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CREATION OF A COLLECTION OF REPRESENTATIVE CULTURES
OF MICROORGANISMS OF TASHKENT BIOTOPES BASED
ON A SURVEY OF THE INFLUENCE OF ANTHROPOGENIC LOAD
ON THE MICROBIOME OF THE URBAN ENVIRONMENT

Abstract. A microbiological survey of the snow cover in Tashkent was conducted. The
chemical and microbiological parameters of samples with varying degrees of contamination
were determined. Itwas demonstrated that contaminated samples exhibited higher microbial
colonization compared to uncontaminated ones. The microbiological examination of the
Chirchik River basin in Tashkent and the Tashkent region revealed the presence of a total
number of microorganisms reaching up to 6.0x103 including up to 1.0x102 coliform bacteria.
The microbiological analysis of soil samples from roadside areas and recreational zones in
Tashkent indicated a diversity of identified microbiocenoses, which significantly influence
their activity and development in the context of impending urbanization. The microbiological
survey highlighted changes in the qualitative composition of soil microbiocenoses in
the city, particularly those located at short distances from transport systems. The most
representative cultures from the roadside and recreational zones of Tashkent have been
identified and characterized, along with their physiological and biochemical indicators. These
microorganisms have been classified down to the species level based on morphological
features and certain physiological-biochemical characteristics, with confirmation provided
through Maldi Tof analysis. A collection has been established comprising the most
representative strains of microorganisms from various ecosystems in Tashkent and the
Tashkent region, which includes 23 strains of bacteria, 2 strains of actinomycetes, and 3
strains of microscopic fungi, all possessing significant industrial value. This collection may
serve as a valuable resource for the study and further utilization of these microorganisms.
Keywords: biodiversity, bacterial community, temperature, urban river network, urban soils,
snow cover microbiome, anthropogenic impact.

Introduction. Urban soil represents a unique ecosystem in which various micro-
organisms, including bacteria, fungi, and archaea, interact. Research indicates that
urban conditions can significantly influence the structure of microbial communities,
their functions, and biodiversity. Anthropogenic factors, such as pollution, urban de-
velopment, and waste management systems, have a profound impact on microbi-
al species. For instance, studies demonstrate that intense pollution can lead to a
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reduction in species diversity and alterations in community structure [1]. In urban
soil fulfill crucial roles, such as the decomposition of organic matter and the main-
tenance of nutrient cycling. Their diversity is linked to soil health and the resilience
of the urban ecosystem. Investigating microorganisms in urban environments con-
tributes to the development of strategies for ecosystem restoration and enhancing
resilience in the face of global changes [2].

Urban rivers are typically subject to significant pollution, which impacts the
biodiversity of microorganisms. Hydrological changes and anthropogenic factors,
such as wastewater and precipitation, lead to alterations in the composition of
microorganisms within these rivers. For instance, studies indicate that pollution
may result in the dominance of pathogenic microorganisms [3]. The functional
structure of microbial communities in rivers is determined by the availability of
resources and the level of pollution. Certain groups of microorganisms may exhibit
heightened sensitivity to environmental changes, reflecting the overall state of the
ecosystem [4]. Microorganisms in rivers play a critical role in processes such as
biodegradation, transformation of organic matter, and nutrient assimilation. These
processes are vital for maintaining the health of ecosystems [5].

Uzbekistan is currently undergoing a rapid process of urbanization. In this con-
text, significant attention should be devoted to the study of urban biodiversity, as
the investigation of the above-ground biodiversity of cities will provide individuals
with a foundation for understanding the impact of urbanization on biodiversity. On
one hand, the study of urban biodiversity plays a positive role in understanding and
conserving biodiversity; on the other hand, it provides a theoretical basis for the
development of urban ecology. Urbanization is one of the primary causes of biodi-
versity loss and homogenization; however, due to the functional diversity of microor-
ganisms and the complexity of the urban environment, the influence of urbanization
on the microbial diversity of various ecological niches requires detailed research.

The study of the spatial distribution and characteristics of bacteria that are resil-
ient to changing urban environmental conditions in urban soils allows for an inves-
tigation into the role of soil microbial diversity in the enhancement of urban areas
and the maintenance of urban soil. Furthermore, it serves as a valuable resource
for the isolation and characterization of microorganisms with unique properties. The
research in this area will facilitate the establishment of a foundation for the future ap-
plication of the microorganisms within the created collection as biopreparations for
various needs. The abundance and diversity of the planet's inhabitants correspond
to the variety of ecological niches in biogeocoenoses. Millions of biological species
represent a fundamental resource and the basis for the resilience (homeostasis) of
the biosphere. The species diversity of microorganisms is a primary characteristic of
the structure and properties of ecosystems.

The conservation of biodiversity, including microbial biodiversity, is an urgent
task of contemporary relevance. This is particularly pressing given that anthro-
pogenic impacts on natural ecosystems have led to the extinction of numerous
species and alterations in the structural indicators of microbial biocenoses, result-
ing in their further transformation. This process has accelerated catastrophically
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in the 20th century, leading to a loss of resilience in individual ecosystems and in
the biosphere as a whole. This underscores the importance of understanding and
preserving the biodiversity of microorganisms within urban ecosystems.
Research Methods. The subjects of the study consisted of samples collect-
ed from various ecotopes in Tashkent, including soil, show cover, rainwater, and
the waters of the Chirchik River. Soil samples were collected in accordance with
GOST 17.4.4.02-84 standards. The collection of water samples for microbiological
analysis was conducted following GOST 31942-2012 standards. The study of soil
samples was conducted to identify ecological-trophic groups of microorganisms
(ETGMSs), utilizing dilution methods on diagnostic culture media such as MPA,
Chapek, Sabouraud, KAA; Ashby; Endo, and Giltay. The colonies that developed
were subsequently subcultured onto appropriate media and then purified. The re-
sulting pure cultures were identified using physiological-biochemical and morpho-
logical criteria [6]. The taxonomic identification at the genus level was performed
according to the Bergey's manual of determinative bacteriology [1997]. The genus
affiliation of micromycetes was determined based on morphological and cultural
characteristics [7]. Species identification was carried out using the MALDI-TOF
method and molecular-genetic analysis based on 16S rRNA sequencing.
Results. The snow cover, characterized by high sorptive capacity, appears to be
the most informative object for detecting anthropogenic pollution not only in atmos-
pheric precipitation but also in atmospheric air, as well as in the subsequent contam-
ination of water and soil. Given the significance of urban ecological issues, this ex-
perimental study investigates the snow cover of Tashkent, with the aim of identifying
its microbiological composition and the characteristics of chemical pollution against
the backdrop of its ecological-geochemical condition. For the analyses, three zones
of Tashkent were identified, each exhibiting different levels of anthropogenic impact:
Sidewalks - influenced by human activity,
Roadways, Untouched samples (pristine snow in a garden) (Table 1).

Table 1 - Microbiological Analysis and Characteristics of Snow Samples in Tashkent

% S
Coordinates of the snow $ g
Qo >S5
sampling locaton tac  PH MPa = Endo S KAA
] @
n
41019,27.38,N 7,5 CFU/ 2 CFU/
1 eomsssse A0 40 mL 27xi01 - mL -
41019,28.19,N
2 690153335 -9,0 4,0 3,3x105 1,5x105 8,5x101 5x102 6,45x102
3 4101921.4"N 6.0 4.0 3,5 CFU/ 1.3x101 ) 1CFU/ )

6901540.31"E mL mL
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Analyzing the microbial composition of snow cover samples, it is important
to note that the indicators exhibit significant variability. The results obtained indi-
cate that the sampling location has a profound impact on both the qualitative and
quantitative composition of the microbiota. The maximum diversity of microorgan-
isms was observed in samples taken from the roadside, where their concentra-
tion reached up to 1015 CFU/mI. In contrast, in cleaner locations, the concentra-
tion of microbial cells was considerably lower, not exceeding 10/11-10/12 CFU/ml
(Table 1).

It is known that high anthropogenic load poses a potential threat to water qual-
ity and disrupts conditions for water use, increasing the risk of intestinal infections
and intoxications among the population due to the influx of wastewater containing
pathogenic microorganisms, pesticides, heavy metals, and other pollutants. The
ecological situation in the Republic of Uzbekistan in recent years has emerged as a
problem of regional and national significance, which is significantly reflected in the
condition of natural water bodies in the city of Tashkent, particularly the Chirchik
River - the primary watercourse of the city that serves as a source for domestic,
drinking, and recreational water use for the population. The Chirchik River is clas-
sified as fresh surface flowing water. A substantial discharge of pollutants into the
surrounding natural environment through wastewater is primarily attributed to the
ineffective operation of wastewater treatment facilities, exacerbated by the overall
ecological conditions. Samples were collected along the course ofthe Chirchik River
as it flows through Tashkent: Sample 1 (the channel bed of the Anhor Canal, near
the Monument to Courage); Sample 2 (the bed of the Chirchik River, in the industrial
zone of Sergeli); Sample 3 (the bed of the Chirchik River, at the Gazalkent hydro
junction); Sample 4 (the pond in the Chirchik Forestry). According to the results of
the study on the water from the Chirchik River, microorganisms belonging to all ex-
amined groups were identified, except for sulfate-reducing bacteria (Table 2).

Table 2 - Microbiological Analysis of Water from the Chirchik River, Tashkent

Coordinates of the

sampling location t, C pH MPa Endo MPB Giltay

Chapek
Postgate

4,5
41019'25.26"N !
1 69016'16.18"E +14,0 6,0 1,25x104 CFU/ 2,5x102 2,5x102 0,5x101 -

mL
41011'09.87"N
2 69014'56 12"E +19,0 5,0 1,16x105 1,0x102 6,0x103 6,0x101 - R
41®4'53.38"N 1 CFU/
3 6908521 42"E +17,0 6,0 3,45x103 4,0x101 2,5x102 6,0x101 mL R
41®2'36.33"N
4 69129 26"E +23,0 5,0 6,15x104 - 2,5x103 - - -
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Analyzing the data obtained from the microbiological examination of soil sam-
ples in Tashkent, which have been subjected to varying degrees of anthropogenic
impact, it has been revealed that the microbial communities in the investigated
samples exhibit a number of distinct characteristics. Compared to the soils in park
areas (samples 3, 4, 5, 7), the roadside urban soils (samples 1, 2, 6) showed a
reduced content of fungal mycelium, which are the primary soil-forming organisms
responsible for the decomposition of organic matter (Table 3).

Table 3 - Microbiological Analysis of Soils in the Territory of Tashkent

4 : : 3 = o
£ g o < @ 2. s 5 2
5% = = g © B £ s =
fsY € 55 £ £5 = é £
= ]
o= a o z @ g = E
1 - 1,3x103  3,9x106 2,5x103 101  5,9x105 - 101
2 101 2,0x104  3,1x106 - 2,5x101 1,35x106 5,2x104  2,5x102
3 - 6,0x102  6,1x106 2,5x103 2,5x101 8,2x105 3,2x104 2,5x103
4 6,0x101 1,3x104  8,1x106 - 2,5x101 1,22x106 7,0x104 -
5 - 2,5x102  1,15x106 2,5x103 101  4,4x105 3,2x104 2,5x102
6 - 6,0x102 5,35x106 2,5x103 - 3,6x106 3,6x105 2,5x103
7 15101  6,0x101 3,75x106 - 101 6,7x105 1,8x105 5,0x103

At the same time, the conditions for plant growth deteriorate. A decrease in
cellulolytic microorganisms has been observed in roadside soils compared to soils
in recreational areas, which possess a higher plant biomass, in accordance with
the data provided by the authors [8-11]. As a result of the survey of the eco-niches
in Tashkent, a collection of the most representative species of microorganisms
has been established, which may serve as a valuable resource for the study and
further utilization of the obtained strains (Table 4).

Table 4 - Brief Characteristics of Representative Microorganism Species in the
Ecosystem of Tashkent City

Location

Strain  and Date Biotechnological

Brief Description Photo

Name  of Isola- Potential
tion
N
S One of the most
N . significant bac-
= Gram-positive me- L
. S . . teria in the pro-
Bacillus @ sophilic bacterium, . .
- - - . duction of indus-
1 licheni- $ measuring 2-3 . h
. - trial enzymes
formis = The optimal growth ) )
by ’ o - alkaline serine
~ temperature is +50°C.
= protease and al-
'c_(@ pha-amylase.
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Bacillus
simplex

Bacillus
cereus

Pantoea
agglom-
erans

Serratia
marc-
escens

Listeria
grayi

Stenotro-
phomon-
as malto-
philia

Tashkent c., soail,
2022

2022

Tashkent c., sail,

Tashkent c., sail,
2022

. Tashkent c., soil,
Tashkent c., soil, 2022 2022

Tashkent c., soil,
2022

HoBocTMK Haykn KasaxcTaHa.

Gram-variable, motile,
spore-forming rod-
shaped bacterium,
with a diameter of 0.7-
0.9 pm. The optimal
growth temperature is
25-37°

Gram-positive motile
spore-forming rod,
measuring 1x3-4 pm.
Chemoorganotrophic.
The optimal tempera-
ture is 30-32°C.

Gram-negative motile
aerobic bacterium,
measuring 0.5-1x1-

3 pm. The optimal
growth temperature is
28-30°C.

Straight, motile (per-
itrichous) Gram-neg-
ative rods measuring
0.9-2.0 by 0.5-0.8
pm. The optimal
growth temperature
ranges from 25 to
30°C.

Gram-positive,
non-spore-forming,
non-hemolytic, faculta-
tively anaerobic, motile
bacteria measuring
0.4-0.5 by 0.5-2.0
pm. The temperature
range for growth is
from +3 to +45°C.

LL]
LL]
LL]

Motile, Gram-negative
rod-shaped bacte-

ria measuring 0.4-0.7
by 0.7-1.8 pm. The
optimal growth tem-
perature is between
32 and 35°C.
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Possesses the
potential to
enhance crop
yield and plant
growth.

Indicator test
organism for the
food industry.

Competitor of
phytopatho-
gens, antibiotic
producer; cer-
tain products
may serve as
preservatives.

Exhibits antimi-
crobial proper-
ties due to the

pigment prodi-

giosin.

Not considered
a pathogen for
humans and
animals.

Acts as a growth
stimulator for
tomatoes under
salt stress con-
ditions.
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10

12

13

Achro-
mobacter
piechau-
dii

Bacillus
mycoides

Pseudo-
monas
putida

Pseudo-
monas
trivialis

Pseudo-
monas
stutzeri

Bacillus
sp. [4]
Ccicc
23999-
cicc

Tashkent c., sail,
2022

Tashkent c., soil,
2022

Tashkent c., soil, 2022

Tashkent c., soil,
2022

Tashkent c., soil, 2022

er, 2023

Tashkent c., snow cov-

Rod-shaped, motile,
aerobic Gram-negative
bacteria measuring
0.8-1.2 by 2.5-3.0
pm. The optimal
growth temperature is
between 30 and 35°C.

Gram-positive,
non-motile rods mea-
suring 1.0—.2 by
3.0-5.0 pm. The
temperature range for
growth is from +10 to
+40°C.

Gram-negative motile
rods, occurring in
pairs, measuring 0.2-
0.6 pm, aerobic, ca-
pable of producing the
pigment pyoverdine.
The optimal growth
temperature ranges
from 28 to 30°C.

A fluorescent
gram-negative meso-
philic motile bacterium,
with dimensions of 0.8
x 1.6-3.3 pm. The op-
timal growth tempera-
ture is between 28 and
37°C.

A gram-negative
non-spore-forming
rod-shaped bacterium,
typically measuring
1-3 pm in length and
0.5-0.8 pm in width.
The optimal growth
temperature is be-
tween 30 and 32°C.

Straight rods with
rounded ends, weakly
motile, measuring
1-1.23-10 pm, occur-
ring in chains of 1-2,
with chains extending
up to 7. Gram-positive

12

Promotes plant
growth through
the production
of indole-3-ace-
tic acid (IAA)
and ACC deam-
inase.

Considered

as an active
ingredient in
plant protection
products.

Can be utilized
as a biodestruc-
tor of oil and
polystyrene.

Acts as a plant
growth stimu-
lant.

Capable of re-
ducing metals
and degrading
hydrocarbons.

Grows well at
45°C. Capable
of producing
thermostable
esterase.
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The organism is char-
acterized by straight

rods measuring 0.7-

0.8 uw in diameter. It
is gram-variable, with
motile single cells and
non-motile cells when

This organism
exhibits resis-

Tashkent c., snow cover, 2023

is gram-positive, with
an optimal growth tem-
perature of +37°C.

Bacillus ; . tance to 15%
- arranged in chains.
muralis NaCl concen-
The endospores are tration and is an
ellipsoidal in shape indole producer
and are positioned P ’
centrally or paracental-
ly. The optimal growth
temperature ranges
from +20 to +30°C.
= This is a non-motile
% o grar_n-negative cocco-
N
Psychro- S g gafrugs'b;ng&iirg]g It is known to
15 bacter im- = .- o o produce lipase
o S © uw. The temperature
mobilis 2> and esterase.
=g range for growth
@ spans from -10 to —
= +42°C.
The organism con-
Q sists of small straight
o .
Y rods (approximately This organism
oy 0.7 yuw) with rounded :
9] ) produces gib-
] ends, typically found berellins and
] E alone or in pairs, and . .
Bacillus = . indole-3-acetic
16 umilus € less frequently in acid (IAA) and
P : chains. Spore forma- .
o ; . is capable of
2 tion occurs according phosphate solu-
5 :
< to the bacillary type. It bilization.
%]
©
'_

13
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18

19

20

21

Pseudo-
monas
chlorora-
phis

Staphy-
lococcus
hominis

Bacillus
subtilis

Acine-
tobacter
johnsonii

Pseudo-
monas
putida

Tashkent Region,
mountain river water,

Tashkent Region,
Chirchik River water,

Tashkent Region,
Chirchik River water,

Tashkent Region, moun-

Tashkent Region, mountain

tain river water, 2023

soil, 2023

2023

2023

2023

This organism features
motile rods with polar
flagella, measuring
1-1.5 by 1.5-2.5 pm,
exhibiting greenish
fluorescence. The op-
timal growth tempera-
ture is +28°C.

Gram-positive cocci,
typically measuring
between 1.2to 1.4 pm
in diameter. The op-
timal temperature for
growth ranges from 30
to 37°C.

A species of
gram-positive
spore-forming aerobic
bacteria, measuring
0.7x2-8 pm. The
temperature range for
growth is from 5°C to
45°C.

Gram-negative short,
plump rods measuring
1.0-1.5x1.5-2.5 pm.
The optimal tempera-
ture for growth is be-
tween 33 to 35°C.

Gram-negative motile
non-spore-forming
single rods measuring
0.2-0.3x0.5-0.8 pm.
The optimal tem-
perature for growth is
30°C.
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It is known to
produce antibi-
otics and serves
as a biodestruc-
tor of organic
compounds,
making it suit-
able for phy-
toremediation of
soils.

They may cause
infections in
patients with
compromised
immune sys-
tems.

It can act as an
antagonist to
pathogens and
is capable of
producing an-
tibiotics, amino
acids, vitamins,
and other sub-
stances.

It can be utilized
for the degra-
dation of pesti-
cides.

It is applied in
bioremediation
and as a biode-
grader of petro-
leum products.
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c 2 Gram-positive,
Y .
S S non-motile rods that
D = ;
Lac_to o Ag i often fo!'m chains, A broad-spec-
22 bacillus 2 o mMmeasuring 0.8-1.0 x trum probiotic
murinus 2 x Y 2.0-4.0 yw. The op- P :
% ‘S timal temperature for
[t S growth is +30°C.
S g Gram-negative, strictly
. S = aerobic, non-motile
Acine- o O m - They may be
tobacter =25 FOCCObaC'”" measur- responsible for
23 . 2 X« ing 1.0-1.5x 1.5-2.5 L
bohemic- g x - : various infec-
L= § uw. The optimal tem- .
us =052 . tious processes.
@ = perature for growth is
S8 +25-32°C.
o Colony color is green,
q with smooth colony They play a key
N edges; conidia are role in microbial
Tricho- 3 subglobose to ovoid /\zommunities
o derma w in shape, measuring nd are utilized
afrohar- ° 3.1-3.4 yw. The shape in various fields
zianum S of the phialide ranges of agriculture
< from lageniform to am- and biotechnol-
E pulliform, measuring ogy.
3.9-7.2 uw.

Conclusion and Recommendations. Thus, the issue of maintaining and
protecting microbial diversity within urban ecosystems presents significant
challenges that require attention. These include: the impact of anthropogenic
factors and ecological changes on the multifunctionality of the microbial ecosys-
tem, the relationship between microbial diversity and human health, as well as
the potential for utilizing the valuable properties of microorganisms for human
needs. It is particularly noteworthy to emphasize the efforts directed towards
isolating the most representative cultures, determining their biotechnological
potential, and establishing a collection of the most representative species of
microorganisms from various ecosystems in Tashkent and the Tashkent region.
This collection comprises 23 strains of bacteria, 2 strains of actinomycetes,
and 3 strains of microscopic fungi. All isolated microorganisms possess spe-
cific industrial significance, which can serve as a valuable resource for further
study and eventual application of the obtained microorganisms.

Scope of Research Application. The collection of the most representative
species of microorganisms, created as a result of the survey of various ecosys-
tems in Tashkent, can serve as a valuable resource for studying and further utiliz-
ing the obtained strains across various sectors. It may also provide a significant
source for the development of biopreparations with a broad spectrum of action.
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ZanHnTguHoBa /1.4, NasyTuH H.A.] XypaeBa P.H.], Xerawn T.B.]
Oprawes P.B.1

1936ekcTaH Pecny6nukackl FbmbiM akageMnsacbiHbIL, MUKPOBMONOTUANHCTUTYThI, TaLlIKEHTK.,
B36eKcTaH

KANANBIK OPTAHbL, MMUKPOBVMOMbBIHA AHTPOMOINEHA1K XYKTEMEHLL,
OCEP1H 3EPTTEY HEMS31HAE TAWKEHT KAJIACbl MWKPOOPIAHN3M-
AEP1HLW, T1PW1I1K OPTACBIHbLW, TAHbICTbIPMANDBI AAKbINAAPBIHbIH
KONNEKUUWACBHIH XXACAY

TywHaeme. TallkeHT KanacblHA4a Kap XaMblrbiCbiHA MUKPOOUONOTMASMBLIK TEKCEPY XYp-
n3TAr JlactaHy gapexec apTYpAi CbiHamanapabil, XUMUANbIK X3HE MUKPOOMONOrMAbIK
KepceTkilTepi aHblKTandpl. J/lactaHraH cblHamanapgbil, Tasa yannepMeH canbiCTbipraHja
MUKPOOTLIK TO3aLAaHybl Xorapbl eKeHAT KepceTTreH. Ynpumk e3eLlHL) apHachbiH, TallkeHT
KanachblH XaHe TallKeHT 06/bICbIH MUKPOBMONOrnanbik 3epTrey 6,0x1034€elH, OHbIL blHae
1,0x1026rkn gewH E. coli To6bIHbIL, 6akTepusnapbiHbIL, 6ap ekewH kepceTTr TallkeHT Kana-
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CbIHbIL, )0/ GolbiHAArbl ayMakTapbl MEH pekpeauusibik aiiMakTapbiHbIL, TOMbIpak yanaepb
He XXYpPN3TreH MUKPOBMONOruaAnbIK 3epTTey HaTuxeciHae onapably, 6enceHainiri MeH gambin
Kene xaTkaH yp6aHoreHesferi famyblH aHbIKTAWTbIH aHblKTanraH MUKpobuoLeHo3fapabiL,
anyaH TYpniniri aHbikTanabl. MUKPOGUONOTUSNbIK 3epTTey Kana TonblpakTapbliHbIL, acipece
KBAiK XylienepbleH KbiCka KallbIKTbIKTa OpHasackaH MUKPO6MOLLeHO3AapbIHbIL cananbik Ky-
paMblHbIL, B3repyiH aHblkTagbl. TalKeHT KanacbliHbIL, X0/ 60bIHAArb] X3HE pekpeaLlussbIK
aliMakTapblHbIL, HErypsibiM TaHbICTbIpMasbl Aakbligapbl alikblHAAMbIN, cunaTTangbl XaHe
onapgbiy, h310N0rUsbIK-6MOXMMUSIBIK KepceTKiLTepi aHblkTanabl. Byn MukpoopraHusm-
nep MopdoNornsanbik XaHe Kenbip oM3nonornsnbik-6MoXnumMmanblk 6ennn” 6olibiHwa Ty-
piHe peliiH aHbikTangbl xaHe Maldi Tof TangaybimeH pacTangbl. TawkeHT kanacbl MeH Tall-
KEHT 06/1bICbIHAArbl 3pTYP/i 3KOHWL MUKPOOPraHn3MAepLIL, el TaHbiMan Typaepbluy xuHa-
bl KYpbINAbl, OHbIL, iWiHAe 6akTepusanapbiy, 23 WTaMMbl, akKTUHOMULETTEPAL, 2 WTaMMbl
X3HEe MUKPOCKOMNUAMbIK caublpaykynakrapabiy 3 wrammbel 6ap. Onap 6enr” 61p BHAIPICTIK
KYHAbINbIKKA Ue, COHAbIKTaH asiblHfaH MUKPOOpraHu3mMAaepai 3epTTey XaHe ofaH 3pl naiga-
naHy YWiH KyHAbl Aepekka3 6ona anagbl.

TYWMin cezgep: 6MoapTYpninik, 6aKkTepusnbik kaybiMAAcTbIK, TeMnepaTypa, Kanasblk aseH
Xenici, kananblk TONbIPak, Kap XaMbl/rbICbIHbIL, MUKPOOMOMbI, aHTPONOreHAiK acep.

ZanHnTguHoBa J/1.1.1, NasyTuH H.A.l XypaeBa P.H.], Xerawn T.B.]
Oprawes P.B.1
"MHCTNTYT Mukpobuonorun AH PY3, r. TalkeHT, Y3b6ekncrtaH

CO340AHVNE KONNEKUMW MPEACTABUTE/NIbHBIX KY/IBTYP MUKPOOPTA-
HN3MOB BNOTOIIOB I'. TALUKEHTA HA BA3E OBC/IEAOBAHNA BIMAHNA
AHTPOMOIEHHOW HATPY3K/ HA MUKPOBKVOM FOPO,EI,CKOI/I CPEAbI
AHHOTauus. [poBegeHo Mukpobuonoruyeckoe obcnefoBaHMe CHEXHOTO MNOKpoBa B
r. TawkeHT. OnpejeneHbl XMMUYeckme 1 MMKPO6Moornyeckme nokasarenn npoé ¢ pasnmy-
HOI CTeneHblo 3arpsisHeHnii. MNokasaHo, YTO 3arpsi3HeHHble Npobbl MMET 6osblliee MUKPOO6-
Hoe obcemeHeHMe, NO CPpaBHEHWIO € YMCTbiMK. Mukpobuonornyeckoe obcnefoBaHve pycna
p. Unpuuk, r. TawkeHT u TalKeHTCKOV 06n1acTu nokasano NpucyTcTBMe O6LLEero Yucna Mu-
KPOOpraHnm3amos B HUX A0 6,0x103 B Tom uncne go 1,0x102BTKM. MNpoBefeHHbIe MUKPOGUO-
nornyeckoe ob6cnefosaHne uccrnefyemMbix 06pasLoB MOYBbI NPUAOPOXHBLIX TEPPUTOPUIA ©
pekpeaunoHHbIX 30H . TallkeHTa nokasanu pasHoobpasme BbiSiB/IEHHbIX MUKPOOUOLIEHO30B,
KOTOpble BO MHOTOM OMpefensioT UX akTUBHOCTb W pa3BuTMe B HacTynawlem ypbaHore-
Hese. Mukpobuonornyeckoe o6cnefoBaHe BbISIBUIO W3MEHEHVE KayeCTBEHHOro cocTaBsa
MUKPOGMOLLEHO30B MOYB rOpoAa, OCOBEHHO PAaCMOIOKEHHbIX Ha HE6OMbLUNX PACCTOSAHUAX
OT TPaAHCNOPTHbIX CUCTEM. BblfeneHbl N oxapakTepusoBaHbl Hambonee npefcrasuTesbHble
KyNbTypbl NPUAOPOXHbIX N PEKPEaLMOHHbIX 30H I. TallkeHTa M yCTaHOB/EeHbl X (U3M0/0-
ro-6moxmmmuyeckne nokasatenun. [laHHole MUKPOOPraHu3mbl onpefesieHbl A0 BULOBONW Mnpu-
Ha1eXHOCTN MO MOPCHO/IOTMUECKUM U HEKOTOPbLIM (PU3K1O0N0r0-6MOXMMUYECKUM NPU3HAKaM
1 noaTBepxaeHbl aHanmsom Maldi Tof. CosgaHa konnekuus Hanbonee npefcTaBUTesbHbIX
BW0B MUKPOOPraHW3mMOB Pas3/iMuHbIX 9KOHMLL T. TallkeHT v TallKeHTCKOW 061acTu, BKIOYa-
owan 23 wramma 6aktepuii, 2 WTaMma aKTMHOMULLETOB U 3 WTamma MUKPOCKOMUYECKUX
rpuboB, VMeKLWNX onpefenéHHy0 MPOMbILLIEHHYIO LEHHOCTb, KOTOpasi MOXeT CNYyXWUTb
LieHHbIM UCTOYHMKOM A1 M3YYeHUS U JasibHelLlero MCrnosib30BaHus NOJyYEHHbIX MUKPO-
OopraHnM3mosB.

KntoueBble cnosa: 6uopasHoobpasune, bGakrepuasibHoe CO06LECTBO, Temneparypa, ro-
poackasi peyHas ceTb, FOPOJACKAE MOYBbl, MUKPOBUOM CHEXHOrO MOKPOBA, aHTPOMOreHHoe
BO34elicTBUeE.
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NEPEBO/ CTATbW / MAKANAHBLL AYOJAPMACHI

3aHnTanHoBa J1.1.1 NasyTwuH H.A.L XypaeBa P.H.1 Xeraii T.B.]
Oprawes P.B.1
"MHCTNTYT Mukpobuonorun AH PY3, 1. TalkeHT, Y3b6ekncrtan

CO3JAHUNE KONNEKLUN MPEACTABUTENbHBIX KYNIbTYP
MWKPOOPIAHV3MOB BMOTOMOB I. TALUKEHTA HA BA3E
OBCNEAOBAHWSA BANAHNA AHTPOMOIMEHHOW HAMPY3KN HA
MWKPOBMOM FOPO/ICKOW CPEABI

AHHOTauus. [posegeHo Mukpobuonornyeckoe obcnefoBaHMe CHEXHOro MNOKposa B
r. TawkeHT. OnpeAeneHbl XMMUYecKme N MUKPOBGMOOrMYecke nokasarenn npobé ¢ pasnny-
HOI CTeneHblo 3arpsisHeHnii. MNokasaHo, YTO 3arpsi3HeHHble Npobbl MMET 60/blliee MUKPOO6-
Hoe obcemMeHeHMe, N0 CPaBHEHMIO C YACTbIMKU. Mukpobuonoruyeckoe obcnepoBaHve pycna
p. Unpuuk, r. TawkeHT u TallKeHTCKOV 061acT nokasano NpUcyTcTeMe O6LLEero Yucna Mu-
KPOOpraHnm3mos B HUX A0 6,0x103 B Tom uncne go 1,0x102BTKM. MNpoBefeHHble MUKPOGUO-
noruyeckoe ob6cnefosaHue uccrefyemMbix 06pasyoB MOYBbI NPUAOPOXHBLIX TEPPUTOPUIA ©
pekpeaunoHHbIX 30H . TallkeHTa nokasanu pasHoobpasme BbISIB/IEHHbIX MUKPOOUOLIEHO30B,
KOTOpble BO MHOTOM OMpefensioT UX akTMBHOCTb W pasBuTWe B HacTynawlem ypbaHore-
Hese. Mukpobuonornyeckoe o6cnefoBaHe BbISIBUIO W3MEHEHVWE KayeCTBEHHOro cocTasa
MUKPOGMOLLEHO30B MOYB rOpoAa, OCOBEHHO PAaCMOIOKEHHbIX Ha HE6OMbLUNX PACCTOSAHUAX
OT TPaAHCNOPTHbIX CUCTEM. BblfeneHbl N oxapakTepusoBaHbl Hambonee npefcrasuTesbHble
Ky/bTypbl NPULOPOXHbBIX U PEKPeaLMOHHbIX 30H I. TallkeHTa M yCTaHOB/IeHbl MX (N3M0/0-
ro-bmoxmmmnyeckne nokasatenn. [laHHole MUKPOOPraHu3mbl onpefesieHbl A0 BULOBON MNpu-
Ha/IeXHOCTN MO MOPCHO/IOTMUECKUM U HEKOTOPBLIM (PU3NOMN0r0-6MOXMMUYECKUM NPU3HaKam
1 noaTBepxaeHbl aHanmsom Maldi Tof. Co3gaHa konnekunsa Hanbonee npeacTaBUTENbHbIX
BW0B MUKPOOPraHW3mMOB Pas/iMuHbIX 9KOHMLL T. TallKeHT v TallKeHTCKOW 061acTu, BKIOYa-
owaa 23 wramma 6aktepuii, 2 WTaMma aKTMHOMULLETOB U 3 WTamma MUKPOCKOMUYECKUX
rpuboB, VMeKLWNX onpefenéHHy0 MPOMbILLIEHHYI0 LEHHOCTb, KOTOpas MOXeT CNyXWTb
LileHHbIM UCTOYHMKOM A1 M3YYEeHUS U JasibHelLlero MCnosib30BaHUs NOSyYEHHbIX MUKPO-
opraHnM3MoB.

KntoueBble cnosa: 6uopasHoobpasune, bGakTepuasibHoe CO06LECTBO, Temneparypa, ro-
poackasi peyHas ceTb, FOPOACKMAE MOYBbl, MUKPOBUOM CHEXHOrO MOKPOBA, aHTPOMOreHHoe
BO34elicTBUeE.

BeBeaeHune. Fopofckast noysa SIBNSETCS YHUKANbHON 3KOCUCTEMOW, rae npo-
MCXOAWUT B3aMMO/ENCTBNE Pas/iMuHbIX MUKPOOPraHW3MOB, BK/OYas GakTepuu,
rpubbl 1 apxeu. ViccneaoBaHus NokasblBalOT, YTO FOPOACKME YC/IOBUS MOTYT 3Ha-
UMTE/IbHO B/IMATbL HAa CTPYKTYPbl MUKPOGHbLIX COOBLLECTB, UX (PYHKLUMUM 1 Gropas-
Hoo6pasne. AHTPONOreHHble (HaKTOPbl, TakMe Kak 3arpsis3HeHue, 3acTpoiika U cu-
CTeMbl YNpaB/eHNst 0TX0aMu, CYLLLECTBEHHO B/IMAIOT HA BUAbl MUKPOGOB. Hanpu-
Mep, UCCNeAoBaHusi MoKasblBaloT, YTO CU/IbHOE 3arpsisHeHMe MOXeT NPUBOAUTL K
YMEHBLUEHWIO BUAOBOr0 pasHoo6pasuns v U3MEHEHWI0 CTPYKTYpbl coobuiecTs [1).

MWKpOOpraH1M3mbl B FOPOACKOI MOYBE BLIMOMHSAT BaXHble (YHKUMW, Takue
KaK pasfioXeHue OpraHnyeckmx BelecTB W NnoadepxaHue LUMKNOB nuTaTeslbHbIX
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BellecTB. Vx pa3Hoobpasne CBSA3aHO C COCTOSIHUEM MOYBbI U YCTOWYMBOCTbIO TO-
POACKOI 3KoCcHUCTEMBI. VI3yuyeHne MUKPOOpPraHn3MoB B rOpoACKoi cpesie noMoraeT
B pa3paboTke cTpaTeruii N0 BOCCTAHOB/IEHNIO 3KOCUCTEM U MOBbLILLEHUIO YCTONYM-
BOCTM B YC/IOBUSIX IN06asIbHbIX U3MEHEHWIA [2].

lFopofckue peku, kak NpaBwnsio, TaKkke NoJBepXeHbl 3Ha4YNTENIbHOMY 3arps3He-
HUI0, YTO OKasblBaeT BNMsHME Ha 6uopasHoobpasne MUKPOoopraHusMoB. uapo-
IorMyeckne U3MEHEHNSI Y aHTPOMOreHHble (hakKTopbl, TakMe Kak CTOYHble BOAbl U
ocajkv, NpUBOAAT K MU3MEHEHMIO COCTaBa MUKPOOPraHM3MOB B pekax. Hanpumep,
nccnefoBaHNs NoKasbiBalT, YTO 3arpsi3HEHUME MOXEeT MPUBOAUTbL K AOMUHUPOBA-
HUI0 NaTOreHHbIX MUKPOOPraHn3mMoB [3]. ®yHKLMOHaIbHasA CTPYKTypa MUKPOGHbIX
co06LLecTB B pekax onpegensieTcs AOCTYNHbIMU pecypcaMun 1 ypoOBHEM 3arpsi3He-
HUA. HekoTopble rpynnbl MUKPOOPraHNM3MOB MOryT 6biTb 60/5ee UyBCTBUTE/bHbI K
M3MEHEHWAM B cpefie, YTO oTpaxaeT obliee cocTosiHMe 3kocucTeMmbl [4]. Mukpo-
OpraHM3Mbl B pekax UrpalT KpUTMUeCKy posib B Mpoueccax, Takux kak 6uopas-
NoXxeHue, TpaHchopMaLuusi opraHMYecKUX BELLECTB U YCBOEHWE HYTPUEHTOB. ITU
npoLecchl UMeT 60/bLLOE 3HAYEHNE ANs NOAAEPXAHMS 3[0POBbsS 3KOCUCTEM [5].

Y36ekuctaH Haxogutcs B npouecce 6bicTpoid yp6aHusauun. B cBsizn ¢ aTum,
M3y4YeHN0 TopofcKoro 6mopasHoobpasnsi AOMKHO yAenAaTbcs 6o/blloe BHUMA-
HVe, a M3yYyeHue HaA3eMHOro 6ropasHoo6pa3vsi ropofoB AAacT /0AsIM OCHOBY
ONs NOHMMaHusi Bo3feicTBus ypbaHu3auum Ha 6GuopasHoobpasue. KM3yyeHue
ropoackoro 6mopasHoo6pasusi, ¢ OAHON CTOPOHbI, UrpaeT NOJIOKUTESbHYK POJlb
B NOHMMaHWM U oXpaHe GuopasHoobpasusi, a C ApYroil CTOpOHbI, obecneynBaeT
TEOpEeTUYECKY0 OCHOBY A/1S1 pa3BUTUS FOPOACKON akonorun. YpbaHusauumsa ssns-
eTCsl OfHOW W3 OCHOBHbIX MPUYMH WMCYE3HOBEHUSI UM FOMOreHusauum 6ropasHoo-
6pa3us, ogHako, B CBA3N C (PYHKUMOHAIbHBIM MHOTO06pa3MeM MNKPOOPraHM3MOB
1 CNOXHOCTbIO TOPOACKON cpefbl, BNUsHMWE ypbaHu3aLmm Ha MUKPo6GHOe pasHoo-
6pa3ve pasMyHbIX 3KOHWLI TpebyeT AeTasbHbIX UccnefoBaHuii. 3yyeHne npo-
CTPAHCTBEHHOTO pacnpefeneHns N XxapakTepucTuK YCTONUMBBIX K U3MEHSOLLMMCS
YCNOBUSIM TOPOJCKOl cpeabl GakTepuid B ropofiCKMX MoYBax, NMo3BOMSiIET U3YunTb
posib NOYBEHHOTO MWKPOBGHOro pasHoobpasus B 6/1aroycTpoiicTBE HaceneHHbIX
NyHKTOB, W MOAAEPXMBATb TOPOACKYH MOYBY, @ TAKXKe ABMASETCA LEeHHbIM WUCTOY-
HUKOM A/151 BblAE/IEHUS] N XapaKTepUCTUKM MUKPOOPraHU3MoB, 061afaroLmx yHU-
Ka/IbHbIMW CBOWCTBaMM, N3yYeHUE KOTOPbIX NO3BONT cOo3AaTb 6a3y Ans AanbHei-
LWero NpUMEHeHUs UMEILLUXCSA B CO3[4aHHOM KOMEKUMM MUKPOOPraHU3MoB Ansl
MCMNoNb30BaHWA B KauecTse 6MonpenapaToB A5 Pa3fINUHbIX HYXA,.

MHorouncieHHocTb M pa3Hoobpasne obuTaTeneil nnaHeTbl COOTBETCTBYET
pasHoo6pasnio 3KOMOrMYECKUX HULW B GUOreoueHo3ax. MUAInoHbl 6Guonorunye-
CKMX BWAOB - OCHOBHON pecypc u 6a3uc yctonumBocTu (romeocTtasa) buocdepbl.
BuaoBoe pasHoo6pasve MWKPOOPraHU3MOB SIBASIETCA MepBOi XapaKTepUCTUKON
CTPYKTYpbl U CBOICTB 3KOoCcUCTEM. Kpome 3TOro, CTPYKTYypHOe pa3HoobGpasue,
XapakTepusylllee MHOXECTBO MUKPOMECTOOOMTaHWUI WM 3KOTIOTMYECKUX HUL, Y
reHeTuyeckoe pasHoo6pasve BHYTPM MNONyNsLMiA ABASIOTCA BaXHbIMU MoKasa-
TensMu Ana opMMpoBaHMa ajanTaluoHHbIX BO3MOXHOCTe 3kocucTembl. OX-
paHa 6uopa3Hoo6pasnsi B TOM 4Mcne MUKPOGHOro 6uopasHoobpasus siBnsieTcs
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aKkTyasnbHelwWwen 3agavyeil COBPEMEHHOCTU, Tak Kak B CBA3M C TEXHOrEHHbIMU BO3-
OencTBUAMM Ha NPUPOAHbIE 3KOCUCTEMbI MHOTME BUAblI BbIMMPAIOT Y CMEHSTCA
CTPYKTYPHble nokasatesin MUKPOBHOro 6rnoLeHo3a, YTo BefeT K ero fasbHelwemy
npeobpa3oBaHnio. STOT NpoLecc KatacTpouyeckn yckopunacsa B XX Beke 1 BefeT
K NoTepe yCTOWYMBOCTU OTAENbHbIX 3KOCMCTEM K Buocdepbl B Lenom. IT0 noa-
YepkuBaeT BaXHOCTb MOHUMAaHUA U OXpaHbl 6UopasHo06pa3nsad MUKPOOPraHM3mMoB
B FOPO/CKMX 3KOCUCTEMAX.

MeToabl nccnegoBaHuini. O6bekTaMm UCCNefoBaHuii CAYyXuUnn npobbl, 0To-
6paHHble M3 pa3IMYHbIX SKOTOMOB I. TalKEHT: MoYBa, CHEXHbIA NOKPOB, A0XAe-
Bble BOAbl, BOAbl pekn Unpuuk.

OT6op npo6 nouys npoBoaunn cornacHo FOCT17.4.4.02-84. OT60p Npob BO-
OHbIX 06pasLoB A4/19 MUKPOBMOIOrMYecKoro aHanmsa nposoannu cornacHo rOCT
31942-2012.

VccnepoBaHve NoOYBEHHbIX 06pasLoB NMPOBOAMAN HAa Ha/MyMe 3KO0ro-Tpo-
huyeckmx rpynn mukpoopraHmsmos (OKTIM) 1 npoBoAM/IM METOLOM pasBeAeHuiA
Ha QuarHocTUYeckux nuTaTesnbHbix cpegax MIB, Yaneka, Cabypo, KAA, 3wo6wn,
OHAo, MunbTad. Bblpoclune KOMOHWM nepeceBasiuCb Ha COOTBETCTBYIOLLME cpe-
Obl, 3aTeM pacyuwanucb. MNoslydyeHHble YUCTble KynbTypbl MAEHTUMLMPOBaNu ¢
ncnonb3oBaHveM (hr3nonoro-6MoXMMmMYecknx n MopdoNorMyecknx nokasarenei
[6]. PopoByto naeHTUdMKaLMiO NPOBOAWAN COT/IacHO onpegenuTento GakTepwuid
Bepmpxu [1997]. PogoByto NpuHaANeXHOCTb MUKPOMULLETOB ONpeaensinvu no Mop-
chonornyecknm v KynbTypanbHbiM NpusHakam [7]. Bugosyto naeHTndmkaumo npo-
BOAW/IM C UCNOMb30BaHWEM MeToja Mangun Tod U MOSEKYNAPHO-TEHETUYECKUM
aHanM3oM Ha ocHoBe aHasm3a 16S pPHK.

PesynbTaTbl. CHeXHbIi NMOKPOB, 06/1a4atoLWNA BbICOKO COPOLMOHHON cno-
CO6HOCTbIO, NpeacTaBnseTca Haubonee MHMOPMATUBHLIM O06BHLEKTOM MPW BbISAB-
NIEHUN TEXHOTEHHOT0 3arpsA3HeHUss He TOJIbKO aTMOCEepPHbIX 0CaAKOB, HO U aTMOC-
hepHOro Bo3gyxa, a Takxe nocneaylollero 3arpsasHeHus Bog v nous. C yyeTom
3HAYMMOCTM 3KOJIOTMYECKMX NpobBaeM ropofoB, B AaHHOW 3KCMEPUMEHTaIbHON
paboTe M3yyYeH CHEXHbIA NOKPOB I. TalUKeHT, C Lefbl0 BbISBIEHUA ero MMKpo6umo-
NIOTMYEecKoro coctaBa M OCOBEHHOCTEN XMMMWUYECKOro 3arpsisHeHuss Ha hoHe ero
9KOJI0r0-re0OXMMMNYECKOro COCTOSHNA. [NA npoBefeHns aHanu3os Oblan onpege-
NeHbl 3 30HbI T. TallKeHTa, UMeloLLMe pas3/iIMyHyto CTeneHb aHTPONOreHHOol Harpys-
Ku:

1. TpoTyapbl - 4YenoBeuyeckuii goakTop,

2. aBTOTpAacchl,

3. uncTble Npobbl (HETPOHYTLIN cHer (B cagy) (Tabnuual).
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Ta6bnvua 1- MUKPOGMOMOrMYECKMA aHa/IM3 1 XapaKTepucTuka npo6 cHera Ha
TeppuTOpUN . TalKEHT

KoopauHaTsl me- © 1€ S 8>.
Ne or ra,  pH MMA 2 3Hpo o KAA
cTa ot6opa npo6 5 o
ocC & )
41°19'27.38"N 7,5 KOE/ 2 KOE/
1 eor1s3sse 40 40 . 2,7x101 - o ;
41°1928.19"N
2 69°15'33.35'iE -9,0 4,0 3,3x105 1,5x105 8,5x101 5x102 6,45x102
4101921.4 W 3,5 KOE/ 1 KOE/
3 oc15403TE 00 40 T, Lsxiol - - ;

AHanusnpysa MUKpPOOHbI cocTaB NPo6 CHEXHOro NokpoBsa, cregyet OTMETUTb,
YTO nokasarenu 3HauyuTeNbHO BapbUpYT. MonyyeHHble pesynbTaTbl CBUAETE/Ib-
CTBYIOT O TOM, YTO MecTO oT6opa 06pasLoB CU/IbHO BANAET Ha KAYeCTBEHHbIA U
KO/IMYECTBEHHbIA COCTaB MUKPOOMOTbI. MakcumasibHoe pa3Hoobpasve MUKpoop-
raHM3mMOB 6bl/1I0 BbISIBEHO B NPo6e € 0604YMHbI NPOE3XEN YacTu, UX KOMYECTBO
pocturano fo 105KOE/MfA Torga kak B 6051ee YACTbIX SIoKaLmMax KOHUeHTpauus kie-
TOK MUKPOOPraHnM3mMoB Oblia 3HAUNTENIbHO HWKe 1 He npeBbiwano 102102 KOE/mn
(tabnuuya 1).

M3BECTHO, YTO BbICOKAss aHTPOMOreHHas Harpyska o6ycnoBfvMBaeT NOTEeHUU-
aNbHY0 ONacHOCTb YXYALIEHWsA KayecTBa BOAbl Y HapyLUeHUs ycnoBuii BOAONOSb-
30BaHuWA, NOBbIWAET PUCK BO3ZHUKHOBEHWNS KULLIEYHbIX MHOPEKUMA N NHTOKCUKaLMiA
y HaceneHus B CBA3M C NOCTYMN/IEHWEM CTOYHBIX BOA, COAEPXaLlnX NaToreHHbIX Mu-
KpoopraHusmbl, NecTuumibl, TsHkenble MeTannbl U Ap. Konornyeckas cutyauus
B Pecnybnuke Y36ekuctaH B nocnegHue rofbl AsnseTcs npobremoli pernoHasib-
HOro 1 obLerocyfapcTBEHHOIO XapakTtepa v 3To B 60/bLUON CTENEHN OTpaXaeTcs
Ha COCTOSHUM NMPUPOLHbLIX BOAHbIX 06BbEKTOB ropoga TallKeHT U raBHbIM 06pa-
30M, p. YMpumK - OCHOBHOrO BOAHOIO pycna ropoja, fBMSKLWErocs UCTOYHUKOM
X03ANCTBEHHO-NUTLEBOIO U peKpeaLoHHOIro BOAONO/b30BaHNSA Hace/leHUs ropo-
Aa. Peka Ynpumk OTHOCUTCSA K NPEeCHbIM NOBEPXHOCTHbIM MPOTOYHbLIM BOAaM. 3Ha-
YUTE bHBIA COPOC 3arpA3HAILWLMX BELLECTB B OKPYXaloLwyo NPUPOLHYI0 cpeay co
CTOYHbIMWU BOAAMU CBs3aH, Npexae Bcero, ¢ Hea(EKTMBHOM paboTol OUMCTHBLIX
COOpYyXeHuii 1 ycyrybnsietca obuiein akonornyeckoi o6¢ctaHoBKoi. MNpobbl 0TOM-
panuck BAOMb pycna p. Ynpunk, npotekawwel vyepes r. TawkeHT: 1 - Mpo6a Nel
(pycno kaHana AHxop, MoHymeHT MyxecTBy); Mpo6a Ne2 (pycno peku Uumpuuk,
npom3oHa Ceprenn); Mpob6a Ne3 (pycno peku Uumpuumk, FasankeHTCKWiA rmapoy-
3en); Mpob6a Ned (npyn B Ympumkckom necHom xo3siictee). Mo pesynbTaTam uc-
cnefoBaHusa BoAbl U3 p. Ynpuuk 6b1s1n BbiSIBNEHBI MUKPOOPraHn3Mbl, NpuHaAexa-
LuMe Ko BCEM MCCnef0BaHHbIM rpynnam kpome cynbatpeaykropos (tabnuua 2).

22



HoBocTu Haykmn KasaxcTaHa. Ne 4(167). 2025

Ta6bnuua 2 - MMKpo61oorniyecknii aHanns Bog p. YUnpuuk, r. TalkeHT

, KooppuHaTtbl me-

Ne cTa oT6opa npob L
41019'25.26"N

1 +14,0
69016'16.18"E

) 41011'09.87"N +19.0
69014'56.12"E ’
41@®@4'53.38"N

3 +17,0
6905'21.42"E
41@®2'36.33"N

4 +23,0
6901'29.26"E

PH

6,0

5,0

6,0

5,0

MMA

1,25x104

3HA0 MMB

4,5
KOE/Mn

FsIs=

1,16x105 1,0x102 6,0x103 6,0x101

Yaneka
Ocor g vg

2,5x102 2,5x102 0,5x101 -

1 CFU/

3,45x103 4,0x101 2,5x102 6,0x101

6,15x104 - 2,5x103

mL

AHanusnpysi nonyyeHHble faHHble N0 MUKPOBMONOrnyeckoMy o6cnefoBaHUo
06pa3uoB Noys r. TallkeHTa, B pa3HO/ CTENEHU NOABEPrLINXCS aHTPONOreHHOMY
BO3A€ECTBYUIO, BbISIB/IEHO, YTO MUKPOGHbIE COO6LLECTBA B UCCNEAYEMbIX 06pa3Lax
UMEIT psf ocobeHHocTel. Mo cpaBHEHMO ¢ NoYBamy NapKOBbIX 30H (06pasubl 3,
4, 5, 7) B NpPUA0POXHbIX TOPOACKMX noyBax (0bpasubl 1, 2, 6) CHMKEHO cogepxa-
HVe MULLessl TPMGOB, OCHOBHbIX NOYBOO6GPA3YHOLMX OPraHn3MoB - AECTPYKTOPOB
opraHmyeckmx octatkoB (Tabnuua 3).

Ta6nuua 3 - Mukpo6uronornyeckoe o6¢/iefoBaHe NOYB TeppuTopun r. TawkeHTa

g o

1 1,3x103  3,9x106
2 101 2,0x104 3,1x106
3 6,0x102 6,1x106
4 6,0x101 1,3x104 8,1x106
5 2,5x102 1,15x106
6 6,0x102 5,35x106
7 1,5x101 6,0x101 3,75x106

Q

Orv ov °ap

:
i

X

Cynbhat pegyk-
TOpbI
CanpocuTbl

2,5x103 101 5,9x105

2,5x101 1,35x106

2,5x103 2,5x101 8,2x105

2,5x101 1,22x106

2,5x103 101 4,4x105
2,5x103 3,6x106

101 6,7x105

g
H
X

5,2x104
3,2x104
7,0x104
3,2x104
3,6x105
1,8x105

cn.nfn5m@
TO°N

<

101
2,5x102
2,5x103
2,5x102
2,5x103
5,0x103

Mpn 3TOM yxyAllalTcs YCN0BUSI pocTa pacTeHuii. OTMEeUYeHO CHWXKeHue uen-
N0NONNTUYECKUX MUKPOOPraHNM3MOB B MPUAOPOXHbLIX MOYBAX MO CPABHEHUIO C MO-
YBaMM peKpeaLMoHHbIX 30H, KOTOpble 06n1ajalT 6o/iee BbICOKOW pacTUTesbHOM
61MomMaccoi, YTo cornacyeTtcsl ¢ gaHHbIMU aBTopoB [8-11].
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B pesynbTare o6crnefoBaHna aKOHWW T. TalkeHTa, co3gaHa Koniekuns Hav-
6onee npeAcTaBuTeNbHbIX BUAOB MUKPOOPraHW3MOB, KOTOPas MOXET CNYXWUTb
LIeHHbIM UCTOYHMKOM A1 U3YYeHWs 1 AasibHElLero ncnosib30BaHns Nosy4eHHbIX
wrammos (Tabnuua 4).

Tabnuua 4 - KpaTkasa xapakTepuctmka npeactaBuUTeslbHbIX BUAOB
MWUKPOOPraHM3MOB 3KOHULW T. TallkeHTa

MecTo
o HasBaHue u pata
wTamMMa Bblaene-

HUS
N
N
o
N
<
3 o
Bacillus 2
1 licheni- =
formis £
Q
x
3
T
'_
<
o
T
o
c
Bacillus =y
2 s
simplex R
3
T
'_
[y
<
o
T
o
=
3 Bacillus ':E§
cereus TR
3
T
'_
<
o
T
2
Pantoea L~
=
4 agglom- £§
erans x
3
T
'_
[

KpaTkoe onucaHue

pamnonoxurensHas,
mMe3odunnbHas bakre-
pus, 2-3 MkM. OnTu-
MasibHas Temnepartypa
nna pocrta +500C.

pamBapuabenbHas
nanoykosmaHas nog-
BWXHasi cnopoobpa-
3ytlowasn 6akrepus,
anametp 0,7-0,9 MKM.
OonTumanbHasa Tem-
nepartypa gnsa pocra
25-370C.

FpamnonoxuTtenoHas
nofBwxHas cnopoo6-
pasylolaa nanouyka,
1x3-4 MkM. Xemopra-
HoreTepoTpod. OnNTun-
Ma/nibHas Temneparypa
- 30-320C.

FpamoTpuuatenscHas
nofBwxHasa asapobHas
6aktepus, 0,5-1x1-3
MKM. OnTumansHas
Temnepartypa Ans po-
cTa 28-300C.
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KpaTkoe onucaHue

BuotexHonoru-
YecKUin noTex-
unan

OpHa u3 ca-
MbIX BaXKHbIX
bakTepuin B
npousBoacTBe
NPOMbILLMIEH-
HbIX hepMeH-
TOB - LLIEe/10Y-
Has cepuHoBas
npoTeasa u
anba-amu-
nasa.

O6napgaer no-
TeHuuanom ans
NoBbILLEHUS
ypoxaiHocTn

1 pocTta pacte-
HWA.

VHANKaTOPHbIN
TecT-opraHusm
ONA NyLLeBoi
NPOMbILLEH-
HOCTW

KOHKYpeHT dhu-
TONATOreHoB,
npoayueHT
aHTMONOTUKOB,
HekoTopble
NPOAYKTbl MO-
ryT BbiCTynaTb
B Ka4yecTBe KOH-
CEepPBAaHTOB.
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Serratia
marc-
escens

Listeria
grayi

Stenotro-
phomon-
as malto-
philia

Achro-
mobacter
piechau-
dii

Bacillus
mycoides

Pseudo-
monas
putida

r. TalwkeHT, No4sea, . TalKeHT, noysa,

. TallKeHT, noysa, r. TallKEHT, Noysa,

r. TalWkKeHT, noysa,

r. TallKeHT, noyea,
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2022

2022

2022
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Mpsamble NoABMXHbIE
(neputpuxwn), rpa-
MoTpuuaTtesibHble
nanoykn. Pasmepsbl
0,9-2,0*0,5-0,8 MKMm.
OonTumanbHas Tem-
nepatypa Ana pocra
25-300C.

FpamnonoxuTensHas,
HecnopoobpasyoLias,
HeremonuTuyeckas,
hakynbTaTMBHO-aHa3-
pobHas, noamxHas
6aktepus, 0,4-0,5x0,5-
2 mMkMm. Temnepartyp-
Hblli AnanasoH +3

- +450C

MoaBmxHaa rpamoTpu-
uarefnibHas nanoyko-
BugHas 6aktepus, 0,4-
0,7x0,7-1,8 mkm. OnTn-
ManbHasa Temnepartypa
onsa pocra 32-350C.

ManoykoBngHasa, noa-
BWXHas, aapobHasn
rpamotpuuartesibHas
6aktepus, 0,8-1,2x2,5-
3 MkM. OnTumasnbHas
Temnepartypa Ans po-
cta 30-350C.

pamnonoxuTensHole
nasioykn, HenoABuX-
Hble, 1,0-1,2x3,0-5,0
MKM. [lnanasoH temmne-
paTypbl 48 pocta oT
+10 pgo +400C.

FpamoTpuuaresnbHble
NOABWXHbIE MasIOYKM,
pacnosioxeHHble no-
napHo, 0,2—0,6 MKm,
aspob, BbipabaTbiBaeT
NUTMEHT NUOBEPAVH.
OonTumanbHasa Tem-
neparypa gnsa pocra
+28-300C.
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O6nagaet aH-
TUMUKPOGHbIM
CBOIiCTBOM
6narogapsa nur-
MEHTY NpoAuru-
03UHY.

He cuutaeTtcs
naTtoreHom
yesioBeka U xu-
BOTHbIX.

Asnaetca cTu-
MynATOPOM po-
cTa TomMaToB B
ycnoBusax cone-
BOro cTpecca.

Cnocob6cTByeT
POCTY pacTeHuit
3a cYeT npous-
soacTea YK un
ALK-pgesamu-
Ha3bl.

PaccmartpuBa-
eTca B kade-
CTBE aKTUBHOTO
NHrpeaveHTa
CpefcTB 3alym-
Tbl pacTeHuii.

MoxeT ucnonb-
30BaTbCA B
Kayectse 6mo-
[ecTpykTopa
HedTM 1 NeHo-
nonucTupona.



