
mental health problems. Paradoxically, these needs are often not met, despite evidence of an increase in mental health
services, especially among juvenile offenders.

Of additional concern are the data on the relationship between mental health problems and mortality among ju-
venile prisoners, including an increased suicide rate among men. Mental health problems should be the target of inter-
vention for juvenile offenders, but treatment focused solely on clinical problems is unlikely to benefit crime outcomes.
Thus, there is a clear need for effective interventions to meet both the clinical and criminogenic needs of these people.

Estimates of the prevalence of PTSD among juvenile offenders indicate that 20 to 23% meet the clinical crite-
ria, with prevalence rates significantly higher among women than among men (40% versus 17%). Moreover, 62%
experienced trauma during the first 5 years of life and up to 93% experienced at least one traumatic event during
childhood or adolescence [4, 258].

Cognitive Behavioral Therapy (CBT) is considered the most effective intervention for adults with PTSD and
has also been shown to be effective for juveniles who have not committed the offense. There is limited evidence of
significant reductions in PTSD symptoms after group CBT in male juvenile offenders, and an adapted version of CBT,
a cognitive processing therapy that also results in a significant decrease in self-esteem - reported symptoms of PTSD
and depression compared to controls from waiting list. A trauma-focused emotion regulation intervention has received
preliminary empirical support for use in this population. This resulted in a nearly doubled reduction in the severity of
PTSD symptoms compared to conventional treatment, in addition to significant reductions in depression, behavioral
disorders, and increased optimism.

Mood / anxiety disorders and self-harm.
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Mood and anxiety disorders (67% of women, 41% of men), self-harm (11% of women, 7% of men) and a his-
tory of suicide attempts (33% of women, 20% of men) are common among juvenile offenders. The same high preva-
lence was observed in the intercultural context, namely in the USA, Switzerland and Finland [7, 241-242].

Despite this high prevalence, there appears to be a lack of high-quality evaluations of the effectiveness of inter-
ventions for juvenile delinquents with mood disorders and / or anxiety or self-harm problems. However, the limited
evidence available suggests that group CBT may help reduce symptoms. Recovery rates for major depressive disorder
after CBT are more than double that of life skills training (39% versus 19%, respectively), although there were no
significant differences at follow-up at 6 or 12 months. CBT also led to significant improvements in depression symp-
toms and social functioning reported by patients and observers [7,243].

It has also been reported that Dialectical Behavioral Therapy (DBT) significantly reduces the incidence of
physical aggression among juvenile delinquents and among juvenile offenders expressing suicidal thoughts. This sig-
nificantly reduced serious behavioral problems and staff penalties among juvenile offenders in the psychiatric ward,
although no similar significant reductions were seen for those without mental health problems.

Substance abuse.

Motivational interviewing represents a promising approach for juvenile offenders, especially as a treatment for
substance abuse. The motivational group interview received positive feedback from participants when it was conduct-
ed with juvenile offenders who used alcohol or drugs, and compared to other programs, juvenile offenders who re-
ceived motivational interviews were more satisfied and showed lower, albeit not statistically significant, relapse rates
on 12-month post-motivational interview [7, 245].

Thus, there is preliminary evidence for the acceptability and feasibility of motivational interviewing for juve-
nile substance abusers, but further research is needed on the long-term results. To date, motivational interviewing of
the difficulties faced by juvenile offenders other than substance abuse has received little attention from researchers.
Juvenile offenders are notorious for finding it difficult to access rehabilitation services, so further research is needed
on the effectiveness of motivational interviewing to encourage participation.

Employment and education.

Involving juvenile offenders in education and training is an essential component of successful rehabilitation
with positive involvement in meaningful activities associated with improvements in areas such as self-confidence and
protection from future criminal activity. It is therefore of concern that an assessment of the use of leisure time over a
1-week period by juvenile trial offenders found that only 10% of that time was spent on productive activities, such as
work or education, when 57% used the level of passive leisure 30% higher than that of their peers who were not guilty
of committing a crime [1].

Efforts to involve juvenile offenders in professional and / or professional activities have been beneficial in a
number of areas. The special vocational education and training program, which emphasizes practical skills, was as-
sessed in comparison with the regular education of juvenile offenders. During the 30-month follow-up period, those
who were involved in this program were significantly more likely to find work, complete the graduate program, and
attend for a significantly longer period of time. Benefits in terms of the risk of reoffending have also been reported: a
program of extracurricular activities, including hands-on community projects, educational activities, and family thera-
py, resulted in a significant reduction in relapse at follow-up one year later [4,259].

Qualitative studies of juvenile delinquents show that there is not a lack of interest in education among this pop-
ulation group, but rather a gap with educational systems, where education providers are not considered to care about
student achievement. Thus, ensuring that educational institutions are perceived as active and caring can be an im-
portant consideration for efforts to involve juvenile delinquents in education systems. Serious barriers to engagement
include difficulties in obtaining accurate information on the education of the offender, as well as in identifying com-
munity-based education providers who are willing to accept previously imprisoned juveniles upon release.

Language and communication.

Difficulties with language and communication skills appear to be predominant among juvenile offenders, with
estimates of those in the poor or very poor categories ranging from 46% to 67%; in general, up to 90% of juvenile
offenders demonstrated a level of language proficiency below average [1]. In particular, a high level of illiteracy
among this population group is reported, indicating that awareness of such problems among juvenile offenders them-
selves is associated with dissatisfaction and low self-esteem. These difficulties can act as barriers to engaging in ther-
apeutic activities, especially in a group setting, as well as re-engaging with educational systems. Awareness of the
challenges these young people face in terms of confidence and communication skills is very important and the possi-
ble involvement of a speech therapist and linguist can be considered. Preventing communication deficits through ef-
fective schooling and appropriate support in the early years of life can promote effective participation in rehabilitation
activities and can also reduce the risk of involvement in criminal activities.

There are common barriers to smoothing care pathways between different parts of systems, for example, be-
tween safe and community settings, between prisons and mental health facilities, and between services for children
and adults. In some jurisdictions, people can only be treated pharmacologically against their will in a hospital setting,
which limits the extent to which people can be treated in prison, but there is still great scope for the intervention of
prison mental health teams in juvenile prisons. Factors associated with good results A meta-analysis identified three
main factors associated with effective interventions for juvenile offenders: the philosophy of “therapeutic” interven-
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tion, service for high-risk offenders, and quality of implementation. These results are consistent with factors that are
thought to be associated with good outcomes in residential care centers for disadvantaged adolescents and juvenile
delinquents: good staff-adolescent relationships, perceptions of staff as pro-social role models, positive peer pressure,
individualized treatment program. , appropriate programs and activities, clear expectations and boundaries, and places
to stay in order to maintain ongoing contact with the family. In society, coercive interaction styles have been found to
be less successful in achieving adherence among juvenile offenders than a client-centered approach [3].

Factors associated with poor results.

There are programs that identify juveniles who have begun to commit delinquency in front of inmates in high-
security prisons, but these approaches have been discredited by evidence that the risk of recidivism may in fact in-
crease after exposure. Similarly, poor performance has been noted in programs modeled on military bootcamps, in
which harsh discipline and initiatives such as curfews, probation, and juvenile adult court hearings have also been
shown to be ineffective in reducing recidivism.

In recent years, it has been demonstrated repeatedly that the juvenile court itself has a detrimental effect on ju-
venile delinquency. This can be explained in part by the effects of labeling, stigmatization and negative self-image
associated with criminal conviction, but also by the practical consequences of sentences, including of guilty colleagues
imprisonment. The conclusion presents several additional problems, including disruption of social relations, interrup-
tion of education, communication with offenders by peers and exposure to violence [6]. Half of the young criminals
detained reported victimization during their current term. International agreements state that incarceration (for exam-
ple, a juvenile prison) should be used as a last resort and for the shortest necessary time, so it should be used for of-
fenders at high risk.

Findings. It is known that the price of antisocial behavior of minors is high and falls on the shoulders of socie-
ty and the state. The current climate of austerity in public services requires that any intervention is not only effective
but also cost-effective, which poses challenges in implementing interventions for this vulnerable social group of
young people.

Thus, the relevance of such studies at the present time lies in the fact that, having summarized the opinions of
various scientists, having analyzed modern Russian and foreign legislation, judicial practice, we must admit that the
problem of criminalization of young people, both in our country and in the world as a whole, is a pronounced socio-
political character due to its influence on the fate of future generations and the states themselves.
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Annomayusa: B craTbe paccMaTpHUBaeTCs OJUH U3 HanOoNee BaXKHBIX EPHUOJ0B (POPMHUPOBAHHS MUTPALIUOHHON TTOJIUTHUKH
Poccuiickoit ®enepaunu — nepBoe necarumierre XX B., KOraa Ipoucxoau BEIOOP MEXIY MIPUOPUTETAMU Pa3BUTUS MUTPALUOH-
HOM TIOJINTUKY CTpaHBL BymeT M oHa OBHTaThCs MO MYTH CEKBIOPUTH3AIMU WM ryMaHm3aruu. ClieqyeT OTMETHTh, Y4TO Hepen
yKa3aHHBIM BBIOOPOM CTOsUIa He TONbKO Poccuiickast ®eneparys, HHBIM CTpaHAM-pEIEITHeHTaM MUTPAI[HOHHBIX ITOTOKOB TaKKe
MIPE/ICTOSIIO CAENATh CBOH BEIOODP B CBETE PACIPOCTPAHEHMS] MEXKTyHApPOJHOTO TEPPOPU3MA M OTKPBHITOCTH T'PAHUIL JUT MUTPAIy-
OHHBIX ITOTOKOB, YTO TPEOOBAIM ITOCTYIATHI III00ATH3AIHNN.

Mamepuanvt u memoos.. B pamMkax CTaThbH NPOBOAUTCS aHAIU3 OQUIMATIBHBIX CTaTHCTHYECKHX AaHHBIX (Poccrar n
DONB), MeTaaHaIM3 HOPMATHBHBIX MPABBIX aKTOB M JOKYMEHTOB CTpaTeTHYECKOro IutaHupoBaHus Poccuiickoit denepannu, uc-
cJeI0BaHUHA MUTpallMOHHOM cuTyauuu B Poccuiickoit @enepanun.

Pezynomamut u o6cysycoenusn. B nagane 2000-X IT. ycHIICHHE CEEKTHBHOTO MEXaHM3Ma B MUTPALIUH, YTO OBLIO 00YCIOB-
JICHO MPUOPUTETOM TEHJCHIIMH K CEeKbIOPUTH3ALMH MHIPAIUH, CIIOCOOCTBOBAIO PE3KOMY COKDAIIECHUIO JIETaJbHONW MHIPALUH B
Poccuiickyro ®denepanuro. IIpu 3ToM JOCTaTOYHO BBICOKHE IOKAa3aTeNM AEMOHCTpUpOBaja HeserajabHas murpanus. Opranamu
TOCYJIapCTBEHHOH BIACTH MpPEANPUHUMANNCH PAa3IMYHBIE ITONMBITKH M3MEHUTH cuTyanuio. Ho paspabaTriBaeMble U pean3yeMble
MepBI OCYIIECTBIUIICH B paMKaX NPHUOPUTETA K CEKbIOpUTH3anuK. Tak, B paMKaxX IPHOPUTETHON pean3aluy Mep 10 CEKbIOPUTH-
3al[i MUTPAIMN OCYIIECTBISUIach ['ocymapcTBeHHAss MporpaMMa 1o J0OpPOBOIBHOMY IEPECETIECHHI0 COOTEYECTBEHHMKOB. Tak,
pUOBIBIINI B paMKaX [ 0CIporpaMMbl COOTEYECTBEHHUK OKa3bIBAJICS IMPUBA3aHHBIM K TEPPUTOPHU MIPUOBITHS U CBOEMY paboueMy
Mmecty. I[Ipu 3TOM camMu TeppHTOPUH IPHOBITHSI OTIMYATINCH HU3KMM SKOHOMHYECKHM Pa3BUTHEM, a NIPEATaraeMble COOTEUECTBEH-
HUKaM pabodre MecTa He COOTBETCTBOBaNU MX kBaiupukamuu. [Ipuasateiit B 2006 1. 3ak0H «O MHUTPalliOHHOM y4eTe WHOCTpaH-
HBIX TpaKIaH ¥ JHI Oe3 rpakaaHcTBa B Poccuiickoit @enepanum» npu Kaxymencs Tudepanu3aiy IpaBui yaeTa HHOCTPAHHBIX
rpakiaH npuOBIBIINX B PoccHio, BIIOCIEACTBHU CO3/1aB BO3MOXHOCTD NMPEBPAILEHUs IPHHUMAIONIEH CTOPOHBI B CTOPOHY JEIHKT-
Horo oOs3arenbcTBa. OTHOBPEMEHHO HAOJIONANCS POCT aHTHMHUTPAHTCKUX HACTPOSHWH, MPUBOAMBIIUKA K BCIBIIIKAM HACHJIMS.
Jnst KymupoOBaHUs! CIIOXKUBIIEICS CUTyallMy ObUTH MHUIMHMPOBAHBI SKCIIEPUMEHTHI 10 BHEIPEHHIO NMPHUHIMUIIOB I'yMaHH3allMd MHU-
Tpalii B MUTPAMOHHYIO TIOMUTHKY Poccun. YcrenHeIM oKa3ancst SKCIIEpUMEHT C BBEJCHHEM MAaTEHTHOI CHCTEMBI, IPEeJoCTaB-
JISTIOIIEH HHOCTPAaHHBIM I'pakIaHaM MPaBo Ha paboTy y (PH3WIECKHX JIUI] B 00XO0JI CTIOKHOM U TPOMO3IKOH CHCTEMBI KBOT.

Bb1600vi. TeHaeHIMN K IPUOPUTETY CEKbIOPUTH3AINH MUTPAIMN HETaTHBHO CKA3BIBAIOTCS KaK Ha MHTPAI[OHHBIX ITOTO-
KaxX, CIIOCOOCTBYSI MX COKPAIIEHMIO, TaK M Ha OOIIECTBEHHBIX HACTPOCHMUSX, OOeceunBas MUTATeIbHYIO MOYBY ISl POCTa MUTPaH-
TooOHH M IKCTPEMHUCTCKHUX HACTPOeHUH. CIIeJICTBHEM 3TOTr0 CTAHOBUTCSI KPHU3KUC MUTPAILIMOHHOM HOJMTHUKH, YTO SPKO MPOSBUIIOCH
B Poccuiickoii ®enepaunu neproro necstuinetss XX| Beka — cokpaiieHue JieralbHoOi MUTpaliy IpHY BEICOKUX MOKa3aTelsIx Hee-
rajbpHOI Murpanuy, paxTryeckuid mposan ["'ocyaapcTBEHHOH MPOrpaMMBI 110 T0OPOBOJIBHOMY BO3BPAIIEHHIO COOTEYECTBEHHUKOB,
OTKPBIThIE aHTUMMMHUTPAHTCKUE BBICTYIUICHUS. B MOIOOHBIX yCIOBHAX, MEpHI [0 T'yMaHU3aLUs. MUTPALUH JTAJIH TTOJIOKUTEIbHBIH
pEe3yJIbTaT B 3HAYUTENBHONW Mepe COKPAaTUB HENEeraJbHy0 MUIPALHUi0. JTO MO3BOJIIET ClEaTh BBIBOJ O HEOOXOAUMOCTH MOAAED-
XKaHWA OajlaHca MEXAY TeHASHIMSIMU K CeKbIOPUTH3AIMN U I'YMaHH3aI[Mi MUrpanuy. Hapymenne G6ananca HETaTHBHO BIHSET Ha
MOKA3aTeJI MUTPAlHOHHON TTOJIMTHKH.

Kniouesvie cnosa: Murpanys, MUTPAIOHHBIN yUeT, COOTEYECTBEHHUK, CEKbIOPUTH3AIHS, MHTPAHTO()OONS, TATEHT, BBICO-
KOKBaJTH(HIINPOBAHHBIA CITEIIHAIHCT.

Abstract: The article examines one of the most important periods in the formation of the migration policy of the Russian
Federation — the first decade of the XXI century, when there was a choice between the priorities of the development of the country's
migration policy. Will it move along the path of securitization or humanization? It should be noted that this choice was faced not
only by the Russian Federation, other countries-receivers of migration flows also had to make their choice in the light of the spread
of international terrorism and the openness of borders for migration flows, which required the postulates of globalization.

Materials and methods: The article analyzes the official statistical data (Rosstat and federal executive authorities), meta-
analysis of regulatory legal acts and strategic planning documents of the Russian Federation, studies of the migration situation in
the Russian Federation.

Results and discussion: In the early 2000’s, the strengthening of the selective mechanism in migration, which was due to
the priority of the trend towards the securitization of migration, contributed to a sharp reduction in legal migration to the Russian
Federation. At the same time, illegal migration showed fairly high rates. The state authorities made various attempts to change the
situation. But the measures being developed and being implemented were carried out within the framework of the priority to secu-
ritization. Thus, as part of the priority implementation of measures to securitize migration, the State Program on the Voluntary Re-
settlement of Compatriots was implemented. So, a compatriot who arrived within the framework of the state program found himself
tied to the territory of arrival and his workplace. At the same time, the territories of arrival themselves were characterized by low
economic development, and the jobs offered to compatriots did not correspond to their qualifications. The law «On migration regis-
tration of foreign citizens and stateless persons in the Russian Federation» adopted in 2006, with the apparent liberalization of the
rules for registering foreign citizens who arrived in Russia, subsequently creating the possibility of turning the receiving party into a
tort obligation. At the same time, there was an increase in anti-migrant sentiment, leading to outbreaks of violence. To stop this
situation, experiments were initiated to introduce the principles of humanization of migration into the migration policy of Russia.
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The experiment with the introduction of a patent system, which gives foreign citizens the right to work for individuals, bypassing
the complex and cumbersome quota system, turned out to be successful.

Conclusions: Trends towards the priority of the securitization of migration negatively affect both migration flows, contrib-
uting to their reduction, and public sentiment, providing a fertile ground for the growth of migrant-phobia and extremist sentiments.
The consequence of this is the crisis of migration policy, which was clearly manifested in the Russian Federation in the first decade
of the 21st century - a decrease in legal migration with high rates of illegal migration, the actual failure of the State program for the
voluntary return of compatriots, open anti-immigrant protests. In such conditions, measures to humanize migration have yielded a
positive result, significantly reducing illegal migration. This allows us to conclude that it is necessary to maintain a balance be-
tween the trends towards securitization and humanization of migration. The imbalance has a negative impact on the indicators of
migration policy.

Key words: migration, migration registration, compatriot, securitization, migrant phobia, patent, highly qualified specialist.

