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DEVELOPING CHEMICAL AND BIOCHEMICAL SOLUTIONS TO
REDUCE CARBON FOOTPRINTS AND RESTORE ECOSYSTEMS
THROUGH WASTE RECYCLING

Abstract. The article provides an overview of modern approaches to the pro-
cessing of agricultural and man-made waste aimed at reducing the carbon foot-
print and restoring ecosystems. The main focus is on chemical and biochemical
solutions, such as the production of biochar, biogas and optimization of pyrolysis
processes. Special emphasis is placed on the use of biochar for the adsorption
treatment of industrial wastewater, which helps to reduce pollution and rational
use of resources. The prospects of increasing the share of renewable energy in
the energy balance of Kazakhstan and reducing dependence on fossil fuels are
considered. The expected research results include the development of certified
products, the patenting of innovative technologies and their implementation in
production processes. The importance of training highly qualified specialists and
publishing scientific articles is also emphasized, which contributes to scientific and
technical development. The article demonstrates the contribution to the promotion
of environmentally sustainable technologies that meet the global challenges of
climate change.

Keywords: microorganisms, sorption, pyrolysis, bioconversion, briquette, biofu-
els.

Introduction. The program aims to develop innovative waste recycling
technologies to reduce the carbon footprint and restore ecosystems.
Sustainable waste management is becoming especially relevant in the
context of climate change and the growing environmental crisis. The main
focus is on the processing of industrial and agricultural waste into useful
products, including biofuels, energy and materials, which helps reduce
dependence on fossil sources and supports the “green economy”.
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The program addresses the challenges of developing promising
methods of pyrolysis, using biochemical processes to obtain energy and
clean polluted ecosystems. These technologies are capable of not only
improving the environmental situation, but also becoming the basis for the
international implementation of sustainable solutions.

The partnership between scientific and industrial organizations
enhances the program’s potential, ensuring its integration into the national
economy. Joint research and development of applied technologies will
help achieve environmental and energy goals, minimizing the impact
on the environment and creating a basis for scaling innovative solutions
globally.

Research methods and results. The ever-increasing use of traditional
energy sources and the resulting increase in environmental pollution
challenge humanity to find alternative energy sources. In addition, the
world population is growing at an alarming rate; according to UN forecasts,
by 2050 the planet’s population will reach approximately ten billion people.
This will inevitably lead to a significant increase in energy demand, by
approximately 24 billion tons of coal equivalent annually [1]. Given the
growth of environmental problems and energy prices, the development
and implementation of alternative energy sources are becoming a
critical area in the energy sector of the future. Particular attention is paid
to the production of biofuels, including ethanol, biodiesel and biogas,
from renewable energy sources [2]. The International Energy Agency
(IEA) notes that more than 80% of the world’s primary energy supplies
come from fossil fuels, the main source of anthropogenic carbon dioxide
emissions, which are the main factor in global warming [3]. Therefore,
reducing global CO, emissions by at least 50% compared to 2000 levels
by 2050, as indicated by the Intergovernmental Panel on Climate Change
(IPCCQC), is a prerequisite for a sustainable future [4]. The electricity sector,
which produces about 42% of all CO, emissions, is actively researching
technological solutions that can reduce emissions [5].

Just like the inevitable problems in the energy sector, plastic
pollution, which is characterized by its widespread distribution and long
decomposition time, poses a serious threat to environmental sustainability
and human health. Plastic, which has such valuable properties as
lightness, strength, good rigidity, versatility in manufacture, good thermal
insulation, low electrical/thermal conductivity and corrosion resistance
[6,7], is widely used in various sectors. However, its impact on the
environment is catastrophic. It is estimated that about 4% of the world’s oil
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and gas production goes to the production of plastic, which also increases
the volume of harmful emissions [7]. The annual global production of
plastic exceeds 359 million tons, and although it offers many benefits,
it also creates serious environmental problems. Microplastic particles
spread in the atmosphere, water bodies and soil, causing negative effects
on human and animal health, such as cardiovascular diseases, chronic
kidney diseases, and other diseases [6,7].

The problems of agricultural and industrial waste disposal are acute
not only for Kazakhstan, but also for many other countries. Throughout
the world, the accumulation of agricultural and industrial waste causes
serious environmental problems, including water, soil and air pollution,
as well as a threat to biodiversity. In the agricultural sector, huge volumes
of agricultural waste, such as corn stalks, wheat straw and other plant
residues, are often burned or buried, which leads to the release of methane
and carbon dioxide into the atmosphere. These gases are significant
factors in global warming.

Industrial waste, including coal dust and metallurgical slag, also poses
a significant problem. Without proper processing, these materials can
have a toxic effect on the environment, polluting land and water resources
with heavy metals and other harmful substances. Therefore, finding
effective methods for the disposal of such waste is becoming a priority in
sustainable development strategies. The development and implementation
of technologies that can transform agricultural and industrial waste into
useful resources, such as biofuels, building materials or even renewable
energy sources, is a key element in reducing the environmental burden
and maintaining the ecological balance.

The program stands out for its innovative approach to processing
agriculturalandindustrial waste, transformingitinto useful products: biofuel,
building materials and energy. These technologies significantly reduce
waste volumes and carbon footprint, supporting environmentally friendly
and sustainable solutions. Particular attention is paid to the development
of cost-effective technologies that meet global goals of combating climate
change and transition to a “green economy”. The program is important
not only for local environmental issues, but also for achieving energy
independence and sustainable development at the international level. To
solve environmental problems, the development of an effective technology
for producing biogas from agricultural waste is a key area. This process
allows not only to reduce the volume of agricultural waste, but also to
turn it into a valuable source of renewable energy, thereby contributing
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to sustainable development and reducing carbon emissions. Among the
promising sources of bioenergy, agricultural lignocellulosic biomass is the
main source of various organic bioproducts (organic acids, food additives,
enzymes, etc.), and it is also a good biofuel due to its biochemical
composition consisting of sugars and other valuable components. The
transformation of agricultural waste, namely wheat straw, corn stalks,
rice straw, sugar beet cake, etc. into biogas can serve as a promising
substitute for solving the bulk of energy problems. Lignocellulosic biomass
is an inexhaustible and abundant renewable resource that is constantly
replenished through photosynthesis. It includes a significant portion of
agricultural crop waste, energy crops, animal manure, municipal solid
waste (MSW), and forest residues [8]. These cost-effective renewable
energy sources are available in large quantities. In turn, their excessive
accumulation can lead to environmental problems, and if they are not used
and improperly disposed of, this will lead to a significant loss of valuable
bioresources. The above determines the interest in the processes of
conversion and use of agricultural lignocellulosic biomass for energy/
electricity production through direct and indirect conversion pathways.
The total energy consumption worldwide per year is a quarter of the rate
of cellulose synthesis by plants and algae (8.5x1010 t/annual equivalent)
[9]. Direct combustion for heat and electricity production is a classic way
of using biomass for energy [10]. However, the process of anaerobic
digestion or biomethanization is an effective way to convert huge biomass
such as animal manure, lignocellulosic agricultural residues, forestry
waste, municipal and food waste, etc.,into biogas under the influence of
various groups of microbial populations under anaerobic conditions [11].
However, anaerobic digestion of various organic biomasses is a
relatively sensitive process, which mainly depends on the substrate
compounds that can be converted into biogas: the chemical composition
and biodegradability of biomass are key factors for biogas production.
Many studies have focused on the anaerobic digestion process using
monosubstrates. However, in recent years, research has been actively
carried out on biogas production through anaerobic co-digestion (ACD)
of agricultural waste and manure. For example, Cavinato et al. conducted
co-digestion of cattle manure, agro-waste and energy crops [12];
Kacprzak et al. analyzed the co-digestion of agricultural waste and MSW
[13]. Callaghan et al. optimized the co-digestion process by using three
types of feedstock: cattle manure, chicken manure and fruit and vegetable
waste [14]. Muradin and Foltynowicz conducted an economic analysis of
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a biogas plant that processed nine types of feedstock (i.e., corn silage,
potato pulp, wine waste, fruit and vegetable pomace, cereals, plant tissue
waste, municipal sludge, and soybean oil) [15]. ABD is an economically
viable process and can provide effective synergies in the reactor. The
sharp increase in the number of publications on ABD in recent decades
indicates that the anaerobic digestion process is receiving increasing
attention and increasing biogas production is one of the most pressing
research topics.

An important area of research is also the use of phototrophic
microorganisms, such as microalgae, which can be used to capture
carbon dioxide and produce biofuels. These microorganisms are capable
of absorbing significant amounts of CO,, making them a valuable tool in the
fight against global warming. They can also be used to purify wastewater,
removing toxic substances and nutrients, preventing eutrophication of
water bodies and promoting the production of environmentally friendly
energy [16]. The research group has sufficient experience in the field of
biotechnology of phototrophic microorganisms, including in the field of
research into their potential to purify aquatic ecosystems polluted with
various toxicants, and the scientific group is also conducting research to
find and isolate microalgae strains that are promising producers or raw
materials for the production of environmentally friendly types of biofuels.
The team has a large reserve in the field of microalgae research, their
morphological and physiological-biochemical features and has extensive
experience in cultivating microalgae, obtaining various biologically active
substances and dietary supplements on their basis. The research group
has received patents and published articles in highly rated international
journals and textbooks, which confirms the existing sufficient experience
for the implementation of the proposed program. Also, the biotechnology
laboratory has a collection of phototrophic microorganisms, including
more than 50 pure strains of microalgae and cyanobacteria, 20 strains of
which were obtained and deposited in the RCM.

In substantiating the scientific novelty and innovativeness of the
proposed program, it should be noted that one of the program’s objectives
is to develop an innovative low-waste technology for using microalgae
biomass in wastewater and flue gas purification processes with parallel
production of biomass as a raw material for biofuel production. Itis planned
to conduct research on the selection of stable phototrophic microorganisms
to form a consortium, a comprehensive study of the consortium’s ability to
use flue gas CO,, as well as absorb and accumulate metals and organic

13



buomexHornoauu u xumu4deckue mexHosioauu

matter. Considering the fact that phototrophic organisms are the fastest
growing and most energy-efficient crops, it is advisable to analyze the
energy potential of biomass obtained incidentally during the purification of
industrial waste.

The proposed program has no similar analogues in Kazakhstan.
In Kazakhstan, a limited number of studies are devoted to such
biotechnological areas of using microalgae as their mass cultivation for
obtaining feed additives and use in wastewater treatment from pollutants
with subsequent use of this biomass in biodiesel production. The existing
significant number of studies devoted to studying the mechanisms of
plant resistance to TM mostly concerns terrestrial species; the resistance
of aquatic phototrophic microorganisms to metals has been studied to
a limited extent, despite their widespread use in wastewater treatment
systems.

It should be noted that the proposed program has the potential to
become an important element of global efforts to ensure the sustainability
of nature and preserve its resources, so we draw your attention to
the importance of its development in our country for the restoration of
biodiversity in aquatic ecosystems. The problems of pollution of domestic
and industrial wastewater due to anthropogenic impact, air pollution,
climate change due to excessive release of carbon dioxide into the
atmosphere are relevant and widespread throughout the planet. But despite
the measures taken and the current methods available, it is necessary
to search for innovative approaches and green technologies for more
efficient purification of water resources from various types of pollutants
and the transition to environmentally friendly fuels. Despite a number of
unconditional advantages, modern physicochemical methods of cleaning
environmental objects are burdened with significant disadvantages, such
as complex regulation of the mode when using coagulants and flocculants,
low efficiency, preliminary stages of purification, the formation of highly
toxic eluates during sorption, requiring additional destruction, and others.
The expected results of the program can serve as a basis for developing
an alternative method for restoring environmental objects and switching to
innovative technologies characterized by a low carbon footprint. The use
of a consortium of phototrophic microorganisms has advantages such as
cost-effectiveness, extraction of large quantities of xenabiotics due to the
optimal ratio of the treated surface area to the volume, as well as reduced
formation of chemical and biological sediments that must be removed.

In the field of plastic and man-made waste management, key recycling
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methods are highlighted to minimize the environmental impact. There are
four main recycling routes for solid plastic waste, namely, re-extrusion
as a primary treatment, mechanical treatment as a secondary measure,
chemical treatment as a tertiary measure, and energy recovery as a
quaternary measure. Pyrolysis oil has properties close to clean fuel
and is therefore a substitute for fresh fossil fuels for power generation,
transportation, and other applications. The study found that pyrolysis
of plastic waste offers an alternative way to utilize plastic waste and an
alternative source of fossil fuels to reduce the overall demand for virgin
oil. Through plastic pyrolysis, plastic waste is thermally converted into fuel
by decomposing long-chain polymers into small complex molecules in
the absence of oxygen, making this process technically and economically
feasible for recycling plastic waste. The advantage of this process is that
no pre-sorting is required and plastic waste can be fed directly without
pre-treatment before the process. The products of plastic pyrolysis are
pyrolysis oil, a hydrocarbon-rich gas with a calorific value of 25-45 MJ/
kg, making it ideal for process energy recovery. Consequently, pyrolysis
gas can be returned to the process to recover energy for process heating,
significantly reducing the dependence on external heating sources [17].

The problems of agricultural waste disposal are relevant not only for
Kazakhstan, but also for many countries around the world that are faced with
the need for sustainable waste management. In Kazakhstan, for example,
such valuable resources as rice husks and chicken manure are practically
not used, although these wastes can be processed into adsorbents used
to purify various types of water: industrial, drinking, waste and industrial.
Given the importance of the problem for protecting the health of the
population of Kazakhstan, the Institute of Coal Chemistry and Technology
LLP has obtained preliminary samples of carbon adsorbents based on
rice husks, straw, oilcake, chicken manure, plastic waste [18], as well as a
complex fertilizer from oxidized coal of Kazakhstan. The adsorbents have
undergone preliminary laboratory tests for the purification of drinking and
waste sewage water taken from the State Enterprise Astana Su Arnasy
(Astana).

Another direction for reducing emissions is briquetting of industrial
waste. Briquetting of carbon-containing waste, including coal fines and
biomass, is an effective method of processing, turning them into compact
fuel briquettes with high energy value, which are easy to use and
transport. There are two methods of coal briquetting: without binders, at
high pressing pressure (above 80 MPa), and with a binder, at low pressing
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pressures (15-25 MPa). The first method is used to briquette young (soft)
brown coals and peat, the second method is used to briquette fines of
hard and old (hard) brown coals, anthracite fines, semi-coke and coke
fines [19].

Over the years, various binders have been used in the production of
briquettes. They can be classified into several categories, depending on
the temperature at which the briquettes are formed, or on the temperature
of the primary heat treatment of the briquettes, or on the temperature
of the final treatment. The cost of binders that ensure low-temperature
briquetting is much higher than the price of binders that provide for high-
temperature treatment, but low-temperature briquetting reduces capital
costs and installation complexity. High-temperature processes occur at
temperatures from 450 to 850 °C, resulting in sintering of the particles
into a briquette. Low-temperature processes occur at temperatures up to
250 °C.

One of the most promising areas at present is considered to be
biomass briquetting. There are combined technologies that combine the
processing of solid fossil fuels and biomass. The introduction of porous
renewable carbon-containing waste into the briquette not only solves
environmental problems and reduces the cost of the commercial product,
but also helps improve combustion kinetics.

The process of pressing organic waste into fuel briquettes has many
advantages, including ease of transportation and storage, more consistent
feeding into conversion equipment, and higher thermal conversion
efficiency compared to loose biomass. The density and strength of fuel
briquettes are of great importance, since low-quality briquettes may
disintegrate and crumble back into the original materials during processing
or storage, which in turn may negate the advantages of briquetting [20]. The
addition of binders or agents to loose biomass residues before compaction
is considered as one of the ways to eliminate such disadvantages and
reduce production costs [21, 22]. However, due to the negative effects
of using some binders in both compaction and combustion of briquettes,
the development of more effective and sustainable binders for briquetting
organic waste is necessary.

Microalgae have potential to be used as a binding material due to
their high protein content and significant lignin content. In the presence
of moisture, microalgae residues secrete a protein-binding substance that
acts as a glue between particles of loose biomass, forming strong bridges
and filling voids [23]. The use of microalgae as a binding component for
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briquettes has gained great interest and has been the subject of extensive
research in recent years, since this type of bio-energy resource can
capture carbon for growth, be grown using wastewater, and can also
have a high lipid content. Ensuring efficient energy and carbon recovery
from microalgae residues is important for ensuring the environmental and
economic sustainability of microalgal biofuels.

Biomass gasification is a key method of converting solid fuels into more
usable forms of energy. Biomass, like coal, is traditionally used in a solid
state, which may not be as convenient as using gaseous or liquid fuels.
However, modern technology can efficiently convert biomass into gas or
liquid fuels through the gasification process, providing a more flexible and
environmentally friendly use of this renewable resource. Biomass is a
renewable energy form with many positive features. Biomass feedstocks
are often inexpensive by-products of agriculture or forestry. They have low
ash and sulphur content and do not add to the level of carbon dioxide in
the atmosphere. Biomass resources are divided into two categories: wet
biomass (molasses, starches and manures) and dry biomass (wood and
agricultural materials and waste).

In general, biomass, which is a renewable energy source, is a huge
energy resource that is poorly used in Kazakhstan. More detailed
information on the energy properties of biomass is given in [24]. The
simplest and most centuries-old method of biomass utilization is simple
combustion. An alternative method to direct combustion of biomass,
which allows eliminating the disadvantages and difficulties inherent in
direct combustion, is its thermochemical conversion.

However, the formation of tar during the gasification process is one
of the major problems to be dealt with, as tar reduces the efficiency of
the conversion and condenses at lower temperatures, causing certain
problems such as equipment clogging, complicated routine maintenance
and difficult operation. Tar is usually a thick, dark liquid and consists of
a spectrum of condensable hydrocarbons and oxygenated compounds,
which are mainly aromatic and complex polyaromatic hydrocarbons
(PAHs). However, some of the tar spectrum, having a low condensation
temperature, in particular light hydrocarbons (C2-6), can actually avoid
condensation and instead form tarry aerosols, which in turn degrades
the quality of the exhaust gas and potentially makes it unsuitable for use
in high-purity applications, other than direct combustion in boilers in hot
form. It is a fact that the amount and composition of the resin obtained in
the biomass gasification process depend on various factors such as the
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type of biomass, the type of gasifier, the gasifying agent, and the operating
temperature and pressure. There are more than 100 different compounds
in the resin obtained from biomass.

In many cases, the simplest way to classify tars produced from biomass
is to refer to tars as being of two types: “easy to break” tar and “hard to
break” tar or “light tar” and “heavy tar” [25,26]. Tar is also used to represent
all organic compounds with a molecular weight greater than benzene
formed during biomass gasification. It should be noted that closed top
dense bed gasification systems give higher tar yields than open top dense
bed systems. Tests carried out in a joint India-Swiss project have shown
that open top gasification systems produce the lowest tar output compared
to other gasification systems [27]. This is due to the development of a front
moving and propagating towards the upper end of the gasifier (due to the
dual air inlet) from the top and nozzles. This ensures a longer residence
time of the gases at high temperatures and the breakdown of the higher
molecular weight fractions.

The integration of waste and renewable energy technologies
contributes to environmental sustainability and energy independence.
Pyrolysis methods and the use of phototrophic microorganisms support
the creation of a sustainable energy infrastructure and the reduction of
the carbon footprint. The development of biochemical approaches such
as carbon capture and bioconversion reduce greenhouse gas emissions
and transform waste into valuable resources. These innovations create
scalable and cost-effective solutions that meet global environmental goals.

Conclusion. The introduction of waste recycling technologies
strengthens Kazakhstan’s transition to sustainable development.
Optimization of pyrolysis and biogas production reduce the carbon footprint
and dependence on fossil fuels, increasing the efficiency of biomass
use. Biochars are used to treat wastewater, promoting environmental
sustainability.

The program increases the share of renewable energy, reduces risks
and forms the basis for a “green economy”. The results include technology
certification, patents and training of young professionals, which provides
practical solutions to environmental and energy challenges.

Source of research funding. The work was carried out with the support
of the Ministry of Education and Science of the Republic of Kazakhstan within
the framework of the research project “BR24992833 Developing chemical and
biochemical solutions to reduce carbon footprints and restore ecosystems through
waste recycling”
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XKy6aHosa A.A.", Hycunoe [.A.", KameHoB B.K.", KoxaxmetoBa M.X.',
Anmaram6eToB A.T.!, ApbicTtaH6ekynbl B.!, CuaHrpoHr J1.2

3konorus xaHe BruopecypcTapabld TypakTbinbiFbl” F3W, an-®apabu atbiHaarbl
Kas¥Y, Anmarsl k., KasakcTtaH

2 XnMuns xoHe XUMUSATBIK UHXeHepus konnemxi, CuaHb FbIfbIM JkoHe TEXHOMOorus
yHuBepcuteTi, Cnanb K., Kbitan

KOMIPTEK I3OEPIH ASANTY XXOHE KANOLIKTAPObI KAUTA ©HOEY
APKbIJlbl 9KOXYUEHI KANMNbIHA KENTIPY YLUIH XUMUANBIK XXOHE
BUOXUMUANDbIK LUELWWIMAEPAOI S3IPNEY

TyniHpeme. Makanaga kemipTeri i3iH asaniTyra koHe 3JKOXyWenepai KannbiHa
kentipyre OarbITTanFaH arpaprblk >X8He TEexXHOreHAik kangplktapabl KauTa
eHAeyaiH 3amaHayu TacingepiHe wony 6epinreH. Briokemip, 6uoras eHgipici xaHe
NUPONM3 MNPOLIECTEPIH OHTaMNaHAbIPY CUSKTbI XUMUSANbIK XaHEe OUOXMMUSTbIK,
wewlimaepre Hasap ayfapbinagbl. ©HepKaCinTiK aFbiHAbI Cynapabl aacopbumanbik
TasapTy YLWiH nacTaHyabl a3anTyFa XaHe pecypcrapibl yThiMAbl NaganaHyra
blKkNan eTeTiH Gnokemipai kongaHyrFa epekiue Ha3ap aygapbinagpl. KasakcTaHHbIH
SHepreTukanbslk TeHrepiMiHAeri xaHapTblnaTblH 9HEPrUS YIECIH apTThIpy XaHe
Ka3ba OTbIH TypriepiHe TayenainikTi a3anTy nepcrnekTuBanapbl KapacTbipbliyaa.
3epTTey HaTMXKeNepiHeH cepTudpmkaTTanFaH eHiMAI a3ipreydi, VMHHOBaUUAMbIK,
TeXHOnornsanapabl NaTeHTTeydi >kaHe onapAbl eHAIPICTIK MpouecTepre eHrisy
kyTinegi. CoHpanm-ak, FbiNbIMU-TEXHUKANbIK [amMyFa blKnan eTeTiH XoFapbl
OinikTi MamaHgapAbl AasiprayablH KaHe FbifbIMU Makananapabl xapusanayabiy
MaHbI3abINbiFbl  aTan  eTinedi. Makana knumatTbiH  e3repyiHiH  >xahaHabIk,
CblH-KaTeprepiHe jayan OepeTiH 3KonmorusnblK TypakTbl TexXHonorusnapabl
inrepineTyre KOCKaH yreciH kepcetegi.

TyniHai cespmep: MukpoopraHuamagep, copbumsi, nuponus, OroKoHBepcus,
OpuKeT, BUOOTLIH.

Xy6aHoBa A.A.", Hycunoe [.A.", KameHoB B.K.!, KoxaxmetoBa M.X.',
Anmaram6eToB A.T.', ApbicTaH6ekynbl B.', CuaHrpoHr J1.2

"HUW «Bkonorus n ycroumBocTb GuopecypcoB», KasHY um. Anb-Papatu,
r. Anmartbl, KasaxcrtaH

2Konnemx XUMUA U XUMUYECKOW UHXeHepun, CraHbCKUA YHUBEPCUTET HayKu U
TexHonoruu, r. Cnanb, Kutam

PA3PABOTKA XUMUYECKUX U BUOXUMUYECKUX PELLEHUA OnA
COKPALLEHWA YITNMEPOOAHOIO CNEAOA U BOCCTAHOBJIEHUA
OKOCUCTEM YEPE3 NEPEPABOTKY OTXOO0OB

AHHOTauusi. B cratbe npeacTtaBrneH 0630p COBPEMEHHbLIX MOOAXOO4OB K
nepepaboTke arpapHbIX U TEXHOTEHHbIX OTXOA0B, HarnpaBreHHbIX HA COKpaLLeHne
yrnepoaHOro crefa v BoccTaHoBreHne akocuctemM. OCHOBHOE BHUMAaHWE yAeneHo
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XMMUYECKM N BUMOXMMUYECKMM pEeLLEHNsIM, TaKMM Kak Mpov3BOACTBO Guoyrns,
6buorasa n ontummsaums npoueccoB nuponu3a. Ocobbli akueHT caenaH Ha
MCMNonb3oBaHUM Broyrnsa aAns aacopOUMOHHON OYMCTKM NMPOMbILLNIEHHBIX CTOKOB,
YTO CNOCOBCTBYET CHWDKEHMIO 3arps3HEHVIN U paLMOHANbHOMY MCMONb30BaHUIO
pecypcoB. PaccmaTprBaloTca nepcrnekTyBbl MOBbILEHWS OONN BO30OHOBNSEMON
3Heprnm B dHepreTnyeckom GamnaHce KasaxctaHa M yMeHbLUEHUS 3aBUCUMOCTYU
OT wucKonaembix BuAoOB Tonnuea. Oxuaaemble pesynbTaTbl WUCCNEeAOBaHUiA
BKIIOYAKOT  pa3paboTky CepTUdMLMPOBAHHOA  MPOAYKUMW, NaTeHTOBaHune
VWHHOBALMOHHBIX TEXHOJOMMIN N UX BHEAPEHVWE B NMPOU3BOACTBEHHbIE MPOLIECCHI.
Tarke NogvYepKMBaEeTCst 3HAYUMMOCTb MOATOTOBKM BbICOKOKBaANMMULMPOBAHHbIX
crneuvanucToB n nybnukaumMm HayyHbIX CTaTen, 4YTO CrMocoOCTBYeT HayyHO-
TexHnyeckomy pas3puTmio. CTaTbss OEMOHCTpMpyeT BKMag B MNPOOBMKEHVE
9KONOTrMYECKM YCTOMYMBBIX TEXHONOMMI, OTBEeYaroLlwmx rnobanbHbeiM BbI30BaM
N3MEHEHUs KnMmMarTa.

KnioyeBble cnoBa: MuKpoopraHusmbl, copbums, nuponus, OGuoKoHBepcUs,
OpukeT, GuoTOMMIMBO.
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"HNW «Bkonorms mn yctonumBocTb OuopecypcoB», KasHY um. Anb-
®apabu, Anmartsl r., KazaxcrtaH

2Konnempk XMMUM U XUMUYECKOW WUHXeHepun, CuaHbCKUIA YHUBEPCUTET
Hayku 1 TexHonoruu, r. Cnaxs, Kutan

PA3PABOTKA XUMUYECKUX N BUOXUMUYECKUX
PELLEHMA ONA COKPALLEHUA YTNEPOOHOIO CNEQA U
BOCCTAHOBIJIEHUA 3KOCUCTEM YEPE3 NEPEPABOTKY
oTXonoB

AHHOTauwms. B ctatbe npeacTasrieH 0630p COBPEMEHHbIX MOAXOAO0B K nepepaboT-
Ke arpapHbIX 1 TEXHOTEHHbIX OTXOA0B, HaMpPaBIIEHHbIX HA COKPALLEHVe YrrepoaHo-
ro criefa v BoccTaHoBreHne akocuctem. OCHOBHOE BHUMAaHWE YAEreHO XMMuYe-
CKUM 1 BMOXMMMYECKUM PELLEHVAM, TaKUM Kak NpoM3BOACTBO 6uoyrns, buorasa u
onTMmMu3auus npoueccoB nuponuaa. Ocobbin akLEeHT caenaH Ha MCNnonb30BaHUN
6royrns ans agcopOLMOHHON OYNCTKM MPOMBILLMEHHBIX CTOKOB, YTO CMOCO6CTBYET
CHWKEHWIO 3arpsi3HEHUIA M paLMOHanbHOMY UCMONb30BaHMI0 pecypcoB. Paccma-
TPUBAIOTCA MEPCMNEKTUBLI MOBBILIEHNS OO BO30OHOBNAEMON 3HEPTUW B 3HEP-
retmyeckoM banaHce KasaxcTaHa M yMeHbLUEHWS 3aBUCMMOCTM OT MCKOMaeMmbiX
B/AoB Tonnmea. Oxvpgaemble pe3dynbTaTbl UCCNEAOBaHNIA BKITKOYAOT pas3paboTky
cepTMdULMPOBAHHON NPOAYKLMMW, NAaTEHTOBAHNE UHHOBALMOHHBLIX TEXHOMOMMA 1
X BHeOpeHMe B NMPOM3BOACTBEHHbIE MPOLIECCHI. Takke NoAYEPKMBAETCH 3HAYU-
MOCTb MOATOTOBKM BbICOKOKBaNMMULMPOBAHHbIX CNELManucToB M nybnvkauum
Hay4HbIX CTaTel, YTO CMocobCTBYeT Hay4YHO-TEXHWYECKOoMy passutuio. CtaTbd
OEMOHCTPUPYET BKMag, B NMPOABVDKEHNE 3KOJOrMYECKN YCTONYMBBLIX TEXHOIOMMN,
oTBeYalLwmx rnobanbHbIM BbI30BaM U3MEHEHWS KnumarTa.

KnioyeBble cnoBa: MMKpoopraHuawmbl, copbunsi, nmponua, 6uokoHBepcus, bpu-
KeT, BuoTonnmnBeo.