BuoTexHonorum

Pseudo-
11 monas
trivialis

Pseudo-
12 monas
stutzeri

Bacillus
sp. [4]
13 CICC
23999-
CicC

Bacillus
14 -
muralis

Psychro-
15 bacterim-
mobilis

r. TawkeHT, noysa,

r. TalkeHT, noyea,

, CHEXHbIN

r. TalKeHT

, CHEXHbI MOKPOB,

r. TawkeHT

, CHEXHbIN

r. TawkeHT,

N XUMNYECKNE T EXHONOTINMN

2022 2022

2023 nokpos, 2023

nokpos, 2023

dnyopecumpytowas
rpamoTtpuuartenbHas
Me3odunbHas NoaBuX-
Has 6aktepus, 0,8x1,6-
3,3 MKM. OnTumansHas
Temnepatypa gns
pocTta 28-37CC.

FpamoTpuuaTenbHas
nanoykoBmaHas Hec-
nopoo6pasyowian 6ak-
Tepus, ANMHA KOTOPOWA
06bI4HO cocTaBnseT
1-3 MKM, a WwupuHa

— 0,5-0,8 mMKm. OnTu-
ManbHas Temneparypa
nna pocra +30-320C

MpsmMble nanoykn ¢
3aKpyrneHHbIMN KOHLa-
MU, cnabonoaBuXHbIe
1-1,273-10 MKm, no
1-2, yenouku go 7.
FpaMnonoxuTenbHble.

MpsiMble Nasioykun, Aun-
ameTtpom 0,7-0,8 MKMm,
rpamapuabesnsHble,
OZVHOYHbIE KNeTKu
NOABWXKHbI, B Lienoykax
- HenoasuxHble. SHAO-
Cropbl a/1mnconaasb-
HoVi dhopMmbl, pacnona-
raloTca LeHTpasibHO
WM napaveHTpasibHo.
OnTumanbHas Temnepa-
Typa Ans pocta oT +20
o +300C.

HenogswxHasa rpamo-
TpuuatenbHas KOKKO-
6aktepus, 0,4-1,8*0,4-
1,6 MkM. Jnana3oH
1l6Ttemnepartypsbl gns
pocTa oT -10 go +420C.

26

is f

Ctumynatop
pocTa pacTte-
HWIA.

Cnoco6HbI
BOCCTaHaB/N-
BaTb MeTas/ibl
1 pasnaratb
yrneBoAopoabl.

Xopowo pacTet
npu +450C.
CnocobeH npo-
ayumpoBaTb
TepmocTabusb-
Hyl0 acTepasy.

YcToiunea K
15% KOHULeH-
Tpauum NacCl.
MpoayueHT
nHgona.

MpoayueHT
nvnasbl U acTe-
pasbl.
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Heb6onblume npsivibie
nasioykn (0Koso 0,7 MKm)
C 3aKPyr/IEHHbIMN KOHLIa-
MY, Yallle PacrofioXeHb!
OAVHOYHO WK Mapamu,
pexe - uenoukamu. OTme-
yaeTcs CnopoobpasoBaHyie
Mo GaLmnnspHoMy Tuny.
pamnonoxwurensHa. On-
TVMasbHasA TeMnepatypa
ona pocra +370C,

MoaBWXHbIE NANOYkM C
NONMAPHBIMN XIyTUKa-
mn, 1-1,5x1,5-2,5 MKm,
hnroopecueHunn 3ene-
HoBartoro useta. OnTu-
ManbHas Temneparypa
nns pocra +280C.

FpaMnonoxnTenbHble
KOKKW, 06blYHO OT 1,2
0o 1,4 mkm B gname-
Tpe. OnTumanbHas
Temneparypa Ans po-
cta +30-37CC.

Bug rpamnonoxurens-
HbIX CNOPOO6PA3YLLNX
a3pobHbIx HakTepui,
0,7x2-8 MkMm. lnana3oH
Temnepatypbl AN po-
cta ot +50C pgo +450C.

pamoTpuuaTenbHble
KOPOTKMe nyxsble na-
noykn pasmepom 1,0-
1,5x1,5-2,5 mkm. OnTu-
ManbHas Temneparypa
ansa pocra 33-350C.
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MpoayueHT rmbé-
6epesiMHoB U
NYK. CnocobeH
K pacTBOPEHUIO
hocartos.

MpoayueHT
aHTMONOTUKOB,
61oaecTpykTop
opraHnm4yecknx
coeAuHeHNA.
Mcnonb3yeTtca
ansa utopeme-
anauun noys.

MoxeT Bbl3bl-
BaTb MHheKuno
y naumeHToB C
HapyLeHHbIM
UMMYHUTETOM.

MoxeT BbICTy-
natb B kaue-
CTBE aHTaroHu-
cTa K nartore-
Ham. CnocobeH
npoayumpoBsaTb
aHTUBNOTUKN,
aMMWHOKUCOTHI,
BUTAMMWHBI 1 Ap.

MoxeT ncnosnb-
30BaTbCa AN
pasnoxeHuns
necTnumaoB.



BruoTexHonorun n xmmmyeckne TexHonornm

Pseudo-
21 monas
putida

Lacto-
22 bacillus
murinus

Acine-
tobacter
23 bohemic-

us

Tricho-
derma
24 afrohar-

zianum

TawkeHTckas 06- TalwkeHTCcKkas 06-

TawkeHTCKasa 06-

NnacTb, BOAa peku nacTb, BOAa pPeku nacTb, BOAa pPeKkn

r. TawkeHT, noysa, 2022

Umnpuunk, 2023 Ynpuunk, 2023

Yupunk, 2023

[pamoTpuyaTesbHblie
NnoJBVXHblE HECMOPOO6-
pasyloLime oanHOYHbIE
nasoukn pasmepom 0,2-
0,3x0,5-0,8 mkm. OnTu-
MasibHasa Temneparypa
Ans pocra +300C.

FpamnonoxunTesibHble
HenoABMXHbIE nanoy-
K1, 4yacto cobuparTcs
B Lenoykn. Pasmep 0,8-
1,0x2,0-4,0 mkm. OnTK-
MasibHas Temneparypa
Ansa pocrta +300C.

FpamoTpuuaTenbHble
CTpOro aspobHble
HenoABMXKHbIE KOKKO-
6akTtepun, pasmep 1,0-
1,5x1,5-2,5 Mkm. OnTu-
MasibHas Temnepartypa
Ans pocta +25-320C.

LiBeT KonoHwuii 3ene-
HbIlA, Kpali KONOHWi
rnagkuii, hopma Ko-
Huauii Subglobose to
ovoid, pasmep KoHUAWi
(pm) 3.1-3.4, chopma
duranuga oT nareHu-
hopMHOro fo amnysno-
BUAHOrO, pasmep ua-
nuga (pm) 3.9-7.2

Mpumensetcsa
B 6uopeme-
anaumn n B
KayecTse 6uo-
AecTpykTopa
HetbTenpoayk-
TOB.

Mpo6noTnK LWmn-
poKoro cnekrpa
nelicTeus.

MoryT 6bITb

NPUYNHOI MHO-
rMX MHEKLMOH-
HbIX MPOLIECCOB.

WrpatoT knio-
4YeByH posb B
MWUKPOBHOM CO-
obLiecTBe u uc-
nonb3yTCcsa BO
MHOruX obna-
CTAX CeNbCKoro
xo3aicTBa n
61MOTEXHOO-
.

BbiBOA 1 pekoMeHpaumn. Takum o6pa3om, BONPOC NOAAEPXKAHUA U 3alUTbl
MUKPOBHOro pasHoo6pasns ropoACcKNX 3KOHWLL CTaBUT BaXKHble 3a4a4yu, KOTOpbIM
Heo6XoANMO yAeNnTb BHMMaHue, B TOM YWCNe: BAUSHWE aHTPOMOreHHbIX hakTo-
pPOB 1 U3MEHEHUIA 3KOHULL Ha MHOTO(YHKLUMOHAbHOCTb MUKPOGHOI 3KOCUCTEMBbI,
B3aMMOCBSA3b MeXAy MUKPOOHbIM pa3Hoobpa3neM 1 340pOBbEM Ye/loBeKa, a Tak-
e BO3MOXHOCTb WCMO/Ib30BaHNSA LIEeHHbIX CBOWCTB MUKPOOPraHU3MOB A1 HYX[,
yesioBeyecTsa.

OTaenecHO cnefdyeT oTMeTUTb paboTy Mo BbiAeneHuo Havwbosnee npeacTasu-
TesbHbIX KyNbTyp, onpejeneHnio nx 6MoTexXHO0rMyeckoro noTeHumana n cosga-
HUIO KOIIeKUMn Hanbonee npeactaBUTESNbHbIX BUAOB MUKPOOPraHM3MOB pas/iny-
HbIX 39KOHML T. TallKeHT 1 TalKeHTCKO o6nacTu, koTopas BkAYaeT 23 wraMmma
6akTepuii, 2 wWTaMMa akTMHOMMLETOB M 3 WTaMMa MUKPOCKOMUYECKMX TPUGOB,
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Tak Kak BCe Bble/leHHble MUKPOOPraHW3Mbl UMEKT OnpesenéHHy NPOMbILLIEH-
HYI0 BaXKHOCTb, KOTOPasi MOXET C/YXWUTb LIeHHbIM WCTOYHWMKOM [/ U3YYeHUs U
[anbHeilwero cnob30BaHUs NoJslyYeHHbIX MUKPOOPraH13MOoB.

O6nacTb NpMMeHeHUs nccnepoBaHuii. Co3gaHHas B pesynbTaTte obcneno-
BaHWSA pas/IMYHbIX IKOHULW T, TalUKEeHT, KONeKuMsi Hanbonee npeacTaBUTEsbHbIX
BMA0B MWUKPOOPraHU3MOB, MOXET C/YXWUTb LEHHbIM MCTOYHWMKOM A7 U3YUYEHUs U
[anbHelwero Ucnoib3oBaHMs NOMYYEHHbIX WTAMMOB B Pa3/iMYHbIX OTPacnsx u
C/TYXMUTb LIeHHbIM UCTOYHUKOM A1 NOlyYeHUs: GUoNpenaparToB LUMPOKOro cnekTpa
nencrteus.

MICTOYHUK pMHAHCMPOBaHMS UCCNefoBaHunii. ViccnegosaHue NpoBOAUINCH 3a cUeT
CPEefCTB rocyapCTBEHHOrO 610/XeTHOro diMHaHCUpoBaHus naéopatopuu GuopasHoobpa-

31 MUKPOOPraHnM3moB VIHCTUTYyTa Mmukpobuonorun AH PY3.
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STUDY OF STORAGE PERMANENCE OF SUGAR BEET UNDER
OZONE AND ION OZONE TREATMENT

Abstract. The article presents the results of a study on the preservation of sugar beet roots
after treatment with ozone and ion-ozone flows. The aim of the study was to extend the
storage period of raw materials for sugar production through antibacterial treatment and
loss minimization. Innovative ozone and ion-ozone treatment technologies were applied to
eliminate pathogenic microflora and prevent decay. Ozone (O3 has disinfectant properties,
effectively destroying bacteria, mold spores, and fungi. lon-ozone flows, combining ozone
with negatively charged ions, enhance the antibacterial effect. During the experiment, the
respiration intensity of the roots, metabolic process dynamics, and the degree of ozone
and ion-ozone impact were assessed. A quantitative analysis of product changes was
conducted, including: mass loss, the number of affected roots, the extent of mechanical
damage, total losses (moisture loss, rot, mold), and the percentage of preserved high-quality
roots. A phytopathological evaluation revealed a reduction in disease incidence. The results
confirmed that ozone and ion-ozone treatment reduces losses and extends storage time
while maintaining the commercial appearance and taste quality. This highlights the potential
of the technology for the sugar industry as an effective and environmentally safe method of
raw material storage.

Keywords: sugar beet, storage, ozone, ion-ozone, treatment.

Introduction. Sugar beets are accepted in batches. A batch is any quantity of
beets delivered in one transport unit and documented by one document. Before
weighing, the beets are inspected by the control and, based on their physical con-
dition, ripeness, general contamination and data from the pre-harvest chemical
and phytopathological examination of crops, they are distributed according to stor-
age periods [1-2]. Modern progressive technology for the acceptance and storage
of sugar beet roots harvested by a combine provides for the following key activi-
ties: pre-harvest mass chemical and phytopathological examination of beet crops;
acceptance of beets in strict accordance with the requirements of GOST 17421,
distribution of beets into categories according to storage and processing periods;
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additional cleaning of beets from impurities before placing them in piles; use of
chemicals for treating beets placed for storage; ventilation of piles with humidified
air; use of automated temperature control and regulation devices; protection of
beets from wilting and freezing (applying a layer of lime milk to the surface of the
piles and covering them with heat-insulating materials); use of floating platforms
equipped with active ventilation systems for short-term storage of beets and their
delivery for processing; use of mechanisms for feeding beets from piles for pro-
cessing, ensuring minimal losses of beet mass and sugar [3-4].

Beets delivered from the fields in trucks with sides are unloaded and placed
in piles: in pile fields - with the help of mobile beet stackers, in mechanized ware-
houses and platforms with hard surfaces - with the help of frontal beet stackers on
pneumatic wheels or rails [5-6].

When beets are frozen correctly, respiration and all metabolic processes in the
root crops stop. The chemical composition and technological qualities of frozen
and fresh beets are practically the same.

Enzymes are not inactivated during freezing. When the roots are thawed, their
activity is restored, which is confirmed by the blackening of the beet tissue and the
rapid hydrolysis of sucrose [7-8].

It has also been established that freshly dug, un-dried, washed beets with a
content of heavily damaged roots of no more than 15% and green mass of no
more than 3% are stored well. Dried roots after washing are stored worse than
unwashed ones.

The success of storage largely depends on the gas composition of the silt air,
in particular the ratio of carbon dioxide and oxygen. The most favorable condi-
tions for storing mother roots are created if the silt air contains 12-14% oxygen
and about 5% carbon dioxide. When storing beet mother roots in conditions of
increased carbon dioxide concentration, not only are there losses in weight and
sugar (due to more intense respiration), and the greater the loss, the more carbon
dioxide in the storage, but their seed productivity also decreases. In the experi-
ments of N. I. Korzhenko (VNIS), when storing mother roots for a month in a stor-
age facility where the carbon dioxide concentration was about 60%, they lost their
ability to germinate. The death of the central bud was observed in 16.3% when
stored for 20 days and in 30% when stored for 30 days without air access to the
storage facility. The average seed yield from one plant was 90 and 75 g, and when
stored without air access for 10 days - 123 g. In the absence of aeration, which
can be in piles of beets, the accumulation of carbon dioxide quickly increases.
The temperature in the storage facility is also important. Ifit is within 0°, 2°C, then
carbon dioxide accumulates gradually and, accordingly, the oxygen content in the
storage facilities decreases. If the temperature is 8°C and above, then the amount
of carbon dioxide can already be 25-30% on the fifth day if there is no air access
to the storage facility. From this follows the practical conclusion that long-term
storage of mother root crops in piles where aeration is impaired inevitably leads to
both losses of stored root crops and a decrease in their seed productivity [9-10].

The gas composition of the air in the storage facility can also change depend-
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ing on the degree of contamination of the beets. Adherent dirt clogs the surface
of the root crops and the spaces between them, which complicates aeration, in-
creases the temperature, resulting in increased activity of microorganisms and
increased respiration intensity.

For normal storage of beets, an excessive amount of not only carbon dioxide,
but also oxygen is harmful. A decrease in the oxygen level in the environment in-
creases cold resistance, enrichment of the environment with carbon dioxide weak-
ens beet respiration, and enrichment with oxygen stimulates respiration. Good
storage of beets requires moderate respiration. A significant amount of carbon
dioxide formed during respiration is retained by root crops, and if fresh air is pro-
vided, the carbon dioxide is immediately released. It should be taken into account
that the main causative agent of pile rot, the fungus Botrytissinerea, is an aerobe,
so an influx of oxygen can stimulate its development [11-12]. Measures to prevent
disruption of the normal gas composition of the air in the storage facility: follow the
recommendations for the depth of trenches and the height of the pile cover; do not
allow increased soil moisture and severe contamination of beets, do not allocate
areas with saucers, with a high groundwater level, on heavily waterlogged soils for
the pile field; in the spring, do not delay the removal of root crops after removing
the earth cover.

Research methods. During the experiment, sugar beet was treated with
ozone and ion ozone flows in various modes, which differed in:

« Ozone concentration (depending on the type of treatment);

« Duration of exposure (treatment time intervals);

« Temperature conditions of storage after treatment.

Evaluation of the treatment efficiency included a comprehensive study of the
condition of root crops at different stages of storage. The following analyses were
carried out:

1. Determination of respiration intensity - measurement of carbon dioxide
emission to assess the metabolic activity of root crops. High respiration intensity
indicates accelerated decomposition processes and reduced shelf life.

2. Quantitative analysis of stored products - weighing and recording the mass
of products at different stages of storage to identify the dynamics of losses.

3. Phytopathological assessment of root crops - study of the presence and
prevalence of fungal and bacterial diseases, assessment of the degree of damage
and identification of pathological changes.

Determination of respiration intensity. When conducting all kinds of studies
with the storage of tubers or vegetables, a convenient method is to determine
respiration in hermetically sealed desiccators. The essence of the method is that
the released carbon dioxide is absorbed by caustic soda to form carbonates, the
amount of which is calculated by the difference in titration of the resulting solution
in the presence of phenolphthalein and methyl orange.

Desiccators must be closed hermetically. The tightness of desiccators is
checked as follows: ignited paper is placed in a prepared dry desiccator and
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closed; if after 24 hours the desiccator maintains a vacuum, then it is hermetically
sealed and can be used for the experiment.

The size of the desiccator depends on the size of the sample and the du-
ration of the experiment. The calculation should be such that by the end of the
experiment, about half of the oxygen contained in the desiccator is used by the
sample. To ensure the tightness of the desiccator lid, grease it with petroleum jelly
or grease. The experiment requires 0.5 N HCI and NaOH solutions, as well as
solutions of phenolphthalein and methyl orange indicators.

Usually, an average sample of vegetables is taken, 0.5-1 kg of tubers. Each
determination is carried out in 2.3-fold repetition, for which the appropriate number
of typical and identical samples are prepared. 50 ml of 0.5 N alkali is placed on the
bottom of the desiccator in a Petri dish (the respiration rate does not exceed 10 mg
CO2 per hour, and the sample is 0.5 kg). This operation should be carried out as
quickly as possible so that the alkali absorbs less CO2 from the air. At the same
time, the same desiccators are placed, but without vegetables (control for alkali).

Tubers or vegetables are usually kept over alkali for 12-24 hours. To obtain
comparable data, the determination must be carried out at the same temperature,
since the respiration rate is highly dependent on temperature. Samples are placed
one by one on the insert stands in prepared desiccators with alkali, so that the root
vegetables do not touch the alkali and dirt does not get into the alkali. Samples are
removed in the same order in which they were placed. Alkali is poured into flasks
and tightly closed. 10 ml of alkali is taken for titration in 2 replicates: if the data of
parallel titrations do not match, then the number of repeated titrations is increased.
Titration is carried out with 0.5 N hydrochloric acid, first in the presence of 1-2
drops of phenolphthalein until discoloration, and then with the addition of methyl
orange (1-2 drops) until the color changes. The respiration rate is determined by
the amount of carbon dioxide released (mg) by 1 kg of vegetables in 1 hour at a
predetermined temperature (taken into account in each individual case).

amk-11A

where:

a - difference in titrations for phenolphthalein and methyl orange (minus the difference
in titration control for alkali), ml.

k - correction to the acid titer.

A - volume of alkali stirred in a desiccator, ml.

B - volume of alkali taken for titration, ml.

T - exposure time, hours.

P - sample weight, kg.

ak -55A

Respiration intensity of sugar beet:
where:

a - difference in titrations for phenolphthalein and methyl orange (minus the difference
in titration control for alkali) - ml (c.p.)

A - volume of alkali stirred in a desiccator, 50 ml

33



Muuwesas n nepepa6aTb|Bar0Lu,a;| NPOMBbILLNTIEHHOCTb

B - volume of alkali taken for titration, 10 ml

T - exposure time, 5 hours

P - sample weight, 1 kg

5.5 - conversion factor for ml NaOH of absorbed CO2per mg CO2

For 1 ml of 0.1 N alkali solution there are 2.2 mg of CO2, and for 1 ml of 0.25
N alkali solution there are:

0.1 N-2.2 mg of CO2
0.25 N-x

0.25-2.2
X = =
0.1

K - acid titer correction

ml alkali . . . .
= —— —used for titration with phenolphthalein
ml acid
10 m| NaOH 1 10miof 0.25
= =1F .25N NaOH
“T 1omiHa orumuo aoH.

10mlof 0.25N HClwere added.

r_ak-55A_a-1-55 ®0_ _rp
1~ TP B ~ 5-1-10 - a'b55

Methodology of research on storage of root crops. For long-term storage, root
crops are grown on fertile soils. The crop should be grown in compliance with
the basic requirements of agricultural technology: maintaining crop rotation, with
rational use of fertilizers, pesticides and irrigation. The soil should not contain
pathogens, especially phomosis and gray rot. Pure varieties of seeds from one
batch are used for sowing.

The following parameters were analyzed during storage:

«Weight loss - quantitative loss of root crop weight due to moisture evaporation
and metabolic activity.

« Number of diseased root crops - the proportion of root crops affected by phy-
topathogens (rot, mold and bacterial infections).

¢ Mechanical damage - assessment of external defects and injuries that oc-
curred during harvesting and transportation.

« Total losses - a combination of all forms of losses, including natural loss,
damage and disease.

« Storage quality - percentage of healthy root crops suitable for further pro-
cessing after certain storage intervals.
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Harvesting and storage selection must be done before frost sets in. Experi-
mental products should be taken to a permanent storage location on the day of
harvesting so that the root crops do not lose some of their moisture and do not
absorb it from the humid air, which may affect their storage quality. After the root
crops are brought to the storage facility, they should be kept for several days
to level out their turgor state. All variants of one experiment should be laid out
within one day. Only healthy, clean, dry, not damaged by pests and diseases,
without mechanical damage, not wilted medium-sized root crops, characteristic of
the variety and harvest of the given year, are laid out in the experiment. The laid
out root crops must meet the requirements of GOST. The difference in the size of
the root crops affects the intensity of respiration, moisture evaporation, chemical
composition, mechanical strength, and other indicators. Differences in weight loss
can be large, so it is necessary to lay medium-sized root crops and the same in
different variants.

The weight of the registration sample for vegetables with medium and large
root crops, the number of repetitions is not less than 3. The element of compari-
son must be mandatory, so one of the variants must be a control (standard). One
control must fall on 10-12 variants.

The scheme of a single-factor experiment must be built in compliance with
the principle of a single difference, with the identity of other conditions. In the
storage facility for storing root crops, it is necessary to bring the temperature to
the optimum as soon as possible. In the locations of all experimental variants,
including the control, the same optimum storage mode must be created. It is
recommended to store at a temperature of 00C with fluctuations in the range
from -0.5 to +10C at a relative air humidity of 95-98%. Beets - at a temperature
of +10C, not lower than 0, at a relative air humidity of not higher than 95%. When
removing samples from storage, a complete analysis of quantitative changes
in the preserved products and a phytopathological assessment are carried out:

- weight loss (losses from respiration and evaporation), determined by the dif-
ference in the weight of the registration sample when placing it in storage and
removing it after long-term storage;

- the yield of full-fledged root crops, determined by weighing the preserved
full-fledged product;

- absolute waste, determined by weighing the product unsuitable for consump-
tion and its ratio to the weight of the stored sample is determined,;

- the number of diseased root crops (products affected by diseases are select-
ed taking into account the types of diseases);

- other losses (frozen, wilted) are taken into account separately or in combina-
tion with other waste or as absolute waste;

- sprouted root crops characterize the degree of exit from the dormant state.
The percentage of sprouted root crops in the registration sample is determined;

- total losses, consisting of weight loss and absolute waste;

The results of the surveys are expressed as a percentage of the mass of root
crops stored.
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To determine qualitative changes during storage, the biochemical composition
is studied. Biochemical analyses are carried out according to generally accepted
methods before and after laying the root crops for storage. Changes in dry matter,
sugars, vitamin C, and carotene are determined. The sample for chemical anal-
ysis must consist of at least 10 root crops and completely represent the average
sample from the experimental variant. The analysis is carried out on the day of
sampling. Root crops are analyzed without stripping the integumentary tissues.

Results and discussion. Preservation of sugar beet of the Koksu district farm
under ozone treatment. The shelf life of sugar beet characterizes the level of un-
lost mass when harvesting, expressed as a percentage. Total mass loss of sugar
beet consists of natural loss (%), diseased strawberries (%), mechanical damage
(%).

Research was conducted to determine the shelf life of sugar beet minus total
mass loss, which was determined in three agility by different methods of long-term
storage of sugar beet with ozone treatment in the Koksu district of Almaty region.

The results of the shelf life of sugar beet research are given in Table 1

According to the results of the evaluation of the shelf life of sugar beet from
the Koksu district farm, stored under various storage methods, it was noted that all
variants with ozone treatment in the ridge, hermetic and trench storage methods
exceed the control variants in shelf life. The shelf life of sugar beet in hermetic
storage conditions with ozone treatment exceeds other storage methods. Storage
of sugar beet from the Merke sugar plant treated with ion ozone flow. Similarly,
a study was conducted to determine the shelf life of sugar beet using different
storage methods (cage, sealed and trench) with ion-ozone treatment in three rep-
licates. The following losses were also determined: natural losses (%), diseased
strawberries (%), mechanical damage (%), summing them up, the total losses
were established, masses, which allowed us to establish the shelf life of sugar
beet using different storage methods. The results of the study to determine the
shelf life of sugar beet using different methods of long-term storage are shown in
Table 2.
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Table 1- Change in the shelf life of sugar beet during long-term storage using different storage methods, ozone treatment

B ngfxr]t Weight loss Sick M((;;:rr:]aarggal Total losses Storability
Name of samples  Repetition -
traction,

. . % . % . % . % . %
Cagat - control | 4565 435 8,7 300 6,0 0 0 735 14,7 4265 85,3
I 4630 370 7.4 285 57 0 0 655 131 4345 87,0
i 4600 400 8,0 275 55 0 0 675 135 4325 86,5
average 4598 401 8,0 287 57 0 0 689 138 4311 86,2
oz i 4710 290 58 230 46 30 0,6 550 11,0 4450 89,0
(Cagat -1) " 4685 315 6,3 205 41 20 0,4 540 10,8 4460 89,2
in 4645 355 71 150 3,0 0 0 505 101 4495 90,0
average 4680 320 6.4 195 3,9 17 0,3 532 10,6 4468 89,3
oz i 4705 295 59 150 3,0 0 0 445 8,9 4555 91,1
(Cagat -2) p 4705 295 59 170 34 0 0 465 9,3 4535 90,7
in 4675 325 6.5 190 3,8 0 0 515 10,3 4485 89,7
average 4695 305 6,1 170 3,4 0 0 475 9,5 4525 90,5
Hermetically i 4565 435 8,7 390 7.8 0 0 825 16,5 4175 835
sealed - control 4565 435 8,7 370 7,4 70 1,4 875 175 4125 825
in 4560 440 8,8 420 8,4 10 0,2 870 17,4 4130 82,6
average 4763 437 8,7 393 7.8 26 0,5 856 17,1 4144 82,9
0Z (hermetically i 4800 200 40 240 48 0 0 440 8,8 4560 91,2
sealed - 1) " 4780 220 4,4 180 3,6 0 0 400 8,0 4600 92,0
in 4750 250 50 90 1,8 0 0 340 6,8 4660 93,2
average 4778 223 45 170 3.4 0 0 393 7.8 4607 92,1
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0z (hermetically
sealed - 2)

Trench closure -
control

oz (Trench
closure - 1)

1
average
i

4

in
average
i

4

in

average

4850
4820
4810
4827
4612
4515
4525
4551
4625
4735
4595
4652

150
180
190
173
388
485
475
449
375
265
405
348

3,0
3,6
3,8
3,5
7,7
9,7
9,5
9,0
75
53
81
6,9

100
90
70
86
590
470
480
513
100
205
380
228

2,0
1,8
1,4
17
11,8
9,4
9,6
10,2
2,0
41
7,6
4,5

0 0
0 0
0 0
0 0
20 0,4

0

0
6 0,1
0 0
30 0,6
0 0
10 0,2

250
270
260
259
998
955
955
968
475
500
785
586

5,0
54
52
51
19,9
19,1
19,1
19,3
9,5
10,0
15,7
11,7

4750
4730
4740
4741
4002
4045
4045
4032
4525
4500
4215
4414

95,0
94,6
94,8
94,8
80,0
80,9
80,9
80,6
90,5
90,0
84,3
88,2

Table 2 - Change in the shelf life of sugar beet during long-term storage using different storage methods with ion ozone

Name of samples

Cagat - control

0z (Cagat-1)

Repetition

1]
average
i

"

in

average

Weight
at ex-
traction,

9
4700

4465
4505
4557
4600
4715
4735
4683

Weight loss
g %
300 6,0
535 10,7
495 9,9
443 8,8
400 8,0
285 5,7
265 53
317 6,3

treatment

g
1015
1120

550
895
70
185
185
147

%
20,3
22,4
110
17,9
14
3,7
3,7
2,9

Mechanical
damage

Total losses
g %
1315 26,3
1655 33,1
1045 20,9
1338 26,7
470 9,4
470 9,4
520 10,4
487 9,7

Storability

g %
3685 73,7
3345 66,9
3955 79,1
3662 73,2
4530 90,6
4530 90,6
4480 89,6
4513 90,2
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10Z (Cagat -2)

Hermetically
sealed - control

10Z (hermetically
sealed - 1)

10Z (hermetically
sealed - 2)

Trench closure -
control

10Z (Trench clo-
sure - 1)

|

I

n
average
i

n

in
average
i

n

in
average
i

n

in
average
i

n

in
average
i

n

in

average

4690
4670
4710
4690
4550
4630
4585
4588
4860
4845
4790
4831
4715
4735
4715
4722
4630
4465
4535
4544
4650
4585
4645
4627

310
330
290
310
450
370
415
412
140
155
210
169
285
265
285
278
370
535
465
456
350
415
355
373

6,2
6,6
5,8
6,2
9,0
7,4
8,3
8,2
2,8
31
4,2
3,3
57
53
57
55
7,4
10,7
9,3
91
7,0
8,3
7,1
7,5

205
100
320
208
300
480
420
400
370
250
245
288
175
175
105
151
415
740
950
701
165
250
210
208

41
2,0
6,4
4,8
6,0
9,6
8,4
8,0
7,4
5,0
4,9
5,8
34
34
21
3,0
8,3
14,8
19,0
14,0
3,3
5,0
4,2
41

o o R

515
430
610
518
770
860
835
822
510
405
455
457
475
460
390
440
785
1275
1415
1157
515
665
565
581

10,3
8,6
12,2
10,4
15,4
17,2
16,7
16,4
10,2
81
91
91
9,5
9,2
7,8
8,8
15,7
25,5
28,3
23,1
10,3
13,3
11,3
11,6

4485
4570
4390
4482
4230
4140
4165
4178
4490
4595
4545
4543
4525
4540
4610
4560
4215
3725
3585
3843
4485
4335
4435
4419

89,7
91,4
87,8
89,6
84,6
82,8
83,3
83,5
89,8
91,9
90,9
90,8
90,5
90,8
92,2
91,2
84,3
74,5
71,7
76,8
89,7
86,7
88,7
88,4
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According to the results of the evaluation of the shelf life of sugar beet from the
Merke District farm, stored under various storage methods, it was noted that all
options with ion ozone treatment under pile, hermetic and trench storage methods
exceed the control options in shelf life. The shelf life of sugar beet under hermetic
storage conditions with ion ozone treatment exceeds other options.

Phytopathological assessment of sugar beet harvest from a farm in Koksu
district with ozone treatment. Quantitative and qualitative losses of sugar beet
during long-term storage occur mainly from diseases caused by pathogenic mi-
croorganisms such as gray mold (Botrytiscinerea), phomosis (Phomabetae) and
fusarium (Fusariumspp). Establishing the loss of sugar beet from the above types
of diseases allows for a phytopathological assessment of the condition of sugar
beet during long-term storage. In this regard, the effect of ozone treatment on
changing the content of these types of diseases of sugar beet roots is of great
scientific and practical interest. The results of the study, on the phytopathological
assessment of sugar beet from the Koksu district farm with ozone treatment, are
shown in Table 3.

From the data in Table 3 it is evident that the total losses from sugar beet
disease in the control samples are from 5.7% to 10.2%, with pile storage from
3.4% to 3.9%, with hermetically sealed storage from 1.7% to 3.4%, with trench
storage from 3.0% to 4.5%. The greatest losses are due to gray rot from 1.6% to
4.6%, then phomosis and fusarium. According to the results of phytopathological
assessment of sugar beet from the farm of Koksu district with different storage
methods, it follows that the incidence of beet diseases in the control variants with
all storage methods is higher than with ozone treatment. It should be noted that
the lower incidence of diseases is under hermetically sealed storage conditions
with ozone treatment.

Phytopathological assessment of sugar beet from the Merke district farm
during ion ozone treatment. We conducted experimental studies to establish the
effect of ion ozone treatment on the state of the general disease and on individual
types: gray mold, phomosis and fusarium of sugar beet. The results of the study
on the phytopathological assessment of the state of sugar beet from the farm of
the Merke district are given in Table 4.

From the data in Table 4 it is evident that the total losses are from (min) to
(max), including gray rot from 1.0 to 8.1%, phomosis from 0.8% to 6.6% and fu-
sarium from 0.4% to 3.4%.
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Table 3- Phytopathological condition of sugar beet by diseases during ozone treatment

Losses from diseases Botrytis cinerea (gray = Phoma betae (phoma Fusariumspp (fusarium

Name of samples Recurrence rot) blight) wilt)
g % g 0/0 g % g %
Cagat - control | 300 6,0 170 3,4 75 1,5 65 1,3
I 285 57 190 3,8 0 0 95 1,9
1] 275 55 100 2,0 105 21 70 1,4
average 287 57 153 3,0 60 1,2 76 1,5
OZ (Cagat -1) i 230 4,6 110 2,2 60 1,2 60 1,2
7] 205 4,1 80 1,6 70 1,4 55 1,1
in 150 3,0 70 1,4 80 1,6 0 0
average 195 3,9 86 1,7 70 15 38 0,7
0Z (Cagat -2) i 150 3,0 60 1,2 60 1,2 20 0,4
7] 170 3,4 80 1,6 50 0,5 40 0,8
in 190 3,8 100 2,0 45 0,9 45 0,9
average 170 34 80 1,6 51 1,1 35 0,6
Hermetically i 390 7.8 180 3,6 110 2,2 100 2,0
sealed - control 370 7.4 120 2,4 130 2,6 120 2,4
in 420 8,4 190 3,8 120 2,4 110 2,2
average 393 7,8 163 3,2 120 2,4 110 2,2
OZ (hermetically i 240 4,8 90 1,8 150 3,0 0 0
sealed - 1) " 180 3,6 80 1,6 50 0,5 50 0,5
in 90 1,8 90 1,8 0 0 0 0
average 170 3,4 86 1,7 66 1,4 16 0,3
OZ (hermetically i 100 2,0 100 2,0 0 0 0 0
sealed - 2) " 90 1,8 45 0,9 45 0,9 0 0
in 70 1,4 30 0,6 0 0 40 0,8

average 86 1,7 58 1,2 15 0,3 13 0,2
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Trench closure -
control

OZ (Trench
closure - 1)

Name of samples

Cagat - control

10Z (Cagat-1)

10Z (Cagat-2)

|

I

I}
average
i

n

in

average

Table 4 - Phytopathological condition of sugar beet during

Recurrence

|

I

n
average
i

n

in
average
i

n

in

average

590
470
480
513
100
205
380
228

Losses from diseases

9
1015
1120
550
895

70
185
185
147
205
100
320
208

11,8
9,4
9,6
10,2
2,0
41
7,6
4,5

%
20,3
22,4
11,0
17,9
14
3,7
3,7
2,9
4,1
2,0
6,4
4,1

290
170
230
230
100
195
180
158

5,8
3,4
4,6
4,6
2,0
3,9
3,6
3,2

Botrytis cinerea

g
515
420
250
395

70
90
85
49
105
50
120
92

(gray rot)

%
10,3
8,4
5,0
7.9
1,4
1,8
1,7
1,0
2,1
1,0
2,4
1,8

150
170
150
156

170
56

ion ozone treatment

3,0
34
3,0
31
0
0
34
11

Phoma betae
(phoma blight)

9
380
400
150
327

0

95
50
48
70
50
130
83

%
7,6
8,0
3,0
6,6
0
19
10
0,9
14
10
2,6
17

150
130
100
126

10
30

3,0
2,6
2,0
2,5

0,2
0,6
0,2

Fusariumspp
(fusarium wilt)

9
120
300
100
173

0

0

50
50
30
0
70
33

%
2,4
6,0
2,0
3,4
0
0
10
10
0,6
0
14
0,6
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Hermetically
sealed - control

10Z (hermetically
sealed - 1)

10Z (hermetically
sealed - 2)

Trench closure -
control

10z (Trench
closure - 1)

|

I

1l
average

n
in

average

n
in
average
i
n
in
average
i
n
in

average

300
480
420
400
370
250
245
288
175
175
105
151
415
740
950
701
165
250
210
208

6,0
9,6
8,4
8,0
74
5,0
4,9
58
34
34
21
3,0
8,3
14,8
19,0
14,0
3,3
5,0
4,2
41

130
280
180
196
170
150
145
155
75
85
105
88
215
440
550
401
65
150
160
125

2,6
5,6
3,6
3,9
3,4
3,0
2,9
3,2
15
1,7
21
1,8
4.3
8,8
11,0
81
1,3
3,0
3,2
2,5

170
100
120
130
150
100
50

100
75

55

43
150
170
290
203

50

50

50

50

34
2,0
2,4
2,8
3,0
2,0
1,0
2,0
15
11

0,8
3,0
34
58
4,0
1,0
1,0
1,0
1,0

100
100
66
50

50
33
25
35

20
50
130
110
96
50
50

33

2,0
2,0
1,3
1,0

0,5
0,6
0,5
0,7

0,4
1,0
2,6
2,2
19
1,0
1,0

0,6
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According to the results of phytopathological assessment of sugar beet from
the farm of Merke district with different storage methods, it follows that the inci-
dence of beet diseases in the control variants with all storage methods is higher
than with ion ozone treatment. The variant with storage of sugar beet in conditions
of pile storage with ion ozone treatment slightly exceeds the other variants.

Study of the intensity of respiration of sugar beet with ozone treatment. The
intensity of respiration of sugar beet characterizes the physiological processes oc-
curring during long-term storage of sugar beet; natural loss of sugar beet mass is
mainly associated with the intensity of respiration. Inthe case of the pile method of
storing sugar beets, the intensity of respiration is mainly aerobic, i.e. with access
to oxygen in the air.

In the hermetic method of storing sugar beets in stationary containers, the
intensity of respiration changes from aerobic to completely anaerobic respiration.

In the trench method of storing sugar beets, the aerobic nature of the respira-
tion begins and the oxygen content in the air decreases, and anaerobic respiration
also occurs.

As is known, the intensity of respiration is described by the equation:

Aerobic respiration:

C6H1206+ CO2=6C0O2+ 6H20 + 674-4.19-103 kJ
Anaerobic respiration:
CgHpAg=2COy+ 2CHX>H + 29.2-4.198-103 kJ

During long-term storage of sugar beets, a large amount of carbon dioxide,
water and thermal energy is released during aerobic respiration.

All of them affect the storage condition of sugar beets in terms of humid-
ity and temperature, as well as the development of pathogenic microorgan-
isms. During anaerobic respiration of sugar beets, ethyl alcohol, water and
thermal energy are formed in small quantities compared to aerobic respira-
tion. The method for determining the intensity of respiration of sugar beets
during long-term storage was determined according to those described above
in the research methods section. The results of the study on the effect of ozone
treatment on the respiration intensity of sugar beet under different storage con-
ditions are presented in Table 5.

Table 5- Change in respiration intensity of sugar beet with different methods of
storage with ozone treatment

Amount of HCI used

: P Respiratory rate
- for titration ml
No. Sample names R‘?pe“ a Average (J) mg
tion Investigate value, a CO2kg h
bv f-fo by m-or
| 9,9 10,2 0,3
Xn 0,3
] 9,9 10,2 0,3
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I 8,8 10,4 1,3

1 Cagat - control 1,3 7,15
Il 8,8 10,4 13
I 9,7 10,7 0,65

2 OZ (Cagat - 1) 0,65 4,29
Il 9,7 10,7 0,65
I 8,9 10,2 1,0

3 0OZ (Cagat - 2 1,0 55

(Cag ) Il 8,9 10,2 1,0 '

Sealed - | 8,4 10,2 1,5

4 1,55 8,5
control I 8,3 10,2 1,6
I 10,2 0,9

5 0Z (Sealed 9,0 ' ) 075 41
-1) Il 9,3 10,2 0,6
I 9,3 10,4 0,8

6 OZ (Sealed 08 44
-2) I 9,3 10,4 0,8
Trench - | 81 10,1 1,8

7 1,85 10,1
control I 8,0 10,1 1,9
I 8,9 10,3 1,15

8 OZ (Trench 1,15 6.32
-1) Il 8,8 10,2 1,15

It is evident from the data in Table 5 that in the control samples the respiration
rate was in the range from 7.15 to 10.1 mg CO2/kg.hour, with pile storage from
4.29 to 5.5 mg CO2/kg.hour, hermetically sealed from 4.1 to 4.4 mg CO2/kg.hour
and in trenches at an average level of 6.32 CO2/kg.hour. The respiration rate of
sugar beet with all studied storage methods with ozone treatment is less than the
respiration rate under conditions without treatment in the control samples, which is
explained by more favorable storage conditions with ozone treatment.

Study of sugar beet respiration intensity during ion ozone treatment. The re-
sults of the study of the effect of ion ozone treatment on the respiration intensity of
sugar beet under different storage conditions are presented in Table 6.

Itis evident from the data in Table 6 that the respiration rate in the control sam-
ples was within the range of 8.2 to 12.6 mg CO2/kg.hour, in a pile from 4.5 to 5.22
mg COZ2kg.hour, in a sealed container from 4.29 to 4.95 mg CO2kg.hour, and in a
trench from 7.7 to 12.6 mg CO2kg.hour.

The respiration rate of sugar beets in all studied storage methods with ion
ozone treatment was less than the respiration rate under conditions without treat-
ment (control variants), which is explained by more favorable storage conditions
with ion ozone treatment.

The effect of ozone treatment:

« Treatment with ozone flows significantly reduced the microbial load on the
surface of root crops, which led to a decrease in the number of diseased and
rotten specimens.

* The weight loss after ozone treatment was 10-15% lower compared to the
control group.

« The shelf life of root crops increased by 20-25% with optimal ozone concen-
tration and treatment time.
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Efficiency of ion-ozone treatment:

« lon-ozone treatment was more effective in combating bacterial infections due
to the combined action of ions and ozone.

* The number of diseased root crops decreased by 30% compared to untreat-
ed samples.

« Weight loss was minimal (5-8%), and shelf life reached 80% after 3 months
of storage.

Table 6 - Changes in the intensity of respiration of sugar beet under different
storage methods with ion ozone treatment

Amount of HCI used

for titration ml Respiratory
MLEr92 et () mg
9 : COZkg h
by f-fo by m-or
| 9,9 10,2 0,3
Xn I 9,9 10,2 0,3 0,3
I 8,8 10,2 1,15
- - | 8,4 10,2 1,55
1 Cagat - con , ' , 1,60 8,8
trol 1 8,3 10,2 1,65
| 10,2 11,3 0,8
2 10Z (Cagat 0,82 45
- 1) I 10,2 11,3 0,8
| 9,0 10,2 0,95
3 10Z (Cagat ) , ' 0,95 5,22
-2) I 9,0 10,2 0,95
R | 8,6 10,3 ,
4 Sealed 14 15 8,2
control [ 8,5 10,4 1,6
| 9,7 10,7 0,65
5 10Z (Sealed 0,65 4,29
-1) [ 9,7 10,7 0,65
| 8,9 10,1 0,9
6 10Z (Sealed 0.9 4,95
-2) I 8,9 10,1 0,9
R | 7,65 10,25 2,35
7 Trench 2,30 12,6
control I 7,7 10,25 2,35
| 8,3 10,2 ,
8 I0Z (Trench 17 17 77
-1) I 8,3 10,2 17

Conclusion. In general, based on the study of the physiological process oc-
curring in sugar beet during long-term storage based on changes in respiration
intensity, it is possible to cancel the importance of its reduction during ozone and
ion-ozone treatment, which leads to a decrease in all losses, including natural
loss. The use of ozone and ion-ozone flows has shown high efficiency in extending
the shelf life of sugar beet. The most significant results have been achieved using
ion-ozone treatment, which provides:

« Reduction of phytopathological damage.
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* Minimization of quantitative losses.

« Improvement of shelf life and suitability of root crops for processing.

The results ofthe study have been tested at Koksu Sugar Plant LLP and Merke
Sugar Plant LLP.

The introduction of these technologies into agricultural practice will increase
the economic efficiency of sugar production by reducing losses at the storage
stage and ensuring high quality of raw materials.
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N3TaeB A.N.1 AkusieBa M.A.], XXakaTaeBa A.H.2

'ANMaTUHCKUIA TEXHONOTMYECKNn yHUBepcuTeT, 1. AnmaTbl, KazaxctaH

XKazaxckuili Hay4yHO-uccnepoBaTesibCkuii UHCTUTYT 3eMNeaenns 1 pacTeHMEBOACTBA,
noc. Anmanbi6ak, AnMmaTuHckaa obnacTtb, KasaxcTtaH

NCC/NTIEAOBAHVE COXPAHAEMOCTN CAXAPHOW CBEK/Ibl MPU
O30HHOW 1 MOHOO30HHOW OBEPAEOTKE

AHHOTauusl. B cTaTbe npefcTaBneHbl pe3ynbTaTbl UCCNEL0BaHUSI COXPAHSIEMOCTU KOpHe-
N040B caxapHoil CBeK/bl Nocne 06paboTk 030HHLIMW U MOHOO30HHLIMY NoTokamu. Lienbo
nccnefoBaHnsa ABMSIOCH NPOANIEHNE CPOKA XPaHEHUs! Cbipbsi CaxapHOro NPov3BOACTBA 3a
cyeT aHTubakTepuanbHoli 06paboTKM M MUHUMMK3ALMKU NOTepb. [MPUMEHSIINCL UHHOBALM-
OHHblE€ TEXHO/IOTMWN O30HOBOW U MOHOO30HHOW 06PabOTKM, HaNpaBfEHHblE Ha YHUYTOXEHME
naToreHHoin Mukpodhnopbl 1 NpegoTepalleHne rHnenns. O3oH (O3 obnagaeT fe3nHpULMpy-
IOWMMUN CBOWCTBaMU, YHUUTOXAsA GakTepuu, cnopbl njeceHn u rpubkoB. IOHOO30HHbIE Mo-
TOKM, coyeTasi 030H U OTpULATENIbHO 3aPSHKEHHbIE WOHbI, YCUNMBAKT aHTMGaKTepranbHblii
adhhekT. B xone akcnepumeHTa OLEeHVMBaINUCh MHTEHCUMBHOCTL AblXaHWs KOPHENMIoAoB, Au-
HaMuka mMeTabo/Myecknx NPOLLeCcCOB U CTeNeHb BO3AeNCTBMS 030HA M MOHOO30HA. lMpoBe-
[EH aHasM3 KONMYEeCTBEHHbIX U3MEHEHUI A NPOAYKLMM, BKOYas: yObllb MacChl; KONMYECTBO
NopaXeHHbIX KOPHEN/I0A0B; CTENEHb MEXaHUYECKUX NOBPEXAEHUI; 06LmMe noTepn (YCyLuka,
THW/b, MECEHb); MPOLLEHT COXPAHSIEMOCTU KaueCTBEHHbIX KOpHennohoB. duTonatosornye-
cKasi OUeHKa BblsIBUMIA CHUWXEHUE MOPaXKeHHOCTW 60ne3HAMU. PesynbTaTbl NOATBEPAWN,
4TO 06paboTKa 030HOM M MOHOO3OHOM CHWXAeT NoTepu W NPoAseBaeT CPOK XPaHeHusi, co-
XpaHsas TOBapHbI/i BUA U BKYCOBble kayecTBa. DTO NOATBEPXAAET NepcrnekTUBHOCTL TEXHO-
NorUn ANsi caxapHol NPOMBbILMIEHHOCTH Kak 3(pheKTUBHOIO M 3KONOrMyeckn 6e3onacHoro
MeTofa XPaHeHUs Cbipbs.

KntoueBble cnoBa: caxapHas cBekna, XpaHeHne, 030H, MOHOO30H, 06paboTKa.

N3TaeB A.N.1 AkusieBa M.A.], XXakaTaeBa A.H.2

'AnMartbl TEXHOMOTUANBIK, yHUBEpcuTeTy AnmMartsl Y., Kas3ak,craH

X,azaK, eNHLWLWK X3He eaM K LapyalwbibIrbl Ibl/IbIMA-3€PTTEY UHCTUTYThI,
Anmanbibak ayblnibl, AnMaTbl 061bICbl, KazakcTaH

O30H X3HE MOHO30HAbI OHAEY ANAbIHAA KAHT KbI3bI/ILWLWACbBIHbIH
CAKTAY TYPAKTbINIb”AbIH 3EPTTEY

TYMingime. Makanaga KaHT Kbi3blALLAChIHbIL TYMHEKTEPLU 030HAbl X3HE MOHOO30H/b! arblH-
[apMeH eUfiereHHEeH Kellin cakTasny H3TUXenepi ycbiHblIraH. 3epTTeyAal, MakcaTbl - LUMKH
3aTTbl GakTepusira Kapcbl eufey X3He cakTay Keslwaen WhbirbiHAapAbl asaiTy apKbliibl KaHT
eHalplciiy Hen3n LWKU3aTbiHbIL cakTany Mep3iMiH y3apTy. MNatoreHaik MUKPOhIopaHbl O
X3He Wipy npouecTeplily angbiH any YLWiH 030HAbl X3HE WOHOO30HAb! eujey/ll MHHOBa-
LUMANbIK TEXHONOrMsANapsl kongaHbinasl. O3oH (O3 GakTepusinapgibl, Kerepy criopanapbiH
XaHe 3euephi XoATbiH KYWTi fe3nHDeKuusblKk kacuettepre ve. VIOHO030HAbI arbiHaap
030H MeH Tepic 3apagTanraH noHgapAbl 6ipikTipe oTbipbin, 6akTepusara kapcbl acepbl Ky-
WweliTeai. KkcnepuMeHT 6apbicbiHAa TYMHEKTEPAL, ThiHbIC any KapKblHAbIIbITbI, MeTa6osm-
KasnblK MpouecTepAal, AUHAMUKACH! X3HEe 030H MEH MOHOO30HHbLIL 3cep eTy Aeurew 6ara-
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naHAabl. 9KMHLY, caHAblk e3repicrepi TangaHbin, canmakTbil, KeMyi, 3akbiMaanraH TyliHekTep
caHbl, MexaHuKanblK 3aKbiMAaHy fapexeci, xannbl wWbirbiHaap (keby, wipy, 3ew), canabl
TyHEeKTepAL, cakTany naibi3bl kepceTkilTepi 3epTTengi. durtonaronoruansik 6aranay 6a-
pbiCbiHAA aypynapfbly, TapanybiHbil, TEMeHAereHi 6aikangpl. 3epTrey HaTuxenepi 030H
X3He MOHOO30HMEH eujey 3AITepLIL WUWaTTbil, MaccasblK XoranyblH asaiiTbin, caktay
Mep3iMiH y3apTyra MYMkiHAik 6epeTiHiH ganengegi. 3epTTey 6apbicbiHAa euaenreH TyhHek-
Tep y3ak yakbIT 60iibl Tayap/blk TYPiH X3He [3MAK KacueTTepiH cakTan kangbl. byn agioTuy
KaHT eHepKacibi YLWiH THiMAi X3He 3KOMOornsANbIK Kayincia caktay TEXHONOrUsAChLl peTiHae 60-
natarbl 30p ekelH pacTaifbl.

TYWMinai cesapep: KaHT Kbi3blWAC!, CaKTay, 030H, MOHOO30H, eley.
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NEPEBO/ CTATbW / MAKANAHBLL AYOJAPMACHI

N3TaeB A.MN.1 AknsieBa M.A.], )KakaTaeBa A.H.2

'ANMaTUHCKUIA TEXHONOrMYECKNn yHuBepcuTeT, 1. Anmatbl, KazaxctaH

Kaszaxckuii Hay4HO-uccnenoBaTenbCKUii MHCTUTYT 3eMnefennsa 1 pacTeHMeBOACTBa,
n. AnMmanbi6bak, AnMaTuHckas o6nactb, KazaxctaH

VCCNEAOBAHNE COXPAHAEMOCTW CAXAPHOW CBEK/IbI MPU
O30HHOW N MOHOO30HHOW OBPABOTKE

AHHOTauus. B cTaTbe npeacTaBfieHbl pe3ynbTaTbl UCC/eA0BaHUA COXPaHAEMOCTU KOpHe-
NN0JOB caxapHoii cBeknbl Nocne 06paboTkM O30HHBLIMU W MOHOO30HHBIMW NoTokamu. Lienb
nccnefoBaHus - NPOASIEHNE CPOKa XPaHEHWS Cbipbsi CaxapHOro Npou3BOACTBA 3a CYeT aH-
TnbakTepmanbHoil 06paboTkM U MUHUMU3ALMUW NOTepb. MNPUMEHANNCL UHHOBALMOHHbIE TeX-
HO/IOrMM O30HOBOI U WOHOO30HHOI 06pPaboTKM, HanpaB/ieHHble Ha YHWYTOXEHWEe naToreH-
HO MUKpod/Iopbl M NpegoTBpaleHne rumerdnsa. O3oH (O3 obnagaeT fe3nHpULMpyoWmMMm
CBOCTBaMW, YHUUTOXas 6GakTepuu, Cropbl NaeceHn u rpubkoB. VIOHOO30HHbIE MOTOKW, CO-
yeTas 030H U OTPULLATENbHO 3apSKEHHbIE NOHbI, YCUINBAKT aHTUbakTepmanbHblii addexT.
B xofe akcnepMmeHTa OLeHUBAINCh UHTEHCUBHOCTb AbIXaHUA KOPHEeNIo40B, ANHAMUKa Me-
Tabonnyecknx NpoLieccoB 1 cTeneHb BO3AeliCTBUA 030HA U MOHOO30HA. MpoBefeH aHanu3
KOMIMUECTBEHHbIX N3MEHEeHUI NPOAYKLMK, BKIOYasA: Y6blb MaCChl; KOSIMYECTBO NOPaXKEHHBIX
KOPHEMN0A0B; CTeneHb MeXaHW4Yecknx MoBpexpAeHuii; obme notepn (ycywka, rHuIb, nne-
CeHb); MPOLEHT COXPaHAEMOCTN KauyeCTBEHHbIX KOpHen1040B. duTonaTonoruyeckas oueHka
BbISIBAMA CHUXEHNE NMOPAXEHHOCTW 60n1e3HAMU. Pe3ynbTaTtbl NOATBEPANAN, YTO 06paboTka
030HOM Y MOHOO30HOM CHWXaeT NoTepu 1 Npo/eBaeT CPOK XPaHEHUS, COXPaHAS TOBapHbIii
BUJ, N BKYCOBble KayecTBa. ITO NoATBepxAaeT NnepcnekTUBHOCTb TEXHOMOMUW NS caxap-
HOW NPOMbILLNEHHOCTH Kak 3h(heKTUBHOro M aKonornyeckn 6e3onacHoro mMetoga XpaHeHus
CbIpbS.

KntoueBble cnoBa: caxapHas cBekna, XpaHeHuWe caxapHoli CBek/bl, 030HOBasi 06paboTka,
MOHOO30H, 06paboTka.

BeepgeHne. CaxapHyt CBeky NpUHUMAT naptuamu. laptvein cuuTaot
nboe KONMYEeCcTBO CBEK/bl, AOCTaB/IEHHOE B OAHOW TPaHCMOPTHOW eauHuue u
ohopMNIEHHOE OAHUM [OKYMeHTOM. [lo B3BeLUMBAHUA CBEK/Yy OCMaTpuBaeT KOH-
TPO/Sb W, UCXOAA U3 ee (DU3NYECKOTO COCTOSHWSA. ChnenocTu, obLuei 3arpsasHeH-
HOCTU W AaHHbIX NPeAy60pPOYHOro XMMUKO-PUTONATONOrMYECKOro ob6cnenoBaHns
noceBOB, pacnpejenser no cpokam xpaHeHus [1-2].

CoBpemeHHas nporpeccuBHas TEXHONOMMA MPUEMKM U XpaHEHWs KOPHenso-
[OB caxapHOW cBekbl, ybpaHHOI KombGaliHOM, npegycMaTpuBaeT BbINOSIHEHME
Cnefywmnx BaXHeWWnX MeponpuaTuin: npegybopoyHoe MaccoBoe XMMUKO-(hu-
Tonatonornyeckoe obcneposaHne NOCEBOB CBEK/Ibl; NMPUEMKY CBEK/bl B CTPOrom
cooTBeTcTBUM € TpeboBaHusaMu FTOCT 17421; pacnpegeneHne CBeK/bl Ha KaTero-
pvM MO CpoKaM XpaHeHus 1 nepepaboTku; AOOUMCTKY CBEK/bl OT nNpumecei nepeg
YKNaAkon B Karatbl; NPUMEHeHNe XMMUYecKnx npenapatoB Ans o6paboTku cee-
K/bl, yKNaAblBAEMOW Ha XpaHeHue; BEHTUNUPOBaHWE KaraToB YBN@XHEHHbIM BO3-
OYyXOM; UCMO/b30BaHne aBTOMaTU3MPOBaHHbIX CPEeACTB KOHTPONS U perynnposa-
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HWUA TeMMNepaTypHOro pexuma; 3awnTy CBeK/bl OT YBAAAHUA U NOAMOPaXNBaHUA
(HaHeceHVe Ha NOBEPXHOCTb KaraToB C/1I09 M3BECTKOBOrO MOJIOKA W YKpbITUE UX
TEennou3oNALMOHHBIMKM MaTepuanamu); MCNoib3oBaHWe ChaBHbIX MNA0WAanoK,
060pyl0BaHHbIX CMCTEMaMW aKTUBHOTO BEHTWU/IMPOBAHMSA A8 KPATKOCPOYHOro
XpaHeHusi CBEK/bl M Nojaun ee Ha nepepaboTky; NPYMEHeHVe MexXaHW3MOB ANns
nojayv CBeK/bl U3 KaratoB Ha nepepaboTky, obecneuymBatoWyx MUHUMASIbHbIE
noTepu cBeksiomacchl 1 caxapa [3-4].

Csekna, gocTtasnsieMas c nosnei B aBTomallnHax ¢ 6optamm, pasrpyxaercsa u
yKnagbiBaeTca B Karatbl: Ha KaraTHbIX HOMSAX - C NOMOLLbIO MOGW/IbHbLIX CBEK/I0Y-
KNafumKoB, Ha MeXaHU3MPOBaHHbIX CKnajax W nnaowankax ¢ TeepabiM MOKPbITU-
€M C NOMOLLbI0 (DPOHTA/IbHbLIX CBEK/TOYKIaA4MKOB HA NHEBMOKO/IECHOM X044y Wn
penbcoBbIX [5-6].

Mpv NpaBWAbHO NPOBEAEHHOM 3aMOpPaXWBaHWW CBEK/IbI AblXaHWe U Bce Npo-
ueccbl 06MeHa B KOopHennogax npekpawatoTcs. XMMUUYECKUA COCTaB M TEXHOO-
rmyeckue KayecTBa 3aMOPOXEHHON 1 CBEXel CBEK/bl NPakTUYecKn Of4UHAKOBbI.

depmeHTbl NpY 3aMOpaXXMBaHUM He WMHaKTMBUPYKTCA. [Mpn oTTavBaHUM xe
KOPHENO40B MX aKTMBHOCTb BOCCTaHaB/IMBAETCA, UTO MOATBEpXAaeTca nodep-
HEHVEM CBEK/IOBUYHON TKaHu M 6bICTPbIM TMAPOSIM30M caxaposbl [7-8].