Introduction. The European migration crisis of 2015 sharply raised the issue of the dialectic of tendencies to-
wards securitization, on the one hand, and humanization, on the other hand, in the implementation of migration policy.
At the same time, the securitization of migration meant the consideration of migrants as a collective entity that threat-
ens economic, social and political security. Humanization, on the contrary, postulates the individuality of each migrant
as the bearer of certain rights that provide him with access to certain freedoms [22]. It should be noted that the very
concept of “securitization” belongs to the theorists of the Copenhagen School of International Relations [15,16]. From
their point of view, "securitization" should be understood as the process of giving a certain phenomenon the status of
an existential threat, for the elimination of which it is necessary to provide extraordinary powers, with which the au-
thorities can ensure security. At the same time, "securitization" is by no means reactive (a reaction to a threat, as a
result of which social reality is normalized), it is an active force that forms a new social reality.

The first such phenomenon in the early 2000s. became international terrorism [20] as a phenomenon that ac-
tively affects the foreign and domestic policies of modern states. The second is migration, which was due to the in-
crease in the 1990-2000s. globalization processes, which were based on the postulates of freedom of movement of the
main factors of production - capital and labor. It was the freedom of movement of labor, bypassing political borders,
that gave migration the status of a phenomenon in relation to which it is necessary to implement the procedures of
“securitization” [18, 19, 21].

The Russian Federation, as a state actively involved since the early 1990s. into the world economy, did not stay
away from these processes. Within the framework of this article, the processes of introducing innovations into the
migration policy of the Russian Federation will be considered through the prism of the dialectic approaches to securit-
ization and humanization of migration.

Materials and methods. The goal set in the framework of this article requires an integrated approach, which
predetermined the selected materials and methods. First, the official statistical data provided by Rosstat and the federal
executive authorities implementing the state policy in the field of migration will be used. Analysis of these data will
make it possible to establish the dynamics of migration flows, to assess the state of migration flows. Secondly, an
analysis of regulatory legal documents (laws, by-laws, strategic planning documents) will be carried out, which will
provide a certain understanding of the strategic priorities of Russia's migration policy. Thirdly, scientific literature,
reports of heads of state services, as well as publications in the media will be studied.

Results and Discussions. Observed in the early 2000s. the strengthening of the selective mechanism in migra-
tion processes, due to the growth in the migration policy of the Russian Federation, of trends towards the "securitiza-
tion" of migration led to a sharp drop in the number of legal migrants who arrived in the territory of the Russian Fed-
eration. Thus, in the early 2000s, migration growth due to external migration, as can be seen from Table 1, decreased
by more than 3 times. The figure for 2003 was only 13.8% of the figure for 1999.

Table 1
Migration growth in 1999-2003 (according to Rosstat data).

Ne Indicator 1999 2000 2001 2002 2003
n/m
1. Avrrived in Russian Federation (total) 379726 359330 | 193450 184612 129144
2. including

from CIS countries 343082 326561 | 173976 167940 114121

from far abroad 36644 32769 19474 16672 15023
3. Departured from the Russian Federation (total) 214963 145720 | 121166 106685 94018
4. including

from CIS countries 125233 80510 60231 51135 45142

from far abroad 89730 65210 60935 55550 48876
5. Migration gain (total) 254493 213610 | 72284 77927 35126

At the same time, the assessment of the scale of illegal migration varied from an extremely conservative figure
of 250 thousand people annually [3, p. 69], before voiced by the director of the Federal Migration Service of Russia
K.O. Romodanovsky figures in 20 million people [9]. Probably, one should agree with the opinion of experts that the
scale of illegal migration in Russia in the early 2000s. accounted for about 5-7 million people [4, 12].
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In order to carry out work on the legalization of migrants, the Federal Law “On Migration Registration of For-
eign Citizens and Stateless Persons in the Russian Federation” dated July 18, 2006 No. 109-FZ was adopted (hereinaf-
ter - FZ 109-FZ dated July 18, 2006).

The specified Federal Law 109-®3 dated July 18, 2006 established new rules for recording the movements of
foreign citizens across the territory of the Russian Federation. Among the significant innovations introduced by him to
migration relations, it should be noted the principle of the notification nature of registration for migration registration,
the refusal of the procedure for the annual re-registration of foreign citizens, the introduction of flexible models of
migration registration for various categories of foreign citizens (registration at the official place of residence and regis-
tration at the place of stay) , normative consolidation of the rights and obligations of foreign citizens and stateless per-
sons in the field of migration registration, as well as the executive authorities carrying out this registration.

At the same time, the bill was bi-directional. It was developed at the junction of two paradigms - "humanization" and
"securitization™ of migration flows. On the one hand, the procedure for migration registration, which replaced the procedure
for the annual re-registration of foreign citizens, greatly facilitated the situation of foreign citizens and ensured an increase in
the migration attractiveness of the Russian Federation. On the other hand, the introduced procedure for migration registration
created a distributed system of registration functions of the main participants in the migration registration process - state
bodies, local authorities and legal entities participating in migration registration. As a result, it contributed to the formation of
an effective system of immigration control over the movements of foreign citizens across the territory of the country: from
crossing the border to registering at the place of stay (residence) (even if a foreign citizen changes his place of stay). At the
same time, the law introduced a legal basis for the formation of a state information system for migration registration, the
creation of which after some time made it possible to track the movements of foreign citizens across the territory of the Rus-
sian Federation almost in real time. Also, the law introduced the concept of "a party receiving a foreign citizen or stateless
person in the Russian Federation.” This innovation subsequently provided the terminological and regulatory framework for
the transformation in the early 2010s. individuals or legal entities providing foreign citizens with a place of actual residence,
towards a tort obligation.

A significant change in the migration policy of the Russian Federation in the first decade of the 21st century
was the development and implementation of the State program to assist the voluntary resettlement of compatriots liv-
ing abroad to the Russian Federation.

The very concept of a compatriot was introduced in the late 1990s. Federal Law of 24.05.1999 No. 99-FZ "On
the state policy of the Russian Federation in relation to compatriots abroad.” In this regulatory legal act, a compatriot
was understood as a person born in the state, residing or residing in it and having signs of common language, history,
cultural heritage, traditions, customs, as well as descendants of this person in a straight descending line. Also, by this
law, compatriots included citizens of Russia permanently residing outside the Russian Federation, persons and their
descendants belonging to peoples traditionally living on the territory of Russia, and at the same time being citizens of
the Russian Empire, the Russian Republic, the RSFSR, the USSR and the Russian Federation. However, this bill in-
troduced norms providing for building work with compatriots abroad, and did not envisage measures, the implementa-
tion of which would ensure their return to the Russian Federation. This direction of the law was probably caused by
the need to improve the image of the Russian Federation abroad, using the potential of compatriots to establish Russia
as a full member in the ranks of the developed Western states. As a result, the law provided for measures, including
material support, aimed at creating stable ties between compatriots and Russia in the field of economy, culture, infor-
mation exchange, etc. In addition, during this period in 1999, the Russian Federation again faced a massive crisis mi-
gration caused by the intensification of hostilities in the Chechen Republic and the Republic of Dagestan. As a conse-
quence, attracting compatriots for permanent residence in the Russian Federation was not on the agenda. However,
after a few years. The situation has changed dramatically.

The demographic crisis was officially recognized in the Russian Federation. Thus, according to Rosstat data,
the population of the country from 1996 to 2001 decreased by 2 million people. Moreover, for the period 1991-1995.
population decline was not recorded, although it was in 1992 that natural population growth was replaced by natural
decline. Demographers associate this paradox with large-scale crisis migrations, which were discussed above. Accord-
ing to the professor of the Department of Economic and Social Geography of Russia, Moscow State University named
after M.V. Lomonosova Natalia Zubarevich crisis migrations in 1993-1994. compensated for the natural loss by 80%.
By the early 2000s. this figure dropped to 20%. A similar point of view was expressed by another well-known Russian
demographer Anatoly Vishnevsky [1]. At the same time, the migration potential of Russians and representatives of
other peoples traditionally living in the country has not been exhausted. The well-known Russian migrantologist V.I.
Mukomel in an analytical study in 2003 "Who will come to Russia from the" new abroad? " estimated the emigration
potential from the CIS and Baltic countries for the next 6-8 years at 7.5 million people. Of these, 3.1 million people.
accounted for Russians, 0.4 million people. for representatives of Russian ethnic groups, 1 million people for the titu-
lar ethnic groups of the CIS and Baltic countries and 3 million people. on representatives of indigenous ethnic groups
of the CIS and Baltic countries. At the same time, the Russian Federation could potentially attract 5.2 million people.
(3 million people are compatriots with ethnic and cultural roots in Russia, 2.2 million people are representatives of the
titular and indigenous peoples of the CIS and Baltic countries) [6].

An attempt to realize this migration potential was the State Program to Assist the Voluntary Resettlement of
Compatriots Living Abroad to the Russian Federation.
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The specified program was approved by the Decree of the President of the Russian Federation No. 637 dated
June 22, 2006. Initially, 12 constituent entities of the Russian Federation participated in the program. These regions
were divided into three groups. Thus, group "A" was formed by regions of strategic importance for the Russian Feder-
ation (mainly border areas), group "B" included the constituent entity of the Russian Federation, in which large in-
vestment projects were being implemented, and therefore these regions experienced a need for migrants with high
qualifications. Finally, group "C" was formed by regions characterized by sustainable socio-economic development,
but at the same time, over the last three years or more in them, there was a decrease in population (either due to natural
population decline, or due to migration outflow).

The program involved providing displaced people with financial assistance in the form of paying for travel,
baggage transportation, and lifting. But the main thing is that the program made it possible to obtain citizenship of the
Russian Federation in a simplified manner, implying a shorter period of time - three months from the date of filing an
application for granting citizenship.

However, the program also had its drawbacks. The main one was the binding of the migrant to a certain work-
place. As a rule, within each region, several territories of settlement were distinguished, experiencing the greatest
shortage of labor. These were regions characterized by extremely low economic development and did not imply high
wages (even by the standards of the constituent entity of the Russian Federation in which they were located). Also, in
most cases, the vacancies offered to migrants did not correspond to their qualifications. At the same time, the Program
participant could not leave the territory of the settlement without refusing to participate in the Program.

The second problem was the problem of providing displaced persons with housing. Taking into account that
registration at the place of residence was a necessary condition for participation in the Program, this problem was
quite acute. It was assumed that the settlers would be able to rent housing. However, due to the aforementioned prob-
lem, not all migrants had such an opportunity. At the initial stage, some regions tried to solve this problem by provid-
ing the participants of the Program with housing at the expense of flexible housing stock or temporary accommodation
centers, but this did not solve the problem [7, 14].

Accordingly, many migrants preferred independent resettlement to the Russian Federation to participate in the
Program.

As a result, despite the rather serious funds allocated for the implementation of the Program, for 2007-2010.
less than 20 thousand people resettled under the Program, while the planned figure is 300 thousand people annually.

In 2012, the Ministry of Regional Development of the Russian Federation prepared a new version of the state
program, in which a number of the above deficiencies were eliminated. The number of migrants increased, but the
declared figure of 300 thousand people could not be reached annually [2] until 2014, when the Russian Federation
faced another wave of crisis migration caused by the political crisis in Ukraine in 2013-2014.

One more serious problem of the first decade of the 2000s should also be noted. - the growth of migrant pho-
bia. Sociological surveys conducted in the 2010s. showed that the slogan “Russia for Russians” traditionally used by
nationalists has ceased to be just a slogan around which the ethnically Russian population of Russia is united. In the
2000s. this slogan enjoyed increasing popularity. So, according to a survey by the Levada Center, the slogan “Russia
is for Russians” was supported by 45% of respondents, in October 2013 this figure rose to 66%. At the same time, if in
2002 - 28% of the population had a negative attitude to it, then in 2013 - only 19% [10]. A number of authors attribut-
ed such an increase in migrant-phobia to the general orientation of the migration policy of the Russian Federation to-
wards “securitization”, as a result of which the emphasis is placed on limiting migration flows [5]. As a result, a state
attitude towards suspicion towards migrants is formed, “hate speech” is spreading in the media, anti-immigrant senti-
ments are beginning to be exploited by political forces [8]. The growth of anti-immigrant sentiments led to outbreaks
of violence against migrants and representatives of non-Russian nationalities [11, 13], as well as backlash. The apoth-
eosis was the riots in Moscow on December 7-15, 2010. They were caused by a conflict between football fans and
youth of the North Caucasian ethnic groups. Despite the tragedy, this situation made it necessary to draw attention to
the need to develop a new approach to the regulation of migration - to create a mechanism for the adaptation and inte-
gration of migrants.

It should be noted that the relevant subdivision aimed at developing and implementing a policy in the field of
adaptation and integration of migrants - the Integration Department - in the structure of the FMS of Russia was created
a few months before the events of December 2010. However, due to the fact that this direction was new for the Ser-
vice, it was not possible to prevent the events on Manezhnaya Square for objective reasons - there were no mecha-
nisms to reduce the level of interethnic tension and migrant-phobic sentiments. They only had to be created.

Also an important innovation of the early 2010s. was the introduction of the concept of a highly qualified spe-
cialist into Russian migration legislation. The introduction of this concept was due to the proclaimed in 2008 the
course towards the modernization of the Russian economy, with a simultaneous intensification of international compe-
tition for qualified labor resources [17]. This required the development of more flexible mechanisms in relation to the
regulation of labor migration of foreign citizens. A change in the domestic legislation in relation to highly qualified
specialists was introduced by Federal Law No. 86-FZ of 19.05.2010 "On Amendments to the Federal Law" On the
Legal Status of Foreign Citizens in the Russian Federation "and Certain Legislative Acts of the Russian Federation™ ...
In accordance with the specified law, a highly qualified specialist was understood as a foreign citizen with work expe-
rience, skills and achievements in a specific field. However, the main criterion for the selection of a highly qualified
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specialist was the size of his salary. Initially, it was supposed to be at least 2 million rubles per year. Later, after nu-
merous requests from scientific and educational organizations, for certain categories of highly qualified specialists
(researchers, teachers working in Russian universities, scientific and research centers, residents of special economic
zones), the indicator was reduced to at least 1 million rubles per year.

Also in 2010, the so-called patent system was introduced, according to which migrants working for individuals
were to obtain a patent. The introduction of this system was seen as a tool to bring a significant number of migrants
out of the shadows. Indeed, this system has shown its effectiveness. By the end of 2011, more than 1 million patents
were issued, in 2014 this figure exceeded 6 million.

The advantage of patents over traditional work permits was their relative cheapness (registration of a patent
cost 12 thousand rubles a year, issuing a work permit through intermediaries - 15-25 thousand rubles a year), it could
be extended for up to 12 months without visiting the executive authorities, only making the necessary payments. Fi-
nally, the patent served as a document confirming the renewal of registration at the place of stay by a migrant and a
permit document securing the right to stay in Russia for more than 90 days.

The experiment to introduce a patent system was found to be successful. Accordingly, it was decided to extend
it to labor migrants employed by legal entities and who arrived in a visa-free manner. These changes were introduced
by the Federal Law of November 24, 2014 No. 357-FZ "On Amendments to the Federal Law" On the Legal Status of
Foreign Citizens in the Russian Federation "and Certain Legislative Acts of the Russian Federation".

However, this federal law has already been adopted within the framework of the new Concept of State Migra-
tion Policy, adopted in 2012 and which became an important milestone in the development of the migration system of
the Russian Federation.

Conclusion. Summarizing the above, the following conclusions can be drawn:

1. The trend towards securitization of the migration policy of the Russian Federation in the early 2000s. caused
a sharp decrease in the migration flow, despite the growth of the Russian economy and the high demand for migrant
labor, as well as the need to overcome the demographic crisis.

2. Attempts to solve the problems of reducing the migration flow through the implementation of special state
programs to attract compatriots to the Russian Federation were not crowned with success largely because these pro-
grams were developed and implemented within the paradigm of securitization of migration.

3. On the contrary, the measures implemented within the framework of the trend towards the humanization of
migration turned out to be extremely successful (the patent system), turned out to be in demand and allowed a signifi-
cant number of foreign citizens to legalize their status.

4. Violation of the balance between securitization and humanization of migration, to the detriment of the latter,
has a negative impact on public consciousness, contributing to the growth of migrant phobia and interethnic (inter-
ethnic) conflicts.
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Annomayusa: Vcrions30BaHUE U3MENBYEHHOTO TPOPOIIEHHOTO 3€pHA B MPOTYKIIMU OOIIECTBEHHOTO NMUTAHUS MOXET IO-
BBICHTh KOHKYPEHTOCIIOCOOHOCTh TPEANPUATHH, T.K. B chepe 0OIIEeCTBEHHOTO MUTAHMs COXpaHIeTCs TPEH | Ha 30pOBOE IIUTAaHUE,
OJHHMM U3 HaINlpaBJICHUI KOTOPOTO SIBISIETCS NMPOpANIMBAaHKE 3e€pHA. 36PHO MMEET OOJBIIOE COAEPIKAHHUE YIIIEBOAOB (B TOM UYHCIE
KpaxMaJ1),[IpopacTacT BO BIAXKHOIH M HE BCEraa OCBEIIEHHOH cpeze.0TOo CIOCOOCTBYET Pa3sMHOXKEHHIO MHKPOOPraHU3MOB. Jlist
MO/IaBJICHUS POCTA YKCIIa MUKPOOPTaHU3MOB IIPEIOKEHO UCIIONIB30BaTh 00PabOTKY XOJIOJHBIM IIIA3MEHHBIM H3IIyUCHHEM.

Knrouesvie cnosa: 3epHo, NpopaliuBaHue, XOJIOAHAS I1a3Ma, TIPOLYKThI TUTaHUS, MUKPOOHOJIOTHYECKUE TT0KA3aTeI .

Abstract: The use of crushed sprouted grain in public catering products can increase the competitiveness of enterprises, be-
cause in the field of public catering, the trend towards healthy nutrition continues, one of the directions of which is grain germina-
tion. Grains have a high content of carbohydrates (including starch), it germinate in a humid and not always light environment. This
promotes the multiplication of microorganisms. To suppress the growth of the number of microorganisms, it is proposed to use cold
plasma radiation treatment.

Key words: Grain, germination, cold plasma, food, microbiological indicators.

Introduction. Over the past few years in Russia, import substitution in the food industry has been one of the
main directions of development. It has great potential in the creation of technologies that will allow the production of
products already existing on the market, but with a higher quality [1].

One of the trends in the development of the public catering market in the Ural region is the emergence of new
"players". The development of the region attracts representatives of the public catering sector of the regional, all-
Russian, and even world level. It causes an increase in competition and an improvement in the quality of the goods
and services provided [2].

To increase the competitiveness of enterprises, modern trends can be used, one of which is healthy eating. Cur-
rently, more and more catering establishments are opening, aimed at this specialization. Grain sprouting is often used
to ensure a healthy diet. the emergence of a sprout leads to the formation of vitamin C and activation of the amylolytic
effect that affects starch [3, 4]. Nutritional value of grain for germination is presented in table 1.