BBeaeHue. NporpamMma HanpasrieHa Ha paspaboTKy MHHOBALMOHHBLIX
TEXHOMNOrMN nepepaboTkM OTXOAOB AN CHWDKEHWUS YrNepogHoro crepa
N BOCCT@HOBJIEHWSI SKOCUCTEM. YCTOWYMBOE ynpaBrieHNe oTxodamMu cTa-
HOBUTCS OCODEHHO aKTyarbHbIM B YCIOBUSIX KIMMaTUYECKUX U3MEHEHWI
M HapacTalwLero 3Korormyeckoro kpuanca. OCHOBHOE BHMMaHWe yae-
NeHo nepepaboTke MPOMbILLIIEHHbIX U CEMNbCKOXO3SNCTBEHHbIX OTXOA4O0B
B MoresHble MPOAYKTbl, BKMYas OMOTOMNMMBO, 3HEPTUIO U MaTtepuarnsl,
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YTO CMOCODOCTBYET CHWXEHMIO 3aBMCMMOCTU OT MCKOMaeMbIX UCTOYHMKOB
N NoOOEepXKMBaeT «3erieHyl0 9KOHOMUMKY». [lporpamma peluaeT 3agayu
pa3paboTkn MepPCNEKTUBHBLIX METOAOB NUMPOMM3a, NCMOMb30BaHMs Boxu-
MUYECKNX MPOLLECCOB AN MOMYyYEHUS SHEPTUN N OYUCTKM 3arpsi3HEHHbIX
9KOCUCTEM. OTN TEXHOSOMMM CMOCOBHbI HE TOMbKO YNYYLUWUTb SKOSOrnye-
CKyto 06CTaHOBKY, HO U CTaTb OCHOBOW AN MEXAYHAPOAHOro BHEOPEHMS
YCTONYMBBIX peLleHnin. [apTHEPCTBO HayYHbIX Y MPOMbILLSIEHHbLIX OpraHu-
3aunn ycunvmeaeT NoTeHuman nporpaMMbl, obecrneynBas €€ nHTerpaumio
B HauMOHarbHy0 3KOHOMUKY. COBMECTHbIE McCreqoBaHusa 1 paspabor-
Ka MpUKNagHbIX TEXHOMOMMI MO3BOMAT OOCTUYb 3KOMOMMYECKUX U JHEp-
reTM4eckMx Lienen, MMHUMU3VPYsl BO3AENCTBME Ha OKPYXaloLLylo cpeay
1 cosgaBas 6a3dy Ona macwTabupoBaHMs MHHOBALMOHHBLIX PELLEHNA Ha
rnobanbHOM ypOBHe.

MeToabl 1 pe3ynbTaTbl uccrneaoBaHusA. [lepmaHeHTHO Bo3pacTa-
loLLee NCnonb30BaHe TPaAMLMOHHBIX UCTOYHMKOB SHEPIUM U Kak crief-
CTBME 3TOr0 YBENNYMBAIOLLEECS 3arps3HEHVE OKpyXaloLlen cpefpbl cTa-
BAT Nepes 4YernoBeYeCTBOM BbI30B K MOUCKY anbTePHATUBHbLIX MICTOYHUKOB
aHeprun. K Tomy e, MMpOBOE HacerieHMe pacTeT C TPEBOXHOW CKOPO-
CTbto; cornacHo nporHo3am OOH, k 2050 rogy YMCNEHHOCTb HacerneHust
nnaHeTbl JOCTUIHET OKOSO AECATU MUMNNNApA0B YenoBek. ATO HeN3BEXHO
NMPMBEAET K 3HAYUTENBHOMY YBENMYEHWNIO CMPOCa Ha SHEPTUIO, MPUMEPHO
Ha 24 munnuapga TOHH YroflbHOrO SKBMBAriEHTa exerogHo [1]. YuutbiBas
POCT 3KOJIOTMYECKMX MPOBIEM M LieH Ha aHepropecypcbl, pa3paboTka u
BHeApEHNe anbTepHATMBHbLIX UCTOYHMKOB SHEPINM CTAHOBATCS KpUTUYeE-
CKM BaXXHbIM HarnpaerieHMeM B aHepreTuke Gyayuiero. OcobeHHO BENUKO
BHMMaHWe K NPOM3BOACTBY broTonnvBea, BKMYas dTaHon, 6uogmsens u
Buoras, n3 BO30O6HOBNSEMbIX UCTOYHMKOB aHeprun [2]. MexayHapogHoe
3HepreTnyeckoe areHTcTBo (M3A) oTmedvaeT, uyto 6ornee 80% MUPOBLIX
MOCTaBOK NEPBUYHOM 3HEPTNM NMPUXOAUTCS Ha MCKomaemoe TOMMBO, OC-
HOBHOW MCTOYHMK aHTPOMOreHHbIX BbIOPOCOB YrMEKUCIIoro rasa, KoTopbIn
SIBNSAETCA OCHOBHbIM hakTopoM rrnobansHoro notensnenns [3]. Mostomy
CHWXeHne mnpoBbIx Bbibpocos CO, no mexblueit mepe Ha 50% no cpas-
HeHuto ¢ ypoBHeM 2000 roga k 2050 roay, kak ykasbiBaeT MexnpaButenb-
CTBEHHas rpynna SKCnepToB Mo uameHeHuto knumata (MIFrOWK), asnsietcs
06sA3aTenbHbIM YCNOBMEM OIS YCTOMYMBOro 6yayuiero [4]. OnekTpoaHep-
reTUYECKUI CEKTOP, KOTOPbIN MPOu3BOAUT OKomo 42% Bcex BbIOPOCOB
CO,, aKTMBHO MCCrieflyeT TEXHOMOTNYECKME peLleHmnsi, CnocobHble Cokpa-
TUTb BbIGPOCHI [5].

Tak xe, Kak 1 HensbexHble NpobrieMbl B chepe aHeEPreTukn, 3arpsisHe-
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HWe NNacTMKOM, KOTOPOe XapakTepu3yeTcs ero LWMPOKUM pacnpocTpaHe-
HWEM 1 NPOAOIPKUTENBHBIM BPEMEHEM Pa3noXeHus, NpeacTaBnseT cobon
Cepbe3Hy Yyrpo3y 3KOSTOTMYECKOW YCTOMYMBOCTU M 300POBbLI0 YenoBeka.
lMnactuk, obrnagjarolwmi TakMMU LIEHHbIMW CBOMCTBAMW, KaK FEerkocTb,
NMPOYHOCTb, XOPOLLAS XXECTKOCTb, YHMBEpPCarnbHble BO3MOXHOCTM ANS W3-
rOTOBJIEHWNS, XOPOLLAs TENON30MAUNS, HU3Kas MPOBOAUMOCTb ANEKTPU-
YyecTBa/Tenna n ycTom4nBoCTb K KOppo3un [6,7], LUMPOKO MCMOMb3yeTcs B
pasnuyHbIX cektopax. OgHaKo ero BANSHME Ha OKPYXKatoLLyto cpeay kaTta-
cTpoduyHo. Mo oueHkam, okono 4% mMupoBon Aobblun HedbTK 1 rasa nget
Ha MPOM3BOACTBO NMAaCcTMKa, YTO TaKkKe yBenMynBaeT 06bembl BbIOPOCOB
BpeAHbIX BellecTs [7]. ExxerogHoe rmobanbHOe NpoM3BOACTBO NnacTuka
npesbiwaeT 359 MWUMAMMOHOB TOHH, U XOTS OH MpeanaraeT MHOXECTBO
NPevMyLLEeCTB, OH Takke CO3[4aeT Cepbe3Hble IKONOrnYecKkme NpodremMsl.
MukpodacTumubl NnacTrka pacnpocTpaHsTca B atMmocdepe, Bogoemax
1 MoYBe, Bbi3blBasi HEraTUBHbIE MOCEACTBUS AN 300POBbs YenoBeka u
XMBOTHbIX, Takue Kak CepAeYHO-COCYAMCTbIe 3aboneBaHns, XpOHNYecKne
bornesHu noyek, apyrne 3abonesaHus [6,7].

[Mpobrembl yTUnm3aumm arpapHbiX U TEXHOTEHHbIX OTXOA0B OCTPO CTO-
AT He TonbKo neped KazaxctaHom, HO 1 mepea MHOXXECTBOM APYrnX CTPaH.
Bo Bcem Mupe HakonmeHne 0TxXxo40B OT CenbCKOro X035MCTBa M MPOMBbILLI-
NEHHOW OEeSTENbHOCTM BbI3bIBAET CEPbEe3Hble IKONOornyeckme npobnemel,
BKITIOYas 3arpsi3HeHne BOAbI, NMOYBbI M BO3A4yXa, a Takke yrpo3y bmopas-
HoobOpasnto. B arpapHoOM CeKTope OrpOMHbIE OOBEMbI CEITbCKOXO035M-
CTBEHHbIX OTXOOOB, Takmx Kak cTebnu KyKypy3bl, MLIEHWYHas conoma u
Apyrve pacTuTernbHble OCTaTKK1, YacTo CKUIaTCA UM 3aXOpaHBatoTCS,
YTO NPMBOOMT K BbIAENEHNIO B aTMocepy MeTaHa U YrieKkUcrnoro rasa.
OTu rasbl ABASIOTCH 3HAYUMbIMU DAKTOPaMK rrobanbHOro NOTENSIEHNUS.

[MpoMbILLIIEHHBIE OTXOAbI, BKMOYAs YrofbHYO Mbiflb Y MeTannypruye-
CKME LUIakn, Takke NpeacTaBnsitoT cO0oM 3HaUMTENbHYO Npobnemy. bes
OOMMKHOW nepepaboTkn 3TV mMaTepuarnbl MOTyT OKasblBaTb TOKCUYECKOE
BO3[ENCTBME Ha OKPYXKaIOLLYIO Cpeay, 3arpsi3Hsas 3eMenbHble N BOAHbIE
pecypcbl TSXenbIMU MeTannamu M ApyruMu BpegHbiMM BELLECTBaMMU.
[MoaTomy nonck adpPeKTUBHbLIX METOAOB YTUMM3aLUKN TakMX OTXOAOB CTa-
HOBUTCS NMPUOPUTETHBLIM HanpaBlieHNEM B CTpaTernsix yCTom4mMBoro pas-
BUTKS. Pa3Bntre n BHegpeHne TEXHOMOrMIN, KOTopble MOMyT NpeBpaLlaTthb
arpapHble U TEXHOFEHHbIE OTXOAbl B MOJSIE3HbIE PECYPChI, TakMe kak brno-
TONIMBO, CTPOUTENbHbIE MaTepuarnbl Uin Aaxe UCTOYHMKN BO30OHOBIISA-
€MOVi SHeprun, SBNSETCS KIYEBbIM 3NIEMEHTOM Afs COKpaLLEeHWs 3KOMo-
rMYeCcKon Harpy3k1 1 NOAAEpP>KaHWS IKOMOrm4yeckoro banaHca.
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[Mporpamma BblgenseTcs MHHOBALMOHHBIM NOAX0A0M K nepepaboTke
arpapHbIX U TEXHOTEHHbIX OTXOAO0B, Npeobpasys Mx B Mosie3Hble NPoayK-
Thbl: BMOTOMMMBO, CTPOUTESBHBIE MaTepuUarbl U SHEPIUD. TN TEXHONOTUN
3HAYUTENBbHO CHWXKaKT 00bEeMbl OTXOAOB M YrNepPOaHbIA cried, noanep-
XVBas 9KONTOMMYECKM YUCTbIE U ycTonuymBble pelwleHns. Ocoboe BHUMa-
HWe ygerneHo pas3paboTke SKOHOMUYECKM IPDEKTUBHBIX TEXHOMOMMI, CO-
OTBETCTBYHOLLMX rMobanbHbIM LensaM 60pbbbl C MU3MEHEHMEM KnMMaTta 1
nepexona K «3eneHon aKoHoMuKe» . [lporpamMmma MMeeT 3HaYeHne He TOSb-
KO ONS NOKarnbHbIX 9KONOMMYECKMX 3adad, HO 1 AN OOCTWDKEHUS dHepre-
TUYECKOW HE3aBUCUMOCTM U YCTOMYMBOIO Pas3BUTUSA Ha MEXOYHAPOAHOM
ypoBHe. [Ins pelueHns akonormyecknx npobnem, paspabotka apdekTms-
HOWM TEXHOSOrMM NofyYeHns Gruorasa n3 OTXOL4OB CENbCKOXO3SNCTBEHHON
NMPOMBILLSIEHHOCTM NPeAcTaBnseT cobon KroyeBoe HampasreHve. JTOT
NpoLLeCC NMO3BOJMSAET HE TOMbKO COKPaTUTb O6beMbl arpapHbIX OTXOAOB,
HO M MPEBPaTUTb UX B LIEHHbIN MCTOYHMK BO30OHOBMASIEMON SHEPIX, TEM
CcaMblM CnocobCTBYS YCTOMYMBOMY Pa3BUTUIO M CHWKEHUIO YIIIEPOAHbIX
amuccun. Cpean nepcrneKkTMBHBIX UCTOYHMKOB OMO3HEpPrMm CenbCKOXO-
3AWCTBEHHAs NUrHouennono3Has buomacca SBAsieTCA OCHOBHbIM NUCTOY-
HMKOM pPa3HOOOpasHbIX OpraHMYeckux OMOoMpPOAYKTOB (OpraHMYecKmx
KNCIOT, NuLLeBbIX A06aBOK, (bepMEHTOB 1 T. A4.), a Takke, 3TO XopoLuee
BuoTonNNNBO U3-3a ee BUOXMMNYECKOrO COCTaBa, COCTOSILLIErO U3 CaxapoB
N OPYrMX LIEHHbIX KOMMOHEHTOB. MpeobpasoBaHme CenbCKOXO3SNCTBEH-
HbIX OTXOAOB, @ MMEHHO MLUEHNYHOW COJTOMbI, CTEONEN KyKypy3bl, pUco-
BOW COJIOMbI, XXMbIXa CaxapHOW CBEKIbl U T. A. B 6Broras MoXeT ClyXuTb
NepCcrneKkTUBHOM 3aMeHOM NS peLleHnsl OCHOBHOW YacTu SHEPreTUYeCcKmnx
npobnem. JlurHouenntonodHas Gruomacca npeacraBnsieT cobon Hencyep-
naembI 1 0OWMbHbIV BO30OHOBIISAEMbIN PECYPC, KOTOPbIN MOCTOAHHO MO-
NOSTHAETCA B npouecce poTocnHTesa. B ero coctas BXoAUT 3HAYUTENb-
Hasi 4YaCTb OTXOAOB CEJIbCKOXO3SINCTBEHHbIX KYyMbTyp, 3HEPreTUy4ecKux
KynbTyp, HABO3a XMBOTHbIX, TBEPAbIX O6biToBbIX 0TX0A0B (TBO), 1 ocTart-
Kn neca [8]. OTn 3KOHOMUYHbIE BO30OOHOBNSAEMbIE UCTOYHMKN SHEPTM OO~
CTyMHbl B 60mbLLOM KonnyecTBe. B cBo oyepenpb, Nx n3bbITOYHOE HaKo-
nreHne MOXET NMPMBOAUTL K SKOMOrMYecKMM npobrnemam, 1, ecnm nx He
NCMNOMb30BaTb M HEKOPPEKTHO YTUMM3NPOBATb, TO 3TO NPUBEAET K CyLle-
CTBEHHOM MoTepe LieHHbIX BropecypcoB. BeilenepeuncrieHHoe obycnas-
NBaeT MHTEepecC K MpoueccamMm KOHBEPCUMM U MCMOSb30BaHMS CENbCKOX0-
3ANCTBEHHON NUIHOLIENIIOI03HON Briomacckl 451 MPOM3BOACTBA aHeprun/
3MIEKTPO3HEPTNN NOCPEACTBOM MPSMbIX U KOCBEHHbLIX MyTEW KOHBEPCUM.
O6Lee noTpebrieHne aHeprum BO BCEM MMpPE B rof COCTaBMSET YETBEPTb
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CKOPOCTWN CUHTE3a LeNIono3bl pacteHnsmm u Bogopocrnamm (8,5x1010
T/rogoBor akBuMBaneHT) [9]. MNpsamoe cxuraHne aAnsa NPOu3BOACTBA Tenna
N 9MEKTPOIHEPIMUN SBMSETCHA KIacCUYecKMM CrnocoboM MCMONb30BaHMS
6uomacchl ans nonyveHus aHeprum [10]. Tem He MeHee, mMpoLecc aHas-
poOBHOro cbpakmpaHus unv BMoMeTaHu3auusa npeacraBnseT cobon ag-
PEKTUBHbLIV CNOCOD MpeBpaTUTbL OFPOMHY0 BroMaccy, Takyl Kak HaBO3
XXMBOTHbIX, FNUrHOLENIIONO3HbIE CETbCKOXO3AWCTBEHHbIE OCTaTKM, OTXO-
Obl NIECHOr0 X035NCTBa, KOMMYHarbHble M MULLEBbIE OTXOAbl U T. A., B
Buora3s nog AencTBMeM pa3HOOBpasHbIX FPynn MUKPOBHbBIX NOMYMASLUA B
aHaspobHbIx ycnosusx [11].

OpHako aHaspobHoe cOpakmBaHWe PasnM4YHbIX OpraHWYeckux Gmo-
Macc SBMSETCH OTHOCUTENbHO YyBCTBUTEMbHBIM MPOLLECCOM, KOTOPbIV B
OCHOBHOM 3aBUCUT OT COeaUHeHWI CybCTpaToB, KOTOpblE MOTYT ObITb Npe-
obpasoBaHbl B 610ras: XMMmn4eckui coctaB 1 buopasnaraemoctb bromac-
Cbl SABMISIOTCS KMNOYEBLIMU (hbakTopamu Ansg npoussoacTsa buorasa. MHo-
)KeCTBO MCCrnegoBaHN HampaBieHo Ha NpoLecc aHasapobHoro copaxuea-
HWUS C UCnonb3oBaHNeM MoHocybcTpaToB. OgHako, B mocrnegHve rogbl ak-
TVBHO NMPOBOASITCS UCCNegoBaHNs No NPOM3BOACTBY brorasa ¢ noMoLLbo
aHaspobHoro coBmecTHOro 6poxeHns (ACB) cenbCKOXO3AWCTBEHHbIX
0TX040B M HaBo3a. Hanpumep, Cavinato et al. npoBenu coBmecTHoe 6po-
)KeHVe HaBo3a KPYMHOro poraToro ckoTa, arpoOTXO40B M SHEPreTUHECKMX
KynbTyp [12]; Kacprzak n gp. npoaHannsvMpoBann COBMECTHOe BpoxeHue
CenbCcKoXo3ancTBeHHbIX otxogoB 1 TBO [13]. Callaghan et al. ontumunan-
poBanu NPoLEeCC COBMECTHOIrO COpaxmBaHMs NyTEM MCMONb30BaHUSA TPeEX
BVAOB CbIPbsi: KPYMHOrO pOraToro ckoTa, KypyHOro nomeTta n ppykToBo-o-
BOLLHbIX 0TX0A0B [14]. Muradin and Foltynowicz npoBenv 3KOHOMUYeCKui
aHanus 6uora3oBol yCTaHOBKK, KOTOpas nepepabatbiBana AeBATb BUAOB
Cblpbs (T.€. KyKypy3HbIN CUIOC, KapToenbHyo nynbny, oTpaboTaHHbIe
0TX04bl BMHOOENNS, (PPYKTOBbIE U OBOLUHbIE BbDKMMKMK, 3€PHOBbLIE, OT-
X04bl pacTUTENbHbLIX TKAHEN, MyHMLMNanbHbIA 1N 1 coeBoe macro) [15].
ACB npeactaBnseTt cobor 3KOHOMUYECKN peHTabenbHbIA NPOoLEecc U Mo-
XeT obecneunTtb 3OPEKTUBHBIN CMHEPTM3M B peakTope. Pe3ko BO3poc-
Lee konm4yecTBo nybnukaumm no Tematnke ACB B nocrnegHue gecatune-
TSI CBUOETENLCTBYT O TOM, YTO MpoLeccy aHaspobHOro copaxmBaHus
yaensieTcs Bce 6onbluee BHUMaHNE 1 yBeNMYeHre npon3BoacTea bvora-
3a SABMSETCH OQHOM N3 aKTyasrbHENLINX TEM OS5 UCCregOBaHUN.

BaxHbIM HanpaBrieHMeM UCCrefoBaHUM Takke SBNSETCS UCMOSib30-
BaHMe (QOTOTPOMHbBIX MUKPOOPraHU3MOB, TakKMX Kak MMUKPOBOLOPOCIH,
KOTOPbI€ MOryT MUCMOMb30BaTbCA ANS YNaBNUBaHWUS YIMEKUCIIONO rasa u
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nNpon3BoACTBa Guotonnmea. AT MUKPOOPraHN3Mbl CMOCOBHbI MOMNoLLATb
3HauuTenbHble 06bembl CO,, YTO AenaeT MX LeHHbIM UHCTPYMEHTOM B
6opbbe c rnmobanbHbiM notensieHnem. OHM Takke MOryT UCMOMb30BaTbCsA
ON1S1 OYUCTKM CTOYHbIX BOA, yAansas TOKCUYHblE BELLeCTBa U NUTaTellb-
Hbl€ 3NEMEHTHI, MPeAoTBpaLLasi 3BTpodmKaLnio BOJOEMOB 1 CMOCOOCTBYA
NMPOM3BOACTBY 3KOJIOMMYECKN YMCToM aHeprum [16]. NccnepgoBaTtenbckas
rpynna uMeeT 40CTaTO4HbI ONbIT paboTbl B 0611acT GuoTexHonornn go-
TOTPOMHBLIX MUKPOOPraHM3MOB, B TOM YMCrie B 0611aCTu nccrnegoBaHnii nx
noTeHuMana B O4YUCTKE BOAHbLIX 3KOCUCTEM, 3arpsi3HEHHbIX PasfMyHbIMU
TOKCMKaHTaMu, a Takke Hay4dHOW rpynmnon NpoBOoAATCA UccregoBaHust No
MOUCK M BblOENIEHNEID LUTAMMOB MUKPOBOAOPOCHEN, ABNALLMXCA nep-
CMEKTUBHLIMU MpoAyLieHTaMu, NMbO CbipbeM AMsi NPOU3BOACTBA 3KOJO-
rMYeCKn YMCTbIX BUOoB brotonnmea. Konnektnes umeeT 6onbLuol 3agen B
obractu uccrnegoBaHuin MYKPOBOLOPOCTEN, X MOPONOrnyecknx n dum-
310NOro-6MoOXMMNYECKUX OCODEHHOCTEN M obnagaeT GoMbLUMM OMbITOM
Mo KyJNibTUBMPOBAHMK MUKPOBOLOPOCIIEN, MOSTYYEHNIO HA UX OCHOBE pas-
TNUYHBIX Ornonorndyeckn akTuBHbIX BelwlectB n BA[os. Vccneposatenb-
CKOW rpynmon nostydeHbl MaTeHTbl U OnyOrMKoBaHbl CTaTbl B BbICOKOPEN-
TUMHIOBbIX MEXAYHAPOAHbIX XXypHanax 1 y4ebHble nocobus, YTo ABNsieTcst
NOATBEPKAEHNEM MMEIOLLIEroCs LOCTATOMHOro OnbiTa ANns peanusauum
npeanaraemon nprpammel. Takke, B nabopartopum GMoTexHonornm nme-
eTcs Konnekunsa hoToTPOdHBIX MUKPOOPraHN3MOB, BKoYatoLlwasa 6onee
50 yncTbIX LUITAMMOB MUKPOBOAOPOCHEN 1 unaHobakTepun, 20 LiTammMoB
13 KOTOPbIX MNOMy4YeHbl U AenoHnpoBaHbl B PKM.

O6ocHOoBbIBasA Hay4YHyH0 HOBU3HY U MHOBALMOHHOCTb MpearnaraemMomn
nporpaMmmbl HEOOXOOUMO OTMETUTb, YTO Of4HA U3 3a4ay NporpaMmbl Ha-
npaereHa Ha pa3paboTKy MHHOBALMOHHON MariooTXOOHOM TEXHOMOrnm
MCMoSib30BaHUsA GMomMacchbl MMKPOBOLZOPOCIIEN B NpoLeccax OYMCTKN CTO-
KOB 1 OAbIMOBbIX ra30B C NaparnesbHbIM Nony4yeHnemM bruomacchl Kak Cbipbsi
Ons npousBoacTBa 6uotonnmea. [pu 3TOM nNnaHWpyeTcs nNpoBedeHue
nccreaoBaHuim No 0TOOPY YCTONYMBBLIX (DOTOTPOGHbBIX MUKPOOPraHN3MOB
Ons oOpMUPOBaAHUSA KOHCOPLIMYMaA, KOMMIEKCHOE nccregoBaHme cnocob-
HOCTM KOHCOpuuyma ucnosb3osate CO, AbIMOBbLIX ra3os, a Takxe Morno-
LWaTb U HakannuBaTb MeTansbl U OpraHNYeckMe BELLEeCTBa. Y4unUTbiBad
TOT hakT, YTO POTOTPOGHbIE OPraHN3Mbl — camble GbiICTpopacTyLUne 1
BbICOKO3HEPreTMYeCcKMe KynbTypbl, Lefiecoobpa3Ho NpoBeAeHne aHanu-
3a SHEpreTu4eckoro noteHumana Guomacchl, NMOy4YEHHOW MOMYyTHO Mpu
OYMCTKE OTXOAOB MPOM3BOACTBA.

lMpeanaraemas nporpamMmma He MMeeT nofgobHbIX aHanoroB B Kasax-
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ctaHe. B KasaxctaHe orpaHuW4eHHOe KOSMYecTBO UCCriedoBaHWiA MOCBS-
LLIEHO TakMM BMOTEXHOMOrM4yecknm obnacTsM MCnonb30BaHUA MUKPOBO-
O0pOCren, Kak X MaccoBOe KyfbTUBUPOBaHWE AN NOMyYEHNss KOPMOBbIX
A006aBOK M MPUMEHEHNE B O4MCTKE CTOYHBIX BOA OT 3arps3HMTENEN C Aanb-
HENLLMM NpUMEHEHNEM 3Ton Bromacchl B npounsBoacTee buoamsens. Cy-
LLIeCTByeMOe 3HauuTernbHOE KOMMYECTBO MCCMEAOBaHWM, MOCBSLLEHHbIX
N3YyYEHNIO MEXaHU3MOB PE3VNCTEHTHOCTN pacTeHun Kk TM, Gonblue Bcero
KacaeTCs Ha3eMHbIX BUOO0B, YCTOMYMBOCTb BOAHbLIX (POTOTPOMHbLIX MUKPO-
OpraHM3mMoB K MeTanfnam MCCrnedoBaHO OrPaHNYEHHO, BOMPEKN UX LUNMPO-
KOMY MCMOMb30BaHMWIO B CUCTEMAX OYUCTKM CTOYHbIX BOA.

OTtmeTvM, YTO npeanaraemasi mporpaMMa MMeeT MnoTeHuuan cratb
BaXXHbIM 3/IEMEHTOM r06anbHbIX YCUIMM MO 06eCneYeHnto YyCTOMYMBOCTU
npupoabl Y COXPaHEHNIO ee pecypcoB, NO3TOMY nNoaBoaum Balue BHMMa-
HMEe K 3HAYMMOCTU €ro pas3BMTUS B Hallen CTpaHe AN BOCCTaHOBMEHMWS
BGuopasHoobpasns B BOAHbIX akocucTeMax. [pobnembl 3arpsisHeHns Obi-
TOBbIX M MPOMBbILLFIEHHbIX CTOMHbIX BOA WM3-3a aHTPOMOreHHOro BO3Aen-
CTBUS, 3arpsi3HeHusi atMocdepbl, M3MEHEHWUS] KIMMAaTUYECKUX YCIOBUN
BCIEACTBME M3ObITOMHOrO BbIAENIEHUS YITIEKUCIOro rasa B aTMocdepy,
ABMSOTCSA aKkTyanbHbIMU U pacnpoCcTpaHeHHbIMY B Maclitabax Bcen nna-
HeTbl. HO HeCMOTpsi Ha NpUHMMAaeMble MeEpbl U UMEKLLMECS TEKYLLME Me-
TOAbl, TPEBYETCA MOMCK HOBATOPCKUX MOAXOAOB M 3€JIEHbIX TEXHOMOrMn
ans 6onee ahHEKTMBHON OYNCTKM BOAHBLIX PECYPCOB OT Pa3fIMYHOro poaa
3arpsisHMTENen 1 nepexona Ha 9KOMorM4eckn YncTole Buapl Tonnmea. He-
CMOTpPS Ha psig 6e3yCrnoBHbIX NMPEMMYLLECTB, COBPEMEHHbIE (DU3NKO-XU-
MUYECKMe MeToabl O4YMCTKN OOBEKTOB OKpY>KatoLen cpedbl, 06peMeHeHb!
3HaYUTEmNbHBIMU HeAOCTaTKaMM, TAKUMU KaK CIIOXHAas perynsaums pexumma
npyY UCNONb30BaHUN KOArynsHToB U ONOKYINAHTOB, HU3Kas apdeKTns-
HOCTb, NpeABapuTEribHbIE 3Tanbl O4MCTKM, 06pas3oBaHNe BbICOKOTOKCUY-
HbIX 3M0aToB Mpu copbunmn, TpebyoLwmnx ONOMHUTENBHON OECTPYKLMN,
n gpyrve. MNpegnonaraemble pesdynbTaTbl NPOrpamMMbl MOFYT MOCAYXUTb
OCHOBOM Ans pa3paboTkM anbTepHaTMBHONO MeToda BOCCTaHOBIEHUS
0OBEKTOB OKpY>KatoLLEen cpepbl U nepexofaa Ha MHHOBALMOHHbIE TEXHOMO-
TN, XapaKkTepusyLmecss HU3KMM yrnepogHbeiM cregom. icnonb3oBaHue
KOHcopuMyma POTOTPOMHbLIX MUKPOOPraHM3MoB ObGrafgaeT npeumylie-
CTBaMu, TaKMMU Kak peHTabenbHOCTb, N3BIeYEHNS BONbLLOro KONM4YecTBa
KCEHabMOTMKOB 3a CYET OMTUMAsIbHOIO COOTHOLLEHNS nrowaan obpaba-
TbIBAEMOM MOBEPXHOCTU K 06bEMY, a Takke yMeHbLUeHHOe obpa3oBaHue
XVIMUYECKMX M BUOMNOrMYecknx 0CaakoB, NoAnexalnx u3batuio.