YCTaHOBNEHO TakXe, YTO XOPOLLO XPaHUTCHA CBEXeBblKONaHHasA, HenoABs/eH-
Has MbiTas CBekna C CoAepXaHWeM CWUbHO TPaBMUPOBAHHbLIX KOPHENMNOA0B He
6onee 15 % wu 3eneHoli maccbl He 6osiee 3 %. MNoaBsANEHHbIE KOPHEN0A4blI nocne
MOVIKM XPaHATCA XYyXe, YEM HEMbITbIE.

Ycnex XxpaHeHuss BO MHOTOM 3aBWCUT OT ra3oBOro cCocCTaBa karaTHOro BO3f4y-
Xa, B YaCTHOCTW COOTHOLLEHWS yrnekucnoro rasa v kucnopoga. Havbonee 6na-
ronpuaTHbIE YC/I0BUA A8 XpPaHEeHUS MaTOUYHbIX KOPHENIOA0B CO34al0TCA, ecnun B
KaraTHOM BO34yxe Kucnopoga cogepxutcs 12-14 %, yrnekncnoro rasa — OKOJ0
5 %. lMpn xpaHeHUn MaTOYHbIX KOPHEM/0L40B CBEK/bl B YC/I0BUSAX MOBbILLIEHHOW
KOHUEHTpauun Yriekncnoro rasa He TO/Ibko HabnwofalwTcsa NoTepu macchbl u ca-
xapa (B CBs3M C 60/1ee MHTEHCMBHbIM AblXaHWeM), U TeM 60/blie, YeM 60/blie B
XpaHunuLe yrneknucnoTbl, HO Y CHUKAEeTCA CeMEHHas MX NPOAYKTUBHOCTb. B onbl-
Tax H. N. KopxeHko (BHWNC) npu xpaHeHun MaTOYHbIX KOPHEMN/040B B TeYeHue
Mecsaua B XpaHunuile, rge KoHUeHTpauusa Yriekucsoro rasa cocTtas/issia OKoso
60%, OHM NOTEpPANN CNOCOGHOCTb K MpopacTaHuio. Mnméenb UEeHTPasibHON MOYKK
Ha6bnoganacb y 16,3% npu xpaHeHnn B TedeHne 20 gHein ny 30% npu xpaneHun
30 pHelt 6e3 poctyna Bo3ayxa B xpaHunuwe. CpefHuUid ypoxai ceMsiH ¢ 04HOro
pacTeHus 6bi1 90 1 75 1, a Npu xpaHeHUn 6e3 pocTtyna Bo3gyxa B TeueHue 10
aHen - 123 r. Mpu OTCYTCTBMM aspauuun, YTO MOXeT 6bITb B Karatax co CBEK/IO0M,
HaKomM/eHne yrnekucaoro rasa 6bICTpo Bo3pacTaeT. VIMeeT 3HayeHne u Temnepa-
Typa B XxpaHunuuie. Ecnn oHa B npegenax 0°, 2°C, TO yrnekucsnblii ra3 Hakanau-
BaeTCA MOCTENEHHO M COOTBETCTBEHHO YMEHbLUAETCH COfepXaHue kucaopoja B
XpaHunuuwax. Ecnu Temnepatypa 8°C u Bbilwe, TO KONMYECTBO YI/IEKMCNONO rasa
yXe Ha NATbIA AeHb MoXeT 6biTb 25-30 %, ecnn HeT focTyna BO3Ayxa B XpaHuu-
we. OTcloga cnefyeT NpakTUyYecknii BbIBOA, YTO A/INTENbHOE XpaHeHNe MaTOYHbIX
KOpPHEN/OAO0B B KaraTax, rge HapylleHa aspauus, HeEM36exHO NpUBOANT U K NoTe-
PSAIM XpaHUMbIX KOPHENMIO0A0B, Y K CHKEHUIO UX CEMEHHOI NpoAyKTUBHOCTK [9-10].

[a30BbIi cOCTaB BO3fyXa B XpaHWIuWe MOXeT U3MEHATbCA M B 3aBUCUMO-
CTW OT CTENEeHW 3arpsA3HEeHHOCTU CBek/bl. lMpucTasBwas rpasb 3akynopusaeT Mo-
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BEPXHOCTb KOPHEMN/I0A0B U MPOMEXYTKA MEXAY HUMM, YTO 3aTpyAHAEeT aspauuio,
noBbILaeT TeMnepaTypy, B pe3y/nbTare noBbllLAeTCs aKTMBHOCTb MUKPOOpPraHm3-
MOB 1 UHTEHCUBHOCTb [bIXaHuS.

[na HOpManbHOro XpaHeHusi CBEK/bl BPeAHO M36bITOUHOE KOMUYECTBO He
TOMbKO YINEKUCNOThl, HO U kucropofa. CHMXEeHWEe YPOBHA Kucnopoga B cpefe
noBbILWAeT X0/1040CTOWKOCTb, 0GOoralleHne cpepbl yriaekucnbiM ra3om ocnabnser
[OblXxaHue CBek/bl, a oboralieHne KUCNopoA0oM CTUMYNUPYET AbixaHue. Xopoluee
XpaHeHne cBek/bl TpebyeT yMepeHHOro fAbixaHus. 3HauuTesIbHOE KO/IMYECTBO
yrnekncnoTbl, obpasyemMoe B Xxofe [AblXaHus, yaepXuBaeTcs KopHennogamu, a
ec/nn AaTtb CBEeXWii Bo3ayX, TO yriekucnorta cpasy xe ocBoboxgaercs. Hago yuu-
TbiBaTb, YTO [M1aBHbIA BO36YANTENb KaraTHOW rHUAn — rpubok BoTputuccuHepea
— aspob, No3ToMy NPUTOK KMCNOpPOLa MOXeT CTUMYyupoBaTb ero passutme [11-
12].

Mepbl npeaynpexneHns HapyLleHnss HOpMasibHOro ra3oBOro cocTaBa Bo3gyxa
B XpaHunuuie: cobnigartb pekoMeHaauun no rny6rHe TpaHwel U BbiCOTE YKpPbI-
TUSI KaraToB; He A0NyCcKaTb MOBbILEHHOMO YBIAXHEHNS MOYBbI U CU/IBHOTO 3arpss-
HEHWS CBEK/Ibl, He BblAENATbL NOJA KaraTHoe Mosie yvacTku ¢ 6awauamm, ¢ BbICOKUM
YPOBHEM TPYHTOBbLIX BOJ, Ha CU/IbHO 3an/biBatloLLMX NOYBAX; BECHON He 3aepxu-
BaTb BblEMKY KOPHEMN/0A0B NOC/E CHATUSA 3eMISIHOTO YKPbITUSI.

MeTozbl nccrefoBaHus. B xoe akcneprvMeHTa caxapHas cBekna nojsepra-
nacb 06paboTke 030HHbLIMW Y MOHOO30HHLIMU MOTOKAMU B Pa3/IMYHbIX PEXUMAX,
KOTOpble pa3nnyasanchb:

- KoHueHTpaumen o3oHa (B 3aBMCUMOCTM OT Tuna o6paboTkm);

- MpoAo/MHKNTENBHOCTLIO BO3AENCTBUSA (BPEMEHHbIE MHTEPBasbl 06PabOTKN);

- TemnepaTtypHbIMU YC/IOBUSIMU XPaHeHNs nocne o6paboTku.

OueHka aghheKkTMBHOCTM 06pabOTKN BKAOYana B cebsi KOMM/IEKCHOE U3yYeHne
COCTOSIHUAI KOPHEN/IOA0B Ha pa3Hblx 3Tanax xpaHeHus. Bbinn npoBedeHbl cnepy-
olwme aHanum3abl:

1 OnpefeneHne MHTEHCUBHOCTYU AblXaHUSl - U3MEpPEeHWe BblAeNIeHNs YreKnc-
710r0 rasa Ans OueHKM MeTabosmyeckoll akTUBHOCTWM KOPHeNnso4oB. Bbicokasi WH-
TEHCVMBHOCTb [ibIXaHUs CBUAETENbCTBYET 06 YCKOPEHHbLIX NMpoLeccax pasnoxeHus
N CHUXKEHNN COXPaHSieMOCTM.

2. KonuuecTBeHHbI aHann3 CoXpaHeHHOW MpoAyKuuKU - B3BeLUMBaHWE U yyeT
Maccbl NPOAYKUMM Ha pasHblX 3Tanax XpaHeHus ANs BbISABIEHUSI AMHAMUKM MO-
Tepsb.

3. duTonaTonornyeckas oueHka KOPHEM/I0A0B - U3YyYEHUE Ha/Muusi U pacnpo-
CTpaHeHHOCTU TPUBKOBLIX U GakTepuanbHbiX 3a60/1eBaHuli, OLeHka cTeneHn nopa-
XEHVS U BbISIB/IEHVNE NATONOTMUYECKNX U3MEHEHUIA.

OnpefeneHne WHTEHCUBHOCTU AbixaHua. [py nNpoBefeHUN BCEBO3MOXHbIX
nccnenoBaHuii ¢ XpaHeHWeM KNyGHel WaM OBOLER yA06HbIM ABNSETCA cnocob
onpefieneHuns AblXxaHUsi B TepPMETUYHO 3aKpbIThbIX 3KcMkaTopax. CylHOCTb MeToa
COCTOUT B TOM, 4YTO Bblgensemas yrnekucnora nornouaetcs efkum HaTtpuem ¢
06pa3oBaHNeM YreKUC/bIX COMX, KOMIMYECTBO KOTOPOW paccunTbiBaeTcst No pas-
HMLEe TUTPOBAHUS NMOJIyYEHHOTO pacTBopa B NPUCYTCTBUMU peHoNTanemHa n me-
TUNopaHxa.

JKcMKaTopa A0/MKHbI 3aKpblBaTbCA repMeTUyHO. [poBepsitoT repMeTUUYHOCTb
3KCMKATOPOB CreayolmmMm 06pa3oM: B NOArOTOB/IEHHbIN Cyxoli aKcukaTop knagyT
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NOAOXOKEHHYIO GyMary 1 3aKpblBaloT, €C/In Yepes3 CyTKM IKCUKATOp COoXpaHsieT Ba-
KyyM, TO OH repMeTV/yeH, ero MOXHO UCNoNb30BaThb ANS OnbiTa.

Pasmep akcukaTopa 3aBUCWUT OT BeIMUYUHBLI MPOOGbI U MPOAO/MKUTENBHOCTH
onbiTa. Pacuyét gomkeH ObiTb Takoi, 4YTOObl K KOHLY OMblTa HaBECKOW OblN0 UC-
Nnosb30BaHO OKOJ/I0 MOJIOBMHbI KWC/OPOAA, 3akK/l4Y4EHHOro B 3KcukaTope. [Ans
o6ecneyeHns repMeTUYHOCTY KPbILLKU 3KCMKaTopa NpoMasbiBatoT Ba3eIMHOM Wan
cmaskoi. Onsa onbiTa Heobxoammbl 0,5 H pacTBopbl HCI n NaOH, a Takxe pacTBo-
pbl MHAVKATOPOB heHoNTanenHa n meTuaopaHxa.

O6bI4HO BepeTcs cpefHas npoba osouwienn 0,5-1 kr knybHei. Kaxpoe onpepae-
NleHve npoBoauTCcA B 2,3 KpaTHOW NOBTOPHOCTMW, ANS Yero roToBAT COOTBETCTBY-
oliee KoIM4yecTBO TUMNYHBLIX U O4UMHAKOBbLIX NPo6. Ha AHO akcukaTtopa B uvallke
MeTtpn nomewatot 50 mn 0,5 H WENOYL (MHTEHCUBHOCTL AbIXaHUSA He NpeBbiaeT
10 mr CO28B yac, a HaBecke 0,5 kr). 3Ty onepauunio HYXXHO NPOBOAUTL KakK MOXHO
6biCcTpee, 4TOObI Wenoyb nornotuna MeHbwe CO2 n3 Bo3gyxa. O4HOBPEMEHHO
CTaBAT Takne Xe 3KCMKaTopbl, HO 6e3 OBOLLEel (KOHTPOb AN LesoYb).

Kny6Hn nnm oBowm Hag WENo4Yblo BblaepXmnsatoT 06bl4HO 12-24 vaca. AnsA
NoNy4eHUss CpaBHUMbIX AaHHbIX, onpefeneHve Heo6xoaMMO NMPOBOANTL NPU OAU-
HaKoBOW TemnepaTtype, Tak Kak UHTEHCUBHOCTb AbIXaHUS CU/IbHO 3aBUCUT OT TEM-
nepatypbl. B NoArotoBneHHble 3KCUKATOPbLI C LLENOYbI0 HA MNOACTaBKW BKNafbl-
LUK nooyepesHO MOMeLarT Npobbl C TakMM pacyeToM, YTOObI KOpPHeNaoA4bl Ha
Kacanucb LWenouyn, a B WENOYb He nonagana rpsasb. BblHUMaOT nNpobbl B TOM
Xe nopsifike, B kakoM 3aknafbiBanu. LWenoub BbINMBAKT B KOAGbI M MAOTHO WX
3akpblBaloT. Ha TutpoBaHue 6epétca 10 Ma Wwenoynm B 2 KpaTHOW NOBTOPHOCTMU:
€CNN JaHHble napasniefibHblX TUTPOBaHWI He coBnagalwT, TO YMCNO MOBTOPHbIX
TUTPOBaHW yBeNuumMBaloT. TUTpoBaHue NpoBoAAT 0,5 H CONAHOM KMCNOTOW CHa-
Yyana B npucyTcTBuM 1-2 kanesnb heHondtanenHa o obecLpeymBaHns, a 3aTem
pobaeneHnem metunopaHxa (1-2 kanenu) 4o U3MEHEHUS OKPaCKK.

VHTEHCMBHOCTb AbIXaHUs onpegenseTcs KoNM4ecTBOM YrneknCcnoThbl, Bblaens-
emoi (Mr) 1 kr oBouien 3a 1yac npeonpefenéHHoin Temnepartype (y4uTbiBaeTcs B
KaxoM OTAEe/IbHOM Cyyas).

_a-ZKlllA
= TPB

roe:

a - pasHuua TUTPOBaHMii MO heHoNMTANENHY U METUIOPaHXy (3a BbIYETOM pasHMLibl
TUTPOBAHMUS KOHTPO/IE HA LLENoYb), M.

K - nonpaska K TUTPY KACNOThI.

A - 06bEM LWEouM, NOMeWwaHHoN B aKcukaTope, M

B - 06beM LLesoumn, B3aTblii Ha TUTPOBAHUS, M.

T- Bpems 3KCnosuumu, vac.

P- Bec npobbl, Kr.

. aKk-55A
VHTEHCMBHOCTb [blXaHWA caxapHoW cBeknbl - } = T p b

rae:
a - pasHuua TUTPOBaHWUi No dreHonTanenHy N MeTunopaHxy (3a BblYEeTOM pasHULbl
TUTPOBAHWUS KOHTPOJSIE Ha Wenoyb) - M (X.n)
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A - 06beM Lenoun, NoMellaHHoW B akcukarope, 50 mn

B - obbem Lenoun B3ATLIA Ha TUTpPOBaHUs, 10 Mn

T- Bpems akcnosunuuu, 5 u.

P- Bec npo6bl, 1 kr

5,5 - koadpdumumeHT nepecuéta mn NaOH ycBoeHHoro CO2Ha mr CO2

Ha 1 mn 0,1 H pactBopa wenounm unget 2,2 mr CO2,a Ha 1 mn 0,25 H
pacTBopa wenoun uaet:

0,1 H-2,2 MTCO2

0,25 H X

0,25 m2,2
X = =55
0,1

K- nonpaska K TUTPY KC/OTbI

MJILLENoYN
= nowejuiee Ha TUTpoBaHue no cheHongranenHy
MJIKUCNOTbI

10 mn NaOH)
K~(10 mn HCl)— =1 Ha 10 mn 0,25 H NaOH nowno 10 mn 0,25 H HCI

akm55A aml -55 =50 _ r
1~ TP B ~ 5110 - a'b5s

MeToguka wuccnefoBaHuii no xpaHeHuio kKopHennogos. [Ona ANUTENIbLHOTO
XpaHeHUs1 KOpHeNo4bl BblpaliMBalT Ha NA0LOPOAHBLIX NOYBaX. Ypoxai [O/KeH
6bITb BblpalleH Npu Co6MAEHNN OCHOBHbIX TpeGOBaHMI arpoOTEXHUKX: NpPU Bbl-
[epX1BaHUM ceBOOBOPOTOB, NPU paLMoHa/IbHOM NPUMEHEHUN yA0BPEHWIA, NnecTu-
LMA0B 1 opolleHns. B nouBe He AO/MKHO ObiTb BO3OyauTenen 6onesHein, 0CO6EHHO
cdhomo3a u cepas rHunW. [ns nocesa WUCMNOMb3YHT YUCTOCOPTHbIE CEMEHA OAHOM
napTuu.

B npouiecce xpaHeHusi aHa/IM3npPoOBaNUCh Creayowmne napamMmeTpsi:

* Y6bINlb Macchl - KO/IMYEeCTBEHHble NoTepy MaccChbl KOPHENo040B M3-3a ucna-
peHusi Barn U metaboInyeckoii akTUBHOCTU.

* KonnyectBo 60MbHbIX KOPHENOAOB - 051 KOPHENNOA0B, NOPaXeHHbIX (hu-
TonatoreHamu (rHUAK, nNneceHb U 6akTepuanbHble NHAEKLMN).

* MexaHn4eckne MNOBPEXAEHUS - OLEeHKa BHELUHUX AedeKTOB U TpaBM, BO3-
HUKLLMX NpW c6ope 1 TpaHCNOPTUPOBKE.

« O6LlKMe noTepu - COBOKYNHOCTb BCeX (DOPM YTpaT, BK/I4Yas eCTeCTBEHHYHO
y6bi/b, NOBPEXAEHUS U NOpaXeHne 3aboneBaHUAMMU.

« CoXpaHsieMOoCTb - NPOLLEHT 340POBbLIX U MPUTOAHbIX K AaNbHelweli nepepa-
60TKE KOPHEMN/0A0B Yepes onpeAesieHHble UHTepPBasibl XpaHeHUs.

YéupaTb ypoxain u oTéupaTb ypoxalh Ha XpaHeHne HeobxoAumo [0 HacTy-
NeHNs 3aMOpPO3KOB. ONbITHYIO NPOAYKLUMIO CneayeT CBe3TH B ieHb YGOPKM Ha no-
CTOSIHHOE MECTO XpaHEeHWsi, YTOObl KOPHENAoAbl He yTpaTu/n YacTb BNaru U He
NnornoTUAN ee U3 BNaXHOr0 BO34yXa, YTO MOXET CKa3aTbCsl Ha COXPaHSeMOCTU.
Mocne 3aBO3a KOPHEMIOAOB B XpaHUNulie crefyeT BblAepXaTb WX HECKONbKO
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OHel Ana BblpaBHMBAHUSA MO TYPropHOro coctosiHus. Bce BapuaHTbl O4HOMO OMbl-
Ta O0/MKHbI GbITh 3a/10KEHbI B TEYEHWE OAHOr0 AHA. 3aknablBaloT B ONbIT TO/IbKO
3[10pOBblE, YUCTblE, CyXue, He NOBPEeXAEeHHble BpeauTensamm u 6onesHamu, 6es
MeXaHMYecKnx NoBpexAeHuin, He NoABSAALLME KOPHENIo4bl CPeAHWX pa3Mepos,
XapakTepHble A8 copTa M ypoxas [aHHOro roga. 3anoXeHHble KOpHennoApl
OOJ/DKHbI cOOTBETCTBOBaThH TpeboBaHma NOCTa PasHuua B pasmepax KOpHenso-
[OOB CKa3blBaeTCA Ha WHTEHCVMBHOCTW [AbIXaHWs, UCNapeHun Brarv, XMMuUYeckoMm
cocTaBe, MexaHW4yecKo NPOoYHOCTV WM Ap. nokasaTtenax. Pasnuuus B ybblin mac-
Cbl MOTYT 6bITb 60N1bLUIMMKM, NO3TOMY CriegyeT 3aknagbiBaTb KOPHENNOAbl CPeHNX
pasmepoB ¥ OAVHAKOBbIX B Pa3/IMYHbIX BapuaHTax.

Macca y4yeTHOro o6pasua AN OBOLLE CO CPeAHUMMW U KPYNHbIMU KOPHENo-
OamMu, YMCNO NOBTOPEHUI - He MeHee 3. O6sA3aTeNbHbIM AO/MKEH OblTb 3/1EMEHT
CpaBHEHUs, NO3TOMY OAHUM W3 BapuvaHTOB AO/MKEH ObiTb KOHTPO/b (CTaHAapT).
OfUH KOHTPOb JO/MKEH NpUXoauTbesa Ha 10-12 BapuaHTOB.

Cxema 0AHOAKTOPHOro OfnbiTa AO/MKHA ObiTb MOCTPOEHa C cobngeHvem
npyvHUMNa eMHCTBEHHOTO pasnyus, Npu TOXAeCcTBe NPOUYUX YCNOBUN.

B xpaHunuue ANns XpaHeHus KOPHeNI040B HEO6XOAUMMO B BO3MOXHO KOPOT-
KWA CPOK A0BECTV TemnepaTypy A0 ONTMMasbHOM. B MecTax pacnosioxXeHns Bcex
BapMaHTOB ONbITa, BKIOYAS KOHTPO/IbHbIM AOMKEH ObITh CO34aH OAMHAKOBbIV OnN-
TUMasbHbIA pexnMm XpaHeHus. PekoMeHayeTcs XpaHuTb npu Temnepartype 00C c
KonebaHnsamMun B npegenax ot -0,5 go +10C npy OTHOCUTE/IbHOI BNAXHOCTU BO3-
nyxa 95-98%. Csekny - npu temnepatype +10C, He Hmke 0, NpU OTHOCUTENLHOIA
B/T@XHOCTM BO3A4yxa - He Bbilwe 95%.

Mpy CHATUM 06pPa3LLOB C XpaHEeHUss NPOBOAUTCA NOJIHBIA aHaNn3 KOSIMYEeCTBEH-
HbIX U3MEHEHWI COXpaHMBLLENCA NPoayKuMM 1 hutonaTonornyeckas OueHka:

- y6bINb Macchl (MoTepu OT AbIXaHUSA U UcnapeHus), onpeaenseTcs pasHuuen
B Bece yyeTHOro obpasua npu 3aknajgke Ha XpaHeHue W CHATUA nocne AAuTeNb-
HOro XpaHeHus;

- BbIXO/Z MOJIHOLLEHHbIX KOPHEM/0AO0B, ONpefenseTcs B3BeLUMBaHUEM COXpa-
HUBLUECS NOTHOLLEHHON NpOAYKUNW;

- abCcoNoTHbIM 0TX0A, OnpefenseTca B3BELUMBAHUMEM HEMPUIOLHOW K ynoTpe-
61eHNI0 NPOAYKLMN 1 oNpefensieTcs ero OTHOLIEHME K Becy 3a/10KeHHOro obpas-
ua;

- KONU4ecTBO 60MbHBLIX KOpPHENNoAoB (0TbMpaeTca NPOAyKUMS, MOpaxeHHas
60/1e3HAMU C y4eTOM BMAOB 6onesHen);

- Apyrue notepu (NOAMOPOXEHHbIE, BAMbIE) YUUTbIBAIOTCA OTAE/IbHO WX B
COBOKYMHOCTM C APYrMMY OTXO4aMMN UM Kak abCoMOTHBIA 0TX0A4;

- NpopoCLUNe KOPHEN0Abl XapakTepusyT CTENEHb BbiIXO4Aa M3 COCTOSHUA MO-
Kosi. OnpefenseTca NPOUEHT NPOPOCLUNX KOPHENI0A40B B yYeTHOM 06pasLe;

- obwme noTepu, cknagbiBalTCa U3 ybblsIM Maccbl U abCONOTHOrO O0TX0Aa.

Pe3ynbTatbl y4eTOB BblpaXaloT B MPOLLEHTax K Macce KOPHENI0408B, 3a/10XKeEH-
HbIX Ha XpaHeHwue.

[ns onpepeneHns kauyecTBEHHbIX WU3MEHEHUIA NMPU XpaHeHUW M3yyatoT BUoxXu-
MUYeckuin coctas. Buoxumuyeckme aHanusbl NPOBOAAT MO 06LENPUHATHIM METO-
OvkaM nepep 3aknafkoil KOpHEN/o040B Ha XpaHeHwe u nocne Hero. OnpefensoT
M3MEHeHMs CyXoro BellecTBa, caxapos, ButamuHa C, kapotuHa. MNMpoba ana xmmum-
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4Yeckoro aHasnamsa [0/IKHa COCTOATb He MeHee, yeM 13 10 KOpPHens040B W NOJSIHO-
CTbl0 MpeAcTaBNATb CpefHuin obpasel, OT BapuaHTa onbiTa. AHa/U3 NPoBOAAT B
OeHb B3ATUA NPobbl. AHANTU3NPYIOT KOPHENoA4bl 6€3 3a4MCTKM NOKPOBHbIX TKAHE.

Pe3ynbTaTbl U 06CYyXAeHME. CoxpaHAeMOCTb CaxapHOW CBEKIbl X03sl-
cTBa KoKCyckoro paiioHa npu 030HHON o6pab6oTke. COXpaHAEMOCTb CaxapHoW
CBEK/1bl XapaKkTepunsyeTcs ypOBHEM He NOTEPSHHON MaccChl NPV BbleMKe 3Tol mac-
Cbl, Bblp@xaeMblM B MPOLEHTHOM COOTHOLLEeHuW. MNoTepn o6LLeil Macchbl caxapHoii
CBeK/1bl CK1afblBaeTCA U3 CrIeAyLLINX XapakTepUCTUK - eCTECTBEHHOW ybbinn (%),
60MbHbIX KNy6HeN (%), MexaHn4yeckux noBpexaeHunin (%).

B gaHHOM cnyvae, B x03salicTBe Kokcyckoro paiioHa AnmaTuHCKOl obnacTu,
npoBefeHbl UccnefoBaHns no onpefeneHnto COXpaHAeMOoCT caxapHON CBEK/bI C
BblYeTOM 06LLeil NoTepn macchl, KOTOpble onpeaensnnch B TPEX napameTpax no
pasHbIM crnocobam A/IMTENIbHOrO XpaHeHnsi Npy 030HHON 06paboTKe.

PesynbTatbl McClefOBaHWA COXPaAHAEMOCTM caxapHO CBeKNbl npuBefeHa B
Tabnuue 1

Mo pe3ynbTaTam OLEHK/ COXPaHAEeMOCTU caxapHoli CBeK/bl U3 Xo3aicTBa Kok-
CYCKOro paiioHa, XpaHsweinca npn pasfimyHblix cnocobax XxpaHeHss OTMEYEHO, YTO
BCe BapuaHTbl C 06paboTKOV 030HOM MpY KaraTHOM, repMeTUYHOM Y TpaHLUEeRHOM
cnocobax XpaHeHus MpeBbIWAT N0 COXPAHAEMOCTU KOHTPOJibHble BapuaHThbl.
CoxpaHaeMOCTb CaxapHblii CBEK/Ibl B YCOBUAX repMETUYHOrO XpaHeHns ¢ obpa-
60TKOli 030HOM NpeBbIaeT OCTaslbHble CNOCO6bI XpaHEeHMS.

CoxpaHfieMOCTb caxapHoil cBeknbl MepKeHCKOro caxapHoro 3asofga, obpa-
60TaHHOW NOHOO30HHBLIM NOTOKOM. AHa/I0rMYHbIM 06pa3om, NPoBeAeHbl nccne-
[OBaHune no onpefeneHno CoOXPaHaeMOoCTU caxapHOi CBeK/bl pa3HbiM Cnocobom
XpaHeHusi (karatHoe, repMeTMyYHoe M TpaHLWenHoe) C MOHOO30HHOW 06paboTKON B
Tpex NOBTOPHOCTAX. Bblnn Takke onpegeneHbl cnepywouive notepu: ecTtecTBeH-
Has yo6binib (%), 60/bHbIE KTYOHUKM (%) MexaHuyeckoe nospexpaeHue (%), cym-
MUPYS UX yCTaHOBMEHbI 06LMe NnoTepun, Macchl, KOTOpble MO3BO/INAN YCTAHOBUTb
COXpPaHAeMOCTb CaxapHOW CBEK/bl MPY pasHbIX CNocobax XxpaHeHus.

PesynbTatbl nccnefoBaHus nNo onpefeneHnio CoOXpaHseMoCcTn caxapHoi cee-
Kbl NPV pasHbIxX cnocobax ANUTENbHOro XpaHeHus, npuBeAeHbl B Tabnuue 2.

Mo pesynbTaTam OLEHKM COXPaHAEeMOCTW caxapHOW CBek/bl W3 X034icTBa
MepKeHCKOoro palioHa, XpaHsWwencs npyM pasnnmyHbix cnocobax xpaHeHUs oTmeue-
HO, YTO BCe BapuaHTbl C 06paboTKON MOHOO30HOM NPU KaraTHOM, FepMEeTUYHOM U
TpaHLWenHOM cnocobax XpaHeHUs NpeBbIatoT N0 COXPAHAEMOCTN KOHTPOJibHble
BapuaHTbl. COXpaHAEeMOCTb CaxapHblii CBEK/bl B YC/IOBUAX repPMETUYHOIO XpaHe-
HVA ¢ 06pab0oTKON MOHOO30HOM MpPEBbLILIAET OCTallbHble BApUaHThI.

dunTOnaToNOrnyeckas oueHka caxapHoW cBeKNbl ypoxasa u3 xo3ancTea Kok-
CcycKoro paiioHa c 030HHOW o6pab6oTkKoi. KO/IMyecTBEHHO-KaueCTBEHHOE noTepu
caxapHOoi cBekNbl Npy ANNTENIbHOM XPaHEeHWN NMPOMUCXOAUT B OCHOBHOM OT 6051e3-
HW, Bbl3BaHHble 60/1IE3HETBOPHLIMWU MWKPOOPraHM3MamMy Takume Kak cepasi THWb
(Botrytiscinerea), dpomo3 (Phomabetae) n coy3apuossl (Fusariumspp). YctaHoBne-
HMA NOTEepU caxapHOl CBeK/bl OT NpUBEAEHHbIX BMAOB 60/1€3HM NO3BOMASET Npo-
BECTU (PMTONATOSIOTMYECKON OLEHKM COCTOSIHWE CaxapHO CBEK/bl Npu ANUTENb-
HOM XpaHeHuwn.
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Ta6bnuua-1 - i3ameHeHne nokasaTens COXpaHAeMOoCTHn caxapH0|‘/’1 CBeK/bl Npy ANNTE/IbHOM XpaHEeHNN pa3HbIMK crnocob6amu

HasBaHue 06-
pasua

Karart-

KOHTPO/bHbIN

03
(karaT-1)

03
(karaT-2)

FepmeTnyHoe -
KOHTPONbHbIN

03 (repmeTunyHOE
-1)

MosTOp-
HOCTb

Macca
npu BblI-
emke, T

4565
4630
4600
4598
4710
4685
4645
4680
4705
4705
4675
4695
4565
4565
4560
4763
4800
4780
4750
4778

435
370
400
401
290
315
355
320
295
295
325
305
435
435
440
437
200
220
250
223

Y6binb Macchl

%
8,7
7,4
8,0
8,0
5,8
6.3
71
6,4
5,9
5,9
6,5
6.1
8,7
8,7
8,8
8,7
4,0
4,4
5,0
45

npu 030HHOI 06paboTke

BonbHble

r %
300 6,0
285 57
275 55
287 57
230 4,6
205 41
150 3,0
195 3,9
150 3,0
170 3,4
190 3,8
170 3,4
390 7,8
370 7.4
420 8,4
393 7.8
240 4,8
180 3,6
90 1,8
170 3,4

MexaHunueckue
noepexaeHuns
r %
0 0
0 0
0 0
0 0
30 0,6
20 0,4
0 0
17 0,3
0 0
0 0
0 0
0 0
0 0
70 1,4
10 0,2
26 0,5
0 0
0 0
0 0
0 0

O6uee notepu

735
655
675
689
550
540
505
532
445
465
515
475
825
875
870
856
440
400
340
393

%
14,7
131
13,5
13,8
11,0
10,8
10,1
10,6
8,9
9,3
10,3
9,5
16,5
17,5
17,4
17,1
8,8
8,0
6,8
7,8

CoxpaHaeMoCTb
r %
4265 85,3
4345 87,0
4325 86,5
4311 86,2
4450 89,0
4460 89,2
4495 90,0
4468 89,3
4555 91,1
4535 90,7
4485 89,7
4525 90,5
4175 83,5
4125 82,5
4130 82,6
4144 82,9
4560 91,2
4600 92,0
4660 93,2
4607 92,1
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03 (repmeTunyHoe | 4850 150 3,0 100 2,0 0 0 250 5,0 4750 95,0
-2) I 4820 180 3,6 90 1,8 0 0 270 54 4730 94,6
1} 4810 190 3,8 70 1,4 0 0 260 52 4740 94,8
Cp 4827 173 3,5 86 1,7 0 0 259 51 4741 94,8
TpaHLuell,- KOH- | 4612 388 7,7 590 11,8 20 0,4 998 19,9 4002 80,0
TPO/bHbIA I 4515 485 9,7 470 9,4 0 0 955 19,1 4045 80,9
1} 4525 475 9,5 480 9,6 0 0 955 19,1 4045 80,9
Cp 4551 449 9,0 513 10,2 6 0,1 968 19,3 4032 80,6
03 (TpaHLueitHoe | 4625 375 75 100 2,0 0 0 475 9,5 4525 90,5
-1) Il 4735 265 53 205 41 30 0,6 500 10,0 4500 90,0
1} 4595 405 81 380 7,6 0 0 785 15,7 4215 84,3
Cp 4652 348 6,9 228 4,5 10 0,2 586 11,7 4414 88,2

Tabnuua-2 - MameHeHMe NokasaTesisi COXPaHAEMOCTU caxapHoili cBek/bl NPpU ANNTE/IbHOM XpaHeHUN pa3HbIMU CNOCOGOM C
MOHOO30HHOW 06paboTKO

Macca MexaHnueckas

HassaHll-Al:I ob6pas- n::g:bp- npM Bbl- Y6biNb Macchl BonbHble noBpeXaeHIs O6uiee notepn CoxpaHaemMoCTb
emMke, T r % r % r % r % r %
Karar- | 4700 300 6,0 1015 20,3 0 0 1315 26,3 3685 73,7
KOHTPO/IbHbIN I 4465 535 10,7 1120 22,4 0 0 1655 33,1 3345 66,9
I} 4505 495 9,9 550 11,0 0 0 1045 20,9 3955 79,1
Cp 4557 443 8,8 895 17,9 0 0 1338 26,7 3662 73,2
MNO3 (karat- 1) | 4600 400 8,0 70 1,4 0 0 470 9,4 4530 90,6
I 4715 285 57 185 3,7 0 0 470 9,4 4530 90,6
I} 4735 265 5,3 185 3,7 70 1,4 520 10,4 4480 89,6

Cp 4683 317 6,3 147 2,9 23 0,4 487 9,7 4513 90,2
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NO3 (karaT- 2)

FepmeTnyHoe -
KOHTPONbHbIN

NO3 (repmeTuny-
Hoe - 1)

NO3 (repmeTtuny-
Hoe - 2)

TpaHLweliHoe -
KOHTPONbHbIN

NO3 (TpaHLeli-
Hoe - 1)

4690
4670
4710
4690
4550
4630
4585
4588
4860
4845
4790
4831
4715
4735
4715
4722
4630
4465
4535
4544
4650
4585
4645
4627

310
330
290
310
450
370
415
412
140
155
210
169
285
265
285
278
370
535
465
456
350
415
355
373

6,2
6,6
5,8
6,2
9,0
7,4
8,3
8,2
2,8
31
4,2
3,3
57
53
57
55
7,4
10,7
9,3
91
7,0
8,3
7,1
7,5

205
100
320
208
300
480
420
400
370
250
245
288
175
175
105
151
415
740
950
701
165
250
210
208

41
2,0
6,4
4,8
6,0
9,6
8,4
8,0
7,4
5,0
4,9
5,8
34
34
21
3,0
8,3
14,8
19,0
14,0
3,3
5,0
4,2
41

o o R

515
430
610
518
770
860
835
822
510
405
455
457
475
460
390
440
785
1275
1415
1157
515
665
565
581

10,3
8,6
12,2
10,4
15,4
17,2
16,7
16,4
10,2
81
91
91
9,5
9,2
7,8
8,8
15,7
25,5
28,3
23,1
10,3
13,3
11,3
11,6

4485
4570
4390
4482
4230
4140
4165
4178
4490
4595
4545
4543
4525
4540
4610
4560
4215
3725
3585
3843
4485
4335
4435
4419

89,7
91,4
87,8
89,6
84,6
82,8
83,3
83,5
89,8
91,9
90,9
90,8
90,5
90,8
92,2
91,2
84,3
74,5
71,7
76,8
89,7
86,7
88,7
88,4
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B 3710 CcBA3M 60/LLIOA HAay4YHO-NPaKTUYECKOW UHTepec npeacTaBnseT, BAUSA-
HVe 030HHOV 06paboTKM Ha M3MEHEHWE cofepXaHue ykasaHHbIX BUAO0B 60/1e3HU
KOPHEN040B CaxapHoli CBEK/bI.

PesynbTatbl uccnefosaHusi, No oUTONaTONOMMUYECKOW OLEHKe, CaxapHOW CBEK/IbI
13 X035IcTBa KOKCYCKOro paioHa C 030HHOI 06paboTKoi NpuBeAeHbI B Tabnuue 3.

M3 gaHHbIX Tabnuubl 3 BUAHO, YTO 06LLEel NnoTepu OT 60NEe3HN caxapHOW cBe-
KNbl B KOHTPONbHbLIX 06pa3yax coctaBnseT ot 5,7 % o 10,2 %, npu karatHOM
XpaHeHun ot 3,4 % a0 3,9 %, npu repmeTmyHoM oT 1,7 % po 3,4%, npu TpaHweii-
Hom oT 3,0 % po 4,5 %. Camas 60/bluNe NOTEPU NPUXOASATCHA K CEPOA THWAM OT
1,6 % po 4,6 %, 3ateM hoMo3 1 oy3apno3bl.

Mo pesynbTatam (HUTONATONOrMYECKON OLEHKN CaxapHON CBEK/bl U3 XO34M-
cTBa KOKCyckoro parioHa npu pasHblx crnocobax XpaHeHus crnepyeT, yTo nopa-
XEHHOCTb CBEK/1bl 6ONE3HAMU B KOHTPOJIbHbIX BapuaHTax npu BCeX crnocobax
XpaHeHusi Bbile, YeM ¢ 06pab6oTkoli 030HOM CnegyeT OTMeTUTb 6osiee HU3Koe
nopaxeHve 601e3HAMU B YC/I0BUSAX repMETUYHOro cnocoba xpaHeHus ¢ 06paboT-
KOV O30HOM.

dnTonarTonornyeckas oLleHKa caxapHoﬁ CBEK/bl U3 X035licTBa MepKEHCKO-
ro paiioHa npu MOHOO30HHOI o6paboTke. ABTOpamMu OblNN NPOBEAEHbI IKCNEPU-
MeHTa/IbHble UCCNEeAOBaHNS NO YCTAHOBEHWIO BNSAHUE MOHOO30HHO 06paboTkm
Ha COCTOsIHMe o6Leil 60n1e3Hn U Mo OTAENbHLIM BUAaM: cepast THWb, OOMO3 U
y3apnosbl caxapHOii CBEK/bI.

PesynbTatbl nccnegoBaHnsa no dMTONaTtosIOrMYecknii oueHKe COCTOSHWA ca-
XapHoW CBeK/bl U3 X03alicTBa MepKeHCKOro parioHa npuseeHbl B Tabnuue 4.

M3 paHHbIX Tabnuubl 4 BUAHO, YTO 06WMe noTtepu OT (min) go (max), B TOM
yncne cepas rHunb ot 1,0 go 8,1%, domo3 oT 0,8% fo 6,6% u chysapunossl oT
0,4 % po 3,4%.

Mo pesynbTatam (hUTONATONOrMYECKON OLEHKM CaxapHON CBEK/bl U3 XO35N-
cTBa MepkeHCcKoro paiioHa npu pasHbix cnocobax XpaHeHWs cnepyet, yYTo nopa-
XEHHOCTb CBEK/bl 6OME3HAMN B KOHTPOJIbHbIX BapuaHTax npu BCex crnocobax
XpaHeHus Bbllle, YeM ¢ 06paboTKo MOHOO30HOM. BapumaHT c xpaHeHuem caxap-
HOW CBEK/bl B YC/IOBUSAX KaraTHOro XpaHeHns ¢ 06paboTKoi MOHOO30HOM He3Hauu-
Te/IbHO NpeBblllaeT OCTaslbHble BapuaHThbl.

Ta6nuua-3 - dMTOoNaTtosIorMyeckoe COCTosHME caxapHOoli CBek/bl Mo 60Me3HSAM npu
030HHOW 06paboTke

MoTepu oT 60- Botrytis cinerea Phoma betae Fusariumspp
HassaHvne T[loBTOp-

o6pasty HOCTE nesHel (cepas rHunb) (dbomo3) (cby3apro3bl)
r % r % r % r %
03 (karat- | 300 6,0 170 34 75 15 65 13
KOHTpOMb- 285 57 190 38 0 0 95 19
HbliA) i 275 55 100 20 105 21 70 14
Cp 287 57 153 30 60 1.2 76 15
03 (Ka- [ 230 46 110 22 60 1.2 60 1.2
rar-1) I 205 41 80 1,6 70 1,4 55 11
n 150 3,0 70 14 80 16 0 0
Cp 195 39 86 17 70 15 38 0,7
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03 (ka- 1 150 3,0 60 1,2 60 1,2 20 0,4

rar-2) " 170 3,4 80 1,6 50 0,5 40 0,8

190 3,8 100 20 45 0,9 45 0,9

cp 170 3,4 80 1,6 51 11 35 0,6

03 (rep- | 390 7.8 180 36 110 22 100 2,0

MeTMY- I 370 7,4 120 24 130 2,6 120 2,4
HbIN-KOH-

N 420 8,4 190 38 120 24 110 2,2
TPOSIbHbIN)

cp 393 7.8 163 32 120 24 110 2,2

03 (rep- | 240 48 90 18 150 3,0 0 0

meTuy- Il 180 3,6 80 1,6 50 0,5 50 0,5

Hoe - 1)

I 90 1,8 90 1,8 0 0 0 0

cp 170 3,4 86 17 66 1,4 16 0,3

03 (rep- | 100 2,0 100 2,0 0 0 0 0

MeTuuHoe 90 1,8 45 09 45 0,9 0 0

-2 n 70 1,4 30 0,6 0 0 40 0,8

cp 86 17 58 12 15 0,3 13 0,2

03 (TpaH- | 500 118 290 58 150 3,0 150 3,0

WedHbIA- 470 9,4 170 34 170 3,4 130 2,6

:irﬁ;po”"' i 480 96 230 46 150 3,0 100 2,0

Cp 513 10,2 230 46 156 31 126 2,5

03 (TpaH- | 100 2,0 100 2,0 0 0 0 0

weittoe I 205 41 195 3,9 0 0 10 0,2

- 1) I 380 7,6 180 36 170 3,4 30 0,6

Cp 228 45 158 32 56 11 13 0,2

Ta6bnuua 4 - dnUTonaTonormyeckoe COCTOSHNe caxapHoi CBeK/1bl MPU MOHOO30HHOIA
ob6paboTke

Botrytis

MoTepwu oT 60- .
cinerea (cepas

nesxen

Phoma betae Fusariumspp

Ha3BaHune MNosToOp- (pomo3) (cpy3apuosbl)

o6pa3subl HOCTb THWUNb)
r % r % r % r %
Karar- [ 1015 20,3 515 103 380 7.6 120 24
KOHTPOIb- I 1120 22,4 420 84 400 80 300 60
Hellt il 550 11,0 250 50 150 3,0 100 2,0
cp 895 179 395 79 327 66 173 34
no3 [ 70 14 70 14 0 0 0 0
(karat-1) I 185 3,7 90 1,8 95 19 0 0
i 185 3,7 85 17 50 10 50 10
Cp 147 2,9 49 10 48 09 50 10
no3 [ 205 41 105 21 70 14 30 06
(karat- 2) I 100 2,0 50 10 50 1,0 0 0
i 320 6,4 120 24 130 26 70 14
cp 208 41 92 18 8 17 33 06
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FepMeTyu- | 300 6,0 1300 26 170 34 0 0
Hbil -KOH- I 480 96 280 56 100 2,0 100 20
TPONEHEIN il 420 8.4 180 36 120 24 100 2,0
Cp 400 8,0 196 39 130 28 66 13
Mo3 (repme- | 370 74 170 34 150 30 50 10
TuuHoe - 1) I 250 5,0 150 30 100 20 O 0
il 245 4,9 145 29 50 10 50 05
Cp 288 5,8 155 32 100 20 33 06
03 (repme- | 175 3.4 75 15 75 15 25 05
ThuHoe - 2) I 175 3.4 8 17 55 11 35 07
l 105 21 105 21 0 0 0 0
Cp 151 3,0 88 18 43 08 20 04
Tpanweii- | 415 83 215 43 150 30 50 10
HbIlA- KOH- I 740 148 440 88 170 34 130 2,6
TPOMEHEIN l 950 190 550 11,0 290 58 110 22
Cp 701 140 401 81 203 40 96 1,9
MO3 (Tpan- | 165 3,3 65 13 50 10 50 10
weiiHoe - 1) I 250 5,0 150 3,0 50 10 50 1,0
l 210 4,2 160 32 5 10 O 0
Cp 208 41 25 25 50 10 33 06

I/Iccne,qosaHme WHTEHCUBHOCTMU AblXaHuA caxapH0|7| CBeKnbl npun 030HHOI
06pa6oTke. VIHTEHCMBHOCTb [bIXaHUs caxapHOW CBeK/bl XapakTepuayeT nsu-
0/10TMYeckMe NpOLLecChbl, Npoucxoasiune npy ANUTENbHOM XpaHeHUEe caxapHOW
CBEK/Ibl €CTECTBEHHOI YyObI/IM MacChbl caxapHOl CBEK/bl B OCHOBHOM CBSi3aHbl C
MHTEHCUBHOCTbIO AblXaHus. Mpn KaraTHOM CNoco6e XpaHEHUs1 caxapHblii CBEK/bI B
OCHOBHOM VHTEHCVBHOCTb AibIXaHWe OCYLLEeCTB/ISAETCS a3po6HbIM, T.e. C OCTYNOM
Kncnopoabl Bo3ayxa.

B repMeTUYHOM cnocobe xpaHeHusi B CTaLMOHAPHbIX EMKOCTSIX caxapHoi cBe-
K/Tbl UHTEHCMBHOCTb [bIXaHWs1 MepexoauT OoT a3apo6HOro K NoIHOCTbI0 aHa3po6HO-
MY ObIXaHuH0.

B TpaHweiHoM cnocob6e XpaHeHUsi caxapHOW CBEK/bl B Hayasie a3pobHOro
[OblXaHWs MMeeT MecTO YMEHbLUEHWE KOSMYecTBa Kucnopoga B BO3Ayxe, Takke
HabnopaeTca TeHAEHUMS aHa3POBHOTO AbIXaHus.

Kak M3BEeCTHO MHTEHCUBHOCTb AbIXaHUs1 ONUCbIBAETCS YPaBHEHUEM:

A3po6Hoe ablxaHue:

CeHID6+tCO2=6CO%6H20+6744,197M103k XK
AHaspo6Hble AplxaHue:
CeHI2D6=2COA2C2H5OH+29,24,198"103kdx

Mpy ANMTENBHOM XpaHeHUN caxapHoii CBEK/bl NPy aspo6HOM AblXaHUW Bblje-
naeTca 60/blIOE KOMMYECTBO YINEKUC/ON0 rasa, BoAbl U TENOBON aHepruu.
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Bce OHM BNMAIOT Ha COCTOSIHME XPaHEHWe caxapHO CBEK/bl MO BMNaXHOCTU U
Temnepartypbl, a Takke Ha pasButve 60/e3HEeTBOPHbIX MWKpPOOpraHM3mMos. [pu
aHa’po6HOM AblXaHUW caxapHOW CBeKNbl 06pasyeTcs aTWU/OBbIM CNUPT, BOAA U Te-
naoBas 3Heprus B Ma/iOM KO/IMYECTBE MO CPABHEHMWIO C a9POOHBbIM AbIXaHUEeM.

MeToauka onpefeneHnss UHTEHCUBHOCTU AbIXaHUSA CaxapHOW CBekIbl npu Anu-
Te/NIbHOM XpaHeHun onpegensanacb, COrfacHO ONMcaHuio Bbilwe, B pasgene «Merto-
Obl uccnepoBaHus». PesynbTaTbl UCCNefOBaHUSA B/IMAHWE O30HHOW 06paboTkn Ha
WHTEHCUBHOCTb [bIXaHUS caxapHO CBeK/bl NPW pasHbiX Cnocobax XpaHeHus npu-
BefeHbl B Tabnuue 5.

M3 gaHHbIX Tabnavubl 5 BUAHO, YTO B KOHTPOJIbHbIX 06pasuax UHTEHCUMBHOCTb
OblXaHna Haxogunocb B npegenax ot 7,15 go 10,1 mr CO2kr.4yac, npy KaraTHOM
XpaHeHun oT 4,29 po 5,5mr c O2/kr.uac, repmeTnyHom ot 4,1 o 4,4 mr C0O2kr.4ac n
TpaHLWeWHOM Ha ypoBHe B cpefHeMm 6,32 Co2kr.yac.

Tabnuua 5 - V3MeHeHVe MHTEHCMBHOCTU AblXaHUsi caxapHoW CBeK/bl NPU pasHbIX
crnocob6ax xpaHeHUsi C 030HHO 06paboTKoM

KonuuecTtso HCI Ha NHTeH-
Ne HasBaHust MosTop- TUTPOBAHNA M Cpeatee  cusHocTb
a  3HadyeHue, ApblxaHus
n.n o6pasua HOCTb paccnefosathb a () mr CO2
no c-co no m-op Kr yac
| 9,9 10,2 0,3
Xn 0,3
1 9,9 10,2 0,3
- | 8,8 10,4 1,3
i Karat . 1,3 7,15
KOHTPO/IbHBbI It 8,8 10,4 13
| 9,7 10,7 0,65
2 03 (karaT-1) 0,65 4,29
I 9,7 10,7 0,65
| 8,9 10,2 1,0
3 03 (karaT-2) 10 5,5
I 8,9 10,2 1,0
- | 8,4 10,2
4 FepmeTnHbii ) ) 15 155 85
KOHTPO/IbHbIN I 8,3 10,2 1,6
03 | 9,0 10,2 0,9
5 repMeTUYHbI 0,75
_( lF)J I 9,3 10,2 0,6 41
O3 | 9,3 10,4 0,8
6 (repMeTnYHbIi 0,8 4,4
-2) I 9,3 10,4 0,8
NHbINA- | 10,1 1,8
7 TpaHLIJeI/IHbI‘I’/I 81 1,85 101
KOHTPO/IbHbIN I 8,0 10,1 1,9
O3 | 8,9 10,3 1,15
8 (TpaHLueliHbIn 1,15 6,32
I 8,8 10,2 1,15

WNHTEHCUBHOCTb [blXaHUs1 caxapHOW CBeK/bl MpyY BCEX M3yyaeMblx cnocobax
XpaHeHnsi ¢ 06paboTKO 030HOM MEHbLUE WHTEHCUBHOCTU AbIXaHWSi B YC/OBUAX
6e3 06paboTKM Yy KOHTPO/IbHbIX 06pasLoB, YTO 06bSACHAETCA 6onee 6naronpusaT-
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HbIMW YC/IOBUSIMW XpaHeHUs npu 030HOBOW obpaboTke.

MCCﬂe,qOBaHME WHTEeHCUBHOCTMU AblXaHuA caxapH0|7| CBeKnbl NPWU MOHOO3O0H-
Holi o6pa6oTke. Pe3ynbTarbl uccnefosaHme BAUAHWE WOHOO30HHOW 06paboTke
Ha WHTEHCUBHOCTb [AblXaHWA CaxapHOW CBEK/bl MPW pa3HbiX Cnocobax XxpaHeHus
npueegeHbl B Tabnuue 6.

W3 pgaHHbIX Tabnuubl 6 BUAHO, YTO B KOHTPOJIbHbIX 06pasuax MHTEHCMBHOCTb
OblXaHna Haxogunock B npegenax ot 8,2 o 12,6 mr C0O2kr.yac karaTHom ot 4,5
0o 5,22mr C02kr.yac, repmeTnyHom ot 4,29 go 4,95 mr CO2/kr.uyac n TpaHLwwe-
HOM OT 7,7 po 12,6mr CO02kr.yac.

WHTEHCMBHOCTb AbIXaHWS CaxapHOW CBEKMbl MPU BCEX M3yvaeMblX crnocobax
XpaHeHusi ¢ 06paboTKON MOHOO30HOM MEHbLUIE MHTEHCUBHOCTU AblIXaHWs B YCNOBU-
sAx 6e3 06paboTKM (KOHTPO/IbHbIE BapuaHTbl), 4TO 06bsACHAETCA 6onee 6naronpu-
ATHBIMW YCNOBUAMMN XPAHEHWSA NMPY MOHOO30HOBOWN 06paboTke.

BnvsHue 030HHOI 06paboTKu:

* O6paboTKa 030HHLIMU MOTOKAMMW 3HAYUTE/IBHO CHMXaNa MUKPOBHYIO Harpys-
Ky Ha NOBEPXHOCTW KOPHEN0AOB, YTO MPUBOAWNIO K YMEHbLUEHUIO KOMMYecTBa
60/1bHbIX W 3arHUBLLUNX 3K3EMMNNAPOB;

¢ Y6bl/lb Macchl Nocse 030HHOI 06paboTkn bbiia Ha 10-15% Hwke no cpaBHe-
HUKO C KOHTPOJILHOW rpynmnoi;

* CoxpaHAeMOCTb KOpHennoAoB yBenuumpanacb Ha 20-25% npu ontumarnb-
HO KOHLEHTpauun o30Ha 1 BpeMeHn ob6paboTku.

O PeKTUBHOCTb MOHOO30HHOI 06pPabOTKK:

* /loHOO30HHast 06paboTka okasanach 6onee achhekTMBHON B 60pbbe C 6akTe-
puanbHbIMU MHAEKUMAMMN 38 cHET KOMOMHMPOBAHHOIO AeliCTBMA MOHOB U 030H3,;

¢ KonnyecTtBo 60/bHbIX KOPHENNOA0B COKpaTunoch Ha 30% NOo CpaBHEHWIo C
HeobpaboTaHHbIMK 06pasuamu;

¢ Y6bINb Maccbl 6bina MuHuManbHol (5-8%), a coxpaHsaemMocTb gocTurana
80% uepe3 3 mecsLa XpaHeHus.

Tabnuua-6 - I3MeHeHUs1 MTHTEHCMBHOCTU [bIXaHWs1 CaxapHOW CBeK/bl NPU pasHbIX
crnocob6ax XpaHeHNsA C NOHOO30HHOW 06paboTKoM

Konunyectso HCI no-
WweAllee Ha TUTpoBa- CpeaHee NHTeHcKB-

Ne HasBaHus MosTop- HUsS MA a  3HaveHus, HOCTb Aibl-
n.n obpasua HOCTb paccnegosath xaHus (J) mr
C02xr.vac
no c-po  no m-op
| 9,9 10,2 0,3
Xn I 9,9 10,2 0,3 0,3
I 8,8 10,2 1,15
- | 8,4 10,2 1,55
i Karar , ’ ’ ’ 1,60 88
KOHTPONbHbIN 1 8,3 10,2 1,65
| 10,2 11,3 0,8
2 NO3 (karaT-1) 0,82 4,5
I 10,2 11,3 0,8
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| 9,0 10,2 0,95

3 NO3 (karaT-2) 0,95 5,22

1 9,0 10,2 0,95
i | 8,6 10,3

4 FepmeTnyHbili ) ) 14 15 8.2
KOHTPONbHbIN I 8,5 10,4 1,6
no3 | 9,7 10,7 0,65

5 (repmMeTunyHbIi 0,65 4,29
-1 I 9,7 10,7 0,65
o3 | 8,9 10,1 0,9

6 (repmeTnyHbIN 0,9 4,95
-2) 1 8,9 10,1 0,9
MHbIN | 7,65 10,25 2,35

7 TpaHLLIeVIHbIV‘I‘ 2.30 12,6
KOHTPO/IbHbIN I 7,7 10,25 2,35
no3 | 8,3 10,2 1,7

8 TPpaHLLENHbIN 7.7

(rp [ 8,3 10,2 1,7 L7

KOHTPO/IbHbI)

BbiBOA4. B uLenoM Ha OCHOBe uCCNeAoBaHWs U3MOMIOrMYECKOro MpoLec-
ca, NPOMCXOASLWEro B caxapHoili cBek/e npu AUMTENbHOM XpPaHEHWUM Ha OCHOBE
N3MEHEHNSI MHTEHCUBHOCTW AbIXaHWA MOXHO OTMEHWUTb BaXKHOCTb €ro CHMXeHue
Nnpu 030HHOW M MOHOO30HHOW 06paboTke, KOTOPbIE MPUBOAUT K CHMXEHUIO BCEX
noTtepb B TOM 4MC/le eCTECTBEHHOW yObiNn. MPUMEHEHNE 030HHbLIX U MOHOO30H-
HbIX NMOTOKOB NOKa3ano BbICOKY 3(D(NEKTMBHOCTb B NPOAJSIEHUN CPOKA XpaHeHUs
caxapHoii cBeknbl. Hanbonee 3HaunTenbHble pesynbTaTbl AOCTUTHYTbI NPU UC-
nosb30BaHNM MOHOO30HHOW 06PabOoTKN, KOTOopas obecneymBaeT:

* CHMXeHVe (hMToNaToIorMYeckoro NopaxeHus;

* MUHMMM3ALMIO KONIMYECTBEHHbIX MOTEPD;

* YNydlleHne coXpaHsieMoCTh M NPUroAHOCTU KOPHEN/I0A40B K nepepaboTke.

PesynbTatbl uccnegoBaHus anpo6upoBaHbl B TOO «KokcyckuiA caxapHblii
3aBoa» U TOO «MepKeHCKMl caxapHblii 3aBOA».

BHeapeHne 3TUX TEXHOMNOTUIA B CEIbCKOXO3SANCTBEHHYIO MPaKTUKY NO3BOSIUT
NOBbICUTL 3KOHOMMYECKY0 3(D(EKTUBHOCTL CaxapHOro Mpou3BoAcCTBa 3a CYeT
CHMXEHMA NoTepb Ha 3Tane XpaHeHns u 06ecneyveHnst BbICOKOTO KauecTBa CbIpbS.

References /Cnucok nutepartypsbl (CM. cTpaHuya 47)
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EXTRACELLULAR PEPTIDES OF MUTANTS -
CHLORELLA FEEDERS

Abstract. This article presents data from the analysis of biomass and culture medium
concerning the content of sulfur-containing amino acids in mutants designated as
“feeders” of Chlorella, utilizing the method of radioactive indicators. The objective of
this study is to address the question of the nature of the substances responsible for
the “feeding” effect attributed to the extracellular products of the mutant “feeders.” To
achieve this, a radiochemical method was employed to determine the relative quantities
of the sulfur-containing amino acids methionine and cysteine in the biomass and
culture medium of various Chlorella mutants, using radioactive sulfur S3 The method
for determining the relative amounts of sulfur-containing amino acids in the biomass
and culture medium of Chlorella “feeder” mutants is described. It is demonstrated that
mutants 94, U-6, U-7, and 722-2-S accumulate cysteine in their proteins at levels 2-3
times higher than those found in the original strain B, while in the peptide fraction (in the
medium), the accumulation is nearly six times greater. Low molecular weight peptides
find extensive applications in the food, pharmaceutical, and medical industries. They
also serve as foundational models for biochemical, genetic, and molecular-biological
research. Specifically, these peptides influence the DNA of aged cells, prompting their
activation and thereby rejuvenating them. The application sphere of chlorella and other
algae encompasses agriculture, where they serve as fertilizers and growth stimulants;
medicine, cosmetology, and sports for detoxification and immune system enhancement;
aquaculture for oxygen enrichment of water and improving fish health; as well as in the
production of biofuels, bioplastics, and as feed additives.