Table 1
Nutritional value of grain for germination.
Nutritional values Wheat Rye Barley Oats

Proteins, g 11,0+0,2 9,9+0,2 14,0+0,3 10,0+0,2
JKupsr, T 1,940,1 2,140,2 2,9+0,2 5,7+0,1
Fats, g 63,3+0,7 61,4+0,8 72,6+0,8 60,6+0,8
including: 1,7+0,2 2,7+0,1 1,1+0,1 2,4+0,1
monosaccharides and disaccharides

starch 57,2+1,2 42,7+1,0 60,4+1,2 54,0+1,2

dietary fiber 7,0+£0,3 13,7+0,4 11,5+0,4 5,7+0,4
Energy value, kcal 262,1 241,4 301,1 285,2

Grain has a high content of carbohydrates (including starch), germinates in a humid and not always lit envi-
ronment. This contributes to the growth of the number of microorganisms. The problem of microbiological contamina-
tion of grain and the search for ways of its disinfection are devoted to the works of domestic and foreign scientists:
G.A. Zakladny, N.V. Zuglenka, G.l. Zuglenok, G.G. Yusupova, V. Ya. Chernykh, S. Ya. Koryachkina, U.S. Anna-
pure, B.J. Park and others. Outstanding scientists: V. A. Tutelyan, L.l. Machikhina, R.D. Polandova, L.A. Trisvyatsky,
as well as E.D. Kazakov and many other researchers. At present, chemical methods of disinfection are actively used,
which are in demand in the food industry. A side effect of the use of substances of chemical origin is the difficulty of
completely removing the substance from the surface of the grain, as well as the transition of the substance into the
final product. Some of them are quite expensive and require a skilled approach so that the chemicals do not leave neg-
ative side effects on the final product. Biological methods are quite expensive and are just beginning to spread in our
country. At the same time, physical methods of disinfection are already actively used both at the stage of post-harvest
processing of grain crops and for the destruction of accumulated mycotoxins after storage. They are able to minimize
the risks of migration of mycotoxins into the finished product and make it safe for the consumer. To suppress the
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growth of the number of microorganisms, you can use various physical, chemical and biological methods of exposure
(table 2).

Table 2

Physical non-thermal methods of disinfection of plant materials [5-7].
Method name Variable processing parameters Mechanism of action
Pulsed electric field Electric field strength; time of processing; shape, width, Electroporation

frequency and polarity of pulses
Ultrasonic exposure Frequency; power; processing time Cavitation
Ultraviolet exposure Power; wavelength; treatment time Destruction of the cytoplasmic
membrane

Cold Plasma Radiation Electric field; gas supply (pressure, type, flow rate, fre- Degradation of proteins, lipids into
(CPR) quency); exposure time; used medium DNA + apoptosis

In this paper, the impact of CPR is considered. Cold plasma is the fourth state of matter and is an ionized gas
containing atoms or molecules in a metastable state with zero total electric charge.

Studies of the South Ural State University [8, 9] confirm the positive effect of cold plasma radiation on the mi-
crobiological parameters of grain.

Currently, the food industry has accumulated a database of experimental data on the approaches used and the
parameters of the use of installations that generate cold plasma radiation, but they have heterogeneity of research re-
sults. However, open studies do not give a complete picture of the possibility of using this method of affecting grain.
Despite this, this method of disinfection is the most promising precisely when germinating grain, since cold plasma
has an exposure temperature of about 50 © C, which makes it possible not to heat the wheat grain during processing
and not to change its biochemical properties.

Materials and methods. The main objects of research are various types of grain for germination, presented in
table 3.

Table 3
Obijects of research

Neo Name of raw material Normative document Manufacturer Manufacturer city
1 Selected wheat for germination TS 9700-001-92557466- 000 «Vsem na pol'zuy Moscow

11
2 Winter rye for germination TS 01.11.00-002- 00O «Obraz zhizni» Khabarovsk

38744625-2016

3 Hull-grain barley for germination TS 9700-001-92557466- 000 «Vsem na pol'zu» Moscow

11
4 Hull-grain oats for germination TS 10.61.33-010- IP Rashkoveckij M.A. Krasnodar

0200792814

For processing grain CPR used an installation developed at the Federal State Autonomous Educational Institu-
tion of Higher Education "South Ural State University”, developer - Leivi A.Ya., patent for invention No. 2707944
"Method for disinfecting grain." CPR generation was carried out due to a negative corona discharge at a pulsed volt-
age with the following parameters: voltage 10 kV, frequency 50 Hz, exposure 10 min., Air acts as a plasma-forming
substance under normal conditions.

The designations (codes) of the samples are presented in Table 4.

Table 4
Matrix of codes of the investigated samples.
Corn tipe wheat rye barley oats
Control sample w-0 r-0 b0 0-0
Sample processed by CPR w-1 r-1 b-1 o-1
Sprouted sample, pretreated with CPR w-2 r-2 b-2 0-2

Grain was germinated in a perforated container above a tray of water between two sheets of filter paper. Ger-
mination was carried out for 43-45 hours (12 hours / day in natural light) at a temperature of 20-22

Methaods for determining microbiological indicators: GOST 10444.14, GOST 10444.15, GOST 31747.

Results and discussion

Sprouted grain and products from it are one of the main sources of easily digestible proteins, dietary fiber,
B vitamins, tocopherols, macro- and microelements. and, consequently, increase the life expectancy of the population.

Since the germination conditions (temperature, humidity) are favorable for the growth of microorganisms, the
possibility of using CPR as a physical method for decontamination of grain raw materials before the germination stage
has been studied. It is also necessary to take into account the minimal impact of the applied methods on the grain it-
self, because some changes can negatively affect the germination of the sprout and the physicochemical processes
inside the grain during germination. Non-thermal physical methods are suitable for these parameters.
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Research has been carried out on the processing of CPR grain of wheat, rye, barley and oats. For the research,
the specified parameters of the installation were used: voltage 10 kV, frequency 50 Hz and exposure 10 minutes Mi-
crobiological indicators of samples of wheat, rye, barley and oats are presented in Table 5.

Table 5
Microbiological indicators of wheat, rye and barley samples
Determined indicators
Samples QMAFANM, CFU / g BGKP (coliforms) Molds, CFU / g CYFejs/t'g
0-0* no more than5,0x10° not allowed in 0.1 g no more than 50 no more than 100
Wheat
w-0 1,6x10° found in 0.01 g 220 30
w-1 80 not detected in 0.1 g 30 not detected
w-2 627 not detected in 0.1 g 24 40
Rye
r-0 more than 5,0x10* found in 0.01 g more than 1000 less than 10
r-1 5,0x10° not detected in 0.1 g 30 less than 10
r-2 7,0x10° not detected in 0.1 g 40 less than 10
Barley
b-0 more than 5,0x10” found in 0.01 g 100 30
b-1 4,4x10° not detected in 0.1 g 30 less than 10
b-2 4,6x10° found in 0.1 g 46 less than 10
Oats
0-0 1,5%10° found in 0.01 g less than 100 100
o-1 2,6x10° not detected in 0.1 g less than 10 less than 10
0-2 1,0x10° found in 0.1 g 40 less than 40

* (0-0 - permissible level according to TR CU 021/2011)

According to the research results, it can be concluded that the use of cold plasma radiation can reduce microbi-
ological contamination of grain (decrease in QMAFANM from 90% (rye) to 99% (wheat)). But it does not provide
safety during the germination process. Therefore, it is proposed to use ultraviolet lighting in the germination process,
which will act as an auxiliary barrier, because the main part of microorganisms is neutralized by CPR. At the moment,
research on this proposal has not been completed.

The indicators of the nutritional value of sprouted grain treated with CPR were also studied, the obtained re-
sults show that no significant differences have been established. Processing of grain with CPR does not affect the
germination time, as well as the appearance of the grain and sprout. This confirms the absence of the impact of CPR
on the internal structure of the grain.

Findings

To increase the competitiveness of the enterprise, you can resort to various methods. One of them is the use of
modern technologies in the preparation of dishes and products. The trend towards healthy eating also continues. One
of the promising areas is the process of germinating grain of wheat, rye, barley and oats, as well as obtaining whole
grain raw ingredients based on them. The use of non-traditional raw materials in cooking will diversify the range of
products and attract a new audience.

But in pursuit of trends, do not forget about the quality and safety of products. The use of effective and modern
methods of reducing contamination and intensifying the processes of industrial grain processing will make it possible to
obtain grain products, the use of which in diets will help reduce the risks of chronic non-infectious diseases. The analysis
of scientific sources allows us to conclude that at the moment there is not enough research in the field of obtaining raw
ingredients from wheat, rye, barley and oats by controlled germination. The use of cold plasma radiation treatment will
ensure the safety of raw materials used in the preparation of dishes and products, without loss of quality.

It has been found that the use of CPR in the processing of wheat, rye, barley and oats for germination can re-
duce microbiological indicators to an acceptable level. The optimal radiation parameters were set to a voltage of 10
kV, a frequency of 50 Hz, and an exposure time of 10 minutes. These parameters are suitable for the four studied
types of grain. However, CPR allows ensuring safety at the stage of preparation of raw materials, and at the stage of
germination it is proposed to use ultraviolet lighting to maintain the quality of the finished product.
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PSHLMH CTaJIM: HOBBIC MOAXOIBI M MUCTOYHUKH B M3YYE€HHH UCTOpUH Benmkoit OTedecTBEeHHON BOWHBI; crieluduka O0EBBIX aeii-
CTBHH Ha IOKHOM (pJIaHTe€ COBETCKO-TEPMAHCKOTO MPOTHBOCTOSHUS B 1941—-1943 rr.; BKIaA pErHOHOB U XKHUTENEH [ora CTpaHbl B
[o6eny; mpobneMbl B3aNMOISHCTBHUS BIACTH U OOIIECTBA B YCIOBUSX BOHHBI, BOGHHAS! 5KOHOMHKA U TIOBCEAHEBHASI KH3Hb COBET-
CKOTO 00IIIeCTBa; HAIUCTCKAsl OKKYIAUs U TIOTEPU CPEAN MUPHOTO HACENCHUS; OTPaKeHNE COOBITHH BOMHBI B Pa3IMIHBIX (Gopmax
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HBI Hay4yHbIl neHTp PAH, MHCTHTYT HCTOpHH M MEXTyHApOIHBIX OTHOMEHUH FOXKHOTO (enepansHOro yHUBEpCHTETA.

Abstract: The article deals with the All-Russian scientific conference “The Great Patriotic War in the History and Memory
of the Peoples of the South of Russia: Events, Participants, Symbols”. The conference was held on September 10-11, 2020 in Ros-
tov-on-Don, at the Southern Scientific Center of the Russian Academy of Sciences and was timed to coincide with the 75th anni-
versary of the Victory in the Great Patriotic War. The conference was co-organized by the Institute of History and International
Relations of the Southern Federal University, the Caucasus - New Horizons Humanitarian Foundation and the “Strana” Foundation
for Regional Studies. 134 specialists from various countries and regions took part in the conference in various forms. The main
directions of the conference were: new approaches and sources in the study of the history of the Great Patriotic War; the specifics
of hostilities on the southern flank of the Soviet-German confrontation in 1941-1943; the contribution of regions and residents of
the south of the country to the Victory; problems of interaction between state power and society during the war; the military econ-
omy and everyday life of Soviet society; Nazi occupation and civilian casualties; reflection of the events of the war in various
forms of memory of Soviet and post-Soviet societies.

Key words: Great Patriotic War, Russian and foreign historiography, 75th anniversary of Victory, Southern Scientific Cen-
ter of the Russian Academy of Sciences, Institute of History and International Relations of the Southern Federal University.

In honor of the 75th anniversary of Victory in the Great Patriotic War, a large number of scientific and scien-
tific-practical conferences and other events were planned in 2020, but the format of their holding has undergone a cer-
tain adjustment. The most popular is the mixed format, which involves both face-to-face and remote participation. The
All-Russian Scientific Conference "The Great Patriotic War in the History and Memory of the Peoples of the South of
Russia: Events, Participants, Symbols", dedicated to the 75th anniversary of Victory in the Great Patriotic War, has
become a successful example of using this format in holding forums. It was held on September 10-11, 2020 in Rostov-
on-Don at the Southern Scientific Center of the Russian Academy of Sciences (SSC RAS). In addition to the SSC
RAS, it was organized by the Southern Federal University (SFU), the Caucasus - New Horizons Humanitarian Foun-
dation and the Strana Foundation for Regional Studies.

The main scientific directions of the conference were in line with modern research approaches associated with
rethinking controversial issues of the history of the Great Patriotic War in the memory of Soviet and post-Soviet socie-
ties, with an appeal to the everyday life of Soviet people, to the significance of the feat of the rear in achieving Victo-
ry. On the basis of a wide range of sources of official and personal origin, during the conference, its participants con-
sidered such topical issues as the war crimes of the Nazis and civilian casualties in the occupied territory of the USSR.

134 conference participants represented various scientific centers and institutes, educational institutions, muse-
ums and archives, as well as public organizations from various regions of Russia (Moscow and St. Petersburg, Ar-
khangelsk, Bryansk, Vladimir, VVolgograd, Nizhny Novgorod, Penza, Rostov, Samara, Chelyabinsk regions, Krasno-
dar and Stavropol Territories, the republics of Adygea, Dagestan, Ingushetia, Kalmykia, Komi, Crimea, North Ossetia
- Alania, as well as the Chechen Republic), states of the near and far abroad (Germany, Latvia, Ukraine, Abkhazia),
unrecognized republics ( Donetsk and Lugansk People's Republics).

On the first day of the conference, September 10, three round tables were held in a remote format, each of
which included several discussion panels. A similar organization of the conference, the distribution of speakers by
thematic tables and panels made it possible to create the most comfortable mode of speeches and discussions on inter-
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related problems for them. At the same time, the work of each round table was broadcast on the YouTube channel,
which significantly expanded the audience of the conference [1].

The first round table was devoted to the reflection of the events of the Great Patriotic War in the memory space
of Soviet and post-Soviet societies and is held within the framework of the project of the Russian Science Foundation
"Wars and the population of southern Russia in the 18th - early 21st centuries: history, demography, anthropology". It
should be noted that the topic of memory of the war is today given a significant place in the research of historians,
political scientists and other specialists. At the same time, addressing this topic is accompanied by numerous conflicts,
including those of an international nature.

The first panel was devoted to the international and regional aspects of the politics of memory. Great interest of
the conference participants was aroused by the report of Doctor of Historical Sciences A.l. Miller (European Universi-
ty at St. Petersburg) on conflicts in the perception of the Second World War, the change in value approaches to the
politics of memory in Europe and the impact of these changes on the Russian politics of memory of the war. Pa-
khalyuk (Moscow State Institute of International Relations (University) of the Ministry of Foreign Affairs of Russia,
Russian Military Historical Society) made a presentation on the specifics of the reflection of the Great Patriotic War in
memory in the rear regions of central Russia.

The second panel discussed various wars of memory in the post-Soviet space. Goryushina (SSC RAS) examined the
transformation of the historical memory of World War Il / Great Patriotic War in modern Georgia. Doctor of Economics
I.A. Zeiberts (Baltic Geographical Society, Riga, Latvia) described the painful processes of rewriting the history of the Great
Patriotic War and the glorification of Nazi crimes in Latvia. T.Yu. Vlaskin (YSC RAS) - a reflection of the heroic symbols
of the Great Patriotic War in the value system of the Lugansk and Donetsk People's Republics.

The participants of the third panel examined the memorial forms and commemorative practices dedicated to the
Great Patriotic War. M.E. Gabovich (Einstein Forum, Potsdam, Germany) analyzed the commemorations of Victory
Day in 1945-1965. Doctor of Historical Sciences A.N. Eremeeva (Southern Branch of the Russian Research Institute
of Cultural and Natural Heritage named after D.S.Likhachev, Krasnodar) - study of the processes of memorialization
of the Great Patriotic War in the USSR / Russia and in the Kuban. N.I. Medvensky (VG Ardzinba State Museum of
Military Glory, Sukhum, Abkhazia) - a reflection of the events of the Great Patriotic War of 1941-1945. in the muse-
ums of the Republic of Abkhazia.

The next set of questions related to memory trauma and ways of experiencing the past. L.A. Terushkin (Scien-
tific and Educational Center "Holocaust", Moscow) spoke about the crimes of Nazism in the context of trauma and
wars of memory. E.A. Zakharina (SFedU) studied publications in Rostov wartime newspapers as a historical source
about the life of Ostarbeiters. PhD in Psychology R.Kh. Ganieva (Ingush Research Institute of Humanities named after
Ch. Akhriev, Magas) considered the events of the deportation of the Ingush in 1944 and the consequences of the Osse-
tian-Ingush conflict in 1992 as traumas of memory.

Modern approaches, technologies and forms of preserving the memory of the war were discussed at the fifth
panel. I.LA. Shmygal (Rostov Regional Branch of the All-Russian Public Movement "Search Movement of Russia") -
summarizing his own experience in creating the Books of Memory of the participants of the Great Patriotic War, N.V.
Dmitrieva (SFU, SSC RAS) - on the use of digital technologies and information resources in the study of wars and
armed conflicts in the south of Russia, Doctor of Historical Sciences, Doctor of Political Sciences. A.V. Baranov (Ku-
ban State University) - on the held in 2016-2019. a cycle of conferences on the military history of the Black Sea re-
gion as a form of the policy of memory and strengthening of patriotism.

The final panel was devoted to the reflection of the Great Patriotic War in sources of personal origin. The main
report on oral histories about the war and their role in preserving historical memory was presented by Doctor of Phi-
losophy. G. D. Gritsenko (SSC RAS).

The second round table was devoted to the problems of identifying, investigating and establishing the responsi-
bility of war crimes of the Nazis in the occupied Soviet territory. It was held jointly with the All-Russian public
movement to perpetuate the memory of those killed in the defense of the Fatherland "Search Movement of Russia",
and the speakers' speeches were systematized into three panels.

Sharp discussions were caused by the consideration of the problems of studying war crimes in the occupied territory
of the USSR and their victims. PhD, Candidate of Historical Sciences Rebrova (Center for the Study of Anti-Semitism at the
Technical University of Berlin, Germany) and PhD A.E. Friedman (Saarland University, Saarbriicken, Germany) presented
a joint report on the killing of children with physical and mental disabilities in the occupied territories of the RSFSR. Doctor
of Historical Sciences D.N. Titarenko (Donetsk Law Institute, Krivoy Rog, Ukraine) focused on the murder of infectious
and venereal patients during the Nazi occupation on the territory of Ukraine. E.V. Kurochkin (village of Aleksandrovka,
Rostov region) presented the results of a study of the executions of Jewish refugees in the Aleksandrovsky district of the
Rostov region during the occupation, substantiating his methodology and sources used.

The participants of the second panel spoke about new opportunities for studying the tragedy of civilians in con-
nection with the implementation of the large federal project "No statute of limitations". Candidate of Historical Sci-
ences E.M. Tsunaeva (All-Russian All-Russian public movement for perpetuating the memory of those killed in the
defense of the Fatherland "Search movement of Russia") presented the first results of this project, outlined its direc-
tions and stages of implementation. Candidate of Historical Sciences S.M. Soloviev (Russian State Archive of Socio-
Political History, Lomonosov Moscow State University) revealed the peculiarities of the crimes of the Nazi occupiers
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in Crimea according to the data of the Extraordinary State Commission for the Establishment and Investigation of the
Atrocities of the German-Fascist Invaders, local commissions and special intelligence reports. M.A. Ponomareva
(SFedU) described the reflection in archival documents of the “new order” in the Rostov region during the occupation.