B obnactu ynpaBneHusi mnacTMKOBbIMW M TEXHOFEHHbIMU OTXO4aMU
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BbIAENSATCS KroYeBble MeTodbl UX mepepaboTky, HampaBreHHble Ha
MUHMMUK3aLMI0 3Komornyeckoro Bosgencteus. CyliectByeT YeTblpe oc-
HOBHbIX HampaBreHWs nepepaboTku TBepAbiX NNACTUKOBbLIX OTXOA4OB, a
VWMEHHO: PE3KCTPY3Ms B Ka4ecTBe NepBUYHON 06paboTkn, mexaHnyeckas
0bpaboTka B kKayecTBe BTOPUYHOM MepbI, XMMUYyeckasd obpaboTka B kaye-
CTBE TPETMYHOW MEePbI 1 PEKYNepaLms 3HEPTMU B KAYECTBE YETBEPTUYHON
Mepbl. [TMponM3Hoe Macno MMeeT CBOMCTBA, Bnnskne K YNCTOMY TONSUBY,
1, CNeAoBaTenbHO, ABMASETCH 3aMeHUTENIEM CBEXErO CKONaeMoro Tonmm-
Ba ANS NPOM3BOACTBA 3MIEKTPO3HEPIMM, TPaHCcNopTa U APYruxX nNpuMeHe-
HWUW. MiccrnegoBaHmne nokasano, YTO MMPOoN3 NacTUKOBbLIX OTXOL0B Npea-
naraeT anbTepHATMBHBIN CMOCOD yTMIM3auMu MNacTUKOBbIX OTXOAOB U
anbTepPHaTMBHbBIN UCTOYHMK MCKOMAEeMOro TOMNMMBa 4115 CHUXKEHWS obLero
crpoca Ha nepBuYHyo HedTb. [ocpeacTBOM NMpOnM3a nnacTvka nnacTtm-
KOBble OTXOAbl TEPMMYECKN MPEBpPALLAIOTCA B TONUBO MyTEM pasfoxe-
HWUS ANVHHOLLEMOYEYHbIX MONIMMEPOB Ha HEBONbLUNE CIOXHbIE MOMEKY bl
B OTCYTCTBME KUCIIOPOAA, YTO AenaeT 3TOT MPOoUEeCcC TEXHUYECKN U KO-
HOMMYECKM LieniecoobpasHbiM AN nepepaboTky NnacTUKOBbLIX OTXOAOB.
[MpenmyLLecTBO 3TOro MpoLecca 3akmnyaeTcs B TOM, YTO He Tpebyetca
npeaBapuTenbHas COPTMPOBKA, a NNacTUKOBbIE OTXOAbl MOXHO NOAaBaTb
HenocpeacTBeHHO 6e3 npeaBapuTenbHON 06paboTkn nepes npoLeccoMm.
[MpogyKkTamy Nnponm3a nractTMacc SBASKTCA NMPONM3Hoe Macho, bora-
ThI YINEBOSOPOAAMM ras ¢ TEMNOTBOPHON CNOCOBHOCTLI0 25—45 MK/Kr,
YTO AenaeT ero ngeanbHbIM 4119 pereHepaumy TEXHOITOTMYECKON SHEPTUN.
CrepoBaTenbHO, NMMPOMM3HBIN ra3 MOXHO BO3Bpallatb B Mpouecc Ans
N3BIIEYEHNS HEPIMN AN TEXHOMOMMYECKOro HarpeBa, YTo CyLeCTBEHHO
CHWKaeT 3aBMCMMOCTb OT BHELLHNX MCTOMHMKOB HarpeBa [17].

[Mpobrembl yTrnusauumn arpapHbiX OTXOO0B SBASATCA aKTyarbHbIMU
He Tonbko Ans KasaxcrtaHa, HO 1 Ans MHOrMX CTpaH Mvpa, CTankuBato-
LLIMXCSA C HEOBXOAMMOCTBH YCTOMUYMBOrO yrpaereHus otxogamu. B Kasax-
CTaHe, HanpuMep, NPaKkTUYEeCKN He UCMONMb3YTCH Takue LIeHHbIE pecyp-
Cbl, KaK pucoBas Luenyxa 1 KypuHbIA MOMET, XOTS 3TN OTX04bl MOTYT ObITh
nepepaboTtaHbl B aAcopbeHThl, UCNOMb3yeMble AN OYUCTKA PasfimnyHbIX
TUMNOB BOA: MPOU3BOACTBEHHbIX, MUTBEBbIX, CTOYHbIX Y MPOMbILLIIEHHBIX.
YuntbiBas BaXHOCTb Mpobriembl Ans OXpaHbl 300poBbs HaceneHus Ka-
3axctaHa B TOO «/HCTUTYT XUMWUW YIAsi U TEXHOMOMMMN» NOMyYeHbl Npea-
BapuTenbHble 06pasLbl yriepoaHbIX aacopbeHTOB Ha OCHOBE PUCOBOM
LUENyXu, COMIOMbI, XMbIXa, KypMHOrO MOMeTa, MacTUKOBbIX OTXOAOB
[18], a Takke komnnekcHoe yaobpeHne u3 okucreHHoro yrnsa Kasaxcra-
Ha. AACOpPOEHTbI NpoLLnM NpeaBapuUTeNibHble NabopaTopHbIE UCTIbITAHUS
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MO OYUCTKE MUTBEBBIX N CTOYHbIX KaHANM3aunOHHbIX Bof, B3sTbIX B KT
«AcTaHa cy apHachbl» (r. ActaHa).

Ewle ogHMm HampaBneHvem ANns CHUKeHWst BbIbpocoB siBnsdeTcs 6pu-
KeTMpOBaHMe TEXHOrEHHbIX OTX0A0B. bprkeTpoBaHune yrnepogconepxa-
LLMX OTXOAO0B, BKMOYas yronbHy0 Menodb 1 bruomaccy, npeactaBnsieT co-
6o achpekTMBHBIN cnocod nepepaboTkn, NpeBpaLLas X B KOMMNAKTHbIE
TOMNNNBHbIE OpPMKETbl C BbICOKON 3HEPreTUYEeCKON LIEHHOCTbIO, KOTOpble
yOoOHbI B MCMOSb30BaHUN 1M TPaHCMOPTUPOBKE. PasnuyatoT gBa Crnoco-
6a bpukeTupoBaHus yrren: 6e3 CBA3yLNX BELWECTB, MPU MNOBbILLIEHHOM
AaBrneHnn npeccoaHus (Boiwe 80 Ml1a), n co CBA3YHOLWMM BELLECTBOM,
npy MarnblXx AaBrieHusax npeccoBaHus (15-25 Mrla). Mo nepsBomy cnoco-
Oy GpukeTupytoTCa Momnogple (Msirkue) Oypble yrnv n Topd, MO BTOPOMY
— MenoYb KaMeHHbIX 1 cTapbix (TBepAblxX) OypbIX yrmemn, aHTpauuToBbIv
WThIO, NONyKOKCOBas U kokcoBasi Menoub [19].

B TeyeHne mHOrux et B npou3BoAcTBe OpMKETOB MCMNOMb30Banm1Chb
pasnuyHble cessylowme. VIx MoXHO knaccnuumpoBaTtb MO HECKONBKUM
KaTeropysiMm — B 3aBMCMMOCTM OT TeMMepaTypbl, NPy KOTOPON OOPMYHOT-
cs1 OpuUKeTbI, UM OT TemMnepaTypbl NEPBUYHON TepMoobpaboTkn Bpuke-
TOB WX Xe TemnepaTypbl OKOHYaTenbHoM 06paboTkn. CTOMMOCTb CBSI-
3ylOLLMX BeLLecTB, obecneumBatoLmx HU3KOTEMMNEPATYPHOe NpoTekaHe
npoiecca 6puKeTMpOBaHNS, HAMHOIO Bbille, YEM LieHa Ha CBS3YyoLime,
npegycMaTpuBaloLLme BbICOKOTEMMEPATYPHYO 06paboTKy, HO NPV HU3KO-
TeMnepaTypHoM BprKeTMPOBaHNM YMEHbLLAKTCH KanuTanbHble 3atpaThbl
N CMNOXHOCTb YCTaHOBKW. BbicokoTemnepaTypHble NpoLecChbl NMPOXOAAT
npu Temnepatypax ot 450 go 850 °C, B pesynbTaTe Yero npoucxoguT
crnekaHue 4Yactuy B OpukeT. HuskoTemnepaTtypHble MpoLecchl NPOUCX0-
OST nNpy TemnepaTtypax go 250°C.

OpgHum n3 Havboree nepcrnekTMBHbBIX HampaBfeHWn B HacTosiliee
BpeMS cumTaeTcs GpuketmpoBaHne Guomacchl. CyLlecTBYIOT KOMOUHU-
pOBaHHbIE TEXHOMOMMM, CoBMeELLaLmMe nepepaboTky TBepAbIX roprYmX
nckonaemblx U Guomaccel. BBegeHne B GpukeT nMopucTbix BO30OHOBMS-
€MbIX YIIepoAcodepKalluyx OTXOAOB He TONbKO peLuaeT 3KOornyeckme
npobrembl 1 yaelweBnseT CTOMMOCTb TOBApHOrO NPOAyKTa, HO U Croco6-
CTBYET YIyYLUEHUIO KMHETUKM CrOPaHus.

MpoLiecc npeccoBaHnsi OpraHNYeCcKUX OTXOAOB B TOMMMBHbIE OpUKETDI
MMeeT MHOXECTBO NMPEeUMYyLLECTB, B TOM YMCIIE FIErKOCTb TPaHCNOPTMPOB-
KM 1 XpaHeHusi, boree nocregoBaTenbHy0 nogadvy B KOHBEPCUOHHOE 060
pyAoBaHue 1 6oree BbICOKYH 3hheKTUBHOCTb TEPMUYECKOro Npeobpaso-
BaHMS MO CPaBHEHUIO C Pbixnon Bruomaccon. MNoTHOCTb U NPOYHOCTE TO-
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NIVBHbBIX BPUKETOB MMEKT OO0MbLUIOE 3HAYEHME, MOCKOSbKY OpUKETbI HU3-
KOro Kka4yecTBa MOryT pacnafaTbCs M paccbinaTbCs 06paTHO Ha UCXOAHbIE
mMaTepuanbl Npy nepepaboTKe Nnv XxpaHeHnm, YTO B CBOKO odepenb MOXeT
HMBenupoBaTb npeumyliectsa 6puketmpoBanus [20]. Job6asneHue ces-
3YIOLLIMX KOMMOHEHTOB UIN areHTOB K PbIXSIbIM OCTaTkam buomacchl nepeg
MX YNIOTHEHWEM pacCMaTpuBaeTCs Kak OAWH M3 CMOCOBOB yCTpaHeHus
Takmx HeJOCTATKOB M CHWXXEHMS MPOM3BOACTBEHHbIX 3aTparT [21, 22]. Oa-
HaKO M3-3a HEraTUBHbIX NOCMNEACTBUN MCMONb30BaHUSA HEKOTOPbIX CBSA3Y-
IOLLIMX KaK NpW YNIOTHEHMU, TaK U NPU CKUraHMm BpukeToB, Heobxoanma
paspaboTka 6onee 3EKTMBHBIX U YCTOMUYUBBLIX CBA3YHOLMX NS Gpuke-
TMPOBaHUS OPraHNYEeCKUX OTXOA0B.

MuvkpoBOgOpPOCHN MNOTEHUMANbHO MOTYT ObITb NCMOMb30BaHbI B Kave-
CTBe CBSA3yOLLEro marepuana énarogapsi BbICOKOMY cogepxaHuto 6enka
N 3HAYUTENbHOro COAEepXaHus NUrHuHa. B mpucyTcTBMM Bnarm octatku
MUKPOBOAOPOCIEN BbIAENSIOT BELLECTBO, CBsA3biBalowee 6Genok, Koto-
poe AeNCTBYeT Kak Kren mexagy Yyactuuamuy pbixnon brnomaccel, obpasys
NMPOYHbIE MOCTUKM M 3anonHaa nyctoThbl [23]. cnonb3oBaHne MMKPOBO-
OOpOCren B Ka4eCTBe CBA3YHOLLErO KOMMOHEHTa Ansi 6pukeToB npuobpe-
no 60onbLION UHTEPEC M CTarno NpeaMeToOM MacluTabHbIX UccrenoBaHui
3a nocriegHee BpeMsi, MOCKONbKY AaHHbIA BuA GMO U 9Hepropecypca Mo-
XXeT ynaBnuBaThb Yrnepog OJi9 pocTa, BblpaliMBaTbCA C MCMOMb30BaHU-
€M CTOYHbIX BO, a TaKkke, MOXET MMETb BbICOKOE COAepXaHne nMnuaos.
ObecneyeHne ahEKTMBHOIO N3BIIEYEHNSA SHEPTUN U yrniepona U3 octat-
KOB MMKPOBOAOPOCIIEN MMEET BaXXHOE 3HA4eHve Ans obecneyeHnss aKo-
NOrM4YecKon M 3KOHOMUYECKOW YCTOMYMBOCTM MUKPOBOLOPOCIIEBOro 6mo-
TonnuBea.

rasndukaunsa Gruomacchl ABASETCS KIHYEBbIM METOAOM Npeobpaso-
BaHMs TBepAOro Tonnmea B 6oree yaobHble Ans Ucnonb3oBaHns opMbl
aHeprun. buomacca, nogo6Ho yrnto, TPagULMOHHO NCMONb3YeTCs B TBEP-
AOM COCTOSIHWM, YTO MOXeT ObITb He Tak YA0OHO, KaK NCMOb30BaHWe ra-
3006pa3Horo unm xuakoro Tonnmea. OgHaKo COBPEMEHHbIE TEXHOMNOMMK
no3BonsT 3¢hdekTMBHO Npeobpas3oBbIBaTL GMOMAacCy B ras Uin >XXuUaoKoe
TONMMBO Yepes npouecc rasndurkaumm, obecneunBas Tem cambiM 6onee
rmbkoe M 3KONOrMYHOE UCMOMb30BaHME 3TOro BO30OHOBMSEMOro pecyp-
ca. bnomacca — aTo Bo306HOBNAEMas aHepreTmyeckasd oopma C MHOXe-
CTBOM NO3UTUBHbIX 0COBeHHocTen. Chipbe BoMacchl YacTo ABMSETCS He-
O0pOrMM No6oYHBIM NPOAYKTOM CENbCKOro XO35MCTBa MUY NIeCOBOACTBA.
OHO MMeeT HM3KOe codepKaHne 3011bl U Cepbl U HEe YBENNYMBAET YPOBEHb
YrIekncrioro rasa B atmocdepe. Pecypcbl GBuomacchl Aensitca Ha aBe Ka-
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Teropuu: BriaxkHas G6uomacca (Mernacca, kpaxmanbl M HaBo3bl) U Cyxas
Buomacca (gpeBeCHbIE 1 CENTbCKOXO3ANCTBEHHbIE MaTepyarbl U 0TX0Ab!).
B uenom, 6uomacca, sasnsawollascss BO30OHOBNAEMbIM WUCTOYHUKOM
SHEPIrUM — 3TO OrPOMHBIN HEPreTUYECKNA pecypc, cnabo 1crnonb3oBaH-
Hbin B KasaxcrtaHe. bornee nogpoGHble cBedeHWs 06 SHEepreTUyecKmnx
cBoncTBax bromacckl npveegeHbl B [24]. Hanbonee npocTbiM 1 Bekamu
Mcnonb3yemMbiM Crnocobom yTunu3daumm Buomacchl SBRSETCS NpocToe
CXKuranve. AnbTepHaTMBHBIM CNOCOBOM MPAMOMY CXuraHuio Gromaccsl,
MO3BONSOLLEMY UCKIIOYNTD NMPUCYLLME MPSMOMY CMOCOBY CXUraHusl He-
OOCTaTKN 1 TPYAHOCTU, SABASETCH €€ TEPMOXMMMYECKas KOHBEPCUS.

OpHako B npouecce rasudukaumm npoMcxoamTt obpa3oBaHne CMorbl,
YTO SBNSAETCA OOHOW M3 Cepbe3HbIX NpobremM, C KOTOPbIMU NPUXOAUTCS
MMeTb Oeno, Tak Kak cMonacHmwkaeT 3 eKTUBHOCTb Npeobpa3oBaHnsm
KOHOEHCUPYACH MPU MOHWXKEHUM TEMMepaTypbl NMPUBOOUT K ONpeaenéH-
HbIM HEMPUATHOCTAM, TakMMW Kak 3acopeHue obopydoBaHWs, YCHOX-
HEHWIO PEernameHTHOro OOCMYXMBaHWUS W 3aTPyOHSAET 3JKChniyaTauuio.
Cmorna 06bIbHO npefcTaBnseT cobor rycTylo, TEMHOrO LiBETa KUOKOCTb
N COCTOWUT M3 CNEeKTpa KOHAEHCMPYEMbIX YrreBOoAOPOAOB M KUCIOPOAO-
cofepXalmx coeguHeHN, KOTOpble B OCHOBHOM SIBMISIIOTCS apomartuye-
CKUMW U CIIOXXHBIMM NonuapomaTtmnyeckumm yrrnesogopogamu (MAY). Mpu
9TOM YacTb CMeKTpa CMOf, MMes HWU3Kyl0 TemnepaTypy KOHOeHcauuu, B
yacTHocTu, nerkme yrnesogoponbl (C2-6) moryT dakTnyecku msberatb
KOHAEHcauun 1 BMECTO 3TOro obpa3oBbiBaTb CMOMNMUCTbIE adP0O30SM, YTO,
B CBOIO OMepefb, YXyALlaeT Ka4yecTBO BbIXOASLLEro ra3a v NoTeHuuansHo
AenaeT ero HempurogHbIM Af1S1 MCMOMb30BaHMS B BbICOKOYMCTBIX MPUIIOo-
JKEHMSAX, MOMMMO NPSIMOro CKUFaHUS UX B KOTax B ropsivyem Buae. Asns-
eTcs (haKToOM, YTO KONMYECTBO M COCTaB CMOfbl, MOMy4aeMov B npouecce
rasvdukauum Gruomacchl, 3aBMCAT OT PasNMYHbIX PaKTOPOB, TaKMX Kak
TN Guomaccsl, TUN rasoreHeparopa, rasuuUMpyOLWMn areHT, a Takke
paboyas Temnepartypa un aaesneHune. B cmone, nonyyeHHon 13 buomaccsl,
cywiectByeT 6onee 100 pasnmyHbIX COEOUHEHUN.

Bo MHormx crnyyasix npocTenunmM cnocobom Krnaccudukaumm cMorbl,
nony4yaemon n3 Guomacchl, SBNAETCS yNnoMWHaHWe ryapoHOB MO OBYM
TMNam: CMoMa «Jerko paspyLuiaemas» 1 «CMoria TPpyAHO paspyLuaemasi»
UNK «rerkas cMomnax» n «Tskenas cmonay [25,26]. Cmona Takke ncnonb-
3yeTcsa ON1s NpeacTaBreHnss BCEX OPraHMYecKknX BELLEeCTB C MONeKynsip-
HOM Maccon, bonbluen, yem y 6eH3ona, obpasyroLlerocs npu rasmduka-
umn Guomaccel. CriegyeT 3aMeTUTh, YTO CUCTEMa rasmduKkaunm NNOTHOIo
CINos C 3aKPbITON BEPXHEW YaCTbi0 4AOT OOree BbICOKUA BbIXOA CMOSbI
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Mo CPaBHEHMIO C CUCTEMOW MIIOTHOIO CIos C OTKPbITON BEPXHEN YaCTbiO.
McnbiTaHus, BbINOMHEHHbIE B COBMECTHOM npoekte ViHaunn u LLsenuapun,
nokasarnu, YTO CUCTEMbI rasuurkaLmm ¢ OTKPbITbIM BEPXOM NPOU3BOAAT
camoe HU3Koe KONMYECTBO CMOJ1 MO CPaBHEHWIO C APYIMMW CUCTEMaMU ra-
3udpmkaumm [27]. 3TO MPOUCXOAUT 3a CHET NOSBMEHNS (DPOHTA ABUratoLLe-
rocsi U pacnpoCTPaHSIOLLErocs K BEpXHEMY KOHLY rasudukartopa (13-3a
OBOWHOro BX0o4a BO3A4yxa) OT BEpPXHEN Yactu 1 conen. 3To obecneynBaet
Goree BbICOKUI CPOK NMpebbiBaHNS ra3oB Mpuv BbICOKMX Temnepartypax u
pacnaga dpakumi ¢ 6ornee BbICOKMM MOJSIEKYSIPHbIM BECOM.

WHTerpauusa TexHonornn nepepaboTky OTXOA0B M BO30OHOBMASEMbIX
WNCTOYHMKOB 9HEPrmMm crocobCcTByeT aKomnorm4yeckon 6e3onacHocTy 1 aHep-
reTmyeckon HesasmcumocTn. MeTtodbl nuponunsa u ucnonb3oBaHue Go-
TOTPOMHbLIX MUKPOOPraHM3MOB MOAAEPXMBAIOT CO3[aHUE YCTOMYNBOW
3HEPreTUYEeCKoON WHPPAaCTPYKTYpPbl MU COKpaLLeHue YrrnepodHoro criefa.
PaspaboTka Guoxummnyecknx nogxodoB, TakMX Kak yraBnvBaHue yriepo-
Aa 1 BMOKOHBEPCKS, MO3BONISET YMEHbLUNTL BbIOPOCHI MAPHMKOBbLIX Fa30B
1 npeobpasoBaTtb OTXOAbl B LEHHbIE PECYpChbl. DTV UHHOBALIMM CO34al0T
MaclwTabupyemble 1 9KOHOMUYECKN 3P(PEKTMBHbIE pELLEHMS, COOTBET-
CTByIOLLME rNoBanbHbIM 9KOMOrMYECKUM LIENSIM.

BbiBoa. BHegpeHne TexHomnorui nepepaboTkM OTXOLOB YKpennseT
nepexop KazaxcraHa Kk ycton4ymeomMy pas3sututo. Ontummnsaums nuponmaa
1 NPOM3BOACTBO OMorasa CHWXaloT yrnepoaHbli cres U 3aBUCUMOCTb OT
MCKOMaemoro Tonnvea, noBblwas 3P(EeKTBHOCTb MCMONb30BaHUA 6mo-
mMacchbl. Broyrnm npyumeHsaTCa Ans O4MCTKM CTOKOB, CNOCOBCTBYSA 3KOMO-
rmyeckon yctonumBocTu. [porpamma yBenuyuBaeT SO0 BO306HOBNSE-
MOV 3HEPrun, CHUXaeT pUCckn 1 popMmnpyeT OCHOBY ANSA «3ereHOoN S3KOHO-
MUKWy . PesynbTatbl BKNIOYAKT CEPTUMUKALMIO TEXHONOMMIW, NaTEHTLI U
NMOArOTOBKY MOMOAbIX CNeunanvcToB, YTo obecrneynBaeT npakTuyeckue
peLueHns Ans SKOMOrMYecKnx n aHepreTU4eCcKMX BbI30BOB.

UcTouHuk huHaHCcMpoBaHUsA uccrneaoBaHun. PaboTa BbiMOMHeHa Npy noa-
aepxke MOH PK B pamkax HayvHo-uccriegoBaTtenbckoro npoekra «BR24992833
PaspaboTka XMMU4eCcKmMx 1 BMOXMMUYECKNX PELLEHNI ONA COKPALLEHUS yrnepoa-
HOro crieja n BOCCTaHOBIIEHNS 9KOCUCTEM Yepe3 nepepaboTKy 0TXOA0B»
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BIMUSAHUE 3®®EKTA JANbHOOENCTBUSA NMPOMbILLNEHHBIX
MOHUTOB HA COPBLIMOHHYIO AKTUBHOCTb
WHTEPMONIMMEPHOW CUCTEMBI «KY-2-8@AB-17-8» (X:Y)
B OTHOLLEHWM MOHOB CKAHAUS U UTTPUS

AHHoTaums. Hactodwasa paboTta nocBsilLeHa nccreoBaHuio BNMaHNA addekTa
AanbHOOENCTBUSA MPOMBILUMEHHBIX MOHOOOMEHHbIX cmon  KY-2-8 (KkaTuoHuT)
n AB-17-8 (aHMOHWT), HaxoQsAWMXCA B WHTeprnonumepHonm cucteme «KY-2-
8:AB-17-8» (X:Y) c cooTHOLWeHMeM MOHOreHHbIX rpynn X:Y, Ha copOunio MOHOB
CKaHAWA 1 UTTPUSA. YCTaHOBMEHO, YTO 3a CHET AMCTaHLMOHHOIO B3anMOAeNncTBmS
M B3aWMHOW aKTMBaLWMW WMOHWTOB, COPOLIMOHHbIE CBOMCTBA WMHTEPMONMMEPHON
cucTeMbl 3HaAYUTENBHO yBenuumsatoTcs. B paboTe onpefdeneHbl onTumarnbHble
COOTHOLLEHNS KOMMOHEHTOB CUCTEMbl AN MaKCMManbHOro W3BMEeYeHWs MOHOB
ckaHaus N UTTpUs. OKCMepUMeHTarnbHO MOKa3aHo, YTO MpU  COOTHOLLEHUN
MOHOOBOMeHHbIX cmon KY-2-8:AB-17-8 pasHoM 5:1, ocTaTtoyHas KOHLEHTpauus
ckaHausa B pacTtBope cHmxkaetca oT 100,00 mr/n go 54,10 mr/n nocrne 48 u.
B3aMMOAeNncTBusa. Torga Kak, npyv COOTHOLWIEHWUsIX WOoHuTOB KY-2-8:AB-17-8
paBHOM 4:2 MWHMUMarnbHOE OCTAaTOMHOE COAepXaHWe WOHOB WTTPUS nocne
copbuun B uccregyeMom pactBope namersietcs ot 100,00 mr/n go 32,18 mr/n
no ncteyeHnto 48 4. B3aumoaencTans. lNonyyeHHble pe3dynbTaTbl 4EMOHCTPUPYIOT
NepCcrneKkTUBHOCTb MPUMEHEHUS] WHTEPMNONMMEPHbBIX CUCTEM AN  MNOBbILLEHUS
3 DEKTUBHOCTM U3BIIEYEHNS peaKO3EeMENbHbIX MeTarnsoB, YTO OTKPbIBAET HOBblE
BO3MOXHOCTU B FMAPOMETaNAypruvm 1 TEXHOMOrMM nepepaboTkn NPOMbILLNEHHbLIX
pacTBOpPOB.

KniouyeBble cnoBa: copbuys, ckaHanin, MOHOOOMEHHbIE CMOTbI, MHTEPNONMMEPHast
cucTtema, rmapomMeTaniyprus.
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BBepgeHune. B HacTosiLee BpeMsi uccrnegoBaHusi NpoLeccoB copbumm
peako3emMenbHbix MeTannoB (P3M) BegyTcs akTMBHO MO BCEMY MUPY.
MpogomkaeTca n3ydyeHne TakMx MeTodoB M3BriedeHus noHoB P3M kak
XUOKOCTHAsA 3KCTpaKLMS, ocaxaeHne, COpOLMOHHbIE npoLecchl 1 ap. Tem
HEe MeHee, MHOrMe U3 3TMX MeTOO0B XapakTepU3yTCsl BbICOKOM CTOUMO-
CTbHO peareHToB, CMOXHOCTbIO peanu3aumm U HU3KON CEeNIeKTUBHOCTBIO K
LeneBbIM MoOHaM. B cBA3n ¢ aTMMm, paspaboTka HOBOro 3KOHOMUYECKM 3dD-
EKTUBHOIO NoaxoAa, B YaCTHOCTM UCMONb30BaAHNE UHTEPMONMMEPHbIX
cucTeM, NpeacTaBnsaeTca NepcnekTUBHLIM HanpaereHnem. NpoBoanmble
B MMpE MCCIeL0oBaHNA NoKasbiBakoT, YTO MOHOOOMEHHbIE CMOJTbl HA OCHO-
Be dhocchopHbix rpynn (Lewatit VP OC 1026 [1], Purolite MTS9580 [2]) 06-
nagatT BbICOKOW CENEKTUBHOCTBIO K MOHaM CKaHaus 1 obecnevmBatoT co-
pbumnoHHyo emkocTb Ao 200 mr/gm3. Kpome Toro, D2EHPA-conepaline
cmonbl (LSC 790) [3] nokasbiBaloT aHEKTUBHOCTL JaXe B MPUCYTCTBUU
KOHKYPUPYHOLLUX MOHOB, TaKMX Kak TUTaH U Xeneso, obecneyvrBas CTeneHb
ounctkm 0o 90 %, 4To nogTBEPKAAET BaXXHOCTb Noabopa MOHOOOMEHHbIX
MaTepuanoBs U ONTUMU3ALUN YCIOBUIN COPOLIMM B MPOMBILUSIEHHbIX MPO-
ueccax. bornee Toro, Bbilweyka3aHHblE MCCrEAOBaHUSA MOKa3bIiBalOT, YTO
KMHETMKA MmpoLecca copbumm nogumMHsieTcsl NCEBAOBTOPOMY MOPSIAKY, a
Takune KNn4veBble NnapamMeTpbl Kak KMCITOTHOCTb PacTBOpa, KOHLIEHTpaLUms
KOHKYPUPYKOLLMX MOHOB 1 TeMMepaTypa, OkasblBatoT 3HAYUTENbHOE BfU-
sSHMe Ha a(P(PEKTUBHOCTb U3BEYEHNS LerneBbiX MOHOB. B yacTHocTu, pa-
6O0TbI MO N3y4EeHUIo copbLMM METANIOB U3 MPOMbILLSIEHHbIX PACTBOPOB [4-
6] nokasbIBalOT, UTO COPOLNOHHBIE XapaKTEPUCTMKN NMPUMEHSIEMbIX CMOIT
MOTyT BapbMpOBaTbCs B 3aBUCUMOCTM OT YCIoBuUiA cpeapl, pH pacteopos
N COCTaB NMraHgoB.

PenkosemenbHble MeTansbl, B YaCTHOCTU CKaHOMW U UTTPWUIA, UrpatoT
BaXKHYIO POJSib BO MHOIMX 06/1aCTsIX MPOMBILLIIEHHOCTU M HAXOAST NPUMEHe-
HME B a3POKOCMUYECKO TEXHUKE, STIEKTPOHUKE, SHEprocbepexxeHnn n ap.

Lenb nccnepoBaHua — paspaboTtka aheKTUBHBIX METOO0B U3Bre-
YEHUs LieneBbIX METaNoB M3 PacTBOPOB pasnuyHon npupodbl. OgHUM
N3 NepPCNeKTUBHbLIX HaNpPaBreHNA ABMSETCA U3YYEeHNE MHTEPMNONMMEPHbIX
CUCTEM, CMOCOBHBIX 3HAYMTENBHO MOBbLIWATL COPOLNOHHBIE XapakTepu-
CTUKN NCXOOHBLIX NOSIMMEPOB 3a CHET MX B3aMMHOM aKkTuBauum acpekrom
[anbHOOeNCTBUS.

MeToabl uccrnegoBaHus. B faHHOM vccrneqoBaHMM B KadecTBe Cop-
OLMOHHBIX MaTepuanoB MPUMEHSNMCh CreayloLme NOHOOOMEHHbIE CMO-
Nbl: CUITbHOKMUCNOTHBIN KaTMOHNUT KY-2-8, npegcraBnsatoLwmii cobon cyrb-
dupoBaHHbIV cononumep ctupona ¢ 8 % auBuMHUNGEH30mna, U CUNbHOO-
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CHOBHbI aHMOHNUT AB-17-8, conmonumep ctuporna u AMBUHUIIGEH30mna ¢
BGEH3NNTPUMETUNAMMOHNEBBLIMU (DYHKLMOHAMNBHBIMW FPYNnamMu.

WccrnepoBaHne COpOUMOHHBIX CBOWCTB MOHUTOB MPOBOAUNN B pac-
TBOpPAX HUTPATOB CKAHOWSA U UTTPUS, KOHLEHTpaumus kaxgoro - 100 mr/n.
[ns onpegeneHns HEM3BECTHbIX KOHLIEHTPALMI LiernieBblX MOHOB CKaHAWS
N UTTPUSI MPUMEHSNCA XPOMOreHHbIn peareHT ApceHaso (1) B nopoliko-
obpasHoi opme. MpuroToBreHne CTtaHAAPTHbIX PAaCTBOPOB CKaHAWS U
UTTPUSI OCYLLIECTBIIANOCHL C MCMONb30BaHMeM xmnopHon kucnotsl (HCIO,),
a ang HevTpanusaumn NpUMeHsNcs 2%-Hbli pacTBOp rMOpPOKCMaa HaTpuUs
(NaOH). B kauyectBe pacTBOpuTENSsT MCMOMb30Banacb AUCTUIIIMPOBAH-
Hasi Boaa.