Keywords: chlorella, mutant, feeder, methionine, cysteine, chromatography, radioactive
indicator.
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Introduction. The industrial utilization of Chlorella and other algae necessitates
the development of principles and methods for the selection of these organisms. A
number of studies [1-4] have demonstrated that the selection of beneficial forms and
the assessment of their efficacy can be conducted using microbiological qualitative
methods. This method is based on the so-called “feeding effect,” which is identified
by the ring of auxotrophic mutants that develop around Chlorella colonies. How-
ever, it is important to note that the “feeding effect,” as determined by this method,
does not yet provide answers to the following questions: 1) What is the underlying
mechanism of this effect? Is it due to the active secretion of specific metabolites by
Chlorella, or is it a result of autolysis and the release of the same substances into
the surrounding environment? 2) If the “feeding effect” [8] is attributed to extracel-
lular products from the mutants - termed “feeders” - what is the nature of these
substances that elicit this effect? Furthermore, it remains challenging to ascertain
the nature of extracellular products [5-10]. The previous work [3 ] has provided an
answer to the first question, specifically that the “feeder” effect is attributed to the
extracellular products of mutants.

The aim of the study. The aim of the study is to investigate the substances
that cause the nature of “feeding”. To achieve this, a radiochemical method was
employed to determine the relative quantities of sulfur-containing amino acids-me-
thionine and cysteine-in the biomass and culture medium of several Chlorella mu-
tants using radioactive sulfur S3[11-12].

Materials and Methods of Research. The following strains of Chlorella were
used as material for the study: Strain B - Chlorella vulgaris-served as the starting
format for obtaining mutants K-94, U-6, U-7, 283-4, 322, 7179, 7199, 7255, 7232,
and 7-22-2-S, which were utilized as controls. The Chlorella culture was grown in
a sulfur-depleted inorganic medium with the following composition:

KNO35 g/L

Mg(NO322.5 g/L

KH2PO4 1.25 g/L

MgS040.083 g/L

Glucose 10 g/L

To this solution, Na2S304 with an activity of 2 *"C was added in the amount
of the indicator. A two-day algal culture was cultivated in flasks containing
15.0 mL of medium under illumination. The light intensity was 5000 lux. The in-
itial cell density was 2x106 cells per mL. The duration of the experiment was 10
days. During this period, a sufficient amount of biomass (approximately 100 mg)
was obtained for further analyses. The cells were separated from the culture me-
dium by centrifugation. The cells were then extracted three times with 80% eth-
anol to remove lipids, carbohydrates, and other low-molecular-weight substances
[13]. The extract was isolated through extraction but exhibited negligible activity,
leading to its disposal. Further processing of the cells involved hydrolysis using
equal volumes of concentrated HCI and CH3COOH. The algae were transferred
into an ampoule from which air was displaced with CO2 The presence of O2 dur-
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ing hydrolysis reduces the yield of amino acids. The ampoule was then sealed.
Hydrolysis was conducted in a thermostat at 105°C for a duration of 28 min. The
hydrolysate was subjected to chromatography (Amstell chromatograph, UK) in a
solvent system comprising n-butanol, acetic acid, and water in a ratio of 4:1:5. Prior
to chromatography, it was essential to separate mechanical impurities and remove
HCI [11]. To achieve this, the hydrolysate was applied using a pipette onto a BQchner
funnel lined with a double layer of filter paper. The liquid was filtered under vacuum.
For enhanced desorption of amino acids, both the ampoule and the filter were rinsed
three times with small portions of water. The hydrolysate was then concentrated
under vacuum. To ensure the complete removal of HCI during the evaporation pro-
cess, it was necessary to add 2 ml of water several times [14-20].

Chromatographic analysis of the nutrient medium was performed similarly.
Equal amounts (by weight) of the hydrolysates were chromatographed to facilitate
comparison of the activities between the mutant strains and the original strains.
The fractions obtained from the chromatograms were dried, and the activity meas-
urements were conducted [14].

Results and Discussion. The experiment consisted of four repetitions, the
results of which are summarized and presented in Tables 1 and 2. Table 1 pro-
vides data regarding the accumulation of radioactive sulfur by the biomass of the
strains. The values of specific activities (activity per 10&ells and activity per mg of
dry biomass) corresponding to the control strains (strain B and 283-4) are set at
100% [21-30]. As shown in this table, the specific activity values of the investigat-
ed strains are 1.5to 2.0 times greater compared to the control strains. To further
characterize the strains, we conducted an analysis of the biomass for sulfur-con-
taining amino acids. The absence of significant amounts of activity in the alcoholic
extract indicates that sulfur-containing amino acids are predominantly located in
the protein portion of the cells [31].

As indicated in Table 2, which presents data obtained from the chromatograph-
ic analysis of the alcohol-insoluble fraction following its hydrolysis, the activity cor-
responding to cysteine in the chromatograms of strains 94, U-6, U-7, and 722-2-S
is 2 to 3 times greater compared to the control strain B. In contrast, the activity of
methionine remains nearly identical across all these strains. Furthermore, in the
strains 722, 7179, 7199, 7232, and 7255, the activity of methionine is 1.5 to 3.0
times higher compared to the control strain 283-4, while the activity of cysteine is
elevated up to 1.5 times [32-35]. The examined strains exhibited an increase in
activity not only in the alcohol-insoluble fraction but also in the culture medium (Ta-
ble 3). Table 3 presents the data from the chromatographic analysis of the medium
following its hydrolysis. As shown in this table, strains 94, U-6, U-7, and 722-2-S
accumulate cysteine in the medium to a concentration that exceeds the control by
up to six times, whereas strains 722, 7179, and 7199 accumulate methionine at
levels up to five times higher compared to the control strain 283-4.

Table 4 presents the values of Rf obtained from the chromatographic analysis
of the nutrient medium before and after hydrolysis. The values of Rf changed as
a result of hydrolysis, suggesting that methionine and cysteine accumulate in the
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medium not in their free form. It is possible that the alteration in the R{values is
due to the chemical transformations of these amino acids during hydrolysis [36-
38].

The results we obtained are consistent with the data available in the literature.
Specifically, Kanazawa [10], in studying the ontogenetic variability of the amino
acid composition of Chl. ellip., found that methionine and cysteine do not occur in
free form but rather as peptides and within proteins. This finding is corroborated
by the lack of activity in the alcohol-soluble fraction, where free amino acids and
peptides, along with other substances from the strains we studied, should have
been extracted, assuming that sulfur-containing amino acids existing in peptide
form are nearly completely released into the culture medium [35-37]. Kanazawa's
findings [10] suggest that there may be two extreme types of mutants, accumu-
lating methionine and cysteine in either an increased quantity within proteins or
within peptides. However, if we assume that the content of amino acids in the first
is directly or indirectly related to their content in the second [10], it is possible that
there will be mutants with an increased concentration of cysteine and methionine
in both proteins and peptides, a hypothesis that is supported by our data (Tables
2 and 3).

Prospects for the application of low-molecular-weight peptides in gerontology
include:

1. Heterogeneity of age and algal peptides;

. Control and management of the synthesis and remodeling of algal peptides;
. Peptide bioregulators in geriatrics;

. Characterization of anxiety levels and quality of life;

. Peptideology of emotions;

. Algal peptides and intermolecular mechanisms of human body protection;

. Algal peptides as microbiota correctors.

NOoO o~ WN

Table 1 - Specific Activities of Strains (as a percentage of control)

Activity
Strain
per 106cells per mg of biomass

B, control 100 100
94 185 181
u-6 285 219
u-7 175 134
722:2-S 145 159
283-4, control 100 100
722 201 127
7179 106 144
7199 168 148
;ggg 162 145

196 186
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Table 2 - Activity of Cysteine - A, and Methionine - A2on Chromatograms of
Hydromezon Medium (imp/min) and Their Ratios to the Activity of Control Strains

(A/AOMAJAQ
Strain A A/AOQ Strain A AIAO

B, control 380 1 283-4 control 590 1
94 2170 571 7-22 1050 1,78
U-6 1420 3,74 7-179 1700 2,89
U-7 1770 4,70 7-199 1860 3,15
722-2-S 2030 5,34 7232 1940 3,28

7255 2810 4,77

Table 3 - Activity of Cysteine (A,) and Methionine (A2 on Chromatograms of
Hydrolysates of Alcohol-Insoluble Fractions of Strains and Their Ratios to the
Activity of Corresponding Amino Acids (A,/AQ n A2AQ® of Control Strains (B, 283-4)

Strain A, a2 A/AOi AZAQR
B, control 810 1120 1,0 1,0
94 1550 1190 1,91 1,06
U-6 2520 1190 3,11 1,06
u-7 2010 1110 2,48 0,99
722-2-S 1700 1620 2,10 1,46
283-4, control 810 780 1,0 1,0
7-22 1070 2280 1,32 2,92
7-179 980 1060 1,21 1,36
7-199 1130 1090 1,40 1,40
7232 1050 1320 1,30 1,69
7255 970 1570 1,20 2,01

Table 4 - Rf Values (S&-containing chromatographic analysis of medium
components before (RM and after (Rf2 Hydrolysis

Strain R,, = Strain R, RR

B, control 0,10 0,08 283-4, control 0,10 0,20
94 0,10 0,08 722 0,10 0,20
U-6 0,12 0,08 7179 0,12 0,20
u-7 0,12 0,08 7199 0,10 0,20
722-2-S 0,12 0,10 7232 0,12 0,20
7255 0,16 0,20

Conclusion: A method for determining the relative quantities of sulfur-con-
taining amino acids in biomass and in the culture medium of Chlorella mutants, re-
ferred to as “feeders,” has been described. It has been demonstrated that mutants
94, U- 6, U- 7, and 722-2-S accumulate cysteine in their proteins at levels 2 to
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3 times higher than those of the original strain B, while in the peptide fraction (in
the medium), the accumulation is nearly 6 times greater. Mutants 722, 7179, 7199,
7232, and 7255 not only accumulate more methionine in proteins and peptides
(in the medium) compared to the original strain 288-4, but they also exhibit higher
levels of cysteine in their proteins.i
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Mwup3aeBa LL.Y.1 Xanunos V.M.2 Myxamagves 5.T.3 Xannnosa ®.M.],
>Xanonos E.B.1

‘Byxapa MeMekeTnk yHuBepcutety Byxapa y., B36ekcTaH

D36ekcTaH Pecnybnukackl FbombiM akagemusicbiHbiL, MUKpo61Monorna MHCTUTYThl, Byxapa k.,
B36eKcTaH

3Byxapa MemneKkeTTiK TeXHUKabIK yHuBepcuTeTi, Byxapa K., B36ekcTaH

XNOPENNA ®NOEP MYTAHTTAPbLIHbL, XKACYWALAH ThIC NENTUATEPL
TYWingeme. Makanaga pagvoakTuBTi MHAWKaTopnap 34idH KongaHa oTbipbin, xjopenna-
HblL, «duaepnepH> MyTaHTTapblHAarbl Kydprl 6ap amUHKbIWKbINAAPbIHbIL 60nybiHA 6aii-
NaHbICTbl 6Momacca MeH KynbTypasnblk OpTaHbl Tangay AepekTepi KentipinreH. XXyMbiCTbiL,
MakcaTbl - «duaepnep» MyTaHTTapblHbIL, XacylajaH TbiC eHiMAepiHe 6ainaHbICTbl «u-
OepnK» acepiH TyAblpaTblH 3aTTapabll, Taburatbl KaHgaw gereH cypakka xayan. On ywiw
paavoaktusTi KYKIPT S kemerimeH GipkaTap xnopenna MyTaHTTapblHbIL, 6uomaccacbl MeH
ec”nep opracbiHaarbl KYKpTi 6ap aMUHKbILWKbIIAAPbIHbIL, - METUOHUH MEeH LIUCTEUHHLY, ca-
NbICTbIpMasbl MefLWepiH aHblKTayabll, PaauoXMMUANbIK 34ici KondaHelngbl. Bruomaccagarsi
XaHe xnopenna «puaep» MyTaHTTapblHbIL eciHiinep optacbiHAarbl KYKpTI 6ap aMUHKbILW-
KblN4apbIHbIL, canbiCTbipMasibl MesiepiH aHbikTay golcl cunattanrad. 94, U-6, U-7, 722-2-s
MyTaHTTapbl aKkybl3gapaa uuutenHai 6actanksl B wrammbiHaH 2-3 ece, an nentug™ dpak-
unaga (optaga) WwWamameH 6 ece ken XWHaNTbIHbI kepceTinreH. 722, 7179, 7199, 7232, 7255
MyTaHTTapbl 6actankbl 288-4 WTaMMbIMEH canbicTbipraHaa 6enokTap MeH nentuarepgen
METUOHWHAj raHa emMec, COHbIMEH KaTap 6enoktapfarbl LUCTEWHAI A€ XWHaKTaiabl. TemMeH
MofieKkynanblk NentTuaTep Tamak, gapMaleBTUKa XaHe MeauuuHa cananapbiHia keubleH
KongaHblnagbl. Onap CoHbIMEH KaTap GUOXUMUANDBIK, FEHETUKaNbIK )XaHe Monekynanblk 6uo-
NOruAnbIK 3epTrTeynepaL, 6actanksl Yarinepi 6onbin Tabblnagbl. Atan ainTkaHga, onap ecki
xacywanapgabiy, AHK,-cbiHa acep eTegi xaHe onapably, 6enceHgipinyiHe akenegi xaHe ocbl-
naliwa 6yn xacywanapgbl xacaptagbl. Xnopenna mMeH 6acka 6angbipnapgbil, KongaHbiny
asnchl - ThILANTKbILW XaHe ecy CTUMYNATopbl peTblae eciMaik wapyalbiibirbiHAA; AETOKCU-
Kaums xxaHe UMMYHUTETT HblraikTy YWiH MeguumMHaga, KOCMeTonorusaga xaHe cnoprra; cyabl
oTTenMeH 6aiibiTbin, 6anbIKTbIL, XargaliblH )akcapTy YLiH akBallapyallbiiblKTa; COHbIMEH
Katap 61ooTbIH, 6MonaacTuka eHAipiciHae XaHe XXeMLwen Kocnackl peTiHae.

TYWingi cesnep: xnopenna, MyTaHT, cduaep, METUOHMH, LMCTeWH, xpomaTorpadins, pa-
AMOaKTUBTI MHAMKATOP.

Mwup3aeBa LWL.Y.1 Xanunos V.M.2 Myxamagues 5.T.3 Xanmnosa ®.M.],
>Xanonos 3.6.1

'Byxapckuii rocygapcTBeHHbIn yHuBepcuTeT, . Byxapa, Y36ekuctaH

MHCTUTYT Mukpobuonorum Akagemumn Hayk Pecny6nukn YsbekucTaH, r. Byxapa, Y36eku-
cTaH

3Byxapckuil rocyapCTBEHHbIN TEXHUYECKUiA yHuBepcuTeT, I. Byxapa, Y3bekucrtaH

BHEKAETOYHbLIE MENTUABI MYTAHTOB - ®UNAEPOB X/TOPENbI

AHHOTauus. B cTaTbe NPUBOAATCA AaHHblE aHanM3a 6MOMACCHI W KyNbTypasibHO! cpedbl Ha
cofepxaHne cepocofepXalimx aMUHOKUCIOT Y MyTaHTOB - “GIMAEePOB” X/10Pesibl, UCMO/b-
3ysi METO/, PaIN0aKTUBHbLIX MHAMKATOPOB. Llenb pa6oTsl - OTBET Ha BOMPOC KakoBa npupoga
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BelLecTB, Bbi3biBaOWUA adhekT «duaepcTsa» 06yCNOBNEHHbIA BHEKNETOUYHbIMY NPOAYKTa-
MW MYTaHTOB - «duAepoB». 18 3TOro NCNonb3oBasICA PagMoXMMUYECKUn meToq onpeae-
NIeHNst OTHOCUTEbHBIX KOSIMYECTB CepocoepXallux aMUHOKUCOT - METUOHWHA U LucTenHa
B 6uomacce v KynbTypanbHol cpefe psfa MyTaHTOB X/10pes/ibl C NOMOLLbIO paAnoakTUBHOW
cepbl S3H OnucaH MeToA onpefeneHns OTHOCUTENbHbIX KOMIMYECTB CEPOCOAEPXKALLUX amMu-
HOKMCNOT B 6MoOMacce v B KyNbTypasibHOM cpefe MyTaHToB - “duaepoB” xnopensbl. MNokasa-
HO, UTO MyTaHTbl 94, U-6, U-7, 722-2-S HakannusatoT B 6enkax LucTenH B 2-3 pa3a 6onblue,
4yeM MCXOAHbIA WwTamMm B, a B nentuaHoin dpakumm (B cpese) 6onblue noytn B 6 pas. MyTaH-
Tbl 722, 7179, 7199, 7232, 7255 HakannusaloT, Mo CPaBHEHWIO C UCXOAHbIM LWUTAMMOM 288-4,
60/blle He TONbKO MEeTWMOHUHA B 6enkax U nentugax, a Takxe uuctemHa B 6enkax. Husko
MONEeKyNsApHble NenTuibl HaxXoAAT WWPOKOe NPUMEHeHne B NULLEBON, dhapMaleBTMYeckon n
MeANLMHCKON oTpacnn. OHM TaKke ABMAAIOTCA UCXOAHbIMU MOAENAMU AN BUOXUMUYECKUX,
reHeTUYeCcKUX U MONEKYNAPHO-6MONOTMYECKUX UCCNefoBaHuWii. B yacTHOCTW, OHW BAUSAIOT Ha
[AHK cTapbIX KNeToK U BbI3blIBAKT MX akTUBALMIO M TEM CaMbiM OMONAXMBAIOT 3TU KNETKU.
Cdpepa npumeHeHns xnopennbl U ApYrMx BOAOPOCNENR - pacTeHWEBOACTBO, Kak yaobpeHue
N CTUMYNATOP POCTa; MeAuLUMHA, KOCMETOMOorMa WU CNopT ANS AeTOKCUMKauMn U yKpenneHns
UMMYHWTETA; B akBakynbType ANA oboraweHns BoAbl KUCIOPOLOM W YNyYlleHWUs COCTOAHUA
pbI6; a Takxe B Npou3BoAcTBe 6uoTonIMBa, 6MONIACcTUKOB U Kak kopMoBas fobaska.
KntouyeBble cnoBa: xnopenna, MyTaHT, duaep, METUOHWH, LUCTENH, XpoMaTorpadus, pa-
ON0aKTUBHBIA UHAMKATOP.
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NEPEBO/ CTATbW / MAKANAHBLL AYOJAPMACHI

Mwup3aeBa LL.Y.1 Xanunos .M.2 Myxamagues 5.T.3 Xannnosa ®.M.],
XXanonos 3.6.1

'Byxapckuii rocygapcTBeHHbIli yHuBepcuTeT, 1. byxapa, Y3beknctaH

MHCTUTYT MUKpobronorun Akagemun Hayk Pecny6nukn Y3bekuctaH, r. Byxapa, Y36eku-
cTaH

PHyxapckuii rocyAapcTBEHHbIN TeXHUYecknii yHusepcuteT, 1. byxapa, ¥Y36ekucrtaH

BHEK/NETOYHbLIE NENTNAbI MYTAHTOB - ®UAEPOB XJ/IOPEJ/I/1bl

AHHOTauuA. B cTaTbe NpMBOAATCA AaHHble aHanu3a 6uomacchl W KynbTypasbHON cpeabl
Ha cofepxaHue cepocofepxalinx aMUHOKMCNOT Y MYTaHTOB - “ddmaepoB” xAopennbl, uc-
nonb3ys MeTo[ pagvoakTUBHbIX WHAMKATOPOB. Llenb paboTbl - OTBET Ha BOMPOC KakoBa
npupoaa BelLecTB, Bbi3biBaloLWnil ahEKT «hunepcTBa» 06YCNOBNEHHbIA BHEKNETOUHbIMU
npoaykTaMn MyTaHTOB - «(uaepoB». a8 3TOro NCnonb30BanCsa PafuoXMMNYeckuini MeTos,
onpeAeneHns OTHOCUTENbHbIX KOMMYECTB CepocofepXxalinx aMUHOKMCNOT - MeTUOHWHA
N uMcTemHa B 6uomacce W KynbTypasbHOW cpefe psfa MyTaHTOB X/10pes/ibl C NOMOLLbIO
paavoaktTusHoli cepbl S3B OnucaH MeTon onpefeneHus OTHOCUTE/bHbIX KONUYeCcTB Cepo-
cofepxallnx aMMHOKMCNOT B BioMacce 1 B Ky/NbTypasbHOW cpefe MyTaHTOB - “dunaepos”
xnopennel. MNokasaHo, YTo MyTaHTbl 94, U-6, U-7, 722-2-S HakannuBatoT B 6enkax LMCTenH
B 2-3 pasa 60nblle, YemM UCXOAHbIN WwTamm B, a B nenTugHoi cpakuun (B cpeae) 6onblue
noytn B 6 pas. MytaHTbl 722, 7179, 7199, 7232, 7255 HakannusatoT, N0 CPaBHEHUIO C UC-
XOfHbIM LWTamMMoM 288-4, 60nblue He TONbKO METMOHMHA B 6enkax u nentugax, a Ttakxe
uucTenHa B 6enkax. HuskomonekynspHble nentTuabl HaXoA4AT LWMPOKOe NPUMEHEHNE B NuLLe-
BOl, hapmaL,eBTU4eCKO N MeAUNLMHCKOW oTpacnn. OHKM Takxe ABAAITCA UCXOAHbIMU MO-
AenamMu ana 6MoOXNMMUYECcKNX, reHeTUYECKUX U MOeKYNAPHO-6M0N0rMYeckux nccnesoBaHuii.
B yacTHOCTM, OHU BAUAIOT Ha [HK cTapbiX KN1eTOK 1 BbI3bIBAIOT UX aKTUBALUIO 1 TEM CaMbiM
OMONaxmBatoT 3Tu kneTkn. Cdrepa NpyMeHeHus Xnopensbl U Apyrux Bogopocnen - pacre-
HWEBOACTBO, Kak yAo6peHne n CTUMYNATOp pocTa; MeauuuHa, KOCMeTo/10rMsa U cnopT Ans
AeToKCUKaLun 1 yKpenneHns UMMyHUTeTa; B akBakynbType Ansa oboraljeHuns BoAbl KUCMo-
pPOLOM U yNyULLEHNA COCTOAHUA Pblb; a Takxe B NPOu3BOACTBE 6uoTonnnea, 6nonnacTukos
1 Kak KopmoBas fob6aska.

KniouyeBble cnoBa: xnopenna, MyTaHT, dugep, METUOHWH, LUCTENH, XpoMaTorpadus, pa-
OM0aKTUBHBIA MHAMKATOP.

BBeneHue. Npou3BoACTBEHHOE UCMOJIb30BaHWE X/I0PE/bl U APYTUX BOAOPO-
cneil penaet He06GXOAUMMBIM pPa3paboTKy MPUHLMINOB U METOAO0B CeNeKuun 3TUX
opraHu3moB. B psife pa6oT [1-4] nokasaHo, YTO Cenekuuo nosesHbix opm 1 Me-
TOAbl OLUEHKM MOXHO MPOBECTU MUKPOOGUOSIOTMYECKMM Ka4yeCTBEHHbIM METOAOM.
OTOT MeTof, OCHOBaH Ha Tak Ha3biBaeMoM 3dphekTe «hugepcrsa» - NOAKOPMKHU,
onpeaensieMblii NO KOMbLy 06GpacTaHUsi ayKCOTPOMHLIX MyTaHTOB BOKPYT KOJ0-
HWUIA X/TOPEMBI.

OpHako, crneflyeT oTMETUTb, YTO aPeEKT «duaepcTea», onpeaensiemolii Ta-
KM crnoco6oMm, eLlé He faeT OoTBeTa Ha Bonpockl: 1) 3a cueT yero npoucxoaut
3TOT aphekT? 3a cueT NPWKU3HEHHOTO BblAENEHWs1 Xnopennoil B cdepy onpe-
[eNeHHbIX MeTabonuToB, MM 3a CYeT aBTOMU3a W BbiAE/IEHNST B OKPYXatoLLyto
cpeny Tex xe BelecTB? 2) Ecnn adhchekT «dhugepctea» [8] 06ycnoBneH BHekNe-
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TOYHbIMW NPOAYKTaMM MyTaHTOB - «(MAepoB», TO KakoBa Npupofa BeLECTB,
BbI3bIBaKOLLUX 3TOT aphekT. K TOMY e TpyaHO CyaAnTb O MPUPOLE BHEKIETOUHbIX
npoagyktos [5-10].

Mpeabiaywasn paboTa [3] B Kakoin-To mepe gana oTeeT Ha 1-/ Bonpoc, a UMeH-
HO, adphekT «duaepcTsa» 06YCNOB/EH BHEKNETOUYHbIMY NPOAYKTAMWU MYTaHTOB.

Llenb nccnegoBaHus - U3yyeHve BeLLECTB, Bbi3biBalOWMX Npupoay «duaep-
cTBa». [lna 3TOro Mcnosib3oBasicsl pafnoXMMUYecknii MeTos onpefesieHnst 0THO-
CUTENbHbIX KOSIMYECTB CepocoAepXallnx aMUHOKACNOT - METUOHMHA U UucTenHa
B 6rioMacce 1 KynbTypasbHO cpefie psiga MyTaHTOB X/10pesi/ibl C MOMOLLbIO pa-
OMO0aKTUBHOI cepbl SH[11-12].

MaTepuan u MeToAbl uccnenoBaHusl. Matepranom NOCAYXWUNu crnegyouime
LWITAMMbl X/10peNbI:

B - wtamm Cllorella vulgarts, nocnyxumswunii ucxogHow gopmat agnsa nonydye-
HUS MyTaHTOB

K-94, U-6, U-7, 283-4, 322, 7179, 7199, 7255, 7232, 7-22-2-S. CNyXWT KOH-
Tponem.

KynbTypa xs0pennbl BblpaluBanack B 06e4HEHHOV HeopraHu4yeckoli cepoii
cpefie cnefylollero cocrasa:

KNO035r/n

Mg(N0322,5 1/n

KH2P 042,25 r/n

MgS040,083 r/n

nwoko3a 10 r/n

K aTomy pacTtBopy f06aBnsnca Na2S350 4 C akTUBHOCTbIO 2 LUK B KO/IMYecTBe
nHaukaTopa. [ByxAHeBHas Ky/nbTypa BOAOPOCMei BblpawiuBanacb B konbax c
15,0 mn cpegoli Ha noacBeTke. OcBeweHHocTb 5000 nk. McxogHas ryctota kne-
TOK 2*1068 M1. MpoAo/MKMTENbHOCTL onbiTa 10 gHeli. 3a 3TO BpeMs Mbl nosyya-
eM [ocTaTtoyHoe KonmyecTBo 6romacchl (~100 mMr) ansa npoBefeHns fanbHerwmnx
aHanun3oB. Knetkn oTAeNsanucb OT Ky/nbTypasbHOW cpeabl LeHTPUdyrupoBaHnemM.
3aTteM KkneTku akctparmpoBanucb 3 pasa 80 % aTtaHosioM ANA yaaseHus nuno-
MaoB, YrNeBoAO0B U APYrMX HU3KOMOMEKYNAPHbIX BewecTs [13]. DKCTpakT oTae-
NANCA 3KCTparnpoBaHMEM, OH UMEN He3HAUUTEsNbHYI0 akTMBHOCTb W3-3a 4ero
oT6pacbiBanca. JanbHenwan o6paboTka KNeTok 3aknwyanacb B rmgponunse ux
paBHbIMY O06bemMaMu KOHLEHTPUMPOBaHHbIX HC1 1 CH3CO00H. Bogopocnu nepe-
BOAWAWCHL B amnyny, U3 KOTOPOi BO3Ayx BbiTecHanca CO2 [MpucyTcTeue 0 2 BO
BpeMA rMaposm3a NOHMXaeT BbIXO4 aMUHOKMCAOT. AMmnyna 3anavsanacb. [u-
noponus nposoautca B TepmocTtaTte npu 1050C B TeyeHun 28 MuH. Tmaponusart
XxpomartorpadupoBancsa (xpomatorpadgp mapku Amstell, BenvkobputaHumsa) B cu-
cTemMe pacTBopuTeneil H-6yTaHON-yKCycHas kucnota - Boga (4:1:5). MNepep xpo-
MaTorpadmpoBaHveM HeOOX0AMMO OTAENIUTb MEXaHUYeckne npuMecu uyaannutb
HC1 [11]. C aTOl Uenblo rMapoan3aT ¢ NOMOLLLIO MUNETKN HAHOCUICA Ha BOPOHKY
BtoxHepa ¢ gBOWHbLIM cnoem hubTpoBasibHOW Bymarn. XXngkoctb 0TUAbLTPOBLI-
Banacb nof BakyymMoM. [na nyywen gecopbumm aMMHOKUCAOT aMmnyna u unbTp
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NPOMbIBANINCh TPWXAbl HEGOMBLIMMK NOpUMAMKU BOAbl. [Maponusat ynapusasnics
noA Bakyymom. [11s NoAHOro yaaneHus HCI B npouecce ynapnsaHusa Heobxoammo
HECKOJIbKO pas3 A06aBnsATb 2 Mn BoAbl [14-20].

Xpomartorpaduyecknii aHanus nutatenbHOW cpefbl NMPOBOAWUICA aHanoruy-
HbiM obpa3om. XpomaTorpadmpoBasncb ofgMHaKoBble Konnyectsa (N0 Becy) ru-
ApoNn3atos, 4YTO6bI NOYYUTb BO3MOXHOCTb CPaBHEHUS aKTUBHOCTEN MYTaHTOB
N UCXOAHbIX WTaMMOB. ®pakuum xpomaTorpaMmm BbICYLUMBANUCHL WM NPOBOAM/IOCH
N3MepeHNe akTUBHOCTEN [14].

Pe3synbTaTbl 1 nx obcyxaeHne. OnbIT COCTOAN M3 4-X NOBTOPHOCTENR, pe-
3ynbTaTbl KOTOPOro CyMMUpOBaHbl ¥ NpeacTasfeHbl B Tabnuuax 1,2. B tabnuue
1 npeacTas/ieHbl AaHHbIE, KacallMecs HakoMIeHUs pagnmoakTUBHOW cepbl 61o-
mMaccamy LWTaMMOB. 3HaYeHUs yAeNbHbIX aKTUBHOCTEN (aKTMBHOCTbL Ha 106k1eToK
N aKTUBHOCTb Ha MI CyXOro Beca 6uomacchbl), COOTBETCTBYOLME KOHTPO/IbHbLIM
wrtamMam (wtamm B un 283-4) B3aThl 32 100 % [21-30]. Kak BuMAHO 13 3TOli Ta-
6/11Ubl, 3HAYEHUS yaesibHbIX aKTUBHOCTEN MCCNefoBaHHbIX WTaMMOB 60blue
B 1,5-2,0 pasa, N0 CpaBHEHUIO C KOHTPONbHbIMW WTammamMu. [ns 6onee 4yeTkoin
XapakTepucTuki WwTammoB 6bln1 NpoBefeH aHanu3 6uomacchbl Ha cepy, cogep-
Xalyl amMUHOKMCNOTbl. OTCYTCTBME 3HAYUTE/IbHbIX KOJIMYECTB aKTUBHOCTEN B
CNUPTOBOM 3KCTpakTe CBUAETENbCTBYET, UTO cepocojepxalivie amMuHOKUCNIOTbI
HaxoAsTCA NPenMyLLeCcTBEHHO B 6ENKOBOM YacTu kneTok [31].

Kak BugaHo n3 Tabnuupl 2, rae npeactaBfieHbl aHHble, NoyYeHHble B pe3yb-
TaTe xpomaTo rpaduyeckoro aHanuMsa CNUMPT HepacTBOPVMMON dipakumu nocne
eé rmaponusa, akTMBHOCTb COOTBETCTBYIOLLAA LMUCTEWHY, HA XpOMaTO rpammax
wtammoB 94, U-6, U-7, 722-2-S B 2-3 pa3a 60/bllU€e, N0 CPABHEHUIO C KOHTPO/Ib-
HbIM WTamMMOM B, B TO Bpems Kak aKkTMBHOCTb METMOHMHA MOYTU OfUHAaKoBa Yy
BCEX 3TUX WITAMMOB, ay wTaMmMoB 722, 7179, 7199, 7232, 7255 akTUBHOCTb Me-
TMoHmHa B 1,5-3,0 pasa 60nblie, N0 CPABHEHUIO C KOHTPO/IbHBLIM WTaMmMoMm 283-4
N aKTMBHOCTb uuctenHa go 1,5 pasa [32-35]. Y u3yyeHHbIX WTamMMOB Habnoaa-
N0Cb MpeBbIleHNne aKTUBHOCTW He TOJIbKO B CMMPTOHEpPacTBOPMMON hpakunu, a
Takxe B Ky/ibTypasibHOW cpege (Tabnuua 3). B Tabnuue 3 npeactaBfieHbl AaHHble
XpomaTorpadymyeckoro aHanusa cpefbl nocne ee ruaponusa. Kak BugHoO n3 atoii
Tabnuubl, wrtammel 94, U-6, U-7, 722-2-S HakannusawT B cpefe uMcTenHa go
KOHLEHTpaLuum B 6 pa3 npeBbilatoLnii KOHTPOMNb U WTaMMbl 722, 7179, 7199 Ha-
KannuBalwT METUOHWH 60/blUe, N0 CPABHEHWIO C KOHTPO/IbHbIM LWITAMMOM 283-4
0o 5 pas.

B Tabnuue 4 npuBefeHbl 3HaYeHUs Rf, NosyyeHHble B pe3ynbTaTe Xpomarto-
rpachmyeckoro aHanmsa nuTaTeNbHON cpefpbl A0 U Nocne rmaponusa. 3HavyeHmsa R{
M3MEHANUCL B pesynbTaTe rmaponmnsa, YTo 3actabniseT npegnonaratb, YTO MeTU-
OHWH W UMCTENH HakanaueawTCcs B cpefe He B CBO60AHOM BuAe. Bo3MOXHO, 4To
M3MeHeHVe 3HayeHus R{ BbI3BAHO XVMWYECKUMU NPEBPALLEHUAMN 3TUX aMUHO-
KMCNOT BO BpeMs rngponmsa [36-38].

MonyyeHHble pe3ynbTaTbl COracyoTCa C AaHHbIMU, UMEILWMMUCS B nTepa-
Type. Tak, KaHa3aBa [10], u3yyass OHTOreHeTU4eckyld M3MEHYMBOCTb aMUHOKWKC-
noTtHoro coctasa Chl.ellip., o6HapyXwua, 4TO y HUX METUOHWH U UNCTEUH BCTpe-
yalTcsa He B CBOOGOAHOM BuAe, a B BuAe NeHTMA0B 1 B 6esikax, 4To noaTBepxaa-
eTcA OTCYTCTBMEM aKTUBHOCTM B CNMPTOPACTBOPMMON (hpakuuun, rae LOSIKHbI
6blIM 3KCTParnpoBaTbCcs CBOO6OAHbIE @aMUHOKUCAOTLI U NENTUA HapSAAYy C APYTUMU
BellecTBaMu, U3YYEHHbIX HaMK LITaAMMOB, €CU AO0MNyCTUTb, YTO cepocoepxa-
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e aMMHOKUCNOTbI, Haxogslmecs B nenTuaHoli oopme BbIAENATCA UMW NOYTH
NONHOCTbLIO B Ky/bTypanbHyto cpegy [35-37]. AaHHble KaHa3aBbl [10] no3BonstoT
nonaraTb, YTO MOTyT GbITb ABa KpaWHbIX TMNA MyTaHTOB, HakananMBawLmx MeTno-
HVH U UMCTENH C NOBbLILLEHHbIM KOJIMYECTBOM €ro unm B 6enkax, uam B nentugax.
OpHako, ecnv AonycTUTb, YTO COAepXXaHne amMUHOKMCOT BO-NEPBbIX NPAMO WUn
KOCBEHHO CBfI3aHO C COAepXaHnem ux, BO-BTOpbIX [10] BO3MOXHO, UTO 6yAyT My-
TaHTbl C NOBbLIWEHHbIM COAEPXAaHNEM LUCTENHA U METUOHMHA Kak B 6efkax, Tak u
B Mentugax, 4To nogTBepxaaeTca AaHHbiMU Tabnuy 2 n 3.

MepcnekTyBbl NPUMEHEHNA HU3KOMOEKYIAPHbLIX NENTUA0B B FEPOHTO/IOMUN:

1 leTeporeHHOCTb BO3pacTa 1 nenTuibl BOAOPOCNeil;

2. KOHTpPO/b U MEHE)KMEHT CUHTE3a U pemMoenmpoBaHusa nenTuaos BOAOPO-
cnem;.

3. MenTnaHble 6uoperynaTopbl B repuatpuu;

4. XapaKkTepucTrka YpOBHEN TPEBOXHOCTU N KAYeCTBa XU3HU;

5. MenTtnaonornsa amouuii;

6. MenTuabl BOAOPOCNEN U MEXMOEKYISAPHbIE MEXaHWU3Mbl 3aLLNTbl OPraHns-
Ma 4yesioBeka;

7. NenTuabl BOAOPOCNENA- KOPPEKTOPbI MUKPOOUOTDI.

Tabnuuya 1-YpenbHble akTUBHOCTU WTaMMOB (B %% K KOHTPOJIH0)

AKTUBHOCTb
Wramm
Ha 106 kneTok Ha Mr 6uomacchl
B,koHTpO/b 100 100
94 185 181
U-6 285 219
U-7 175 134
722-2-S 145 159
283-4, KOHTpO/b 100 100
722 201 127
7179 106 144
7199 168 148
7232 162 145
7255 196 186

Tabnuua 2 - AKTUBHOCTb LMUCTENHA - A, U METUOHNHA - A2Ha XpomaTorpaMmmax
rmapomesoBaHHoOl cpefbl (MMN/MUH) U X OTHOLIEHUS K aKTUBHOCTU KOHTPO/bHbIX
wTtammoB (A,/A0n AZA0

Ltamm Al AN Ltamm A1l AN
B,KOHTpONb 380 1 283-4 KOHTpO/Ib 590 1
94 2170 571 7-22 1050 1,78
U-6 1420 3,74 7-179 1700 2,89
U-7 1770 4,70 7-199 1860 3,15
722-2-S 2030 5,34 7232 1940 3,28

7255 2810 4,77
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Tabnuua 3 - AKTUBHOCTb umcTenHa (A,), 1 MeTMOHUHA (A2 Ha XxpomaTorpammax

rMApoNM3aToB CNMPTOHEPABCTBOPUMbIX dpakLmii LWWITaMMOB U UX OTHOLLUEHUS K

aKTVBHOCTWN COOTBETCTBYHOLWMNX aMUHOKUCNOT (ATAQ n A2ZA® N KOHTPObHbIX
wrtammosB ( B, 283-4)

Strain A, a2 AT AL A2AQ@
B,koHTpO/b 810 1120 1,0 1,0
94 1550 1190 1,91 1,06
U-6 2520 1190 311 1,06
uU-7 2010 1110 2,48 0,99
722-2-S 1700 1620 2,10 1,46
283-4, KOHTPO/b 810 780 1,0 1,0
7-22 1070 2280 1,32 2,92
7-179 980 1060 1,21 1,36
7-199 1130 1090 1,40 1,40
7232 1050 1320 1,30 1,69
7255 970 1570 1,20 2,01

Tabnuua 4 - 3HaveHna Rf ( SH- cogepxalwmx KOMNOHEHTOB XpomMaTorpadm4yeckoro
aHanusa cpegbl 4o (RM) mn nocne (Rf2) rugponusa

Strain RN r2 Strain RN r2
B,koHTpO/b 0,10 0,08 283-4, KOHTPO/Ib 0,10 0,20
94 0,10 0,08 722 0,10 0,20
U-6 0,12 0,08 7179 0,12 0,20
uU-7 0,12 0,08 7199 0,10 0,20
722-2-S 0,12 0,10 7232 0,12 0,20

7255 0.16 0.20
BbiBOg

OnucaH MeTof onpefesieHnss OTHOCUTESNbHbIX KOJIMYECTB Cepycofepxalumnx
aMUHOKUC/OT B Buomacce u B Ky/ibTypasbHOW cpefe MyTaHTOB - “ddmaepoB” x/o-
pennbl. MokasaHo, YTo MyTaHTbl 94, U-6, U-7, 722-2-S Hakan/iumBawT B 6enkax
uMcTenH B 2-3 pasa 60nblue, YeM UCXOAHbIM WTaMMm B, a B nentmgHoin dpakuymnm
(B cpeae) 60nbwe noyt B 6 pas. MyTaHTbl 722, 7179, 7199, 7232, 7255 Hakannu-
BalOT, MO CPABHEHMWIO C UCXOAHbIM WTaMMOM 288-4, 60/blie He TONIbKO METUOHMU-
Ha B 6enkax n nentugax (B cpefe), a Takke uuctemHa B 6enkax.

References /Cnucok nutepaTypbl (CM. cTpaHuua 71)
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FRICTION MECHANISM OF GRAPHITE AND GRAPHENE

Abstract. The article proposes a model of friction of graphite, which is a stack of graphene
sheets. The model is based on the thickness of the surface layer, which for graphite is
3 monolayers of graphene. Large internal stresses arise in the surface layer, leading to
the occurrence of dislocations and nanocracks. The friction process can be described as
a process of elastic-plastic deformation of the surface layer. For graphene, an important
role in friction on graphite is played by the nanolayer, which is a quantum nanostructure.
Graphene friction occurs in a stepwise manner, taking into account the Tamm states of the
surface. It is shown that friction is accompanied by oscillatory and dissipative processes, the
formation of a turbulent fragment, and self-organization in the form of Benard cells. A formula
has been obtained that can serve as a criterion for selecting an antifriction coating made
of graphene or its composites. The terahertz radiation we predicted in graphene refers to
surface plasmon-polaritons (plasmons). The most promising approach to creating effective
terahertz radiation detectors is the use of nanostructures as a sensitive element. These
nanostructures include graphene and graphene-like materials. The proposed model opens
a new approach for theoretical and experimental research of processes in nanotribology.
Keywords: antifriction coating, graphene composites, nanostructures, processes in
nanotribology, graphene materials, graphite, 2D graphene friction, nanoelectronics.

Introduction. Over the past three decades, zero-dimensional (0OD), one-di-
mensional (1D), and two-dimensional (2D) carbon nanomaterials have attracted
considerable attention due to their unique electronic, optical, thermal, mechanical,
and chemical properties [1-3]. Friction and wear are characteristics of mechanical
systems involving contact between moving components. Here, 2D graphene and
its composites play a special role [4]. Graphene has high levels of rigidity, strength,
and thermal conductivity and is also impermeable to gas. Graphene is considered
a promising material for applications in nanoelectronics and miniaturization of var-
ious devices. In addition to solid lubricant, graphene materials can be used to
improve various types of composites from polymers to ceramics. They have also
demonstrated their effectiveness as nanoadditives for various types of lubricants,
such as water, oils, and ionic liquids. A minimal amount of graphene additive can
increase the durability of a product. Graphene was discovered 20 years ago [5].
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Many works in most countries are devoted to the study of graphene, including the
mechanisms of its production [6, 7] and its defect structure [8, 9].

The aim of the work is to provide an overview of the latest works on the fric-
tion of 2D graphene and to propose our model for the friction of single-layer and
multilayer graphene (graphite).

Review of graphene friction. Two-dimensional 2D graphene materials and
their composites are new nanomaterials for application in technological and engi-
neering fields [10-18]. Currently, there are five theories explaining the processes
occurring during friction: mechanical (deformation); molecular (adhesion); mo-
lecular-mechanical; energy; hydrodynamic [19]. In the review [15], the friction of
layered structures is divided into mechanisms: interlayer and surface (Figure 1).
Low friction of layered materials was noted back in the 30s of the last century due
to the low shear resistance between their adjacent atomic layers (Figure 1-1).
For example, these include: muscovite (mica) - KAIAAISiZ01)(OH)2 graphite (C);
transition metal dichalcogenides - MX2(M =Ti, Zr, Hf, V, Nb, Ta, Bi, Mo, W; X =S,
Se, Te); metal carbides and nitrides, MAX- and MXene-phases and many others
[20]. According to the Tomlinson model (Figures 1-2), the friction force depends
on the actual contact area, that is, on the roughness of the two rubbing materials,
without taking into account their atomic structure [15]. According to the Frenkel -
Kontorova model (Figure 1-3), friction occurs due to the movement of dislocations
in the crystal, which arise during the movement of two rubbing materials. In this
case, any excitation in the crystal is converted into traveling waves, which are
called solitons in the continuous model [21]. Hirano et al. (1991) studied atomical-
ly smooth surfaces and obtained friction coefficients close to zero on them [15].
They called this phenomenon “superlubrication” or superlubrication (Figures 1-4).
However, superlubrication was discovered in 1956 by D.N. Garkunov and L.V. Kra-
gelsky on the “copper alloy - glycerin - steel” system and was called by them the
wear-free effect [22]. The mechanism of the wear-free effect during friction does
not follow from the five theories of friction (see above) currently in practice and is
still debated. In [23], the dissipation of energy between a tungsten tip sliding on a
graphite surface was studied using the AFM method. By measuring atomic-scale
friction as a function of the angle of rotation between two contacting bodies, the
paper showed that the reason for the ultra-low friction of graphite is the incommen-
surability of the rotated graphite layers, an effect called “superlubricity” (Figures.
1-5). A review [24] provided a chronology of the major milestones in the field of
superlubricity (Figure 2).

Unlike other critical phenomena such as superconductivity and superfluidity,
friction associated with energy dissipation never disappears. Therefore, the crite-
rion for superlubricity is usually chosen as a decrease in the coefficient of friction
(the derivative of the friction force to the normal load) of less than k ~ 10-310-4. For
a low coefficient of friction, the egg-box model was invented (Figures 1-6).
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Figure 1- Summary of friction mechanisms of 2D materials [15]
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Nanoscale

Figure 2 - Timeline of major milestones in the field of structural superlubricity. The timeline
starts with the first theoretical prediction of static friction disappearance in 1983 and the
study of ultra-low kinetic friction states in 1991 (the “Birth”). This was followed by the
pioneering experimental demonstration of nanoscale superlubricity in graphite contacts

in 2004, which led to the first observation of microscale superlubricity in 2012 and the
proposal of heterojunctions in 2013 and multi-contact configurations in 2015 [24].

The essence of this model is that in layered structures two chains of atoms
of size VO are considered. The first of them slides over the second with some
potential and parameter q=4nV0(k a2. As soon as n=1, locally commensurate
regions can form, leading to pinning effects and increased friction. It is concluded
that ultra-low friction (superlubrication) occurs when the surfaces in contact are
incommensurate (Figure 3) [15, 24].

Initial state Intermediate state Final state
(Commensurate) (Incommensurate) (Commensurate)
]Translation
60.
rotation
nltraction Thermal
fluctuation
| * First-layer graphene t~l Second-layer graphene

Figure 3 - The process of transformation of the commensurate-incommensurate state
during sliding of graphene nanosheets on the graphene surface [15].

Particles on the surface during friction can be commensurate and incommen-
surate with the arrangement of surface atoms. This difference is especially evi-
dent from the oscillation spectra of moving particles. In commensurate structures,
atomic particles are located in well-defined unit cells of the crystal. The spec-
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trum of atomic oscillations in a two-dimensional structure is determined by the
potential of their interaction and has a long-range order (optical branch of oscil-
lations). Incommensurate structures arise when the energy of lateral interaction
of atomic particles exceeds the value of the activation barrier. In this case, an
acoustic branch appears in the oscillation spectrum, and atomic particles occupy
places that are not correlated with the relief of the substrate. A detailed exam-
ination of the superlubrication effect is given in the monograph [25]. In [15] it is
noted (Figure 1-7) that the MDM method and the two-temperature method (TTM)
confirm that the electron-phonon interaction in graphene has an insignificant effect
on friction compared to the roughness of the substrate. The substrate condition
is of great importance and affects the friction force of 2D materials. When AFM
probes slide on the surface of a weakly attached substrate, the friction force is
high due to the deformation of graphene in the form of wrinkles (Figures 1-8).
However, it was found that mechanically cleaned graphene provides low friction
on an atomically smooth substrate such as mica, where graphene suppresses
the deformation of surface wrinkles. Penkov O.V. [4] considered the tribological
properties of graphene and concluded that the key factors affecting the tribological
properties are the number of layers, the stacking mode, and the substrate mate-
rial. For the energy dissipation mechanism (Figures 1-9), a simulation model is
presented in [26], as shown in Figure 4a, b. A diamond tip was used to slide on
a three-layer graphite substrate, and the resulting friction energy was recorded
continuously during the simulation. A spherical diamond with a tip of radius R
= 200 A and height h = 8 A was held and moved horizontally along a graphite
surface. It was assumed that the top few layers of the tip (2 A thick) were rig-
id, and the bottom part was set to be deformable. For the simulation, the top
surface of the diamond tip was oriented along the direction. The graphite sub-
strate contains three graphene layers with a length of 266 A and a width of 245 A.
The coordinates were chosen: the Z axis was perpendicular to the graphite, the
X axis ran in a zigzag direction, and the Y axis was along the chair direction (Fig-
ure 4a.) The graphene layer was fixed. The top two graphene layers were also
fixed to avoid sliding between the layers.

Figure 4 - Simulation model: atomistic model used in molecular dynamics simulation (a);
schematic diagram showing the diamond-graphite system and their specific interactions (b)
[26].

In the MD simulation, two Lennard-Jones (LJ) potentials were used to describe
the atomic interactions between the diamond tip and graphite (LJ-1) and between
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different graphite layers (LJ-0). The LJ potential is formulated as U(r) = 4£[(a/n) 2
- (cn@, where £ is the depth of the potential well and ais the distance at which
the potential is zero. In [26], friction was studied when the adhesion was relatively
weak (/1 = 0.5). In Figure 5a, two types of energy are shown: Uint is the energy
associated with the sliding of the diamond tip on the surface; Ubulk is the energy
associated with the deformation of the bulk. The change in friction force Ff as a
function of normal load is shown in Figure 5b.

3 b
Figure 5 - Schematic and typical simulation result of the deformed configuration for low
adhesion systems (a); the change in the friction force Ff depending on the normal load.
The inset shows the change in the lateral force and potential energy as a function of lateral
displacement under the action of a normal load of 18.3 nN [26].

When the adhesion of the tip to the graphite is relatively strong (1 = 5), the
change in the friction force Ff depending on the normal load is equal to, as shown
in Figure 6b. The changes in the lateral force and the total potential energy of the
system as a function of lateral displacement under a typical normal load are shown
in the inset. Similar to the case of low adhesion, the energy corrugation Utotal also
turns out to be periodic and very close to a sinusoidal shape. The simulation result
showed that under high adhesion, delamination of several upper layers of graphite
occurs, as shown in Figure 6a.

Normal load (nN)
a) b)

Figure 6 - Schematic and typical result of the simulation of the deformed configuration for
systems with high adhesion (a); the change in the friction force Ff depending on the normal
load. The inset shows the change in the lateral force and the total potential energy of the
system as a function of lateral displacement at a normal load of -61.8 nN (b) [26].
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The energy dissipation (Figure 1-9) associated with frictional sliding occurs
not only from the interfacial interaction, but also from the deformation inside the
layered materials.

Using a calibrated grating as a substrate, itwas possible to measure the friction
coefficient of graphene, which varied from 0.066 to 0.087. The periodicity of friction
was also explained by atomistic incommensurability. The most significant decrease
in friction occurred when the number of graphene layers was changed from one to
two. This means that at least two graphene layers are necessary to provide solid
lubricity due to the sliding of graphene layers relative to each other. When graphene
nanoflake slid on graphite at low temperature (only 5 K), it exhibited a superlubricity
state. In particular, 100% superlubricity was observed for contact areas less than
1*106nm2 and the probability dropped to 58% and 12% when the contact area was
increased to 3*106and 1*10® nm2. If the contact area exceeded 4*10® nm2, the
superlubricity of graphene completely disappeared. It was concluded that the shear
occurs mainly along the grain boundaries [4].

Despite the nanoscale thickness of graphene layers, they effectively reduce
friction and wear not only at the nano- but also at the macroscale. The key factors
affecting friction and wear are the number of layers and adhesion to the substrate.
The latter two factors are mainly related to specific deposition methods. The best
results can be obtained when graphene is grown on a rigid substrate and left intact
[4].

Research method. Our model of graphite and graphene friction. Multilay-
er graphene or graphite is a layered 3D structure. Each layer consists of regular
hexagons of carbon atoms (C) measuring 0.335 nm, between which strong cova-
lent bonds act with an energy of 170 J/mol. Between the layers there is a space
of 0.7-1.6 nm, where weak van der Waals forces act with an energy of 16.7 J/mol
(Figure 7a). These graphene layers easily slide in the longitudinal direction and
represent a solid lubricant (Figure 7b) [27].

10 Covalent bond

Aggregated graphene layers

a) 6)

Figure 7 - Graphite structure (a) and layer diagram on metal (the dotted line denotes the
plane of easy shear) (b) [27].
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Antifriction graphite and its application in industry have been used for a long
time [28]. In Kazakhstan, a monograph is devoted to carbon materials [29].

In the periodic table of D.I. Mendeleyev, the position of carbon in the central
column and upper row is shown (Figure 8a). In the central column, carbon has
the largest number of covalent bonds per atom (4). The upper position makes its
atoms the smallest among all elements of the central column. Figure 8b shows
the dependence of the friction coefficient on hardness. As can be seen, the friction
coefficient of diamond is about 0.1, as is the case with graphite.

Figure 8 - D.I. Mendeleyev's table showing materials with atomic bonds. This table does
not include hydrogen and noble gases (a); the coefficient of friction as a function of
hardness (b).

It has now become common knowledge that friction is associated with the sur-
face layer of a solid [30, 31]. Determining the thickness of this layer R(l) experimen-
tally is a complex task that requires ultra-high vacuum and complex equipment [32].
This problem has been solved only for a few substances. For example, for gold R(l)
= 1.2 nm, and for silicon - R(l) = 3.2 nm [32], i.e. they represent a hanostructure. We
first determined the thickness of the surface layer of solids in [33-35] (Figure 9a),
and friction in [36] (Figure 9b).

nanolayer
bulk phase

mesolayer
mesolayer 1y¢

mesolayer

LI un
W tm wim rivA/ i

bulk phase

Figure 9 - Scheme of a solid: nanolayer » mesolayer * bulk phase (a); scheme of the
motion of atomically smooth graphite on atomically smooth metal surfaces with a constant
velocity u.
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The thickness of the surface layer R(l) is given by the formula [33-35]:
_ D
In equation (1) one parameter must be known - the molar volume of the ele-
ment, which is equal to n = M/p (M is the molar mass, p is its density), a = 1 m-2is
a constant to maintain the dimensionality (R(l) [m]).
In [37] it is shown that the surface energy of a bulk metal y2 is equal to an
accuracy of 3%

y2=07 -10-3-Tm [J/mz],

where T is the melting temperature of the metal (K).

@

In the R(l) layer, the size effect must be taken into account and the surface
energy becomes equal to y1[38]:
. - R ©)
where yRis the surface energy at the phase boundary, which is negligibly small due to
the second-order phase transition.

To separate the R(l) layer from the rest of the crystal, energy must be expend-
ed, which is called the adhesion energy [39]:
4
Internal stresses ais between phases yland y2can be calculated using the for-
mula [39]:
ais=VWa-E/R (1),
0] ®)

where E is the Young’s modulus of elasticity.

Using equations (1) - (5), we calculate the parameters for graphite and
graphene.

Table 1 - Parameters R(l) of graphite and graphene

Carbon M, g/mol p, g/sm3  R()anm R()gnm Yz mlm2 Yg md/m2
Graphite 12,0107 2,26 0.900 (3)  2.46 (3) 2195 130
Graphene 12,0107 2,26 0,246 (1) 0,14 (1) 2652 -

From Table 1 it follows that the thickness of the surface layer of graphite is 0.9
and 2.46 nm, i.e. they represent a nanostructure. In graphite, the number of mono-
layers in the R(l) layer is three (3) - compare with Figure 4. Figure 10a shows how
the internal pressure changes depending on the number of graphene layers [40].
Figure 10b shows the intensity of the peak G ofthe Raman scattering of graphene
depending on the number of its layers [41]. Both figures clearly show that the R(l)
layer for graphite contains 3 layers, which indicates the validity of our model (1).
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More than three layers of graphene are converted into graphite and the values of
the quantities in Figure 10 cease to depend on the number of layers.

Figure 10 - Change in the maximum atomic stress (red line) and maximum average
pressure (green line) depending on the number of graphene layers (a) [40]; G line
frequency depending on the number of stacked layers (mean value and standard
deviation). The inset shows the G peak for HOPG (upper peak), bilayer (middle peak) and
monolayer (lower peak) graphene. The vertical dotted line indicates the standard for bulk
graphite (b) [41].

Table 1 raises the question of the thickness R(l)c for monolayer graphene? It is
believed that the step height of a graphene monolayer obtained by AFM is equal to
its thickness. Various authors report the thickness of a graphene monolayer in the
range R(l)c= 0.5-1.7 nm depending on the samples and measurement conditions
[42, 43]. In [44], the thickness of a graphene monolayer was R(l)c= 0.86 nm. The
variation in the graphene monolayer thickness reported by different authors may
be due to a slight difference in the adhesion between the AFM tips, graphene, and
the substrate. It was demonstrated in [42] that the use of advanced AFM modes,
such as the PeakForce tapping mode, can reduce the measurement error of the
first layer from 0.3-1.3 nm to 0.1-0.3 nm. The average value for graphene is R(l)c=
0.15 nm [42]. This value coincides with our value R(I)c= 0.14 nm (Table 1), taken
from the reference book [45], where the radius of carbon is given (0.07 nm). Then
its diameter is 0.14 nm, and graphene is a monatomic allotropic modification of
carbon. Such a discrepancy in the determination of R(l)c by different authors is
also due to the fact that free graphene is subject to wrinkling (see below). In the
R(l) layer, reconstruction [32] of monolayers occurs (Figure 11).
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Figure 11 - Reconstruction of the graphite surface.
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The size effects in the R(l) layer are determined by the entire group of atoms
in the system (collective processes). Such “semi-classical” size effects are ob-
served only in nanoparticles and nanostructures [46]. In [47], it was shown that for
surface layer sizes of less than 6-8 layers, the energy of quantum states changes
in a stepwise manner. Moreover, each step is assigned corresponding quantum
states. Thus, the R(l) layer is not only a nanostructure, but also a quantum struc-
ture at any temperature. The properties of the R(l) layer can differ significantly
from the volume, which already follows from the properties of graphene [48].

Table 1 raises the question of the surface energy y of graphite and graphene.
The terms free surface energy (FE) and specific surface energy are usually used
to characterize the thermodynamic properties of the solid-gas (vacuum) boundary.
If we consider the liquid-gas (vapor) or solid-liquid interface, we speak of surface
tension, the dimension of which is equal to - N/m. Note that J/m2= N*m/m2= N/m.
Experimental determination of the surface energy of solids is complicated by the
fact that their molecules (atoms) are unable to move freely. An exception is the
plastic flow of metals at temperatures close to the melting point. Currently, more
than twenty methods for determining y are known. Many monographs, articles and
patents are devoted to methods for determining the PE of solids (see the bibliog-
raphy in [49, 50]). For graphene and graphite, the following PE methods are used:
the “sessile drop” method (Figure 12a) and the crystal cleavage (splitting) method
(Figure 12b).

Figure 12 - lllustration of the sessile drop method with a liquid drop partially wetting the
solid base (a); splitting the crystals using a quartz wedge (b).