At the final panel on the political and legal consequences of the Nazi occupation, K.V. Voronin (SSC RAS)
with a report on the problems of investigating the activities of Soviet citizens accused of collaborating with the enemy
on the materials of criminal cases of 1943-1954.

Another round table "Don during the Great Patriotic War: Actual Problems of Studying" was held jointly with
the basic department of Patriotic history of the XX-XXI centuries of the SSC RAS at SFedU and also included three
panels. The first one spoke about the contribution of the peoples of the Caucasus to the Victory in the Great Patriotic
War. Candidate of Historical Sciences R.M. Sultanbekov (Dagestan State Pedagogical University) - on the contribu-
tion of the population of the Dakhadayevsky District of the Dagestan Autonomous Soviet Socialist Republic to the
Victory over Germany and M.A. Zukhba (Abkhazian Institute for Humanitarian Studies of Language and Literature
named after D. Gulia, Sukhum, Abkhazia) - on the participation of Abkhazia in the Great Patriotic War).

The second panel discussed issues of historiography and sources of study of the history of the South of the
RSFSR during the Great Patriotic War. M.V. Medvedev (SSC RAS) revealed the peculiarities of the national histori-
ography of the history of the liberation of the western regions of the Rostov region in 1943, and the doctor of histori-
cal sciences. A.V. Venkov (YSC RAS, SFedU) - a reflection of the events of the war in the south of the country in the
memoirs of German soldiers.

The final panel examined the social and political aspects of the Great Patriotic War. Candidate of Historical
Sciences L.V. Tabunshchikova (SFedU) analyzed the repressive actions of the state security agencies against Don
priests for cooperation with the Germans during the occupation, and Doctor of Political Sciences, Candidate of Histor-
ical Sciences A.A. Vartumyan (Institute of Service, Tourism and Design (branch) of the North Caucasus Federal Uni-
versity in Pyatigorsk) - the educational policy of the Soviet state during the Great Patriotic War.

On September 11, a plenary and four breakout sessions took place. The plenary session of the conference was
opened by the chairman of the program committee, academician G.G. Matishov (SSC RAS). In his report, he de-
scribed the hostilities in the south of the RSFSR in 1941-1943. and their role in the Victory in the Great Patriotic War,
focusing on the specifics of operations in the Caucasus, on the VVolga, Don and Mius. Doctor of Historical Sciences
E.F. Krinko (SSC RAS) presented a historiographic review of recent works and documentary publications devoted to
the Great Patriotic War, focusing on new promising areas of research. The report of Doctor of Historical Sciences S.V.
Kulik (Peter the Great St. Petersburg Polytechnic University), using specific examples and declassified materials, the
evolution and features of the organization and activities of partisan intelligence in the occupied regions of the Europe-
an part of the USSR were revealed. Doctor of Historical Sciences O.V. Romanko (VI Vernadsky Crimean Federal
University) investigated the structure, functions and activities of the German special services in the occupied Soviet
territory of Crimea in 1941-1944. The difficult period of restoration of the industry of the Donetsk coal basin was the
subject of a joint report by Doctor of Historical Sciences. A.V. Brovarya (Donbass Law Academy) and N.A. Brovarya
(Donetsk National University). Doctor of Historical Sciences S.V. Yanush (Krasnodar Higher Military Aviation
School of Pilots named after Hero of the Soviet Union A.K. Serov) revealed the features of military operations in the
Caucasus in 1942-1943. The topic of everyday life of Soviet citizens under the Nazi occupation was touched upon in
her report by Doctor of Historical Sciences E.E. Krasnozhenova (Peter the Great St. Petersburg Polytechnic Universi-
ty). The acute problems of the formation of partisan detachments, the penetration of German agents into them and the
creation of so-called pseudo-partisan detachments were considered by the candidate of historical sciences 1.V. Tatari-
nov (Lugansk State University named after V. Dahl).

The questions raised at the plenary sessions were further covered in the speeches of the conference participants
in the sections. The first section was devoted to the relationship between the authorities and society in the south of the
RSFSR in 1941-1945, the second - to the reflection of military events in the space of memory and memorial culture,
the third - to the peculiarities of hostilities and Nazi occupation in the south of the country, the fourth - to the military
economy and everyday life of the Soviet society.

Of particular interest were the reports of V.A. Ageeva (Taganrog Institute named after A.P. Chekhov (branch)
of the Rostov State Economic University (RINH)), D.M. Gryadsky (SFedU), M.P. Merzlyakov (Razdorsk Ethno-
graphic Museum-Reserve), Doctor of Humanities in the field of modern history A.A. Bogolyubov (Pyatigorsk Muse-
um of Local Lore), candidate of biological sciences O.V. Stepanyan (SSC RAS), Doctor of Historical Sciences
S.A. Khubulova (North Ossetian State University named after K.L. Khetagurov), devoted to the processes of training
labor reserves and military personnel, evacuation and re-evacuation of collective farm cattle, Polish refugees in south-
ern Russia, the impact of war on the life and fate of Don Armenians, social policy in relation to families of military
personnel and other issues.

Unknown pages of military operations in the south of the country during the Great Patriotic War were revealed
in their speeches by V.I. Afanasenko (YSC RAS), V.V. Govorovsky (st. Vyoshenskaya, Rostov region) and
S.V. Tolochko (Razdorsky Ethnographic Museum-Reserve), as well as A.N. Zablotsky (Taganrog Aviation Scientific
and Technical Complex named after G.M. Beriev) in a joint report with R.I. Larintsev (Zvezdochka Ship Repair Cen-
ter JSC, Severodvinsk).
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The topic of preserving the historical memory of the Great Patriotic War, new approaches to its study, the use
of periodicals and personal archives, the practices of perpetuating the labor valor of home front workers were the sub-
jects of the reports of V.S. Semenov (SSC RAS), Doctor of Historical Sciences V.V. Naukhatsky (Rostov State Eco-
nomic University (RINH)), Candidate of Philosophical Sciences O.V. Semenova (SSC RAS), candidate of historical
sciences A.V. Shadrina (SSC RAS), candidate of historical sciences T.V. Lokhovoy (Novorossiysk Polytechnic Insti-
tute (branch) of Kuban State Technological University).

The conference was of high scientific and social significance, contributing not only to the development of new
knowledge about the Great Patriotic War, but also to attract the attention of the authorities, public organizations and
educational institutions to this topic. Becoming a continuation of a series of international and all-Russian conferences
held by the SSC RAS on military history in general [2] and the history of the Great Patriotic War in southern Russia
[3], it turned out to be a new important step forward in understanding this topic. The provisions expressed in the ple-
nary and sectional reports and speeches of the conference participants, the new facts and new assessments of already
known phenomena, as well as the dialogue itself between representatives of various scientific schools and directions
gave a new impetus to scientific research in the history of the Great Patriotic War. A collection of materials including
70 articles was published by the beginning of the conference. [4].
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WM3MEHIIA YCIIOBHUS KHU3HHU JIIOJEH, COCOOBI MOMydeHHs: 0Opa3oBaHUs U BOCHHUTAaHHA. Bce BOKPYr MEHSETCs, M COOTBETCTBEHHO
JOJDKHO M3MEHHUTHCS OTHOIIEHHE K 00ydeHnto. CyIIecTBEHHO BO3PACTAET POJIb MEXIYHAPOJHOTO 00pa30BaHMUs, IIOCKOIBKY BOCIIH-
ThIBATh CO6CTBeHHyIO KYJIbTYPY, pa3BUBATLCA U UATU BIIEPEN SABJIACTCS JKH3HEHHOM HCOGXOHI/IMOCTLIO COBPEMEHHOI'O MHpa. Taxoii
JK€ JKM3HEHHOM HCO6XO)II/IMOCTL}O ABJICTCA U3YUCHUE MHOCTPAHHBIX A3BIKOB, YTOOBI HUIATHA B HOT'Y CO BPEMCHEM. CeFO}lHH 3HaHHUC
HWHOCTPAHHBIX A3BIKOB OTKPLIBACT OKHO B 00JILILION II00aNbHBIN MHp C €T0 IUPOKHUM TOTOKOM I/IH(l)OpMaLII/II/I n HHHOBaL[PIfI.

Ha COBpPEMEHHOM 3Tall€ pa3sBUTHA O6H.[eCTBa MOJI€pHU3al U 06pa30BaHI/IH B Poccuu cBsi3ana ¢ WHHOBAallTUOHHBIMH ITPpOLEC-
CaMH B OpraHHU3alluM NPEIoAaBaHUA WHOCTPAHHBIX A3BIKOB. OCHOBHOM 33[[3‘{6171 npenoaaBaTeyid Ha COBPEMEHHOM 3Tale ABJIACTCA
BEIOOP METOZIOB M (POPM OpraHU3aLUH yICOHOH AeATENHPHOCTH 00ydaeMbIX, KOTOPbIE ONTHUMAIBHO OTBEYAIOT MOCTABICHHON LIEITH.
B nocnennue roasl Bce yaie MOJAHUMAETCS BOIIPOC 00 HUCIIOJIB30BAHUHA HOBBIX HH(bopMauHOHHLIx TEXHOJIOTUI B BBICIIEH IIIKOJIE.
[TockosbKy OCHOBHOH LIENIBbI0 0OYyYEHHS HHOCTPAaHHBIM S3bIKaM SBISICTCS (YOPMHUPOBAaHHE U Pa3BUTHE KOMMYHHKATHBHOHN KYJIBTY-
PbI 06y‘418.€:MI)IX7 06y1{eH1/1e IMPaKTUYCCKOMY OBJIAICHUIO NHOCTPAHHBIM SI3bIKOM SABJISICTCA NPUOPUTECTHBIM B 06p3,30BaHI/II/I, B cratbe
paccMaTpuBaOTCS BO3MOXHOCTU NPUMEHCHHUSA SJICKTPOHHBIX 06pa30BaTeJ'II:HI:IX PECYPCOB 1A obecreueHus HHTCPAKTUBHOCTU
mpouecca 06yquI/IH. B UCCIICAOBAaHUU NPECANPUHATA IOIBITKA BbIABUTH 0COOEHHOCTH TNPUMCHEHUSL HI/I(I)pOBI:IX 06paSOBaT€J'ILHLIX
TEXHOJIOTHI B O6y‘-IeHI/II/I HUHOCTPAHHOMY S3BIKY B BBICIIIEH HIKOJIC, JOCTOMHCTBA U HCAOCTATKHU.

Knrwuesvie cnosa: nuctaHunoHHOE 00y4EHHE, SJIEKTPOHHBIH 00pa30BaTENBHBII pecypc, 00pa30oBaTeNbHBIA MPOIece, TeX-
HOJIOTHH, HHOCTpaHHBIﬁ SI3BIK.

Abstract: Distance learning is now rapidly becoming more important. Universities compete with each other around the
world, trying to attract the best students and teachers from all over the world. The digital age has changed the way people live, the
way they receive education and upbringing. Everything around us is changing, and the attitude to learning must change according-
ly. The role of international education is significantly increasing, since it is vital for the modern world to develop its own culture,
develop and move forward. It is also vital to learn foreign languages in order to keep up with the times. Today, the knowledge of
foreign languages opens a window to a large global world with its wide flow of information and innovation.

At present, the modernization of educational system in Russia is associated with innovative processes in the organization of
foreign language teaching. The main task of the teacher at the present stage is to choose methods and forms of organization of edu-
cational activities of students that optimally meet the goal. In recent years, the question of using new information technologies in
higher education has been raised more often. Since the main goal of teaching foreign languages is the formation and development
of the communicative culture of students, training in practical foreign language acquisition is a priority in education. The article
discusses the possibilities of using electronic educational resources to ensure interactivity of the learning process. The study at-
tempts to identify the features of the use of digital educational technologies in teaching a foreign language in higher education,
advantages and disadvantages.

Key words: distance learning, electronic educational resource, educational process, technologies, foreign language.

Bgenenmne. [Ipumenenre nHGOPMAIMOHHO-KOMIIBIOTEPHBIX TEXHOJIOTHH B 00pa30BATEIHFHOM IPOLECCE C KaXKIBIM
JIHEM CTAHOBHUTCS OoJiee MHTEPECHBIM M IPHBIICKATENILHBIM sIBJIEHHEM. MHOTHE CTYJIEHTHI MapajuIeNbHO ¢ MOJIyYeHHEM
CIeNMaIbHOCTH padoTaroOT M HE BCET/la MMEIOT BO3MOXKHOCTh COBMEIIATh 00y4YeHHe ¢ paboToil. O0beM HEOOXOANMBIX 3Ha-
HUH W YMCHWH YBEJINUMJICS, a TIepHoJ 00ydeHHs: YMEHbIIMICS 1o 4 net (ypoBeHb OakaliaBpuara), B CBSI3M C MPHHITHEM
HOBBIX CTaHJI@pPTOB BbICIIEro oOpa3oBanus. JlucTanionnas Gopma oOydeHHs] HAa CETOAHSLIHUI JICHb CTayla yJoOHOH 1
aKTyaJIbHOH (hopMoii 00ydeHHs, TIPOXOIUTH TaKOe 00YUEHHE MOXKHO HE TOJIBKO C TIOMOIIBIO KOMITBIOTEpPA, IUIAHIIETa, HO U
Tene(oHa, BAXKHBIM YCIIOBUEM SIBIsIETCs] Hannure MHTepHeTa M IMYHOTO KaOWHETa CTY/ICHTA.

T'ocymapcTBeHHBIE 00pa30oBaTeIbHBIE CTAHAAPTHI BBICIIETO 00pa30BaHUS NPEIyCMaTPHBAIOT IIPUMEHEHNE B y4ueO-
HOM TIpOoLiecCce KaK aKTUBHBIX, TAK M HHTEPAKTUBHBIX (POPM MPOBECHHS 3aHATHIL.

CormacHo 1. 7.1.2. ®I'OC BO «Kaxzprit oOy4arommiicss B TEUSHHE BCETO Meproia 00ydeHus! T0IDKeH OBITh o0ec-
NeYeH WHAWBHAYAIbHBIM HEOIPAHUYEHHBIM JIOCTYIIOM K OJTHOW MIJIM HECKOJIbKMM JJIEKTPOHHO-OMOJIMOTEUHBIM CUCTEMaM
(97eKTpOHHBIM OWOIMOTEKAaM) M K DIIEKTPOHHON WH(POPMAIIOHHO-00pa30BaTeIbHON Cpe/ie OpraHu3alni. IIEeKTPOHHO-
OubimoreyHasi cucreMa (RJIEKTpOHHAsE OMOIMOTEKA) M 3JIEKTPOHHAS MH(POPMAIMOHHO-00pa3oBaTelibHas CpPea JOJDKHBI
obecrieyrBaTh BO3MOXKHOCTD JIOCTYIa 0OYYaroLIerocst U3 J000H TOUKH, B KOTOPOH MMEETCsl JOCTYI K MH(POPMAIMOHHO-
TeJIEKOMMYHHMKAIMOHHOH cetu "MHTepHer” (nanee - cets "MHTepHeT"), M OTBEYaromas TEXHUIECKUM TPeOOBaHUSIM Opra-
HU3alMH, KaK Ha TEPPUTOPHUH OpraHM3alliy, TaK U BHE ee» (DPenepabHble rocy1apcTBeHHbIE 00pa30BaTeIbHbIC CTaHIAPTHI
BBICILICTO 0Opa3oBanus [4].
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Taxke B O3TOM IyHKT€ pacCMaTpuBacTCs W caMO (DyHKIMOHMpPOBAHWE 3JIEKTPOHHOW HH(OPMAIMOHHO-
00pazoBatenbHOIt cpenpl. OHO 0OeceYnBaeTCs «COOTBETCTBYIOIMMH CPEICTBAMU HH()OPMAIMOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTHI M KBaJIM(HKAIMel pabOTHUKOB, €€ MCIOJB3YIOIINX U MOAAEp)KUBAIOIHUX. DYHKIIMOHUPOBAHHE IIEKTPOHHON
nH(POPMAIMOHHO-00pa30BaTEILHOMN CPeIbl I0JDKHO COOTBETCTBOBATH 3aKOHOIaTeNbCeTBY Poccuiickoit deneparmmy [4].

OnHUM 13 3JIEMEHTOB JJIEKTPOHHO-00pa30BaTeNIbHOM Cpe/ibl 00pa3oBaTeIbHOM OpraHN3aIMH SBIISIETCS HIIEKTPOHHO-
00pazoBaTeNbHBIH pecypc.

Co3zpnanue Takoro pecypca siBisieTcs: Oonee TpyI0eMKUM UL TIPETIoaBaTelsl, 3aHUMaeT OoJIbliiee KOJINIECTBO Bpe-
MEHH TI0 CPABHEHUIO C TPAJWIMOHHBIM NOAXOIOM K INPETIOAHECEHHI0 y4eOHOro MaTepHana. 3ajada MpernojaBaTels 3a-
KITI0YaeTcsl B HEOOXOIMMO TPOBECTH OYCHB TIIATEIBHBIN 0TO0p Mareprana. [IpernonaBaTens HHOCTPAHHOTO SI3bIKA JOIDKEH
AKTHUBHO MPHMEHATH HHOPMAIIHIO C 3apyOSIKHBIX CAUTOB (ayIro, BUAEO MaTePUAIIb, HTPHI U T.1I.).

ITpu paboTe B 3IEKTPOHHO-00PA30BATENLHON Cpeie y MPEToiaBaTelIsi HHOCTPAHHOTO SI3bIKa, BOSHUKAET OIPECIICH-
HBIH HA0OpP TPYJHOCTEH: OTCYTCTBYET BO3MOXHOCTh OLIEHHTh POM3HOIICHNE CTyJCHTa, NCIPaBUTh HETOYHOCTH U JOBECTH
MIPOU3HOILICHHE NHOCTPAHHBIX 3BYKOB U CJIOB JI0 COOTBETCTBYIOILETO YpoBHs. Ha Hal B3rism, 3T0 ABISETCS OHUM U3 OYe-
BUJIHBIX HEJOCTATKOB 3TOTO IOJX0/a MPH M3YYECHHH MHOCTPAHHOTO sI3bIKa (@HIVIMHCKOTO, (DPAHILy3CKOTO M JIp. SI3BIKOB).
OrcyrcTBre 00OpaTHOI CBSI3M NpEIofiaBaTelisi CO CTYICHTOM B BUJIE BUPTYaIbHOW ayJUTOPHH, BUICOKOH(PEPEHLIMU HIIH
TOJIOCOBOTO Yara M T.A. BIIEYET 32 COOOW HEKOPPEKTHOE OBJajieHHe (DOHETHMYECKUMHU HaBbIKamH. [1o HamleMy MHEHHIO,
OBJIa/ICHUE JTIOOBIM WHOCTPAHHBIM SI3bIKOM (@HIVIMHCKUM, (DPAHIy3CKMM U JIp. SI3bIKAMH) HEOOXOIMMO HauMHATh C M3y4e-
HUsL (POHETUYECKOM CHCTEMBI JAaHHOTO si3bIKa. [IpaBrilbHOE MPOU3HECEHNE 3BYKOB 00YCIIaBIMBAET BEPHYIO Mepeaady MbIc-
T ¥ TIPaBUJIbHOE TIOHMMaHKe pedr. MHorue o0pa3oBaTesIbHbIE PECYPChl IMEIOT TOJIBKO aCHHXPOHHOE oOIeHue ((opyMBl,
JIOCKH, OOBSBIICHUH, HJICKTPOHHAS TT0YTa U T.JI.), YTO SBISIETCS TAKKEe BaXKHBIM BHJIOM OOIICHMS MPEIOJaBaTelb — CTyACHT
U CTYZAEHT — IIPeroJaBateib, HO, [0 HAIIEeMy MHEHHIO, HEIOCTaTOYHO 3()(eKTHBHBIM It (POPMHUPOBAHMS (POHETHUECKIX
HABBIKOB B OCBOCHUH HHOCTPAHHOTO SI3BIKA.