Maccy copBeHTOB M3mepsinu B3BELUMBAHMEM Ha 3MEKTPOHHbIX aHa-
nutndeckux Becax Shimadzu AY220 (npoussoactBo AnoHun). OnTuye-
CKYIO MMOTHOCTb MPUIOTOBJIEHHBIX PACTBOPOB HUTPATa CKaHAWS U UTTpUS
onpegenanu Ha cnektpogoTomeTpe Unico KOK-3KM npu anuHe BOMHbI
650 HM C nocrefyrLWmMM pacyeToOM KOHLEHTpaLUUM MOHOB CKaHAUS U UT-
Tpus.

MocTpoeHmne kannbpoBO4HOM KpuBOM. MeTon onpenerieHus MoHOB
CKaHAMSA N UTTPUST OCHOBaH Ha 0OPa30BaHMM OKPALLEHHOIO KOMMIIEKCHOIO
COoeaMHEHUS yKa3aHHbIX MOHOB C OPraHN4eCKMM aHanMTU4eCKMM peareHTom
ApceHaso |l (pucyHok 1). MocKonbKy MOHbI CKaHaUSA U UTTpUst He obnagaroT
COBCTBEHHBIM XPOHOOPMUPYHOLLIMM 3COGEKTOM, ANA NOMYyYEHNs] aHanUTU-
Yecku 3Ha4YMMon popMbl NpumeHsncs peareHT ApceHaso lll, npeacrasnsto-
MM cobon Brca3onpom3BogHOE XPOMOTPOMHOM KUCHOThI [7].

PucyHok 1 — MNpuroTtos-
NeHne pacTBOPOB CKaH-
aunsa ¢ Apceraso (lll) ans
cnekTpodoToMeTpuYe-
CKOro aHanmasa.
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[na noctpoeHust KanMbpOBOYHOW KPMBOM (PUCYHOK 2) nmpoLecca cop-
6unn ckaHams ObINM NPUroTOBIIEHbI UCXOOHbLIE PacTBOPbLI rekcarngpara
HUTpaTa CkaHaus ¢ HavarnbHOM KoHueHTpaumen 100 mr/n. MicxoaHein pac-
TBOp Obin pasbaerneH 4o Nony4veHns paboyero pactTBopa C KOHLEHTpaLuu-
en 20 mr/n, Ha OCHOBE KOTOPOro Gbiny NOArOTOBIEHBI NATH CTAHAAPTHBIX
pacTBopoB, cogepxawux 1, 2, 3, 4 1 5 mn aHanu3anpyemoro BeLlecTBa,
KOTOpbIE 3aTeEM MEePEHOCUNNCb B MepHble Konbbl o6bemom 50 mn. La-
rnee, k kaxgon npobe npunueanu 12 mn pacteopa ApceHaso (0,015 %) n
2 mn pacTteopa xJiopHon kucnotsl (0,08 M). O6bem pacTBOpoOB 4OBOAUIM
ONCTUNIIMPOBAHHOW BOAOM A0 MeTku 50 M, nocre Yero no npoLwecTBuo
15 MUHYT Hauuranm cnekTpodoTomeTpryeckme namepeHns. ONTUYecKyo
NNoTHOCTb (D) namepsanu ang kaxkgoro CTaHAapTHOro pacTBopa C UCNofb-
30BaHMeM crnektpodoTtomeTpa. [lonyyeHHble pe3yrbTaTbl MCNONb30Banm
ANS NOCTPOEHMS KanMBbpOoBOYHOM KPMBOW B KOOPAMHATAX «aHaNMTUYECKUIA
curHan (onTuyeckasi NAoTHOCTb, D) — KOHLEHTpaLUUst CKaHANS ».

D

0.45
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0.20
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20 40 60 80 100 C.mglL
PucyHok 2 — KannbposoyHas kpvBasi 4N onpegeneHns KOHLEHTpaumm cKaH-
Ansa B pacTtBopax copouumu.

OnTuyeckyto nnotHoctb (D) obpasoBaslueroca Komnsiekca WMOHOB
CkaHOWs B pacTBOpax onpefensny ¢ MNnoMOoLbl cnektpodoTomeTpa
Unico K®OK-3KM. KannbposodHas kpuBas Gbina nocTpoeHa € MUCMoNb3o-
BaHWeM nporpammHoro obecneveHuns OriginPro. [ins BblYMcrneHns octa-
TOYHOW KOHLEHTpauui ckaHams Obinn Mcnonb3oBaHbl AaHHbIE, NOMyYeH-
Hble nocrne NOCTPOEHWS KarnMBpPOBOYHOWN KPMBOWN, TO €CTb MCNONb30Banach
dopmyna:
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C = (D — intercept) / slope (1)
roe C — ocTaTovHas KOHUEHTpauus metanna nocne copouun (mr/n)
D — onTnyeckast NMOTHOCTb MeTanna nocre copbunm (A)

Mo pucyHKy 2 GbIK NOMNyYeHbl AaHHbIE MO HAKMOHY U NepexBaTy rpa-
(hvika, KoTopble B AaribHENLLIEM UCMOMb30BanvCh Kak KOHCTaHTbI, TO eCTb
Gbina BbisiBrieHa oopMyra Ansi pacdeTa OCTaTOYHOM KOHLUEeHTpauuu no

dopmyrne (2):

C=(D+0,004) / 0,00414 (2)

roe C — octaTovHas KOHUEHTpauus ckaHaus nocrne copbumm (Mr/n)
D — onTnyeckasi NNOTHOCTb CkaHAMA nocne copbuun (A)

dopmyna (2) npuMeHsieTcst nocne copbLumn ckaHaMs ns pacyeTa ero
OCTaTOYHON KOHLIEHTpaLMK.

D Y ‘
Lincar Fit of Sheet] B"Optical density"|

1.2 1

1.0 H
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0.8 /
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T T T T T
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PucyHok 3 — KannbpoBouHas kpuas a5is onpeaenieHns KOHLEeHTpaunum uT-
TpWsi B pacTBopax copouum.

OnTuyeckyto nnoTHocTh (D) obpasoBaBLLEroca KOMMMEKca MOHOB UT-
TPUS B pacTBOpax ONpPeaensanu Takke ¢ MOMOLLbIO cnekTpodoTomeTpa
Unico KOK-3KM. KannbposoyHas kpuBas Obina nocTpoeHa € MCMorb3o-
BaHWeM nporpaMmmHoro obecneyeHuns OriginPro.

Onsa BblmcreHnst hopMyrbl OCTAaTOMHOM KOHLIEHTpaumu uttpust Beinmn mc-
NOMNb30BaHbl AaHHbIE, MOMYyYeHHbIE NOCHE NMOCTPOSHUS KanubpoBOYHOM KPUBOW
Ans copéumn, To ecTb UCnonb3oBanack hopmyrna (1) v 4aHHbIE MO PUCYHKY 2:
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C=(D-0,012)/0,01189 (3)

rae C — ocTaTovHasi KOHLEHTpaLUst UTTpusi nocre copbumm (Mr/n)
D — onTuyeckasi NNOTHOCTb UTTpUS nocre copbuumn (A)

®opmyna (3) ucnonb3yeTcs nocre npouecca copounm UTTpus u ans
pacyeTa OCTaTOYHOW KOHLIEHTpaLMM UTTPUS Nocrie copoumm.

Copbuyusi uoHos ckaHOus. Tabnuua 1 npencraBnsieT cobon NosyYeH-
Hble 3Ha4YeHUs1 ONTUYECKON MIOTHOCTWN CKaHAUS Nocre copouun MHTepno-
numepHom cuctemon KY-2-8:AB-17-8 B 3aBUCMMOCTU OT BpeMeHW. [laHHble
3Ha4deHns1 ObINKU MCMNob30BaHbl A1l pacyeTa OCTaTOYHOM KOHLIEHTpaLmm
ckanausi no chopmyre (2). Tabnuua 2 coaepXuT AaHHbIE O PaCCHUTaHHON
OCTaTOYHOWM KOHLIEHTpAaLMM ckaHaWs nocre npouecca copbunn.

Ta6bnuua 1 — OnTuyeckas NNOTHOCTb pacTBoOpa CKaHAUA nocrie copoumm
B 3aBUCMMOCTU OT BpeMeHU

Bpewms, yac
CooTHowweHne 1 | 3 | 6 | 24 | 48
OnTnyeckasa NNOTHOCTb
6:0 0,319 0,328 0,321 0,288 0,220
5:1 0,321 0,324 0,313 0,280 0,220
4:2 0,319 0,327 0,327 0,293 0,237
3:3 0,316 0,326 0,308 0,297 0,254
2:4 0,327 0,330 0,327 0,293 0,258
1:5 0,321 0,323 0,319 0,306 0,275
0:6 0,330 0,322 0,315 0,329 0,283

Ta6nuua 2 — CogepxaHue ckaHOUA nocrie copoLUnM MHTepnonuMepHomn
cucrtemon Ky-2-8:AB-17-8 B 3aBUCMMOCTH OT BPEMEHMU

Bpewms, yac
CooTHolueHune 1 | 3 | 6 | 24 | 48
OcTaTo4yHasi KOHUeHTpauusa (Mr/n)
6:0 78,02 80,19 78,50 70,53 54,10
5:1 78,50 79,23 76,57 68,59 54,10
4:2 78,02 79,95 79,95 71,73 58,21
3:3 77,29 79,71 75,36 72,70 62,31
2:4 79,95 80,67 79,95 71,73 63,28
1:5 78,50 78,98 78,02 74,87 67,39
0:6 80,67 78,74 77,05 80,43 69,32
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C, Mr/n KV-2-8:AB-17-8 S¢’*
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Pl/lcyHOK 4 — OcTtaTto4Hasi KOHLUEHTpauna MOHOB CKaHauA B paCTBOpe nocre
COp6L|,VIVI B 3aBMCUMOCTW OT COOTHOLLEHUI NONIMMEPOB.

Kak BMOHO Ha pucyHKe 4, MakcumarnbHOe COAEep)KaHue MOHOB CKaH-
ansi nocrie copbunn HabnogaeTcst NpyM COOTHOLIEHMN 5:1 U gnMTenbHo-
CcTn B3anmopencTemsa 48 4. MNpu aTOM copepkaHne CKaHOous B BOOHOM
cpege nocne copbuumn coctasnseT 46,38 mon.%. M3 rpadmka BUGHO, 4To
npouecc copbuun ycunmBaeTcs CO BpeMeHeM, a Hambonbliasa copbuus
ONS KaXXOoro BpeMEHHOro nepvoga HabnogaeTcsi pu COOTHOLLEHUUN NO-
HoOOMeHHMKoB 5:1 (83% KY-2-8 : 17% AB-17-8). 310 cBugeTenbCcTByeT
O BbICOKOV CTEMeHV MOHM3auUM MakpoOMOSEKYN B pesynbTaTte B3auMHON
akTuBauum nonutos KY-2-8 n AB-17-8.

Copbuus cmecu ckaHOUs u ummpusi. Tabnvua 3 nokasbiBaeT coaep-
KaHus CMecu CKaHaWst 1 UTTPUSt B BOOHOW cpefe nocrie copouum nHtep-
nonmmepHon cuctemon Ky-2-8:AB-17-8 B 3aBUCMMOCTU OT BpemeHu. Ha
PUCYHKE 5 MakcMmarbHOe coaep)kaHue MOHOB CMeCW B BOAHOM cpefe
nocre copbuun HabnogaeTcs Npu cooTHOWeHMAX 6:0 1 anuTenbLHOCTH
OVCTaHLUMOHHOIO B3aMogencTBms 48 4., a Takke nNpuv COOTHOLLEHUN MO-
numepos 3:3 (67% KY 2-8:33% AB 17-8) npouecc copbuumn yBennumeaeT-
CS1 NPV KaXkOowm ANUTENbHOCTU AUCTAHLMOHHOIO B3aMMOLENCTBUS.
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Tabnuua 3 — OnTuyeckasa NIIOTHOCTb CMEeCU CKaHAUA U UTTPUSA
B BOAHOMW cpefe nocre copounm MHTepnosIMMepHON CUCTEMOMN
KY-2-8:AB-17-8 B 3aBUCUMOCTU OT BPEMEHU

Coommonanme 1 6 24 48
6:0 0,616 0,593 0,508 0,491
5:1 0,632 0,599 0,540 0,510
4:2 0,622 0,614 0,570 0,521
3:3 0,616 0,592 0,560 0,515
2:4 0,622 0,612 0,572 0,565
1.5 0,622 0,613 0,590 0,586
0:6 0,583 0,634 0,603 0,594
o _D KU-2-8:AB-17-8: Sc>**Y3*

u —— 1
042 1 _/_\ :\./;/—/é ?%
ol LT
0.58 - /
] 7\//{

A
0.56 - A
0.54
0.52 J//v
050 ] //
1 / MOIb:MOMNb
0.48 T T T T T T T T T T T T T
6:0 5:1 4:2 33 2:4 1:5 0:6

Pl/lcyHOK 5 — OcTarto4yHas KOHLUEHTpauna MOHOB CMeCu cCKaHaAuA U UTTpuda B pac-
TBOpeE nocre COp6LI,VIVI B 3aBMCUMOCTW OT COOTHOLLEHNI NONIMMEPOB.

Mony4eHHble pe3ynbTaTbl yKa3biBalOT Ha BO3MOXHOCTb CO3aHus
3¢ hekTUBHOM COPOLMOHHON TEXHOOMMN M3BIEYEHNSS MOHOB CKaHOMS U
UTTPUS U UX CMECU UHTEPMNONMMEPHBIMU CUCTEMaMM Ha OCHOBE MPOMBbILLI-
NEHHO BbIMyCKaeMbIX MOHUTOB.
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UHpbpakpacHas criekmpockonusi. AHanu3bl VIK cnekTpockonun Gbinn
npoBefeHbl Ha UCXOAHbIE MOHOOOMEHHMKM M HA MOHOOOMEHHMKM, KOTO-
pble NpoLny npouecc copbumm MeTansnoB U NX CMECH.
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PucyHok 6 — CnekTp ncxogHoro katmonuTa KY-2-8.

PucyHok 6 npepncrtaBnsier cobon aTanoHHoe coctosHue KY-2-8. UK-
CMEeKTP UCXOAHOro kaTnoHnta KY-2-8 oeMOHCTpUpyeT HEeCKOMbKO Xapak-
TEPHbIX MOMOC MOMMOLLEHUS, OTPaXatoLMX €ro XMMUYECKYIO CTPYKTYPY.
LLinpokas nonoca B obnactn 3500—-3200 cm™' cooTBETCTBYET BareHTHbIM
konebaHuam —OH rpynn, cBA3aHHbIX Kak C MOrekyramu BoAbl, Tak 1 C
cynbdorpynnamu (-SOsH). B gnanasone 1700-1600 cm™ HabnogatoT-
cs konebaHmsa kapbokcunbHbix rpynn (-COO™) unun yHKUMOHANBHBLIX
rpynn, B3aMMOAEWCTBYIOLWMX C Bogon. [edopmaunoHHble konebaHus
CH,-rpynnnonumepHoimaTtpuubinpossnsaoTcasobnactn 1450-1400cm™,
a BamneHTHble konebaHusa ceasm S=0, xapakTepHble Oonsa cynbgorpymnn
(-SO,H), dpukeupyrotcs B ananazoHe 1200-1100 cm™. B obuiem, AaHHbIN
CMEKTP OTpaXkaeT CTPYKTYpHble 0cobeHHOCTN kaTnoHuTa KY-2-8 B ero mc-
XO[AHOM COCTOSIHUM A0 B3aUMOLENCTBUS C MOHAMW METanoB..

PucyHok 7 gemoHcTpupyeT aHanmn3 UK-cnekTpa katuoHuTa nocre cop-
6uun ckaHamsa npu cootHoweHun 5:1. Lnpokasa nonoca 3500-3200 cm™
— COOTBETCTBYET BaseHTHbIM KonebaHuam —OH rpynn, cBA3aHHbIX C BO-
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aon n cynbdo- rpynnamm (-SO3zH). 1700-1600 cm™ — konebaHusa kap-
6okcunbHbIX (-COO™) nnn cBs3aHHbIX C BOAOW (OYHKLMOHAMNbHBLIX rPynm.
1450-1400 cm™ — pedpopmaumoHHble konebaHus CH,-rpynn nonvmep-
Hon MaTtpuubl. 1200—1100 cm™" — BaneHTHble kKonebannsa S=0 (xapakTtep-
Hble Ans cynbdorpynn).
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PucyHok 7 — CnekTp kaTnoHuTa KY-2-8 nocrie copbumm ckanaus.

Ha pucyHke 7 moxem Habniogate M3MEHEHUS MONOC MOrMOLLEHMS.
Monockl 3500-3200 cm™ xapakTepusyroT ocriabneHne UHTEHCUBHOCTH,
cyxeHne nonocbl O-H (~3400 cm™), 4TO MOXeET CBMAETENbLCTBOBATL O
B3aUMOENCTBUM CKaHOUSA C CynborpynnamMm U CHDKEHUN KONMYecTBa
cBOOOAHbLIX rMapoKcunbHbIX rpynn. 1700-1600 cm™ — ycurieHMe nonochl
(~1620 cM™") MOXET ObITb CBA3AHHO C rMapaTUPOBAHHBIMI KOMMIEKCAMMU
ckaHgms. 1200-1100 cm™ — cmeweHne nonockl S=0 (~1150 cm™) BHM3
MOXeT yKa3blBaTb Ha KOOPAUHALMIO CKaHAMS C Cynbdorpynnamu.

PucyHok 8 nokasbiBaeT aHanuns WK-cnektpa katnoHuta KY-2-8 nocre
copOumm UTTpUa Npu cooTHoweHumn KY-2-8:AB-17-8 (4:2).
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PucyHok 8 — CnekTp kaTnoHuTa KY-2-8 nocrie copbumm nttpums.

Ha pucyHke 8 Moxem HabniogaTb W3MEHEHWS! MOSOC MOrMOLLEHNS.
3500-3200 cM™" — ymeHblUeHne uHTeHcmBHOCTU (~3350 cM™) MoxeT
noaTBEepPXKAAEeT y4acTue MMAPOKCUITbHBIX TPYNM B KOOPAUHALMUKU UTTPUS.
Ycunenne nonockl (~1620 cM™') MOXeT xapakTepusoBaTb MapaTuUpo-
BaHHble komnnekcbl Y3*. 1200-1100 cm™", rae nonoca S=0 cmellaeTcs
(~1120 cm™), MOXeT ykasbiBaTb Ha Goriee NpoyYHOe B3aUMOAENCTBUE
UTTPUSA C CynbdorpynnamMm no CPaBHEHUIO CO CKaHANEM.
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PucyHok 9 — CnekTp ncxogHoro aHnoHuta AB-17-8.

Ha pucyHke 9 npuBefeH cnektp ncxogHoro aHuoHuta AB-17-8. Oc-
HoBHble nonockl nornoteHnsa: 3500-3300 cm™ — BaneHTHble kornebaHus
N-H (amuHorpynnsl). 1650-1600 cm™ — gedopmaumnoHHble KonebaHus
N-H. 1500-1400 cm™ — konebaHunsa C-N (B CTpYKType YeTBEPTUYHOIO am-
MoHus). 1250—-1100 cm™" — BaneHTHble konebaHust C-N* (YeTBepTUYHOrO
aMMOoHus).

50



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

0.07

Absorbance
(=] (=] (=] (=]
= = = =
L9S) s L N

e
=
2

0.01

0.00
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

PucyHok 10 — CnekTp aHvoHnTa AB-17-8 nocne copbummn ckaHaus.

Ha pucyHke 10 moxeM HabntogaTb M3MEHEHUs MoJfioc nornoLe-
HMA No cpaBHeHuto ¢ MK cnekTpom ucxogHoro aHmonuta. Nonoca N-H
(~3400 cm™) cTaHOBMUTCS YXKEe U CMELLaeTCcsl B HU3KOYACTOTHYIO 06nacTb,
YTO MOXET CBUAETENbCTBOBATL O KOOPAMHALMM CKaHAMS C aMUHOrpynna-
MU. YcuneHue nonockl (~1615 cm™) MoxeT cBMaeTensLCTBOBaTb O B3au-
mogencteum N-H ¢ katnoHom Sc*. Cmelenne nonocbkl C-N* (~1180 cm™)
MOXeT yKasblBaTb Ha KOOPAMHALMIO CKaHAMS C YeTBEPTUYHBIMW aMMO-
HUAHBIMW FPyNNamMu.

PucyHok 11 nokasbiBaeT aHanu3 MK cnekTpa aHuoHuTa nocre copb-
UMM UTTPUS MPU COOTHOLLEHNSAX 4:2.
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PucyHok 11 — VK cnekTtp aHnoHuTa AB-17-8 nocne copbummn nttpus.

Ha pucyHke 11 moxem HabnogaTe M3MEHEHWs MONloc MornoLle-
HUA No cpaBHeHuMto ¢ MK cnekTpoM MCXOAHOro aHuoHuTa. [JanbHenwee
yMeHblLLeHMe MHTeHcmBHocTU nonockl N-H (~3350 cm™) moxeT noa-
TBEPXAATb KOOPAMHALMIO UTTPUS C aMUHOrpynnaMu. YCureHue norochbl
(~1620cm™")MOXKeTCBMAETENBCTBOBATLOOONEE CUITbHOMB3aNMOAENCTBUN
NTTpUS ¢ PyHKUMOHanNbHbIMK rpynnamu. Monoca C-N* cmellaeTca Huxe
(~1160 cm™), 4TO MOXeT yka3biBaTb Ha MPOYHOE CBSA3bIBAHWE UTTPUS C
aMMOHUMHBIMU TPyMnamu.

Pe3ynbTaTthbl n ob6cyxaeHune. SKCnepuMeHTarnbHble pesynbTaTtbl No-
KasblBalT, YTO Npu cooTHoweHusax KY-2-8 n AB-17-8 (5:1) pocturaetcs
MakcuMarnbHas cTeneHb copbuumn ckaHansa. BBegeHne aHMoHUTa B cUCTe-
MYy NPUBOAUT K UBMEHEHWNIO KOHPOPMALIMM MOHOOOMEHHMKOB, yBENMNYMBaAs
X NOHM3aLMIO U, KaK CrieAcTBME, copbumoHHble cBoicTBa. CornacHo aHa-
nun3am MHPpaKpacHoOM CrNekTpockonumn obpasLioB MOHUTOB, COPOLINST CKaH-
ONS U UTTPUS NOATBEPXKAAETCS 3HAUUTENbHBIMU U3MEHEHNSIMI B 00nacTu
1200-1100 cm™" (S=0) ans katuonuTa 1 1250-1100 cm™" (C-N*) gnsa aHu-
oHuTa. NTTpunin okasbiBaeT boree cuneHoe BANSIHUE Ha OYHKLMOHAmbHbIE
rpynnbl MO CPaBHEHMIO CO CKaHAMEM, YTO MoaTBepXpaeTcst 6onbluvMM
COBUIOM 4acToOT MOITOLLEHNS. YBENMYEHNE BPEMEHN B3anMOOENCTBUS
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katnoHuta KY-2-8 n aHnonmta AB-17-8 npuBoguT K ycuneHuto adhdpekTa
OanbHOAENCTBUS, YTO BbIpaXKaeTCcs B YBENNYEHNN COPOLIMOHHOM aKTUBHO-
CTu cucTtemsbl. [poBedeHHbIV aHanmn3 nokasblBaeT, YTo HaubonbLllee ns-
MeHeHVe COpOLIMOHHbIX CBOMCTB HabnoaaeTca B nepsble 24 4. npouecca
copbumm, nocre Yero npouecc crabununsnpyetcs. MakcumanbHoOe CHuxe-
HME KOHLEHTpauun ckaHausa B pacTBope 3aMKCMpPOBaHO NMPU COOTHOLLE-
HuM 5:1 n coctaBnsaeT 54,10 mr/n yepes 48 4. B3auMogencTesnsd, Torga kak
MUHUMarnbHOE OCTATOYHOE CoAepKaHue UOHOB UTTpUs nocrne copbummn B
ncenegyemom pacteope (32,18 mr/n) HabntogaeTca npyu COOTHOLLEHUSAX
VNOHWTOB 4:2 1 BpeMeHV B3aMMOAencTBus 48 u.

BbiBog. [lMonyyeHHble pe3ynbTaTtbl 4EMOHCTPUPYIOT, YTO WUHTEPMNO-
NUMEPHbIE CUCTEMbI HA OCHOBE MOHOOOMEHHBbIX cmon KY-2-8 n AB-17-8
obnagaroT BbICOKOM 3h(hEKTUBHOCTBIO B MPOLIECCaxX N3BIIEYEHUSA CKaHAMS
N UTTPUSA. DKCMEPUMEHTANbHO YCTAHOBIEHO, YTO MaKCMMarbHas CTeneHb
M3BMEYEHNST CKaHAWUS OOCTUraeTcst npu cooTHoweHun KY-2-8:AB-17-8
paBHOM 5:1, UTO NPUBOANT K CHKEHMIO OCTATOYHOM KOHLEHTpaLMN CKaH-
ana B pacteope ¢ 100 mr/n go 54,10 mr/n nocne 48 4. B3auMOLENCTBUA.
B cnyyae uttpus, HaMMmeHbllaa ocTaTOvHasi KOHUEHTpauusa B pacTBope
(32,18 mr/n) HabnogaeTca NpyM COOTHOLLEHUN MOHUTOB 4:2 U BPEMEHU
KOHTakTa 48 4. [Nony4yeHHble faHHble YKa3bIBaOT Ha NEPCNEKTUBHOCTb UC-
Nnonb30BaHMsi JAaHHOrO MeToAa B rmapomeTansiyprum n CUCTEMax OYUCTKN
NMPOMBILLUIIEHHbIX PAcTBOPOB. [anbHenwme UccnegoBaHnsa B JaHHOM Ha-
npaereHnn MoryT GbITb COCPefOTO4YEHbI HA pa3paboTke HOBbIX MOAUdU-
Kauui NHTEPMONMMEPHBLIX CUCTEM, OOecneynmBaroLMX CEeKTUBHOE W3-
BreYeHne peaKko3emMeribHbIX METanoB U3 CMOXHbIX MHOFOKOMMOHEHTHBIX
pacTBOpOB.
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2 KasakctaH-bpuTtaH TexHukanblk yHuBepcuteTi Anmarsl K., KasakcTaH.

CKAHOMA MEH UTTPUA UOHOAPBIHA KATbICTbI «KY-2-8@AB-17-8»
(X:Y) UHTEPMOJNUMEPIIK XXYWNECIHIH, COPBLUANBIK BENICEHAINIMNHE
OHEPKSCIMNTIK MOHUTTEPAOIH KALWUBIKTBIKTAH OPEKETTECY
QOPEKTICIHIH SCEPI.

Tyningeme. byn >xymbic X:Y MOHOreHAik TONTapblHbIH KaTblHacbl 6ap
“KY-2-8:AB-17-8" (X:Y) nHTepnonumepnik xyneciHgeri KY-2-8 (KaTMOHUT) xaHe
AB-17-8 (aHMOHUT) eHepKacinTiK MOH anmacy LanblpnapbiHblH CKaHAWUN XaHe
UTTPUA MOHAapbl copbumscbiHa y3ak Meps3imAi acepiH 3epTTeyre apHarsfaH.
NoHnTTepaiH KawbIKTbIKTaH e3apa apeKeTTecyi XoHe e3apa akTUBTEHYi apKbibl
VHTEPNoNnMep >XyMeciHiH copbumanbik kKacueTTepi easyip apTaTbiHbl aHbIKTanabl.
JKymbICTa CKaHOUM MEH UTTPUIA MOHOAPbIH HEeFypribiM Kebipek amny yLiH Xyine
KOMMOHEHTTEPIHIH OHTaWnbl apakaTtblHacbl aHblkTangbl. KY-2-8:AB-17-8 woH
anmacy LlWwanblpnapbiHbiH KaTtblHackl 5:1 6GonfaHaa, epiTiHgigeri ckaHouAaiH
Kangblk KoHLUeHTpauuscbl 48 caraTTblk ©3apa opekeTtecydeH kewiH 100,00
mr/n-geH 54,10 mr/n-re peniH TemeHOewTiHI Teoxipubenik Typfblga KepceTinai.
An, KY-2-8:AB-17-8 wnoHuTTepiHiH apakaTtbiHacbl 4:2 GonfaHaa, 3epTTeneTiH
epiTiHaigeri copbumanaH KewiHri UTTPUN MOHAAPbIHLIH €H a3 Kangblk MenLiepi
48 caraTTblk ©3apa opekeTtecygeH kewiH 100,00 wmr/n-geH 32,18 wmr/n-re
OeniH e3srepefi. AnblHFAaH HBTWMXeNep rMapoMeTaniyprud MeH OHepKacinTiK
epiTiHainepai KanTa enaey TeXHONOrMACbIHAA XaHa MyMKIHAIKTEP awaTtbliH CUpeK
Xep MeTangapblH any TUIMAINIriH apTTbipy YLWiH UHTEpnonMMepnik xywenepai
KONnAaHyAblH NepcrnekTMBacbiH KepceTe.

TyniHgi cesgep: copbumsi, ckaHaWA, MOH anmacy Larbiprapbl, UHTEpNonMMep
XyWeci, rmapomeTannyprus.

54



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

Jumadilov T.K.', Tassibekov Kh.S.!, Khimersen Kh.', Kabidolla D.A.%,
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2 Kazakh-British Technical University JSC, Almaty c., Kazakhstan

THE IMPACT OF THE LONG-RANGE EFFECT OF INDUSTRIAL IONITES ON
THE SORPTION ACTIVITY OF THE KU-2-8@AB-17-8 INTERPOLYMER SYS-
TEM (X:Y) CONCERNING SCANDIUM AND YTTRIUM IONS.

Abstract. This study focuses on the long-range effects of industrial ion exchange
resins KU-2-8 (cationite) and AV-17-8 (anionite) within the interpolymer system
“KU-2-8:AV-17-8” (X:Y), specifically examining the ratio of ionogenic groups X:Y
for the sorption of scandium and yttrium ions. It has been established that the
remote interactions and mutual activation of the ionites significantly enhance the
sorption properties of the interpolymer system. The optimal ratios of the system
components for maximum extraction of scandium and yttrium ions have been
identified. Experimental results indicate that when the ratio of ion exchange resins
KU-2-8 to AV-17-8 is 5:1, the residual concentration of scandium in the solution de-
creases from 100.00 mg/L to 54.10 mg/L after 48 hours of interaction. In contrast,
with a KU-2-8 to AV-17-8 ionite ratio of 4:2, the minimum residual concentration of
yttrium ions in the test solution decreases from 100.00 mg/L to 32.18 mg/L after 48
hours of interaction. The findings demonstrate the potential of using interpolymer
systems to enhance the efficiency of rare earth metal extraction, thereby opening
new avenues in hydrometallurgy and industrial solution processing technologies.