The sessile drop method uses Young's equation:
cosOc =(ySG-y SL)/y LGj (6)
where ysg, Ysl are the values of surface energies at the solid/vapor and solid/liquid inter-

faces, respectively; yLG is the value of surface energy at the liquid/vapor interface (surface
tension energy).

In the method of L.V. Obreimov, cleavage (splitting) of crystals is carried out
according to the formula:
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E-h2 S
@)

where E is Young's modulus, |j is

Poisson’s ratio, his the film thickness, and u is the angle between the tangent to
the curved contour of the detached plate and the direction of the developing crack
mouth. In [51], using the sessile drop method, the surface energy of graphene
and graphene oxide is 46.7 and 62.1 mJ/m2, respectively, while natural graphite
flakes exhibit a free surface energy of 54.8 mJ/m2at room temperature. In [52],
it was shown that the surface free energy of suspended monolayer graphene is
zero, indicating its superhydrophobicity. This follows from equation (6), where the
contact angle 0 of any liquid droplet on a suspended graphene monolayer is 180°.
This experimental result was confirmed theoretically using the molecular dynam-
ics method. In [53] it is noted that one of the advantages of the contact angle for
measuring surface energy is that it is a widely used, relatively simple experiment
that does not require expensive specialized equipment. In this work, it was found
that the surface energy of the basal plane of graphite is 63+7 mJ/m2, regardless of
the size of the graphite flakes. The surface energy of the basal plane of graphene
is 624 mJ/m2, regardless of the size of the nanosheet. In the latest work [54], it
was shown that the average surface energies of graphene, graphene oxide and
graphite are 44.8+14.7, 47.9+7.2 and 53.6+2.1 mJ/m2, respectively. Let us turn
to the previous article of these authors and present their results in Table 2 [55].

The most reliable version of the method for determining y, based on the split-
ting of a crystal, was proposed in 1930 by I. V. Obreimov [56]. The idea of this
work is as follows. A plate is split off from a mica crystal along the cleavage plane,
which, under the influence of the moment of forces acting against the surface
forces, partially bends (Figure 12b). This plate can be used as a dynamometer
measuring the splitting force. Recently, in work [57], a study was conducted by
splitting mica in a way similarto Obreimov’s approach, but using modern research
methods. The adhesion energy from formula 4: Wa= 2y = 0.81 + 0.38 J/m2, in
Obreimov [566] Wa= 0.76 J/m2, in works [58, 59] Wa= 0.6 + 0.8 J/m2 and in our
theoretical work Wa= 0.809 J/m2[60].

Table 2 - Static contact angles and associated free surface energy

Substrate Liquid 0+1 Y, mJ/m2
Si Water 64 66.75
Si/graphene Water 92 42.49
Cu-pure Water 68 60.42
Cu-pure 5.123M NacCl 87 44.76
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Cul/graphene Water 86 45.27
Cul/graphene 1.256M NaCl 77 51.06
Cu/graphene 2.022M NacCl 71 56.72
Cu/graphene 2.468M NaCl 80 48.85
Cu/graphene 2.775M NaCl 72 55.65
Cu/graphene 3.677M NaCl 75 52.74
Cu/graphene 5.173M NaCl 76 51.87

Obreimov's method was used for graphite in works [60-63], the analysis of
which was carried out in work [64]. The surface energy of the prismatic face of
graphite turned out to be equal to Ya = 1500-5000 mJ/m2, the surface energy of
the basal face of graphite turned out to be equal to yc=130-150 mJ/m2. This is a
significant difference between the values for graphite (see above). Our values of
Ya and yc, presented in Table. 1, calculated using formula (2) taking into account
the coefficient of thermal expansion of graphene and graphite, proportional to ther-
mal conductivity (Figure 13a). The coefficient of thermal expansion of graphene
has a minimum at room temperature and is - 3.7210-6 K-1 (Figure 13b), which in
absolute value is three times higher than the coefficient of thermal expansion of
graphite in the plane at the same temperature (1.3*106 K']) [65]. From Figure 13a
it follows that graphite contains 3 graphene monolayers (see Table 1, Figure 10),
which confirms our model. The reason why the sessile drop and crystal splitting
methods give values with a difference of an order of magnitude is as follows:
firstly, the classical Young equation, obtained on the basis of the thermodynamic
approach, does not work. Therefore, the equation of the contact angle requires
serious revision. And such a revision was made in the works [66, 67]. The new
equation for the contact angle is now called the Young-Verkholomov equation:

cosB, =(ysi —yS)/ 71(i (8)

where ya is the adhesion force at the solid/vapor interface; ysl, Yig are the surface ten-
sions of the liquid at the liquid/solid and liquid/vapor interfaces, respectively.

Secondly, the sessile drop method gives the value of the surface tension of the
liquid on the solid, but not the surface energy of the same solid. This is clearly demon-
strated in [66], where it is said that the surface tension of water on the surface of
porous silicon was 70.6 mJ/m2 This does not differ much from Table 2, where the
surface energy of silicon is determined as 66.75 mJ/m2 This means that all works
[51-55] based on the sessile drop method cannot give the value of the surface energy
of a solid. This is due to the fact that according to Gibbs, it is necessary to distinguish
between the surface energy and surface tension of solids; they coincide only for
liquids [67].
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Figure 13 - Dependence of the thermal conductivity coefficient of films composed of
several graphene layers on the number (a); thermal expansion of graphene (b) [65]

Today, the relationship between the magnitude of surface energy y and surface
tension ais determined by the Shuttleworth equation:

®)

Here Q is the surface area of the solid; T is the temperature. This means that in Table 2
the value y must be replaced by the value ct This is confirmed by the fact that in Table 2 for
copper Cu with water the value y=60.42 mJ/m2was obtained. However, the exact measure-
ment of the surface energy of copper by the “zero creep” method [68] is given in Table 3.

Table 3 - Surface energy of pure metals [68]

Metal Y, mJ/m2 Metal Y, mJ/m2 Metal Y, mJ/m2
Ag 1205 6-Fe 1910 Si 2130
Au 1410 Y-Fe 2170 Sn 673
Al 1140 Ga 767 Ta 2480
Bi 504 Cd 820 Ti 1938
Cd 675 In 633 Tl 562
Co 2424 Mo 2630 \% 1950
Cr 2090 Nb 2210 W 2690
Cu 1520 Ni 1940 Zn 868

Using equations (1)-(5), we calculate the parameters for graphite and graphene
(Table 4).

Such large internal stresses uis lead to significant warping of single-layer
graphene, experimentally discovered in [69, 70] and theoretically studied in [71,
72]. Such warping of graphene leads to an increase in its friction coefficient [4].
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In [73], it was shown that even small deformations of graphene within 10% are
sufficient to change its surface and its adsorption properties.

Table 4 - Elastic parameters of graphite and graphene

Carbon Wy Jim2 Wy Jim2 oy GPa g3 GPa E5 GPa E, GPa

Graphite 2,853 1,690 4,9 1,36 7,59 3,48
Graphene 3,448 - 118,4 1000 -

If in Table 4 we take aisa=118.4 GPa for graphene as 100%, and ais=4.9 GPa
for graphite as x%, then during the formation of graphene we will obtain a graphene
deformation of 4%, which is slightly lower than the mentioned 10%. Table 5 pres-
ents the forbidden zones calculated in the work [73] by varying the deformations
with a step of 2% in the range from an unstrained graphene sheet to 20%.

It is evident from Table 5 those uniaxial deformations are capable of opening
very small band gaps, and the dependence of the band gap on deformation is
non-monotonic. The zigzag (Z) and armchair (A) directions correspond to the ends
of graphene.

The work [74] can be cited on the warping of the graphene surface due to
internal stresses. It shows an AFM image of the graphene surface, from which it
is evident that the surface consists of domains measuring 20x50 nm, oriented in
one direction and forming “folds” on the graphene surface with a height of 1 nm. In
this case, the roughness value over an area of 0.5x0.5 pm is about Ra=0.25 nm.

Table 5 - Energy gap in the band structure of graphene (4, meV) for uniaxial defor-
mation of the sheet (a) in the zigzag (Z) and armchair (A) directions [73]

% 0 2 4 6 8 10 12 14 16 18 20
0 10 0 10 70 10 60 60 20 30 30
0 20 30 30 20 10 10 50 90 110 80

If we consider Figure 9b, as well as Table 4, we can see that the friction pro-
cess itself can be described as a process of elastic-plastic deformation of the
surface layer. In [75], we proposed the formula:

A()/A(00) = 1- R(I)/R(I}+-1, 0<r < R(l), O

where A(r) is a physical property of the nano- and mesolayer with coordinate r; A(~) is a
physical property of the bulk sample (bulk phase) (Figure 9a).

If the coefficient of friction k during the movement of graphite (graphene) on
graphite (graphene) is taken as the physical property A(r), then at 1-R(l)/R(I)+r ~
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exp[-(R()/R(1)+r)] in the nanolayer we will have k(r) = k(~) exp[-(R(I)/R(I)+r)]. After
this, the friction in the nanolayer, that is, at r= 0 and at r = R(l) will be equal to: k(0)
=Kk(~) (1/e) = 0.1/2.72 = 0.04; k[R(I)] = k(~) (1/e1/2) = 0.1/1.65 = 0.06. Here k(~) =
0.1 for graphite is taken from Figure 8b. As a result, in the graphite nanolayer, the
friction will look, taking into account the work [47], as shown in 14a. In the mesolayer,
the friction will depend on formula 1 in equation (9), with 1-R(l) « exp(-R(l)/r). Then
K[R()] = k(~) (1/e) (Figure 9a) and the friction will look as in Figure 14b.

Let us now explain everything said above in detail. As the upper graphite moves
along the surface of the lower one, a new surface of nanometer thickness is formed.
This means that the friction performs an oscillatory motion (Figure 15 a). The layers
R(l), R(Il) and the bulk phase have different values of internal friction, which is pro-
portional to the internal stresses k ~ aisfrom Table 4. When the graphite from above
begins to move, a turbulent fragment is formed by friction (Figure 15 b) [76]. This is
manifested in the microstructure found on the surface of steel 20 [77] (Figure 16 a)
and on our alloy CrNiTiZrCu [78] (Figure 16 b). The same thing happens in graphite.

Figure 14 - Dependence of the friction coefficient in the nanolayer (a) and in the mesolayer

Figure 15 - Oscillatory friction motion during the formation of a new surface (a); dia-
gram of the formation of a turbulent fragment (b).

A similar structure in Figure 16 is characteristic of Benard cells [79].

Benard cells are the occurrence of ordering in the form of convective cells in
the form of cylindrical shafts or regular hexagonal figures in a layer of viscous
liquid with a vertical temperature gradient. And the temperature gradient gradT
~ k, i.e. is proportional to the coefficient of internal and external friction, therefore
friction is similar to a viscous liquid (Figure 17). A similar effect was noticed rela-
tively recently [80].
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Figure 16 - Friction surface at the moment of turbulent fragment of a sample made of steel
20 [77] (a) and alloy CrNiTiZrCu (b) [78].

Figure 17 - Benard cells with PMS-10 silicone oil with aluminum powder (a) and (b) with
different magnification [79].

More strictly (see, for example, [79]), when analyzing processes in the Be-
nard system, the Rayleigh number is chosen as the control parameter: Re =
gL3/a, where g is the acceleration due to gravity, L is the characteristic size,
b is the coefficient of volumetric expansion, dT is the temperature gradient, v
is the kinematic viscosity, and a is the thermal diffusivity of the medium. Since
the kinematic viscosity v ~ 1ly, y is the surface energy, it follows from the above
expression for the Rayleigh number that the control parameter in our case is Re
« C L3 y,where C ~const, and L = R and 2y = Wa In other words, if the product
R(O"W(l)afor moving graphene on the surface of graphite is less than the similar
product, then their difference, including the roughness of the rubbing materials,
is equal to:

(10)

where F is the friction force during the movement of rubbing materials; Ra is the rough-

ness; L is the length of the path of movement; k is the coefficient of friction; W Ris the adhe-
sion energy between two materials.

Equation (10) can serve as a criterion for selecting an antifriction coating made
of graphene or its composites. For graphene, the nanolayer R(l) plays a role in
friction on graphite; its friction occurs in a stepwise manner, according to the work
[47] taking into account the surface states of Tamm [81] (Figure 14a).

A measure of the internal friction of a crystal is the value Q-1, which according
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to Debye is equal to [82]:

_ 2rcfc
Ql=2Qm |, (27tft)2’ (11

where f is the sample oscillation frequency, T is the relaxation time, and for graphene
q-i =qs=0.18 102=6/n (6 is the logarithmic damping decrement). The maximum value of
internal friction is achieved at 2nfT = 1

The relaxation time T can be determined for the R(l) layer, knowing the speed
of sound in graphene - Ti = R(l)/u. The speed of sound in graphene is u=21.3 103
m/s [83]. Then 11=0.0115 10-12s and fi=13.8 THz. This means that terahertz radi-
ation is observed for graphene (Figure 18) [84].

Figure 18 - Electromagnetic spectrum and terahertz “gap”

Until recently, most of the terahertz spectrum f was not used due to the lack
of both sources and receivers of coherent radiation in this range. Therefore, the
terahertz region of the electromagnetic spectrum was called the “terahertz gap”
(Figure 18). With the advent of the first terahertz quantum cascade laser (QCL) in
2002 [85] and the subsequent significant progress in the development of terahertz
QCLs, the “terahertz gap” in the electromagnetic spectrum gradually began to
close. The most promising approach to creating efficient THz radiation detectors is
the use of nanostructures as a sensitive element. Graphene is one of these nano-
structures. In [84], a mode of detecting THz radiation using field-effect transistors
based on bilayer graphene was demonstrated.

Conclusion. The formula (10) we obtained for sliding friction includes the ad-
hesion energy and therefore it pertains to the molecular theory of friction out of
the five existing ones today. The adhesion energy is determined by the surface
energy of a solid, which is quite difficult to measure. The model of solid friction
we proposed, using the example of relevant substances - graphite and graphene,
includes, in addition to the adhesion energy of two rubbing materials, the thickness
of the surface layer of this material. This thickness is determined by us by formula
(1) and gives values for solids, including graphite and graphene, in the nanometer
range, sending us to the field of nanotribology. Nanotribology or molecular tribol-
ogy is a direction in tribology associated with the theoretical and experimental
study of the processes of adhesion, friction, wear and destruction at the atomic
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and molecular scales of surface interaction. Its development was restrained, in
our opinion, by the fact that the thickness of the surface layer responsible for the
friction process could only be determined in a high vacuum on atomically clean
surfaces of a limited number of single crystals. Our model, presented in this arti-
cle, opens a new approach for theoretical and experimental study of processes in
nanotribology.

In the future, we will describe friction and destruction of critical units and parts
of mechanisms and machines used in industrial enterprises and agriculture of the
Republic of Kazakhstan.

This scientific article was published within the framework of the grant funding
for 2024-2026 IRN No. AP32488258 “Development of an innovative technology
for obtaining graphene by intercalation of graphite with microcluster water and
modification of HTSC ceramics with graphene" (the research is funded by the Sci-
ence Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan).1
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21.H.T'ymunes atbiHAarbl Eypasusa yntTbik, yHuBepcuteTy AcTaHa K, KasaxcrtaH

TPA®PUT NEH TPA®EHHLL, YWKENY MEXAHN3M1

TywHaeme. Makanaga rpadeH napak,TapbiHbly, 6ymacbl 60natblH rpaduTTL, Yiikento
Mogeni ycbiHbiNraH. Mogens rpaduT ywiu rpadyeHHL), 3 MOHOK,abaTblH KypanTblH 6eTk
K,abaTTbil, K,anbluabirbiHa HensgenreH. beTk ka6aTTa gucnokauusnap MeH HaHoXapblk,-
Tapably, nahiga 60nybiHa anbin KeneTw YAKeH WM KepHeynep naiga 6onagbl. Yiikenic
npouecw 6eTk K,abarTbily, cepTMAHMNIACTUKANbIK, Aedopmauns npouec peTwae cunat-
Tayra 6onagbl. padeH yww rpadutneH yinkento keswae KBaHTTbIK, HRHOKYpPbIbIM 60/bIN
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TabblNaTbiH HAHOK,a6aT Malb3asl pen atkapagbl. FpaderHul Yl kenici 6eTuwiw Tamm kyii-
nepiH eckepe oTbIpbIN, caTblfbl Typae xYpeai. Yiikenic kesiHae Tepbenmeni xaHe guccu-
naTuBTi NpouecTep XYypT, TypbyneHTTi pparmMmeHT TY3ineTiHi, beHap yawbik,Tapbl TYpiHAe
esiHAik yibimgacy XYpeTiHi kepceTTreH. 'padeHHEH Hemece OHbIL, KOMNO3UTTEPIHEH Xa-
canraH aHTUMPUKLMANBIK, XabblHAbl Taugay Kputepuii 6ona anaTtblH hopMyna asbiH-
abl. TpadeHpe 613 6onxaraH Teparepl, cayneneHyi 6eTTik n1asMoH NOAAPUTOHAAPbIHA
(nnasmoHpapra) xatagbl. Teparepu, cayneneHywu, TUiMAi feTekTopaapbiH Kypyabil, ew,
nepcnekTMBanbl Tacini HaHOKypblbIMAApPAbl Ce3iMTan 3/1eMeHT peTiHge naliganaHy 6o-
nbin Tabbinagbl.

Byn HaHoOK,ypbinbiMaapra rpadeH xaHe rpadeH Tapisgi matepuangap kipefi. ¥CbiHbINbIN
oTbipraH Mofeslb HaHopuGosnoruagarbl npouectepai TeopusnblK, XaHe akcnepuMeHT™
3epTTeyre xaua kesk,apacTbl allafbl.

TYWingi cesnep: aHTUPUKUMANBIK, XabbiH, rpacdeH KOMNO3UTTep” HaHOKYpbINLIMAAP, Ha-
HOoTpubonormagarsl npouecrtep, rpadeH maTtepuangapsbl, rpadurt, 2D rpadeH Yiikenici, Ha-
HO3/IEKTPOHMKA.

lOpoB B.M.], >KaHeo3uH K.H.1, Kaprnnu [.65.2
ITCK-BocTok», 1. KaparaHga, r. ActaHa, KasaxctaH
2EBpasuniicknii HaunoHanbHbI yHuBepcuTeT uM. J1.H.Mymunesa, r. ActaHa, KasaxctaH

MEXAHW3M TPEHUA TPA®PUTA N TPADPEHA

AHHOTauus. B cTtatbe npeanoxeHa Moaenb TpeHus rpacuta, npepcraBnsioliero coboii
CTONKY rpac)eHOBbIX IMCTOB. B 0OCHOBE MOAENN NeXnT TO/LLMHA NOBEPXHOCTHOrO Cosi, KO-
Topas ans rpacuta coctasnseT 3 MOHOC/0s rpad)eHa. B NOBepXHOCTHOM C/l0e BO3HUKAT
60/blUMe BHYTPEHHMNE HaNPsHKEHUS, NPUBOASILLME K BO3HUKHOBEHUIO AUCOKALMWIA U HAHOT-
pelyH. Mpouecc TPeHUs MOXHO ONUCLIBATb Kak mpoLecc ynpyronaactuyeckoin gedopma-
M1 NOBEPXHOCTHOro cnos. [ns rpadeHa npu TpeHWU no rpadguTy BadxHY posfb urpaet
HaHOCMOW, KOTOpPbIA npeacTaBnseT cob60il KBAHTOBYK HaHOCTPYKTYpy. TpeHue rpadeHa
NPOUCXOAMUT CTyNeHYaTblM cnoco6oM, C y4eTOM TaMMOBCKUX COCTOSIHWIA NMoBepxHOCTH. Mo-
KasaHo, YTO Npu TPEHUSI NPOUCXOAAT KonebaTesbHble ¥ ANCCUNATUBHbIE NpoLecchl, 06pa-
30BaHue TypOyNeHTHOro parMeHTa, camoopraHmsauusa B Buge siueek beHapa. MonyyeHa
hopmyna, KoTopasi MOXeT C/YXUTb KpUTepuem BbliGopa aHTUPUKLUOHHOTO MOKPbLITUS M3
rpacheHa unm us ero KOMNo3uToB. MNpejckasaHHOe Hamu B rpadheHe, TeparepueBoe U3sny-
YyeHne OTHOCUTCSI K MOBEPXHOCTHbIM NAa3MOH - nofsiputToHam (nnasmMoHam). CambiM nepc-
NeKTUBHbLIM NOAXOLOM K CO34aHuio0 3 (heKTUBHbLIX LeTEKTOPOB TeParepLoBOro Usny4yeHus
ABNAETCA MUCMNO/Ib30BAHWE HAHOCTPYKTYP B KauyecTBe YyBCTBUTE/IbHOrO 3nemeHTa. K atum
HaHOCTPYKTYypam OTHOCUTCA W rpadheH u rpacheHononobHbie MaTepuansl. MpeanoxeHHas
MoZe/lb OTKPbIBAET HOBbLIN NOAXOA A/1S1 TEOPETUYECKOTO M 3KCNEePUMEHTa/IbHOTO uccneno-
BaHWsA NPOLECCOB B HAHOTPMGOOTUN.

KntoueBble cnoBa: aHTUPUKLMOHHOE MOKPbITUE, KOMMO3UTbl rpadyeHa, HaHOCTPYKTYpbI,
npoueccel B HaHOTpu6onorum, rpadeHoBble MaTepuansl, rpadut, TpeHne 2D-rpacdeHa, Ha-
HO3/M1EKTPOHMKA.
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NEPEBO/ CTATbW / MAKANAHBLL AYOJAPMACHI

lOpos B.M.1, XXaHrosvH K.H.1 Kaprui [1.6.2
ITCK-BocTok, r. KaparaHga, KasaxcrtaH
2EBpasuniicknii HaunoHanbHbI yHUBepcuTeT um. J1.H. F'ymunesa, r. ActaHa, KasaxctaH

MEXAHWU3M TPEHNA TPAPUTA N TPADEHA

AHHOTauus. B cTaTbe npepgsioxeHa Mofesb TpeHus rpaduta, npeAcTassioLLero coboi
CTOMNKy rpateHoBbIX UCTOB. B OCHOBE MOAENN NEXUT TOMLWKMHA MOBEPXHOCTHOIO C0s,
KoTopas Ana rpaguta coctaBnseT 3 MoOHocn0s rpadeHa. B noBepxHOCTHOM Crioe BO3HW-
KatoT 60/blune BHYTPEHHWE HanpshkeHWs, NpuWBOAALLME K BO3HWKHOBEHWIO AncCoKauui u
HaHOTpeLlmH. lpoLecc TPEeHWA MOXHO OMUCbIBATb Kak NMpOLEecc ynpyronnactuyeckoin fe-
cdopmaLM NoBepxXHOCTHOro cnos. Ons rpadheHa npu TpeHun Mo rpadputy BaxkHyl posib
urpaeT HaHOC/OW, KOTOpbI/i NpeacTaBnseT coboil KBAaHTOBYIO HaHOCTPYKTYypy. TpeHue rpa-
dheHa NponcxoAmMT CTyneH4YaTbiM CNoco60M, C yHeTOM TaMMOBCKUX COCTOSIHUIA NOBEPXHOCTY.
MokasaHo, YTO NpW TPEHUM MPOUCXOANAT konebaTesnbHble M AuccMnaTuBHbIE MPOLECChl, 06-
pasoBaHue TypbyneHTHOro hparmeHTa, camoopraHnsanmna B Buge auyeek beHapa. MonyveHa
dopmyna, koTopas MOXET CAYXWTb KpUTepuem Bbibopa aHTUMPUKLMOHHOTO NOKPLITUA U3
rpacdheHa nnm n3 ero komnosutos. lMpefckasaHHoe HamMu B rpadeHe, Teparepuesoe W3fny-
YyeHWe OTHOCUTCH K MOBEPXHOCTHbIM MAa3MOH - nonsputoHam (nnasmoHam). CambiM nep-
CNEKTUBHbLIM NOAXOAOM K CO3/aHnio 3 (heKTUBHBIX [4eTeKTOPOB TeparepLoBoro Usy4yeHns
ABMSIETCA MCMNOSb30BaHWE HAHOCTPYKTYp B KayecTBe YyBCTBUTE/IbHOTO 3siemMeHTa. K atum
HaHOCTPYKTypam OTHOCUTCSA U rpacdeH u rpaceHonofobHble MaTepuansl. MNpeanoxeHHas
Mofesnb OTKpbiBAeT HOBbI NOAXOA AN TEOPEeTUYECKOro W 3KCMepUMEHTasIbHOro uccneno-
BaHWA NpoLLeccoB B HAHOTPMGOMOTNN.

KntoueBble cnoBa: aHTUMPPUKLMOHHOE MOKPbITUE, KOMMO3UTbI rpadeHa, HaHOCTPYKTYpbl,
npowecchl B HaHOTpubGonoruun, rpacheHoBble MaTepuansl, rpaduT, TpeHne 2D-rpadeHa, Ha-
HO3/1EKTPOHMKA.

BBegeHune. 3a nocnegHve Tpu AecatuneTus HynbmepHble (0D), ogHomep-
Hble (1D) n aBymepHble (2D) yrnepofHble HaHOMaTepuasbl NPUBAEKNN 3HAYU-
Te/IbHOE BHMMaHMe 13-3a UX YHUKabHbIX 3N1EKTPOHHbIX, ONTUYECKNX, TEN/OBbIX,
MexXaHUYeCcKnx 1 XMMu4ecknx cBoicTs [1-3]. TpeHne n U3HOC ABAAIOTCA Xapak-
TEPUCTUKAMN MEeXaHWYeCKUX CUCTEM, UMEILLUX KOHTAKT MexAy ABUXYLLUMUNCSA
KOMMOHeHTamKn. 34ecb 0cobyto ponb urpaet 2D-rpaceH n ero kKomMnosnTbl [4].
MpatheH obnagaeT BbICOKMMU YPOBHAMU XECTKOCTU, NPOYHOCTU U TENIONPOBO-
OHOCTU 1 ABNAETCA Takke HenpoHuuaem ans rasa. padeH cumtaeTca nepcnek-
TMBHbIM MartepuasioMm AN NPUMEHEHUS B HAHO3/TIEKTPOHWUKE U MUHMATIOpM3aLmm
pasnMyHbIX YCTpoKcTB. omumo TBepaoi cmasku, rpadeHoBble maTepuansl
MOryT MCNONb30BaTbCA A/19 COBEPLIEHCTBOBAHNSA Pa3fiMyHbIX BUAOB KOMMO3WU-
LMOHHbIX MaTtepuanos OT NONMMEPOB A0 KepaMuK. OHWU TakKke NpoAeMOHCTPU-
poBasin CBOK 3PP EKTUBHOCTL B Ka4eCTBe HaHO406aBOK A8 Pa3NNUHbIX BUAOB

109



EcTecTBeHHblE HAYKW, UHXUHUPWUHT U TEXHONOr N

CMasokK, Takmx Kak BoAa, Macna v MOHHbIE XNAKOCTU. MUHUMaANbHOE KONNYeCcTBO
rpad)eHoBO A06aBKM MOXET MOBbICUTb A0/ITOBEYHOCTb U3genusa. FpadeH 6bin
OTKpbIT 20 net Tomy Hasag [5]. iccnepgoBaHuio rpadheHa nocBsLLEHO MHOMO pa-
60T B OO/ILLUMHCTBE CTpaH, BKAOYas MeXaHW3Mbl ero nosiyyeHus [6, 7] u ero
LedeKTHYI0 CTPYKTYypY [8, 9].

Llenb paboTbl - gatb 0630p nocnegHux pa6boT no TpeHuto 2D-rpadeHa u
npeanoXuTb Haly MoAeNb Mo TPEHWK OA4HOC/IONHOIO 1 MHOFOC/IOHOTO rpadeHa
(rpacouTa).

O630p no TpeHuto rpadpeHa. symepHble 2D - rpaceHoBble MaTepuanbl U
MX KOMMNO3UTbl ABNAIOTCA HOBbIMW HaHOMaTepuanamn AN NPUMEHEHUS B TEXHO-
NIOTNYEeCKUX U MHXeHepHbIX 061acTax [10-18]. B HacTosllee Bpems cyliecTByeT
NATb Teopuii, 06BACHAILWMNX MPOLECCHI, NPOUCXOAALLME NPU TPEHUN: MEXaHU-
yeckas (aedopmauymoHHas); MonekynspHas (agresvoHHasn); MonekynspHo-me-
XaHuyeckasl; aHepretTmyeckas; rmgpogmHammyeckas [19]. B o63ope [15] TpeHue
CNIOUCTbIX CTPYKTYp noApasfensieTcsl Ha MexaHW3Mbl: MeXC/I0eBOW U noBepx-
HOCTHbIA (pnucyHOK 1).

Hu3koe TpeHue CNouCTbIX Matepuanos 6bl/10 OTMeYeHo ewe B 30-x rogax
NPOLUNOro CTOMIeTMA 3a CYET HU3KOTro CONPOTUBMEHUSA CABUTY MeXAy UX cocef-
HAMW aTOMHbIMK cnosiMu (pucyHok 1-1). Hanpumep, K HAM OTHOCATCSH: MYCKO-
BUT (cnoga) - KAIZAISIZ01)(OH)2 rpaguT (C); gnxanbkoreHngbl nepexofHbix
MeTannos - MX2(M =Ti, Zr, Hf, V, Nb, Ta, Bi, Mo, W; X =S, Se, Te); kapbuabl
N HUTpUAbl meTtannos, MAX- n MXene-pasbl 1 MHorne apyrue [20]. Mo mogenu
ToMAMHCOHA (PUCYHOK 1-2) cuna TpeHwus 3aBUCUT OT (hakTuyeckoi nnowiaau
KOHTaKTa, TO eCcTb OT LepoxoBaToCTW ABYX TPyWMUXcA martepuanos, 6e3 yyeta
NX aTOMHOro ctpoeHus [15]. Mo mogenn ®peHkens - KoHTopoBoi (pucyHok 1-3)
TpeHne BO3HUKAET 3a CUeT ABWXKEHUS AUCNOKaLUA B KpUcTanae, BO3HUKaKLWNX
npu ABMXEHUU ABYX Tpywuxcs matepuanos. Mpu atom no6oe BO3OYXAeHUE
B KpucTanne npespawiaeTcs B 6eryuime BOMHbI, KOTOPble B HEMPEpbIBHON MO-
Oenn HasbiBalT conutoHamu [21]. Hirano et al. (1991r.) nsyunnm atomapHoO
rnagkme NOBEPXHOCTU U NOMYYUSIM HA HUX KOI(PPUUMEHTbI TPEHUS 6aU3Kne K
Hynto [15]. DTOT heHOMEH OHM Ha3Ba/N «CyYMnepcMasKoli» WAu CBEepXCMa3Kol
(pucyHok 1-4). OpgHako cynepcmaska 6bisia oTkpbiTa B 1956 r. [.H. MapkyHo-
BbiM 1 W.B. KparenbCKuM Ha cucTeMe «MefHblii cnnas - MULEPUH - CTanb» U
HasBaHa UMM 3apdekToM 6e3bI3HOCHOCTY [22]. MexaHu3m adpchekTa 6e3bI3HOC-
HOCTW MpW TpeHUW He cnepyeT U3 NATU Teopwuii TPeHWs (CMOTPW Bbilwe), npak-
TUKYIOLWMNX B HACTOsILee BpeMs, U ANCKYTUPYETCHA A0 HACTOALLEero BPEMEHMU.

B pa6oTe [23] ulyunnu paccesiHme 3HeEprun mexay BONb(PamMOBbIM HaKo-
HEYHUKOM CKO/bXEeHWe no rpacmMtoBoOi noBepxHOCTU mMeTogoM ACM. M3mepss
TpeHne aTOMHOro macwTtaba kak (YHKLUMIO yrna nosopoTa mexay ABYMS KOH-
TakTUpylLwMmM Tenamu, B cTatbe nokasanau, 4YTo NpuynHa CBEPXHU3KOro Tpe-
HWA rpaduta 3aknvaeTcss B HECOM3MEPUMMOCTM MNOBEPHYTbIX CMOEB rpaduta
- adbhbekT nog HasBaHMEM: «CBepXCMasbiBarwlas cnocCo6HOCTb» (PUCYHOK 1-5).
B 0630pe [24] 6blna gaHa XpPOHO/OrMNA OCHOBHbIX BEX B 06/1acT CBEPXCMa3bl-
BatoLeli cnocobHOCTN (PUCYHOK 2).
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PucyHok 1 - CBoaka MexaHn3MoB TpeHus 2D-maTepuanos [15].
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Hanomacuwra6

PucyHok 2 - XpOHO/0rMa OCHOBHbIX BEX B 06/1aCTW CTPYKTYPHOI cBEpXCMa3blBatoLeit
Cnoco6HOCTH

padhuk HauyMHaeTCa ¢ NepBOro TEOPETUYECKOrO NpeackasaHus UCHe3HOBEHNS
cTaTu4eckoro TpeHusi, caenaHHoro B 1983r. n nccnegosaHue COCTOAHWI CBepX-
HU3KOTO KMHEeTM4Yeckoro TpeHust B 1991r. («PoxpaeHue»). ITamn, 3a KOTopbIM Mo-
cnefoBana HoBaToOpCkas 3KcnepvMeHTaslbHas AeMOHCTpauus HaHopasMepHbIX
cBepxcMasblBaloLLeil CnocobHOCTM rpadnTOBbIX KOHTAKTOB B 2004r., 4TO NPUBENO
K NepBOMYy Hab6/l0AeHMA MUKpOMacluTabHol cBepxcmasbiBatollen CnoCOGHOCTN B
2012r. n npeanonoxeHune reteponepexooB B 2013r. 1 MHOTOKOHTaKTHbIX KOH(pU-
rypaymin B 2015r. [24].

B oTnunume oT Apyrnx KpUTUYECKUX SABIEHWI, TaKnX Kak CBEpPXNpOBOAUMOCTb U
CBEpPXTEKYYeCTb, TPEHNE, CBA3aHHOE C pacCenBaHWeEM 3HEepruun, HUKorga He ncue-
3aeT. B cBA3M € 3TUM, KpUTEpUn AN cBepxcmasbiBaroled cnocobHOCTU 06bIYHO
BbIOMpAaIOT Kak YMeHblUeHne koadpumumeHTa TpeHus (Mpon3BogHas cuibl TpeHUS
K HOpMasnbHOI Harpy3ske) meHee k ~ 10-310-4. NSl HU3KOTro KoadhdhuymeHTa TpeHus
6bl1a NpuaymMaHa mogenb Kopobku ana vy (pucyHok 1-6). CyTb 3Toii mogenu
3akn4vaeTca B TOM, YTO B C/IOUCTbIX CTPYKTypax paccmaTpuBalTCa ABe LenoyKu
aTomoB pasmepom V0. MNepBas 13 HUX CKONb3UT NO BTOPOIA C HEKOTOPbIM MOTEHLM-
anom u napameTpoM g = 4nV0(k ad. Kak Tonbko q = 1, TO MmoryT o6pa3oBbiBaTh-
CA NOKa/IbHO COM3MepuMble 061acTu, YTO NPUBOAMUT K adhdhekTam 3akpenneHus un
ycuneHuio TpeHus. OTcloga AenaeTcs BbiBOA, UYTO CBEpPXHU3Koe TpeHue (CBepx-
CMaska) BO3HMKaeT, Korga NoBEPXHOCTW B KOHTakKTe Hecou3mepumbl (PUCYHOK 3)
[15, 24].
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PucyHok 3 - Mpouecc npeobpa3oBaHns COM3MEPUMOro-HECON3MEPNMOro COCTOSHUA MpK
CKONbXeHNW rpadeHoBbIX HAHOMNCTOB NO NOBEPXHOCTM rpadeHa [15].

Yactuubl Ha NMOBEPXHOCTW MPW TPEHUU MOTYT ObiTb COM3MEPUMBIMU U HECO-
N3MEPUMbIMU C PacnosioXeHnemMm atoMOB MOBEPXHOCTU. DTO pasinyne oco6eHHO
BUAHO M3 CNEKTPOB KonebaHnin ABMXKYLLMXCA YacTul,. B com3amepumbix CTPYKTypax
aTOMHble YacTULbl HAXO4ATCS B BMOJSIHE ONpeAesieHHbIX 3/1IeMEeHTapHbIX syelikax
KpucTanna. Cnektp konebaHuini aTOMOB B ABYMEPHOW CTPYKType onpegensercs
NOTEHLMANOM VX B3aUMOAENCTBMA U UMEET AaNlbHUIN NOPAL0K (ONTUYECKYO BETBb
KonebaHwii). Hecomamepumblie CTPYKTYpbl BO3HMKAIOT TOTAa, Korga aHeprus nate-
panbHOro B3anMOAENCTBMA aTOMHbIX YacTuL, NpPeBbilIaeT BE/IMUYNHY aKTUBaLNOH-
Horo 6apbepa. Mpun aToM B cnekTpe KonebaHuii NOSIBASiETCA aKkycTuyeckas BeTBb,
a aTOMHble YacTuLbl 3aHUMAOT MecTa, He KOppesiMpoBaHHble C penbedomM noj-
noxkun. MNMoapobHoe paccmoTpeHne adpchbekTa cynepcmasku AaHo B MOHorpadgum
[25].

B pa6ote [15] oTmeuaeTcs (pucyHok 1-7), uto metog MAM wu aByxTemnepa-
TypHbIA MeToq (TTM) noaTBepXaaeT, UToO 3M1EeKTPOH-POHOHHOE B3aMMogencTeme
B rpatheHe He3HauuUTeNbHO BMUSET HA TPEHWe MO CPaBHEHUIO C LLIepPOX0BATOCTbIO
noanoxku. CocTosiHMe MNOASIOKKN MMeEeT CyLeCTBEHHOE 3HavyeHne WU BAMSEeT Ha
cuny TpeHusa 2D matepuanos. Korga 3oHabl ACM CKOMb3AT NO NOBEPXHOCTU cna-
60 MpuKpenuBLUECS NOAMOXKM cuna TpeHus Benuka u3-3a gedopmauumn rpa-
heHa B BuAe MopwuH (pucyHok 1-8). OgHako, 6bl/10 O6HAPYXEHO, YTO MeXaHu-
YecKn OuWLLEeHHbI rpadeH obecneumBaeT HU3KOE TPEeHWe Ha atoMapHO [1ajKoin
noAsIoXke Tuna cnwgbl, rae rpadeH nogasnset gedopmaunio NOBEPXHOCTHLIX
mMopLmnH. MeHkoB O.B. [4] paccmoTpen Tpubosnornyeckme ceoicTBa rpadeHa u
npullen K BbIBOAY, YTO KAtouyeBble (DaKTOPbl, BAMSAIOWME Ha Tpubosormyeckue
CBOICTBA - 3TO KO/IMYECTBO C/I0EB, PEXUM YKNaAKn U matepuan noanoxku.
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LOna mexaHnsma paccesHus aHeprun (pucyHok 1-9) B paboTe [26] npeacTtas-
NeHa MMUTauMoHHasA Mofenb, nokasaHHas Ha pucyHke 4a, 6. AnMasHblii Hako-
HEYHVK UCNOb30BasICA AN CKOSIbXEHUA MO TPexXC/oiHol rpaduToBoli NoAN0X-
Ke W pe3ynbTupylowas sHeprus TpeHus Oblia 3anucaHa NOCTOSIHHO BO Bpems
MogenuposaHusa. Cgepuyecknin anmas c octpnem pagmycom R =200 A n BbiCcO-
TOo h = 8 A yaepxuBasica U nepemeLLanca ropusoHTasnbHO BAOMb rpacmMToBOM
noBepxHocTU. lpegnonaranocb, YTO HECKOSIbKO BEPXHUX CMOEeB HaKOHEeYHuKa
(TonwmHol 2 A) 6blsia XEeCTKOW, a HWXHASA YacTb Gblna 3agaHa gedopmupye-
MoOii. 1N MofenMpoBaHns BEPXHAS NOBEPXHOCTb a/IMa3HOr0 HakOHeYHMKa ume-
na opuveHTauuio BAOMb HanpaBneHus [100]. MpaduToBaa noanoxka COAEpPXUT
Tpu cnos rpadeHa AnvHol 266 A v wupuHoin 245 A. KoopauHaTbl Bbibrpanacs:
ocb Z 6bina nepneHaukynapHa rpacgputy, Ocb X NpoxoauT B 3urdaroobpasHom
HanpaB/eHun, a ocb Y - BAO/b Hanpas/ieHne kpecna (pucyHok 4a.) Cnoit rpacde-
Ha 6bln 3akpenneH. [lBa BepXxHUX CNos rpadeHa Takxe O6bliv 3addMKCUpOBaHbI,
UYTO6bI M36eXaTb CKOMIbXEeHUA MeXAy CMosAMMU.

AnMasHbIli HaKOHeYHUK KoHuuk

FpacpuT (3 cnos)

a) 6)

PrcyHok 4 - IMuTaunoHHas Mofenb: aTOMUCTUYEeCKas Mogesb, UCnosib3yemas npu
MOZeNnpoBaHnN MONEKYNSAPHON AnHaMuKK (a); cxema, nokasbiBalolas cuctemy aamas-
rpacuT 1 nx cneymnduyeckme Blanmogeiictensa (6) [26].

Mpn MA-mofenvpoBaHnun NCNonb30BasINCL ABa noTeHumana JleHHapaa-xoH-
ca (LJ) ona onucaHna aTOMHbIX B3aMMOAENCTBUI MeXAay ariMa3HblM HaKOHeYHM-
KoM u rpacputom (LJ-1) n mexay pasHbiMu cnosmu rpaduta (LJ-0). MNoTeHyman
LJ chopmynupyeTtca kak U(r) = 4c[(o/r)22- (o/r)g, rae £- rnybnHa noTeHUmManbHoi
AMbl, & O - paccTosiHMe, Ha KOTOPOM MOTeHUuuan paseH Hynw. B ctatbe [26] uc-
cnepoBaniocb TpeHue, Korga aaresvs 6blia oTHocuTenbHO cnaboi (/1 = 0,5). Ha
pucyHke 5a nokasaHo fAsa Tuna 3Hepruun: Uit - 3Heprus, cBA3aHHaa CO CKOJb-
XEeHVeM asiMa3HOoro HakoHe4yHuka no nosepxHoctu; UhJk- aHeprus, cBssaHHas c
pecdopmaumein o6bema. MameHeHne cuibl TpeHuus Ff kak hyHKUMS HOpMasibHOM
Harpysku npegcras/ieHa Ha pucyHke 56.
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HopmanbHas Harpyska <vH)
a) 6)
PrcyHok 5 - Cxema v TUNWYHbLIN pe3ynbTaT MoAennpoBaHus fedopMmMpoBaHHOi
KOHGoMrypaummn Ana CUCTEM C HU3KOW agresmeli (a); nsmeHeHue cubl Tpeuus Ff B
3aBMCUMOCTU OT HOPMaJIbHOIM Harpyskn. Ha BcTaBke MOKasaHO M3MeHeHVe 6OKOBOW Cusibl U
noTeHUMabHOI 3Heprun Kak hyHKLMS 60KOBOro CMeLleHns noj AeiicTBMEM HOPMaslbHOM
Harpysku 18,3 HH [26].

Korga cuenneHne HakOHeuYHuKa ¢ rpadToM OTHOCUTE/IbHO cubHoe (/1=5), 13-
MeHeHUe cunbl TpeHusi Ff B 3aBMCUMOCTM OT HOPMaJ/IbHOW Harpy3ku paBHO, Kak no-
KasaHo Ha pucyHKe 66. VI3MeHeHUs1 6OKOBOI Cuslbl 1 MOSHOW MOTEeHUMasbHON 3Hep-
MU CUCTEMbI Kak DYHKLMSA naTepanbHOro CMeLeHns npyu TUMNYHON HOPMasTbHOW
Harpyske nokas3aHo Ha BcTaBke. [10406HO clyuyalto HU3KOW agresuy sHepreTuye-
ckas roppa Utdgd Takke okasblBaeTCs NEpUOANYECKON N 04EHb GSTM3KON K CUHYCO-
ngancHoii chopme. PesynbTaT MOAENUPOBAHUSA MOKasasl, YTO BbICOKON agresuu
NPOUCXOAMNT PacC/OEHNE HECKOJIbKUX BEPXHUX C/I0eB rpaduta, Kak nokasaHo Ha
pPUCYHOK 6a.

20

- —— -80 -40 0 40 80 120
HopmanbHas Harpyska (HH)

a) 6)

PucyHok 6 - Cxema v TUNWYHbIA pe3ynbTaT MOAEeIMPOBaHUS feOopMMPOBaHHO
KOHMhMrypaumm aAns cUCTeM C BbICOKO aaresvein (a); nameHeHve cunbl Tpeuusa Ff B
3aBMCMMOCTY OT HOpMasibHOW Harpy3ku. Ha BcTaBke nmokas3aHO M3MeHeHue GOKOBOW Cuibl
1 NOMHOW NMOTEHLUMANbHON 3HEPTUM CUCTEMBI Kak (hyHKLMN 6OKOBOFO CMEeLLEHUs npu
HopmanbHOI Harpyske -61,8 HH (6) [26].
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PaccesHve aHeprun (pucyHok 1-9), cBAizaHHOE C (DPUKLUOHHBIM CKOJIbXEHU-
eM, NPOUCXOAMUT He TOSIbKO OT MeXda3Horo B3aumMogencTems, HO 1 oT gedopma-
LM BHYTPU CNOUCTbIX MaTepuasnos.

Mcnonb3oBaHue kanmbpoBaHHONM peLleTkn B KaYecTBe NOA/0XKU MO3BONNIO
N3MepUTb KO3hULMEHT TpeHns rpadeHa, Kotopblii MmeHsncsa oT 0,066 go 0,087.
MeprnoanYHOCTb TPEHUA Takke 06bACHANACb aTOMUCTUYECKOW HecousMepuMmo-
CTblo. Hanbonee cyw,eCTBEHHOE CHWXEHWE TPEeHUS NPOU30LIIO0 MPU U3MEHEHUN
Ko/nnyecTBa C/oes rpadpeHa ¢ O4HOro Ha ABa. DTO 03HA4YaeT, YTO Kak MUHUMYM
ABa cnou rpacheHa HeobxoaMMbl 419 ob6ecneyeHns TBEpPAOM CMasbiBaroLWeld cno-
COBHOCTM 3a CUEeT CKOJIbXEHUS CNoeB rpadeHa Apyr OTHOCMTeNbHO Agpyra. Korga
HaHouyewyika rpadeHa ckonb3nna no rpacuty nNpu HU3KOW Temnepartype (Bcero
5 K), oHa nposiBnsina cocTosiHMe cBepxcMasbiBalolieil cnocobHocTn. B yacTHO-
cTn, 100%-Han cBepxcMasbiBatowias cnocobHocTb Habnwpganacb AN nnouia-
Oeil KoHTakTa MeHee 1*106 HM2 a BepoATHOCTb nagana Ao 58% wu 12% kor-
ha nnowagb KoHTakTa 6blna yBenmyeHa Ao 3x106u 1x108HM2 Ecnn nnowagb
KOHTakTa npesbiwana 4*108 HM2, cBepxcMasbiBaloliaa cnocobHOCTb rpadeHa
NONHOCTbIO Mcyesana. bbin caenaH BbIBOA, YTO CABWUM MPOUCXOANT NpenmyLle-
CTBEHHO MO rpaHunuam 3epeH [4].

HecmoTpss Ha HaHOpasMepHyl TOMLWMHY CNoeB rpadyeHa, oHW 3t ekTnBHO
CHMWXaIT TPEHWE M U3HOC He TO/IbKO Ha HaHo-, HO W Ha MakpoypoBHe. KnwoueBsbl-
MW hakTopamu, BAUSAIOWMMUN HA TPEHUE N U3HOC, ABNSAIOTCSA KOSIMYECTBO C/I0EB U
aaresns K ocHose. [lBa nocnegHux paktopa B OCHOBHOM CBSi3aHbl CO cneunduye-
CKUMW MeTodaMu ocaxaeHus. Hauwnyuywmne pesynbTaTbl MOXHO NOAYYUTb, Korga
rpadeH BblpallMBaCa Ha XeCTKOM NoAM0XKE U OCTaBaiCs HETPOHYTbIM [4].

Hawa mogenb no TpeHuto rpaduTa n rpadeHa. MHOrocnoliHbIn rpadgeH nm
rpacumt npeacrtasnseT cnouctyo 3D-CTPYKTypy. Kaxablii 3TOT C/0i COCTOUT ©3
NpaBuW/IbHbIX WEeCTUYrosibHUKOB atoMoB yriepoga (C) pasmepom 0,335 HM, Mex-
4y KOTOpbIMN AeACTBYIOT CU/bHbIE KOBA/IEHTHbIE CBA3W C 3Hepruein 170 Ox/Mosb.
Mexay CNnosiMM pacnosioXeHO NPoCTpaHCTBO pasmepoM 0,7-1,6 HM, rae feicTBy-
10T cnabble cunbl BaH-gep Baanbca c aHepruen 16,7 Ix/Monb (PUCYHOK 7a). 3Tu
rpadyeHoBble CNOW NIErKO CKOMb3AT B NPOAO/ILHOM Hanpas/eHUU U NPeacTaBnaoT
coboin TBepayto cmasky (pucyHok 76) [27].
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ArpervpoBaHHbile rpacieHoBbIe Criovt

PucyHok 7 - CTpykTypa rpaduta (a) u cxema c1os Ha meTanne (NyHKTUp o3Havaet
nnocKocTb nerkoro casura) (6) [27].

Yxe [aBHO MCNO/b3yeTcs aHTU( PUKLWOHHBIA rpaduT M ero npume-
HeHve B NpombliWwneHHocTn [28]. B KazaxcTtaHe yrnepogHbiM Matepuanam
nocesuweHa moHorpacua [29].

B nepuoanyeckoii Tabnuue MeHgeneeBa [./. nokaszaHo Nosi0OXeHUe
yrnepoga B UeHTpanbHOM cTOonbue u BepxHem psany (pucyHok 8a). B
LeHTpasnbHOM cTON6LUE yrnepog uMmeeT Hanbonbllee KOMYECTBO KOBa-
NEeHTHbIX CBA3eli Ha aToM (4). BepxHAs no3vuma genaeT ero atombl ca-
MbIMWU MasleHbKUMUN Cpefn BCeX 3/IEMEHTOB LeHTpanbHOro cronbuya. Ha
puc. 86 npepcTaBsieHa 3aBUCUMOCTb KOadhpuumneHTa TpeHns oT TBepAo-
cTn. Kak BUgHo y anmasa koaduumeHT TpeHus paseH okono 0,1, kak u
y rpacuTa.

PucyHok 8 - Tabnuua MeHgeneesa [.W., nokasbiBalolias Matepuasbl ¢ aTOMHbIMU
cBA3AMU. B aTy Tabnvuy He BKIKOYEHbl BOAOPOJ U 61aropofHblie rasbl (a); KoahduuneHT
TpeHusa Kkak yHKumsa TBepgocTu (6).

Ceflyac ctano o6Wen3BEeCTHbIM, 4TO TpeHWe CBSA3aHO C NOBeEpX-
HOCTHbIM cnoem TBepgoro Tena [30, 31]. Onpegenntb TONWUHY 3TOTO
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cnoa R(l) akcnepumeHTanbHO - 3ajava C/o0XxHas, Tpebywuwas ceBepx-
BbICOKOrO BaKyyMa M CMOXHOW annapatypbl [32]. OTa 3ajaya peweHa
NUWb ANa HEMHOrMX BewecTB. Hanpumep, gna 3onota R(l) = 1,2 Hm, a
ansa kpemHusa - R(I) = 3,2 Hm [32], T.e. OHM npefcTaBNAT co60i HaHO-
CTPYKTYpYy. TONWMNHY NOBEPXHOCTHOTO C/0A TBEPAbIX T€N Mbl BNepBble
onpepenunn B paboTtax [33-35] (pucyHok 9a), a TpeHue B paboTe [36]
(pnucyHok 96).

ABNXEHUA aTOMapHO-rnagkoro Fpa(*)I/ITa no atoMapHo-rnagkum noBepxHoOCTAM mMeTanna Cc
NOCTOSIHHOI CKOPOCThLIO W.

TonwmHa nosepxHocTHoro cnos R(l) gaetcsa cpopmynoii [33-35]:

@

B ypaBHeHuUM (1) HYXHO 3HaTb OAWMH NapameTp - MOSIPHbIA 06bLEM 3/1EeMeHTa,

KoTopblii paBeH 1 = M/p (M - monsipHas macca, p - ee N0THOCTb), a = 1 M2- no-
CTOsiHHasA, 4To6bl cobnwganacb pasmepHocTb (R(I) [M]). B pabote [37] nokasaHo,
YTO NOBEPXHOCTHAs 3HEPrnss 06bLEMHOr0 MeTasnia y2c TOYHOCTbIo A0 3% paBHa:

y2=0,7-1(T3-TT [I/m2], )
roe Tm- Temnepatypa nnaeneHus metanna (K).

B cnoe R(l) HyHO y4yecTb padMepHbiii 3hpeKT 1 NOBEPXHOCTHAsA aHEpPrus cra-
HOBMTCS paBHol y1[38]:

(©)
rae y12- noBepxHOCTHas 3Heprus Ha rpaHuue pasgena gas, kotopas npeHe-
6pexumo mana, B cuny hasosoro nepexoga Il poga.

UTto6bl pasgenutb cnoit R(I) OT ocTasibHOro KpUcCTania, HyXHO 3aTpaTuTb
3Hepruo, KoTopas HasbiBaeTca aHepruei aaresuu [39]:

4)
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BHYTpeHHWE HanpshkeHus ais Mmexay aszamu Y, 1 y2 MOXHO npocuutaTb Mo
chopmyne [39]:

®)

rae E - mopgynb ynpyroctun HOHra.

Vcnonb3ys ypaBHeHus (1)-(5), BbluMCAMM napameTpbl Ans rpaduta u rpade-
Ha.
Ta6bnuua 1 - NapameTpbl R(l) rpacdmTa 1 rpaceHa

Yrnepog M, r/monb p, r/em3  R(Da, oM R(l)c, oM yamx/m2 ycmOx/m2
Mpacout 12,0107 2,26 0.900 (3) 2.46 (3) 2195 130
MpacheH 12,0107 2,26 0,246 (1) 0,14 (1) 2652 -

M3 Tabnunubl 1cnesyeT, Y4TO TONLWMHA NOBEPXHOCTHOIO CN0A y rpauta paBHa
0,9 n 2,46 HM, T.e. OHN NpPeAcCTaBNAT CO60M HAHOCTPYKTYpy. Y rpacdmTta ymucno
MoHocoeB B cnoe R(I) paBHO Tpem (3) - cpaBHUM C pucyHkom 4. Ha pucyHke 10a
nokasaHo Kak M3MeHseTCA BHYTpPEHHee AaBfeHne OT KosimyecTBa CrioeB rpadeHa
[40]. Ha pucyHke 106 nokasaHa WHTeHcuBHOCTb nNunka G KPC rpadeHa oT Konu-
yecTBa ero cnoes [41]. O6a pucyHka HarnsigHo nokasbiBatoT, 4yTo cnoii R(l) gnsa
rpacmTa coaepxuT 3 cnos, YTo roBOPMT O CnpaBeaIMBOCTM Hawel mogenu (1).
Bonble Tpex cnoeB rpateH npespalwiaeTca B rpaduT M 3HAYEHUS BESIMUYUH Ha
puc. 10 nepecTatoT 3aBUCETb OT YnUcNa CroeB.

PucyHok 10 - VI3MeHeHne MakcuMaibHOro aTOMHOro HanpshkeHusi (kpacHas IMHUSA) 1
MaKCMMasibHOro CpeHero AasfeHns (3e/eHas N1HUA) B 3aBUCMMOCTU OT KoJiMyecTsa
cnoes rpadeHa (a) [40]; yacTota AMHUM G B 3aBUCMMOCTY OT KOTMYECTBA COXEHHbIX
cnoes (cpegHee 3HauyeHwe W cTaHfapTHOE OTKIOHeHue). Ha Bctaske nuk G gna HOPG
(BEpXHUIA NUK), ABYXCNOWHOrO (CpefHUiA NUK) N OLHOCNOMHOIO (HWXHUIA NuK) rpadheHa.
BepTukanbHas NyHKTUpHAas NUHWA yKasblBaeT 3TanoH Ana obbemHoro rpadura (6) [41].
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B Tabnuue 1 BctaeT Bonpoc o TonwmHe R(I)c ans ogHocnoiHoro rpadeHa?
CuunTaetcs, 4YTO BbiCOTa CTYMEHbKM MOHOCM0S rpadheHa, nonyyeHHas MeToAOoM
ACM, paBHa ero TofAwuHe. Pa3nnyHble aBTOpbl COO6LLAKT O TO/LMHE MOHOC/0SA
rpaceHa B gnanasoHe R(l)c= 0,5-1,7 HM B 3aBMCUMOCTM OT 06pasLOB U1 YyCOBUIA
nsmepeHuin [42, 43]. B paboTe [44] TonwmHa MoHocnos rpadeHa coctasuna R(l)c
= 0,86 HM. VI3meHeHue TO/LWMHBI MOHOCNOSA rpadieHa, 0 KOTOpoM coobuwaloT pas-
Hble aBTOPbl, MOXeT OblTb CBA3AaHO C He6GOMbLION pasHuuei B agresun Mexpay
HakoHeuyHukamn ACM, rpadpeHoM u NoAnoxkoin. B paboTe [42] 6bl/10 NPOAEMOH-
CTPMPOBAHO, YTO WMCNOJIb30BaHWe paclnpeHHbIX pexumos ACM, Takux Kak pe-
XWUM nocTyknBaHus PeakForce, no3BossieT yMeHbLWNTb NOrPeLHoCTb N3MepeHmns
nepsoro cnos ot 0,3-1,3 Hm go 0,1-0,3 HM. CpepHee 3HauveHue ana rpadeHa R(l)
c= 0,15 HM [42]. 9TO 3Ha4yeHne coBnagaeT Cc HawumMm 3HavyeHnem R(l)c= 0,14 Hm
(Tabnuua 1), B3sToe n3 cnpasoyHuka [45], rae paH paauyc yrnepoga (0, 07 Hwm).
Torpa ero gnametp paseH 0,14 HM, a rpadpeH npepgcTtaBnseT coboi ogHOATOM-
HYl0 anioTponHyo Moaundukaunto yrnepoga. Takoe pacxoxieHue B onpegeneHum
R(l)cy pa3sHbIx aBTOPOB CBA3aHO elle C TeM, 4YTO CBOGOAHbLIV rpadeH noaBepXeH
CMOPLUMBAHUIO (CMOTPU HUXE).

B cnoe R(I) npoucxogat pekoHcTpyKumusa [32] MoHocnoeB (pucyHok 11).

- A» a 6
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PucyHok 11 - PeKOHCTPYKUMA NMOBEPXHOCTW rpadunTta

Pa3smepHble adppekTbl B cnoe R(l) onpefensawTca BCeEM KOMEKTVBOM aTOMOB
B cucteme (KO//IEKTUBHbIE MPOLIECCHI). TakMe «KBasukiacCuyeckne» pasmepHble
athbdekTbl HabMAATCA TONBKO B HaHOYacTMLAX U HAHOCTPyKTypax [46]. B pa-
60Te [47] nokasaHo, 4TO Mpu pasMepax NOBEPXHOCTHOrO C/10A MeHee 6-8 cnoes
9Heprma KBaHTOBbIX COCTOSIHUIA U3MeHsieTcs CTyneH4aTblM cnoco6om. I'Ipmqu Ka-
XJOW CTyneHbke OTHOCAT COOTBETCTBYIOLLME KBAHTOBblE COCTOSHMUA. Takum obpa-
30Mm, cnoit R(l) npeactaBnsieT coboli He TONIbKO HAHOCTPYKTYPY, HO U KBaAHTOBYIO
CTPYKTYpy npu nto6oin Temnepatype. ColictBa cnos R() MOryT cyw,ecTBEHHO OT-
nuyatbcsa OT 06bEeMa, UTO yXe creayeT 13 CBONCTB rpadeHa [48].