Mertonp! aHamm3a. J{s manbHEHIEro aHanm3a B3aMMOCBSI3M PA3BUTHS IM(PPOBBIX TEXHOJOTHH M OOYUEHHS WHO-
CTpaHHBIM S3bIKaM B BBICIIIEH IIIKOJIE HAMM ObIJIa BEIOpaHa CHCTEMa JIEKTPOHHOTO 00pazoBaHust B IIaTHropckom rocymap-
CTBeHHOM yHHBepcutete (T. [IsSTHropck), Kak ofiHa W3 IEpelioBbIX Ha COBPEMEHHOM PBIHKE 00pa3oBaTeNbHBIX YCIYT IO
MPEOCTABJICHUIO TUCTAaHIIMOHHOTO OOYYeHUS 110 Pa3jIM4YHbIM HalpaBJICHUsSM MOAroToBKH. [IpuBoanMble nanee GakThl U
JTaHHbIE OCHOBBIBAIOTCS HA OIBITC U MaTepHaliax, MOJyYEeHHBIX B MpoIecce MPenofaBaHus psiaa JUCUUIUIMH 10 aHIJIHH-
CKOMY ¥ (DpaHIy3cCKOMY s3bIkaM B VIHCTHTyTe JUCTAHIMOHHOTO OOYYeHHs W pa3BUTHS HH(POPMAIMOHHO-
KOMMYHHKAI[MOHHBIX TeXHOJOruii cT. mpenogasateneM M.K. Xapunoit u nounenrom W.H. Kapanetooii.

B cucteme ucnonp3yeMbIX METOJOB HAIIETO HCCIEAOBAHHS COOTHOCSITCS OOIICHAYYHbIE, SMIIMPHUYECKUE: ONIMCAHUE,
CpaBHEHHE, KOHTEHT-aHAJIN3, TIPUEM BKJIIOUEHHOTO HAaOIIOAEHNS, KOTOPBIE MO3BOJIMIN KOMIUIEKCHO PacCMaTpHUBaTh U BbI-
SIBUTh HaHOOJIee aKTyaJIbHbIC JIEMEHTHI JUTS aHAJIN3a.

OcHoBHasi 4acTh HccienoBanus. Mcnonb3oBaHWEe KOMIBIOTEPHBIX TEXHOJOTHH M HHTEPHET-PECYPCOB SIBISETCS
HAaWIY4IIIM TOJIX0A0M B 00y4eHNH MHOCTPAHHBIM si3bIKaM. [Iponuio y»xe TOBOJIBHO MHOTO JIET € TeX IOp, Kak HU(poBbIe
TEXHOJIOTHH IIPOYHO BOIIUIM B HAILY >KM3Hb, M MBI OOJIbIIIE HE MpE/ICTaBIsieM ce0e COBPEMEHHBIN YPOK 0€3 NCII0JIb30BaHNS
nH(pOPMAIMOHHBIX TexHoJorui. L{rppoBbie 00pa3oBaTeNbHbIE TEXHOJIOTHH CTAHOBSATCS HEOTHEMIIEMBIM HHCTPYMEHTOM
TIOBBILIIEHHS] HHTEpeca 00y4aeMbIX U Pa3BUTHsI HATJISAIHO-00pa3HOro MblinuieHHs. CTAHOBUTCS] OYEBUITHBIM, YTO HCIIOJIb30-
BaHHE COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHH B Y4eOHOM IIPOLIECcCe B BBICIIEH IIIKOJIE MMEET MOTEeHINAI ISl aKTHBH-
3allMM TI03HABATENILHOM, MHTEIUICKTYaJIbHOM M CaMOCTOSITEIbHOM JIeITeIbHOCTH CTYIeHTOB. VH(OpMaIOHHbIE TEXHONO-
TMH TIO3BOJIAIOT CYIIECTBEHHO M3MEHHUTH (OPMBI M METOIbI y4eOHOH paboThl. B cucrteme oOpa3oBaHus HHPOPMALIMOHHO-
KOMITHIOTEpHBIE TEXHOJIOTHH MOXKHO Pa3feNuTh Ha JBa BUJA: alllapaTHbIE (KOMITBIOTEp, IPUHTED, BUACOKAMEpa, ayIHo-1
BUJICOMarHUTO(OH U JIp.) U IPOrpaMMHOe oOecriedeHre (NIEKTPOHHBIE YUeOHNKH, TPEHaKEPhI, TECTOBAs cpe/ia, HHpopMa-
LIMOHHBIE CAHTBHI, IONCKOBBIE CHCTEMBI MIHTEpHEeTa U /Ip. ).

B Hacrosiiee BpeMst KOMITbIOTEp sIBIIseTCS 3Q(EKTUBHBIM ITOMOIHUKOM W HEOTHEMJIEMOH YacThIO KaXKIIOTO Yelo-
BEKa, YTO IO3BOJISIET MOBBICHTH Ka4ecTBO 00ydeHHs M 3P(EeKTUBHOCTH KOHTpONsl. B HacTosiiiee Bpems HCIIOJIB30BaHHE
KOMIIBIOTEPOB B YUEOHOM IPOIIECCE OUEHb aKTyaJIbHO.

PaccMoTpuM Takoii Bujt paboThI, KaK «IIpe3eHTalys C UCIO0JIb30BaHUEM MYJIBTUMEANHHBIX CPEICTBY» MPH 00y4eHU!
MHOCTpPAHHBIM S3BIKaM B BBICIIEH IIKOIe. MBI HoJlaraeM, 9To TaKoe CPEICTBO OLCHWBAHUS 00ydaeMoro, Mo3BOJISIET Kax-
JIOMY TIpEToIaBaTei0 MHTeHCH(UIIMPOBATh YCBOCHHE Y4eOHOTO MaTepHaia CTyACHTaMU M IPOBOAWTDH 3aHATHSA HA Kade-
CTBEHHO HOBOM YpOBHE. BMecTO TOro, 94T00BI MCIOIB30BaTh OOBIYHYIO JIOCKY, TIPOSIIMPYIONIYIO CIIAHI-QHIBMBI C IKpaHa
KOMIIbIOTEpa Ha OOJIBIIION HACTEHHBIN SKPaH WM TIEPCOHATBHBIA KOMITBIOTED (HOYTOYK) ISl KOKAOTO CTYACHTa, KPAaCOUHO
oopMIICHHBIE TIPE3EHTANH C UCIIONB30BAaHNEM aHUMAIMOHHBIX A(Q(EKTOB B BHAE TEKCTa, AHArpamm, rpadukoB, puCyH-
KOB, COIIPOBO>KIAOTCS] YCTHON PEeUbi0 HA MHOCTPAHHOM SI3BIKE.

Ha 3anaTHsx npu BBeJJGHHM HOBOTO MaTepHalla MOKHO MCIOJIb30BaTh CIIEAYIOIINE 00pa3oBaTesbHbIEe MPOrpaMMBbL:
0OJIBIIYIO TTOMOIb B 00yUeHUH (POHETHKE, apTHKYJIALUY, PUTMUYECKON MHTOHALMM HABbIKaM NPOM3HOILIEHNSI, OBbIIIC-
HHIO MOTHBAILIMH CTY/ICHTOB K M3YYEHHIO aHIJIMHCKOTO si3bIka oka3biBaeT [Iporpamma " mpodeccop Xurrunc. AHMIMHCKAI
0e3 akieHTa» MHTepPaKTHBHBIN Kypc " Round-up (u3narensctBo Pearson Education Limited, Longman), cocrosimuii u3 He-
CKOJIBKUX JUCKOB Pa3HOTO YPOBHS, SIBIISIETCS OTJIMYHBIM MOJACHOPHEM B M3YUEHUH U 3aKPEIUICHUN FPAMMATUKU. Y IpaykKHe-
HHSL OPTaHNW30BaHbI B COOTBETCTBHH C TPAMMATHYECKIMH TeMaMH. [IpermyInecTBaMu Kypca SBISIOTCS. BO3MOXKHOCTD TIPO-
BEPKH CBOMX OTBETOB M IIOJBEICHUSI MTOTOB BBIMIONHEHUS 3a[JaHHUI C MOMOIIBIO KOMIBIOTEPOB. VIHTEpaKTUBHBIN Kypc
"TTyts Brepen" (m3marenscTBo Macmillan) — 3To miecTh ypoBHEH TaHHOTO Kypca, BKIFOYAIOIINX UTPBI, KPOCCBOP/IBI, YBIIe-
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KaTeJIbHBIC YIIPKHEHUS TS 3aKPEIUICHUS TPAMMATHYECKOTO M JISKCHIECKOTO MaTepraia B UrpoBoii popme. HTEpecHBIM
U YBJICKaTEJIbHBIM SIBIISIETCS 3BYKOBOE U rpaduueckoe odopmieHre nporpamMmel. B imHragoHHOM KaOHHETE eCcTh JMCKU C
Pa3IMYHBIMK BUaMH 00pa30BaTelbHBIX MPOrpaMM. DTO BXKHOE U OOIIMPHOE JIONOJIHEHNE K TPEHUPOBOYHOMY IIPOLIECCY.
B o0pazoBatenbHBIX HporpaMMax MpeaycMOTPEHO OOJBIIOE KOJMYECTBO YIPAKHEHHWH IO TPAMMATHUKE U JIEKCHKE. DTH
TIPOrpaMMBI OYEHb ITPOCTHI B UCTIOJIB30BAHHH, TPEOYEeTCSI MUHUMYM KOMITBIOTEPHBIX HAaBBIKOB, YTO OUSHBb BOYKHO IPHU pado-
Te ¢ IPyNNoi cryaeHToB. EcTh MaTepuaibl Ui BceX KJIACCOB, KOTOPbIE pa3zielieHbl Ha MOJYJIH, HO UX COJIEp)KaHHE OYeHb
MPOCTOE ¥ HE OYEHB MTOHSTHOE.

Jns KoMIUIeKCHOTO 00y4UeHus (PpaHITy3CKOMY SI3BIKY HICTIONIB3YETCsl ayTCHTUYHBIN MaTepHall M pa3Hble TeMaTHde-
ckue caiTel. Tak, it nproOpeTeHns (pOHSTHIECKUK HABBHIKOB HAUMHAIONIEMY CTYICHTY MPEIJIaraloTcs YIpaKHEHHS TI0
(hoHETHKE, CKOPOTOBOPKH PYCCKOSI3BIYHBIX CAaHTOB, a Il 60Jiee IPOABUHYTOTO YPOBHS (DPAaHKOSI3BIYHEIC CAUTHI. Y ITydIIe-
HHE HaBBIKOB ayANPOBAHMS IIPOFICXOJIHT 3a CUCT CAUTOB, MPEIHA3HAYCHHBIX IS HAIMMCAHWS TUKTAHTOB M MPOBEPKH opdho-
rpadun «la dictée.fr», Takoke HOBOCTHBIE CaHTBI, KOTOPHIE TPEIIATaf0T HHPOPMAIIHIO O TIOJIUTHKE, YKOHOMHKE, UCTOPHH,
KyJIbTYpe, My3bIKe BMECTE C YIPaKHEHUSIMH JUTSl PA3HOTO YPOBHs oOyuarommxcst «savoir.rfi». ['oBopst 00 ncrons3oBannu
BHUJIEOMaTepHala, 10 HallleMy MHEHHIO, JIYYIIUM CaiTOM siBIsieTcs: «tvS mondey, KOTOPBIH COAEPIKUT OOJIBIIOE KOJTMIECTBO
BUJICO M YIPaKHEHHUH Ui JFOOOro ypoBHs oOydaroruxcs. [ oOydeHus Jiekcuke (paHIy3CKOrO s3bIKa CYIIECTBYET
oucHb OoJIbINON 00beM MaTepuana. Tak, Ha caiite «apprendre le frangais avec lexique fley 11 HaYMHAOMIMX CTYJICHTOB
TIPEeUIO’KEHBI KAPTUHKHU C 03BY4YEHHBIMH CJIOBaMH, IPOIOJDKAIOIINE TaKKe HailtyT MHOro uaTepecHoro [10,11,12].

C KaXIpIM TOJJOM B 00J1aCTH PEToiaBaHKsi HHOCTPAHHOTO sI3bIKa MOSBILSIETCS Bce OOJIbIIE Pa3HOBHHOCTEH METO-
JIOB ¥ JOpM ITUCTAHIIMOHHOTO OOyYeHHs ¢ IPIMCHEHHEM HOBHIX HH(POPMAMOHHBIX TeXHOIOTHH. OHH MPEICTABISAIOT CO-
0011 HE TOJBKO OTEIBbHBIC TEXHIMICCKIE CPEICTBA WIIM CHCTEMBI OOMEHA U TIepeiadl HHPOPMAITHH, C TTOMOIIBI0 KOTOPBIX
OCYIIECTBISCTCS YUeOHBIH IPOIIECC, HO M HETOCTHYIO CHCTEMY METOIOB OOYUCHHS, HAallPaBJICHHBIX HA Pa3BUTHC KOMMYHH-
KaTHBHBIX KOMIICTCHIINI 00yJ9aeMBIX, pa3BUTHE HABHIKOB PEYH. YBEINYCHHE KOJIMUYECCTBA BHIOB PEUCBON JESATEIBHOCTH,
cdep, AT OCYIIECTBICHHSI KOTOPHIX TpeOyeTcs BIaJicHHe WHOCTPAHHBIM SI3BIKOM, MHTETPALNS U MHTCPHAIMOHAIA3AIINS
Pa3IMYHBIX 00JIACTEH KU3HEIEITSIFHOCTH TTOBHIIIAIOT TPEOOBAHMS K Ka4eCTBY IMPETIOIaBaHNsI HHOCTPAHHOTO S3bIKA B BY3€
Ha HEA3BIKOBBIX CIICIITUAJIbBHOCTSAX.

BuneokoH(pepeHIICBA3b MO-TIPEKHEMY SBISIETCS BHICOKO3((EKTHBHBIM CIIOCOOOM MPETOIaBaHKsi HHOCTPAHHOTO
3bIKa JAUCTAHIIMOHHO, TIOCKOJILKY IPEAOCTABISIET 00y4acMbIM BO3MOXKHOCTh TIOJIy4aTh 3HAHMS HA PacCTOsHHUU. B HekoTo-
PBIX CUTyallUsAX 3TO MOXKCET 6I)ITI) OJHUM M3 HEMHOTUX METOAO0B, IOCTYIHBIX JIJIsI O3HAKOMJICHU 06y‘-1aeMI)IX C HOCUTCIISIMU
AHTJIMICKOTO S3bIKa U U KYJIBTYPHOTO oOMeHa. HpeHOI[aBaTeHI/I HMHOCTPAHHBIX SA3BIKOB TAKXKE MOI'YT HCIIOJIb30BAaTh BU-
JIeOKOH(EPEHIICBsI3b B y4eOHOM Iporiecce. BrICOKHX pe3ylibTaToB B 00y4EHHH MOYKHO JIOCTHYb, C TIOMOIIBIO Mpodeccro-
HAJILHOTO 000pyIOBaHMS: BeO-KaMepbl, MUKpO(OHA W HAJe)KHOTO TTOKITIOUSHHUS K HHTEpHETY. [Ipr 3TOM, KauecTBO BHICO
U ay/Iuo, SBISETCS MPUOPUTETOM HOMEp OIUH. Takke mpeyaraeTcss MHOKECTBO JTOMOMHUTEIBHBIX HHCTPYMEHTOB, TAKHX
Kak 0OIIne JOCKHU, TEKCTOBBIC YaThl, YACTHBIC KOH(epeHII-3abl U (yHKImH ompoca [9,10].

3a mocenHIe HECKOIBKO JIET MPOU30IIIE B3PHIB B Pa3BUTHHU PA3IMYHBIX THIIOB TIOPTATHBHBIX TEXHOJOTHIA, KOTO-
pBIE MOTYT TIEpEHECTH 3BYK Ha OyMmary. OTu "yKazaTelbHbIC YCTPOIHCTBA" HMEIOT BCTPOCHHBIE CKaHEPHI, KOTOPHIE B3aHMO-
}:[ef/'ICTByIOT C MUKPOTOYKaMU Ha 6yMare, 4TOOBI BLI3BATh BBIITYCK ayAHWO KOHTEHTA, XpaHAIICTOCA Ha (bJ'ISIlI-HaMSITI/I niIn
KPOIIIEYHBIX JKECTKUX IUCKax. MHOTHE M3 3THX YCTPOWCTB CIIOCOOHBI 3aIlTUCHIBATH Pedb, MIECHU U JAPYTUE OKPYKaIOIIHe
3BYKH, TOTOBBIE K BOCIPOM3BEJICHHIO B OOJiee MO3IHEEe BpeMsi, YTO OCOOCHHO MOJIE3HO Jisi oleHnBaHus. Hekortopble
YCTPOMCTBA MOKHO MCIIONIb30BATh ISl CO3/IaHMsI MHTEPAKTUBHBIX PECYPCOB. Y MHOE MPOrpaMMHOE 00ecieueHre B YCTPOii-
CTBE MOXKCT PETUCTPHUPOBATH }IeﬁCTBPIH IMOJIL30BATCIIA, IMO3BOJISAA paSpa6aTI)IBaTI) YHOPpAKHCHUA 11 TOHUMAHUA YTCHUS,
KOTOpBIE TIPEIAraloT JOTUIECKYI0 OOpaTHYIO CBSI3b - MPABUIIbHYIO / HEMPABUIBHYIO WHTEPAKTUBHOCTE. Takum oOpazom,
BO3MO>KHOCTH JUTS M3y4YEHHS SI3bIKa B COBPEMEHHOM MHpE BECbMA MHOTOYHCIICHHBI.