Keywords: sorption, scandium, ion exchange resins, interpolimer system, hydro-
metallurgy.
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Bosam X.M.", Axmemcadbikoea LL.H."

TAnMaTbl TEXHOMNOMUAMNbIK yHMBEepcuTeTi, AnmaTsl K., KazakctaH

TYWE CYTIH AWbITY NPOLECIHIH MAHbI3ObINbIFbl MEH OHbIH,
AOAM AF3ACBIHA TUT3ETIH ©CEPI

Tyningeme. Byn makanaga Tyne CyTiH awbITy NPOUECiHIH MaHbI3AbINbIFbl MEH
OHbIH alaM afF3acblHa TUri3eTiH acepi kapacTbipbinagbl. AwWwbITy npoueci 6uono-
rmsinblk 6encenai 3aTTapablH, Ty3inyiH KamTaMachI3 eTiMn, AaliblH ©HIMHIH canacblH
apTTbipagbl, CON apKbinbl OHbIH TabuFn KyHOBINbIFLIH XOFapbinatagsl. Makanaga
TyWe CYTiHiH epeKLle Kypambl MeH OHbIH alwlbITy 6apbicbiHAa nanga 6onaTeiH naw-
Janbl KacueTTepi, coHaar-ak LWybaTTbiH TaFamablK xaHe eMAik acepi kepceTineai.
Tyve cyTi ackasaH-iek xongapbliH XakcapTbin, UIMMYHUTETTI HblFakTagbl, TOK-
CVYHOEPOEH TasapTyFa KeMeKTecefi xaHe KenTereH nanganbl MUKpOSNEMEHTTEP
MeH NpobroTuKTepai KamTuabl. Tyie CyTiH albITy Npoueci apkbinbl WybaT eHimi-
HiH, GronorMAnbIK KyHAbINbIFEI apTaabl, OHbIH KypamMbiHAA OpraHUKanbik KbILKbI-
aap, hepMeHTTEp XoHe aHTMOKCUAAHTTap Ty3ineTiHAiKTeH, 6yn CycbiH aF3a yLiH
nanaans 6onbin Tabbinagpl.

TyniHgi cespep: Tylie cyTi, WybaT, alwbITy NPOLECi, CYyTKbILKbINALI 6akTepusanap,
depmeHTaums.

Kipicne. Kasipri TaHOa kenTereH TaFam TexHonorusnapbiHbIH Macere-
nepi awbITy NpouecTepiMeH TbiFbl3 6arnaHbICTbl. ALbITY NPOLECTEPIiHIH
XeTinyi AanblH eHIMAepaiH canacbiHa anTaprbliKTan acep eTefi, OUTKeHI
on 6apnblk GruonormAneik Kynenepain, TipLWinik apekeTi yWwiH MaHbI3abl
pen aTkapafbl XaHe TaFaMm eHIMAEPiHIH TabuFn KyHObINbIFBIH apTThipyFa
biknan etegi. Ocbl cebenTi TaFam eHIMAEPIHIH alwbITy MYMKIHAIrM Typarbl
ManiMeTTep aca MaHbI3bl.

AWbITbINFAH eHiMAep agam af3acbiHaarbl GMonorvanblk npouecrepai
peTTenTiH Buonoruanbik GenceHai 3aTTapra 0ai, COHAbIKTAH onapablH
BuonorvanbliK MaHbi3bl 30p. OPTYPIi awbITy MageHneTTepi 6ap Lwukisat-
Tap GuonornanbIk TypFblAaH Kayincis xxarganaa awwbITy NPOLECiH Xyprisy-
re MymKiHZik 6epegi, 6yn onapabl agam TyTbiHybIHA Xapamabl eTeqi [1].

Tyre cyTi — epeKkwe TaramablK KyHObINbIFbI 6ap aca MaHbI3abl asbik-
TYNiK ©HiIMi )keHe agaM arF3achl YLiH KaXeTTi KOPEKTiK 3aTTapablH, Taburn
Ke3i 6onbin Tabbinagbl. Ocipece, Wenai XeHe Kyprak KnumaTTblk anmMak-
Tapga emMip CypeTiH XanblKTapablH KYHOENIKTI TypMbICbiHAA Oy 6HiMHIH,
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OPHbI epekle. ONTKeHI Tyne CyTiHeH AavblHO4ANaTbiH 8pTypNi TaFraMabIK,
eHiMOep TeK OCbl eHipriepae emip CypeTiH TypfblHAAp YLWiH faHa emec,
coHpar-ak 6acka fa eHiprepae KeHiHeH nanganaHbinagbl XXeHe agam af-
3acblHa CeprekTik NeH Kyw-kKyat depegi.

Tynenepain 6acka yn xxaHyapnapblHa KaparaH4a asblKkTaHy MEH CyT
eHAipy epekwerniktepi anpbikwa 6onbin kenegi. Onap canbiCTbipMansl
TYpAE asblKTbiH KON MesiepiH KaxeT eTnen-aK, nanganbl KOpekTik 3aT-
Tapdbl 6apbiHWa TYiMAI TYpAe urepin, XofFapbl canansl CyT eHAipe ana-
abl. Tyne cyTiH enaeyaiH MaHbI3abl ke3enaepiHin 6ipi — alwbITy npoueci,
Oyn npouecc apHanbl 3HAOreHAI PePMEHTTEPAIH SCepiHEH Xy3ere acabl
XOHe OHbIH HaTWXeCiHAe adam feHcayrblFbiHa Naraanbl awbITbifFaH CyT
eHiMaepi anbiHagb! [2].

CyT — agamsaTTblH AeHcaynbifbl YLIWiH 6Te MaHbl3abl Taburn eHim 60-
nbin caHanagbl. KentereH xanbIKTap CyTTi TEK XKaHa KyriHOe FaHa emec,
albITbINFaH Kynge ae TyTelHagbl. Ocipece, Eypasuns KeHicTiriH mekeHgen-
TiH Kewneni xanblKkTap apacbiHAa alblTbifFaH TyWe CyTi — wybaTt KeHiHeH
TapanfaH. LLy6aTt esiHiH Biperer xumusanblK KypambIMeH epekLuerneHesi,
OHbIH KypaMmblHOa aFf3aFa KaxeTTi KenTereH AopymeHaep, MuHepanibl
MUKPO3MEMeHTTep, NakTpodnaBuH XaHe NpoBMOTUKTEP MOMbIHAH Ke3ae-
cegi. Ocbl cebenTi wWybaT AneTanblk 6HIM peTiHae XorFapbl 6aranaHaabl
XoHe afjlaMHbIH, AypbIC TaMakKTaHy pauMoHbiHAA MaHbI3Abl pen aTkapagbl.

LUlybaT engipiciHae elikaHgam ecimaik TeKTec Kocnanap KongaHbisi-
Mavidbl, ON TeK Tasa TyiWe CyTiHeH AarbiHganaabl. byn cycbiH Taburn Typae
alWbITbIIFaH, CYT KbILWKbINAbl BakTepusanapabiH, 9CepiHEH epeKLLe KbILUKbIIT
JomMre me donatbiH KOH KOHCUCTEHUUANbI eHiM 6onbin Tabbinagsl. OHbIH,
ajam ar3acblHa TWri3eTiH nangansl acepi 30p: wybaTt ac KopbITy XyWeciH
XakcapTagpl, aF3aHbl TOKCUHAEPAeH TazapTaibl, UIMMYHUTETTI HblFanTagpl,
COHAam-akK aHTUCEeNTUKarbIK XaHe Xanmnbl CepriTyLwi kacueTTtepre ve.

Hatuxenep xaHe Tankbinay. LLly6atTel ganbiHaay npoueci bipHele
Ke3eHHeH Typaabl. EH angbiMen, xxaHa caybinFaH Tye CyTi apHanbl aya
OTKI30ENTiH bigblCTapFa HeMece O9CTypni TypAe KongaHbinaTtbiH, Tyne
KapHbIHAH XacanfFaH Tepi KanwblkTapra Kyrbinagel. CyT xakcbinan apa-
nacTbIpbinbIn, 6eTi Mata Hemece MNacTuKanblK KaknakneH xabbinagpl.
KeliHHeH OHbI cy3yre MyMKiHAIK 6epy YLiH biAbIC apHamnbl Xarganga cak-
Tanagpl. AWbITyablH OHTanmnbl TemnepaTtypacsl wamameH 20-22°C apa-
nbiFbiHaa 6onybl kepek. LybaT KapaHfrbl xxepae 24-27 carat Govibl allbl-
ThinbIN, 6akTepuanapablH Taburn XonMeH kebetoiHe XXaraan xacanagpl.
Byn npouecc apTypni dhakTopnapabliH acepiHe 6arinaHbICTbl 6asy Hemece
Xblrgam >xxypyi MymkiH [3].
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AwbITyablH, 6acTtankbl Ke3eHiHOe CyT KblWKbinabl OakTepusanapabiH,
KOHLIEHTPAUMSACBIH apTTblpy MakcaTbiHAa apHalbl alblTKbl KOCbINybI
MyMkKiH. COHbIMEH KaTap, apTypni pH geHrennepiH KongaHy apKbinbl allbl-
Ty NPOUECIH XblngamaaTyra MyMKiHAIK 6ap. HeTwxkeciHae, AavbiH wybaT
©3iHiH, >XOFapbl GMONOrMANbIK KYHOBINbIFBIMEH €peKLIerneHei oHe agam
ar3acblHa KaXXeTTi kenTereH navganbl 3NeMeHTTepAi KaMTUTbIH Taburn
©OHIM peTiHae XanblK apacblHAa KeHiHEH konaaHblnagbl.

Tyne cyTi — KasakctaH meH OpTanblk A3UsiHbIH KEH ayMarbliHOA XO-
Fapbl 6aranaHaTbiH Tabufn eHimaepaiH Gipi. OHbIH KypambiHOA agam af-
3acblHa nanganbl kKenTereH KOPekTik 3aTTap MeH buonornaneik Gencexai
KOMMOHEHTTEP ke3gecendi. Tyre CyTiHiH 6acTbl epeklenikTepiHib 6ipi —
OHbIH aKybl3 MerLLEepiHiH xoFapbl 6onybl, gapymeHaepre (acipece C xaHe
B TOObI) xaHe MuHepangapra Oannblifbl, COHOAN-aK ackasaH-illeK »os-
OapbiHbIH, KbI3MeTiHe OH, acep eTyi. COHbIMEH kaTap, Tywe cyTi runoarn-
riepreHai KacneTke e, COHAbIKTAH fakTo3ara TesiMci3 agaMmaap YLWiH ge
Kayincia api konawnel eHim 6onbin Tabbinagsl [4].

Ly6aT — Tyre CyTiH awbITy apKbifbl anbiHATbIH A9CTYPAi YNTTbIK Cy-
CblH, OHbIH €pekKLle O9Mi MeH eMfik KacueTTepi >kofapbl HGaranaHagbl.
AwbITy npoueci 6apbicbiHAa nanga 6onatsiH navgansl 6aktepusnap MeH
awbITKbINap WwybaTtTbiH, GMONOrMANbIK KYHOBIMbIFbIH apTThIPbIM, ac KOpbI-
TY XXYMECIHIH KbI3METIH akcapTagpbl. CoOHbIMEH KaTap, 6y CycbiH aF3aHbl
3MAHObI TOKCUHOEPAEH TasapTyFa, UMMYHABIK XXYMEHI HbIFaNTYFa XKaHe XY-
pek-KaH Tamblpriapbl aypynapblHbliH angblH anyfa kemekreceai.

3epTTeyaiH makcaTtbl. Tyrie CyTiHiH alwbITy NPOUECIHIH epeKLenikTe-
PiH, OHbIH BapbiCbiHAA Ty3iNeTiH nangansl MUKpPOOpraHM3maep meH 6uo-
norunsnelk 6encenai 3aTrapaplH agam ar3acbiHa TUM3ETiH 9CEpPiH FbiNbIMU
TypFblaaH Herizgey. CoHbIMeH KaTap, WwybaT eHiMiHiH TaFamablK XaHe eM-
OiK KacneTTepiH cunartTarn, OHbIH NPOOUOTUKATbIK XeHe PyHKUMOHANAbIK,
aneyeTiH baranay.

Martepunangap MeH 3epTTey apicTtepi. 3epTrey HbicaHbl: KaHa
cayblIfiFaH TyMe CyTi »XaHe ofaH O9CTyphi a4icneH aanbiHAanFaH wybarT.

MaTepuangap:

Tyne cyTi (keprinikTi WapyalbinbiKTapaaH anbiHFaH);

Hoactypni bepmeHTaums bigbicTapsbl (Tepi kam, WbiHbl 6aHkanap);

AWbITKbI  MBOEHMETTEepi: TabufFn  CYTKbIWKbIIALI  OakTepusinap
(Lactobacillus plantarum, L. acidophilus, Bifidobacterium spp.), awbITkbI-
nap (Saccharomyces cerevisiae);

3epTxaHanblk kypangap (pH-meTp, TepMOMETp, ThIFbI3AbIK ©rLeriLl-
Tep xaHe T.6.).
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ogicTep:

OpraHonenTukanelk 6aranay — ganbiH WybaTThiH A9Mi, MICi, TyCi MeH
KOHCUCTEHLMSACHI TeKcepinaj;

depmeHTaumst npoueciH OGakbimay — TemnepaTtypanblK — PeXum
(20—22°C) xoHe awbITy yakbiTbl (24—48 caraT) BorbIHWAa Xyprisingi.

Tyre cyTi MeH WwybaTTbIH Herisri epekwenikTepi:

» Kypambl epekwe nangansl 3atrapra 6an: Tyne CyTiHiH KypamblHAa
KabblHyFa KapCbl XXoHEe MMMYHIbIK >XYNEHi HbiFanTaTblH NakToeppuH, M-
MYHOIIOOYNUH, NMM30UMM Cekinai MaHbI3apl akybidgap 6ap.

+ XXofrapbl aHepreTukanbIk KyHAbIbIK: Tyne cyTi MeH ogaH ganbiHaarn-
FaH wybaT wenai )eHe KypFak arMaktapga eMip CypeTiH xanbiKTap yLUiH
HEri3ri KOPEKTIK XXoHe KyaTTanAblpaTbIH a3blk ke3i 605bin Tabbinaabl.

* Emgik kacuetTepi: LUyGaT xumuanblk TepanusigaH KemiH ar3aHblH,
KanmnblHa KernyiHe, ackasaH-illek xongapblHbIH aypyrapbiH eMaeyre xxaHe
Xannbl AeHcayNbIKTbl HbIFAUTYFa KEMeKTeces,i.

» Ooctypni pgavibiHgay apictepi: LWybat apHaibl awbiTyFa apHanfaH
blAbICTapAa Hemece AS9CTYpNi TepiAeH xacanfaH Kantapaa awbiTbiiabl,
Oy OHbIH, epeKLUe OdMi MEH KOHCUCTEHLUMACBIH KanbinTacTblpadbl.

Ocbinaniwa, Tyre CyTi MeH wybaT — Tek OaCTypni TaFam FaHa eMec,
COHbIMEH KaTap agam AeHcayrbifbiHa nanganbl, KyHAabl buonornansix Ka-
cueTTepre ne Taburn eHimMaep.

LLly6aT coHrbl yakbiTTa KasakcTtaHga xaHe Oykin anemae AeHcayrbik-
Ka nanganbl 6HiM peTiHAe KeHiHeH TaHbiman 6onyaa. 3epTTeynepaiH Ho-
TKEnepi KepceTkeHaen, wybaTTa ke3geceTiH naraansl MMKPOOPraHn3m-
Oep OHbIH y3aK yakblT OOWbl cakTanyblH KamTamachbi3 €Tin, Taramablk,
KYHObIMbIFbIH @apTTbipadbl. Byn eHiM aybin wapyalbiibIFbiHbIH, JaMyblHa
YKOHE XeprinikTi 9KOHOMMKaHbI HblFanTyFa MaHbI3abl yriec kocaabl [5].

Tyne cyTi e3iHiH epeKwe XUMUANbIK Kypambl MEH XOfFapbl TaFamablk
KYHObINbIFbIMEH epekwleneHeni. OHbIH, HETi3ri KOMMOHEHTTEPIHE MbiHaNap
xatagpl (1-cyperT):

* Akybizgap: Tyne cyTiHOE Ka3euH MeH capbiCy akybl3gapbl YIiKeH
menwepae 6onaabl. OnapabiH apacbiHAa UMMYHAbIK YKYWAEHI KONAanTbIH
XoHe KabblHyFa Kapcbl acep eTeTiH MMMYHOINoOynuH, NakTtoeppuH, nn-
30UMM Tapi3ai akybi3gap 6ap.

* Mavnap: CytTeri man menwepi wamameH 3-5%-abl Kypanabl, OHbIH,
KypamblHAarbl Mal KblWKbINAapbl, 9Cipece JNMHOM KbIWKbINbl nanganb
nunuatep petiHae 6aranaHagbl.

» Kemipcynap: Jlakto3da menLuepi cublp CyTiMEH carnbICTbipFaHaa anae-
Karnga a3, 6yn nakrosara Tesimci3 agamaap YLWiH Konansbl.
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* Butamunngep: Tyne cyTi C BuTamMuHiHe eTe 6aii, OHbIH MernLwepi Cubip
CYTiMEH CanbICTbipFaHaa WamameH yLw ece ken. CoHbiMeH kaTtap, B To6bI-
HblH, BUTamuHgepi (B1, B2) xoHe A BuTamuHi ge 6ap.

* Munepangap: CyTTiH KypambiHAa Kanui, MarHun, TeMIp >XoHe Mbl-
PbiL CUSKTBI MaHbi3abl MuHepangap 6ap, onap opraHu3MHiH, KyHOEeniKTi
KaXXeTTiNiriH Kamtamacoi3 etegi [6].

p/c  Kypambl TyieHiH, cyTi Ly6aTtbI
1 KbIWKbINAbIK 18% 28%
2 | Mannbik 4,3 4,3
3 | NakTtosa 2,75 1,32
4 | Kyprak 3aTThbl MagaH 6acka 8,2 6,6
5 | MuHepanpgbl 3aTTap 0,86 0,75
6 S1tun cnupri - 1,1

1-cypeT — TyWie CyTiHiH XUMUANBIK KypaMmbl

LWy6aTt Tyhe cyTiH awbiTy apkbifbl AanblHAaNfFaHAbIKTaH, OHbIH Ta-
FamablK KypamMbl MEH nangansl kacueTTepi ogaH api apTajbl:

v MpoburoTukTep: AWbITbINFaH WyGaTTa CyTKbILWKbLINALI 6akTepusinap
(nakTo- xxeHe bucmpoobakTepusnap) ken Menwepae 6onagkl, onap iwek
MUKpPOpropacklH XakcapTblin, ac KOPbITY XYMECiHIH XYMbICbIH KarnmnbiHa
KenTipeai.

v’ ButamuHpaep: LLy6atta C BuTaMuHi MeH B ToObIHbIH BUTaMuHaepi-
HiH, KOHLLEHTpauusichbl ofFapbl, Oyn AeHcaynbikka eTe nangansbl.

v Buonorusanbik 6enceHai 3attap: AlWbITbily NpoueciHae opraHuka-
NblK KbIWKbIAAp, epMeHTTEpP XaHe aHTUOKCUAAHTTap Ty3ineni, onap
MeTabonumamai xxakcapTa OTbIpbI, aF3afarbl TOKCMHAEPA WhiFapyFa Ke-
MekTeceqi.

v Ac KopbITyFa nanganbl: Ly6aTTblH KypamblHaarbl nangans 6akte-
pusanap ac KopbITy NPOUECIH XakcapTbin, UMMYHAObBIK XYWEHI HblFalTyFa
blknan etedi [7].

Tyne cyTi — XoFapbl GUoONOrMAnbIK XeHe Taramaplk KyHObINbIFbl 6ap
Taburn eHiM. OHbIH albITy MYMKIHAIM O9CTypni XoHe 3amaHayu Taram
eHAipiciHae MaHbI3abl pen atkapagbl. ALbITY apKbifibl Tye CYTiHIH, Ky-
pamMblHOafFbl Naganbl MUKPOSNEMEHTTEP MeH OGuonorusnelk GenceHpi
3aTTapablH AeHreni apTagbl, 6yn oHbl agaMHbIH AeHcaynbifbiHa nangansi
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eHiMre anHangplpaabl. ALWbITY HOTUXECIHAE TyWe CYTiHEH anblHaTbIH LUY-
6aT npobuoTukTepre 6awn, ac KOPbITY XYWECiH XaKkcapTaTblH XaHe NMMY-
HUTETTI KONA4anTbliH CyCbIHFA anHanagbl.

ALWBITY NpoueciHae CYTKbIWKbIN 6akTepusnapbl MeH epMeHTTepAIH
Gencenginiri MmanpI3abl pen atkapagbl. byn GakTepusinap opraHvkanbik
KbILWKbINaapapl (ecipece CyT KbIWKbIbIH) Ty3eni, HOTWXKECIHAE OHIMHIH
O9Mi, MiCi XX8He KOHCUCTEHUMSACHI XaKcapagpl [8].

AWbITY MyMKiHAIriHE acep eTeTiH dhakTopnap

Tyne CyTiHiH awWwbITy MyMKiHZiriHe acep eTeTiH BipHeLe Heriari dhakTop-
nap 6ap:

» CyTTiH Kypambl

Tyre cyTiHOe nakTo3a AeHreni TemeH, Oyn awbITy MPOLECIHIH XKbin-
AamablFbiHa acep etedi. CyTTiH KypambiHOaFbl akybl3gap MeH MuHepan-
Aap MUKpoopraHn3mAepAiH ecyiHe Konamnsl opTa xacaubl.

Cublp cyTimeH canbICTbipFaHaa, Tyre cyTiHae Kanbuni, dpocdop, xaHe
noapymeHaep (ecipece C gspymeHi) ker, 6yn OHbIH bepMeHTaTUBTI Ka-
CneTTepiH XakcapTagbl.

» Temnepatypa pexumi

CyTKbIWKbIN GakTepusinapbl yWwiH oHTannel Temnepatypa 20-30°C
apanbifbiHga 6onagbl. TeiM TOMEH HEMeECe XoFapbl Temnepartypa bakre-
pusnapgplH 6enceHainiriH ToMeHAeTyi MyMKIH.

» MukpoopraHuamaepaiH Typi

AWwbITY npoueciHe KondaHbinatblH MUKpOOpraHuamgep (Mbicansbl,
Lactobacillus eHe Bifidobacterium Tektec GakTepusinap) eHiMHiH, Ta-
FaMablK KYHABIbIFbIH - apTThipadbl. OpTypni wWTamgapAbl nanganaHy
©OHIMHIH canacbl MeH A8MiH XakcapTagbl.

» ALWbITY yakbITbl

Tyne cyTiH awbITy yakbiTel 8geTTe 24—48 caraTTbl Kypangpl. YakbIT
y3ak GonFaH calblH, eHIMAEr CYT KbIWKbITbIHBIH, Mernwepi apTagbl, 6yn
O9MHIH KbILWKbIN 6onybiHa acep eTeai.

» KocbiMLla MHrpeaneHTTep MeH afictep

Kenbip >xafgavinapga wybaTTbl gavibiHAay Kes3iHAe allbITy NpOLECiH
XblngamaaTy ywiH 6ypbiH ganbiHOanfFaH wybaTt Hemece apHambl cTap-
Tepriep Kocbinagpl.

» TexHonornanbIk npouenypanap

Tyne cyTiH awbITy angbliHAa TEPMUSANbIK eHaey Hemece Taburn cep-
MEHTTEP KOCYy OHIMHIH MWKPOOMONOrNAnbIK Kayinci3airiH apTTbipagbl.
ALWbITY NpoueciHae Tyne CyTi XeHin CiHipineTiH, TpobuoTukTep MeH Oapy-
mMeHaepre 6an eHiMre aviHanagbl, 6y OHbI XanblK apacbliHga FaHa eMec,
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COHbIMEH KaTap 3amaHayu TaFam eHepkacibiHge e TaHbiman eTegi [9].

LWy6aTTblH awbITy npoueciHge MUKpOOpraHMa3mgepdin, Typniniri ma-
HbI3Obl pen aTkapadbl. ATan antkaHga, CyTKbIWKbIT 6akTepusanapbl MeH
alWbITKpl WTaMaapbl WwybaTTelH TaramaplK xaHe buonornsanbik Kkacuet-
TepiH aHbikTangpl. PepmeHTaums kesiHge Typri MMKpoopraHM3Maep CyT
KbILLKbINbI, 9TAHOM, KOMIPKbILWKbIN ra3bl xeHe 6acka ouonoruanbik 6en-
CEHAj KOCbINbICTap CUAKTbI METABONMTTEP TY3iM, CYCbIHHbLIH, A9Mi, XOLU WiCi
MEH KypbIfibIMbIH aliKbIHOANADI.

Tyne cyTiHgeri Tabufn MukpoopraHuamMaep wybaTTbiH epekwe 6uo-
norvsanblK >keHe npobuoTukanblK KacueTTepiHe xayantbl. Mbicansl,
Lactobacillus plantarum, Lactobacillus acidophilus xaHe Bifidobacterium
CbIHAObI CYTKbILKbINT BakTepusanapbl ackasaH-iliek XXYWeCiH XakcapTbir,
UMMYHUTETTi HblFanTagbl. COHbIMEH KaTap, albITKblnapabiH, kenbip Typ-
nepi, Mbicansl, Saccharomyces cerevisiae wybaTtka XeHin razganfaH Ky-
pbINbIM MeH epekile xoLw nic 6epegi [10].

Wy6atTel ganbiHAay kesiHOAe MUKpoopraHuaMmaep GipHelue MaHbI3abl
dyHKUMANapasl opbiH4anabI:

1. PepmeHTauusAHbIH 6acTanybl xaHe 6akpinaybl: MukpoopraHmamagep
TyWe cyTiHOeri NnakTo3aHbl CYT KbIWKbIbIHA anHanablpbIn, eHIMHIH KbiLu-
KbITAbIbIFBIH apTThipaapl, Oyn npouecc WwybaTThiH y3akK yakbIT O0ibl cak-
TanyblH KaMmTamacoI3 eTefi.

2. Oom MeH wmicTiH KanbinTacybl: CyTKbIWKbIN GakTepusanapbl MeH
alWbITKbIIap e34epiHiH, 9cepiMeH epekLUe XOLU MIC NeH KbIWKbIN-TaTTi aM
WhiFapagpl, 6yn wybaTTbiH yATTHIK TaFaM peTiHAe TaHbinyblHA CenTiriH
Turiseg.

3. MNpebuoTtukanblk xeHe npobuoTukanselk kacuetTtep: LybaT Kypa-
MblHAAFbl Nangansl MUKPOOPraHM3Maep iWeK MUKPOdriopachbiH peTke
KenTipin, natoreHai 6akTepuanapdblH, kKeOeiH Texendi, COHbIMEH KaTap
UMMYHIBIK KYMEHi KyLlenTeai.

4. TaramaplK KYHABINbIKTbIH apTThipybl: AWwbITy 6apbicbiHga Tyne cy-
TiHOeri akybl3gap MeH AapyMeHaep »akcbl CiHipineTiH dopmara kenegi,
COHbIMEH KaTap aHa Guonorusanblk 6enceHai KocbinbicTap Ty3inin, wy-
GaTTbIH eMAik KacneTTepi apTagpl.

5. Mukpobuonorusanbik Kayinci3gikti kamtamachi3 ety: PepmeHTauus
npoueciHAe TY3INreH CyT KbIWKbINbl 3USTHALI MUKPOOPraHM3MAepAiH ecyiH
Texenai, Oyn wybaTTbl MUKpOBUONOrMAnbIK TypFblAaH Kayincia eteai.

6. MuvkpoopraHvuamaepaiH apTypniniri wybaTTbiH canacblH, OOMiH XaHe
AeHcayrblKKa nangacbhliH KaMTamachbI3 eTir, OHbIH YITTbIK CyCbIH peTiHae Ta-
HbINybIHA X8He eHAIPICTIK MYMKIHAIKTEPIHIH apTyblHa yrkeH acep etegqi [11].
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Ly6aTTbiH geHcaynbikka nanganapbiHbiH GipHeLle MaHbI3[bl acnekTi-
nepi 6ap:

Taramgblk KyHAbINbIFe!: LLy6aT akybidgapra, mavinapra, kemipcynapra,
aapymengepre (C, B Tobbl) xeHe MuHepangapra (kanbuui, MarHum, Kanvn)
Gaw, Byn ar3aHblH SHEPrUSACHIH apTTbIPbIM, CyneKkTep MeH BynwbikeTTepaiH
KYpbINbIMbIH HblFanTadbl. CoHbIMeH KaTap, wybaT KypamblHAaFbl amuH-
KbILLKbINAApb! KacylwanapdblH KanmnblHa KenyiHe oHe MeTabonv3mHIH
XakcapyblHa blknan eteqi.

TepaneBTik aceprepi:

e AckopbITy XyneciHe acepi: LLybaT iwek MukpodnopacbkiH Kanbinka
KenTipin, ackasaH-ilek aypynapbliH emaeyre kemekrecepi. Jlakrosara Te-
3iMCi3 agamaap ywiH ge wybar CiHipy OHaw, enTKeHi awbITy bapbicbiHAA
NaKTo3a CYT KblLLKbINbIHA anHanagb!.

* IMMYHABIK XYWeHi HbiFanTy: KypamblHOasFbl aHTUOKCUAAHTTap MeH M-
MyHOrnobynuHaep aF3aHblH, KOPFaHbILL XXYWECIH KyLuenTesi.

 [leTokcukauus: LLy6aTt 6aybipablH )KyMbICbIH XXakcapTbin, TOKCUHAEPA
LUbIFapy NPOLECIH XeaenaeTten,.

* TyGepkyres »aHe TbIHbIC any >xyreciHe acepi: [ocTyp 6onbiHwa wybaT
TyOepkynesai emaeyae konaaHbinFaH, cebebi OHbIH KypaMblHOaFbl KOMMO-
HEHTTEP eKne TiHAEPiH KanmnblHa KenTipyre biknan eTtesi.