B Tabnumue 1BcTaeT BONPOC O MOBEPXHOCTHOWM 3HEpPrMn y rpaduta u rpageHa.
TepMuHbl cBOG6OAHAA NOBEpPXHOCTHas aHeprua (M) n yaenbHas NOBEPXHOCTHAA
3Heprusa 066I4HO NPUMEHSIOT 418 XapaKTepUCTUKN TEPMOLNHAMMNYECKNX CBONCTB
rpaHuubl TBepaoe Teno - ra3 (Bakyym). Ecivm paccmartpusaeTca rpaHuua Xug-
KOCTb - ra3 (nap) wau Teeppoe Teno - XWAKOCTb, TO TOBOPAT O NMOBEPXHOCTHOM
HaTsXXeHnW, pasMepHOCTb KOToporo pasHa - H/M. OTmeTtum, 410 OX/M2=HwMm/
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M2=H/M. 3KcnepumMmeHTanbHoe onpefefseHne NOBEPXHOCTHOW 3Hepruu TBepAblX
Ten 3aTpyAHEHO TeM, YTO UX MOsieky bl (AaTOMbl) NULWEHBI BO3MOXHOCTU cBO6OA-
HO nepemew,aTtbca. VcknwoueHne coctaBnaeT nanacTtmyeckoe TeyeHne MeTannos
npn Temnepartypax, 6M3K1xX kK Touyke nnaBneHus. B HacTosiwee BpemMs N3BECTHO
6onee gBaguatn metonos onpegenenns Y. Metogam onpegenernuns M3 TBepablX
Ten MNOCBAWEHO MHOTO MOHOrpadwuii, ctaTteidi U nateHToB (CMoTpu 6ubnuorpa-
uio B paboTax [49, 50]). Ana rpadeHa urpacduta ncnonb3lywT metogbl MN3: me-
ToA «nexalweih kanam» (pUcyHok 1l2a) m meTof packanbiBaHus (pacljenneHus)
Kpuctannos (pucyHok 126).

PucyHok 12 - innlocTpauus mMeToja nexallei kanav ¢ Xuakoi kanneii yactuyHoe
cMaunBaHne TBepAoii OCHOBbLI (a); pacluensieHne KpucTasioB C NOMOLLbIO KBapLLEBOro
KnuHa (6).

B meTofe nexauieil kanam ucnonb3yetcs ypaBHeHue HOHra:
cosUc = (jSG-y SL)/yLGF (6)

rae ysg, Ysl - BENUUMHbI MOBEPXHOCTHbIX SHEPrUil Ha rpaHuuax Teepgoe Teno/nap w
TBEpA0e TeNo/KULKOCTb COOTBETCTBEHHO; ylg - BE/IMYMHA NMOBEPXHOCTHONM 3HEPrUM Ha rpa-

HULE XWNAKOCTb/Nap (3HEpPrusi NOBEPXHOCTHOTO HATSHKEHUS).

B meTtoge WN.B. O6peumoBa packanbiBaHus (pacwenneHunsa) kpucrtan-
N0B NPOU3BOAUTLCA NO hopmMyne:
E-h2 g2
24(1-p2) ' 2’

rae E - mogynb tOHra, p - koadpmumeHT MyaccoHa, h - TonAwmMHa NAEHKK, U - yron
Mex/ay KacaTeslbHOM K M30rHYTOMY KOHTYpY OTWENWBLUEWCS MAACTUHKA U HanpasfeHnem

@)

[BVXEHUS YCTbA pasBuBalOLLEiCA TPELLVHbI.

B pa6oTte [51] meToAOM nexalwein kanau NoBepxHOCTHasA 3Heprusa rpadeHa
n okcmpa rpadpeHa coctasnset 46,7 n 62,1 m[Ox/M2 COOTBETCTBEHHO, B TO Bpems
KaK Yyewyihkn npupoaHOro rpaurta AEeMOHCTPUPYIOT CBOGOAHYIO MOBEPXHOCTHYIO
3Hepruo 54,8 mOx/M2npn KOMHaTHOW TemnepaTtype. B pa6oTte [52] noka3aHo, 4To
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NnoBepxHOCTHas cBOOOHAsA 3HePrus B3BELUEHHOr0 MOHOC/ONHOIO rpadpeHa paBHa
HY/t0, YTO CBUAETENbCTBYET O ero cyneprugpoctobHoCTU. ITO cnefyeT ns ypasHe-
HUA (6), rae yron KoHTakta 0 n60i kanam XMAKoCTM Ha NoABELIEHHOM MOHOC/0e
rpadheHa paseH 180°. DTOT aKCNepuMeHTaslbHbIA pe3ynbTaT Obl1 NOATBEPXKAEH Te-
opeTM4eckn MeToAoM MOJSIEKYNSAPHON auHamukn. B paboTe [53] oTMeYeHo: ogHUM
13 NPenMyLLECTB yria cMaunBaHus 4N n3MepeHnss NoBEPXHOCTHON aHeprun ABs-
eTCs TO, YTO 3TO LUMPOKO UCMOMNb3YEMbI, OTHOCUTE/IbHO NPOCTON IKCNEPUMEHT, He
TpebyoLWwunii AOPOrocTosALWero cneLvwannu3npoBaHHoro obopygosaHus. B atoil pa-
60Te 6bIN0 MOJIYYEHO, YTO MOBEPXHOCTHAsA 3HEeprus GasncHOl NIocKoCcT rpadmTta
paBHa 6317 M/[x/M2 He3aBMCMMO OT pasmepa uellyek rpaduTa. MNoBepxHOCTHAA
3Heprus 6a3ncHOl N0cKOCTM rpadieHa coctaBnseT 62+4 mIx/mM2 He3aBUCUMO OT
pasmepa HaHonucTa. B nocnegHeli paboTe [54] nokaszaHo, 4YTO cpefHWe NOBEPXHOCT-
Hble 3Heprun rpadieHa, okcmaa rpadeHa u rpacuta CoCTaBASAT COOTBETCTBEHHO
44,8+14,7, 47,917,2 n 53,6£2,1 mIx/mM2 ObpaTumcs K npegblayliei ctatbe aTnx
aBTOPOB ¥ NpefcTaBuUM KX pesynbTathbl B Buae Tabnuue 2 [55].

Hanbonee HagexHblii BapuaHT mMeToda onpefeneHus Y, OCHOBaHHbIM Ha pac-
wenneHun Kpuctanna, o6ein npegnoxeH B 1930 r. LN.B. O6penmosbim [56]. Naes
3TOl paboTbl 3akniyaeTca B cnegywoweM. OT kpucTanna cnwdbl no naocKocTh
cnaliHoCTM OTLWLennseTcsa NnacTuHka, KoTopas noj BAWSAHWEM MOMEHTa cui, Aeli-
CTBYIOLLEr0 NPOTMB NOBEPXHOCTHBIX CWM, YaCTUYHO M3rnbaeTtcs (pPUCYHOK 126). IT0
nnacTvHKa MoXeT 6biTb MCMOMb30BaHa B KayecTBe AMHaAMOMETpa, U3MepsoLLero
oTwennswwee ycunue. HegasHo B paboTe [57] npoBeaeHo uccnegoBaHue nocpes-
CTBOM pacLUensieHns cngbl cnocoboM, aHanormyHbiMm nogxogy O6penmoBa, HO
yXXe UCNOo/b3ys COBPEMEHHble METOAbl UCCnefoBaHusA. DHeprus aaresun u3 dop-
Mynbl 4: Wa= 2y =0,81+0,38 Ix/M2 y O6bpeumosa [56] Wa= 0,76 [x/m2 B paboTax
[58, 59] W = 0,6+0,8 [x/M2, a B Hawel TeopeTuyeckon pabore W = 0,809 Mx/m2
[60]. a a

MeTog O6peumoBa ucnonb3oBasics AnsA rpacumTta B pabotax [60-63], aHanms
KOTOpbIX 6bl1 NpoBegeH B paboTe [64]. NoBepXHOCTHAsA 3HEPrns NPU3MaTU4ecKomn
rpaHu rpachmta okasanack paBHoi y3= 1500-5000 m/M2, NOBEPXHOCTHAsA 3HEPrus
6a3ncHoli rpaHn rpacumTta okasanacb paBHol yc= 130-150 mx/M2 3T0 3HaUUTENb-
Hasa pasHuLa Mexay 3HadyeHuamu ansa rpadguta (cmMoTtpu, Bbilwe). Halm 3HavyeHuns y3
N yC, NpeAcTaB/ieHHble B Tabnuue 1, BbluncneHbl no popmyne (2) ¢ yuetom koaddum-
LUMeHTa TepPMUYECKOro paclumpenus rpadeHa n rpadura, nponopLmMoHasibHOro Te-
nnonpoBoAHOCTN (PUCYHOK 13a). KoadhhuUMEHT TENIOBOrO paclumpeHmns rpadeHa
MMeeT MUHUMYM MPU KOMHATHOW TemnepaTtype W cocTas/isieT BeNuuuHy - 3.7 106
K-L(pncyHok 136), KoTopoe No abCcoNTHOM BE/IMUMHE B TPU pasa npeBblllaeT Koad-
hMLMEHT TENNOBOrO paclumMpeHus rpacuTa B NI0CKOCTU NpU TOI Xe Temneparype
(1.3106 K1) [65]. M3 pucyHka 13a cnepgyeT, yTo rpacut coaepxut 3 rpad)eHoBbIX
MoHocnos (cmoTpu, Tabnuuy 1, pucyHok 10), 4To NoATBEpXAAeT Hally MOAEeNb.
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Tabnuua 2 - Ctatuyeckme Yrbl KOHTakTa 1 cBA3aHHasA C HUMU cBob6ogHasn aHeprua

NoOBEepPXHOCTU

Moanoxka XungkocTb 0+1 Y, mIx/m2
Si Bopa 64 66.75
Si/rpaceH Bopa 92 42.49
Cu-uncTblii Boga 68 60.42
Cu-4ucThbIit 5.123M NaCl 87 44.76
Cu/rpacheH Boga 86 45.27
Cu/rpacdeH 1.256M NaCl 77 51.06
CulrpadcheH 2.022M NaCl 71 56.72
CulrpacheH 2.468M NaCl 80 48.85
Cu/rpadheH 2.775M NaCl 72 55.65
Cu/rpacheH 3.677M NaCl 75 52.74
Cu/rpacheH 5.173M NaCl 76 51.87

MpuynHa, No KOTOpoi MeToAbl Nexalieid kannau u pacuiensieHne Kpu-
CTaN/I0OB faloT 3HAYEHUs1 C pa3HULeil Ha NOpPsSAOK BEIMUYMH 3aK/lvaeTcs
B c/lefylolemM: BO-NepBbIX, Knaccuyeckoe ypaBHeHune HOHra, nosyyeHHoe
Ha OCHOBaHUM TepMojMHaAMU4yeckoro nogxopa, He pa6oTtaeT. MMo3aTomy
ypaBHeEHME KpaeBOro yrna cMauymBaHus TpebyeT cepbe3HOro nepecmo-
Tpa. M Takoii nepecmoTp 6bIN caenaH B paboTtax [66, 67]. HoBoe ypaB-
HEHME KpaeBOro yrna cMauyuBaHUA HasblBalT celivac ypaBHeHueMm HOH-
ra-Bepxonomosa:

cosOc = (ysg —Ysl)/VYlg, (8)

rae ya- cunna aaresmn Ha rpaHuue teepgoe Teno/nap; ysl, Yig- NOBEPXHOCTHbIE HaTA-
XeHnsa XnAKOCTU Ha rpaHuuax pasgena )KI/I,CI,KOCTb/TBep,D,OG Teno un )KM,qKOCTb/Hap cooTBeET-
CTBEHHO.

Bo-BTOpbIX, MeTOA fexalleid kannu gaeT 3HavyeHMe NOBEpPXHOCTHOrO HaTs-
XEHUA XUAKOCTU Ha TBEPAOM Tesie, a He camy NOBEPXHOCTHYIO 3HEPruio 3Toro
Xe TBepAoro Tena. OT0 HarnagHO NpoAemMoHCTpuMpoBaHO B pabote [66], rae
CKa3aHo, 4YTO MOBEPXHOCTHOE HaTAXeHWe BOAbl Ha MOBEPXHOCTM MOPUCTOrO
KpeMHusa coctaBmno 70.6 mIx/M2 I3TO He CAMWKOM OT/imyaeTcs OT Tabnuubl
2, rae NOBEpPXHOCTHAasA 3Heprus KpemHus onpegerneHa kak 66.75 mOx/m2. 310
3HaunT, 4YTo BCe paboThbl [51-55], 0OCHOBaHHbIE HA MeETOA4Ee fexallen Kanam He
MOTyT fiaBaTb 3Ha4YeHne NOBEPXHOCTHOM 3Heprum TBEPAOro Tena. 70 CBA3AHO
C Tem, 4YTo No M'mM66CYy HEeo6XoAMMO pasnnyatb NOBEPXHOCTHYIO IHEPIUI0 W Mo-
BEPXHOCTHOE HaTAXeHWe TBepAbIX Te/, OHU cOBNafalT TONbKO ANSA XUAKOCTEeN
[67].
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PurcyHok 13 - 3aBUCUMMOCTb KO3ghdumLUmeHTa Ten10onpoBOAHOCTY NIEHOK, COCTABMEHHbIX M3
HeCcKoNbKNx rpad)eHoBbIX C/I0EB, OT YMcna (a); TennoBoe paclimpexue rpadgexa (6) [65].

3pecb Q - nnowanb NOBEPXHOCTU TBepAoro Tena; T - Temnepartypa. 3HauuT, B Tabn.
2 HY)XXHO 3aMEHUTb BEJ/INYMHY y Ha BeNnyunHy a. CkasaHHoe noATBepxAaeTcsa TeM, YTO B
Tabn. 2 ana megn Cu ¢ BoAolK nonyyeHo y = 60.42 mOx/m2 OfHako, TOYHOE U3MepPeHne
NOBEPXHOCTHOW 3HEPrun meanm MeToLOM «Hy/neBOi monsyyecTu» [68] gaHo B Tabnuue 3.

Tabnuua 3 - TOBEepXHOCTHAsA SHEPrusa YNCTbIX MeTannoB [68]

MeTtann Y, mx/m2 Metann Y, mx/mM2 MeTtann Y, mx/mM2
Ag 1205 5-Fe 1910 Si 2130
Au 1410 Y-Fe 2170 Sn 673
Al 1140 Ga 767 Ta 2480
Bi 504 Cd 820 Ti 1938
Cd 675 In 633 Tl 562
Co 2424 Mo 2630 \% 1950
Cr 2090 Nb 2210 w 2690
Cu 1520 Ni 1940 Zn 868

Vicnonb3ys ypaBHeHus (1)-(5), BbluMCAMM napameTpbl Ansa rpadgura u rpa-
theHa (Tabnuua 4). Takne 6o/sblIMe BHYTPEHHME HaNpPsXKeHUA aisnpuBOAAT K
CYLL,eCTBEHHOMY KOPOG/IEHUIO OHOCNOWHOIO rpadieHa, aKcneprMeHTanbHO 06-
HapyXeHHoro B pa6otax [69,70] n TeopeTnyeckn uccnefoBaHHbIX B paboTax
[71,72]. Takoe kopobneHue rpadeHa NpPMBOAUT K BO3pacTaHU ero koagpdu-
umeHTa TpeHus [4]. B pab6oTte [73] nokasaHo, 4YTO gaxe masnbie gecdopmauymn
rpacdeHa B npegenax 10% JocTtaTouyHbl A5 M3MEHEHUS €ro NOBEPXHOCTU U ero
aACcoOpOLMOHHbIX CBOMCTB.
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Tabnuua 4 - Ynpyrvue napameTpbl rpaduta n rpacdeHa

Yrnepog Was Ox/m2 Wag Ok/M2  0jq MMa Ojg Ma E, Ma Ey Ma

Mpacout 2,853 1,690 4,9 1,36 7,59 3,48
IpacheH 3,448 - 118,4 1000 -

Ecnn B Tabnnue 4 B3aTb AnsA rpadeHa aia = 118,4 IMla 3a 100 %, a gnsa
rpacduta A3 = 4,9 Ma 3a x %, To Nnpu o6pasoBaHMM rpadeHa Mbl NOAyYNM fe-
hopMaunto rpagpeHa 4 %, UTO HECKONbKO HMXKeynomsHyTbix 10 %. B tabnuue 5
npeacTasneHbl 3anpeLleHHble 30Hbl, paccunuTaHHble B paboTe [73] nyTem Bapbu-
poBaHus gecdopmauunii ¢ warom 2% B Ananas3oHe OT HeHanpshKeHHOro rpadyeHo-
Boro nucta ao 20 %.

N3 Tabnuubl 5 BUAHO, 4YTO OAHOOCHblE Aedopmalun CNOCOOHbI OTKPbIBATb
O4YeHb Masible 3anpeLleHHble 30Hbl, a 3aBUCUMOCTb 3anpeLLeHHON 30HbI OT Aedop-
Mauuy HOCUT HEMOHOTOHHbBIN xapakTep. HanpaBneHusa «3ursar» (Z) n «kpecno»
(A) cOOTBETCTBYIOT KOHLaM rpadeHa.

Tabnuua 5 - DHepreTnyeckas Wesnb B 30HHOW CTPYKType rpadeHa (4, m3B) Nnpu 04HO-
OCHOl gedopmaumn nucta (a) B HanpasBfieHMax «3ursar» (Z) n «kpecno» (A) [73]

0,% 0 2 4 6 8 10 12 14 16 18 20
Az 0 10 0 10 70 10 60 60 20 30 30

0 20 30 30 20 10 10 50 90 110 80

O kopo6/s1eHMN NOBEPXHOCTU rpadheHa 3a cUeT BHYTPEHHUX HanpsXKeHUn MOX-
HO npuBecTn paboty [74]. Tam nokazaHo ACM-n3obpaxeHne NOBEPXHOCTU rpa-
cheHa 13 KOTOPOro BWAHO, YTO NOBEPXHOCTb COCTOUT M3 AOMEHOB pa3mepom 20 X
50 HM, OpMEHTUPOBaHHbLIX B O4HOM HanpasneHun 1 o0bpasyoLnx «CcKnagkm» Ha
NoBepxHOCTU rpadpeHa BbICOTON 1 HM. [Mpu 3TOM 3HayeHMe LepoxoBaToCTu Ha
naowaan

0.5 x 0.5 MKM cocTaBfsieT okono Ry = 0.25 HM.

Ecnn paccmoTpeTb pucyHok 96, a Takxe Tabnuuy 4, TO MOXHO YBUAETb, 4TO
cam MnpoLecc TPeHUS MOXHO ONWCbIBaTb Kak Mpouecc ynpyronaacTuyeckon age-
hopmaymm NoBEPXHOCTHOrO cnosi. B paboTe [75] Hamn npegnoxeHa gopmyna:

Ar)/A@00) = 1-R(I)/r, r»R (1),
©

rae A(r) - dumsnyeckoe CBOMNCTBO HaHO- M ME30C/0A C KoopauHatoi 1, A(~) - dusnye-
CKoe CBOICTBO 06beMHOro o6pasua (06bemHol hasbl) (pUcyHokK 9a).
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Ecnu 3a hmnsnyeckoe cBolicTBO A(r) MPUHATL KO3APUUMEHT TpeHus k npu aBun-
XeHun rpacmta (rpadeHa) no rpacuty (rpadeHy), To npu 1-R(1)/R(I)+r ~ exp[-
(R(/R(1)+r)] 6yaeT B HaHocnoe K(r) = k(~) exp[-(R(I)/R(1)+r)]. Mocne aToro TpeHne
B HaHoc/0e, To ecTb Npu r =0 n npu r = R(l) 6yaeT pasHo:

k(0) = k(~) (1/e) = 0,1/2,72 = 0,04; k[R(I)] = k(~) (1/e1d = 0,1/1,65 = 0,06.
3pecb k(~) = 0,1 gna rpaduta B3AT U3 pucyHka 86. B pesynbTare B HaHOC/oe
rpadputa TpeHne 6yAeT BbIrNsAeTb C yYeTOM paboThl [47] Tak, Kak MokasaHO Ha
14a. B me3ocnoe TpeHue 6yaeTt 3aBuceTb no oopmyne 1 B ypaBHeHun (9), npu
atom 1-R(l) ~ exp(-R(I)/r). Torga k[R()] = k(~) (1/e) (puc. 9a) u TpeHue 6yaeT
BbIrNA4ETb TaK, kak Ha puc. 146.

PucyHok 14 - 3aBucrMOCTb Ko3aghduumeHTa TpeHnsa B HaHocnoe (a) n B me3ocnoe (6).

O6DBACHNM BCE CKa3aHHOE Bbille TeMnepb KOHKPETHO. 0 Mepe ABUXEHNe BepX-
Hero rpadgouta no NOBEPXHOCTWM HWXHEro BHOBb 06pa3yeTcsl HOBasi NOBEPXHOCTb
HaHOMEeTPOBOI TOMLMHbI. TO 03HAYAET, YTO TPEHNE coBepLlaeT konebaTeslbHoe
nBwxeHne (pucyHok 15a). Cnon R(l), R(Il) n o6bemHas asa nmerT pasHblie Be-
NINYMHBI BHYTPEHHETO TPEHWs, KOTOPOe NPONOPLMOHANIEHO BHYTPEHHUM Hanpsixe-
HusMm k ~ Gs u3 Tabnmua 4. Korga rpadut cBepxy HauyMHaeT ABUratbCs, TO Npu
TPEHUN BO3HUKAET TypOYNEeHTHbI dparmeHT (pucyHok 156) [76]. 9To nposiBnseT-
Csl B MUKPOCTPYKTYpe, OOGHapy)X€HHON Ha moBepxHocTu, cTanm 20 [77] (pucyHOK
16a) n Ha Hawem cnnaee CrNiTiZrCu [78] (pucyHok 166). To e camoe Nponcxo-
OuT 1 B rpacdme.
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PucyHok 15 - KonebartenbHoe aBuxeHve TpeHus npyu obpa3oBaHnM HOBOIN NOBEPXHOCTH (a);
cxema obpasoBaHus TypbyneHTHoro oparmeHTa (6).

MopgobHas cTpykTypa Ha puc. 16 xapakTepHa gnsa savyeek beHapa [79].

Aveilkn beHapa - 3TO BO3HUKHOBEHWE YNOPSAAOYEHHOCTU B BUAE KOH-
BEKTMBHbIX A4eeK B (hopMe UWUAUHAPUYECKUX BaNOB WAW NPaBUNbHbIX
WeCTUIrpaHHbIX Uryp B C/noe BA3KON XWAKOCTW C BepTUKaNbHbIM rpa-
OWEeHTOM Temnepatypbl. A rpagueHt Temnepatypbl gradT ~ k, T.e. npo-
nopuymoHaneH KoaPULNEHTY BHYTPEHHEIO U BHELIHETO TPEHNUSA, NO3TOMY
TpeHne noao6HO BA3KONM XuakocTtu (pucyHok 17). Mopo6Hbil adhdekT 3a-
MeyeH cpaBHUTENbHO HepaBHO [80].

PucyHok 16 - MoBEPXHOCTb TPEHUSI B MOMEHT TypbyneHTHoro pparmeHTa obpasua u3
ctanu 20 [77] (a) ncnnasa CrNiTiZrCu (6) [78].

PucyHok 17 - Aueiikn BeHapa ¢ CUNUKOHOBbLIM Macnom MMC-10 ¢ antoMUHUEBOIA NyApoi
(a) n (6) c pasHbim yBenuueHue [79].
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Bonee ctporo (Hanpumep, [79]) npn aHanuse npoueccos B cucteme beHapa B
KayecTBe ynpaBnflLl,ero napamerpa Bbibupaetca uncno Paneqa: Re = gLva, rge
g - yckopeHne cBo60AHOro najeHus, L - xapakTepHblii pasmep, b - koadduyn-
eHT 06beMHOro pacwupenunsa, dT - rpafueHT TemnepaTtypbl, V - KNHEMaTUYeCcKas
BA3KOCTb, a - KOA((PMLUMEeHT TeMnepaTyponpoBOgHOCTM cpefbl. MOCKOMbKY KMHE-
MaTnyeckas BA3KOCTb V ~ 1lly,y - MOBEepPXHOCTHas 3HEprus, T0 U3 NMPUBEAEHHOTO
Bbllle BblpaXeHnsa Ansa yucna Panes cnefyeT, 4TO ynpaBaslowWmnM napameTpom B
Hawem cnyvae asnaetca Re « C L3y, rpe C ~const, a L =R un 2y = Wa VHbiMn
cnosamu, ecnun npoussegeHne R()A"W(l)agnsa asuxyuierocs rpaeHa no nosepx-
HOCTK rpauTa MeHblle aHa/NorMYyHOro Npou3BeAeHnsa, To UX pasHuua, BKIYas
LW epoxoBaToCTh TPYLWMXCA MaTepunanos, paBHa:

[LO - WINI+R. WPR=F=W, (10)

roe F - cuna TpeHus mpu ABMXKEHUM TPYLLMXCA MaTepuanos; R - LIepoxoBaToCTb;
L - gnuHa nytv asuxenus; k- koaduumneHT TpeHus; W 12 - sHeprus agresvn mexay AByMs
marepuanamu.

YpaBHeHune (10) MoXeT CAyXuTb KpuTepnem Bbibopa aHTU PUKLMOHHOIO MO-
KpbITUS U3 rpadheHa nan U3 ero KOMNO3uToB. [ns rpadpeHa B TPeHUU No rpaguty
nrpaet HaHocnoi R(l), ero TpeHne NPoOUCXoANT CTymeH4YaTblM CNOCO60M, COrnacHo
paboTe [47] ¢ y4yeTOM MNOBEPXHOCTHbIX COCTOAHWUII akagemuka Tamma W.E. [81]
(pucyHok 14a).

Mepoil BHYTpeHHero TpeHus kpuctanna saBnsetcs BennuuHa Q-1 kotopas no
[feb6at paBHa [82]:

o 2nfx
(11)

roe f- yacTtota kone6aHunii o6pasua, T- BpPeMs pesakcauuun, a ana rpacdeHa
Q-41=Gis= 0,18 102=5/n (5- norapumMnyecknii AEKPEMEHT 3aTyxaHus).

MakcumanbHoe 3HayeHue BHYTPEHHEro TpeHusa pgocTuraeTtca npu 2MNT = 1
Bpema penakcaumn T MOXHO onpefaenutb ans cnos R(l), 3Has cKopocTb 3BykKa
B rpaceHe - T1= R(I)/u. CkopocTb 3ByKa B rpadpeHe paBHa n = 21,3 103 m/c [83].
Torga 71=0,0115 1012c n f1= 13,8 Tly. 3T0 3Ha4YUTb, 4TO ANA rpaceHa Habnw-
faeTcs Teparepuesoe nanyyeHume (pucyHok 18) [84].

PucyHok 18 - CnekTp 3/1eKTPOMarH1THbIX BOMH U TeparepLoBblil «npoBan».
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[lo HepaBHero BpeMeHun 6onbliad yacTb TeparepuoBoro cnekrpa f He ncnonb-
30Banacb B CBA3M C TeM, 4YTO OTCYTCTBOBaNM KaK UCTOYHUKW, TakKk U NPUEMHUKN
KOTepPEeHTHOro M3/y4yeHWs 3TOro AmanasoHa. [o3Tomy TeparepuoBblii y4yacTok
3/1eKTPOMArHUTHOIO CNekTpa Ha3Ba/M «TeparepuoBbiM NpoBasoM» (PUCYHOK 18).
C nosaBneHMem nNepBOro TeparepLoBOro KBaHTOBOro kackagHoro nasepa (KK/) B
2002 r. [85] n nocnepoBaBlWero 3Ha4YMTeNIbHOTO Nporpecca B pa3paboTke Teparep-
uoBoro KK/l «TeparepuoBbiii NpoBan» B 3/1IEKTPOMArHUTHOM CNeKTpe MOCTEeNeHHO
Hayana 3akpbiBaTbCcsi. CaMblM NepcrneKkTUBHbLIM NOAXOAOM K co3faHuto addek-
TUBHbIX AeTekTopoB TlLy M3nyyeHWs sABNAETCA UCNOMb30BaHWE HAHOCTPYKTYp B
KayecTBe YYBCTBUTENbHOTO 3/leMeHTa. K 3TUM HaHOCTPYKTypaM OTHOCUTCA U rpa-
eH. B paboTe [84] npoAeMOHCTPUPOBAH pexXxum AeTekTupoBaHus TIy nsnyyeHus
C UCNnosb30BaHMeEM MOJSEBbIX TPAH3UCTOPOB Ha OCHOBE ABYXC/NONHOrO rpadeHa.

BbiBoa. MonyuveHHasa dopmyna (10) Ana TpeHUs CKOMIbXEHUS BkAuaeT
3HEepPruio aAres3nn 1M 3HadynTb OHA OTHOCUTbLCA K MONEKYNSAPHON Teopuu TpeHusa us
NATW CYWeCTBYKLWMNX Ha CErofHAWHNIA AeHb. DHeprna ajresun onpepensetcs
NOBEPXHOCTHOW 3Hepruein TBephoro tena, M3MepuTb KOTOPYH [LOBONIbHO C/OX-
Ho. MpefnoxeHHas HaMW Mofenb TPeHWa TBEpPAOro Tena, Ha NpuMepe akTyanb-
HbIX BelwecTB - rpacduta u rpaceHa, BkIYaeT, KPOMe 3IHeprun agresnnm AByX
TPyl MnXcsa matepuanos, TONUWMHY NOBEPXHOCTHOrO €noa 3Toro matepuana. 3ta
TOoNWMHa onpegenseTca Hamu no dgopmyne (1) u faeTt 3HauyeHUs ANS TBepAblX
Ten, Bknwyasa rpadut u rpadeH, HaHOMeTpPOBOro AManas3oHa, OTNpaB/Asa Hac B
o6nactb HaHoTpubonorun. HaHoTpubonorna unu mMonekynapHas Tpuéonorusa -
HanpaBneHne B TpU60ONOrNKN, CBA3AHHOE C TEOPETUYECKUM U IKCMEPUMEHTaNbHbBIM
n3yyeHneMm npoueccos ajres3nn, TpeHus, n3Hoca M paspylweHns B aTOMHbIX U MO-
NnekynsapHbIXx MacwTabax B3aumoaelicTBua noBepxHocTeli. Ee pa3BuTne cpepxm-
BaNoCb, Ha Hal B3rNA4 Tem, YTO TO/UWMWNHY NOBEPXHOCTHOIO C/0S, OTBETCTBEHHO-
ro 3a npouecc TpeHusa MOXHO 6bl10 onpefennTb TONbKO B BbICOKOM Bakyyme Ha
aToOMapHO-YNCTbIX NOBEPXHOCTAX OrPaHMYEHHOro Yyncna MoHokpucTannos. Hawa
Mofenb, U3/10XEHHAA B HAcTOALWEN cTaTbe, OTKPbIBaeT HOBbIN noaxofn ANa Teope-
TNYECKOT0 U 3KCMepUMeHTanbHOro uccnefoBaHWs NPoLEeccoB B HAHOTpMGoONOrMun.

B panbHeiwem, Mbl OnNuwWeM TpeHWe W paspylleHne OTBETCTBEHHbIX Y3/10B U
netaneil MexaHn3mMoOB M MalWwWH, NPUMEHAEMbIX HAa NPOMbIWIEHHbIX NPeANPUATH-
X U CeNbCKOM X03fAlcTBe pecnyb6nnkn KasaxcraH.

[aHHas Hay4yHasa cTaTbs onybanKoBaHa B pamMmKax BbIMO/THEHUS FPAaH T OBOr0
tnHaHcmpoBaHusa Ha 2024-2026 rr. MPH Ns AP32488258 «Pa3paboTka WHHO-
BaLMOHHOI TEexXHONornM nony4vyeHus rpacpeHa MHTepkanauuen rpagpuTa Mu-
KpoKnacTepHOW Bogoi n moandmkauusa rpacdeHom BTCI kepamukn» (nccnepo-
BaHne dpmHaHcupyeTCcss KOMUTEeTOM Haykn MUHUCTEepCcTBaA HAyKu M BbICLLIErO
obpasoBaHusa Pecny6nmkn KaszaxcTan).
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65 BOJTIATbIHA APHA/TIPAH ZRCN XABbIHOAPbBIHbLL

PUSNKA-MEXAHUKANBIK XXOHE MOP®O/IOTAMbIK
T¥PAKTbI/IbIPbIH 3EPTTEY

TylilHgeme. Byn makanaga ZrCN HerlslHgerl xabblHaapbiHbiH 65 6onaTtbiHa apHanraH
hu3nKa-MexaHukanblK XaHe MOpPMONOruAAbIK  TypakTbilbifblH  3epTTey  HaTtwkenepl
yCbiHbINraH. 3epTTey Hatwkenepl ZrCN HerlslHgerl kepamukanbik xabblHAApAbIH Xorapsbl
TEPMUANBIK TyPaKTblfIbIKKA X3HEe (U3MKa-XUMUANbIK acepnepre Teslvalnlkke ue ekeHLl
KkepceTTl, 6yn onapAbl 3KCTpemapbl Xarfjanga xymbic ICTeliTlH mMeTann 6enwekrtep MeH
Kecy KypanpgapbiHa apHanraH TmiMgl kopraHbilw xabblH peTlHae kongaHyra MyMK1HALK
6epeTlHalnmver epekweneHegl. 3epTTeyAw, MakcaTbl MakTa Tasanay MaluvHanapbiHbIH
apa pgucklneplHge konpadblnaTblH 650 6onatbl  HerlslHgerl 6enwekTepal, To3yra
Te3lMATInNH apTThlpy MakcaTblHAa XOorapbl Xbl4aMAblKTbl OTTEN-0TbiH 6ypky (KXXOOB)
TEXHONOTMACHI apKblfibl anbiHraH ZrCN xabblHAapblHbIH KypbIbIMAbIK-(ha3anblk XaHe
TpM6oNOrnAnbIK kacneTtepbl 3epTTey 60nbIN Tabblnagbl. 65 6onaTtbiHa yw Typnl pexvmae
ZrCN xabblHAapbl Xarblfibif, onapfblH MWUKPOKATTbI/bITbl MeH Ylikento KoadulmeHT!
aHblkTanbl. HaTxeclHae, XabblH ablHraH yL YamnHL, MUKPOKATTbIIbITbIHbIH OpTalla M3aH
1661,7 HV kypagbl 3aHe 6yn xabblHaapAblH TynHycka 6onatka kaparaHga wamameH 3,5
ece xorapbl KaTTblfblk kepceTTl. CkaHepneywl anekTpoHabl Mukpockonusckl (C3M) apKbifbl
XabblHHbIH MOPMOIOIUACHI, ThirbI3Abirbl X3He eTnenl KabaTTblH Kypbl/ibIMbl CUNaTTasbIM,
TeMeH KeyekTT1kke kon xetklslnreHl pactangbl. «lap-guck» cxemachl 60vibliHLWA Xypri3lareH
yiikenlc cblHakTapbl XabblHHbIH To3yra TeslvalnlrlH >k3He TynHyckaHbl TMiMgl kopray
KkablnetlH kepceTtl. Byn 3eptrey XXOOB 3glclveH anbiHraH ZrCN abblHAAPbIHbIH aybl
lapyaulbifibirbl  TEXHUKACbIHAA KONAAHbINaTbiH - GenwekTepal, Koi3meT eTy Mep3lvlH
apTTbipyAa nepcnexktusasbl wWewlm 6ona anatbiHbIiH ganengenar

TynlHal ce3pep: MUKpokaTTbinbik, XXXXOOB, yiikento koadduuymeHT!, Tpubonorusa, ZrCN
XabblHbl, ckaHepneyLl! 371eKTPOHAbl MUKPOCKOMNUS.

Kipicne. OpTYpni nHxeHepsk kongaH6anapga, Tosyra tesimai 3pl xorapbl 6e-
piKTiKke Ve MaTepuangapra fereH cypaHbic aiiTapnbikTali aptyga. Kas'pritaHaa,
aybl1 LWapyalbibirbl eHAIPICIHAE Xep XbIPTY X3He Kecy KypanjapblHAa, COHbl-
MeH KaTap, MakTa Tasasiay MallMHanapbl apa Avcrasiepiul Mep3iMiHeH GypbIH HO-
TEH WbIrybl KeBGiHe OMapAblH To3yra Te3iMainiriHiH XeTKiNikcisgjirive 6alinaHbICTbI,
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6yn onapgbin Xymbic icTey Mep3iMi meH Tuimginirin TOmeHgeTeqi. OcbiraH 6aii-
NaHbICTbl, 65 60naTtbl Xorapbl 6epiKTiri MeH TO3imginiriHe 6aiinaHbICTbl MakTa
MEeH TOMblpakneH >XaHacaTtbiH 60nwWwekTepai xacay YWiH Xui kongadvbinagbl [1].
[LereHmMeH, aybifl LWapyallblfibirbl TEXHUKACKI ayblp XYMbIC XaBaalibiHaa naipa-
NaHblNaTblHAbIKTaH XXOHe KaTTbl TO3Yyra ylblpanTbiHAbIKTaH, To3raH 60nwekTepai
XbIN caliblH KON MOJWepae aybiCTbipyra Typa keneg” 6yn 03 keseriHge OHAipic
WbITbIHAAPbLIHLIM apTybiHa ceben 6onagbl [2].

OcbiraH 6ainaHbICTbl KONTereH 3epTTeywinep 65 6onaTbiHbIM Yiikenic neH
To3yra TO3imMAiNik kacueTTepwl apTTblpy MakcaTbiHAa, ka3lprl yakbiTTa Ke’HeH
KongaHblnaTblH 6eTTiKk ongey TexHonorusnapbiH goransik 6Ypky [3,4], BakyymMablK
XOHe nasepnk kantay [5,6], marHeTpoHabl To3angaty [7,8], coHgan-ak OOcTYpni
TepMusAnbik onaey TOpi3ai 0pTYpni TEXHONOrUSANapAbl XaH-XakTbl 3epTTereH. byn
6eTk ongey TOcinaepi matepuangbin KaTTblNbIfbl MeH 6epikTiriH )X0He To3yra To-
3imginirin 6enrini 6lp gevrerige xakcapTkaHbiMeH, KYTiITeH HOTUMXenepre TOMbIK
XeTe anMaraHfbirblH kKOpceTegi. ©ugey 0cepi TypakTbl emec, an anblHraH 6eT-
Ki KabaTTbln KypbinbiMbl TYNHyckameH YinecnenTiHgiriH anra taptagbl. MyHpaan
Kemwwiniktep 65 6onartbiHbIM Xannbl XyMbliC OHiMAiNiriHe Tepic OcepiH TWUN3T,
OHbIN KbI3MET eTy Mep3iMiH apTTbipyra MYMkiHAIK 6epmeiig,.

Xorapbiga kenTipreH xabbiH any 0gicTepiHiv iwiHae en Tmimai Opl 6onawarsbl
30p Aen caHanaTtbiHbl - Xorapbl XblNAAMAbIKTbl OTTEr-0TbIH GYpPKY TEeXHO0rms-
Cbl, GYNn ThIrbI3AbIrbl Xorapbl, To3yra T03imMai xabbiHaap any YwWiH KongaHblna-
TblH TepMmusinblKk 6YpKy npouea. Byn 0gicTe xaHy kamepacbiHAa OTbIH (NponaH)
MeH OTTETiHIN Kocnachl XaHblM, Xorapbl TemnepaTypasbl )XOHe Xorapbl KbiCbiMAbI
XanblH TY3inegi. Byn xanblH apHaiibl cantama apkbiibl OTiM, aca Xorapbl Xbl/-
JamMAblKTarbl ras arbiHblHa aiiHanagbl. XXabblH yHTarbl OCbl arblHra e HN3TT, Kbi3-
[ObIpbI/bIN, OTe Xorapbl XblngamabikneH 6etke 6arbiTTanagbl. bonwekrep 6etke
COrbI/IbIN, XaWblNbin, Te3 cankbiHaan, 6eplk 0plTbirbi3 kabat TY3egi. HOTMXeciHae
XabblH To3yra 0He Koppo3usira TO3iMainiri )orapbl, KeyekTifiri ToMeH 60bIn Whbl-
rafbl.

XOXKOOB TexHonoruscbl, 01 HAHOKYPbIIbIMAL! XabblHAAP KanbinTacTbipyra
Xon awagbl. XKorapbl canasnbl xabblHAapaAbl YHeMai )0He TUiMAi XonmeH anyra
MYMkiHAiK 6epeTiH 6yn TexHonorus 6YriHae xabblH alyMeH allHanbicaTblH KonTe-
reH oHepk0an cananapbiHga ken aykbiMga navgananbinagbl [9-11]. HVOF Ogici-
MEH asnblHraH xabblHaapabin husnkanbik XXOHe MexaHMKanblk KacueTTepi KO6GiHe
onapabi HaHO-HeMece MWKPOKYPbI/IbIMbIMEH aHblkTanafbl. Byn kypbinbiM 60n-
wekTepaw, TYnHyckaFa TYcy cOTiHAeri thusmkanbik XXOHe XMMUAbIK napameTpriep-
re - Xblngamablk, Temnepartypa, 6anky J0pexeci MeEH TOTbIKTbIPrbil KypamblHa
Toyenai TYPge kanbintacagbl [12,13].

Tosyra, KaTTbl MexaHuKanblk KYLWTepre XOHe XMMUSMIbIK arpeccuBTi opTara
Kapcbl Typa anatbliH XabblHAapAblv Maubi3fblbirbl epekwe. byn 6arbitta ZrCN
XabblHAapbl MyHAalk akcTpeMangbl xargamnapga o3 TMiMAINIriH xorapsl geureni-
ne ekeHaT kOpcetinreH [14-17]. 3epTTey HOTMxXenepi 6oibiHwa ZrCN HerisiHaeri
Kepamukasnblk XabblHAap Xorapbl TEPMUSIbIK TYpakTbl/blIKNeH XOHe dusnka-
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XUMUANBIK 3cepnepre >xorapbl TO3iMAiINIKNEH epekweneHeTiHi aHblKTanraH, 6yn
onapAbl aca ayblp Xargannapga XyMmbIC iCTEATIH MeTann GeneKkTep MeH Kecy
Kypangapbl YWiH TMiMAi KopraHblll XabblH peTiHAe nanganaHyra mYMKiHAK 6epe-
O [18]. CoHbiMeH KkaTap, 3epTTey HaTuxeciHge ZrN/ZrCN xabbiHgapbiHbiv TYWip-
wikTepi Zr/ZrN xabblH4apbIMeH canbiCTblpraHga ycak, Tbirbl3 3pl 6ipTekTi 60bin
KanblnTacatbiHbl 6enr™ 6onabl. byn e3 keseriHae ZrN/ZrCN >xabblHAapblHbIN
KaTTbINbITbl, CEpRiMAINiK Moayni xaHe H/E kaTblHaCbl XarblHaH Xorapbl KepceT-
KiluTepre e ekeHiH kepceTTi [19].

3epTTeyal, Makcatbl. MakTa Tasanay MalluHanapbliHblM apa AUCKinepiHiv
XYMbIC TWIMAINITIH apTTbipy X3He To3yra Tes3iMAiniriH xorapblnaTty MakcaTtblH-
na 65l 6onatbl HerisiHaeri 6enwekTepre apHaaraH KopraHbilw XabblH peTiHae
XOXKOOB agicimeH anbiHraH ZrCN abblHAapblHbIM KypPbIbIMAbIK-ha3anblk epek-
LWenikTepiH, un3nka-mexaHukaablK KacueTTepiH 3epTTey X3He onapablv XyMbIC
opTacbiHa TesimainiriH 6aranay.

MaTtepuangap MeH 3epTTey aatTepr 3epTrey GapbicbiHAa 6acTtankbl Y/ri
peTblae xorapbl KeMIpTeKTi X3He KochnanaHraH 6onarrap kaTapblHa XaTaTblH,
15x20x4mm enwemre une 65 [FOCT 14959-79] mapkanbl 60nat KonpaHbii-
Obl. OHbIM XMMUANBLIK Kypambl (canmak Yneci, %) C 0.62-0.70, Si 0.17-0.37,
Mn 0.90-1.20, S<0.035, P<0.035, Cr<0.25, Ni<0.30, Cu<0.25 X3He KasraHbl
Fe [20. BYpky npoueclie aeniH YAriHin 6eTki kabaTbl TOTbITy KabblkTapbiHaH Ta-
3apTy YwiH mexaHukanolk TYPae Terictenin enaengi, KeiHHEH XabblHHbIN XakK-
Cbl Xabbicbin 6eklHylH KamTamachI3 eTy YiWiH KymmeH Yprey kamepacbiHaa engey
XYprisingi.

BiptekTi ZrCN Hensblgen »abblHAapbliH any YWiH aBToOMaTTaHAblpblaraH
XOXKOOB TtexHonormsicbl apkbinbl Termika-3 KOHAbIPrbICbIHAA Xarbingbl. byn
KOHABIPTbIHbIM 6ackapy naHeni 6ep”Tbl rasgapabiv KbICbIMbIH 4371 OpHAaTyra
MYMKiHAIK 6epepgi. K,bicbiM KeTepinreH kesge rasgap kamepa blHae apanacoin,
MesepmeH 6ep T yHTaK Martepuan xaHAblproillka xeTkisinesi. MyHga yHTak
6enwekTepi komnpeccop apkbiibl 6ep”Thl cbirbiiraH ayameH TacbimangaHagpl.
XKaHablpreiWwTbly, WhIry 6eniriige 6enwekTep XasblH ariMarbiHa TYCin, naacTuka-
Nblk gedpopmaumara MYMKiHAIK 6epeTbl Temnepatypara geiiiH kbi3agbl. Bankbi-
raH 6enwekrtep angbiH ana ganbiHaanraHd TYnHycka 6eTiHe 6arbiTTanbin, Gipkesiki
KOpraHbllW )abblHAbl KanbinTacTbipadbl [21]. BYpKy npoueciHin Hensn napameTp-
nepi 1l-kectege KenTipiarex.

1-kecTe - ¥Ynrl 6eTlHe xabblH any napameTtpnepl

a3 (MponaH, Aya KbICbIMbI

Ne ApakaLlbIKTbIK 6ap) (6ap) OrtTen (6ap) YHTak
1-Ynri 35-40 cm 17 2,4 2,8 ZrCN
2°nn 35-40 cm 1,7 2,8 2,8 ZrCN
3-Ynri 35-40 cm 17 3,8 2,8 ZrCN
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Ynrinepre xabblHAbl Xaryra AeiiH X3He ofaH KeliH KaTTbl/blKTbl aHbIKTay
makcaTbiHaa FOCT 9450-76 cTaHAapTbiHa caikec Bukkepc 6GoibIHWA KaTTblbl-
rbiH enwey XxYprisingi. byn cbiHak HLV-1DT MUKPOKaTTbI/IbIKTbI €/1ley Kypblarbl-
CbIMeH opbliHAanabl. CoiHak ke3Tae Yiri 6eTiHe yakblT mexeci 10 cekyHp, 60natbiH,
6ypblwTapbl 136° xacalTblH anMa3 UHAEHTOPAbIH keMerimeH HV05xYKTemeci Ty-
cipingi. CblHakTblH 6acTbl MakcaTbl - HVOF xabblHObl xary HaTuwxectge Y
6eTbll, MUKPOKaTTbINbITbIH aHbIKTaY.

XKabblH anbiHraH ynaruwepguy Yikenic neH Tosyra apHanraH cblHaktapsl ASTM
G99 cTtaHgapTbiHa calikec TRB-3 TpnboMeTp KypbIArbiCbiHAA «lUap-AUCK» CXe-
Macbl apkbiaibl XYpridingi. CoiHak XYpridy 6apbicbiHAa Kesneci napameTpnep Kos-
AaHblngbl: KanbinTbl KYW - 5 H, cbipry Xblngamabirsl - 2 cMm/c, Kapcbl 3/1EMEHT pe-
Tblge anameTpi 6 mm 6onatbiH 100Cr6 60nat wWwapbl NaganaHbingbl, an xannbl
cbipry Xonbl - 30 M. CbiHak Kyprak Yiikenic xargaliibiHga eTw T4

HaTwxenep xaHe Tankbinay. XXabbiHAap MeH ynnaepaL, MMKPOKaTTbIbIrbI -
onapAablH MexaHuKasnblk 6epiKTiri MeH XyMmbIC icTey Ka6/ Tbl aHbIKTANTbIH Heri3ri
KepceTowTepal, 6ipi 6onbin Tabblnagbl. 1-cypetTte xabblH MeH Y/ ri apacbiHAarbl
BukkepC MUKPOKATTbINbITbIHbIH Tapanybl KepceTTreH. XXabblHHbIH KaTTbINbITbl Y-
riHikiHe kaparaHga wamameH 3,5 ece xorapbl ekeHAT 6alikangbl. Byn kepceTkuw
Tep Hensn MaTepuangbliH KaTTbibITbl XarbiHaH XabblHAapra kaparaHga angeka-
[a TeMeH eKkeHiH aHraptafbl X3He To3yra Te3iMAiNIKTI apTTeipy YLUiH KOpraHbiL
XabblHAapAbl KONAaHyAblH e3eKTiniriH kepcetear

TynHycka 1-ynn 2-ynn 3-ynn
1-cypeT - 65 60n1aTblHbIH MUKPOKATTbINbIK MaHAepk HVOF 6ypky pexvumpaepi 1-kectege
KEpPCEeTTreH.

ZrCN abblHAApbIH Xary HITWXKeCiHAe MWKPOKaTTbIbIKTbIH aiTapbiKTain
apTkaHbl 6aiikanafbl, 6yn kepceTiow ap TypAi yarinepae apkanaii MaHre ve. Aya
KbiCbIMbl 2.4 6ap 6onatbiH 1-ynruie oprawia MUKpPoKaTTbi/blk 1490 HV aeHrewHe
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XeTT, 6efiekTepaL xorapbl Tbirbl34anyblH X3aHe XabblHHbIH 6ipTeKTi Kypblfbl-
MbIH KOpceTei. CoHpali-ak, aya KbiCbiMbl 2.8 601raH 2°nnae oprawia MUKpPOKaT-
TbinbIrbl 1660 HV ekeHAgW TipkenreH, 6yn XabblHHbIH MeXxaHuKasblK 6eplkrirlHin
Xorapbl €KeHiH airaktangbl. An, aya KbiCbiMbl 3.8 6ap 60n1raH 3°nnNHW, opTawa
M3Hi eli xorapbl - 1835 HV kaTTbl/iblk M3blH KOpCETIiN, 6yn )abblH 6e/weKkTepLuLy,
OHTalnbl OnwemiHe, pasanapgblH Gipkenki TapanyblHa X3He TOMEH KeyeKTYK-
Ke 6annaHbICTbl 601ybl MYMKIH. XXabblH MeH TYMNHYyCKa LekapacbiHAa MUKpOKaT-
ThIIbIKTbIH GipTiHAEen 03repyi 6ankanagbl, 6yn 6YpKy npoueci kesiHge KopbiTna
aneMeHTTepwL, anddysnsacel MeH Temnepatypanbik acepnepal, 6onybl MYMKIH
eKeHgiriH 6ingipeai.

COM matepuangapfblH MWUKPOKYPbI/IbIMbIH XOrapbl A31A4IKNEH 3epTTeyre
MYMKiHAIK 6epeTiH agic 6onbin Tabbliaabl. byn Mukpockonusa Typl apkbiabl YAri-
HiH MopdoNOrMANBIK epeklenikTepi, atan aiTkaHaa TYWiplwikrepaiH niwiHi MeH
0nwemi, KeyekTYk, hasasnblk Lekapanap CUAKTbI MUKPOKYPbINbIMAbIK cunatTta-
Manap aHbikTanagsl [22]. OpTYpni pexumaepae, Mbicanbl, SE (eKiHWIiNiK anekT-
poHAap) x3He BSE (apTka wallblparaH 371eKTpoHAap) apkbiibl penbed neH
XUMUSANBIK KOHTpPAcT kepceneak >Xannol anraHga, C3M 3glcl xabblHAapAbiH
canacblH 6aranay XsHe MartepuanTaHy canacbliHAarbl KypblnbIMAbIK-OYHKLMO-
HanAgplk 6anadbicTapgbl aHbikTay YLWiH MaHbi3gbl Kypan 6onbin Tabbinagbl [23].

XXKOOB TexHonorusicbl apkbiibl asblHraH ZrCN HerisiHgeri abblHaapabliH
1-Ynri napameTpH caiikec, Yikenic neH To3yra apHanraH 3epTrey HaTuxeci 6ac-
Tankbl keseHge (0-10 m) Ynri Yiikenic koaddpuymneHT M wamameH 0-geH 0.9036-ke
OeWiH ynratobiH KepceTegdi. byn aHacaTblH MaTepuangap 6ip-6ipiHe 6eiimaenreH
Kesge, 6eTTepaiH agantauma npouecbl kepceteni. Ocbl Ke3eHAe Wap MeH AUCK
apacblHAa TypakTbl 6ainaHbIC opHaTblnagbl, 6eTTepaeri 6y3binynap, mmkpoben-
LeKTep X3He MYMKIH OKCMATI kabaTTap oWbliagbl. Yiikenic Ko3(PUUNEHTIHIH
Xorapbliaybl Teric X3He O6ipkesiki, aWTapnblkTali aybiTKynapcbi3, 6yn 6actankbl
Ke3eHae XabblHHbIH HEMece MaTepuasblH XeTKINIKTI 6ipTekTiniriH kepceTeqi. byn
cunatTamanap YAr marepuanbiH akaycbl3 Hemece KapkblHAbl TO3YCbl3 6acTankbl
xYKTemere Teten 6epe anaTblHbiH KepceTefdk Byn dhasza KOHTakT alimarbiHgarbl
KbICbIM GapblHLIa LWOrbip/aHraH Kesge martepuangblH anrawkbl YWKenic umkni-
JapblHa kanai apekeT eTeTYH 6aranay YWiH MaHbi3gbl. 15 meTpgeH 20 meTtpre
nenibl Yiikenic koadhpmumeHTi TypakTaHbin, YHKesic X0Mbl COHbIHA AeliiH canbic-
TbipMansl TYPae kanbintbl 0,9 Yiikenic koadhdmuymeHTiH kepceTeqi. COHbIMEH Ka-
Tap, keckiHae COM BSE pexumblge anblHraH matepuangblH KenAeHeH Kumachl
KepceTinreH, oHga Yuw alimak aikblH 6aikanagbl: CoON XakTa - Tbirbi3 3pl GipTekTi
TYNHycKa, opTacbiHAA - KypblbIMbl KEYEKTi )X3He 3pkenki etneni kabart (kabbliH
MeH TYMHyCKa apacbiHgarbl MHTepdielic), an OH XakTa - TbIrbI34bIrbl TEMEH, Kapa
TYCTi KanTama kabatbl. bByn mopchonornsa TepMmusanbik 6YpPKY apKbiibl anblHraH kKen-
KabaTTbl XXabblHAapra T3H KypbiibiMAbl kepceTteqi (2-cyper).
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2-cypeT - bBYpky napameTtpa ra3- 1,7 6ap, aya KbicbiMbl - 2,4 6ap, oTTen - 2,8 6ap-Fa ne
1-YriHin Yiikenic koaduumeHTi xaHe Yiikenic xonbiHbin COM Kectobl

AnFauwkbl ke3ek 0-10 M KallblKTbIKTa YiiKento KoathuuneHHL, xoFapbinaybl
ZrCN »XabblHbIHbIK YCTWrl KabaTbIHbIK TO3yblHA 6alifiaHbICTbl. Byn XXabbIHHbIK Gy
Typl yWH KanbinTbl XaFaaii, elitkeHl yiikenlc npouecwiae agantMeTl 6ainaHbic Ka-
6aTtbl naiiga 6onagbl (Mbicanbl, 6alinaHbic aiMaFbiHAa XabblHHbIK Ycak 6enwek-
TeplHu, naiiga 6onybiHa 6ainnaHbICTbl). "anTama TYNHycka MeH Kapcbl KOPNyCTbIK
Tlkeneli 6alinaHbiCblH 60MAbIPMANTbLIH X3HE OHbl TO3yAaH KopFailTbiH TOCKaybin
penHae apekeT eteal. OpTabl dasa (10-20 m): xabblH ToNbIFbIMEH To3FaH, 6y
yikento koatpdmumeHnHw, TypaktaHyblHaa keplHeal. byn kesekae ZrCN xykTeme-
HLTynHycka (65l 6onat) 6epy apkbinbl €31Huy Herlarl M1HaeTlH askTaingbl. Co” bl
Kesek (20-30 m): byn kesekae xabblH eHal XOK X3He Tek TYyMHyCcka KongaHblna-
obl. byn dhasaga yiikentoTw, KypT ecylHlk 6onmaybl ZrCN xabblHbl XYHEH1K Xasnbl
TO3YbIH asaiTa OTbIpbIn, €3 KbiameTlH MiMal opbiHaaFaHbIH kepceTegk SEM BSE
pexumlHge anbiHFaH et aiMaKkTblK KypblbIMAbIK aibipMallblibiFbl KepceTLareH:
con xakTaFbl XabblH KeyekTl, XapblKLakTbl X3He Genwekrepl Hawap 6ainaHbic-
KaH, 6yn OHbIK MexaHuKanblk ancl3alrli kepceTenl, an oK XakrtaFbl XabblH Kypbl-
NbIMbl 61pTekTl, ThiFbI3 X3He eTnenl kabaTbl aikbiH, 6y XabblH canacblHbIK XXaKCbl

ekeH1H 61lnalpenl (3-cyperT).

3-cypet - BYpky napameTpi: ra3 - 1,7 6ap, aya KbicbiMbl - 2,8 6ap, oTTen - 2,8 6ap”a
ne 2 nnHuw, Yiikenic koapuumneHTi xaHe Yiikenic XonbiHbik C3M KeckiHi
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Yiikenic koagpdpuumeHT ~0,2-geH ~0.7006 -re geibl Gipkenki Ocegi. byn ZrCN
XabblHbIHbIV Ycrinri kabaTblHbIN BipTe-6ipTe To3raHbIH KepceTeak byn kesenae 6et
xYKTemenepre 6e“maenefk COHbIMEH Katap KosfaHy npoueciHge cesas navja
60M1aTblH XabblHHbIN TO3Yy eHimAaepi (ycak 6enwekTep) Xonbiybl MYMKIH XaHacy
aimarbiHga kanbinTacagbl, 6yn YikenicTiv Tenc apTybiHa ga acep etedi. betkeii-
nepaLy «yHTakTanybl»(NpUTUpKa) Aen atanaTbiH HIPCe OpbIH anafbl - XXabblHHbIN
Kapcbl KOPNYCTbIX NiwiHiHe 6enimaenyi. ZrCN xabblHbl TYMNHyCKaHbl Kapcbl KOp-
nycrneH wenen xaHacygaH Tvimai kopraingbl, 6onaT TO3yblHbIN KapKbIHAbIIbITbIH
TemeHgeTeni. byn kesenge xabblH 6enceHgi abpasuBTi peXVMae XyMbIC HOTERaK
OHbIN narisri MiHAETI - TYNHYCKaHbl kopray. KantamaHbln TO3ybl askTanraHHaH ke-
MH Yikenic koadhchpmumeHTi ~0,75 gewvrenblge TypaktaHagbl. Tepbenic MUHUMangbl,
6yn XYVleHin Gipkenki xyMbiCbiH KepceTegi. dasaHbin opTacbiHAa XabblH TOMbITbI-
MeH To3bIN, TYNHycka, 651 6onat 6annaHbicka TYCTi. Byn ke3senge xymbic HensbleH
TYNHYCKaHbIN MexaHuKasblK cunatTaMmanapbiHa 6ainnaHbICTbl OpblH anagbl. ZrCN
KOpraHbIlW KacueTTepiHin apkacbiHAa XabbliHHAH TYNHyckaFa eTy Teric, 6yn Yiikenic-
Te KeHeTTeH cekipynapai 6ongbipmangbl. Courbl thasaga (20-30 m) Yiikenic koado-
PULUMEHT MUHMMaNgbl aybiTkynapmeH ~0.7777-0.8328 TypakTbl 60/bIN Kanagbl.
Byn TYNHycKaHbI TYTacTbIrbIHbIM CaKTasraHblH kepceTedi. byn kesenge TYnHycka
XYMbICTbl TOMbITbIMEH Kabblngaingbl. BakblnaHaTblH wamanbl ayblTkynap 6onat
TO3y eHiMAepiHin naiiga 601ybiMeH Hemece BeTiHIM MUKPOKYPbIbIMbIHAATLI LWama-
Nbl e3reptoTepMeH 6arnaHbICTbl 601ybl MYMKIH, Yiikenic koagouUMEHTIHIN KYPT Xo-
rapblnaybl HEN34LW, To3yra Te3iMainiri MeH MexaHuKasblK TYPakTbl/IbIfbiH KepceTeg;.
KanTay, 6yn pasaga 6onmaca ga, €3Y 1 Herisri MiHAETIH OpblHAAAb! - TYMHYCKaHbIN
6acTankbl TO3yblH a3anTy, 6yn OHbIN TypakTbl MIHE3-KY/IKbIH KepceTyre MYMKiHAiK
6epegi. XXabblH MeH TynHycka xYVleci ysak MepsimMai TypaKTbINbIKTbl kepceTeax 6y
ZrCN 65l 6onat HerameH GipikTipyAin Tnimainirii pactangbl. 3-YariHin C3M apkbl-
Nbl a/1blHFaH KeckiHae XabblHHbIN et0 aliMarbl KepceTifireH: COM XakTarbl KypblibiM
KeyekTi, dhasasiblk 3pKesIKiniri orapbl X3He A3HAEP apachkl alikblH 6alikanagbl, 6yn
eTneni kabaTka TaH, afl oM XakTarbl ainMak 6ipTekTi, 6eTHAEe MexaHuUKasnblk engey
i3gepi MeH akWwbin KaTTbl 6enwekTep 6ap, 6yn )XabblHHbIM 6eTra KabaTbIHbIN ThIrbI3
3pi TypaKTbl EKEbIH KepceTea,.