TexHonoruu M NporpaMMHOE OOECIIeUeHUE NPEAOCTABILIIOT N3YYalOIUM aHTJIMICKUN S3bIK Ha HAYaJbHOM JTarle
BO3MO’KHOCTD IPAKTHKOBAThCSl B YTEHWH B HEONACHOM, ONAronpusITHOM cpejie, Iie MpUcyTCTBYET 3¢ peKTHBHAs oOpaTHas
CBSI3b.

B HMHCTHTYTE TUCTAHIIMOHHOTO OOYYEeHUS M Pa3BHTHS MH()OPMAaIOHHO-KOMMYHHUKAIMOHHBIX TexHomorui Ilsru-
TOPCKOT0 TOCY/IapCTBEHHOTO YHHBEPCUTETA IPH 00yUYEHNH aHTJIMHCKOMY M (DpaHITy3CKOMY SI3bIKaM, aKTHBHO HCIIONB3YIOT-
Cs1 COBPEMECHHBIC HI/Iq)pOBBIe 06pa3033TeanLIe TEXHOJIOTHUH. HpeHO}IaBaTeJTI/I 3aIlUCBIBAOT YTCHHUEC TEKCTA CTYACHTOM, IIPU
9TOM TIpeiarast ObICTPBIN TECT, YTOOBI MPOBEPHUTH UX MOHUMAHUE TOTO, YTO OHM TIPOYHUTAITH. DTO TO3BOJISIET MPETIoIaBaTe-
JIF0O OTME€YATh YCUJIMA YYCHUKA B UHTECPHETE 110 LICJIOMY DALY HOKaSaTeHeﬁ, TaKUX KaK HEIIPaBUJIIbHOC MPOU3ZHOLICHUE, KO-
neGaHus1, MPOTYCKH, TMOJCTAHOBKH, MTOBTOPESHUS, TPAHCIIO3UITMHA M caMO KOppeKnuu. CTYIEHT MOXKET BOCIOJIB30BATHCS
00paTHOM CBSI3bI0, IPEAOCTABICHHYIO TIperno/iaBaresieM B cBOOOIHOE /uist Hero BpeMst. CHcTeMa OTCIIEKHBACT TOCTHKEHHUS
CTyJIeHTa 10 Mepe TOro, KaK OH BBITIOJHSET 33/IaHUs 110 TEKCTaM, C YBEIMYHMBAIOIINMUCS TPYAHOCTSIMH, HArJISHO TIpea-
CTaBJISIsL MPETOAABATENI0 U3MEHEHHMS C TIOMOIIBIO psifia MHPOPMAIMOHHBIX quarpamm. IIporpammuoe obecrieyeHue uc-
NpaBJIsieT OMIMOKYU IPOU3HOLICHHS U CJIOB, YITydIllasi pa3rOBOPHbIH MHOCTPAHHBIH SI3bIK U CTPOSI CJIOBApHBIH 3amac. Takas
CHCTEMa MOXET ObITh MOTHBHPYIOIICH I YYalMXCsl, KOTOpbIE M3BJIEKAIOT BHI'OJY M3 CHHXPOHHOMH 0OpaTHOW CBS3M U
BO3MOKHOCTH M3y4aTh MHOCTPAHHBIH S3bIK B YACTHOM TIOPSIIKE.

Crnentyer OTMETHTD, YTO 3()(EKTUBHOCTD IPOIPaMMBbI YTEHHS 3aBHCHT OT YMECTHOCTH BBIOPaHHBIX TEKCTOB. TexHO-
JIOTHSI MOTHBHPYET 00yJaeMBbIX, 3alMCHIBAs, U3MEPSS M TTOIKPEIUIII IIPOTPEcC HABBIKAMH JIEKOAMPOBAHUS W TOHIMAHUSL.
Kak otmeuaer Leung C. [11] uTenne qomkHO OBITH IIENICHAPABICHHBIM W TIPECTABIIATE COO0H MHOTOYPOBHEBBIH, MYJTb-
TUMOJANBHBIHN Tporiecc. Takum 00pa3oM, BEIOpaHHBIE TEKCTHI JOJDKHBI OBITh PHBJIEKATEIEHBIMY, PEIICBAHTHBIMHE, BH3Y-
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aNbHBIMHM ¥ WCCIIEIOBATH PpA3IMYHBIC KAHPBI, YTOOBI AEHCTBUTEIBHO YAOBIETBOPUTH MHOTPEOHOCTH OOy4aeMBIX
21-ro Bexa.

AHaIIM3 TEKyIMX NOTPeOHOCTEH B BBICIIEM 00pa30BaHUM MOKA3bIBACT, YTO HAPSAY C JIMHTBUCTUUECKUMH TpeOoBa-
HUSIMH, MHOTHE aKaJIeMHYeCKHe 3aJjaud CBA3aHbI C HCIOJIb30BaHUEM TeXHONOrui. CTyAEHTH U NpernojaBaTely JOKHbI
COCTaBJISATH TEKCTOBBIE OTYETHI M JOKYMEHTHI, CO3/1aBaTh LU(POBBIC CIAMIBI IS YITy4IIeHHs! IIPE3CHTAINH, UCTIOIB30BaTh
9NIEKTPOHHYIO MOYTY /IS OOLIEHUS U COTPYHUYECTBA, T0JIydaTh JOCTYII U Y4acTBOBaTh B OHJIAMH-00ydaromux miaTdop-
Max, a TaKkXKe MMPOBOUTH MCCIIEIOBAHMS C UCIIONB30BAHUEM JJICKTPOHHBIX 0a3 JAaHHBIX U MHTEpPHETa. JTO OXKHJAHUE BCE
ellle pacTeT, U JaJbHOBHAHBIC NpakTUky BIl mOHMMArOT, 94TO IS CTYZEHTOB MMEET CMBICT Pa3BHBATh 3HAHWS M HABBIKH,
CBSI3aHHBIC C TEXHOJIOTHEH, B PAMKaX MX H3y49CHUS.

I'maBHO# 1ENBIO TIPH M3YyYEHHUH JTFOO0TO MHOCTPAHHOTO SI3bIKA SIBIISIETCS] PAa3BUTHE Pa3IMIHBIX BUIOB PEUCBOH aK-
THUBHOCTH, BKJIFOYAIONICH B ce0s YCTHYIO M NHCHMEHHYIO KOMMYHWKAIlMM M 3aKaHYMBAas Pa3BUTHEM yMECHHH TPaMOTHON
paboTBI C TEKCTOM C LEJBIO U3BIIEUb, IIEPEOCMBICIIUTh HH(POPMAIIMIO, U BRIPA3UTh CBOE MHEHHE I10 TTOBOY 3aTPOHYTOH B
AYTeHTHYHOM TEeKCTe Mpo0OJIeMy Ha H3y4acMOM SI3bIKeE.

JU1s1 TOCTVOKEeHMS BBIIIEOTIMCAHHOMN LIEJIH, MIPEXKJIE BCEr0 HY>KHO Y4EeCTh OCOOEHHOCTH W3Y4aeMOro SI3bIKa, MOCKOJIb-
Ky M3y4YeHHE JIMHIBUCTHKHM IpEeAroyaraeT Jyanu3M, MO KOTOPBIM MbI MMEEM BBHUIY H3ydeHHE CTPYKTYPHI H3y4aeMOro
sI3bIKa M MPAKTHKY PEYEBOW AESATENBHOCTH. B CBf3M ¢ 3THM, BO IJIaBy yIjla CTaBUTCSI BONPOC 00 3(h(EKTHBHOCTH METOJIOB
W3YUCHUS MHOCTPAHHBIX SI3BIKOB, KOTOPBIE OBl BKIIIOYAIM B ce0sl aKTHBHBIE (POPMYJIbI ISl JOCTHIKEHUS ycIexa B OBIIajie-
HHUW UHOCTPAHHOI peYbl0 B JIFOOOT0O poJia KOMMYHHUKATHBHBIX CHTYaIHsIX.

Cuawnraercsi, YTO COBPEMEHHbIE METOIMKH M3y4YeHHUS MHOCTPAHHBIX S3BIKOB, C MPHMEHEHHEM IM(POBBIX TEXHOJIOTUH
JIAI0T BO3MOXKHOCTB TTOJTYYUTh OBICTPYIO OOpaTHYIO CBSI3b M HIMEIOT TOpa3io OOJbIIMI 00XBaT M MPEIIONararoT BOBICUCHHE
OOJIBIIIEr0 KOIMYECTBA CTYIeHTOB. Kpome Toro, cTyneHThI Ooiee MOTHBHPOBAHBI M MX paboTa Ha ypoke 0osiee MpoayKTHUBHA.

[Tucpossie 0OpasoBaTeNbHBIE TEXHOJIOTUH U3MEHIIIN CIIOCO0 M3yYEHUsI MHOCTPAHHBIX SI3BIKOB HE TOJIBKO B HEIIO-
CPEICTBEHHO B ayJUTOPHH, HO ¥ BHE €€. 3 €T0 NpeJieiaMu. MBbI cuuTaeM, 4To M3MEHEHHS, IPOUCXOAAIIHE B o0acTn o0pa-
30BaHUSI IMEIOT BCE MIAHCHI B Oy IyIEM H3MEHNTh ayAUTOPUIO KaK TEPPUTOPHIO, T/IE TTOTyYIat0T 00pa3oBaHHMe.

V3yueHune aHMMICKOTO M (DPAHIy3CKOTO SI3BIKOB C MOMOLIBI0 MOOMIIBHBIX YCTPOWCTB HaOMpaeT 00OpOTHI MOITy-
JISIPHOCTH € KaXK/IbIM JTHEM, a pacTyIlasi MOIMYJIIPHOCTh U OBICTPO CHWYKAIOIIASICS CTOMMOCTb IIIAHIIETHBIX YCTPOUCTB yCH-
JIMBAIOT 3TO, PEAOCTABIAL (hOPMAT, KOTOPBIH JEHCTBUTEIHFHO CHIOCOOCH obecreunTs yaeOHoe nocodue. daxrop pacryiie-
T'O MHTEpeca K MacCOBBIM OTKPBITHIM OHJIAHH-KypcaMm, 00eCTIeUMBAaIOIINM KpyITHOMAcIITaOHbIe (M OecryiaTHbIe) yIeOHbIe
MEpOIPHATHS, JAIOT OCHOBaHUE yTBEPKAATh, YTO IM(POBBIE TEXHOJIOTMH MIPOJIOIDKAT OKAa3bIBaTh BIMSIHHE Ha 00pa3oBaHNE
Toziel B OymymieM.

OmbIT paboTel MIHCTHTYTA JUCTAHIIMOHHOTO OOYYEHHS M Pa3BUTHS MH()OPMAIMOHHO-KOMMYHHKAIMOHHBIX TEXHO-
soruii [19THrOpCcKOro rocyapcTBEHHOTO YHHBEPCHUTETA MOKA3bIBACT, YTO HCIIONB30BAHUE PA3JIMYHBIX 3JIEKTPOHHBIX HC-
TOYHHKOB M CPEJICTB BBI3bIBAECT MHTEPEC Y CTY/ICHTOB, MOBBIIIAET MX MOTHBALMIO K yuebe. ClieryeT OTMETHTb, YTO pa3BH-
TH IUQPOBEIX 00pa30BaTENBHBIX TEXHOJIOTHI X MCIOJIb30BaHNE B y4€OHOM IIPOLIECCE PA3IIMIHOE: OT ITOJIHOTO JINCTAH-
IIOHHOTO O0YYEHHs JI0 YACTHYHOTO MCIIOJIb30BAHMS Ha JICKIUAX M CEMUHAPAX.

CTaHOBHUTCsI MIOHATHO, YTO BO3MOKHOCTh KOHCTPYHPOBaTh COBPEMEHHYIO MOJIENb Npoliecca 00yueHHs: HHOCTpaH-
HBIM SI3BIKaM JIa€T UCIIOIb30BaHUE HOBEUIIMX LU(POBBIX TEXHOJOTHH, TAKUX KaK ayJH0 M BUIEO MOAKACTOB, BeOMHAPOB,
6s10r0B, (POPYMOB M MHOTHMX JpYTHX. [IpM 3TOM MOJIHBII OTKa3 OT TPaJMIMOHHBIX METOJOB 00y4YEeHHs] HE HPOHMCXOJUT.
KamuduimpoBaHHble npenoaaBaTea 00S3aHbl YMENIO COUeTaTh TPAAUIMHI C HOBIIECTBAMH, MOBBIIIIAs MOTHBAIMIO U pe-
3yIBTaTUBHOCTH O0Y4aeMBIX.

HecmoTpst Ha TO, 9TO ¢ HOBBIMU HU(POBBIMH TEXHOJIOTHUSIMHI MEHSETCS caM Iporiecc 00y4IeHHs, PoJib TIPEeroiaBaTe-
JIsL BO3pACTaeT, TIOCKOJIBKY OH BBICTYIIAET B POJIM OpraHHW3aTopa MHTEPAKTHBHOIO Ipoliecca 00yYeHHs M yYUTHIBAEeT MH/IHU-
BUJTyaJIbHbIE OCOOEHHOCTH KaXKJI0ro 00y4aeMoro. Y CIIOBHsI KOHBEPreHTHOH IU(POBOH Cpeabl IUKTYeT N3MEHUTH IIPOLIECC
00yueHs1, PaBIJIGHO OPraHW30BaTh €ro. B momoOHOI cuTyarmu camocTositenbHas paboTta Juisi 00ydaeMoro SIBIISIeTCS
npropHUTeTHOM. OOIIENPUHSATO, YTO CTEP)KHEM YCIleXa B U3yUEHHN HHOCTPAHHOTO SI3bIKA SIBJISETCS TAKHE BUJIBI e TEIILHO-
CTH Kak IMCbMO, YTEHHE W yCTHasl pedb. bermnas ycTHas pedp sIBISIETCS caMbIM TPYIHBIM M CaMbIM TJIaBHBIM KpUTEpHEM
oueHnBanus. B Tabmuue 1. «/{oCTOMHCTBA M HEAOCTATKU AJIEKTPOHHOM 00pasoBarenbHOi cpenbl (DOC) mst cryneHta U
TIPETIo IaBaTe » MBI IPEICTABIIIN T€ JOCTOMHCTBA M HEIOCTATKH, KOTOPBIE, [0 HAIIEMy MHEHHIO, CYIIECTBYIOT KaK IS
CTyZIEHTA, TaK ¥ JUISI [IPeroaBaTes.

Tabnwma 1
JIoCTOMHCTBA U HEAOCTATKH 3JIEKTPOHHOM 00paszoBarenbHOl cpeanl (DOC) i CTyIeHTa ¥ TPEeno1aBaTess

Hocmouncmea I0C ons cmyoenma Hocmouncmea 30C ons npenodagamens
1. JTocTym K 3a/laHUsIM B TEYECHHE BCETO MEepUoia O0yUCHHS; 1.Mcnonp3oBanue 3apyOeKHBIX WHTEPHET-PECYPCOB (ayaHo U
2. BO3MOXKHOCTb BBIIIOJIHEHUS 33/IlaHUi B JI0OOM MecTe M C | BHIEOMAaTepua) Uil OBJIAICHHUS KOMIICTCHIUSIMH.
nr00bIX HOCUTENeH (TenedoH, mIaHmeT, KOMIBIOTEp) 2. Ilpumenenne BeOMHAPOB M paboTa CTY/IeHTOB B hopyMax.
Hedocmamku 30C ona cmyoenma Heoocmamku 30C 015 npenodasamens
1. PaboTa TOJIBKO NpHU HAJIWYHK JOCTYIA K ceTu VIHTepHeT; 1. PaboTa TOJBKO MPU HAJIMYHHU JOCTyIa K ceTd VHTepHeT;
2. OTCYTCTBHE KMBOTO OOLICHHUS C PEIIOIaBATEIICM. 2. OTCYTCTBHUE KHBOTO OOIICHHS CO CTYICHTOM;

3. IlpaBoBbic MPOOIEMBI 0 3aIMUTE HHTEIUICKTYaIBHOH CO0-

CTBEHHOCTH

4. IlocTosiHHOE OOHOBJIEHHUE IEKTPOHHBIX KYPCOB
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JluctaHIOHHOEe 00y4eHHe, TO eCTh CTOIPOLEHTHOE NIPHUMEHEHHE HU(PPOBBIX 00pa30BaTEIbHBIX TEXHOJIOTHH B
00y4eHUH MHOCTPAHHOMY SI3BIKY B BBICLIEH IIKOJIE, C OHOW CTOPOHBI, sBJIsSETCS YA0OHOH (hOopMOii moydeHus oOpa-
30BaHUs, HO C JPYrod CTOPOHBI, MOXET CTaTh CEPhE3HOM MPOOJIeMOil 11l 00ydaeMbIX, MIOTOMY 4TO OHHU 3Ta (opma
oOyd4eHust peanonaraeT 0oJbIION MOTOK MH(OpPMALK, U BO3MOXKHA JUIS JIMI C KPUTUYECKHM MBIIIJICHUEM, CIIOCO0-
HBIM OBICTPO OLICHHMBATh HaAeXKHOCTh MHpopmanuu. CreroBaTeNbHO KPHUTHYECKash IPAaMOTHOCTb SIBISIETCS Cyle-
CTBEHHBIM JIEMEHTOM IIPU MOJIy4YeHUH 00pa3oBaHUs B AMIOXY Pa3BUTHS LU(PPOBBIX TEXHOJOTUH, TO €CTh JUCTaHIU-
OHHO [6,7].

Msl noslaraeM, 4TO B HACTOSIIEe BpeMs C NPUMEHEHHEM IM(POBHIX 00pa30oBaTeIbHBIX TEXHOJIOTHI CyIe-
CTBEHHO BO3PACTaeT NOTPEOHOCTH B TOM, YTOOBI pa3paboTaTh aBTOHOMHBIE CTPATErHHl [UIS ONPENeICHHS JOCTOBEPHO-
cti BeO-mH(pop™Marin. Takke MBI CUUTaeM, HEOOXOIMMBIM (OPMHUPOBAThH Y 00ydaeMbIX 0a30BBIE UCCIICIOBATEIBCKIE
HaBBIKH, KaK B paMKax y4eOHOI MporpaMMbl, Tak U B KauecTBE 0OpaTHOI CBS3H, IPUMEHS [IPU STOM HECTaHIApPTHBIC
ITOJIXO/IBI K IMMOUCKY HeoOxoammoit napopmarmu [12].