» KabblHyFa Kapcbl oHe aHTMbakTepuangbl acep: LybaT natoreHai
MUKPOOPraHn3mMaepain, ecyiH Texengi, 6yn oHbl BakTepuanbsik, MHpeKUns-
napgplH angplH any MeH emaeyge Tmimai eteqi.

e XvMunoTtepanusgaH KeniHri kannbiHa keny: LLy6aTt ar3aHbl KannbiHa
KenTipyre KeMekTecin, ayblp MeauumHanbslK npoueaypanapaaH KeniH aeH-
caynbIKTbl Te3ipek KanmnblHa KenTipyre MyMKiHAik 6epegi [12].

KopbITbiHabI. KOpbITbIHALINANM Kene, TyWe CyTi MeH LwybaT — agamHbIH
OeHcayrnbiFblHa anTaprbikTan nangacel 6ap Guonorvanbik XKeHe Taramabik,
KYHObINbIFbI XKOFapbl Tabufn eHimMaep 6onbin Tabbinagel. AwWbITy npoueci
GapbiCbiHAa Tyre cyTiHAeri nangansl bakrepusanap MeH hepMeHTTep aF3a-
fa nanganbl MUKPOISIEMEHTTEPAI KamMTamachI3 eTefi, ackasaH-ilek xyne-
CiH XakcapTagbl XaHe UMMYHUTETTI HblFanTadbl. Tyne CcyTi MeH wybaTTbiH,
KypamblHAa OpraHmaM YLUiH KaXXeTTi 49pyMeHaep, MuHepangap MeH 6uo-
norusnblk 6encenai 3attap MmonbiHaH kesgeceni. CoHbIMeH KaTap, wybaT-
TbIH, Nanganbsl 8cepi ac KOpbITY XXYNECIH KarnnbiHa KenTipin, TOKCUHAEepAeH
TazapTyFa, UMMYHUTETTI KyLuenTyre, kabbiHy MeH BakTepuanbiK MHpeKUms-
napgpl 6bonagbipmayra kemekteceqi. CoOHAbIKTaH Tyne CyTi MeH wybaT Tek
OOCTypni TaraMmaap faHa eMec, AeHcayrblkKka TUiMAI acep eTeTiH, Taburn
eHe buonoruanblk 6enceHai eHimaep peTiHae KeHIHEH KONnaaHbITybl TUIC.
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Bonat X.M.", AxmeTcagbikoBa LL.H.!
TANMaTUHCKMIN TEXHOMOMMYECKNI yHMBEepcuTeT, r. AnmaTsl, KazaxctaH

BAXHOCTb TMPOLEECCA ®EPMEHTALMWW BEPBJIIOXbEO MOJIOKA
N Ero BNUAHUE HA OPrAHU3M YEJTOBEKA

AHHOTauus. B gaHHoii cTaTbe paccmaTpuBaeTcsl BaXHOCTb npolecca dpepmeH-
Tauum BepbIoXKbEro MoroKa 1 ero BNusiHMe Ha opraHusm yernoseka. PepmeHTa-
LumMst cnocobeTByeT 06pas3oBaHMIo BMOMNMOrMYECKM akTUBHBIX BELLECTB, ynyyliaeT
KayecTBO roTOBOro NpoAyKTa v MOBbIWAET €ro HaTyparbHYH LIEHHOCTb. B cTtaTthe
npeacTaBrieHbl YHUKamNbHbIA COCTaB BepOIOXKbEro MOSoKa, NonesHble CBONCTBA,
BO3HMKaloLLMe B mpouecce ero hepmeHTaumm, a Takke nuiiesble U nevebHble
cBoicTBa LWybaTa. Bepbntoxbe MOMOKo ynyyaeT paboTy enynoYHO-KULLEYHOTO
TpaKTa, yKpennseT UMMYHUTET, CNocOOCTBYET OYULLIEHWNIO OT TOKCKMHOB W Copep-
XUT MHOXECTBO MONE3HbIX MUKPOSNEMEHTOB M NpobuoTunkos. MNpouecc depmen-
Tauun BepbNoXbEro Mornoka yBenuumBaeT GUOMOrMYeckylo LieHHOCTb Lwybara,
MOCKOJIbKY B €ro coctaBe 06pasyroTcsi opraHuyeckue KUCnoTbl, (DEPMEHTbI U aH-
TUOKCUAAHTBI, YTO eNnaeT 3TOT HAaNUTOK NONe3HbIM Af1s OpraHu3mMa.

KntoueBble crnoBa: Bepbntoxbe MOMOKO, LybaT, npoLecc thepMeHTaLmm, MonoY-
HoKucrble bakTepun, dhepMeHTauums.

* % %

Bolat Zh.M.", Akhmetsadykova Sh.N.*
"Almaty Technological University, Aimaty c., Kazakhstan

THE IMPORTANCE OF THE FERMENTATION PROCESS OF CAMEL MILK
AND ITS IMPACT ON THE HUMAN BODY

Abstract. This article examines the importance of the fermentation process of
camel milk and its impact on the human body. Fermentation promotes the formation
of biologically active substances, improves the quality of the final product, and
enhances its natural value. The article presents the unique composition of camel
milk, the beneficial properties that arise during its fermentation, as well as the
nutritional and medicinal properties of shubat. Camel milk improves gastrointestinal
function, strengthens the immune system, helps detoxify the body, and contains
many beneficial trace elements and probiotics. The fermentation process of camel
milk increases the biological value of shubat, as it leads to the formation of organic
acids, enzymes, and antioxidants, making this beverage beneficial for the human
body.

Keywords: camel milk, shubat, fermentation process, lactic acid bacteria,
fermentation.
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lkramova M.L.", Rakhmatov B.N.", Maxsudov S.I.", Gaffarov I.Ch."

'Scientific Research Institute for Seed Breeding and Agricultural Texnology of
Cotton Growing, Bukhara Scientific Experimental Station,
Bukhara c., Uzbekistan

THE IMPORTANCE OF PRODUCING ECOLOGICALLY CLEAN
CONSUMER OILS, PROTEIN FLOUR AND GOSSYPOL-FREE
COTTON VARIETIES WITH NATURAL COLOURED FIBRE

Abstract. The article presents scientific data on a number of improved high-
yielding, early maturing lines and varieties of cotton that meet the requirements
of world market standards, which are cultivated in saline, low-water and blown
by Afghan heat conditions of the Bukhara region, do not contain the toxic
alkaloid gossypol in the vegetative and generative organs, and which produce
environmentally friendly edible oil, protein flour from seed kernels, seed waste
and naturally colored fibers. Their potential as a highly profitable, environmentally
friendly product is discussed, which, in comparison with various GMO products,
is the most necessary environmentally friendly source of nutrition for human and
animal health, for the healthy and harmonious development of future generations.
Also, due to the presence of various natural colored fibers and the environmental
friendliness of edible oil, protein flour, seed processing waste obtained from them,
on the one hand, on the other hand, due to the absence of gossypol in the process
of processing products of cleaning, refining, dyeing fibers, etc. High economic
profitability is achieved by reducing a number of technological processes, which
ultimately allows for an increase in foreign exchange earnings to our state treasury.
In addition, newly bred varieties and lines of organic cotton will serve as donors for
future breeding research.

Keywords: gossypol-free cotton, environmentally friendly product, protein flour,
edible oil, colored cotton fiber.

Introduction. Relevance of the topic. Meeting the needs of more than
37 million people of Uzbekistan in nutritious, environmentally friendly food
products, industrial and technical products is one of the most pressing
problems of our time.

Eco-organic varieties of cotton, giving high-quality natural colored fiber,
producing environmentally friendly protein flour and vegetable oil from the
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core of seeds, and seed, bush waste serve as a source of nutritious feed
for livestock, poultry and fish farming, and also have high potential for
the development of natural medicines for human health and medicine.
They are stable, have large capsules, are high-yielding, early maturing,
afghan wind heat-resistant, drought-resistant, frost-resistant, resistant
to salinity, do not contain the toxic alkaloid gossypol in vegetative and
generative organs. These lines and varieties were created by scientists
of the Research Institute of Selection, Seed Production and Cultivation of
Agrotechnology of Cotton of the Bukhara Research Experimental Station
(with the participation of A. Battalov and a group of scientists-breeders).

To date, all leguminous, food, fruit and vegetable, industrial and oil
crops, including various varieties of cotton (China, India, Australia, etc.)
have been imported to our republic from foreign countries, and now most
of them have been created by the method of genetic modification (GMO).
These are varieties that provide high yields even in various climatic
conditions.

However, although they provide most of the population with food,
clothing and other goods, they can have a negative impact on the
development of the cardiovascular systems and brain function in humans
and animals and after a few years mutate and cause various negative
mutational consequences in their bodies, as evidenced by genetic sources
and foreign literature on the studied studies [1-3]; [4-6]; [7-10]; [18,19].

Therefore, from the developed countries of the world: America,
England, France, Germany, etc. well-known countries have abandoned
GMO food products. Laying the foundation of the Third Renaissance of
the new Uzbekistan, raising the future generation healthy, strong and
comprehensively developed, especially in modern conditions, when
various climate changes and violations of the laws of natural balance
occur on a global scale, in order to grow and present to the world the
successors of modern Al-Bukhari, Abu Ali ibn Sino, Al-Khwarizmi, Al-
Farabi, Al-Beruni, Mirzo Ulugbek, Timurids, etc. future Uzbek nation, it
is necessary to provide them with environmentally friendly and safe
products, consume organic, pure bio-products, and not products with
GMOs. Although the varieties of cotton obtained by scientists of the
Bukhara Institute of Agricultural Sciences (a group with the participation
of A. Battalov) belong to the category of industrial crops, they differ from
industrial varieties of cotton in their environmental friendliness, safety and
medicinal properties due to the absence of gossypol in their vegetative
and generative organs and the natural high-quality fiber obtained from it of
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various light yellow, red and orange colors, as well as protein flour, edible
oil and seed production waste obtained from the seed kernel. It plays an
important role in the activities of people, as well as all animals and birds.

Such environmentally friendly fabrics are very important for the delicate
skin of newborns and healthy growth and development, as well as for
patients who may be allergic to some chemical dyes and substances. It
protects their body from various stressful situations and prevents diseases
[1], [11-13], [14,15].

The purpose and objectives of the study. To create, using the
method of traditional selection, an early-ripening, machine-harvested
cotton variety that is free from harmful chemicals, does not harm the body
of humans and animals, produces environmentally friendly, high-quality
colored fiber and nutritious organic bioproducts (protein flour, edible oil,
etc., seed production waste) even under stressful conditions of any nature
and to introduce it into production.

Research method. The research effectively used practical selection,
advanced genetic and long-term non-traditional selection methods of the
late A. Battalov. The research work was carried out on the basis of the
“Methodological Guide for Conducting Selection and Seed Production
Work on Cotton” developed at the A.E. Zaitsev Research Institute of Cotton
Selection and Seed Production, “Genetics, Selection and Seed Production
of Cotton” by N.G. Simongulyan et al. [18,19], as well as the manuals
“Methodology of field experiments with cotton” [16] and “Methodology of
conducting field experiments” [17], adopted by Uzbek Research Institute
of Cotton Growing. The obtained data on productivity are analyzed based
on the manual of B. Dospekhov “Methodology of field experiment” [20].

Research results and conclusions. In order to introduce an
environmentally friendly variety of organic cotton intended for the production
of naturally colored fiber and high-quality organic food products, scientists
from the Bukhara Institute of Agricultural Sciences (a group with the
participation of A. Battalov) for the first time identified cotton varieties that
do not contain gossypol in all organs. They then conducted many years
of research to create several generations and families of environmentally
friendly organic cotton varieties, both gossypol-free and with various natural
colors, and developed a number of successful lines and varieties suitable
for the extreme conditions of the Bukhara region (salinity, water deficit,
climate change, resistance to germplasm and various sucking pests and
insects), producing high-yielding and high-quality fiber. Generations of this
line and variety [Bukhara-6 x US collection number without gossypol) x
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L-20 (Bukhara-9 without gossypol) x dyed fiber L-33] were obtained by
repeated crossing, multiple selection and repeated research. Its further
improvement continues, work is underway to improve valuable economic
traits, improve quality, in the future, environmentally friendly organic
varieties of cotton in gray, light pink and pink, gray, blue and other colors
are purposefully improved.

In 2023-2024, the improved list will be significantly improved, individual
selections and re-examinations in generations will be carried out, families
and groups with the highest quality indicators, valuable economic traits,
resistance to stress and diseases will be selected and tested, families
with positive indicators will be selected and re-selected, the variety will be
improved.

A comparison of valuable economic characteristics, technological and
quality indicators of the new selected ecoline with domestic and foreign
varieties was carried out, its advantages and distinctive features were
scientifically studied. In the laboratories of the Bukhara SIFAT of the textile
industry and the Kagan oil and fat plant, the degree of compliance with
international standards (weight of one box is 8-9 g), fiber fineness and
its color: light yellow, brown and sun-colored), color, early maturity (113-
118-120 days), fiber length (1.17-1.24 inches), elasticity, softness, metric
number, linear density, micronaire index (4.1-4.5), fiber type (IV), yield
(50-55 c/ha), environmentally friendly productivity (protein flour, vegetable
oil, various environmentally friendly new generation drugs and biologically
active substances from seed waste for livestock, poultry, fish farming and
medicine), oil content (23-26%) were determined.

Resistance to various stress conditions (harmsil, drought, frost, salinity,
diseases, pests) was assessed in laboratory and field conditions based on
the analysis of scientific indicators of its advantages with the standard.
The typicality and homogeneity of the variety, by testing 3 times during
the growing season, the group was divided into families and generations.
Bushes that are not typical for the variety, low-yielding, late-ripening, with
low quality indicators, unstable to stress, were rejected. The most valuable
varieties, possessing the greatest positive economic characteristics,
technological and quality indicators, resistance to various natural stresses,
unfavorable environmental conditions, diseases, pests and insects, early
maturity, suitability for machine harvesting, large sizes of cotton bolls, high
quality of fiber and seeds, high yield, surpassing the standard variety in
obtaining multi-colored eco-products, are transferred to soil control and
the State Commission for Variety Testing as new varieties.
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By introducing these new environmentally friendly varieties of cotton
into production, we will be able to provide the over 37 million population
of our country, growing exponentially, with nutritious and healing,
environmentally friendly food products (protein flour, vegetable oil and
natural dyed fiber), strategically important raw materials obtained from the
organs and waste of cotton, such as valuable colored fiber, seed core,
etc., garments, and also in a number of countries of the world (Africa)
used for the prevention of various diseases, such as dystrophy, rickets,
etc., caused by protein deficiency.

This will create an opportunity to provide medicine with natural, clean,
biologically active additives of a new generation. In addition, since they
have a natural color, there is no need for chemical dyes to dye other
technical varieties in different colors and the need to wash them in 200
or more liters of water after dyeing, and allergic reactions in people to
various chemical dyes are excluded. In addition, due to the absence
of toxic alkaloids in the seed kernel, the process of oil purification from
various toxic substances in oil-producing plants is reduced, and it is
obtained by cold pressing, while the healing properties of useful essential
amino acids contained in the seed kernel (since the thermal method is not
used, proteins are not denatured and do not pass from state 1 to state 2),
and labor costs, electricity, acid, gasoline and other costs for additional
purification are reduced (up to 45%).

The yield of oil from all technical varieties of cotton grown in Uzbekistan
is distinguished, on the one hand, by its high (26%, sometimes even
higher), on the other hand, by its environmental friendliness, and on
the other hand, due to the cold pressing method, which allows saving
resources without additional costs (45%), low cost and healing properties,
the absence of toxic alkaloids in the oil, as well as the natural coloring of
the fiber, which allows producing fabrics of various colors without adding
various chemical dyes.

Conclusion. If earlier foreigners accepted cottonseed oil as technical
oil and protein flour after purification from gossypol, now it is recognized
as organic environmentally friendly protein flour and consumer oil, and it
has become possible to purchase it on the world and local markets. High
demand from foreign buyers not only for environmentally friendly colored
fiber, but also for cotton products leads to an increase in the volume of
foreign investment and foreign exchange earnings to our state treasury.
The Republic of Uzbekistan will become one of the first countries where a
cotton variety will be created that fully meets the requirements of the world

72



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

market in all respects and gives the only new bioorganic colored fibrous
eco-product in the world. It will also serve as breeding material (donor) for
the creation of new generations of cotton varieties in the future, and all
organic bio-products obtained from it will be sold at a high price, which will
lead to an increase in foreign exchange earnings to the state treasury and
an increase in the number of foreign investments.

Areas of application of the research: In agriculture (in selection and seed
production)
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Mkpamosa M.J1.!, PaxmaToB B.H.!, Makcynos C.W.", Fadcpapos U.4.'

"MakTa cernekumsicbl, TyKbIM LUApyalubinbiFbl eHe ecipy arpoTexHornorusnapbl
FbIMbIMU-3€PTTEY MHCTUTYTbIHBIH, Byxapa fbinbiMu-Taxipube craHumsckl, byxapa K,
©3bekcTaH

3KONorusanbIK TA3A TYTbhIHYLLbI MAWbI, MPOTEHLI, TABUFU TYCI
BAP MAKTA CYPTTAPbIH ©HAOIPYAIH MAHbI3AbIFbI

Tyningeme. Makanaga Byxapa eHipiHiH Ty3abl, Cybl a3, en CyblfaH XepiHge
OHAIPINEeTIH, 6CIMAIK )XoHe reHepaTuBTI MyLLEeNnepiHAE Ybl ankanonaTtbl roCCUMMNorbI
XKOK, eciMAik MaWblHaH JanblHOanFaH, eciMAik ManbiHaH >kacanFaH MNpOoTeuH
TananTapbliHa xayan 6epeTiH, eneMAik HapblK CTaH4apTTapbiHbIH TananTapbiHa
Xayan ©OepeTiH, MakTaHblH >KETINAipinrex, eHiMainiri >xofapbl, epTe MiceTiH
Oipkatap copTTapbl Typanbl FbilbIMA OEPEKTep KEMTipinreH. OdHAEpP, TyKbiM
KanablkTapbl XoHe Taburn TycTi TanweikTap. OHOa agaM MeH >xaHyapnapablh
[AeHcaynblfbiHa XaHe bonaliak ypnakTbiH TepeH Ae yuneciMai gamybl YLiH OyriHri
Xarganga onapgblH apTypni MO eHimaepiMeH canbiCTbipFaHda 3KOMOrMsasbIK
Tasa Taram Kesi XXoHe XoFapbl peHTabenbai, SKONOorvsanblK Kayincia eHim peTiHae
navganaHy MyMKiHZiri TankeinaHagel. CoHpanm-ak, apTypni Taburm 6osinFaH
TanwbIKTbiH 60MNybIHA X8He OAaH anblHATbIH TaFramMablK ManablH, aKybl3 YHbIHbIH,
TYKbIM KanablKTapblHbIH, 3KOMOTUSAMbIK Ta3asnblFbiHa G6anaHbICTbl, 6ip >kaFblHaH,
eHiMai eHaey, Tazanay, Ta3apTy, TanwbIKTbl 605y xaHe T.6. Ke3iHAe roccMnonabiy
6onmaybiHa 6arnaHbicTbl. Bipkatap npouecTtepai KbickapTa oTbipbin, 6yn 6i3giH
9KOHOMUKanbIK peHTabenbainiKTiH XKoFapbinayblHa, CbIPTKbl aiiblpbacTbIH, XoFapbI
OonybliHa aKkenedi. MeMrekeT KasblHacbl. COHbIMEH KaTap, aHadaH 93ipreHreH
OvoMakTa copTTapbl MEH NTMHUANAPLI angarbl CeNnekUMsnbIK 3epTTeynepre JOHOP
6onagpl.

TyniHai ce3mep: roccunornchbi3 MakTa, SKOJOMUANbIK Tasa eHiM, MPOTeuHAi YH,
TaFamMabIK Man, epTypni TYCTi MakTa Tanwbifbl.

MkpamoBa M.J1.!, PaxmaTtoB B.H.!, Maxcyaos C.U.", Macchbapos N.Y."
"Hay4yHo-nccrneqoBaTenbCKUM MHCTUTYT arpOTEXHONOMUIA, CENEKLNN,
CEMEHOBOACTBA M BblpaluMBaHus byxapCkon Hay4HO-OMbITHOM CTaHLmMu, T.
Byxapa, Y36ekucTtaH.

3HAYEHUE NPOU3BOACTBA 3KOJIOMMYECKU YNCTbIX
NOTPEBUTENBCKUX MACEN, BENIKOBOM MYKU U BE3rOCCUMNONOBbIX
COPTOB XIJ1OMKA C HATYPAJIbHbIM LIBETHbIM BOJTOKHOM

AHHOTaumsA. B ctatbe NpuBeaeHbl HayyYHble AaHHbIE, O pPsAe YNyYLEHHbIX Bbl-
COKOYpOXalHbIX, CKOPOCMENbIX MUHWIA U COPTOB XJIOMYaTHMKa, COOTBETCTBYHO-
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Wwmx TpeboBaHNSIM MUPOBBLIX PbIHOYHBLIX CTAaHAAPTOB, KOTOPbIE BO3AENbiBalOTCA
B 3aCOSIEHHbIX, MarloBOAHbIX U MPOoAyBaeMbiX adraHCKUMU Xapamu YCIOBUSIX
Byxapckoi obnactu, He cogepkalime B BEreTaTUBHbIX Y FeHepaTUBHbIX OpraHax
TOKCUYHbIV arnkaroug- roccunor,, U KOTopble NMPOU3BOAAT 3KOJIOMMYECKN YNCTOE
nMLLEBoe Macrno, GenkoBylo MyKy M3 SAep CEMsiH, OTXOAbl CEMSIH U HaTyparbHO
OKpalleHHble BoriokHa. O6cyxaaeTcs nx NoTeHumMan Kak BbICOKOPEHTAbENbHOTO,
9KOJIOrMYECKM YMCTOro NPOAYKTa, KOTOPbIV MO CPABHEHMIO C Pa3fUYHbIMU NPOAYK-
Tamm TMO, aBnseTca caMblM HEOOXOAUMbBIM 3KONMOTMMYECKN YUCTbIM UCTOYHMKOM
NUTaHWs A58 300POBbsi YENOBEKa U KUBOTHbIX, AJ1S1 300POBOr0 Y rapMOHUYHOTO
pas3BuTUS ByayLLero nokoreHusi. Takke, 3a CHET HanMYUs PasfUYHbIX MPUPOAHbIX
OKpAaLLEHHbIX BOSTOKOH M 3KOJIOMMYECKOM YMCTOTbI MOSy4aeMbIX U3 HUX MULLEBOrO
mMacna, 6enKkoBoi MyKku, 0TX040B nepepaboTku CeMsiH, C OOHOM CTOPOHbI, C APYroi
CTOPOHbI, 3a CYET OTCYTCTBMS BelLlecTBa roccunona, B npouecce nepepabort-
K/ MPOAYKLUUM OYUCTKM, paddUHMPOBAHUS, OKPacKM BOJIOKOH W T.4. AOCTMraeTcs
BbICOKasi 3KOHOMMUYecKasi peHTabenbHOCTb 3a CYET COKpalLEeHUst psiaa TEXHONO-
TMYEeCKMX MPOLIECCOB, YTO B KOHEYHOM UTOre MO3BOSISET YBENUYUTL BasltOTHbIE
MOCTYMIEHUS B Hallly rOCyapCTBEHHYIO ka3Hy. Kpome Toro, BHOBb BbiBEOEHHbIE
copTa ¥ NMHMK Broxrionka nocnyat JoHopaMu s OyAyLIMX CeneKUMOHHbIX 1c-
crefoBaHuN.

KnioyeBble cnoBa: 6e3roccMnonoBbIvi XMOMOK, 3KOMOMMYECKN YUCTBIN NPOSYKT,
6enkoBasi Myka, NMULLIEBOE MaCrIO, LIBETHOE XIOMKOBOE BOJIOKHO.
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Aemopniap mypasnbi MasliMmemmep

Ukpamosa Maxbyba JlamunosHa — Guonorvs feinbiIMAapbIHbIH, KaHauaaThl, ara
FbINMbIMU KbI3MeTKep, MakTa cenekumsicbl, TyKbIM LUapyallbifblfbl XaHe ecipy
arpoTexXHONorMsnapbl FbINbIMU-3epTTEY MHCTUTYThIHLIH Byxapa FbinbiMu-Taxipube
cTaHumsicel, Byxapa k., ©36ekcTaH, ikramova55@mail.ru

Paxmamoe Baxmuép Humamosuy — aybin Lapyallbinblfbl fblfbiIMAaPbIHbIH
KaHaMOaThbl, ara FbinbIMU KbiaMeTkep, MakTa cenekUmMschl, TYKbIM LiapyallblbiFbl
XoHe ecipy arpoTexHonorusinapbl FblNbIMU-3epTTeY UHCTUTYTbIHbIH,  Byxapa
FbINbIMU-TaXipMOe cTaHumsAckl, Byxapa k., ©36ekcTtaH, rakhmatov68@mail.ru

Maxcydoe Caudymap Wcaesuy — aybin LiapyalbibiFbl  FbibIMAAPbIHbIH
KaHamOaThbl, afra FbinbIMU KbiaMeTkep, MakTa cenekumsachl, TYKbIM LiapyallblrbiFbl
X8He ecipy arpoTexHomnorusinapbl fblnbIMU-3epTTEY UHCTUTYTbIHbIH, Byxapa
FbINbIMU-TaXIpMOe cTaHumsckl, Byxapa k., ©36ekcTaH, said59@list.ru

lagpgpapos UHoam Hopuesuy — 3epTTeywi, MakTa cenekumscbl, TyKblM
LapyalubinbiFbl XeHe  ecipy  arpoTexHornorusinapbi FbINbIMU-3EPTTEY
WHCTUTYTbIHbIH Byxapa fbinbiMu-Taxipube craHuusicel, byxapa k., ©36ekcTaH,
inoyatgofforov@gmail.com

CeedeHusi 06 aemopax

Ukpamosa Maxbyba JlamunosHa — kaHAmAaT GUMOMOrMYECKUX HayK, CTapLuui
Hay4HbIA COTPYAHUK, HayvHo-MccrnegoBaTenbCKUM MHCTUTYT arpoTEXHOMOruim,
cerekummn, CeMeHOBOACTBA W BbipalLmBaHusa ByxapcKkoin Hay4HO-ONbITHOW CTaHLmMuK,
r. Byxapa, Y3bekucraH, ikramova55@mail.ru

Paxmamose baxmuép Humamosud — KaHOMOAT  CEeNbCKOXO3SNCTBEHHbIX
HayK, CTapLMi HayyHbIA COTPYAHMK, Hayy4Ho-MccrnenoBaTenbCKUN WHCTUTYT
arpoTEXHOIOIMI, CenekLummn, CEMEHOBOACTBA M BblpalLyBaHusa byxapckon Hay4Ho-
onbITHOM cTaHuuw, 1. byxapa, Y36ekucTaH, rakhmatov68@mail.ru

Maxcydoe Caudymap Mcaesuy —kaHONAAT CENTbCKOXO3ANCTBEHHbIX HayK, CTapLUMNA
Hay4HbI COTPYAHUK, HayvHo-MccrenoBaTeNbCKUM MHCTUTYT arpoOTEXHOMOTUN,
CenekLmmn, CeMEHOBOACTBA U BblpalLMBaHnNs ByxapCko Hay4YHO-OMbITHON CTaHLMK,
r. Byxapa, Y3bekucTaH, said59@list.ru

Fagbpapos NHosim Hopuesuy — Hay4HbI COTPYAHUK, Hay4Ho-nccrienoBaTensCckuia
WHCTUTYT arpoTEXHOMOri, cenekumnm, CEMEHOBOACTBA M BbipaLLmBaHus Byxapckoin
Hay4HO-OMbITHOW cTaHumu, r. Byxapa, Y36ekncraH, inoyatgofforov@gmail.com
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NEPEBOL CTATbWU / MAKANIAHbIH AYOLAPMACbDI

MPHTW 68.35.03

MkpamoBa M.J1.!, PaxmaTtoB B.H.!, MaxcyaoB C.U.", Macchapos U.Y."
"Hay4Ho-nccrneqoBaTeNbCKUN MHCTUTYT CENEKLIMU, CEMEHOBOACTBO U
BblpaLLMBaHUsA arpoTeXHONOrMm byxapckon Hay4HO-OMbITHOM CTaHuuu, r. Byxapa,
Y3bekucraH.

3HAYEHME NMPOU3BOACTBA 3KOJIOTMYECKN YNCTbIX
NOTPEBUTENbCKUX MACEN, BEJIKOBOU MYKU U
BE3IMOCCHUIOINIOBbLIX COPTOB XINOIMNKA C HATYPAJIbHbIM
LBETHbIM BOJIOKHOM

AHHOTauus. B ctatbe npvBefeHbl HayyHble AaHHble, O psAe YryYLEHHbIX Bbl-
COKOYPOXalrHbIX, CKOPOCMNENbIX FIMHUA U COPTOB XIOMYaTHUKA, COOTBETCTBYHO-
KX TpGGOBaHI/IFlM MUPOBbIX PbIHOYHbLIX CTAaHAAPTOB, KOTOPblE BO3AENIbIBAKOTCA
B 3acCOJIeHHbIX, ManoBOAHbIX U NpoAyBaeMbIX a(bFaHCKMMI/I Xapamu ycrnoBuax
Byxapckon obnactu, He cogepxallime B BeretaTvBHbIX Y FeHepPaTUBHbIX OpraHax
TOKCUYHbIN ankanoug-roccmnon, U KOTopble NPoOuU3BOAAT 3KONTIOrM4Yeckn 4Ymuctoe
nMLLEBOE Macrno, 6enKoBYy MyKy M3 SAep CEMSsH, OTXOAbl CEMSIH U HaTyparbHO
OKpaLlleHHble BoriokHa. O6cyxaaeTca nx NoTeHumMan Kak BbICOKOPEHTAbENbHOTO,
9KOJOrMYECKM YUCTOrO NPOAYKTA, KOTOPbLIV MO CPaBHEHUIO C Pa3SIMYHBLIMWN NPOAYK-
Tamu FMO, ABMNAETCAd CaMbIM HQOGXO,D,VIMbIM SKOJIOrMYeCckn YnNCTblM MCTOYHUKOM
NUTaHUA Ona 300p0BbA YenloBeKa U XXUBOTHbLIX, ANd 340p0OBOro n rapMoOHU4YHOIo
pasBUTUnA 6y,c|,yUJ,ero MOKOJIEHUA. TaK)Ke, 3a CYeT Hann4yua pasnmnyHblX NPUPOAHbIX
OKpaLUeHHbIX BOJIOKOH U 3KOJTIOTMYECKON YUCTOThI nony4vyaemMbiX U3 HUX NnuieBoro
Macna, 6enKkoBoi MyKu, 0TX040B nepepaboTky CeEMsIH, C OAHOM CTOPOHbI, C APYroi
CTOPOHbI, 3a CYET OTCYTCTBMS BeLLEeCTBa roccunona, B npouecce nepepabort-
K/ NMPOAYKLMN OYUCTKU, paddUHMPOBAHUSA, OKPaCKM BOMOKOH U T.4. AOCTUraeTcs
BbICOKasi SKOHOMMUYEecKasi peHTabenbHOCTb 3a CYET COKpaLLEHUs psiaa TEXHONO-
r’MYecKkmx npotlieccoB, YTO B KOHEYHOM MUTOre no3BOSIAET YBENMIUMYUTL BaltoTHblE
NOCTYNNeHna B Hally rocygapCTBEHHYHO Ka3Hy. Kpome TOro, BHOBb BbiBeEHHbIE
copTa 1 NMHUM BroXnonkKa nocryXart 4oOHOpaMu Anst OyAyLnMX CeneKLUNOHHbIX UC-
crefoBaHuN.