3epTTey HaTMXenepiH Tangaih kene, canbicTbipMmansl TYPAe Yw YnariHin ge
ZrCN >abblHaapbl Yikenic npouecwu, 6acTankbl ke3eniHae TuiMAi KopraHbill
KabaTt peTiHAe Kbi3MeT aTkapraHbl 6ankanagbl. 2-cypeTte 6eliHeneHreH 1-Ynrige
Yiikenic koadhdmuymMeHTIHIM en xorapbl M3Hi (~0.9) Tipkenin, XabblHHbIN XOrapbl
aAre3nsanbiK KacueTTepiH XaHe Tbirbl3 MOPOIOr1ACLIH KepceTTi. 3-cypeTTe Ke-
pblio TankaH 2-Ynrige Yikenic koadpdhuumeHTi GipkanbinTbl XaHe GipTiHAen ecyH
MEH epekKLIEesieHT, XabblH MeH cybcTpaT apacbiHAarbl Xakcbl YRNecimainikTi XaHe
TMiMAgi aganTauua npouead ganengeigi. An 4-cypetTteri 3-Ynrige )abblH TO3raH-
HaH KeitiH ae xYWe Gipkenki xyMmbic icTen, Yiikenic KoapULUEHTHLY CanblCTbip-
Masibl TypakTblfbITblH cakTagbl, 6yn TYNHycka 65 601aTTbin Xorapbl MexaHuka-
NblK Tesimainiriv kepcetedi. XXannel, 6apnbik Yarinepge ZrCN >xabblHAapbIHbIN
To3yra kapcobl TwWmAWK mMeH TYNHyckaHbl 6acTankbl XYKTeMeaeH kopray kabineTi
xorapbl gevreiife ekeH aHbikTangpl.
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4-cypet - bypky napametpa ras - 1,7 6ap, aya kbicbimMbl - 3,8 6ap, oTTen - 2,8 6ap-ra ve
1-ynnHw, yiikento KoahULMEHTI X3He Yiikenic XonblHbik C3M KectoL

KopbITblHAbI. KOpbITbIHABINAA Kefe, XXypn3TreH 3epTrey HaTwxenepl ZrCN
Her131Haerl xxab6biHaapabik 651 60natsl ywilH TMlval KopraHbiw kabaTt 60n1a anatbl-
HblH KepceTT!. Bukkepc 3alcl 6oibiHILA MUKPOKATTbI/bIK TapanyblHa CyieHe OTbl-
pbIn, XabblHAapAbIK KaTTbINbITbl 6acTanksl 60onatka KaparaHga wamameH 3,5 ece
Xorapbl exkeHglrl aHbiKTangbl, 6yn onapAblK Xorapbl MexaHukasblk 6eplkrlrl meH
To3yra TeslvolnlrlH gsnengeingl. C3M anlcl apkbiibl anblHraH yiikenlc koagdum-
umeHT! MeH yinKento XOosblHbIK kecklHlHe caikec, XabblH MeH TYMnHycKa apacblH-
Jarbl MHTepPENCTLL, KYpbIIbIMAbIK epekwenlkreplH albin KepceTT, XabbIHHbIK
Thirbi3abirbl, 61prektlndrl - ynrtTepAly Xakcbl canaga opbiHAanraHbiH pactagbl. Y A
kenlc KoahuumeHTLWLL, e3repy AMHAMUKACH! 3P yAruie xabblH MeH TynHycka apa-
CblHAarbl esapa speketTecy epekwenlkreplH kepcett!. Bypky napametp! ra3 - 1,7
6ap, aya KbiCbiMbl - 2,46ap, oTTen - 2,8 6ap-ra ve 1-ynn - yiikeno KoadhuLumeH-
TTLY, XOrapbl M3HAEP!H kepceTe OTbIPbIN, XabblHHbIK TPUOBONOrUANbIK XyKTEMe-
nepre te3lmalnlr'n pactagbl.CoHpgaii-ak, 6ypky napametp!: ras - 1,7 6ap, aya Kbl-
CbiMbl - 2,8 6ap, oTTen - 2,8 6ap-ra ne 2-yaruwe tm!mal yinkeno TypakTblbIrbIMEH
X3He casbICThipMasibl TEMEH KeAeprMeH epekiwesien!n, npakTukasblK KongaHy
yw'H oKTainbl Hycka 6onbin Tabblnagbl. An, 6ypky napameTp!: ra3 - 1,7 6ap, aya
KbiCbIMbl - 3,8 6ap, oTTen - 2,8 6ap 6osraH 3-yAn yw T yinkeno KoaPUUNEeHTTLY,
ek TemeHr! maHaep!He ne 6oaraHbIMeH, 6yn OHbIK To3yra Teslmglnlrl TemeHaey
6onybl MymKk!H ekeH!H kepceTeg!. XXannbl anraHga, XXKOOB TexHONOrnsacbiMeH
anblHraH ZrCN xabblHgapbl 65 601aTTbiK Kbi3MeT eTy mep3!MT y3apTyra, To-
3yra Te3!Malnir'H apTTeipyra xaHe Tpn6oN0rnANbLIK cunaTramanapbiH xakcapTyra
eneyn! ynec koca anaTbiHbIH KepceTT!. Byn HaTuxenep 6onalwakra xabbiHaapabl
eHA!py MeH KongaHy napameTpnepT okTainaHablpyaa narigansi 601mak.

3epTTeynepai kapxblnaHabipy Ke3i - 3epTTey KaszakctaH Pecny6nukachl PbiibiM x3He
Xorapbl BAM MuHUCTPAIriHiK PbinbiM KOMUTETiHIK kongaybiMeH «AP22787358 - MakTa Ta-
3a/lay MallumMHanapblHbIK apa Auckinepi YLWiH HaHOKYPbI/IbIMABIK KOPraHbilW XabbiHAbl any-
Ablk ™ iiN| TexHoNorMsAnapbIH asipney» xobacbl asCblHAA XypPn3LwAr
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MycaxaH H.M.1 Kyp6aH6ekos LU.P.1, BanTabaesa [.2.1 Kamb6apbekos C.X.1
'MexayHapoAHblA  Ka3axcko-Typeukuii yHuBepcuTeT umeHn X.A. $caBu, r.TypkecTaH,
KasaxcTaH

MCC/TIEAOBAHVE ®PU3BNKO-MEXAHUUECKO U MOP®OIOMMYECKON
CTABW/IbHOCTW MOKPbLITUM ZRCN Ana CTANW 65

AHHOTauusa. B gaHHOW cTaTbe npefcTaBfneHbl pe3ynbTaTbl MccnefoBaHus usnko-me-
XaHU4yecko M MOpPMONOrMYeckoin yCTOMYMBOCTM MOKPbITUIA Ha ocHoBe ZrCN, HaHecCéH-
HblX Ha cTanb 65. Pe3ynbTaTbl nccnefoBaHMa nokasanun, 4YTo kepamumyeckue nokpbITUA
Ha ocHoBe ZrCN o6napaloT BbICOKOW TepMMyecKol CTabuNbHOCTbIO M YCTOWUMBOCTbIO K
PU3NKO-XMMUYECKMM BO3AENCTBUAM, 4TO AenaeT UX 3peKTUBHbIM 3alUTHbIM MOKPbI-
TMEM ANA MeTanInyvyeckux getanein u pexylmx WHCTPYMEHTOB, paboTallmux B aKCTpe-
MasnbHbIX ycnoBusax. Llenbio nccnepoBaHus aBnsetca nsyyvyeHue CTPYKTYpPHO-(ha30BbIX U
TpnMbONOrnyecknx CBOWCTB MOKPbITUIA ZICN, NOAYyYEeHHbIX METOLOM BbICOKOCKOPOCTHOrO
KUCMOPOAHO-TON/IMBHOIO HanbineHnss (BCKTH), ¢ uenbio NOBbILWEHUS WM3HOCOCTONKOCTU
netaneit us ctanu 65, NpUMeHAEeMbIX B NMUbHbIX AUCKAX X/T0MKOOUYNCTUTENbHbIX MALLUH.
Ha cTtanb 65l 6bl11 HaHeceHbl NOKPbITUS ZrCN B TPEX pasfIMyHbIX pexumax, nocne yero
6bI1v onpefenieHbl UX MUKPOTBEPAOCTb U KOIhULUUEHT TpeHusa. B pesynbTate cpefHee
3HayeHne MUKPOTBEPLOCTM TPEX 06pa3L0B C HAHECEHHBIM NOKPbITUEM cocTaBuno 1661,7
HV, uto npumepHo B 3,5 pasa Bbllle NO CPaABHEHUID C UCXOAHONM cTanbk. C NOMOLLbI
CcKaHupytouieit 3NeKTpoHHON Mukpockonun (C3M) 6bina oxapakrepnsoBaHa Mmopdonorus,
NAOTHOCTb MOKPbLITUA U CTPYKTypa NepexofHOro cnosi, Npu 3TOM NOATBEpXAeHa Hu3kas
NopucTOCTb. VCMbITaHNS Ha M3HOC MO CXeMe «liap-AWUCK» MNOKasasn BbICOKY W3HOCO-
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CTONKOCTb NOKPbLITUA U ero cnocobHOCTb 3h(PEKTUBHO 3alyuuiaTb OCHOBHON MaTtepua.
[JaHHOe uccnepoBaHue fokasblBaeT, YTO NOKPbITMA ZrCN, nonydvyeHHole metogom HVOF,
npeacTaBNAT co60i NepcnekTMBHOE pelueHne AN yBeINYeHns cpoka cnyx6bl getanei,
MCNONb3yeMbIX B CE/IbCKOXO03ANCTBEHHOW TeXHUKe.

KntoueBble cnoBa: MUKpoTBEpAoCcTb, BCKTH, koadhdhnumneHT TpeHusa, Tpnbonorus, nokpbl-
Te ZrCN, ckaHupylowasa 3/1eKTPOHHasA MUKPOCKOMUSA.

Mussakhan N.P.1 Kurbanbekov Sh.R.1, Baltabayeva D.E.1 Kambarbekov S.Kh.1
JAkhmet Yassawi University, Turkestan c., Kazakhstan

INVESTIGATION OF THE PHYSICO-MECHANICAL AND MORPHOLOGICAL
STABILITY OF ZrCN COATINGS FOR 65G STEEL

Abstract. This article presents the results of a study on the physicomechanical and mor-
phological stability of ZrCN-based coatings applied to 65G steel. The findings demonstrated
that ceramic coatings based on ZrCN possess high thermal stability and resistance to phys-
icochemical effects, making them an effective protective coating for metal parts and cutting
tools operating under extreme conditions. The aim of the study was to investigate the struc-
tural-phase and tribological properties of ZrCN coatings obtained by High-Velocity Oxygen
Fuel (HVOF) spraying in order to improve the wear resistance of 65G steel components
used in the saw blades of cotton ginning machines. ZrCN coatings were applied to 65G
steel in three different spraying modes, and their microhardness and coefficient of friction
were determined. As a result, the average microhardness of the three coated samples was
1661.7 HV, which is approximately 3.5 times higher than that of the base steel. Scanning
Electron Microscopy (SEM) was used to characterize the morphology, density, and structure
of the transition layer of the coating, confirming low porosity. Friction tests conducted using
the “ball-disk” scheme showed the high wear resistance of the coating and its ability to ef-
fectively protect the substrate. This study demonstrates that ZrCN coatings obtained by the
HVOF method represent a promising solution for extending the service life of components
used in agricultural machinery.

Keywords: microhardness, HVOF, coefficient of friction, tribology, ZrCN coating, scanning
electron microscopy.
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SINGLE-FREQUENCY FILTER FOR SIGNAL PROCESSING

Abstract. Modern methods of band-stop filtering are sensitive to the influence of
high-frequency single-frequency interference, which significantly distorts the shape of the
informative signal. The noted feature is leveled by the system of narrow-band high-Q band-stop
filtering developed in the article. The narrow-band high-Q band-stop filter is approximated
by the Butterworth polynomial of the second degree and has the property of a closed circuit
of the negative feedback loop, which, unlike the existing system, ensures high-precision
processing of noisy measurements. The choice of this second-degree polynomial is justified
by its maximally flat and symmetrical amplitude-frequency characteristic, the absence of
pulsations in the interference suppression band and signal transmission, as well as the
allocation of the lowest distortion for the selected order. The article under consideration
presents the result of synthesis of a control system for a narrow-band high-Q band-stop
filter with a variation of the correction coefficient of the feedback loop, which increases the
efficiency of processing noisy measurements when introducing a value for this coefficient
K = 0.1. It was revealed that the smallest value of this coefficient, compared to the value
obtained when forming single feedback, significantly increases the value of the filter gain on
its frequency response and thereby ensures narrowing of the suppression band to increase
the quality factor of the rejection filter at the interference frequency. Moreover, a non-random
and significant correlation relationship was found between the measured indicators, caused
by a decrease in the accuracy and noise immunity indicators of the signal processing system
with an increase in the values ofthe correction coefficient of the feedback loop of the rejection
filter of the selected order. At the same time, understanding the discovered relationship
used in developing a method for processing noisy measurements will significantly improve
the accuracy and noise immunity of the signal processing system. The presented results,
characterizing a statistically significant and non-random relationship, confirm the operability
and functioning of the signal processing system, which determines the operation of a
high-quality rejection filter when filtering single-frequency interference.

Keywords. Filter, signal processing, feedback control, accuracy, noise resistance.

Introduction. Today, the development of new and robust methods for rejection
filtering against high-frequency interference is a pressing issue in the processing
of measurement information. This relevance stems from the fact that such filters
largely allow their parameters [1-4] to be adjusted to those of the processed sig-
nals when isolating the informative components of the signal from an additive
mixture of high-frequency and single-frequency narrowband interference. Inter-
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ference with such frequency content is primarily induced by the electrical network
[5,6] when connecting external high-frequency devices [4] and various motors
[7,8]. The presence of interference in signal information can significantly affect
the measurement accuracy of the signal component, which can only be improved
through the use of filtering methods [2,4,9].

Among the filtering methods, not only notch filters but also low-pass filters
[10] are capable of filtering this interference. Unlike notch filters, low-pass filters,
due to the characteristics they impart when filtering interference, are capable of
smoothing the amplitude of the information signal, which is mainly due to the type
of placement of the root loci-zeros and poles and their distance from each other
on the complex plane. Consequently, a notch filter on the complex plane localizes
the root loci-poles and zeros-rather close to each other due to the presence of
the parameter s2+ w2in the numerator of the continuous transfer function of this
filtering element [3].

The frequency response of a band-stop filter is approximated in the vast major-
ity of cases using polynomial models [2-4], which allow one to achieve the required
form of the amplitude-frequency response for solving the signal processing prob-
lem. Among the well-known and widely used polynomial models for approximating
the frequency response are those based on the Butterworth, Bessel, Chebyshev,
Newton, and Cauer polynomials [2-4,9]. The listed polynomial models allow one to
obtain a clearly distinguishable frequency response of the filter [10], which affects
the efficiency of signal processing when filtering out the interference signal. Due to
the use of the listed polynomial models for approximating the frequency response,
the class of these methods is usually called the Butterworth, Bessel, Newton, Che-
byshev, and Cauer polynomial filters [10].

According to the research data on notch filters [2, 11-14], among the listed
methods of notch filtering, the filter approximated by the Butterworth polynomial
provides high accuracy of signal processing. This is mainly due to the low val-
ues of signal processing accuracy and the generation of the largest values of the
intrinsic error of these filters associated with their frequency characteristics, the
noise stop band and the quality factor Q of the notch filter. In addition, the quality
factor also has a significant impact on the accuracy of processing during signal
measurement and the value of this indicator can be low only in the case [2] when
the noise stop band is expanded. In the works [10], it was identified and estab-
lished that two approaches are mainly used for the synthesis of notch filters using
polynomial models.

The first approach is based on the use of a stop-band of interference B, while
the value of the quality factor Q of the filter under consideration is inversely pro-
portional to this indicator. Consequently, the efficiency of signal processing at the
output of such a system under the influence of single-frequency narrow-band in-
terference will be insufficiently high [2]. In addition, this approach to the synthesis
of a rejection filter is accompanied by a doubling of the filter order, which may be
a characteristic process in the production of band-pass filters and band-stop poly-
nomial continuous filters [10]. It is important to emphasize that in this approach,
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when using an approximating first-degree polynomial n=1 for synthesis, the order
of the filtering system is equal to two, that is, n=2, which leads to a change in the
characteristics of the filters and is considered a feature of this approach.

The second approach is based on a parallel connection of the transfer func-
tions of high-pass and low-pass filters (HPF and LPF), where the lower filter notch
boundary is characterized by the cutoff frequency wifor the HPF and the upper
cutoff frequency w2for the LPF. The overall transfer function W(s) of such a notch
filter is calculated by adding the two transfer functions of the HPF and LPF. This
approach differs from the first in that, instead of the interference stop-band B, the
cutoff frequencies wland w2are used, defining the rejection width of a single-fre-
quency interference variable over a specific frequency range.

In [2], building on approach 2, a new single-frequency notch filter is synthe-
sized. This filter is based on a second-degree Butterworth polynomial and is char-
acterized by high filtering efficiency for noisy signals and accuracy compared to
the Daubechies filter [11,15]. The key characteristic of the synthesized new notch
filter is its high frequency quality factor, as well as its uniform frequency response,
which has a positive effect on the efficiency of signal processing.

However, despite the noted superiority of the synthesized notch filter [2] over
the Daubechies filter [11,15], the question of its further development by forming
a feedback loop to correct its frequency response is currently considered open.
Solving this processing problem is necessary to increase the gain on the filter-
ing system's frequency response, which is inevitably reduced by forming a sin-
gle-feedback loop. Therefore, synthesizing the overall transfer function of a notch
filter with negative feedback to evaluate the effect of the correction coefficient on
the frequency response for this element is a relevant and fundamental problem
requiring a comprehensive approach.

In contrast to [2-4], this article presents the results of an assessment of signal
processing accuracy by analyzing the effect of the feedback loop's correction co-
efficient on the frequency response of a single-frequency notch filter.

Materials and research methods. The synthesis method is based on the
mathematical apparatus of transfer functions of continuous analog filters in a
normalized frequency range, allowing the synthesis of high- and low-pass filters,
where the resulting general transfer function for a single-frequency rejection filter
is obtained by adding two filter circuits of the signal processing system, which has
the form:

1
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The general transfer function W(s) of a single-frequency notch filter is:

w(s) = VKi(s) + w2(s) =

£c | (0? sl+U il

@)

The control system for the synthesized general transfer function of the notch
filter is implemented by adding negative feedback with a correction coefficient
K, variable in the range 0.1<K<1.0, respectively. The transfer functions of a sin-
gle-frequency notch filter with a second-degree Butterworth polynomial with coef-
ficient K are as follows:
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The properties of a synthesized second-order notch filter control system are
assessed in two stages: direct and indirect parameters at a normalized cutoff fre-
quency of w = 1rad/s [10]. The indirect parameters are the amplitude-frequency
response (AFR) and root-square characteristic, while the direct parameters are
the filter's transient response. These parameters are considered informative for
identifying the internal processes occurring within the filtering system's structure.

A relationship illustrating the influence of the feedback loop correction coeffi-
cient is demonstrated using a linear regression analysis method, which allows one
to determine the strength of the relationship between the evaluated parameters
[16], calculated at the output of the synthesized notch filtering system. The param-
eters used in the evaluation were those that most fully characterize the filtering
system's performance when solving a signal processing problem.

The closeness, strength, and direction of the estimated relationship between
the correction coefficient and the indicators are determined using the Chaddock
scale and characterized as follows: 0.9<r<1.0 - very high (strong) relationship,
0.7<r<0.9 - high relationship, 0.7<r<0.5 - noticeable relationship, 0.5<r<0.3 -
moderate relationship, 0.3<r<0.1 - weak relationship. The non-randomness of
the resulting relationship between the indicators is characterized by the p-level of
significance, where the threshold level for accepting the hypothesis of a significant
relationship is p = 0.05, respectively.

Research results. The results obtained after substituting (1) and (2) the value
w=1 rad/second into the overall W(s) transfer function (3) of the notch filter with
feedback (4) for 0.1<K<1.0, made it possible to study the endowed properties illus-
trated in Figure 1 In this case, Figure 1 shows, for clarity, the filter characteristics
calculated for the values of the contour coefficient K=0.1, K=1.0 and without feed-
back (w(s) for comparison purposes) from all the analyzed frequency characteris-
tics of the filters for 0.1<K<1.0.

Figure 1- Effect of the feedback loop correction coefficient on the frequency response of
the notch filter
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From the figure, it's easy to see that the notch filter with a K=0.1 correction
factor in the feedback loop has a gain of 0.9 in the frequency response, while for
K=1.0, the gain in the frequency response is 0.5. Furthermore, the filter gain of 0.9
achieved with K=0.1 is 1.8 times greater than the gain of 0.5 achieved with K=1.0
(unity negative feedback), respectively.

Furthermore, if we compare the filter frequency response characteristics, we
can see that the frequency response with K=0.1 has a steeper roll off than with
K=1.0 and without a feedback loop. However, a notch filter without feedback, com-
pared to K=0.1 and K=1.0, has a frequency response gain of unity and a wide
rejection band. Given a wider rejection band, this will result in a low Q factor and
can significantly impact signal processing efficiency. Therefore, for a more thor-
ough understanding and description of these effects, Table 1 presents the results
of evaluating the properties of notch filters.

Table 1- Evaluation of direct and indirect indicators of the filtration system

Direct and indirect indicators

0,1<K<1,0
Zeros Poles Transient time, s
0,1 -0,064+0,998 i 61,7
0,2 -0,118+0,993 i 33,7
0,3 -0,163+0,987 i 24,4
0,4 -0,202+0,979 i 20,8
0,5 . -0,236+0,972 i 18,0
-0+1i X
0,6 -0,265+0,964 i 15,3
0,7 -0,291+0,957 i 14,9
0,8 -0,314+0,949 i 12,5
0,9 -0,335+0,942 i 12,4
1,0 -0,353+0,935 i 12,2
W(s) -0+1i -0,707+0,707 i 7,0

The presented filter property assessment shows that, due to the decrease
in the feedback correction coefficient of the rejection filters, the poles move
closer to the imaginary axis (/), thus increasing the transient time. The distance
between the pole and the imaginary axis for K=0.1 is only 0.002 units, while for
a filter with K=1.0, this distance is 0.065 units, which provokes the formation
of a long transient process with a time of fp=61.7 s at K=0.1 compared to the
filter without feedback and the filter with K=0.1, according to the assessment
presented in Figure 2.

Moreover, the smallest distance between the pole and the imaginary axis of
the notch filter at K=0.1 on the frequency response (Figure 3) produces a steeper
roll-off and a narrow filter noise suppression band, which makes it possible to
obtain a high-Q notch filter that affects the signal processing and the fulfillment of
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the condition for minimizing the error e(t) of the measurement estimate. Moreover,
the formed distance of 0.293 units between the pole and the imaginary axis for a
single-frequency Butterworth notch filter without feedback, in contrast to the notch
filters with feedback under consideration, generates a gain on the frequency re-
sponse equal to 1 Thus, the differences in the characteristics provide a complete
basis for stating the identified features of the synthesized filters, taking into ac-
count the influence of the correction coefficient of the feedback loop at 0.1<K<1.0
on the quality indicators of the system during signal processing.

In order to obtain the results of signal processing, the additive model of sinu-
soidal signals and its rejection filtering has the form as shown in Figure 3 for a filter
with K=0.1.

From the above notch filtering result for K=0.1, it follows that the synthesized
notch filter can filter out single-frequency interference of w=1 rad/s and isolate the
signal’s information component similar to that of the noise-free reference signal.
The introduced distortion in the form of undamped oscillations for this filter should
be considered inherent to this process, caused by the close proximity of the sys-
tem’s poles to the imaginary axis. This leads to the emergence of a long-term
transient process, which also affects the signal e(t) of the measurement estimation
error, shown in Figure 4.
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Figure 4 - Measurement estimation error

From the presented assessment it follows that the notch filter at K = 0.1 en-
sures the minimization of the measurement error of the signal components, con-
verging to zero, and allows us to state an increase in the measurement accuracy
of the components of the signal s(t) under consideration. However, in order to
speak about the increase in accuracy, there is a great need to conduct a quantita-
tive assessment of such indicators that can most fully characterize the operation
of the signal processing system. Such indicators can be the signal-to-noise ratio
(SNR), the root-mean-square deviation (MSE), calculated between the readings
of the reference and filtered noisy signal, adapted from [16]. The results of the
indicator assessment are presented in Table 2.
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Table 2 - Evaluation of signal processing efficiency

Direct and indirect indicators

0,1<K<1
SNR_before, dB SNR_after, dB MSE, mV
01 12,250 4395-104
02 11,732 4,986 104
0,3 9,602 5,633 104
04 7,543 6,616104
0,5 5,778
0.969 7,555 104
0,6 4,276 8,412104
0,7 2,979 9,185104
0,8 1,844 9,879 104
0,9 0,835 1103
10 -0,069 1,1103

The presented assessment shows that a Butterworth notch filter with K=0.1,
compared to K=1.0, provides high measurement accuracy (MSE) and SNR of pro-
cessed signals to single-frequency interference. It should also be noted that the
lowest MSE value indicates similarity between the filtered signal and the reference
signal.

The impact of the correction coefficient 0.1<K<1.0 of the notch filter's negative
feedback loop on signal processing performance can also be determined using a
linear regression analysis of the parameters. For this analysis, the K coefficient
values should be selected as the predictor, and the SNR and MSE parameters
should be the focus variables of the study. The results of the analysis can be
visualized using a scattergram, with the paired correlation and determination coef-
ficients calculated, as shown in Figure 5.

The results presented in Figure 5 demonstrate a close, linear rela-
tionship between the SNR, MSE, and K, characterizing the influence
of K on the performance of the signal processing system. A non-ran-
dom negative correlation was found between the SNR and K at r = -0.991,
R2=0.982, and p = 210-7, indicating a decrease in the SNR with increasing K. A
direct, non-random relationship was found between the MSE and K at r = 0.993,
R2=0.986, and p = T10-7, characterizing an increase in filtering error due to an
increase in K. Thus, the results of the relationship assessment obtained through
linear regression analysis are consistent with the data presented above.
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Figure 5 - Dependence of the influence of the feedback loop correction coefficient on the
signal processing quality indicators: a) SNR - the ratio of the filtered sinusoidal signal to
the single-frequency interference; b) MSE - the standard deviation of the signal processing
results between the test and filtered signals

The scientific novelty of this research result lies in the established relationship
between the SNR and the MSE of the signal-to-noise ratio and the values of the
correction coefficient of the negative feedback loop of the notch filter:

- changing the coefficient values in the range from 0.1 to 1.0 changes the sig-
nal-to-noise ratio; further increasing this value leads to a decrease in the effective-
ness of processing noisy measurements in terms of noise immunity;

- decreasing the correction coefficient of the feedback loop by 0.1 narrows
the single-frequency interference suppression band in the internal structure of the
system, thereby increasing the frequency quality factor of this filter and the effec-
tiveness of processing noisy measurements in terms of accuracy by 4.795 104mV
and noise immunity by 12 dB.

Conclusion. This article presents new performance evaluation results for a
previously developed single-frequency notch filter based on the Butterworth poly-
nomial. The effect of the negative feedback loop correction coefficient is evaluat-
ed for this second-order single-frequency notch filter. It is shown that the Butter-
worth single-frequency notch filter, with a feedback coefficient of K = 0.1, exhibits
a steeper frequency response roll off, the width of which is significantly narrower
than that of a filter without feedback. This paper establishes for the first time the
influence of the negative feedback loop correction coefficient on the signal pro-
cessing accuracy and noise immunity of a Butterworth single-frequency notch filter
by an average of 12.250 dB with a non-random inverse correlation coefficient of
0.991, respectively.
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CUTHANOAPAObLI ONOEYTE APHANFAH B1P XXNUTIKT1 CY3H

TYWingeme. Ka3ipri Tauga KongaHbicka e 60MbIN KeMeTiH pexeKTopnbik cYarinep 6ip
MaHZi XoTapbl X LW NKT WyblNAbl Kegeprrepil, acepiHe ate cesimtan 6onbin kenegi. Ha-
TUXECiIHAEe afllleHeTW curHangapgabil, popmacblH GypManaHabipbin aybiTKyapTa yllbl-
paTagbl. ATan aTtkeH aybiTKy Typl kapacTblipyTa YCbIHbIITAH Makanaja KyblC XonakTbl 6ip
M3HZi Xuiniri 6ap pexekTopnbik cy3n xYWeciMeH xolibinagbl. KybiC X0nakTbl 6ip MaHAi
XWiniri 6ap pexXeKTop/blK Cy3NCLULL XMINIKTIK cunaTTamachl ekiHwi aapexeni batTrepsopT
KanMmYwweciMeH annpokcumauusinaHTaH XaHe KypambiHAa kepi 6alinaHbicneH TyWhbikTan-
TaH, an 6ackaja XyilenepMmeH canbiCThlpTaHAa LWyblbl 6ap anweynepai xorapbl A314K-
neH augeiint KapacTbipbin OTbIpTaH cY3rire ekiHwi aapexeni kanmYLeHi Taunay OHbIL,
MakcMManabl TEeNc X3He CUMMETPUsiSibl aMNAUTyAa XUiNikTiKk cunatTaMmacbiMeH, Lybl-
fapabl cY3riney Xuinik xxonaTslHAa NynTaepal, 6o1MaybiMeH X3He a3 ayblTKynapblH a3
Manwepge 6anyiMeH HerizgenreH. XXuwiw o6/bICbIHAATLI KYbIC XOMAKTbl PEeXeKTOPbIK
Cy3nHL, 6ackapy Xyihecwu, cuHTe3i kepi 6ainaHbiCTbil, KO3IPMULMEHTIH Koppekuusanay
nnanasoHbiHAa kenTipinreH. Ocbl KO3 puumeHTy MaHi K=0,1 6onTaH xatgaliga anektp-
NiK Wyblnbl 6ap anwemMmaepaly auney HITWXeNiri XoTapnaiTbiHbl TONbITbIMEH @HbIKTasbIN
KkapceTinreH. CoHpaili-ak 6yn Ko3(h(UUMEHTNEH PEXEKTOP/IbIK CY3MHL, aMnanTyganbik
XWinik cunatTamacbiHga 3NeKTPAK Wyblabl cY3riney AuanasoHbiHAa KybIC XONaKTbIL,
narifa 60nybliH kamTamachi3 eTefi. COHbIMEH KaTap peXeKTop/blK Cy3nHL, 6epinic yHkK-
LMACbIHbIL, Kepi 6ainaHbic KoahduuneHTIMEH Koppekuusnay MaHAepiMeH curHangap-
OblL anwey A3NA4WTH X3He WybliTa TasiMAiniriH aHblKTaliTbiH KapceTiowTep apacbiHia
Kesfeincok emec koppenauusanblk 6alinaHblc aHblKTanabl. AHbIKTaNTaH Koppensiyuanbik
6alinaHbICTbl WyblNbl 6ap anwemaepai augey 3ficiH 33ipney kesiHge KapacTbipbin X3aHe
KonpaHyta 6onafbl. OpHaTbiNTaH 6alinaHblCTbl MaTeMaTuKablk CTaTUCTUKA TYPTbICbIHAH
aHblKTacak, 0/ ajllleHreH CUrHanfapAbl auaey XyhecLil, H3TUXeNiriH ToNbITbIMEH pacc-
Taigbl.

TYWingi cesgep: CYsri, curHangapabl auaey, 6ackapy, kepi 6aiinaHsic, 43n4iNiK, Wybln-
Ta Tasimginik.

AnTaii E.A.] Abnew I'.1, depgopos A.B.2
ISatbayev University, 1. AnmaTbl, KasaxcTtaH
2ATMO University, r. CaHkT-MeTep6ypr, Poccus

OOHOUACTOTHbIN ®UNBbTP A/19 OBPABOTKN CUTHAMOB

AHHOTauusa. CoBpeMeHHble MeTOAbl PEeXeKTOPHON uabTpauMn YyBCTBUTE/bHbI K BAWSA-
HUIO BbICOKOYACTOTHO OfHOYACTOTHOW MOMEXM, KOTopas OKa3blBaeT CyllecTBeHHOe Mcka-
XeHune PopMbl MHOPMATUBHOIO curHana. OTMeYeHHass 0COGEHHOCTb HUBEMPYETCA nyTem
pa3paboTaHHOW B CTaTbe CUCTEMbI Y3KOMO/IOCHON BbICOKOAOBGPOTHON PeXeKTOPHOW nnb-
Tpauuu. Y3KOMOMOCHbI BbICOKOAOGPOTHbIV PEXEKTOPHbI MAbTP annpoKCMMUpOBaH Mo-
nmHomMom BaTTepBopTa BTOpOi cTeneHun v o6najaeT CBOWCTBOM 3aMKHYTOW LEenu KOHTypa
oTpuLaTenbHO o6paTHOli CBA3W, YTO, B OT/INYME OT CyLLeCcTBYyloLei cucteMbl, o6ecneynBa-
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€T BbICOKOTOUHYI0 06pab0oTKy 3allyM/IeHHbIX U3MEPEHWA. BbIGOp faHHOTO NoMHOMA BTOPOiA
cTeneHn 060CHOBaH €ro MakCHMasbHO MN/IOCKON M CUMMETPUYHOK amMnanTyAHO-4acTOTHOM
XapakTepucTukoid, OTCyTCTBMEM Nynbcauuii Ha nosioce MofaBfieHWs MOMeXM W nponycka-
HUSi CUrHana, a Takke HajeNeHWeM HauMeHbLUEro UCKaXEeHUst Afs1 BbIGPaHHOro nopsiaka.
B paccmaTpuBaeMoii cTaTbe npeacTaBfieH pesysbTaT CUHTE3a CUCTEMbl ynpaB/ieHus Y3Ko-
NOMOCHbIM BbICOKOA0BPOTHBIM PEXEKTOPHbIM (hUNLTPOM NpY BapuaLum KOppekTUpytoLero
KoadhpmumeHTa KOHTypa o6paTHOl CBA3W, MOBbILWAWOWMIA pe3ynbTaTUBHOCTL 06paboTkM
3allyM/IEHHbIX U3MEpPEHUiA NpU BBELEHUM 3HAYeHWs AN AaHHOro Koadhdmumenta K = 0,1.
BbISIB/IEHO, UTO HauMeHbllee 3HauyeHue JaHHOro Ko3uuneHTa B CpaBHEHUM CO 3HAYEHU-
emM, noslyyaembiM Npy (QOPMUPOBAHUM eAUHUYHOW 06paTHOl CBA3W, CYLLEeCTBEHHO MOBbI-
lWaeT 3HaueHne KoaghuumeHTa ycuneHus uabTpa Ha ero YacToTHOW XapakTepucTuke u
TeM cambiM o6ecrneynBaeT CyXeHue Monochbl NoAAaBMEHWUA NS NOBbILEHUS [OOGPOTHOCTU
peXeKTOpHOro hmunbTpa Ha yacToTe cpesa nomexu. bonee Toro, o6HapyxeHa HecnyualiHas
1 3HAUMMasn KoppensiLMoHHas B3auMOCBA3b MeXAy U3MEPEHHbIMU rnokasaTensiMu, o6ycnoB-
NIeHHasi NMOHWXEHWEeM rokasaTtesieli TOYUHOCTU W NMOMEXOYCTONUMBOCTU CUCTEMbI 06PaBOTKM
cuUrHana npu yBennyeHWn 3HauyeHuil koppekTupytolero koadypuumeHTa KOHTypa o6partHoi
CBAI3N PEXEKTOPHOro hmnbTpa BbiGpaHHOro nopsifka. BmecTe ¢ TeM noHUMaHue oGHapy-
XEHHOW CBA3W, MCnonb3yemol npu paspaboTke meToda 06paboTKM 3allyMSIEHHbIX M3Mme-
peHuii, NO3BOMNT CYLLECTBEHHO YNy4llUTb TOYHOCTb M MOMEXOYCTOWYMBOCTL CUCTEMbI 06-
pa6oTku curHana. MNpeacraBneHHble pe3ynbTaTbl, XapakTepusyline cTaTUCTUYECKU 3Ha-
UMMYK U HecnyvaiiHyl CBS3b, NOATBEPXAalT paboTOCNOCOGHOCTb U (PYHKLMOHMPOBAHMWE
cuctemMbl 06paboTkM curHana, onpegensioweid paboTy BbICOKOAOGPOTHOIO PEXEKTOPHOro
unbTpa Npyn uabTpauny 0L4HOHACTOTHON Nomexu.

KnioueBble cnosa. ®dunbtp, o6paboTka curHana, obpaTHas CBs3b, TOYHOCTb, MOMEXOY-
CTOMYMBOCTb.
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Xupeuynosa . E.1 Bek6onaToB C.5.1 AmaH A.] >KopaHoBa H.1

M.X. QynaTtu aTtblHaarel Tapa3s yHuBepcuteT!, Tapas k., Ka3akctaH

MAMAHZAH/bIPBIIPAH CAHAbBIK KYPBIIPBITAPAbLI OKY
NMPOLIECIHAE KOMOAHY

TYWingeme. Binim 6epy canacbiHaarsl LMQPbIK TEXHONOTMANAPAbIL AaMybl €3€KTTKNEeH
6enrineHesi xxaHe MeMeEKeTTIK Aelrelifie XaHe Xannbl XypTLWbI/IbIKNEH Kongay KepceTinegi.
Lindbpnanabipy 6yn «umdpblk anwakTbik», «Unpbik azaMaTTbik», «UNpabIK aneymerT-
TeHyaWw»xaua aneymeTTik xarganbl. binim 6epyaeri Herisri esrepictep 6miM 6epyai uudp-
naHfblpymeH 6aiinaHbicTbl. Lindpnanabipy npoueaHie OKbITY KypblibiMbl MeH 6miM 6epy
npoueciH yiibimaacTtblpy TY6ereiini esrepegk Xaua aknapaTtTblK-KOMMYHUKALUANbIK TEXHO-
norusnapasl nanganady uupblk negarorvkaHbl ofaH apl AambiTyAbll, 6acTankbl WapTbl
6onbin Tabblnagbl. Makanaga FPGA TexHonorusnap kemeriveH oky YpgiciHae konpaHa-
TblH CTyleHTTepAL, cabakka KaTbiCyblH KagaranaTblH nporpammanapgbl yibiMaacTbipbin,
onapaely, naiigansl xargainnapbl ycbiHblnyga. Komnbtotepge FPGA TexHonornsnapbimeH
Kypbl/iraH nporpammasnap apkbiibl CTyfeHTTepAL, cabakka KaTbiCyblH HeEMece CTyAeHTTep-
Ai OKbITyWblNapabll, 6aranaybliH aBToMaTTbl TypAe YilbIMAACTbIPYbIH, kKeTepy yubl naiaa-
naHyra 6onagbl. Ocbl Typrelga FPGA TexHonorusanap HerisiHge nporpammanap xacaygbil,
Taxipnbenik kongaHbic keplHlcl KepceTTreH.

TYWingi cesnep: FPGA TexHonornsnap, NporpaMma, eHaipinreH xyiienep, uvudpnaqabipy,
MQTT cepsepa Arduino Mega atmega 2560 mukpokoHTposnnepa IBM Rational Rose CAS,
wabybingapasl TaHy, Python.

Kipicne. 3eptrenln otbipFaH MamaHgaHAbIpbINraH caHAblK Kypblarbinapabl
OKy npoueclige kongaHy xyreclH kypy macene 6olibiHwa Lndpnbik TeXHoMo-
rmanapabl lcke acbipy 611lm 6epy canacbliH ga atHanbin eTkeH )ok. 2020 Xbln-
Fo 4 Haypbidga KasakcTtaH npe3ngeHT! Kacbim-XXomapT TokaeB «Lindpnbik
KasakcTaH» MemnekeTT!k 6aFgapnamachiH Xy3ere acbipy XeH!Hae keueclije:
«03blK TeneKkoMMyHuKauuanapabiy, kemer!meH 6!3 asamatTapbiMbi3Fa Undp-
NbIK 3/1eMHLY, 6apnblk MyMKIHAIKTEp!H awambli3. byn Tek 3aMaHayun Kbi3meTTep,
OHNanH 6w!m 6epy, TenemeguumHa FaHa emec, 6yn eTte maubi3gbl, 6!3 OHbI
TyclHem!3... Bl3aw aymaFbimbizgaFbl ynkeH en!m!3 ywl'd TanaHTTapabil, Kysbl-
peTTepalw, naeanapabiy MyHaai 6'pnect!r! - opacaH 3op cepnwa! pecype» [1].

dplctemen!k TypFbigaH 6!nlm 6epy xyliec!H undpnaHabipy xaua Ky3blpeTTtinlk
Taclng! kongaHa oTbipbIn, Xaua 6!nlm 6epy cTaHgapTTapbiHa cyiieHen!l. Oky ma-
TepvangapbiH xacay Kypasbl, Tu!Mg! OKbITY ywlH CTyAeHTTepalw, ma3mMyHbl MeH
6w!mbl Tn!ma! xeTk!3y Kypanbl kaxeT. Peceiink xoFapbl oKy opbliHAAapbl Xasblka-
panbik 6ln!m 6epy nnaTdopmanapbiHbIl, pecypcTapbiH e3 aslpnemenep!Huy, mas-
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MyHbIMeH 6ipiKTipeTiH exl KOMnoHeHTa aknapaTTbik-6”M 6epy opTacbiH nanga-
nNaHagpl, 6yn B3iHin IT-aneyeTiH gambiTyra biknan etegi. AknapaTtTbik-6"M 6epy
opTacbiHbin 6"M 6epy npouecwu, kazlprl 3amaHrbl LUUpabiKk 6a3acbiH €Hridy
KaxeT. Tuimai XXOO toke acbipy ke3 kenreH XXOO gamMyblHbIN Heri3i 60bIn Tabbl-
nagpl. Xorapbl 6inim 6epyai umdpnaHgbipy npodeccop-okbITyLWbinap KypambliHa
KOWblNaTbIH GiNIKTINIK TananTapbliHa e3repw Tep eHrizeqi. OKbITyLWbl/1ap XYMbICbIH
XevwgeTteTw UUGpPbIK TEXHONOMUSANapabl kongaHa 6acraiigbl.

Binim 6epygi undpnaHasipyra 6ainnaHbicTbl 6iniM 6epyaeri esrepo Tep endek
HapbIrbiHAA Tepen e3repictepre akenegk byn 6inim 6epy npoueciH ogaH 3pl kaiiTa
Kypyra ce6en 6onagbl. dnemMHLy 6ap/iblK Xorapbl OKY OpblHAAPbIHbIV 3/1EKTPOH-
[OblK KiTanxaHa pecypcTapbl, coHAai-ak Y3gik okbITywblnapabin OKy MaTtepuan-
napbl 6apnbik 6L1lv anywsinap YwiH KomkeTimai 6onaabl. Angarbl Xblngapbl kes
KenreH TWAEeH MaTiHAEp MeH ceiineynepdi aBTomathl TYPAe ayaapyabin ocbiHAak
xYWenepi asipnenin, eHrisinetiH 60nagsl. MyHaali apekeTTep 6L1lm 6epy npoue-
aHLl, eneyni kaihTa KypblnyblHa, MyFanimMHin peniH esrepTyre akeneg” on 6ona-
LwakTa ocbl Hemece 6acka matepuangbl TYciHaipmenai, 6ipak ocbl Matepuangbin
opHanacyblH Tabyra X3He OHbl TYCiHyre kemekTecegi.

3epTTeyAw, MakcaTbl - UMpnaHablpy npoueaHAe OKbITY KypblibIMbl MeH
61l1lm 6epy NPOLECIH ylibiIMaacTbIpy GarbiTbiHAa €3repicTep €eHrize OTbipbin, OKY
YpaiciHae OKbITyWbINapAbln yakblTblH YHEMAEY, CTyfeHTTepdin cabakka KkaTbl-
CyblH ouTalinaHablpy MakcaTbiHa X3He aTa-aHanapAbly 6ananapbiHbiv cabakka
KaTbICyblH 6akblnay MYMKIHAirH 6epeTiH MaMmaHAaHAbIpbITaH cCaHAbIK KypbIarbl-
napfbl oKy npouecinge kongany xYleci kypy.

MaTepuangap MeH aaloTep. Kes-kenreH samaHayn KOMMblOTepnT xYle ma-
MaHAaHAgblpblaraH 6ackapy wewimaepiHiv ekl Herisri 6arbITblHa Heri3genreH: 6ar-
JapnamanaHaTblH JIOTMKanblK KOHTPOJIIEP/IEP X3HE MUKPOKOHTponnepnep. byn
apTYpAni yHKUUsiNapabl OpbIHAAWTLIH Kaccukanblik Aepbec KoMnbioTep emec,
kenemMai Hapce. OHbIY MUKPOMNPOLLECCOPbl HEMEece MUKPOKOHTponnepi 61p Hemece
GipHelle HakTbl Tancelpmanapbl opbiHAay YUWiH angbiH ana 6aBgapiamManaHraH.
Keliblp mogenbaepaiv MakcaTbiHa kapali e3gepbluy 6argapnamarnsik Xxacaktama-
napbl, SrHM Mukpobargapnamanapsl 607ybl MYMKIH. BiniMm 6epy HapbIrbiHbIN Xa-
haHgaHybiHa GaiinaHbicTbl 6 M 6epy xYWeciHe kolibinaTbiH TananTapibiv xana
XWBIHTbITbI KanbinTacyna. Herlarl TananTapfbiv 6ipi-HaKTbl X3He Te3 e3repeTiH
611lm 6epy Kbl 3M € T HapbIrblHAA XYMbIC icTey MYMKiHAir. MyHaal kabineT 6ac-
KapyZblu npoueccke 6GarbiTTanraH KypblibiMbl X3He Mekeme blHaen aBTomar-
TaHAbIpblIraH 6u3Hec-npouecTepi 6ap xorapbl OKy OpblHAApbIHAA KamMTaMachl3
eTinyi MYMKIH. AKknapaTtTblK peBoaouusa AayipiHge undpnbik 6L1lv 6epy TeXHOMO-
rmanapbiH KongaHyabl aptTa Kasybl 6inim 6epy canacbiHblM KypT TEMeHAeYiHe
X3IHEe KoraMpblK KaXXeTTinikrepre kaHarattaH6ayra Y/ikeH kayin TeHgipeai.

EngipinreH xYWenep (embedded system) - onap 6ackapaTbiH Kypblarbiga
XyMbIC icTeyre apHanraH apHaiibl xYVenep. MyHga 6apnbik TYWiHgep kenicinren
XaHe GekiTinreH xocnap Heri3iHae epexesnep XMbIHTbIrbIHA C3Kec bipaecin Xxy-
MbIC o TelAx Onapapiv KemerimeH onap 6lp Hemece GipkaTap Tancbipmanapabl
yiibiMaacTbipagbl X3He xY3ere acblpagbl. Onap carat CUsKTbl XYMbIC icTeigi:
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erep KOMMNOHeHTTepAL, 6ipi e3 MwaeTTepw opbliHAAayAbl TokTarca, 0HM Xymbic
loTeil anmangbl. Arin, 6apnbik 3anemeHTTep 6ip-6ipiHe Tayengi. Tek caraTtTbikK
6enKTepALl, OpHbiHA annapaTTblK X3He GargapramMalibik xacakraMma MUKPOMnpo-
ueccopnbik embedded xYVecinae GipikTipinesi. FPGA CUAKTbI XaH-XakTbl 6acka
TEXHOMOrMsHbl enecTteTy kubiH. FPGA-Field - Programmable Gate Array, srim 6ar-
[apnamanaHatbiH norvkansik Matpuua (PLM), 6argapnaManaHatbiH NOrMKanbik
nHTerpangbl cxema (plis). Byn nornkanbik aneMeHTTEp, TPUITEPNEpP, Keige xeaen
Xafbl X3He onapAablH apacbiHarel 6argapiaManaHatbiH 31ekTp 6alinaHbicTapbl
6ap umn xacanTblH TexHonorusa. byn xargaiga FPGA 6argapnamanaysl 6argap-
nama emec, 371eKTp TO6GENH Xacay CUsAKTbl KepiHegi. MeH 6yn TeXHONOrMsaHbl By-
pblHHAH KONAaHaMbIH X3He onapAblH ApaenwTHe 6aiinaHbiCTbl MEHLY, Ke3kapa-
CblM GOWbIHIWA el nalganbl KocbiMWwanapabl cunatrayra TbipblcaMblH [2].

Eii angbiMeH, XYeHiH )XyMmbIc xacay anroputmi 1-ul cypeTke caiikec oiinacTbl-
pbingpl. XXYMeaeH xymbic 6paysepai KongaiTelH Kypbiarbl apKbiibl KOChIMLIAHbI
cepBepAeH opHaTy KaXeT ekeHfiriHeH 6acTanagbl. Jpl kapaii, KocbIMWAaHbIH Ke-
MerimeH a3 MQTT cepBepiHeH gepekTepai xibepe xaHe ana anacbi3. CoHgali-ak,
CTyAeHTTepAL, cabakka KaTbiCyblH HEMece CTyAeHTTepALy GaranaHybliH 6akbiiay
XYVleci gepekTepai cepsepaeH xi6epefi aHe okuAbl. ANbIHFaH ManiMeTTepre
6aiinaHbicTbl MaMaHAaHAbIpbIITaH caHAblK Kypblarbinapabl 0Ky npoueciHie Kon-
npaHy xYWeci cTygenTTepaly, cabakka KaTbiCyblH HeEMece CTyAeHTTepau, 6arana-
HybIH 6ackapa anafbl.

1-cypeT - XXyieHLy XyMblC xacay anroputm!

Kypbinrel MeH kongaH6a apacbiHga gepektepgi 6enicy YWiH XeHw npoTo-
KON KaxeT, einTkeHi HTTP ocbl makcaTTap YLWiH eTe ayblp NPOTOKON, COAaH KeliiH
MQTT npoTOKO/bI eTe Konabl.
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MQTT XATTAMACHI 2 Mi cypeTke caiikecC Y 06bekTWeH Typaulbl:

- bacnarep - 6enr” 6lp okuranap opbiH anraH kesue 6pokepre annapart xibe-
peTiH MQTT KnuneHTi;

- MQTT 6pokep-cepBepa 0/ 6acnarepaiepueH aknapar anaubl XX3He OHbl TUH-
T i36acapnapblHa xibepeui;

- aboHeHT - MQTT KAMEHTY 0N TUICTi BpoKepre xasblIraHHaH KeiiH Ken xar-
uanua «Tbiuualiybl» X3He 6pokepueH xabapnamanapubl kabblauayra XaHe eu-
ueyre ualbiH.

2-cypeT - MQTT xaTTamacblHblH CXemachbl

Arduino Mega atmega 2560 MWKPOKOHTPOJI/IEPiHE CasiblHIaH (TEXHUKa/bIK CU-
nattama). Taktaua 54 caHublk KIplc/ weirbic (OHbIY 14-1H PWM wWbIrbiCbl peTiHue
nalianaHyra 6onaubl), 16 aHanorTbik kipic, 4 UART cepusnbik nopTbl, 16 My,
KBapL, reHepatopbl, USB KOCKbILWbI, KyaT KOCKbiLbl, ICSP KOCKbILWbI X3He KaliTa
xYkTey TY/Meci 6ap. XKymbic toTey YuiH nnatdopmaHbl komnbloTepre USB ka6eni
apkbifbl Kocy kepek Hemece AC/DC auanTepH Hemece 6aTtapes XuHarbiH naiua-
naHbIn KyaT 6epy kepek. Arduino Mega 2560 Uno Hemece Duemilanove nnatcop-
mManapbiHa apHanaraH 6apnbik keueiTy TakTanapbiMeH Yinecimui (3-cyper).

3-cypeT - Arduino Mega

Paunoxutkt CaiikecteHuipy (RFID) — pauunoxuTk 6ainaHbic apHachbl
apKbl/ibl 06bEKTINepAi KOHTaKTICI3 calikecTeHuipy TexHosnoruscel. O6bekTinepai
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calikecTeHAipy epbip anekTpoHAbIK 6enrici 6ap 6ipe” naeHTUdUKaTop 6GONbIH-
wa xYprisineai. OkbipMaH 6enrini 6ip XuinikTeri InekTpomarHnT™ ToNKbIHAAPAbI
weirapadbl. benrinep xayan peTHAe aknapatTbl Xi6epegi - cOkecTeHAipy HEMH
pi, XXan aepekrepi xaHe T. 6. (4-cyperT).

4-cypet - RFID mogynb RC522

IBM Rational Rose CASE kypasibl XyMbIC iCTereH catTteH 6actan Y/ikeH 3BO-
NoUMAAaH eTTT XaHe Kasipri yakelTTa 6argapnamansik xYVenepaeri apxutekry-
panapbiH xobanayra, Tangayra, MoAenbAeyre xaHe faiblHpayra apHaaraH 3a-
MaHaymn GipiKTipinreH Kypangap XuHarbl 60Mbin Tabblnagel. [an ocbl xargaga
IBM Rational Rose 6argapnamacbiHga UML Tini ocbl Kypangap XUHarblHbIK TaHbl-
ManAblNbirbl MEH CTpaTernsasblk NepcnekTMBacbiH aHbIKTalTbiH 6argapnamanbik
xYWenepai Busyannsaumsnay xsHe AaMbITyfblK Herlarl TeXHONOrmscsl 6ongsl.

XXannel IBM Rational Rose ebimblge onap kamTamachi3 eTeTiH MYMKIHAIKTep
ayKbIMblHAA epeKLwesieHeTiH Kypanablk apTYpni MYMKiHAiKTepipi 6ap. Herisri Ky-
pan kasipri yakeiTTa IBM Rational Rose Enterprise Edition 60nbin Tabblnagbl, on
eK TO/bIK X06a Xacayra MYMKiHAiKk 6epear byn 6argapnamaHbliK €K Xakcbl 6arbl-
Tbl (PyHKUMOHaNALIK MYMKIHAIKTEPI eTe Ken.

BapuaHTTap guarpammacbl MOAenbAiK Xorapbl fgekreingen KoHUenTyangbl
KepiHici 60nbIn Tabblagbl, COHAbIKTAH ON TbIM Ken KOMAaHy argannapbl MeH
aKkTepnepiMeH KamTbliraH. KelliHHEH KypacTblpbl/iraH guarpammanbl naiganaHy
Xargainapbl MeH akTepsiep CUSKTbl Xaka 3/1emMeHTTepAi Kocy Hemece onapabl
XOK apKbinbl e3repTyre 6onagpl. Awy TYWMelliriH 6ackaHHaH KelliH KocbinraH
daingbik 6enriweci xoba LWONrbIWbIHAA C3likeC nanganaHy xarganbiHblK ac-
TbiHAa naiga 6onagpl. 57 i cypeTiHe calikec CTyfeHTTepAL, cabakka KaTbICyblH
ecenke any, 6aranay npoueci xYWecinik cayneti kenTipinren [4].
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5-cypeT - CTyaeHTTepAL, cabakka KaTbiCyblH ecenke any xyiheaHu, caynet

Hatuxenep. CTygeHTTepal, cabakka KaTbiCyblH ecenke any 6oiblHWa 3ane-
MeHTi - 6ip TakTanbl MUKPOKOMMbIOTEPNEPi, 0N y3aK yaKblT 60libl aBTOHOMAbI XY-
MbIC icTeligj, ocbinaiila xYWeninik neH kaTenepal, 60amMayblHa keningik 6epegi.
Xyie 6ipHewe dyHKuMsanapabl opblHgayra MYMkiHAK 6epegi, Mbicanbl: KipyAi
LueKTey CalkeCTeHAIpY; YakblTTbl €cenke asy; Aepekkopra aknapar eHrisy; Kes
KenreH KypbinarblgaH gepekrepdi 6akbiiay. Arduino 6argapnamacbiHa KiTanxaHa
XyKkTey kaxeT. XyieHw, Herisri 60niktepi Raspberry Pi MukpokomnbloTepi MeH
RFID-RC522 kypbinrbickl 60nbin Tabbinagbl. Onapaply, KOCblly CXemMach! Cbi3bl-
nein, 6argapnama Raspberry Pi MyukpokomnbloTepiHe xykTengr XXyie cbizbacbiHa
CaliKec Xyie XuHanbin TecTiney ke3eHeH O0TKi3inai 6-cypet).Ocbl KypacTblpblf-
raH Xyie 60iblHWA apHaibl N3Hre CTyAeHTTepal, cabakka KaTbICyblH ecenke any
6akblnangbl. XyieHw, kongaHbicta 60y HaTUXeaHe aTa-aHanapra ga 03 6ana-
napbiH 6akbinay MYMkiHZiri TybiHAanabl. basara TyckeH gepektep 6enrini yakbiT
apanbirblHa gelibl caktanagpl, cTygeHTTepaw, cabakka Keny, Kenmeyi Typanbl M3-
nimeTTepai ke3-kenreH yakolTTa KOpyre 6onagpl.
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6-cypeT - CTyaeHTTepaL, cabakka KaTbIiCyblH ecenke any xyieaHu, xxuHanraH KepiHici.

CTyAeHT Typanbl aknapaTttap kaptoukara RFID Ten apkbinbl eHrlslneal (9p
CTYAeHTTKe xeke-xeke VIMH Homep! meH aTbl-keHl eHrlslnenl) cogaH kelilH 6a3apa
»16eplieal.

OcblgaH KelilH cTyaeHT e3 kapToykacblH RFID RC522 KypbInrbiCbIMEH Tekce-
ptoTeH eTk13reHHeH kelilH, nporpaMmma 6olibiHWa 6a3agaH Tekcepeal, erep 6asapa
CTYAEeHT TlpkenwereH 6onca, oHga «C13 TlpkenvereHcls» - aen, ecenke anmanabl.

BlplHil kongaHywbl peTlHae TaHblpaH CTYAEeHT apekeTTeplHe cabakka kKaTbl-
CYbIH T1pKey x3He e31Hu Xeke ecen 6eTlH kepy Klpegl. OKbITyWbl Aen artanartbiH
exlHid KonpaHyuwbl 3pekeTTeplHe cTygeHTTepal KatbiCybliH T1pkey, AepekTtepal es-
repty, 13gey xaHe ecen 6eTw KypacTbipy Klpegl. AGMUHUCTpaTop 3pekeTTeplHe
nepektepal esrepTy, 134ey xaHe ecen napapbiH Kypy Klpeal. 7-wl cypeTke caiikec
nporpammMaHbLL, KoMMTepae XyMbic 1oTey keplHlcl kenTlplireH.