Takum oOpa3om, nepexo]| Ha HUQPOBEIE 00pa30BaTEIbHBIE TEXHOJIOTUH B 00YYEHHH MHOCTPAHHOMY S3BIKY B
BBICIIEH IIKOJIE MOXKET JaTh Psiji MOTCHIMAIBHBIX NpenMymecTB. Tak nudposas cpena o0ydaeMbIM JaeT BO3MOX-
HOCTbB HCIIOJIb30BaTh OOLIMPHYIO CPEy UCCIIEA0BATENbCKUX HCTOYHUKOB, BO3MOXHOCTh Pa3BUBATh HABBIKH aBTOHOM-
HOTO ¥ HENPEPBIBHOTO 00YUEHHMS, @ TAK)KE UMETh OBICTPBIN JOCTYI K ayTeHTHYHBIM MaTepuanam. B mporecce oOy4e-
HUsI HABBIKH BHGKTpOHHOﬁ rpaMOTHOCTHU MOT'YT 6I)ITI) Pa3BUTBI C TOMOUIBIO MHTECPHET-IIPOCKTOB U MepOHpHHTHﬁ.
B IIsTHropckoM rocyiapCTBEHHOM YHHBEPCHUTETE MbI HaOJI0/1aeM aKTHBHOE HCIIOJIb30BaHKHE [IHU(POBBIX TEXHOJIOTHH,
a IMECHHO y4eOHYIO NeATeJIbHOCTh Ha OCHOBE MPOSKTOB U MHHH-TIPOSKTOB, YTO NPUBOJMT K HHTETPAIlM HHTEPHETA B
y4eOHBIe MEPOTIPUSATHS 110 Pa3INIHBIM AUCIUIUTHHAM.

MBI CKIIOHHBI YTBEPXKIaTh, YTO HEOOXOIMMO BBIPA0OTATh YETKUE PEKOMEHIALMH TIPH BBIMOJHEHUH HOTOOHBIX
3amanmil. Bo-mepBeIX, 3aaHUs TOJDKHBI OBITh TIIATEIHEHO Pa3paboTaHBl C YYSTOM HHTEPECOB U SI3BIKOBOTO YPOBHS
o0ydaeMbIX. Bo-BTOpBIX, NpernoaBaTeNio ClIeayeT HPEeJOCTaBHTh CIIPaBOYHYI0 MH(OPMAIMIO W O3HAKOMHTEIBHEIC
Martepuaisl. Jlanee omucaHue Ipolecca MOATOTOBKU MOJOOHOH HCCIE0BaTEIbCKOM paboThl JOJDKHO OBITH JAHO B
camoM Hauaiie. HeoOxomumo obecreunTh Hay4HOE PYKOBOACTBO Ha MPOTSDKEHUU BCEH JESITENIbHOCTH 00y4aeMoro.

BuiBoabl. Takum 00pa3om, mepes mpernojaBartesieM CTOUT CJIOKHAS 3aJjauya — TPaMOTHO COBMEILATh TPaIHIU-
OHHBIC METObI MPETIoJaBaHrsd U KOHBEPIrCHTHLIC. HpenonaBaTenH HYXOAr0TCd B HOBBIX BO3MOKHOCTAX npotbeccylo-
HAJILHOTO Pa3BUTHSI, YTOOBI OBBICHTH CBOK CIIOCOOHOCTD YCIICIITHO MCIIOIB30BaTh IIH(PPOBBIC 00pa30BaTEIbHbIC TEX-
HOJIOTHH B cBoel pabote. Kpome Toro, Ml cuntaeM HEOOXOAUMBIM CO3/1aTh OMPEEICHHbIC YCIOBHSA IS TOTO, YTOOBI
npenoaaBaTb UHOCTPAHHBIC A3BIKH B HO}IO6HLIX YCJIOBHUAX. Bo — MEPBLIX, B paMKax Ka)KI[OfI JUCHUIUIMHBI HY>KHO CO-
3[1aTh KOHKPETHBIC peKOMEHIaK st 3G PEeKTHBHON paboThl Npeno/aBatensi. Bo-BTOpbIX, paboTa B YCIOBHAX LU}-
POBO#i cpebl OyneT BO3MOXKHA TOJIBKO NP HAJIMYUY CTAaOMITBHOTO U IOCTYITHOTO HOAKITIOYEHHSI K HHTEPHETY U obec-
neYeHus: Mep 0e30MacHOCTH, TaKHX KaK (HIBTPBI U OJOKUPOBINKMKK caiiToB. Janee, i oOecriedeHus 10CTyna K caif-
TaM U UX 3QPEKTHBHOTO HCIIOIb30BaHU HEOOXO0JMMa MMOCTOSIHHAS TEXHHYECKast, KaJpoBasi U OpraHu3alHOHHAs 110 1-
JIepXKKa M0 BCeM 3THM BompocaM. HakoHen, HU(POBOI KOHTEHT HOJDKEH pa3padaThiBaThCS Ha MECTHBIX S3bIKaX U
OTpa)kaTb MECTHYIO KYJIETYpY.

MOHO 3aKJIIOYHTh, YTO BHEJPEHHWE KOHBEPreHTHOI HU(POBOI cpenbl B mpolecc 00y4eHHs MHOCTPaHHBIM
SI3BIKAM B BBICIIICH ITKOJIC 3TO HEHM30EKHBII MPOIece, KOTOPBIA TPEOYyeT BECOMBIX MaTEPUAIbHBIX 3aTpar.
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AHHomamm: IlexTuH saBuasgeTcsa reéTeponojmcaxapuaom, HiMpoko HCHOHLSyCMLIﬁ B IHMIICBBIX CUCTEMAX B Ka-
YeCTBE AIMYJIbraTopa, CTabMiIn3aTopa U 3aryCTHTeNs, CTPYKTYypooOpa3oBaTesis, KpoMe TOr0 3TOT Iojucaxapu oomia-
AacT IMUPOKUM CIEKTPOM CBOMCTB MOJIE3HBIX JJI1 310POBbAL.

B Hacrosimield paboTe TPHBEICHBI PE3yNbTaThl HCCIEAOBAHUS 10 Pa3pabOTKe pelenTyp KOHIEHTPATOB
HAITUTKOB HAa OCHOBEC IIJIOAOBO-ATOAHBIX COKOB C [[O6aBJ'IeHI/IeM TICKTUHOBBIX BCHICCTB, MMOJYYCHHBIX U3 CBEKJIOBUYHO-
T'0 JXOMa. HpI/IBeILeHbI OpPraHoJICITUYCCKUEC U (1)I/I3I/IKO-XI/IMI/I‘-ICCKI/IC TMOKa3aTCJIM HOBBIX KOHICHTPATOB NEKTUHOCOAEP-
JKAIIUX HAMUTKOB HAa OCHOBE BHUIIHH, BUHOTPaaa U rpaHata. [IoATBEpIKICHO UX COOTBETCTBHE IO MOKa3zaTesiM Oe3-
OMAacHOCTH TpeOoBaHMsIM TeXHUYECKUX PeriaMeHToB TaMOXKEeHHOTo CO3a.

Knrwouesvie crosa: pyHkumoHanbHbIe TPOIYKTHI TUTAHKS, IEKTUH, (PYKTOBBIE U ATOJHBIC MIOpE, MOKa3are-
JIK Ka4eCTBa U 0€30MaCHOCTH

Abstract: Pectin is a heteropolysaccharide, widely used in food systems as an emulsifier, stabilizer and thick-
ener, structure-forming agent, in addition, this polysaccharide has a wide range of properties useful for health. This
paper presents the results of a study on the development of recipes for beverage concentrates based on fruit and berry
juices with the addition of pectin substances obtained from beet pulp. The organoleptic and physico-chemical parame-
ters of new concentrates of pectin-containing beverages based on cherries, grapes and pomegranates are given. Their
compliance with the requirements of the Technical Regulations of the Customs Union in terms of safety indicators has
been confirmed.

Key words: functional food products, pectin, fruit and berry purees, quality and safety indicators

BBeaenue

[lexTHH SBIISETCS TETEPONIONUCAXAPUIOM, KOTOPBIH MIMPOKO UCIIOJIB3YETCS B IMUIIEBBIX CHCTEMAaX B KAYCCTBE
AMyJbraTopa, cradbmwimsaropa u 3aryctureis. [IoMUMO ero mpUMEHEHHUsI B Ka4eCTBE CTPYKTYpooOpazoBaTeis, 3TOT
moJIucaxapua 00/1a1aeT IIMPOKKM CIICKTPOM CBOMCTB IMOJIC3HBIX [UISL 3M0POBbsI, KOTOPBIC MPHUBOMAT K YBEIUICHHUIO
MHPOBOTO cIipoca Ha Hero (pocT Ha 4-5% kaxaprii rox) [1].

IlexTHH WK TIEKTUHOBBIE BEMHICCTBA BCTPCUAKOTCA B BUAC CTPYKTYPHBIX ITOJIUCAXapuUI0B B Cpe)II/IHHOI\/’I ia-
CTHUHKE U HepBH‘IHOﬁ KJIETOYHOM CTEHKE BBICIINX KJIETOK paCTeHHﬁ. KOMMep‘IeCKI/Ie TICKTUHBI, KaK IIpaBWJIO, ITOJIy4da-
0T U3 OUTPYCOBBIX WUJIN 5[6HO‘{HI)IX BBIKHMOK. CaxapHaﬂ CBEKJIa ABJIACTCA OOHUM M3 HETPAAUIIMOHHBIX UCTOYHHUKOB
TICKTUHOBBIX BEHICCTB, KOTOPBIC NPEACTABIIAIOT NOTCHIHUAJIBHYIO BAXXHOCTD JIJIA pOCCHﬁCKOﬁ OKOHOMMKH. HpeCCOBaH-
HBIW JKOM, OCTaBIIMICS TIOCIIC U3BIICYCHUS Caxapo3bl H3 CAXapHOW CBEKIIBbI, MPOU3BOJUTCS B OOJBIIMX 00bEMaxX B He-
CKOJIKHX perrmoHax Poccuy u B HacTosIee BpeMs HCIONB3YeTCsl HCKITFOYUTEIFHO B KAYeCTBE KOpMa JJIsl JKUBOTHBIX
[2].

B HacTosimiee Bpemsi OoJbIliasi YacTh HACENICHHS BCE €IIe HE MOTPEOISIFOT PEKOMEHIOBAHHBIC KOJIHMYECTBO
oBomier u PpykToB [3]. [TuimeBas MPOMBIILICHHOCTh CTAIKHBAETCS C MPOOJIEeMOi pa3pabOTKH HOBBIX, HHTEPECHBIX U
YAOOHBIX IPOAYKTOB MUTaHUS, KOTOPHIE TOMOTYT MOTPEOUTEISAM YIIYUIINTE CBOW paIloH MUTaHuA. HanmuTku mupoko
HCTIONB3YIOTCS KaK IMOCTaBIIMK BBICOKMX KOHICHTpAaIWi (yHKIMOHAIBHBIX MHTPEIUCHTOB (HAIpUMEpP, TOTOBBIE K
YHOTpPeOJICHHUIO Yal, BATAMIHU3UPOBAaHHAS BOJA, COECBEIE, CIIOPTHBHBIC M YHEPTeTUUECKNE HAUTKN). JTO OOBICHIET-
Cs1 OTHOCUTEIHHOM MPOCTOTON MpoIecca MPOM3BOJCTBA, a TAKXKE U BPOXKICHHOW MOTPEOHOCTHIO YENIOBEKA B YKHIKO-
cti. Hanmutku npeacTaBisaioT co00i MOAXOIAIIYIO Cpey sl paCTBOPEHHUS (PYHKIMOHAIBHBIX KOMITOHEHTOB, a TaKKe
YIAOOHBIH W TIMPOKO PACIpPOCTPAHEHHBIN crocold moTpebienns. Pacmmpenne accopTUMeHTa (DYHKIIMOHAIBHBIX
HAIUTKOB ¥ HOBBIX WHTPEHCHTOB TPEOYET JOMOIHUTEIBHBIX HCCICOBAHUN MO OE30MAaCHOCTH Ha COOTBETCTBUC pe-
riamMeHTam [4,5], mpexxae YeM HOBBIC MHTPEAUCHTHI MOTYT OBITh BKIIFOUCHBI B MUINEBBIC MPOAYKTHL. B pamkax ¢op-
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MUpYIOIIEHCS MapagurMbl QyHKIIMOHATIBHOTO MUTAHUS (HYHKIMOHAIBHBIC HAIMTKH MOTYT CIIOCOOCTBOBAThH yBEIHUE-
HUIO NOTpeOeHUst QPYKTOB H SIT0JI, YTOOBI (PaKTHUECKOE MOTPEOICHNE OCTUT A0 PEKOMEHAYEMBIX HOPM.

Matrepuanbl, METObI, Pe3yJbTAThbl H 00CYKICHUS

C y4eToM BBIIIEU3IIOKEHHOTO IEIbI0 HAILETO HCCIIeI0BAaHMS SBUIIACh pa3paboTKa pelenTyp KOHIEHTPATOB
HaIUTKOB Ha COKOBOW OCHOBE C JJ0OaBJIEHHEM IEKTHHOBBIX BEILECTB, ITOJyYEHHBIX U3 CBEKJIOBUYHOTO )KOMa, B Kade-
CTBE TPOJIOHTaTOPOB OMOJIOTUYECKH aKTHBHBIX COEIMHEHHH, a TaK)Ke BEIECTB, CIIOCOOCTBYIOIIMX BBIBOIY TSDKEIBIX
METaJUIOB ¥ TOKCUYHBIX COEAMHEHHUH U3 OpraHu3Ma.

B kauecTBe PpyKTOBO-ATOAHON OCHOBBI OBUIM BBIOpAHBI IPaHAT, BUIIHSA, BUHOTPaA. B nccnenoBaHusax aBTo-
poB [6] OBIIO TOKa3aHO, YTO HEKOTOPBIE KapOTHHOWIH! (P-KapOTHH M JIOTEWH) Ooiee OHOMOCTYIHBI M3 IUIOJ0BO-
ATOIHBIX COKOB. Kpome Toro, perymsipHoe ynorpebieHne B MUILY OBOILIHBIX COKOB CIIOCOOCTBYET CHIDKCHHMIO JaBiie-
HUSI KPOBH Y JIHII C THIIEPTOHNIECKON OOJIE3HBIO.

[Tnoxs! n ATOABI ABNAIOTCS OCHOBHBIMH MCTOYHUKAMH OMOAKTUBHBIX COCIMHEHUH, KOTOPBIE UIPAIOT KHU3HEH-
HO B)XHYIO POJIb B IPOQUIAKTUKE MHOTHX 3a00s1eBaHui [7]. MHOTOYNCIICHHBIE SITHIEMHUOIOTHYECKUE NCCIICIOBAHMS
MOKa3aJy, YTO €XEJHEBHOE YNOTpeOIeHUe IIOA0B U SIr0J CHIXKAET PHUCK JIereHEepaTUBHBIX 3a00JIeBaHUM, TAKUX KaK
pak u uiemuyeckas 6osie3Hp cepaua [8]. 3ammTHbie 3PEeKTh PPYKTOB NPOTUB 3TUX 3a00JIeBAHUH B OCHOBHOM 00'b-
SICHSIFOTCS] X (PUTOXUMHUYECKUMH BEIIECTBAMH, CIOCOOCTBYIOIIMMHU 3I0POBBIO, TAKUMH KaK KapOTHHOM/IBI, (pJIaBOHO-
uzbl, (EHONIBHBIC COCAMHEHNUS, BATAMUHBI ¥ pa3JIMuHble aHTHOKCHIAHTHbIE (DUTOHYTPHEHTHI [9]. AHTOIMAHBI - 3TO
pacTUTeNIbHBIE TUTMEHTHI, KOTOPBIE MIPUCYTCTBYIOT B OCHOBHOM B IJIOJJaX KPacHOTO I[BETa, TAKMX KaK IPaHaT, BUIIHSI
1 KpacHbBIM BUHOTpaa. AHTOIMAHBI U3BECTHBI KAaK AaHTHOKCHIAHTBI, KOTOPbIE TAK)Ke 00JIaAal0T BBICOKOH ITPOTHBOBOC-
MAJTUTENFHON U MHTHOUpYIoel TpPOMOOIMTH aKTUBHOCTBI0. THI M cofepKaHNe aHTOIMAHOB B IUTOJaX CHIIBHO pas-
JIMYAIOTCS B 3aBUCHMOCTH OT T€HOTHIIA U UX pasHooOpasns. Hanbonee pacripocTpaHEeHHBIMH aHTOLIMAHAMH B KPACHOM
BUHOTPAJE SBISIOTCS TIIIOKO3UIHBIE (JOpMBI [TMAHUINHA, MaJbBUINHA, AENbGOUHAANHA, TCOHUINHA, TETyHUIUHA 1
nenaproanavHa [8]. OCHOBHBIMU aHTOIMAHOBBIMU COCTMHEHHUSIMU B KHCJIOM BHIITHEBOM COKE SIBIISIFOTCS ITMAHHIHH-3-
TIIIOKO3WI-PYTUHO3UA, THAHUANH-3-TIIIOKO3UIPYTHHO3M I, IMAaHUINH-3-PyTHHO3H I, IHAHUANH-3-CO(OPO3u/, IHAHNU-
JUH-3-TIIIOKO3UA U MUOHUANH-3-pyTrHO3U [10]. [{uanuaun-3-roKo3ua, IMaHuanH-3,5-IUTFOKO3U] U eTb(UH-
JIMH-3-TJIIOKO3H/] SIBIISTIOTCS. OCHOBHBIMH aHTOLIMAaHAMU, MPUCYTCTBYIOMMMHE B rpaHare [11]. [Tnoas! u siroap! sSBISIOT-
€5l CKOPOTIOPTSIIUMUCS ITPOJYKTaMH M UMEIOT KOPOTKHH CPOK ToHOCTH. [103TOMY, 4TOOBI 00ECEYUTh UX KPYTIIOTO-
JUYHOE HEeTPephIBHOE CHAOXKEHHE, TUIO/IBI U SITOABI B OCHOBHOM JIOJDKHBI IiepepabaTsiBaThes. [11010BO-Ar0AHBIE COKHI
TIOJIBEPIKEHbI XMMUYECKUM, (PU3NYECKUM U MUKpOOHOIOrnueckuM u3MeHeHusM [12]. OcHOBHOM npoOieMoil ChIpbIX
(pPYKTOBBIX COKOB SIBIISIETCSI MUKPOOHOE 3arpsi3HeHHe rpubaMu (IpojoKaMH U IUIECEHbI0) U OakTepusMu (KHUCIOTO-
YCTOWYMBBIMU U MTATOT€HHBIMHM), YTO CHIIKAET MTUTATEIbHBIE M CCHCOPHBIE CBOICTBA, a TAK)Ke aCHEKThI O€30I1acHOCTH.