KnioyeBble cnoBa: 6e3roccMnonoBbIvi XMOMOK, 3KOMOMMYECKN YUCTBIN NPOSYKT,
6enkoBasi Myka, MULLIEBOE MaCIIO, LIBETHOE XIIONMKOBOE BOJIOKHO.

BBegeHne. AKTyanbHOCTb TeMbl. Y[OBETBOPEHNE NoTpebHoCcTen
bonee 37-MUNNWMOHHOIO HacerneHnsa Y3b6eknctaHa B nMUTaTENbHbIX, 3KO-
NOTMYECKN YUCTbIX NPOAYKTaX MUTAHWUA, MPOMBILLIIEHHOA N TEXHUYECKON
NPOAYKLNN ABNAETCHA OLHOM U3 CaMbIX akTyarbHbIX NPOGreM CoBpeMEH-
HOCTW.
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SKoopraHnyeckme copTa XronyatHuka, AatoLme BbICOKOKa4YeCTBEHHOe
HaTyparibHOe LBETHOE BOSIOKHO, MPOM3BOAsLUME N3 cepALEeBUHbI CEMSH
3KOJTOTMYECKM YMCTYIO OENKOBYIO MYKY U pacTUTENbHOE Macro, U CEMEH-
HbIX, KYCTOBbIX OTXOLOB CIyXaT WUCTOYHUKOM NUTaTENbHOro Kopma Ans
KMBOTHOBOACTBA, NTULEBOACTBA M pbiDOBOACTBA, @ TAaKKe MMEKT BbICO-
KUA NoTeHuman ons pa3paboTky HaTyparbHbIX NEKApPCTBEHHbLIX CPEeaCTB
ONS 300pOBbS YenoBeka U MeaunLmHbl. OHM YCTONYMBBI, UMEIOT KPYMHbIE
KOPOBOYKM, BbICOKOYPOXKaMHbLI, CKOPOCHMENbl, rapMCUSyCTONYMBLI, 3acy-
XOYCTONYMBbI, MOPO30YCTOMYMBBI, YCTONYMBBI K 3aCONEHUIO, HE coaepXaT
B BEreTaTuUBHbIX 1 reHepaTvBHbIX OpraHax TOKCMYHOro ankanovaa roccu-
nona. ATu NIMHUKU K copTa CO34aHbl y4eHbIMU Hay4Ho-MccreaoBaTenbCKo-
ro nHctutyta Cenekumm, CEMEHOBOACTBA U BblpaLlMBaHUSl arpOTEXHOMNO-
rmn xnonyaTHuka bByxapckoro Hay4yHO-MCCreaoBaTENbCKOrO OMbITHOMO
ctaHumm (Npu ydactum A. batTanoBa v rpynnbl y4eHbIX-CENeKLNOHEPOB).

Ha cerogHawHWn OeHs Bce 3epHOB0O0BbIE, MPOOOBOSILCTBEHHLIE,
NI040BO-0BOLLUHbIE, TEXHUYECKME U MacCiUYHble KyNnbTypbl, B TOM YuCre
pasnuyHble copta xnonyaTtHuka (Kutan, MHams, ABctpanus n op.) 3aBe-
3€eHbl B Hally pecny0nuky u3 3apybexHbiX CTpaH, U ceryac 60bLLMHCTBO
13 HUX CO34aHO MeToaoM reHHon moaudukaumm (FMO). BTo copTa, KOTo-
pble 06ecneynBatoT BbICOKYH YPOXKaMHOCTb AaXe B pa3fnMYHbIX KNnmaTtu-
YeCKUX YCroBUSX.

OpHako, XoTs OHM 1 obecneynBaloT BONbLUYI YacTb HAcerneHusl Npo-
O0BOMbCTBUEM, OAEXO0M 1 APYTMI TOBapaMm, OHU MOTYT OKa3blBaTb He-
raTMBHOE BNUSIHWE Ha pa3BUTME CEPOEYHO-COCYOAUCTbIX CUCTEM U (PYHK-
LUK MO3ra B OpraHM3Me YerioBeKa M XMBOTHbIX U Yepe3 HECKOSbKO reT
MYTMPOBAaTh U BbI3blBaTb PasfnnyHble HEFATUBHbIE MyTaLWOHHbIE Nocrnes-
CTBUS B UX OpraHM3Me, 0 YeM CBUOETENbCTBYOT reHeTUYECKNE NCTOYHNKN
1 3apybexHas nutepatypa no M3ydeHHbIM uccregoBaHusam [1-3]; [4-6];
[7-107; [18,19].

MoaTomy 13 pasBuTbix cTpaH Mupa: AMepuka, AHrnns, Ppaduus, Mep-
MaHus U T.0. U3BECTHbIE CTpaHbl OTKaszanucb ot MMO-npoaykToB nuTa-
HUSI.

3aknagbiBas doyHOaMeHT TpeTbero BO3poxaeHnus HoBoro Y3bekucra-
Ha, BocnuTbIBasi OyayLiee nNoKoneHe 300poBbIM, CUITbHLIM 1 BCECTOPOH-
He pa3BUTLIM, OCOOEHHO B COBPEMEHHbIX YCITOBUSAX, KOraa B rnobansHoM
MacLuTabe NPOUCXOAAT pasnuyHble M3MEHEHWS KMMaTa U HapyLUEHNs! 3a-
KOHOB paBHOBECMS MPUPOAbI, Asi TOro, YTOObI BbIPACTUTL Y NPELACTaBUTb
MUpY MpoJorkatenen coBpeMeHHbIX Anb-bByxapu, ABy Anu nbH CuHo,
Anb-Xopeamu, Anb-®apabu, Anb-bepyHu, Mupso Ynyroeka, Tumypugos

79



lMNMuwesas u nepepa6ambleaf0Luaﬂ POMbIWIIEHHOCMb

1 T.4. 6yaywen y3bekckorm Haumm, Heo6xooMmMo 0b6ecneynTb UX 3KOMo-
rMYECKM YUCTBIMU U BGe3onacHbIMY NPOAYKTaMu, MOTPebNATE opraHnye-
CKue, YncTble BuonpoaykTbl, a He npodykTel ¢ TMO.

XoTsa copTa xnonyaTHWKa, NosydeHHble yYeHbIMU Byxapckoro MHCTU-
TyTa CenbCKOXO3SNCTBEHHbIX HayK (rpynna ¢ yyactuem A. battanosa),
OTHOCSITCSl K KaTeropmm TEXHNYECKNX KyNbTYp, OHW OTNNYaOTCA OT TeX-
HUYECKMX COPTOB XFOMYyaTHMKA SKONOrMYecKon 4mctoTon, 6esonacHo-
CTbO 1 eYEeBHbIMIN CBONCTBaMM 3a CHET OTCYTCTBUS B UX BEreTaTnBHbIX
N reHepaTUBHbIX OpraHax roccumnosna u nosly4aemoro U3 Hero Hatyparb-
HOr0 BbICOKOKaQ4YE€CTBEHHOIO BOJSIOKHA pasfiMyHOM CBETIIO-KENTON, Kpac-
HOM N OpaHXeBOW OKpacku, a Takke OemKOBOM MyKM, MULLEBOro mMacna
N OTXOOOB CEMEHHOro MPOU3BOACTBA, MofyyYyaembix U3 ggpa cemsaH. OH
UrpaeT BaXHyl0 porib B AESATENbHOCTM MN0AEN, a Takke BCEX KMBOTHbIX
1 NTuy,.

Takne 9KOMOrMYEeCcKN YNCTble TKaHM OYEHb BaXKHbl OS5I HEXKHOW KOXM
HOBOPOXXAEHHbIX 1 300POBOr0 PoCTa U pasBUTKS, a Takke AN NaLneHToB,
Yy KOTOPbIX MOXET ObITb anneprus Ha HeKOTOPbIE XMMNYECKME KpacuTenu
n BewecTBa. OH 3awwmLlaeT nx opraHM3m OT PasfnyHbIX CTPECCOBbIX CU-
Tyauun n npegoTtepallaet 3abonesanus [1], [11-13] ; [14,15].

Llenb 1 3apgaun uccnepoBaHMA - CO34aTb METOAOM TpaguLMOH-
HOWM cernekumMyM CKopocnenbii, MalMHHO-YOOPOYHBIN COPT XMOon4aTHMKA,
CcBOOOAHBIN OT BPeAHbIX XMMWUYECKUX BELLECTB, HE HAHOCALMA Bpeaa
OpraHM3my YenoBeka W >KUBOTHbIX, AAKOLUMA IKOMOrMYECKN YUCTOE, Bbl-
COKOKa4YeCTBEHHOE OKpaLLEHHOEe BOJIOKHO WM MUTAaTerbHblE OpraHuyecke
BGuonpoaykTbl (0enKoByd MyKY, MULLEBOE MAcio M T.A., OTX0Obl CEMEH-
HOrO NPOM3BOACTBA) AaXe B CTPECCOBbLIX YCIOBMSAX MOOOro xapakrepa u
BHEAPUTb €ro B NMPOM3BOACTBO.

MeToa uccnepnoBaHus. B uccrnegoBaHnax ap@eKkTMBHO NCMOMb30Ba-
NMCb NpakTN4yeckas cernekuusi, nepefoBble reHeTMYeckne U MHOrorieTH1e
HeTPaauLUMOHHbIE CeNeKLMOHHbIEe MeToabl nokonHoro A.battanoBa. Ha-
y4YHO-MCCriegoBaTenbckasd paboTa BbIMoNHeHa Ha ocHoBe «MeTtognyecko-
ro pykoBOACTBa MO MPOBEAEHUI0 CENEKLMOHHO-CEMEHOBOAYECKON pabo-
Thl XronyaTHuKay, paspabortaHHoro B HW cenekuumn n cemeHoBoacTea
xnon4yatHuka nm. A.E. 3anueBa, «[ eHeTuKn, cenekuum n CEMEHOBOACTBA
xnon4yatHuka» H.I. CumoHrynsH v ap. [18], a Takke pykoBogctea «Me-
TOAVKA MONiEBbIX OMbITOB € xnonyatHukom» [19] n «MeTtoanka nposeae-
HWUS noneBbiX ONbIToB» [16], NpuHaATbie Y3HUWX. MNonyyeHHble aHHbIE O
NPOAYKTUBHOCTM aHanu3npylTCs Ha ocHoBaHuM nocobusa b. [Jocnexosa
«MeToguka nonesoro onbita» [20].
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PesynbTatbl nccnegoBaHu u BbiBoAbl. C LENbo BBEAEHNS SKO-
NOrMYEeCKn YMCTOro copta Broxronka, NnpeaHasHa4YeHHOro A4S Npon3Boa-
CTBa HaTypasnbHO OKPALLUEHHOro BOSIOKHA M BbICOKOKAYECTBEHHbLIX Opra-
HUYECKMX MPOLYKTOB MUTaHUS, y4EHbIMU ByXapCcKoro MHCTUTYTa CenbCKOo-
XO35IMCTBEHHbIX HayK (rpynna ¢ yyactuem A. batTtanoBa) BnepBbie BbIsiB-
JIEHbl copTa XronyaTHuKa, He COAep)KallMe roccumnosi BO BCEX OpraHax.
B ganbHenwemM OHW NPOBENN MHOFOSIETHUE UCCeA0BaHNA NO CO34aHUI0
HECKOJIbKMX MOKONEHUA N CEMENCTB 3KOJTOTMYECKN YNCTbIX OPraHNYeCcKmX
COPTOB XSiOn4yaTHMKa, Kak 6e3roccuMnonoBbiX, Tak U C pasnnYHbIMU NpU-
POOHBbIMU OKpackamu, U BbIBEMNW PSS YCMELUHbIX JIMHUIA 1 COPTOB, NOOXO-
OSALWLMX ONs1 9KCTpeMarbHbIX YCroBun Byxapckoro pernoHa (3aconeHue,
JeduumT BoAbl, M3MEHEHWEe KumMarta, YCTOMYMBOCTb K 3aponblLLeBOn
nnasve u pasnuyHbiM COCYLUUM BPEOUTENAM U HACEKOMbIM), AAtOLLMX
BbICOKOYPOXXaNHOEe N Ka4eCTBEHHOE BOJTOKHO.

[MokoreHns aTom nuHuK 1 copta [Byxapa-6 x Homep konnekuun CLUA 6e3
roccunona) x L-20 (byxapa-9 6e3 roccunona) X okpaLleHHOe BOMOKHO L-33]
ObINM NOMyYeHbl MyTEM MOBTOPHOIO CKPELLMBAHNS, MHOXXECTBEHHOIO 0T60-
pa 1 NOBTOPHOro UccregoBaHus. [NpogosmkaeTces ero gansHeree coBep-
LLIEHCTBOBaHWE, BeAyTCs paboThbl MO YNYYLLIEHMIO LEHHbIX XO3SNCTBEHHbIX
MPU3HAKOB, YITYYLLEHMNIO Ka4yeCTBa, B JalNbHENLLEM LieneHanpaBrieHHO Co-
BEPLLEHCTBYHOTCA 3KOJOIMYECKM YNCTbIE OPraHUYeckne copTa XJionka ce-
pOro, CBETII0-PO30BOr0 M PO30BOr0,CEPOro, CMHEro U Ap. LIBETOB.

B 2023-2024 rr. OygeT CyLeCTBEHHO YryudLleH YITyYLLEHHbIA CMNCOK,
npoBefeHbl MHAMBUAYanbHble OTOOPbI Y NEPEOCBUAETENBCTBOBAHUA B
MOKONEHNSIX, OTOBPaHbl U UCMbITaHbl CEMbM W TPYMMbl C Hanbonee BbICO-
KUMKW MoKasaTensiMm KayecTBa, LieHHbIMU XO3ANCTBEHHLIMU MPU3HaKamu,
YCTOMNYMBOCTbIO K CTpeccam n 6onesHsam, oTobpaHbl 1 nepeoTobpaHbl ce-
MbW C NOSIOXUTENBHbLIMU NOKa3aTeNAMM, YrydLleH COpT.

[MpoBeneHo cpaBHEHME LIEHHBIX XO3ANCTBEHHbIX NMPU3HAKOB, TEXHOJIO-
MYECKNX U Ka4yeCTBEHHbIX MoKasaTerie HOBOM BbIOENEHHON 3KOSIMHUU C
OTEYECTBEHHbLIMM U 3apyBeXHbIMM COpTamu, Hay4HO U3YYeEHbI ee MPenMy-
LLleCTBa M OTIIMYNTENbHbIE OCOBEHHOCTMU.

B nabopatopusix Byxapckoro CUDAT TeKCTUINbHON NPOMBILLIIEHHOCTHU
n KaraHckoro MacnoxunpkombuHata onpegerneHbl CTeNneHb COOTBETCTBUS
MEeXAyHapoAHbIM CTaHAapTaM (BeC OAHOM Kopobouku - 8-9 r), TOHUHA
BOJIOKHA N €ro pa3HOLBETHOCTb: CBETIO-KENTas, KOpU4YHeBas U COMHeY-
HO-OKpallieHHasi) okpacka, ckopocnenoctb (113-118-120 gHew), gnvHa
BonokHa (1,17-1,24 pionma), ynpyroctb, MArkoCcTb, METPUYECKUIA HOMED,
NMHEeNHas NAOTHOCTb, MHOEKC MUKpoHenpa (4,1-4,5), Tun BonokHa (I1I-1V),
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ypoxanHocTb (50-55 w/ra), akonormy4eckn ymctas npoaykTMBHOCTb (Npo-
TEVHOBas MykKa, paCTUTENbHOE MAcO, pa3fInYHbIE SKONTOTMYECKM YNCTbIE
NeKapCTBEHHbIE MpenapaTtbl HOBOrO MOKOSIEHWST U BUONOrMYeckn akTuB-
Hble BeLLeCTBa U3 OTXOAO0B CEMEHHOIO MaTepuana Ans >XMBOTHOBOACTBA,
NTULEBOACTBA, PbIGOBOACTBA M MEAULIMHBI), MACITUYHOCTb (23-26%).
YCTONYMBOCTb K pasfMyHbIM CTPECCOBLIM YCIOBUSIM (rapMcuilb, 3a-
cyxa, 3aMOpO3Ku, 3acorieHne, 6onesHn, BpeanTenu) oueHvuBanacb B na-
GopaTopHbIX U MOSIEBLIX YCIIOBUSX HA OCHOBE aHarnm3a Hay4HbIX nokasa-
Tenen ero NpeMMyLLeCcTB CO CTaH4APTOM. TUMMYHOCTbL U OAHOPOLHOCTb
copTa, nyTem anpobauum 3 pasa B TeyeHue BereTauyMoHHOro nepvoga
rpynna Obina pasgerneHa Ha ceMbi 1 NokorieHns.  KycTbl, He CBOMCTBEH-
Hble COPTY, MaroypoXanHble, No3aHoCNeNble, C HA3KUMMU MO Ka4eCTBEH-
HbIM MOKa3aTensm, HeYCTOMUYMBBIE K CTpeccaM, Obiniv OTOPaKOBaHbI.
Hawnbonee ueHHble copTa, obnagaroLme HanbonbLWMMN NOMNOXUTENb-
HbIMW XO35IMCTBEHHBIMW NPU3HAKaMU, TEXHONOTMYECKUMM N KAYECTBEHHbI-
MU MoKasaTensiMm, YCTOMYMBOCTBIO K Pa3riMyHbIM NPUPOAHBIM CTpeccam,
HebnaronpuATHLIM YCIOBUSAM cpefpbl, 60Mne3HsM, BpeouTensm U Haceko-
MbIM, CKOPOCMENOCTb, MPUrOAHOCTLIO K MAaLUMHHOW yOOopKe, KPYNHBIMU
pasmMepamMm XJ0MKOBbIX KOPOOO4Y€EK, BbICOKMM Ka4eCTBOM BOSIOKHA U ce-
MSiH, BbICOKOW YPOXaMHOCTbIO, MPEBOCXOAALLNE CTaH4aPTHbIM COPT MO Mo-
NYYEHMIO Pa3HOLBETHbIE 3KOMPOAYKLMM, MEPenatoTCa Ha rPYHT KOHTPOSb
n ocyaapCTBEHHOM KOMUCCUM MO COPTOUCHMBITAHUIO B KaYeCTBE HOBbIX
copToB. BHeapsas B Npon3BOACTBO 3T HOBbIE 3KOJTIOMMYECKM YUCTbIE CO-
pTa Xxromnka, Mbl CMOXXeM obecneunTb 6onee 37-MUNIIMOHHOE HacereHne
Hallen CTpaHbl, pacTyLlee B reOMETPUYECKON MPOrpeccumn, nuTaTenbHbl-
MU U LenebHbIMX, SKONTOMMYECKM YMCTbIMU NPOAYKTaMn nutaHus (6enko-
Basg MyKa, pacTUTENIbHOE Maciou HaTyparbHOE OKpaLLEHHOE BOJIOKHO),
CTpaTernyeckn BaXKHbIM CbIpbEM, MOSlyYaeMblM M3 OPraHoB M OTXOAOB
XJOMYaTHUKA, TaKUM Kak LleHHOEe LIBETHOE BOJIOKHO, CEMEHHOE cepaLeBu-
Ha 1 T. 4., WUBENHbIMW N3AENMAMN, a TaKkke B psage ctpaH mupa (Adpu-
Ka) ncnonb3yemMbiMu1 41151 NPOUNaKTUKM pas3nnYHbIX 3abonieBaHN, Taknx
Kak AUCTpodusi, paxut u T. 4., 06ycrnoBrieHHbIX geduuntom benka. 3To
€034acT BO3MOXHOCTb 06ecneunTb MeQULMHY HaTyparbHbIMU, YNCTbIMMU,
GronorMyeckn akTMBHbIMM JOGaBKaMy HOBOro nokosieHus. Kpome Toro,
MOCKOSbKY OHM MMEKT €CTECTBEHHbIN LBET, OTNagaeT HeobxoaMMocTb B
XUMUYECKMX KpacuTensax Ansl OKpaLUMBaHUA OPYrMX TEXHUYECKMX COPTOB
B pasHble UBeTa 1 HeobxoammocTb npombiBaTh ux B 200 n Gonee nu-
Tpax BOAbl MOCME OKpalUMBaHWUSA, @ Takke MCKYaTCa annepruieckme
peakumn y Nogen Ha pasnuyHble XumMudeckne kpacutenu. Kpome Toro,
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Gnarogapsi OTCYTCTBUIO B S4pEe CEMSH TOKCUYHbIX arkarougoB COKpa-
LLIaeTCs NPOLECC OYUCTKM Macna OT pasfiIMYHbIX TOKCUYHbIX BELLECTB Ha
MacnoaobbIBaOLLMX PACTEHUSAX, U OHO NOSTy4aeTcsl METOLOM XOJI04HOrO
NnpeccoBaHnsi, NpU 3TOM LienebHble CBOMCTBA MOSE3HbIX HE3aMEHUMbIX
aMWHOKUCIOT, COAEPXaLUNXCA B AApe CeMsiH (MOCKOSMbKY TEPMUYECKUN
MEeTOo[, He NpPUMEHSeTCs, Benkn He OEeHaTypUPYIOTCA U He NepexonaT u3
cocTosHuA 1 B cocTosiHME 2), a Takke cokpalartea (0o 45%) 3atparthl
TpyAa, SNEKTPOSHEPIM, KUCMOThI, BEH3NHA U Apyrie 3atpaTbl Ha JOMOoI-
HUTENBbHYK OYMCTKY.

Bbixog macna ns Bcex TEXHUYECKMX COPTOB XJ10MKa, BbipalluBaeMbIX
B Y36eKkncTaHe, OTMYyaeTcsi, C OAHON CTOPOHBI, BbiCOKON (26%, nHorga
Oaxe BbILLE), C OPYrO/ CTOPOHbI, SKONOrMYECKON YMCTOTOM, a C Opyrou
CTOPOHbI, Bnarogapsi MeTogy XONOAHOro MPECCOBaHUSA, YTO MO3BOMSET
9KOHOMUTb pecypcbl 6e3 gononHuTenbHbIX 3atpat (45%), H13Kkon cebe-
CTOMMOCTbIO U LieNebHbIMU CBOMCTBaMMU, OTCYTCTBMEM B Macsie TOKCUY-
HbIX ankariongoB, a TakKe eCTECTBEHHOW OKPaCKOW BOSIOKHA, YTO MO3BO-
nseT NpomM3BOANTb TKaHM pa3HoobpasHbiX LBeToB 6e3 fobaBneHus pas-
JINYHBIX XUMUYECKNX KpacuTernen.

BeiBoa. Ecnu paHblle vMHOCTpaHLbl MPUHMManu XrorkoBoe Macro
KaK TEXHUYEeCKoe Macsno 1M 6enKoByr MyKy MOcre OYMCTKM OT roccunona,
TO TeNepb OHO MPU3HAHO OPraHNYECKON SKOFOrMYECKN YNCTON BEenkoBom
MYKOW 1 MOTPEBUTENBCKMM MacroMm, 1 NosiBUIacb BO3MOXHOCTb €ro npu-
0obpeTeHns Ha MMPOBOM 1 MECTHOM pbiHKax. BbICOKMI CNPOC CO CTOPOHDI
MHOCTPaHHbIX MOKynaTesiel He TONbKO Ha SKOMOrMYECKN YNCTOE LIBETHOE
BOJIOKHO, HO M Ha XronyaTobyMadkHyr0 MpOoAyKLUUI0 MPUBOOUT K yBEnu-
YEHN0 0O6bemMa MHOCTPaHHbIX MHBECTULMI U BanOTHBIX MOCTYNSIEHUIA B
Hally rocyAapCTBEHHYHO KasHy. Pecnybrnivka Y30eKkuctaH CTaHeT O4HON
13 nepBbIX CTpaH, rge OyaeTr co3gaH copT Xrornka, MOJSIHOCTBH OTBeYa-
oM TpeboBaHMAM MUPOBOrO PbiHKA MO BCEM MOKa3aTeNsAM U OaloLni
€[VHCTBEHHbIA B MMPE HOBbIN BMOOPraHNYECKUA LIBETHOW BOJTOKHUCTbIN
akonpoaykt. OH Tawke MOCMYXUT CEeNeKUUOHHbIM MaTtepuanomMm (OOHO-
pOM) ANS CcOo34aHNSA HOBbIX MOKOJIEHWI COPTOB XJIONYaTHUKa B OyayLuem,
a BCs MOSly4YeHHas U3 Hero opraHuveckas dvonpogykuus 6yaet peanu-
30BbIBaTbCA MO BbICOKOW LiEHE, YTO MPUBELET K YBEIIMYEHNIO BartOTHbIX
NOCTYMNJIEHUI B FOCYAAPCTBEHHYHK KasHy M YBENTMYEHUIO KONMNYECTBA NHO-
CTPaHHbIX UHBECTULINNA.

ObnacTu NpUMeHeHUsA UccrieA0BaHUA: CENbCKoe XO3ANCTBO (B ce-
NEKLMN N CEMEHOBOACTBE).

83



lMNMuwesas u nepepa6ambleafou¢aﬂ POMbIWIIEHHOCMb

Cnucok nutepatypbl

1 Rajendra Prasad, Desouza Blaise. Low Gossypol Containing Cottonseed: Not
only a Fiber but also a Food Crop. February 2020 National Academy Science
Letters 43(2)DOI:10.1007/s40009-020-00931-1

2 XKumynée U.®. Obwas n MonekynspHasa reHetvka [ONeKTpOHHbIN pecypc] :
y4ebHoe nocobue ans By3oB / N.®. XKumynés. — SneKTpoH. TEKCTOBbIE AAHHbIE.
— HoBocubupck: Cnbupckoe yHuBepcuteTckoe uagarenbcteo, 2017. — 480 c.
— 978-5-379-02003-3. — Pexwum goctyna: http://www.iprbookshop.ru/65279.html
3 lopbyHoe B.H. [u dp.]. KnuHnyeckas reHeTrka [QNeKTpOoHHBIN pecypc] : y4eOHUK
/— OneKTpoH. TekcToBble AaHHble. — CI16. : ®onnaHT, 2015. — 408 ¢c. — 978-5-
93929-261-0. — Pexum pgoctyna: http://www.iprbookshop.ru/61918.html

4 COOpHUK 3aday Mo MOJEKYNSIPHON OMOMorMm 1 MeauLMHCKON reHeTUKe C pe-
LIEHNsIMN [ONeKTPOHHbIN pecypc] : yuebHoe nocobuve / . — OneKTPOH. TEKCTOBbIE
AaHHble. — Camapa: PEABU3, 2012. — 168 c. — 2227-8397. — Pexwum gocTyna:
http://www.iprbookshop.ru/18421.html

5 Cemyban K. BBefeHvne B BbIYMCITUTENBHYIO MOJIEKYNAPHYIO Bronoruto [Snek-
TpoHHbIN pecypc] / XK. Cetyban, XK. MengaHnc. — QnNeKTPOH. TEKCTOBbIE AaHHbIE.
— Mocksa, WxeBck: PerynapHas n xaotudeckas AUHaMuka. VIXKeBCKUA MHCTUTYT
KOMMbIOTEPHbIX UccrnegoBaHu, 2007. — 420 c. — 978-5-93972-623-8. — Pexum
poctyna: http://www.iprbookshop.ru/16497.html

6 Ty3oea P. B. MonekynsipHO-reHeTU4eCkne MexaHn3mbl SBOJTOLIMM OPraHNYeCcKo-
ro Mupa. 'eHeTnyeckasi 1 KNeToYHas MHXeHepusi [SNeKTPOHHBIN pecypc] : MOHO-
rpacus / P.B. TysoBa, H.A. KoBanes. — OQneKTpOH. TEKCTOBbIE AaHHble. — MUHCK:
Benopycckasi Hayka, 2010. — 395 c. — 978-985-08-1186-8. — Pexwum goctyna:
http://www.iprbookshop.ru/10115.html

7 [oHyaposa P.U. u Op. eHOMHas HeCcTabuNbHOCTb U HapyLleHne penapauun
OHK kak chakTopbl HACNEACTBEHHON M COMaTUYECKOM NaTonorny Yernoseka [Onek-
TPOHHbIA pecypc] — OJMeKTPOH. TEKCTOBble AaHHble. — MuHck: Benopycckas
Hayka, 2015. — 283 c. — 978-985-081859-1. — Pexum goctyna: http://www.
iprbookshop.ru/50805.html

8 Xumynes M. ®. Obwasa n mornekynsapHasa reHeTvka: y4eb. nocobue ans By3oB /
YKumyne Uropb PepopoBuy; oTB. pea. E. C. bensesa, A. . AkndbeB. - HoBocu-
6upck : HoBocnb. yH-T : Cnb. yHuB. n3g-Bo, 2002. - 458 c.

9 JibtouH B. TeHbl / NbtonH BeHpxamun; nep. 9-ro aHrn. n3g. U. A. Kodwmagn v gp.;
noa pea. . B. PebpukoBa. - M. : BuHom. JlabopaTtopusi 3HaHun, 2012. - 896 c. :
10 XeHdepcoH M. 'eHeTuka. 50 naen, 0 KOTOPbIX HY>XHO 3HaTb : Nep. C aHrn. / XeH-
aepcoH Mapk. - M. : danTom lMNpecc, 2016. - 208 c.