7-cyperT - MNMporpaMmaHbIL, KOMNbIOTEPAE XYMbIC icTey keplHIcl

MamaHgaHAbIpblpaH caHAblK Kypblapbliapabl oKy npoueclHie kongasy xyie-
ClH Kypy XyineaHu, Hen3n anemeHT! - Arduino Mega 61p TakTanbl MUKPOKOMMNbIOTE-
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piMeH, RFID RC522 6apnblk KocasiKbl KYpbIArblIapMeH XUHaKTanbin, nporpamma-
MeH 6ackapy KepYaH yibiMaacTblpbin KepceTn.

Tankbinay. Tangay HatTuxenepi 6oibiHWwa Arduino Mega MUKpOKOMMblOTE-
pi cTyaeHTTepai ecenke any xYWecinae konganygbliH TMIMAINIri YWiH TaHganpl.
Arduino Mega 6acka MuKpokomnbloTepnepre KaparaHga 6ipHelle apTbIKWbIAbIK-
Tapra ve, onapAblH keinbipeynepi: TemeH KyHbl (220-gaH 6acTan); TeMeH KyaT
TYTbIHY (KenTereH ymbicTap YLWiH XengeTkil Hemece pagnatop KaxeT emec);
npoLeccop X3aHe rpadukanbik Hen3n xag; 6Ykin afnem 60MbiHWA KEH KO/ XeMAH
NiK; Xakcbl Ky)aTTama: cxemasblk guarpaMmmajgaH kentereH 6argapnamanapbly
6acTankbl KoAblHa AelliH; 33ipneyLwinepaid, nanganaHywbinapablH XXaHe KocbiMLLa
XabAbIKTbl XeTKi3ylinepaiH YnkeH akoxYWeci; YwiHwi 6yblH Au3aiiHbl; eHgipyLui
(KeT XblngaH actam); onepauuanbik xYeHiH GipHeLle Hyckanapbl 6ap, onapablH
Kenwiniri awblk 6actankbl 600bIN Tabblnagbl XaHe NUUEH3MAMAY LWbIrbIHAAPbIH
KaxeT eTnengi.

KopbITbiHAbI. K,0pbITbiHAbINAN Kefe, TbiNbIMU XYMbIC 6iniM 6epy canacbiHga-
bl UMAP/IbIK TEXHONOTUANAPAbIH AaMybl €3eKTiNiKneH GenrineHeai xxaHe memse-
KeTNK AeHrenae XaHe xasnbl XypTWbIAblKNeH kongay kepcetinegi. LndpnaHgpl-
py 6yn «uUppabIK anakTblik», <LUPAbIK azaMmaTTbik», «LUpabIK aneymeTTe-
HYZiH» XaHa aneyMmeTTiK xarganol. LindpnaHabipy npoueciHae OKbITY Kypbl/biMbl
MeH 6L1lm 6epy MpouECiH yibiIMAACTbIpy GarbiTbiHAA €3reploTep €Hrize oTbIpbIM,
oky YPJiciHae okbITylWblNapabiH yakblTblH YHeMAeY, CTyaeHTTepaiH cabakka ka-
TbICYbIH OHTalNaHAblpy MakcaTblHAa X3He aTa-aHanapfblH 6ananapbiHblH ca-
6akka KaTbiCyblH 6akbinay MYMkiHgiriH 6epeTiH MamaHgaHAblpblIraH caHAblK
KypbINrblNapasl OKy npoueciHae KongaHy xYleci kypbingel. XXymbicTa keneci
Macenesnep opblHAaNAbl: MaMaHAaHAbIpbI/ITaH CaHAbIK KypblArbliapably TaHaay
06BLEKTICI ToNbIK cunaTTangsl; xYVere kaxeTTi TEXHUKANbIK - KypangapbiH TaH-
Aangpl; MaMaHAaHAbIpbliraH caHAblK KypblarbinapAbl OKy npoueciHge kongaHy
XYWeciHiH anropuTmi xaHe 6argapnamachiH yiibIMAACTbIPbIALbL B
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Xunpekynosa IN.E.14, bek6onatos C.6.1, AmaH A.l, XXopaHoBa H.K.1
Trapasckuin yumsepcuteT nmenn M.X. iynatu, r. Tapas, KasaxcraH

MCMOJNIb3OBAHNE CNEUMANTN3NPOBAHHbBLIX LLW®POBbIX YCTPOWNCTB
B YYEBEHOM TMPOLECCE

AHHOTauus. Pa3BuTue LMMPPOBLIX TEXHOMNOMMIA B chepe obpasoBaHUs XxapakTepusyeTcs
aKTyaslbHOCTbIO W NOAJepXMBaeTCs Ha rocyapCTBEHHOM YPOBHE UM LUMPOKON 06LLecTBeH-
HOCTbI0. Lindposusauns 310 HOBbIN COLMAsIbHBIA cTaTyCc «LUdPOBOro paspbiBa», «LuUcpo-
BOr0 rpaxzjaHctea», «UMpoBoil coumanusaumm». OCHOBHble U3MeHeHWs B 06pa3oBaHuun
cBAi3aHbl C LndposusaLmein obpasosaHus. B npouecce uncposmsannm NPUHLANNAIBHO Me-
HAETCS CTPYKTypa 06yyeHuns n opraHusaumsa obpasosarefibHOro npouecca. icnonb3osaHune
HOBbIX MH(OPMaLMOHHO-KOMMYHUKALVOHHbIX TEXHOMOMNI ABNSETCA WCXOAHBbIM YC/0BUEM
AanbHelilero passuTua LUGPOBOI Negarorvku.

B cTatbe npefcTasnieHbl NonesHbIe yCA0BUA A5 OpraHu3aummn nporpaMm, OTCAeXnBaoLWwmnx
noceLaemMocCTb y4allnxcs, UCMOoMb3yLWNX B y4e6HOM npouecce ¢ nomoubio FPGA TexHo-
noruii. NporpamMmsbl, co3faHHble ¢ NOMOLLb0 TexHonorni FPGA Ha KomnbloTepe, MOryT uc-
nonb30BaTbCA A/11 aBTOMATUYECKOro MOBbILLEHUSI MOCELaeMOCTn CTYAEHTOB UM aBToOMa-
TUYECKO opraHu3auumn OLEHOK CTYeHTOB npenojaBaTenisiMu. B aTOM KOHTeKCTe nokasaHo
npakTnyeckoe nprMeHeHue paspaboTku nporpamm Ha ocHoBe TexHonoruii FPGA.
KntoueBble cnosa: FPGA TexHonorMm, nporpaMma, BCTPOEHHble CUCTeMbl, OuudpoBKa,
cepsep MQTT, MmukpokoHTponnep Arduino Mega atmega 2560, IBM Rational Rose CAS,
pacnosHaBaHue atak, Python.

Zhidekulova G.E.1, Bekbolatov S.B.1, Aman A.1Zhoranova N.Zh.1
Traraz University named after M.Kh. Dulati, Taraz c., Kazakhstan

USE OF SPECIALIZED DIGITAL DEVICES IN THE LEARNING PROCESS

Abstract. The development of digital technologies in the field of education is characterized
by relevance and is supported at the state level and by the general public. Digitization is
a new social status of «digital divide», «digital citizenship», «digital socialization». The
main changes in education are connected with digitalization of education. In the process
of digitization, the structure of education and the organization of the educational process
fundamentally change. The use of new information and communication technologies is a
prerequisite for the further development of digital pedagogy. The article presents useful
conditions for the organization of programs that monitor the attendance of students using
FPGA technologies in the educational process. Programs created with the help of FPGA
technologies on a computer can be used for automatic increase of attendance of students or
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automatic organization of evaluations of students by teachers. In this context, the practical
application of program development based on FPGA technology is shown.

Keywords: FPGA technology, program, embedded systems, digitization, server MQTT,
microcontroller Arduino Mega atmega 2560, IBM Rational Rose CAS, name recognition,
Python.
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THE HISTORY OF THE EMERGENCE AND DEVELOPMENT
OF ISLAM IN JAPAN

Abstract. This paper provides a historical and contemporary analysis of the spread of Islam
in Japan as a unique example of the interaction between a world religion and a society with
a long tradition of religious homogeneity and cultural self-sufficiency. The paper examines
the stages of Islam’s penetration into the country, from the first trade and diplomatic contacts
in the 19th century to the formation of stable Muslim communities in the 21st century. A par-
ticular focus of this study is the Japanese state’s policy towards the Islamic world in various
historical periods, ranging from the era of isolation (sakoku) and the Meiji Restoration to the
globalization processes of the late 20th and early 21st centuries. The activities of Islamic or-
ganizations, transnational ties, demographic changes, and the peculiarities of the perception
of Islam in Japanese society are analyzed. The study demonstrates that the development
of Islam in Japan is a complex process of adaptation of religion in a specific sociocultural
and political context, reflecting the transformation of the country’s foreign policy and cultural
strategies.

Keywords: Japan; Islam; religious minorities; Muslim communities; history of Islam.

Introduction. The history of Islam in Japan is a unique case study of interaction
between a relatively homogeneous society and a global religion. Japan's
encounter with Islam was initiated by commercial interactions, diplomatic relations,
and educational exchanges. Despite its small size, Islam has had a significant
impact on the development of cultural ties, transnational communications, and
Japan's foreign policy. The examination of this phenomenon offers insights into
the dynamics of religion in a non-denominational, high-tech society and provides
an opportunity to analyze Japanese-Muslim relations within a global historical
context.

Japan has its own distinct approach to Islam, just like every other country.
Islam, unlike Buddhism and Christianity, did not become a prominent religion in
Japan until the late 19th century. This was after a prolonged period of self-isolation
during the Tokugawa era. The sakoku policy, which persisted for approximately
250 years, restricted external contact and impeded the spread of new religious
ideologies. This situation changed significantly during the Meiji Restoration in the
latter half of the nineteenth century, a period marked by Japan’s engagement with
the global community. Japan began establishing political, economic, and cultural
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ties with other countries, including the Ottoman Empire and Muslim regions in
Southeast Asia. It was during this period that the initial steps toward Islamizing
Japan were taken [1].

During the first half of the 20th century, the dynamic between Japan and the
Islamic world underwent a marked shift towards increased systematic relations. In
the aftermath of the Russo-Japanese War and World War |, the Japanese state
and military initiated a strategic initiative to cultivate ties with Muslim communities,
acknowledging the significance of the Islamic world within the broader context of
global politics. These contacts included interactions with anti-British movements
in India, Tatar Muslims in Russia, and other transnational networks. Consequently,
Islam came to be regarded not solely as a religious phenomenon, but also as a
component of international relations and diplomacy [2].

Following the 1973 oil crisis, Islamic preaching (da'wa) in Japan experienced
a resurgence, marking a significant shift in the nation's religious landscape. The
strengthening of economic ties with Middle Eastern countries was a key factor in
the growth of the Muslim population and the development of religious infrastruc-
ture. While there were only three mosques in the country prior to World War Il and
four by the early 1980s, by 2021, this number had surpassed 130. Concurrently,
the Muslim population expanded, surpassing 200,000 by the end of 2020. A sig-
nificant portion of this population is made up of foreign workers, students, and
families participating in long-term programs. There has been a notable increase in
the number of Indonesian Muslims participating in qualification programs. At the
same time, the number of Japanese people who have chosen to embrace Islam
has been increasing.

The contemporary Muslim community in Japan is a religious minority, account-
ing for around 1% of the population, alongside new religious movements such as
Happy Science and Soka Gakkai International. In many ways, Muslims are an
«invisible community». They are not always clearly reflected in public discourse,
yetthey play an instrumental role in shaping the diversity of the modern Japanese
religious landscape. Islam has become an integral part of major cities' urban land-
scapes, as evidenced by the emergence of halal shops, Islamic cultural centers,
educational initiatives, Japanese imams, and active communities.

Historiographically, the study of Islam in Japan has developed unevenly. Pre-
war materials, including the works of Okawa Shumei (Kaikyo Gairon) [3], Matsuda
Hisao, and Kobayashi Hajime (ChQo Ajiashi), as well as archives from the Mei-
ji-Showa period, remained on the periphery of academic attention for a consid-
erable duration. Since the conclusion of the 20th century, the topic has garnered
increased interest from the Japanese and international academic communities.
Islam in Japan is currently being studied from an interdisciplinary perspective,
combining elements of history, religious studies, cultural studies, and international
relations. The development of Islam in Japan is an example of how a global reli-
gion adapts to a specific sociocultural and political context.

The goal of this article - is to examine the historical progression of Islam in
Japan, from the period of isolation to the present, by looking at how the Muslim
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community adapted, the impact of international interactions, and the unique way
Islam is perceived in Japanese society.

Research methods. This study employed a combination of historical, scientif-
ic, and sociocultural methods, which allowed for a comprehensive analysis of the
processes of perception and development of Islam in Japanese society from the
late 19th to the early 21st century.

1. The present study employs a historical-analytical method.

The historical-analytical approach was utilized to examine the chronology of
the emergence of Islam in Japan, its subsequent spread, and the formation of
Muslim communities. The analysis was based on a variety of primary sources,
including diplomatic reports, archival documents, newspapers and magazines
from the 19th and 20th centuries, travelers' memoirs, information about the first
Japanese converts, and historical studies by Japanese and foreign scholars. The
implementation of this methodology has yielded the following outcomes:

The objective is to establish the sequence of diplomatic, trade, and cultural
contacts between Japan and the Islamic world. It is imperative to delineate the
historical trajectory of the establishment of Muslim communities and to elucidate
the foundational institutions that have facilitated their development. Itis imperative
to ascertain the correlation between Japan's foreign policy interests and the ad-
vancement of Islamic infrastructure within the nation.

2. The following is a description of the source analysis method.

Source analysis was employed to critically assess the reliability and complete-
ness of historical sources. A particular focus was allocated to the comparison of
Japanese and foreign materials, encompassing the following:

« Publications in Japanese periodicals from the 19th and 20th centuries.

* Areas of research include scientific works on Islamic studies and Oriental
studies.

This approach facilitated the determination of reliability regarding the informa-
tion concerning the initial interactions, the conversion of Japanese individuals to
Islam, the formation of Islamic institutions, and the demographic evolution of the
Muslim community.

3. Comparative-historical method

The present study utilized a comparative historical analysis to examine the
similarities and differences in the propagation of Islam in Japan in relation to
analogous processes observed in East and Southeast Asia. This methodological
approach facilitated the identification of distinctive features within the Japanese
Islamic tradition, which can be attributed to the following factors:

< An examination of the distinctive characteristics that define Japanese reli-
gious culture.

*«An examination of Sakoku and the late opening of Japan to the outside world.

The present study will examine the influence of foreign policy and migration
factors.

4. The following essay will present an analysis of sociocultural factors.

The sociocultural method has enabled researchers to study the following: the
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perception of Islam by Japanese society; the image of Islam in the media and cul-
tural texts; and the role of globalization processes in the formation of the modern
Muslim community.

5. A multidisciplinary approach is employed.

The present study employs an interdisciplinary approach, integrating histori-
cal analysis, sociological inquiry, religious studies, oriental studies, and political
science. This methodological approach enables us to not only reconstruct the
chronology and facts, but also to understand the cultural, political, and ideological
contexts that influence the perception of Islam in Japanese society.

The results ofthe research and the ensuing discourse surrounding those
results:

1 Historical and religious background and perception of Islam in Japa-
nese society

1.1. Islam and its perception in Japanese society

Islam originated in the 7th century on the Arabian Peninsula and spread over
several decades to the Middle East, South and Central Asia, and North Africa.
Today, Islam ranks second in terms of the number of believers after Christianity,
with more than 1.8 billion followers worldwide [4].

For Japanese society, Islam remains largely an «external» religion, little stud-
ied and insufficiently represented in the country's cultural memory. This is due to
a combination of historical, cultural, and socio-psychological factors. Historically,
Japan was isolated for a long time, and religious life was shaped by the syncretism
of Shintoism and Buddhism, which created a flexible religious tradition that did not
require strict adherence to dogmatic norms.

The perception of Islam in modern Japanese society remains ambiguous. Pop-
ular culture and the media often associate Islam with terrorism or military conflicts,
creating a wary and prejudiced attitude. In addition, Islam requires strict rituals
and behavioral norms, which are perceived by the Japanese as excessively rigid
and alien. The main dogmatic elements of the religion include the «six beliefs»
(belief in Allah, angels, prophets, holy books, life after death, and predestination)
and the «five pillars» (shahada - testimony of faith, salat - prayer, zakat - alms-
giving, saum - fasting, and hajj - pilgrimage). These norms form the framework of
everyday Muslim life and create a cultural gap in the perception of the Japanese
audience.

The phenomenon of globalization, which has been prominent in the 20th and
21st centuries, has played a role in the migration of Muslims to regions previous-
ly unconnected with Islamic civilization, including Japan. This necessitated the
adaptation of Islamic law (figh) and ritual practices to multicultural contexts. The
Japanese encounter with Islam has manifested in diverse forms, ranging from the
perception of religion as an external phenomenon to endeavors to study it and
partial cultural acceptance.

1.2. Historical background and first contacts with the Islamic world

The initial interactions between Japanese individuals and Muslims are believed
to have occurred during the 17th-19th centuries, primarily through commercial
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trade and diplomatic exchanges. During the Edo period (1603-1868), Japanese
merchants cultivated commercial relationships with Muslims through China and
Southeast Asia. These contacts were economically motivated, yet they estab-
lished the conditions for the initial cultural and religious interactions.

With the advent of the Meiji period (1868-1912) and the Restoration, Japa-
nese diplomacy experienced a marked increase in activity, as evidenced by the
dispatch of representatives to the Ottoman Empire and the Muslim regions of Asia.
These contacts contributed to the formation of an initial understanding of Islamic
culture and religion. The period known as the Meiji Restoration marked a signifi-
cant turning point in Japan's engagement with the global community, marking the
culmination of two centuries of isolationist policies and heralding the onset of a
new era of international interaction. This pivotal moment in Japan's history coin-
cided with the flourishing oftrade and diplomatic relations with Muslim countries.

The historical incident of the Ottoman frigate Ertugrul sinking off the coast
of Wakayama in 1890 possesses a unique and profound symbolic significance.
Among those who accompanied the survivors was the journalist Noda Shotaro,
who converted to Islam and thus became the first documented Japanese Muslim.
This incident not only initiated direct contact between the Japanese and Islamic
civilizations, but also shaped a positive image of the Ottoman Empire in Japanese
society, which had long-term cultural and diplomatic consequences [5].

1.3. The development of Islam in Japan in the first half of the 20th century
(1900-1945)

1.3.1. The preparatory period (1900-1930)

Atthe onset of the 20th century, Japan experienced an expansion of its foreign
policy horizons, a development of significant historical import. In the aftermath of
its triumph in the Russo-Japanese War (1904-1905), Japan attained international
recognition and embarked on a systematic study of Islamic regions, recognizing
their strategic importance. Instruments of foreign policy strategy included diplo-
matic missions, participation in international conferences, and support for Muslim
leaders.

Concurrently, the initial Muslim communities in Japan were established, pre-
dominantly by Tatar immigrants who arrived subsequent to the Russian Revolu-
tion. The establishment of mosques and Islamic cultural centers was initiated.
Furthermore, publishing activities were undertaken. Concurrently, Japanese re-
searchers initiated a concerted examination of Islamic literature, publishing trans-
lations of the Quran and works on the history of Muslim countries. The principal
researchers of this era were Okawa Shumei, Matsuda Hisao, and Kobayashi Ha-
jime, who interpreted Islam through the lens of Japanese civilizational tradition.

Concurrently, the first Japanese individuals underwent a religious conversion
to Islam in foreign lands. Yamauka Kotaro undertook the Hajj pilgrimage in 1909,
guided by the Tatar theologian Abd al-Rashid Ibrahim. Ariga Bunpachiro engaged
in academic study of Islam in India. The Japanese Ministry of Justice engaged in
a process of study and adaptation of the legal norms of Islamic states, a reflection
of a combination of cultural and strategic interests.
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1.3.2. Institutionalization and strategic use (1930-1945)

During the 1930s, the systematic academic study of Islam and the establish-
ment of an institutional framework for Muslim communities in Japan began to take
shape. The first Islamic institutions and mosques were established in Japan during
this time. These included the Kobe Mosque (1935), the Islamic Cultural Associa-
tion (1937), Tokyo Camii, and the Institute for the Study of Muslim Areas (1938).
During this period, small Muslim communities emerged, and Japanese individuals
such as Mustafa Komura converted to Islam and initiated educational and mis-
sionary projects, including translations and publications of religious literature.

Islam in pre-war Japan was regarded not solely as a religious phenomenon,
but also as a foreign policy instrument. Inthe aftermath oftheirtriumphs over Rus-
sia and China, Japanese strategists regarded the Muslim territories of Central and
West Asia as pivotal to the execution of their Pan-Asianism policy. Consequently,
organizations such as the Great Japanese Muslim League and the Institute of
Islamic Studies emerged, emphasizing the importance of Islam as a strategic,
ideological, and cultural tool [6].

1.4. The number and community of Muslims in Japan.

Noda Shotaro (1891) is traditionally considered the first Japanese Muslim.
Among the early converts were Yamada Torajiro and Ariga Buntaro, who laid the
foundation for the Japanese Muslim community.

Before World War Il, the Muslim population remained small. Itwas about 1,000
people. They mainly lived in port cities. These cities included Kobe and Yokoha-
ma. There has been steady growth since the post-war period: from 3,500 people
in 1969 to 70,000 in 2006. By 2010, there were approximately 100,000 foreign
Muslims and 10,000 Japanese Muslims in Japan. As of 2024, the total number
of Muslims in Japan is estimated to be around 350,000, with the most significant
increase observed among citizens of Indonesia, Pakistan, Bangladesh, Afghani-
stan, and Uzbekistan [7].

1.5. Postwar and Contemporary Stages of Islam’s Development in Japan
(1945-Present)

In the aftermath of World War Il, Japan experienced a diminution of its political
and military influence in Central Asia and the Muslim world. Diplomatic contact
with Muslims in the former USSR and China remained limited until the early 1990s.
The terms «Kaikyo» and «Kaikyoto», previously associated with imperial policy,
disappeared in postwar Japan, while the term «Middle East», borrowed from the
Western tradition, entered scientific and diplomatic usage.

Starting in the 1950s, academic and public organizations dedicated to studying
the Islamic world began forming, including the Japanese Institute of the Middle East
(1956), the Japan-Arab Association (1958), and the Association for Islamic Studies
(1963). Their activities were linked to nationalist intellectual movements. They were
also linked to oil diplomacy. Their activities were linked to cultural exchange.

The International Muslim Association in Tokyo (1952-1960) played a special
role in spreading knowledge about Islam. The objectives of this initiative are as
follows:
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- The primary objective is to disseminate knowledge regarding Islam within the
Japanese populace.

- The organization of cultural and educational exchanges with Islamic coun-
tries is of paramount importance.

- Providing assistance and fostering collaboration with Muslim communities.

The Japanese religious landscape has been characterized by syncretism, a
term denoting the combination of elements from multiple religious traditions. Many
Japanese have combined elements of Shintoism, Buddhism, and Christianity,
among other religions. Religion was not a fundamental element of identity, and the
Constitution enshrined the principle of freedom of religion. According to a survey
conducted by NHK in 2018, 62% of Japanese individuals do not identify with any
religion, 31% are Buddhists, 3% are Shintoists, 1% are Christians, and 1% are
followers of other beliefs [8].

The 1973 oil crisis signified a pivotal juncture in Japanese politics and culture.
The economic dependence on oil imported from the Middle East has been demon-
strated to strengthen political, cultural, and educational ties. Concomitantly, a pro-
liferation of Islamic centers, hospitals, and organizations providing services to the
Muslim community was observed. The 1970s and 1980s witnessed the establish-
ment of an autonomous academic discipline known as Islamic studies. Concur-
rent with this expansion was the establishment of various academic departments
and research centers, which further contributed to the dissemination and study of
Arabic and Islamic societies. Japanese scholars transitioned from a practice of
indirect research through Western sources to a direct analysis of Islamic texts and
the study of Muslim countries based on primary sources. Since the late 1970s, the
Islamic community in Japan has undergone substantial development. A notable
influx of laborers from Iran, Pakistan, Bangladesh, and other nations has been ob-
served, coinciding with a period of significant economic growth and a consequent
demand for labor. A significant number of migrants remained in the region for ex-
tended periods, thereby contributing to the expansion of the Muslim demographic.

Intercultural marriages also played a significant role: Conversely, Japanese
women who embraced Islam became integrated into Muslim families, thereby es-
tablishing a second generation of adherents. The infrastructure necessary for the
facilitation of religious practices is being developed. There has been an emer-
gence of mosques, prayer rooms (musalla), and Islamic cemeteries, indicating
a gradual establishment of Islam within Japanese society. In the 21st century,
Japan has witnessed a persistent increase in its Muslim population, attributable
to various factors, including migration patterns, interfaith unions, and domestic
converts. The number of mosques has increased to more than 130, especially in
major metropolitan areas such as Tokyo, Kyoto, Nagoya, Osaka, and Hiroshima.
Mosques are undergoing a transformation into centers for da'wah and cultural ex-
change. Islam, therefore, finds itself integrated into the urban landscape through
these and other channels. The evolution of the Halal industry is characterized by
the emergence of various commercial entities, including restaurants, food certifi-
cation bodies, and specialized prayer facilities. These developments are indicative
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of the industry's expansion and the diversification of its offerings. The institution
offers educational programs for two distinct age groups: children and adults. The
following initiatives and projects are of a cultural nature and are intended for the
benefit of the community:

Despite their quantitative growth, Muslims remain a small minority (~1% of
the population), and their presence is largely «invisible» to the general public.
Concurrently, prominent imams and notable figures of Japanese origin are coming
to the fore, playing a pivotal role in the adaptation of Islam to the local context.
The predominant regions of residence for foreign Muslims are substantial, urban-
ized prefectures. Tokyo, Aichi, Osaka, and Kanagawa [9]. Atthe conclusion of the
year 2020, the number of Muslims hailing from the ten leading countries of origin
totaled 118,000, with the aggregate number of Muslims exceeding 200,000. Is-
lamic communities and infrastructure are undergoing active development, includ-
ing the construction of mosques, prayer rooms, cultural centers, and educational
programs. These institutions play a pivotal role in facilitating the integration of
Muslims into Japanese society and contributing to the establishment of a stable
local religious environment.

1.6. Interaction between Islamic and Japanese cultures

Islam in Japan continues to be perceived as a «foreign» religion. The practice
of religious rituals has given rise to questions among the local population, includ-
ing those related to the construction of mosques, Islamic education, and Japanese
women wearing hijabs at work [10].

Concurrently, researchers have identified common ethical values: A notable
point of convergence between Islamic moral principles and Japanese collective
ethics, self-discipline, and respect for social order can be identified. This facilitates
the cultural adaptation of Muslims and renders Islam comprehensible on a moral
and behavioural level, despite the fact that, from a dogmatic perspective, the reli-
gion remains alien.

2. Prospects

Despite its relatively slow pace of expansion, Islam in Japan is developing
steadily. The establishment of stable Muslim communities is contingent upon the
existence of a conducive environment, characterised by state support, legal guar-
antees of freedom of religion and societal openness. The expansion of the halal
sector and the growth of Islamic tourism have given rise to new opportunities
in various sectors, including the economy, education, and intercultural dialogue.
Since 2001, perceptions of Islam in Japan have evolved. The events of 9/11, the
Islamic Revolution in Iran, the collapse of the Soviet Union, and the rise of global
religious identity have collectively resulted in a pervasive association of «the Mid-
dle East = Islam» in the popular consciousness. The influence of this paradigm
shift has been profound, extending to both academic research and government
policy. It has catalysed renewed interest in the Islamic world as an independent
object of Japan's foreign and cultural policy.

3. Attempts to form «Japanese Islam»

An intriguing phenomenon is the endeavour of Japanese Muslims to adapt
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Islam to the local cultural context. Even prior to the war, figures such as Yamaoka
Kotaro and Arga Fumihiro endeavoured to elucidate Islam to the Japanese popu-
lace through the utilisation of familiar religious images, for instance, by identifying
Allah with Shinto deities [11]. During the 1980s, the notion of «Japanese Islam»
emerged as a concept of cultural synthesis, encompassing a simplified interpreta-
tion of Islamic principles and an exploration of commonalities with the Shinto-Bud-
dhist tradition. Despite the lack of universal endorsement, the notion underscores
the intrinsic dynamics of the Islamic presence in Japan - encompassing the exter-
nal perceptions, cultural adaptations, and reinterpretations that characterised its
development [12].

4. The present state of Muslims in Japan is as follows:

According to data collected in 2010, the population of Muslim individuals in
Japan was approximately 185,000, constituting 0.1% of the country's total popu-
lation. Of these Muslims, approximately 10,000 had Japanese ancestry. This «mi-
nority within a minority» is distinguished by a commitment to rigorously adhere
to Islamic principles. A particularly noteworthy trend has emerged among young
people, characterized by a resurgence of traditional practices. This inclination en-
compasses the adoption of traditional clothing and the adherence to stringent ritu-
al forms. Concurrently, Islam persists in maintaining a tenuous foothold within the
public consciousness. A comparison of Japanese and Islamic religiosity reveals
notable contrasts. Japanese religiosity is characterized by pragmatism, an orien-
tation toward earthly goods, and the absence of rigid institutional forms. In con-
trast, Islamic universalism and normative strictness are marked by a different set
of values and practices. Nevertheless, it is precisely these differences that engen-
der a unique space for cultural dialogue, where Islam in Japan is developing as a
specific phenomenon - not fully integrated, but also not completely isolated from
society. The findings of the study indicate that the development of Islam in Japan
has undergone a series of historically contingent phases, which are inextricably
linked to a multifaceted array of political, cultural, and demographic elements.

a. The historical and cultural particularities of the perception of Islam in
Japanese society.

Islam is perceived as a «foreign» religion, partly due to the late arrival of Mus-
lims in the country (Meiji era) and limited knowledge about the religion. This hes-
itancy can be attributed, at least in part, to the influence of media portrayals and
historical stereotypes, which have contributed to the establishment of a wary and
somewhat fearful attitude among the Japanese population towards Muslims. Con-
currently, the processes of globalization and migration have contributed to the
gradual formation of real contact with Islamic culture.

b. The formation of Muslim communities experienced two distinct
phases: the pre-war and the post-war.

The period preceding World War Il (1900-1945) was characterized by two dis-
tinct phases: preparation and institutionalization. This period saw the inception of
scholarly inquiry into Islamic nations, the establishment of inaugural mosques and
organizations, and the involvement of Japanese individuals in the Hajj and edu-
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cational initiatives. In the post-war period (1945-1970), interest in Islamic studies
was confined to scientific and cultural initiatives. However, with the establishment
of the International Muslim Association and the Japanese Institute of the Middle
East, the systematic dissemination of knowledge about Islam commenced.

c. The following paper will examine the impact of economic and migra-
tory factors on the development of Muslim communities.

The 1973 oil crisis led to the expansion of economic and cultural ties with
Muslim countries. The phenomenon of mass labor migration from the Middle East
and South Asia, as well as intercultural marriages, contributed to the substantial
growth of the Muslim population. This population shift has resulted in the formation
of a second generation of Muslim believers and the subsequent strengthening of
religious infrastructure, such as mosques, prayer rooms, and Islamic cemeteries.

d. The contemporary institutionalization of Islam.

In the 21st century, Islam in Japan has evolved into a stable social and cul-
tural phenomenon. The Muslim population in the region has surpassed 200,000
individuals, and there are currently more than 130 mosques and cultural centers
in operation. The halal industry and educational and cultural programs are under-
going development, which contributes to the integration of Muslims into Japanese
society, although religion remains relatively inconspicuous to the general public.

e. The issue of regional distribution, in conjunction with an analysis of
social structure, is of particular pertinence in this study.

The majority of the Muslim population is concentrated in major metropolitan
areas, including Tokyo, Osaka, Kyoto, Nagoya, and Hiroshima. Muslims constitute
a diminutive percentage of the population, approximately 1%, yet they have es-
tablished a resilient local infrastructure and have maintained cultural and religious
traditions. The historical trajectory of Islam in Japan is characterized by a multi-
faceted progression, commencing with sporadic interactions in the 19th century
and culminating in the establishment of resilient Muslim communities in the 21st
century. The historical interaction between the Islamic world and Japanese soci-
ety evolved in close correlation with foreign policy strategies, economic interests,
and domestic social changes. The contemporary Muslim presence in Japan is an
integral part of the nation's cultural and demographic landscape. Additionally, it
remains an object of active scholarly interest [13].

Conclusion. The history of Islam in Japan is a complex and multi-layered
process reflecting the interaction of foreign policy, cultural, and socio-demographic
factors. The initial interaction between Japanese society and the Islamic world
occurred during the Meiji era, marking a comparatively recent historical devel-
opment. Prior to the war, diplomatic relations between Japan and Muslim com-
munities were established, fostering economic exchanges and interactions. No-
tably, the first Japanese individuals to convert to Islam played a pivotal role in
the establishment of modest Muslim communities within Japan. Japan's pre-war
policy utilized Islam for strategic purposes, including as part of the ideology of
Pan-Asianism and the country's foreign policy interests. Following the cessation
of hostilities, the interest in the Islamic world underwent a profound transformation.
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The impetus for this transformation stemmed from economic and cultural factors.
The activities of the International Muslim Association and other religious and cul-
tural organizations contributed to the dissemination of knowledge about Islam, the
development of educational programs, and the strengthening of Muslim commu-
nities. The 1973 oil crisis and economic migration from the Middle East and South
Asia served as catalysts for the growth of the Muslim population, the formation of
an infrastructure of mosques and prayer houses, and the development of the halal
industry. The present stage of Japanese Islam is marked by its institutionalization,
the expansion of its demographic, which includes both foreign and Japanese Mus-
lims and an increase in educational and cultural initiatives. Furthermore, religion
is becoming more integrated into urban and social contexts. Despite quantita-
tive growth and integration, Islam remains largely an «external» phenomenon for
Japanese society, requiring ongoing cultural dialogue and adaptation. A compre-
hensive analysis that incorporates historical, religious, socio-demographic, and
cultural factors facilitates a nuanced understanding of the formation of Muslim
communities in Japan, the evolution of Islamic perception, and its contemporary
role within Japanese society. Islam in Japan is not merely a religious phenome-
non; it also serves as an indicator of globalization processes, migration flows, and
cultural integration in a modern, multi-ethnic society.®
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AubiH B.%.1 A6anypa3akoBa K.1O.2

19n-dapabu atbiHgarsl K,as¥y, Anmartsl k., KazakctaH

2 nwep HaBou aTbiHAarbl TalwkeHT memaekeTnk e3bek Tmi xaHe aaebueT yHuBepcuteTy
TallKeHT K., ©36ekcTaH

XAMNOHNAALAFBI NCTTAMHbLL, I'IAVI,EI,A BONYbl XXOHE AAMY TAPUXbI
TywHaeme. Byn makana anemgik AWHLW, Abln GipTEKTINIK NeH M3JeHN e3iH-e3i kamTamachl3
eTy AacTYpi 6ap korammeH e3apa apekeTTecybluwy 6ipereli Mmbicanbl peTiHae XXanoHusga uc-
NaMHbIL, TapanyblHa Tapuxu XaHe 3amaHayn Tanfayra apHanraH. XXymbicta 19 racbipgarbl
anralikbl cayfa XaHe gunaoMatusanbik 6ainnaHeicTapgaH 6actan, 21 racblpgarbl TypakTbl
MyCbl/IMaH KaybiMAapbliHblL, KanbinTacybliHa AeiilHrl ncnamHbil enre eHy keseujepi kapac-
Tbipblnagbl. XXanoH memnekeTwww, apTYpAi Tapuxu keseujepaen ucnam anemMiHe KaTbICTbl
oKLaynaHy (cakoky) XaHe Maiia3n KkannblHa KenTipy A3yipiHeH 20-wbl racblpAbll, COLbl MeH
217i racblpably, 6ackiHfarsl xahangaHy npouectepiHe geiwn keseujen cascaTbiHa epek-
Wwe Hasap aygapbilnagbl. Vicnamgpik yibiMaapabll, Kbi3MeTi, TpaHCYNTTbiK 6alinaHbicTap,
aemorpaduaAnbik esrepictep, XanoH KoramblHAArbl ncnam Typasbl HakTbl TYCiHikTep Tan-
naHagbl. 3epTTey XKanoHuagarbl ucnamHbily, gamybl gblHw, 6enrini 61p aneymeTTik-M34eHn
X3He cascu KOHTeKCcTke Gelwmaenylily KYpaeni npoueaH 6ingipeTiHiH X3He enfLy CbIpTKbl
casicaTbl MEH M3/EHN CTpaTerusnapbiHblL, TpaHchopMaunacbiH kepceTeTwbl kepceTesi.
TYWingi cespep: XXanouus, Wcnam, gbl aswbinbiktap, MycbiiMaH kaybiMaapsl, Mcnam
Tapuxbl.

AkbIH B.K.1, A6aypa3sakosa K.10.2

1Ka3HY umenun anb-®apabu, r. Anmatbl, KazaxctaH

ZTallKeHTCKNIA rocyfapCTBEHHbI yHUBEpCUTEeT Y36eKCKOro f3blka W NuTepatypbl UMEHU
Anuvwepa HaBowu, r. TalkeHT, Y36ekncraH.

NCTOPNA BO3HVUKHOBEHNA N PASBUTUA NCNTAMA B ANOHNN

AHHOTauma. CTaTbs NocesilLeHa NCTOPUYECKOMY M COBPEMEHHOMY aHasin3y pacnpocTpaHe-
HUsi ncnama B ANOHWUMN KakK yHUKa/IbHOMY NpUMepy B3aumofeicTBuA MUPOBOI penurnm ¢ 06-
LlecTBOM, obnagatLmmM 4AnTeNbHON TpaauLmeil pennrno3Hor roMOreHHOCTU 1 Ky b TYpPHOW
camofocTaTo4yHoCT. B paboTe paccmaTpuBaloTcs aTanbl NPOHWKHOBEHUS UCnama B CTpaHy
— OT NepBbIX TOProBO-AMUNAOMaTUYECKNX KOHTaKTOB XIX Beka A0 hopmMupoBaHus ycTonum-
BbIX MYCY/IbMaHCKux 06wWmuH B XXI Beke. Ocoboe BHMUMaHVe yaenseTcsa NoMTUKE SiINOHCKO-
ro rocygapcrtea B OTHOLUEHWM MCNAMCKOro Mupa B pas/iMyHble UCTOpUYecKMe nepuofbl: OT
3noxu nsonsauun (caxkoky) n Pectaspauum Maingsmn 4o rnobannsalnoHHbIX NPoLEeccoB KoHLa
XX — Hauvana XX| BekoB. AHanu3npyeTtca AeATeNbHOCTb UCMaMCKUX OpraHusaluii, TpaHc-
HaluuoHasbHble CBA3W, Aemorpaduyeckne M3MeHeHUs n 0CO6EHHOCT BOCMPUATMS ncnama
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B ANOHCKOM O6luecTse. VccnegoBaHue 4eMOHCTPUPYET, YTO passBuTMe ucnama B AnoHum
npescTaBnseT coboii CoXHbIN NPoLect aganTalun peiurnm B cneumtmyeckom CoLNOKY b-
TYPHOM M MO/INTUYECKOM KOHTEKCTE U 0TpaXaeT TPaHC(hOpMaLui0 BHELIHENONUTAYECKNX 1
KY/JIbTYPHbIX CTpaTeruit cTpaHsl.

Kniouesble cnosa: ANOHUA, UCMaM, PEINTMO3HLIE MEHbLIMHCTBA, MYCY/IbMaHCKue 06Lyn-
Hbl, UCTOPUSI UCNama.
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LUABJ/TIOH HATMMCAHWNA CTATbIU

KOJ/1XA3BAHbI POCIMAEY TANATMTAPDI

OKCMEPUMEHTTIK MaKkanaHbln Kenemi - 7-geH 15 6eTke pgeiiin (A4
topmathl), 4-6 cypeT (kecTe); Yw TTaen TYWingemenepai, kecTenepai,
cypeTTepai, 3aebunettep *m bl , 3gebuetTep Ti3iMiHiN cinTemenepiH, ABTopnap
Typanbl ManimeTTepai ecentemereHae.

Lony makanachbl - 7-15 6eT, oHblil whblge TYI7IiH,qeme, KecTenep, cypetrtep,
sfebueTTep Tisimi, 3pebueTTep Tamblu, cintemenepi, cypeTTep Hemece
Kkectenep caHbl 9-paH acnaingbl (3 cypeT 1 6eTke ecenTtenep”; Yw TTAh€n
aBTopnap Typanbl ManimeTtTep.

Kbickawa xabapnama - TYWingemenepai, kecTenepai, cypeTTepai,
afebuneTtep "M bl, agebuetTtep Ti3iMiHIN cinTemenepiH, Yw Tingeri aBTopnap
Typanbl ManimeTTepai kocnaraHga, cypeTtepfi Hemece kecTenepgi (YwTeH
acnaliTblH) Koca anraHga 5-9 6eT.

MaTHAK cbannpgapabl PDF xaHe Word cdoopmaTbiHaa (6.0 x3aHe ofaH KeuiHri
Hyckanapsbl), kapln - Times New Roman, 9nwewmi - 12pt, 1,15 nHtepsanmeH, 61p
6araHfa yCblHY Kepek.

MAKAJIA XA3Y YNricl

FTAMA «Koabl (FblnbiMU-TeXHUKANbIK aknapaTTblM MeMJsekeTapasblik
anpapsbl)
ABTOpnapablu Ten MeH aTbl-Xew - 3 Tinge (kasak, OpbiC, arbi/WbIH)

(6ipiHWici - M3THHLW, aBTOPbl, cofaH KeliH GipneckeH aBTopnap MeH rblbIMU
xeTekwinep);

MekeMeHL, aTaybl, Kanacbl, efni - 3 Tinge (kasak, O0pbiC, arbifilbiH);
"Erep- M ~ M €& K e M €& n e p A e H —bonca—oHga—ap

(haMUNNSAHbIN COMbIHA XOTaprbl XarblHa CaH KOWbINbI3. P aBTOPAbIN XYMbIC
OpPHbIH K3pCeT"3 X3He TUIT aBTOPAbIM XYMbIC OPHbl aTayblHbIM GacblHa
YCTHri caHabl Koliblnbl3.

Mbicarn: A.K. bepukosl], C.N. Bacunbes2
ITay-keH id MHCTUTYTbI, AnMaThl K., K,a3akctaH
2AKkafpeMuk 6. AcaHanues aTblHAarbl Kblprbi3 Tay-keH MeTannyprusnbik
WHCTUTYTbI, BiWKek K., Kblprbl3cTaH

MakanaHbIn TakblpblObl - 3 TTAe (Kasak, OpbiC, arbi/iWbliH);

- GapblHWa KbicKa, aknapaTTblK, KbiCKapTycbl3 60/1Yybl TUIO;

TYVIiH,qeme: 3 Tinge xasblnagbl (Opbic, Ka3ak, arbiflWbiH):

150-200 ce3aeH acnaysl Tuic. (TYWiHgeme ma3smyHbl: 3epTTey makcaTbl. He
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toTenar He Tab6obingbl. He'n“empi HeaMeH MaHbI3fbl, KONAaHy aschl, anemae
aHasnorTapbl 6ap ma);

TYWiHgi ce3pep: 3 Twae (kasak, OpbiC, aTblALLbIH) Xa3blnadbl - 6apabiTbl 5-6
XanTbl3 ce3 XaHe eki-YL ce3 TipKeCiHeH acnanabl;

Makana MaTwWwr kecTtenep, cypeTrep, KenplireH agebuertep Tizimi;

Kipicne - COHTbI OHXbINAbIKTApAa OCbITaH yKCAC HEMECE OTaH XakblH 3epTTey-
nep XYPprisinreH oTaHAbIK X3He WeTenaik XymbicTapgbl MiHAETTI TYPAe kapacTbl-
pbITaH M3Ce/eHLL, TapUXbIHbIH KbiCKalla Ma3MyHbl.

3epTTeyAin MakcaTbl - Kbickalla cunarrama.

3epTTey 34icTepi - XaHa 3jicTepai enkei-Tenkeiini cunaTtray Kepek; aBTopabl
X3He/HeMece 3A10TLY, aTayblH KepceTe OTbIpbIn, 34e6ueTTep TidiMiHAe OYpbIH Xapus-
NaHTaH X3He 6enrini agictTepre cintTeme xacay XeTK K.

- KecTenep apab uudpnapbiMeH HeMip/eHin, cunatTramanblik aTaybl 60/ybl
kepek. CaHgblk enwemgep (6ipniktep) 6ataH TakblpblObiHA KOCbINYbl KEPEK.

- Tek eH Xakcbl canagatbl cypeT Tep (rpacdukrep, popmynanap, cbizbanap
XaHe T.6.) X3He TYpni-TYCTi unnacTpaymsanap 6ackin wWeitapyTta kabbingaHagbl. Cy-
peTTepAe oHAaTbl KeCKiHre HakTbl cunatTama 6epeTtbl Kbickalla TakblipbinTap 60-
nybl kepek. CypeTTep/Ly TakblpbiNTapbl UNOCTpaumanapTa opHanacTbipbliMaysbl
Kepek. Fpadmka TYpiHe kKapamacTaH, cbi3banap atoiiMiie 600 HYKTeEH TEMEH eMeC
XOTapbl axbipaTbiMAbl/bIKKa ne 60nybl kepek. CypeTTepAlLy Makcumanibl Menwepi
120 x 210 MM. YCbIHbIITAH canachbl3 rpadukasnbik matepuangapra pegakumus xa-
pusanay keswge xayan 6epmeigi.

3epTTey HATMXKeNepi - Hen3n Teopus/bIK X3IHe IKCNEPUMEHTTIK HITUXenep,
HaKTbl AepeKTep, aHblKTanTaH KaTblHAcTap MeH 3aHfbl/biKTap Kentipinegi. byn
XaTpalifa xxaHa HaTuxenepre, MaHbl3[bl XaHanblKTapTa, KosgaHbICTaTbl TeopUsi-
nappapl XX0KKa LiblTapaTblH TYXbIpbiMAapTa, COHAali-ak NpakTUKabiKk MaHbi3bl 6ap
ManiMeTTepre apThiKWbIAbIK 6epinegi.

HaTtmxenepai Tankblnay - Y3fik oTaHAblK X3He 3n1eMfik aHanortTapMeH ca-
NbICTbIpY XYprisineai. 3epTTeyAiH nikiptanac ¢ 3 T XaHe onapabl Wellyre gerex
Ke3KapacbLlbl3 cMnaTTanagbl.

KOpbITbIHABI - XYMbICTbIH KOPbITbIHALICLIH LWbITapy, 3epTTey/iH XaHasbITbl
MeH e3eKTLWTH Heri3fey, a/lblHTaH H3TUXeNepai kongaHy 60ibiHLIA YCbIHbICTAP.

3epTTeynepai kapxblnaHabipy Ke3i - BegomcTBonap, kopnap, Xeke agam-
Jap xa3He T1.6. lMaiipganaHbinTaH 3aebueTTep Tambly, angbiHa KoWblNybl Kepek.
KapxblnaHablpylibl yiibiIMAapAblH ataynapbl TOJbIK Xa3blybl THIC.

AnFbic - pgemeyulinepre, Tbi/IbIMW XeTeKLIiNepre, Xymbicka 6enceHfi KaTblc-
KaH agampaapTa xaHe T. 6.

opebuettep N3iMi - matblgen cinTemenep onapapl ecke TYcipy peTiMeH ecy 60-
blHWaHeMipneHepi.)KapusnaHeiMTypasnblonbnnorpadusansikmanimettep7.1-2003
MEMCT-Ha caiikec paamaenear 3aebuettep Ti3iMiH paamaey Yrici XXypHanablH
vestnik.nauka.kz caliTblHAa yCbIHbINTaH. DAebueTTep TisiMiHE HOPMATMBTIK KyXaT-
Tap, CTaTUCTUKANbIK XMHAKTap, raseTTepAeH a/ibiHTaH Makananap klpmeiigl. Onap
M3TiHAE aiTbiNTaHHaH Kelibl xakwata anbiHagbl. VIHTepHeT-caiTTapTa cintemenep
7.5-98 MEMCT-Kka calikec xYprisineg,.
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@3rne-e3i cwTeme xacay xannbl Ti3iMHin 20-30%-HaH acnaybl kepek. |Q-
15 xblnfaH acnaiTblH, 3apece kongaH6anbl cunatrarbl Makananapra apHanraH
38ebun kesnep TaMHLW, efayip 6BAIriH Kypaybl Kepek.

References - (Opebuettep Ti3iIMIH TpaHcnuTepauyusnay) - 7.79-2000
MEMCT-ka caiikec pacimaenefi XaHe pefakuusa TananTapblHa calikec opHanac-
Thipblnagbl.

ABTOpnap Typanbl ManiMmeTTep 3 TWAe (kasak, opbiC, arbiWbiH) Xa3bliia-
Abl.

- Teri, aTbl, 3keaHLwW, aTbl (6bap 6onca), rbinbiMK aTarbl/gapexea,

- aBToOp/lapAbly 3pKalCbiCbiHbLY XYMbICbIHA KOCKAH YNeci - aKCnepumeHT, ge-
pekTepai engey, Tankolnay, Komxkasba pganblHpay, apebuer isgey, 3epTTey XaHe
T. 6.

- 3N1IeKTPOHAbIK nowTa.
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TPEBOBAHUA K OPOPMJIEHNIO PYKOTMNCK

oKcnepumMmeHTaslbHast ctaTbM — OT 7 Ao 15 cTpanuy (dopmar A4),
4-6 pucyHkoB (Tabnuy), He cumTas aHHoTauuu, Tabnuubl, PUCYHKM, CnMCOoK
nutepatypbl, References cnucka nutepatypbl, CBefeHuss 06 aBTopax Ha Tpex
A3bIKaX.

O630pHas ctatbu - 7-15 cTpaHul, BKIYas aHHOTaUUKU, TabnunLbl, PUCYHKN,
Cnucok nutepaTtypbl, References cnucka nutepaTypbl, KOMYECTBO PUCYHKOB NN
Tabnuy He 6onee 9 (3 pucyHKka cumTarTcs 3a 1cTpanuyy); CeBeaeHns 06 aBTopax
Ha Tpex A3blkax.

KpaTkoe coobuieHne - 5-9 cTpaHuy, BKYas PUCYHKM wunn Tabnuubl (He
6onblue Tpex), He cuMTas aHHOTauuwm, Tabnuubl, pucyHkn, CnuMcok nutepatypsbl,
References cnucka nutepatypbl, CBeaeHns 06 aBTopax Ha Tpex s3blkax.

TekcToBble haiinbl cnepyet npeactaBnaTb B popmate PDF n Word (Bepcun
6.0 n 6onee nosgHune), wWpnudT — Times New Roman, pasmep — 12pt, NHTepBan
- 1,15, B 04HY KOJIOHKY.

LUABJ/TOH HATIMCAHWA CTATbU

ko MPHTW (MexrocynapCTBEHHbIN pybpuKaTop Hay4yHO-TEXHUYECKON

MHdopmaLun)

damMunsa U UHUUMabl aBTOPOB - Ha 3-X sA3blkax (Kasaxckuid, PYCCKMUiA,
aHrMACKUA)  (NepBblil  — aBTOpP TeKcTa, 3aTeM COoaBTOpPbl W Hay4Hble
pykoBoauTENNn);

HanmeHoBaHWe MecTa paboTbl, rOpof, CTpaHa - Ha 3-x si3blkax (Kasaxckuid,
PYCCKWiA, aHINWIACKNIA);

ECnnM aBTOPbl CTaTbM K3 PasHbIX YUPEXAEHUI, TO B KOHUE KaxAol thamununm
NOCTaBUTb HAACTPOUHYIO LMGPY, COOTBETCTBYIOLLYI MecTy pa6oTbl. Hiuke
yKasaTb MecTo pa6oThbl KaXAoro aBTopa W MocTaBWUTb HaACTPOUHYI LMAPY B
Havyasie HaMMeHOBaHWsl MecTa paGoThl.

Mpumep: Bepukos A.K.1 Bacunbes C.N.2
MHCTUTYT ropHoro aena, r. Anmartbl, KasaxctaH
2 KbIprbi3cknii ropHO-MeTalypruyecknin UHCTUTYT UM. Akagemuka
Y. AcaHanuesna,
r. buwkek, Kbiproi3ctaH

3arnaBme cTtaTtbW - Ha 3-X A3blkax (Ka3axCKWi, PYCCKURA, aHrNWIACKWIA);
- LLOMXHO ObITb MaKCMMasIbHO KPaTKMM, MHCOPMATUBHbIM, 6e3 COKpaLleHWiA;
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AHHOTaUMA: NuweTcs Ha 3-X A3blkax (Pycckuid, kazaxckuit, aHraniAicknid):

He 6onee 150-250 cnoB. (CopgepxaHue aHHoTauuu: Llenb mccnepoBaHuit.
Urto cpenaHo. UTo o6HapyxeHo. YeMm BaxHbl pe3ynbTatbl, O6nactb NpUMeHeHus,
EcTb nn aHanorn B mupe);

KnoueBble CrioBa: nuiyTcst Ha 3-X A3blKax (Ka3axckuii, pycckuii, aHrnuinckuii)
— BCero 5-6 04UHOYHbIX CNoBa U He 6onee ABYX-TPEX CNOBOCOYETAHWUNA;

TekcT cTarbu: BkAwYaeT TabAuubl, PUCYHKW, CNUCOK LUTUPOBAHHOW
nuTtepartypsbl;

BBegeHMe — «kpaTkoe W3N0XeHWEe WUCTOpWKM BOMpoca C paccMoTpeHuem
OoTeyeCTBEHHbIX W 3apyb6exHbiXx paboT, B KOTOPbIX aHanornyHble unum 6nunskune
nccnepoBaHWa yxe NpoBOAUAUCHE 3a NOCNeAHWe AecATuneTus;

Llenb nccnepgoBaHusa - kpaTtkoe onucaHue;

MeToabl UccnefooBaHUA — cnepyeT feTanbHO ONUCbIBATb HOBble METOfbI;
Ha paHee ony6nMKoBaHHble U 06l EN3BECTHbIEe MEeTOAbl 4OCTATOYHO cocnaTbCs B
cnucke nutepaTtypbl, ykazas aBTopa u/Munm Ha3BaHue meTona;

- Ta6nuubl JO0NXHbI ObITb MPOHYMepoBaHbl apabckumu undpamm nm MMeTb
onucaTefnlbHOe Ha3BaHWe. YucneHHble u3MepeHus (efUHULbI) AO/KHbI ObiThb
BKNOYEHbl B 3arof10BOK cToNnbua.

- PucyHku (rpadukun, 4yepTexu n np.) n 4uBEeTHble NANKCTPaLUN NPUHUMAKTCA
K neyaTn, TONbKO B Nyyllem KayecTBe. PUCYHKN JOMXHbI UMeTb KpaTkue 3aronos-
Kn, farmume TO4YHOe onmcaHne Kk n3o06paxeHno Ha pucyHkax. 3arof10BKM PUCYHKOB
He JO/MKHblI pasdmellaTbca Ha unnwcTpaynax. HesaBucumo ot Tuna rpadukm, pu-
CYHKN AO/MKHbI 06nafaTb BbICOKMM paspelleHnem, He Huxe 600 Touek Ha AWM.
MakcumanbHbli pa3mep pucyHkoB 120 x 210 mm. 3a npepocTaB/NeHHble He Kaye-
CTBEHHble rpadmueckme maTtepuansl, Npu nyb6nmkauum pepaxkuus OTBETCTBEHHO-
CTW He HeceérT.

Pe3ynbTarbl nccnepoBaHUA — npuBOASITCS OCHOBHble TeopeTuyeckue U
JKCNnepuMeHTanbHble pe3ynbTaTbl, hakTuyeckne faHHble, 0O6GHaApPYXeHHble B3au-
MOCBSA3M W 3aKOHOMepHOCTU. Mpu 3aTOM oTAaeTcs NpeanoyYTeHWe HOBbIM pe3yib-
Tatam, BaXHbIM OTKPbITUAM, BblBOAAM, KOTOpPble ONpOBeprawT cyuwecTByluUne
TEeopuu, a Takxke AaHHbIM, UMEKLWUM nNpakTMyeckoe 3HayeHue.

O6cyxaeHne pe3ynibTaTOB — NPoM3BOAUTCS COMOCTaB/IEHWE C NYYIW UMM OT-
eyecTBEHHbIMU N MUPOBbLIMW aHanoramu. ONUCbLIBAOTCA AUCKYCCUOHHbIE MOMEH-
Tbl MCCNepoBaHUA, U Balle BUAEHWE WX pas3pelleHuns.

BbiBoA - noaBepeHue ntoroB pab6oTbl, 060CHOBaHWE HOBU3HbI U akTyasbHO-
CTW uccnepoBaHnsa, pekomMmeHauum no NPUMEHEHU0 NOoNyYeHHbIX Pe3ynbTaToB.

VICTOYHUK (PMHAHCMPOBaAHUA UCCefoBaHWA - BepomcTBa, (OHAbI, OT-
AenbHble NIAN U T.4. LO/KHbI 6bITb NOMELLeHbl Nepes CIMCKOM MCNONb30BaHHOM
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nutepatypbl. HaMMmeHoBaHUSA hUHAHCUPYIOLWNX OpraHn3aumnini o/mMKHbl OblTb Ha-
nucaHbl NOSIHOCTbIO.

BnarogapHOCTb - BblpaxaeTcs 6/1arofapHoOCTb CNOHCOPaM, Hay4HbIM pPYKO-
BOAMTENAM, NULaM, NPUHUMAaBLUUM AesATesbHOe yyacTue B paboTe u np.

Cnucok nnutepatypbl — CCbIJIKN B TEKCTE HYMEPYHTCA MO BO3pacTaHUio B
nopsgke ux ynomumHaHus. bubnunorpaduyeckme ceegeHns o nybnvkauum ogpopm-
natTtca cornacHo NOCT 7.1-2003. B cnnvcok nutepaTypbl He Bk Yato T cs HOP-
MaTUBHblEe [JOKYMEHTbl, CTaTUCTUYECKME COOPHUMKM, CTaTbW U3 raseT, TakK Kak ux
0hOpMNIAT B KPYI/Nble CKOBGKM nocne ynomMmHaHua B TekcTe. CCbIIKM Ha UHTep-
HeT-caliTbl Npou3BoaATca cornacHo NOCT 7.5-98, npegnoyteHne oTaaéTcsa anek-
TPOHHbIM XypHanam.

CamounmTupoBaHue He AO/MKHO npeBblwatk 20-30% oT ob6uiero cnucka. Jiun-
TepaTypHble UCTOYHUKN LABHOCTbIO He 60nee 10-15 neT f0/KHbl COCTaBNATb 3HA-
YUTENbHYIO YacTb Cnucka, 0CO6EHHO ANs cTaTeli NpUKNagHoro xapakrepa.

References - (TpaHcnutepauyms Cnucka nutepaTtypbl) — odopmasieTcs
cornacHo N'OCT 7.79-2000 u pa3meliaeTcs B COOTBETCTBME C TpeboBaHUAMMK pe-
Aakuun.

CBefeHunsa 06 aBTopax Ha 3-x A3blkax (Ka3axCKuid, PyCCKUIA, aHTTNACKNIA):

- t(hamunus, MMa M 0TYECTBO NOSHOCTbIO (ECNN €CTb),

- Hay4yHas cTeneHb/3BaHue,

- MecTo paboTbl aBTOpa

- BKnag B paboTy Kaxaoro M3 aBTopoB - 3kcnepumeHT, Ob6paboTka [aHHbIX,
O6cyxaeHune, Moarotoska Pykonucn, Mouck Jintepatypsl, ViccnegoBaHmsa u np.

- 3N1eKTPOHHAasA nouTa.
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