IIpn pazpaboTke KOHIEHTPATOB HAIUTKOB CIICIHAIN3MPOBAHHOTO Ha3HAUYEHHs B KayecTBE J00aBICHHOTO
MPOQHIAKTHYECKOTO KOMIIOHEHTa ObII HMCIOJNb30BaH MEKTHH B THAPAaTHPOBaHHOW (opme. [lekTHHOBEBIE BelecTBa
CHOCOOCTBYIOT YCHIICHHIO BKycCa SITOJHOTO HAmuTKa. Mcronp3ys MEeKTHH B Ka4eCTBE CTPYKTypooOpa3oBaTes, TOCTH-
raercs OoJiee OJHOPOJHAST KOHCUTEHIMS MPOAYKTA, NMPEMATCTBYS OCEIAHUIO MSAKOTH. TakXkKe IMoJIepKUBaeTCs ecTe-
CTBEHHBIIT apoMaT, obecrieuuBaeTcsi BKYCOBOE BOCIPHUATHE HanuTKa. HamuTku pazpaboTaHbl Ha OCHOBE BHIIIHEBOTO,
IPaHaTOBOIO U BUHOTPAJHOTO COKOB, CBEKJIOBUYHOT'O NMEKTHHOBOTO KOHIICHTpATa, Me1a, KOPHIIbI, 'BO3INKH, OaabsIHa,
MYCKaTHBIH OpeX, KapAaMOH, UMOHPb.

st peanuzanum pa3pabOTaHHBIX KOHLIEHTPATOB HAITUTKOB HA IPOU3BOJICTBO ObLiIa IPOBEAEHA OLIEHKA Kave-
cTBa U Oe3omacHOCTH NpoayKiuy. KoHneHTpaTsl HaMmUTKOB «BuIiHeBbI» «I paHaTOBBIN» U «BUHOTpaIHBIN» HMEIOT
caenytonire GU3NKo-xuMudeckue (puc.l) u opraHoJenTHYECKHUEe TOKa3aTeNld, KOTOPhIe MPEeACTaBIeHbl Ha PUCYHKE |
u B Tabmune 1. Mccnenoanus nposoannuck B HUUW «buotexHosnornu u cepTuUKanyy MUILIEBOH MPOLyKIANY.

45

38,8
40 36,5

35
30 - B Cyxue Bewlecrsa, %

34,2

25 -
20 -
15 +
10 ~

B TuTpyemasa KUCNOTHOCTb,
%

MNeKkTMHOBbIE BellecTBa, %

3,9 4,4 3,6
,15 0,3 ,25

BuLiHeBbIN lpaHaToBbIM  BuHOrpagHbIn

Pucyﬂox 1. ®u3NKO-XUMHYECKHE MOKA3ATE]H KOHI€HTPATOB HAIIUTKOB
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nun

OpFaHOHeHTI/IquKI/Ie ImoKasaTcim

Tabnuma 1

HaumeHnoBaHue

IOoKas3aTcJist

XapaKTepI/ICTI/IKI/I HaIIUMTKOB

Buemnuii Bua 1 KOHCUCTEHIIHS

I'omorenHas HEMpo3pavHas rycrasd mMacCa, KOHCUCTCHIHUA KUAKOI'O

mope
Iser OnHOpOJHBIN MO BCeil Macce, COOTBETCTBYET MPUMEHSAEMBIM SrO-
Jiam
3amax [TpusATHBIH, XapakTepHbII IPUMEHSIEMOMY CBHIPBIO
Ha ocHOBe moydeHHBIX TAHHBIX NMPOBEICHHBIX HCCICAOBAHMI IMOKa3zaTelel KadecTBa pa3padOTaH IMPOEKT
TY, TN u P1I.

IloTennmanpHO OMacHBIC JUIL 3MI0POBBA YE€JIIOBEKA 6PIOJIOFI/I‘IGCKPIQ, XUMHUYECKNE, TOKCUIHBIE U paTHOAKTHB-
HbIC BCIHICCTBA IMOMAAArOT B NPOAYKTbI M AKKYMYJIHPYIOTCA TaM, MPOXOAs NUIICBYHO HLCIb, KOTOPAs BKIIOYACT BCC
3Tanbl CeIbCKOXO3SIHCTBEHHOTO MNPpOU3BOACTBA: XPAHCHHUC, TPAHCHIOPTUPOBKA, NOATOTOBKAa NPOAYKIHMHU W BCIIOMOTA-

TCJIbHBIX MATCPHUAJIOB, TCXHOJIOT'MYCCKUEC OllCpaluu, paC(I)aCOBKa 1 yIIaKOBKa TOTOBOH MMPpOAYKIIUH.

B coorerctBuu ¢ Texunueckum pernameHroMm TamoxkenHoro Coto3a «O 0€30mMacHOCTH MUILEBON MPOIYK-
mum» 021/2011 B Tabnuuax 2 u 3 npuBeneHbl TpeOOBaHUs 0€301aCHOCTH K OBOIIHBIM HAITUTKAM.

[Toka3arenu 0€30IaCHOCTH KOHIIEHTPAaTOB HAIIUTKOB

Tabnumna 2

I'pynna Ilokazarenu Jonyctumsle CornacHo MPOTOKOJTY UCIIBITAHUIN
MPOAYKTa YPOBHH,
MF/HM; :e 6o- «BuIHeBbIN» «I"panaroBelil» | «BuHOrpagHBIN»
OBOILIHEIE MEIIIBSK MI/KD 0,2 <0,001 <0,001 <0,001
COKH
Kanmuit mr/kr 0,03 0,01+0,001 <0,01 <0,01
PtyTh MI/KT 0,02 <0,001 <0,001 <0,001
CBuHeEI MI/KT 0,5 0,04+0,001 0,03+0,001 0,04+0,001
MWUKOTOKCHHEI: IATYJIHH, 0,005 <0,004 <0,004 <0,003
Mr/em®
Hurparsl, mr/a® 150 <30 <30 <30
I'XQr (ameoda, bera, 0,5 <0,001 <0,001 <0,001
raMMa-m30Mephl)
JJT u ero MeTabOIUTHI 0,1 <0,004 <0,003 <0,004

B cootBetcTBUM ¢ « TeXHUUECKUM PErIaMEHTOM Ha COKOBYIO MPOXYKIHUIO U3 GpYKTOB M oBomei» 023/2011 B
Tabnuuax 4 u 5 npuBeaeHb TpeOOBaHMS 0€30MACHOCTH K (PPYKTOBO-SITOHBIM HAITUTKaM

Tabimma 3
MHuKpOOHOIOTHYECKHE [TOKa3aTeIH KOHLEHTPATOB HAIIUTKOB
HaumenoBanue nokasarens TP TC CornacHo MPOTOKOIIy UCHIBITAHUN
«BuIIHEBBIN» «['paHaToBbII» «BuHOTpaHBIN
KMA®AEM, KOE/cM®, He Gonee 5%10° 1,2*10° 1,6%107 1,7%10°

Macca nponyk- | BI'KII (xonu- He nomyckaet- | He obnapyxens! | He oOHapyxeHBI He oGnapyxeHsI
ta (1 em), B (hopmeI) cs

KOTOpOii HE

JIOITyCKAIOTCS

Jlposokn, KOE/em®, He Goree 2*10° <10 <10 <10
I[necenu, KOE/cM®, He Gonee 5*10° <10 <10 <10

BoiBoa

W3 npoBeneHHBIX HCCIIEAOBAaHUN MOMKHO ClHeNIaTh BBIBOJ, YTO IOKa3aTesn 0€30MacHOCTH pa3paboTaHHBIX
KOHLICHTPATOB IUIOJIOBO-STO/IHBIX HAIIUTKOB COOTBETCTBYIOT BceM Tpebosanusiv TP TC 023/2011 u TP TC 021/2011.
VYuuThiBasi BEICOKOE cOJiepKaHue MEeKTHHOBBIX BeulecTs (1,2-1,5%), pa3zpaboTaHHble KOHIIEHTPATHI ILI0I0BO-STOIHBIX
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HaIlUTKOB TPHU WX CYTOYHOTO MoTpediieHus B oo0beme 200 MII B TOTOBOM BHJIE PEKOMEHAYIOTCS B KadecTBe (yHKIIH-
OHAJILHOTO MCTOYHHKA MTEKTUHA.
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Penakuus skypHaja COTPYIHMYAET ¢ ABTOPAMH — INPeENoJaBaTe/IsiMi By30B, HAYYHbIMU PaOOTHUKAMH,
aCMMPAHTAMU, JOKTOPAHTAMH H COMCKATEJISIMHUYYEeHBIX CTeneHeil

Kypnan ny0JaukyeT MaTepualibl B pa3jenax:

TexHHYecKHe HAYKH: KJIaCCHYECKHE HCCIe0BAHNS U HHHOBAIUU

Wndopmarnka, BEIMUCINTENbHAS TEXHUKA U YIIPaBICHNC

TexHoIOrHs MPOAOBOIBCTBEHHBIX IPOIYKTOB

JlMCKyCCHOHHBIE CTATBH

KpaTtkue cooduienus

IoauTnyeckne HAYKH

ITonuronorus

Marepuansl B pelakiMIo KypHajia MPUHUMAIOTCS B COOTBETCTBHU C TPEOOBaHMAMH K O(DOPMIICHHIO M clade
pyKomucel IOCTOSIHHO U IyOJIMKYIOTCS TOCiie 003aTeIbHOTO BHYTPEHHETO PEIIEH3UPOBAHNS U PEIICHNS PEAAKIIHOH-
HOH KOJIJIETHH B MOPSIIKE OYEPEAHOCTH MOCTYIUICHUS ¢ YIETOM PYOpPHKAILMKA HOMEpa.

1. Jlnsa onTHMU3anMU PEAAKIMOHHO-N3AaTEILCKON HOATOTOBKU PEAAKINS IPUHAMAET OT aBTOPOB PYKOIHCH U
COITyTCTBYIOIIME MM HEOOXOIUMbIE JOKYMEHTHI B CIICAYIOIECH KOMIUICKTAIINH:

1.1. B neyaTHOM BapHWaHTe:

OrneyaTaHHbIi IK3eMILIAP PYKONMCH

O0beM cratbu: 6—12 crpanuil (opuruHagbHas cTaths), 15-20 ctp. (0030pHas cTaThs),2—3 CTp. KpaTkoe co00-
nieHre. TpeOoBaHMs K KOMIIbIOTepHOMY Habopy: dopmar A4; kerub 12; mpudt TimesNewRoman; MexcTpOUHBIN
uHTepBai 1,15; Hymepanus cTpaHuIl BHU3Y 10 IEHTPY; OIS Bee 2 ¢M; ab3arHbIi otetyn 1,25¢M.

Caenenusi 006 aBTope (Ha PyCCKOM U aHTJIMIICKOM SI3bIKAX)

CaezieHus1 TOJDKHBI BKIIIOYATh ciieayronlyo uHpopmarmio: GUO (momHOCTHI0), yUueHas CTeleHb, YUeHOe 3Ba-
HHE, I0JDKHOCTB, MECTO U aJjpec padoThl, aApec 3JEKTPOHHON IOUYTHI U TENe(OHBI IS CBSI3H.

1.2. Ha anexTpoHHOM HOCHTENE B OTACHBHEIX (haiinax (CD-DVD muck wnu ¢uemni-kapTa): JNeKTpOHHBIN Bapu-
aHT PYKOIIMCH B TEKCTOBOM pemaktope Word (HaszBanme ¢aiina: «®ammmmsa M.0. crates»); CeeneHus o0 aBTo-
pe (Ha3Banwue ¢aiina: «Pamunus_1.0. cBeneHus o0 aBTope»).

1.3. OT3BIB HayYHOTO PYKOBOJMTEJS (JUIl acIMPAHTOB, aJbIOHKTOB M couckareinei). IloamumceiBaercst Hayd-
HBIM PYKOBOJIUTEIIEM COOCTBEHHOPYYHO.

1.4. PenieH3usicrieniManncTa B JTaHHOW HAyYHOU cdepe, NMEIOIIEro YUYeHYI0 CTeneHb. [1oamuch peleH3eHTa
JIOJDKHA OBITH 3aBepeHa COOTBETCTBYIONIEH KaJPOBOH CTPYKTYpOo (pereHs3 sl JOJKHA OBITh BHEITHEH 10 OTHOIICHHIO
K Kaeape Wi IpyroMy CTPYKTypHOMY IOJIpa3IeNeHUI0, B KOTOPOM paboTaeT aBTop).

1.5. DxcnepTHOE 3aKiodeHne (JUII TEXHUYIECKUX HayK). Bo BCeX MHCTUTYTax CO3JaHbI SKCIIEPTHRIE KOMICCHH,
KOTOPBIE MTOIMUCHIBAIOT SKCIEPTHBHIE 3aKIIOUSHHS O BO3MOYKHOCTH OITyOJIMKOBAHNS CTaTHH B OTKPBITOH MeYaTH.

2. CTatbs JOJIKHA COAEPKATH CIEYIONINE SJIEMEHTHI 0()OPMIICHUS:

uanekc Y /K (Ha pyccKOM M aHTIIUICKOM SI3BIKAX);

(haMIITHFO, MM, OTYECTBO aBTOPA (aBTOPOB) (MMs M OTYECTBO TIOJHOCTHIO) (Ha PYCCKOM M aHTJIMICKOM SI3BIKAX);

Ha3BaHUe; (Ha pyCCKOM M aHTJIMHCKOM SI3bIKAX);

MecTo paboThI aBTOpa (aBTOPOB) (B CKOOKAaX B IMEHHUTEJILHOM MaJiee) (Ha pyCCKOM M aHIJIMHCKOM SI3bIKaX);

KpaTKyl0 aHHOTALlMIO COAEpKaHus pykonucHu (3—4 cTpoUKH, HE JOJDKHBI TOBTOPSTH Ha3BaHUE) (HA PyCCKOM U
AHTTMHACKOM SI3bIKaX);

CIIMICOK KJTFOUEBBIX CJIOB WIIM CJIIOBOCOYETaHUH (5—7) (Ha pyCCKOM M aHTIMHCKOM S3BIKaX);

B KOHIIE CTaThH pedepaT Ha aHIIINIICKOM SI3BIKE;

3. OdopmireHre puCyHKOB, (GOpMyIT U TaOJIHII:

PucyHnku u TabauIbI BCTABISIIOTCS B TEKCTE B HYX)HOE MecTo. CCBUIKH B TEKCTE Ha TaOJMIBI M PUCYHKH 005-
3aTeNbHbL. 3a Ka4eCTBO PUCYHKOB WM (oTorpaduii peraknus OTBETCTBEHHOCTH HE HECET.

3.1. Oopmnenue pucyHkoB (TpaMKOB, JHarpaMMm):

BCE HA/IIMCU HA PUCYHKAX JOJDKHBI YUTAThCSL;
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PUCYHKH JTOJDKHBI OBITH OQ)OPMIICHBI C YI€TOM OCOOCHHOCTH YepHO-0eoi meyaT (peKOMEHIYEeTCsI UCTIONb30-
BaTh B KaYeCTBE 3aJIMBKU Pa3JIMuHbIE BUJBI INTPUXOBKH M y30pOB, B rpaMiKax pa3iIMdYHbIe BHIbI JIMHUI — ITyHKTHP-
HBIE, CIUIOIIHBIE U T. J., Pa3HOE 0(OPMIIEHHE TOYEK, 110 KOTOPBIM CTPOHUTCS TpaduK — KPYI)KOUKH, KBaJPAThl, POMOBI,
TPEYroJbHUKH); LIBETHBIE ¥ MOJIYTOHOBBIE PUCYHKH HCKITIOYAIOTCS;

PHMCYHKH JOJDKHBI YUTATHCS OTJENIBHO OT TEKCTa, HOITOMY OCH JOJDKHBI IMETh Ha3BaHUE M €IMHHULIEI I3MEPEHNS;

pucyHkH HyMmepytorcs: cauzy (Pucynok 1 — Ha3Banue) m BINOJNHAIOTCA B rpaduueckoM pexakrope 10 ker-
JeM (mpudpTom).

3.2. Oopmienne popmyst: GopMyITBI BBIIONHSAOTCS B Tporpamme pemaktop Gopmyn MathType; 12 mpudrom,
BBIPAaBHUBAIOTCS 10 ICHTPY, HX HOMEPA CTABSITCS IIPU TIOMOIIH Ta0yIATOpa B KPYIJIBIX CKOOKAX IO IIPAaBOMY KParo.

3.3. OdopmiteHre TaOMUIl: TAaOIUIBI TOJDKHEI UMETh Ha3BaHue. Tabdauubl HymepyroTcs cBepxy (Tabmuma 1 —
Hazpanue) u Bemonasorcs 10 keraem (pugTom), MeXITyCTPOUHOE PACCTOSHUE — OJHMHAPHOE.

4. bubmorpadrdeckuii crucok.PasMermaercs B KOHIIE cTaThi. B HEM MepedncIroTes Bce NCTOYHMKH, Ha KOTOPBIE
CCBLIACTCS aBTOP, C MOJHBIM OuOIHorpadmueckiM ammnapatom usaanus (B coorsercteuu ¢ OCTP 7.0.5-2008).

5. ABTOpCKOE BU3UPOBaHHUE!

ABTOP HECCT OTBETCTBEHHOCTH 34 TOYHOCTH INMPUBOAUMBIX B €TI0 PYKOIHNCHU CBe}IeHHﬁ, OUTaT U NpaBUIBHOCTH
YKa3aHus Ha3BaHUU KHUT B CIIUCKE JIATEPATYPHI;

aBTOp Ha mocieaHeil crpanuie numeT: «O0beM CTaThbH COCTABISET ... (yKa3aTh KOJMYECTBO CTPAHHII)», CTa-
BUT JaTy U NOANKCH.

Anpec penakuun: T. [Taturopck, yiu. 40 net Oxta6ps, 56

CraTbh¥ ¢ KOMIUIEKTOM JOKYMEHTOB B >KypHan «CoBpeMeHHas HayKa 1 HHHOBAIlW» CIaBaTh:
r. [Taturopck, yi. 40 et OxTsa0ps, 56, kabd. Ne 45 OITO HUP,

OTBETCTBEHHOMY CeKpeTapio xypHana: Opobunckoit Banepun Hukonaesae

Kounrakrusie Tenedonni: (8793)33-34-21; 8-928-351-93-25
e-mail:nauka-pf@yndex.ru, orobinskaya.val@yandex.ru

Bbinyck 1, 2021 163


mailto:nauka-pf@yndex.ru
mailto:orobinskaya.val@yandex.ru

HayuHoe usnanue

COBPEMEHHAS HAYKA
n
NMHHOBAIIUU

HayuyHblil 5kypHaa

Boimyck Nel (33), 2021

HayuHoe pepakTHpoBaHHe, IPOBEPKa CTaTel Ha aHTHUILIArkHaT pyOpUKH
«Texunueckue Haykn» — B.H.OpobOunckast
[epeBon aHHOTANNIT, KITFOUEBBIX CIIOB, pedepaToB Ha aHTIHHCKUIT 361K — E.B. Tanann
Koppekruposka texcra — J{.A.Baptymsin

TToamucano B meuarts 27.03.2021 Brixon B ceer 03.04.2021
dopmat 200x280 Yen. neu. 1. 21,97
odceTHas
[evaTs odcerHast. Tupax 500 3k3.
Ne

bymara

3aka3

OTmneyataHo ¢ TOTOBOTO OPUTMHAI-MAKeTa, IPECTaBICHHOT0 aBTOPaMU,B THIIOTpaduu

OT'AOY BO«Cesepo-Kaskasckuii penepanpubiii yausepcuter»pumnana CKOY B r. [lsturopcke

357500, CraBpononbckuii kpaif, r. [Iaturopck,
yi. Oxts6pbekast / mp. 40 et Oxrsiopst, 38/90.
Ten. 8(8793) 97-32-38

164 Bbinyck 1, 2021