11 KypboHog A. XnonyaTHWK BUAbl U copTa. 3aMEHUT N LIBETHOW XIOMOK GernblIi:
MHeHune akcrepTa. Japakum Ned8, TawkeHT: 1.12.2022 [OnekTpOHHbIA pecypc):
https://trikotazh-ryad.ru/blog/Khlopchatnik-vidy-i-sorta/

12 ABcTpanuiickve ydeHble co3dany LBETHOM XMOMYaTHUK. [ONEeKTPOHHLIN pe-
cypcl:  https://glavagronom.ru/news/avstraliyskie-uchenye-sozdali-cvetnoy-hlop-
chatnik (08.08.2020)

84



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

13 Poccuiickue yyeHble co3gani 6ypOBOSIOKHUCTBIN COPT XJI0MYaTHMKa 4518 Npo-
M3BOACTBA MMNoarnsiepreHHon TkaHu , [QneKkTpoHHbIN pecypc): https://glavagronom.
ru/news/Uchenye-sozdali-burovoloknistyj-sort-hlopchatnika-dlya-proizvodstva-
gipoallergennoj-tkani 31.10.(2019)

14 LiBeTHOM XMNOMOK C MOMs: YYeHble BbIPACTUM YHUKaNbHbIA BUA XITOMKOBOrO
pacTeHnsi. [OnekTpoHHbIM pecypc]:  https://uzts.uz/ru/cvetnoj-hlopok-s-polya-
uchenye-vyrastili-unikalnyj-vid-hlopkovogo-rasteniya/8.08.(2020)

15 lkramova M. L., Rakhmatov B. N., Ruzieva S.R., Makhsudov S.I. Creating
Finely Fibred Non-Gossypol Organic Cotton Published: August 25, 7p (2023).
[OnekTpoHHbIN pecypc]: https://bioresscientia.com/journals/clinical-case-reports-
and-studies/current-issues

16 MeToauMKka noneBbIX 1 BereTauuoHHbIX onbIToB ¢ xronyatHukoMm. COKO3HUKW,
TawkeHT, 225. (1973).

17 MeToavka noctaHoBkM nomnesbix onbIToB. Y3LIHWW, TawkeHT, 147. (2007).

18 CumoHeynsH H.C., Myxamedoes C.P., lllagppuH A.H. (1987). l'eHeTuka, cenek-
LMSi U1 CEMEHOBOACTBO xJlonyaTtHuka. 3-e u3g. don. MexHar, TawwkeHT, 320.

19 CumoneynsaH H.C. KomGuHaumoHHas cnocobHOCTb M HacneayemMmocTb NpusHa-
KOB xnonyaTtHuka. M3g., ®an, TawkeHT, 145. (1997).

20 Hocnexos b.A. MeToavka npoBefeHus nonesbix onbiToB. Konoc, Mockea, 416.
(1989).

References

1 Rajendra Prasad, Desouza Blaise. Low Gossypol Containing Cottonseed: Not
only a Fibre but also a FoodCrop.February 2020 National Academy Science Let-
ters 43(2) DOI:10.1007/s40009-020-00931-1

2 Zhimulev I.F. General and Molecular Genetics [Electronic resource]: a textbook
for universities / I.F. Zhimulev. - Electronic text data. - Novosibirsk: Siberian Uni-
versity Publishing House, 2017. - 480 p. - 978-5-379-02003-3. - [Electronic re-
source]: Access mode:http://www.iprbookshop.ru/65279.html

3 Gorbunova V.N. Clinical Genetics [Electronic resource]: textbook / [et al.]. -
Electronic text data. - St. Petersburg: Foliant, 2015. - 408 p. - 978-5-93929-261-0.
- [Electronic resource]: Access mode: http://www.iprbookshop.ru/61918.html
4 Collection of problems in molecular biology and medical genetics with solutions
[Electronic resource]: study guide / . — Electronic text data. — Samara: REAVIZ,
2012. — 168 p. — 2227-8397. — Access mode: http://www.iprbookshop.ru/18421.
html

5 Setubal J. Introduction to Computational Molecular Biology [Electronic resource]
/ J. Setubal, J. Meidanis. — Electronic text data. — Moscow, Izhevsk: Regular
and Chaotic Dynamics, Izhevsk Institute of Computer Research, 2007. — 420
p. — 978-5-93972-623-8. — Access mode:http://www.iprbookshop.ru/16497 .html
6 Tuzova R.V. Molecular-genetic mechanisms of evolution of the organic world.
Genetic and cellular engineering [Electronic resource]: monograph / R.V. Tuzo-
va, N.A. Kovalev. - Electronic text data. - Minsk: Belarusian Science, 2010. - 395
p. - 978-985-08-1186-8. - Access mode: http://www.iprbookshop.ru/10115.html

85



lMNMuwesas u nepepa6ambleafou¢aﬂ POMbIWIIEHHOCMb

7 Goncharova R.l. [et al.]. Genomic instability and impaired DNA repair
as factors of hereditary and somatic pathology in humans [Electronic re-
source] / - Electronic text data. - Minsk: Belarusian Science, 2015. - 283 p.
- 978-985-081859-1. - Access mode:http://www.iprbookshop.ru/50805.html
8 Zhimulev I. F. General and Molecular Genetics: a textbook for universities /
Zhimulev Igor Fedorovich; eds. E. S. Belyaeva, A. P. Akifev. - Novosibirsk: Novo-
sib. University: Sib. University Press, 2002. - 458 p.

9 Lewin B. Genes/Lewin Benjamin; trans. of the 9th English ed. by |. A. Kofiadi et al.;
edited by D. V. Rebrikov. - Moscow: Binom. Laboratory of Knowledge, 2012.-896 p.:
10 Henderson M. Genetics. 50 ideas you need to know: trans. from English / Hen-
derson Mark. - M.: Phantom Press, 2016. - 208 p.

11. Kurbonov A. Will colored cotton replace white: expert opinion. Darakchi
No. 48, T.. 1.12.2022 https://trikotazh-ryad.ru/blog/Khlopchatnik-vidy-i-sorta/
12 Australian scientists have created colored cotton. (08.08.2020) [Electron-
ic resource]: https://glavagronom.ru/news/avstraliyskie-uchenye-sozdali-cvet-
noy-hlopchatnik

13 Russian scientists have created a brown-fibered variety of cotton for the produc-
tion of hypoallergenic fabric. [Electronic resource]: https://glavagronom.ru/news/
Uchenye-sozdali-burovoloknistyj-sort-hlopchatnika-dlya-proizvodstva-gipoaller-
gennoj-tkani 31.10.2019

14 Colored cotton from the field: Scientists have grown a unique species of cot-
ton lant.08.08.2020. [Electronic resource]: https://uzts.uz/ru/cvetnoj-hlopok-s-pol-
ya-uchenye-vyrastili-unikalnyj-vid-hlopkovogo-rasteniya/

15 Ikramova M. L., Rakhmatov B. N., Ruzieva S.R., Makhsudov S.I. Creating Fine-
ly Fibred Non-Gossypol Organic Cotton Published: August 25, 7p(2023). [Electron-
ic resource]: https://bioresscientia.com/journals/clinical-case-reports-and-studies/
current-issues

16 Methodology of field and experiments vegetation with cotton. SOYUZNIKHI,
Tashkent, 225. (1973).

17 Methods of passing field experiments. UzCSRI, Tashkent, 147. (2007).

18 Simongulyan N.S., Mukhamedov S.R., Shafrin A.N. (1987). Genetics, selection
and seed production of cotton 3rd edition. Addition. Mekhnat, Tashkent, 320.

19 Simongulyan N.S. Combination ability and heritability of traits of cotton. Publ.,
house Fan, Tashkent, 145. (1997).

20 Dospekhov B.A. Methods of passing field experiments. Kolos, Moscow, 416.
(1989).

BnarogapHocTb. BbipakaeM cBolo 6GrarogapHocTb pykoBoAcTBy Byxapckoit
Hay4HO-OMbITHOM CTaHLMW Hay4YHO-UCCIIeA0BATENBCKOTO MHCTUTYTA CerieKLmu,
CEMEHOBO/ICTBA U BbIpaLLMBAHWS arpOTEXHONOMMI XI10MKa, KOTOPOE NPeaoCTaBUIIo
Ham Bce HeoGXOAMMble YCIOBUSA A4S NPOBeAeHUs] UCCrieoBaHUS.

UcTouHuk cpuHaHCcMpoBaHUus uccrnegoBaHus. PMHaHCMpPOBaHNE AAHHOM TEMbI
OCYLLECTBNANOCH 32 CYET aBTOPCKMX OTYUCITIEHWI (CEMEHHBIX COOPOB), Y4EHBIMU
Byxapckon Hay4HO-OMbITHOW CTaHLMK Hay4Ho-MccnefoBaTenbCKOro MHCTUTYTa
CeneKkLumn, CEMEHOBOACTBA M BblpallMBaHWUSA arpOTEXHOMNOIMI XIonyaTHMKa 3a
CYET BHeOpEHMUS1 Hay4YHO-CENEKLMOHHBIX pa3paboTok (co3gaHue HOBbIX COPTOB U
parioHMPOBaHUE 3TUX COPTOB) B MPOM3BOACTBO.
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CHARACTERIZATION OF MASS TRANSFER IN A TERNARY GAS
MIXTURE WITH A SPECIFIC COMPONENT DEPENDENT ON
PRESSURE

Abstract. This study analyzes the diffusion instability of a ternary gas mixture
and its variations depending on pressure. Experimental results under isothermal
conditions reveal different mixing regimes, ranging from molecular diffusion to
the onset of diffusion instability and conventional convective mixing. The system
0.4163H, + 0.5837N,O — N, was chosen as the object of study, and analysis
was conducted using a two-column method. Although density changes were
significantly related to pressure, the nature of component concentration variations
was determined by the positioning of nitrous oxide in the upper flask and nitrogen
in the lower flask. The results highlight transitional regimes of mixing processes
influenced by different pressures and thermodynamic parameters. In the pressure
range from atmospheric (~0.093 MPa) to approximately 0.4 MPa, a process
characteristic of molecular diffusion was observed in component concentrations.
This was confirmed by the agreement between experimental data and calculations
using the Stefan-Maxwell equations. Furthermore, during the study, it was observed
that the lack of separation between mixture components during convective mixing
was due to the non-ideality of the binary component-nitrous oxide which created
a density gradient. Consequently, the contribution of convection defining diffusion
instability was found to be smaller compared to gravitational concentration-driven
transport. The minor unstable disturbances in mechanical equilibrium, along with
the assumption of a linear distribution of component concentrations, the neglect of
quadratic disturbance terms, and the selection of appropriate unit scales, allowed
for the transition to perturbation equations. According to the research findings,
experimental data were satisfactorily described by theoretical models in the
Rayleigh number plane. This study enhances understanding of the interrelationship
between diffusion, instability, and convection in gas mixtures while illustrating how
thermodynamic parameter variations influence mixing regimes.

Keywords: molecular diffusion, thermodynamic parameter, Rayleigh number,
convective mixing, Stefan-Maxwell.
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Introduction. An experimental investigation of mass transfer in an
isothermal ternary gas mixture, in which partial density changes occur in
accordance with real gas laws for one of the components, demonstrated
that in such diffusionally unstable ternary gas mixtures, it is possible
to observe not only various types of mixing from molecular diffusion to
diffusion instability, followed by conventional convective mixing but also
transitional regimes dependent on thermodynamic parameters such as
pressure [1].

The purpose of the study. The mixing process was examined using
the two-column method for the system 0.4163H, + 0.5837N,O - N, at
different pressures. Despite density differences, the binary mixture
exhibited significant changes under pressure, as the component with real
properties (nitrous oxide) was consistently located in the upper flask of the
apparatus, while nitrogen remained in the lower flask.

Research methods. Analyzing the nature of component concentration
variations allowed for the identification of characteristic mixing regimes
(see Figure 1).
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Figure 1 — The amount of hydrogen and nitrous oxide transferred from the
upper flask of the apparatus to the lower one under different mixing conditions
depending on pressure.
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Dots represent experimental data. Solid lines indicate polynomial
fittings of varying degrees, while dashed lines correspond to calculations
under the diffusion approximation.

3
ZC1=1

i=1

In the pressure range from atmospheric (~0.093 MPa) to approximate-
ly 0.4 MPa, component concentration changes characteristic of molecular
diffusion were observed. This was confirmed by the agreement between
experimental data and calculations using the Stefan-Maxwell equations.
Further pressure increases led to mechanical equilibrium instability in the
gas mixture. The transition boundary from "molecular diffusion - diffusion
instability" was associated with the shift from molecular transport of com-
ponents to structured convective flows displaying a pronounced binary
mixture separation effect [2]. At a pressure of approximately 1.5 MPa, the
binary mixture’s density approached that of a pure component, and the
mixing intensity reached its maximum. At this point, molecular diffusion
became negligible.

Between 1.5 MPa and 3.0 MPa, convective flows associated with
diffusion instability on the one hand and conventional convective mixing
on the other competed. At pressures of 3.0 MPa and higher, component
transfer in the mixture occurred solely through convection. The reason for
the lack of separation of mixture components during convective mixing
was the non-ideality of the binary component-nitrous oxide which created
a density gradient. As a result, the contribution of convection defining
diffusion instability was smaller compared to gravity-driven concentration
transport.

To describe the experimental results theoretically, previous studies
[3-5] were revisited to characterize the onset of mechanical equilibrium
instability in a ternary gas mixture undergoing isothermal diffusion in a
vertical planar channel. The macroscopic motion of an isothermal gas
mixture is described by the following system of equations:

[au+(V)]— V+2+(n+ ) Vdivu +
Plap T WWu| =-Vp+niu+(z+¢)Vdivu+pg,

ap , _ aci AT .
5, T div(pu) = 0,p (E + uVCl) = —divd j;, (1)

Ji = =p(D11Veq + Di3Ver), jz = =p(D21Ver + D2pVey),
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where D", D’ are "practical" diffusion coefficients (PDC), related to the
diffusion coefficients of binary gas mixtures as follows:

D = Diz[c1D3a+(ca+C3)Dia]l 1« _ _ _ €1Da3(D13—Di3)
1 ¢1Dy3+C;Dyz+csDy, T 12 €1Da3+C;Dy3+C3D15’

DX = Da3[caDy3+(c1+¢3)D12]l x _  €2D13(D12—Dy3)
22 — 21 — .
¢1Da3+CyDyz+c3Dy, €1D33+C3D13+C3D12

Equation (1) is supplemented by the equation of state:
p = p(cq, ¢y, p), T = const,

which allows linking the thermodynamic parameters in equation (1).

Taking into account the small unstable disturbances of mechanical
equilibrium, assuming a linear distribution of component concentrations
in the channel, neglecting quadratic disturbance terms, and selecting
appropriate scale units allow the transition from equation (1) to perturbation
equations [4, 5]:

dcy 0%c;, A, 0%c,
P22~ U= Tllﬁ-i_A_lTlZW’

dcy Ay 9%¢c; . 9%c, (2)
—=—u=—T1 —
P22 A, 2l oax2 T ax2
ou _ 9%u
a - _axz + R1T11C1 + R2C2,
here p;; = v/D};- Prandtinumber, v = n/p; R; = gB;A;d*/vD;;- Rayleigh number
Bi = —pi(%) ; Tij = D{j/D3y; u=1u,; Ajy = —Vcy where yis the unit vector directed

P,T.ci#cqy
vertically upward, and the index “0” refers to average values.

The solution to equation (2) is given by:
{c1,cp,u} = {c?,c,u}sin [(n +1) gx] exp[—At], (3)

where n=1,3,5...represents odd perturbation modes. The boundary
conditions assume the disappearance of velocityand disturbances in
the concentration of component c, at the vertical planes limiting the gas
mixture layer:
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u=c,=c,=0,x=+1 4)

By substituting equation (3) into equation (2), applying the boundary
conditions (4), and setting the real part of the perturbation decrement
to zero, we obtain the equations for monotonic (5) and oscillatory (6)
perturbations of A:

T11 (1 - j_ile)Rl + (711 - %TH)RZ = [(n +1) gr [t11 — T12T24], (5)

AZ Al T 4
T11 [—A—1T12 — Py - T11] Ry + [—7721 — Py - 1] Ry = [(Tl‘l' 1);] ©)

1
{E (Paol1 + Tq1] + 71 — TyaTo)[=Pop = 1 = 711 — T4 742 — T11}’

For the studied system, Figure 2 presents the following corresponding
to equations (5) and (6): the MM monotonic instability line, the CC
oscillatory instability line, and the Vp = 0 equal density line. Above this
line, the density gradient is positive. The same figure also shows the
experimental values of the partial Rayleigh numbers, determined using
equation (7) [4, 5].

Discussion of the results. When comparing theory with experimental
data, the following conditions hold:

1) Component 1 corresponds to hydrogen, the lightest in terms of
density; component 2 corresponds to nitrous oxide, the heaviest; and
component 3 corresponds to nitrogen, which occupies an intermediate
state.

2) The partial Rayleigh numbers for a diffusion channel of radius r and
length L, connecting the upper flask | of the apparatus to the lower flask

II, are expressed as follows:
_ gnr*Amycy __gnrtim,c,
R1 - y 2 —

pvDi, L pvD3,L

Acy = ¢qp — ¢ Acy = ¢pp = Cpp, Amy = my —mg, Amy = my —mg, ™
(7)Here, m, — is the molecular mass of the i-th component, and n is
the numerical density of the mixture. If the experimental conditions
(pressure p, temperature T, composition of the mixture in each flask, and
the dimensions of the diffusion channel r and L) are known, then using
equation (7), the values of of R, and R, can be determined, thereby
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identifying the corresponding point (R, R,) in the plane representing this
experiment. Under certain conditions, the experiment determines whether
the diffusion remains stable or becomes unstable.

In Figure 2, we can distinguish the following regions: diffusion (where
the experimental values of the Rayleigh numbers are below the MM line)
and points above the MM instability line, which characterize growing
monotonic disturbances.

When studying a ternary system with a component exhibiting real gas
properties, varying the pressure allows an easy transition from the diffusion
mixing region to the gravitational concentration convection region. As seen
in Figure 2, the experiment confirms theoretical predictions regarding
the existence of stable and unstable mechanical equilibrium regions in
a ternary gas mixture, where one component undergoes partial density
changes with pressure according to real gas laws.

| | | |
500 1000 1500 2000 .

-200 4

-400 4

-600

Figure 2 — MM monotonic boundary lines, CC oscillatory instability, and
experimental Rayleigh numbers for the system 0.4163H, + 0.5837N, O - N, at
various pressures (0.093-4.5 MPa). Stable diffusion points are lighter, while
convection points are darker.
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Conclusion. Thus, this study demonstrates that in ternary gas
mixtures containing a component with real properties, it is possible to
transition from diffusion mixing to gravitational concentration convection by
varying pressure. Experimental results confirm the theoretical predictions
regarding stable and unstable mechanical equilibrium regions in ternary
gas mixtures where one component undergoes partial density variation in
accordance with real gas laws.
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Cepik 3.", AcembaeBa M. K.’
'9n-®apabu atbiHaarbl Kasak ynTTbik yHUBepcuTeTi, AnmarThl K., KasakcTaH

KbICbIMFA BAANAHBICTbI KYPAMbIHOA HAKTbl KOMNOHEHTI BAP
YLWITIK FA3 KOCMNACbIHOAFbI MACCA TACbIMAJbIHbIH CUNMATTAMACDI

Tyningeme. byn 3epTTey YL KOMMOHEHTTI ra3 KocnacbiHbiH ANdYy3nanbIK Ty-
paKCbI3ablfbIH XXOHE OHbIH, KbiCbiMFa BannaHbICTbl 63repicTepiH Tanganabl. Jkcne-
PUMEHTTIK 3epTTey HaTuKenepi GoMbIHLA N30TEPMUSITIbIK XaFdannapaa Moneky-
nanblk anddysnsaad 6actan, Auddy3nanbik TYPakCbI3AbIKTbIH KanbintacybiHa
YKoHe KaiMri KOHBEKTUBTI apanacTtbipyfFa AeuniHri oapTypi apanacTtbipy pexumaepi
Gavikangpl. 3epTrey obbekTici peTiHae 0.4163H, + 0.5837N, O - N, xyieci anbi-
HbIM, eki 6baraHanbl agicneH Tangay Xyprisingi. TeiFbI3abIKTbIH 63repyi KblICbIMMEH
anTapnbikTan e3apa 6annaHsicta 6onFaHbIMeH, KypaMblHAaFbl a30TThIH LWana To-
TbIFbI >XOFapbl konbaaa, an a3oT TeMeHri konbaga opHanacybl HOTUXECIHAE KOM-
NMOHEHTTEPAiH KOHLUEHTpauMsanapbiHbiH ©3repy cunatbl aHbikTangsl. Hatwwkenep
apanacTbipy NpoLecTepiHiH, 8pTypni KbiCbIMAap MeH TepMOAMHaMuKanblK napa-
MeTpriepre 6annaHbICTbl 6TNENI PEXUMAOEPIH KepceTyiMeH epekLleneHei. ATMoc-
depanbik KbiCbiIMHaH (wamamer 0,093 MlMa) wamamen 0,4 MIMa geniH moneky-
nanblk auddysnsFa ToH KOMMOHEHTTEP KOHLEHTpaUMSChIHbIH, e3repy 6Gapbichbl
bankanagpbl. MyHbl akcnepumeHTTik AepekTepaiH CTedaH-MakcBenn TeHaeynepiH
KONAaHyMeH XYprisinreH ecenteyrnepaid HaTWXenepimeH CankecTiri Aenengenai.
CoHpari-ak, 3epTTey bGapbiCbiHA@ KOHBEKTWBTI apanacTbipy Ke3iHAe KOCMaHbIH
Kypamaac GeniktepiHiH GeniHbeyiHiH cebebi ekinik KocnaHblH Kypamgac Oeniri
- @30TTblH LWana TOTbIFbIHbIH, MIHCI3 GoNMaybl ThIFbI3AbIKTbIH FPAAMEHTIH KypyFa
aKernepni, coHabiKTaH Anddy3unsanbIk TypaKCbI3AbIKTbl aHbIKTANTbIH KOHBEKLIMSIHBIH
yrneci rpaBuTaumanbIK KOHLEHTpaUnsi KOHBEKUMSICbIHAH TyblHAAFaH TacbiMangay-
MeH canbICTbipFaHaa a3 6onaTbiHAabIFbl 6ankangbl. MexaHukanbik Tene-TeHaik-
TiH Typakcbi3 Oy3binbiCTapbiHbIH a34blfblH KOMMOHEHTTEP KOHLEHTPAUUACHIHbIH
CbI3bIKTbIK Tapanybl Typansl 6omkam, KBagpaTTbik Oy3blny MyLlenepiH enemey,
conkec aykbimAbl enwiem OBipnikTepiH TaHgay Tonkynap TeHAeynepiHe Keluyre
MYMKIHAiK 6epegi. 3epTTey HaTmxenepi GolbIHLA, 3KCNEPUMEHTTIK aepekTep Pa-
Nen CcaHbl XKa3bIKTbIFbIHAAFLI TEOPUSNbIK MOAENbAEPMEH KaHaFaTTaHapnbIKTan
cvnatTangbl. byn 3epTTey ras kocnanapbiHaarbl Auddy3nsi, TypakcbhI3ablK XaHe
KOHBEKLMS NPOLECTEPIHIH apakaTbiHacbIH TyCiHyre MyMKiHAik 6epeni, coHaam-ak,
TEepPMOAMHaMUKarbIK NapamMeTpriepiHiH, e3repyiHiH apanacTbipy pexxuMaepiHe Ka-
nan acep eTeTiHiH kepceTeai.

Tyninai ceapep: Monekynansik Auddy3nsi, TepMognHamukansik napametp, Pa-
nen caHbl, KOHBEKTMBTI apanacTeipy, CtedaH-Makcsenn.
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Cepuk 3.', AcembaeBa M.K."
'Kasaxckuin HauuoHanbHbIl  yHMBepcuTeT WM. anb-Papabu, r. Anmarthbl,
KasaxcTtaH

XAPAKTEPUCTUKA MACCOOBEMEHA B TPOMHOW TA30BOW CMECU
C ONPEAEJNIEHHBIM KOMMNOHEHTOM, 3ABUCALLMM OT AABJIEHUSA

AHHOTauums. B aTom nccrnegoBaHum aHanmampyeTcs audpdysmoHHas HecTabunb-
HOCTb TPEXKOMMOHEHTHON ra3oBON CMECU U ee U3MEHEHWS, CBA3aHHbIe C AaBre-
HueM. Mo pesynbTaTaMm 3KCMepYMEHTanNbHOro UccrefoBaHnsa B U30TEPMUYECKMX
YCroBUSAX HabmnoaanMcb pasnuyHble pexrMbl NepemMeLlBaHmns, HaumHasi OT Mo-
nekynsapHon anddysmmn n 3akaHumBas opmMmpoBaHuem Anddy3MoHHOM HecTa-
OUNBHOCTN 1 OObIYHBIM KOHBEKTUBHBIM MepemMelumBaHneM. B kayectBe obbekTa
uccriefosaHus Gbina Badta cuctema 0.4163H, + 0.5837N, O - N, n nposefeH
aHanu3 ABYXKOMOHHbIM MeTOA0M. XOTS U3MEHEHWNE NNOTHOCTY CYLLECTBEHHO KOp-
penvpyeT C faBneHnemMm, B pesyrnbTarte pacnofioxXeHns 3akncu asoTa B konbe ¢ Bbl-
COKMM CoepXaHMeM, a a3oTa B Konbe ¢ HM3KMM copepkaHuem, 6bin onpeaeneH
XapaKTep N3MEHEHNS KOHLEHTPaLIMIA KOMMOHEHTOB. Pe3ynbTaTbl OTNMYalTCS TEM,
YTO MPOLECChl NepeMeLLnBaHNA EMOHCTPUPYIOT MEPEXOAHbIE PEXUMbl B 3aBU-
CMMOCTM OT pasnuyHbIX AaBNEHUN N TePMOAMHAMUYECKnX napameTpos. [pu at-
MocdepHoM AasneHum (okorno 0,093 MIMa) HabntogaeTcst M3MeHeHUe KOHLEHTpa-
LM KOMTMOHEHTOB, XapaKTepHbIX AN MOSEKYNspHON Anddy3nn, NpUMEPHO 40
0,4 MIMa. O6 aToM CBNAETENLCTBYET COOTBETCTBME 3KCMEPUMEHTANbHbBIX AAHHbIX
pesynbTaTaM pac4eToB C UCnonb3oBaHMeM ypaBHeHuin CtedaHa-Makcsenna. M B
Xofe uccnefoBaHns Bbino 3aMeyeHo, YTO NPUYMHA, NO KOTOPOM KOMMOHEHTbI CMe-
CV He pa3fensitoTCs Npy KOHBEKTMBHOM NepeMeLLBaHUN, 3aKIMIOYaeTCs B TOM, YTO
OTCYTCTBME MOeanbHOro okcuaa asota, KOMMNOHEHTa ABOWHOW CMeCU, NPUBOAUT
K CO3[aHu0 rpagueHTa MroTHOCTM, NO3TOMY [JOMNs KOHBEKLMMW, OnpeaensitoLLei
AN y3nOHHYO HECTaBUIBHOCTb, MEHbLLE MO CPaBHEHUIO C MEPEHOCOM, BbI3BaH-
HbIM KOHBEKLIMEW rpaBUTALMOHHbBIX KOHLEHTpauumi. MpeanonoxeHne o NMHEHOM
pacnpeferneHny KOHLEHTpauMin KOMMOHEHTOB MPU ManoM YMCre HeyCTOMYMBBIX
HapyLUEHUA MeXaHW4YeCKoro paBHOBECUS, UTHOPMPOBAHWE YIIEHOB KBafpaTUYHO-
ro BO3MYLLEHNSI, BbIGOP COOTBETCTBYIOLUMX MACLITabHbIX €ANHUL, U3MEPEHNS Mo-
3BOMSAOT NEPENTU K ypaBHEHUSAM BO3MyLLeHWIA. Mo pedynbTaTtam uccriefoBaHus
3KCNepUMeHTarbHble AaHHble Obinu yaoBneTBOPUTENbLHO OXapaKTepr3oBaHbl Te-
OpeTUYeCcKMMM MOAENSIMU B NMOCKOCTU Yncna Panes. 3To uccnegosaHve no3so-
NSIeT NOHATb COOTHOLLEHME MpoLeccoB Anddy3nmn, HeCTabnbHOCTN Y KOHBEKLIMK
B ras3oBblX CMeCsX, a Takke MoKasbiBaeT, KaK U3MEHEHVUS TEPMOAUNHAMUNYECKMX
napameTpoB BMSIIOT HA PEXUMbI CMELLNBAHKS.

Knro4deenie croea: monekynsipHas anddysus, TepMoauHaMU4ecKkmin napameTp,
yncno Panes, KoHBEKTMBHOE nepemMelunBaHue, CtedaH-Makcsenn.
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MAKATNAHbBIH AYJAPMACbHI / MEPEBOM CTATbU

Cepik 3., Acembaeea M. K."
'On-Papabuv atbiHaarbl Kasak ynTTblk yHMBEpcuTeTi, AnMaThl K., Kasak-
CTaH

KbICbIMFA BAUNAHbLICTbl KYPAMbIHOA HAKTbl KOMMOHEHTI
BAP YWTIK A3 KOCMACbLIHOAFbl MACCA TACbIMAJbIHbIH
CUNATTAMACHDI

Tyningeme. Byn 3epTTey YL KOMMOHEHTTI ra3 KocnacbiHblH ANdY3nAnbIK Ty-
paKChI3abIFbIH >X8HE OHbIH, KbICbIMFa OannaHbICTbl ©3repicTepiH Tanganasl. Jkcne-
PUMEHTTIK 3epTTey HaTwKenepi GOMbIHILA N30TEPMUSTIBIK XXaFaannapaa Moneky-
nanbik auddysmagan 6acran, Anpdy3nanbik TYPaKCbI3AbIKTbIH, KanbinTacybliHa
XoHe KofiMri KOHBEKTUBTI apanacTblpyfa AeviHri apTypni apanacTtbipy pexvmMmaepi
Gavikangpl. 3eptrey obbekTici peTiHae 0.4163H,+ 0.5837N, O - N, xyieci anbl-
HbIM, eki 6araHanbl agicneH Tangay Xyprisingi. ToiFbI3AbIKTbIH 63repyi KblICbIMMEH
anTapnbikTan e3apa 6annaHbicta 6onFaHbIMEH, KypaMblHAAFbl a30TThbIH Liana To-
ThIFbl XXOFapbl konbaga, an a3oT TeMeHri konbaga opHanacybl HOTUXKECIHAE KOM-
NOHEHTTEPAIH, KOHLUEHTpauumanapblHblH ©3repy cunaTtbl aHblkTangpl. HaTwwkenep
apanacTbipy NpOoLEeCTEpiHiH, 8pTYpIi KbiCbIMAAp MeH TEpPMOAMHaMUKanblK napa-
MeTpriepre 6avinaHbICTbl ©TNeni peXnMaepiH KOPCETYiIMEH epeKLerneHes;.
Atmocdepansblk KbicbiMHaH (wamameH 0,093MrMa) wamamen 0,4MlMa geniH mo-
nekynanbik anddysusra ToH KOMMNOHEHTTEP KOHLEHTPaLMACHIHbIH, e3repy 6apbl-
cbl 6arikanagbl. MyHbl aKCnepuMeHTTIK aepektepain, CtedaH-MakcBenn TeHaey-
nepiH KonaaHyMeH XYprisinreH ecenTteynepaiH HoTvxXenepimeH CovKecTiri ganen-
penpi. XXeHe 3epTTey GapbicbiHAA KOHBEKTUBTI apanactblpy KesiH4e KocnaHblH,
Kypamaac GeniktepiHiH 6eniHbeyiHiH cebebi ekinik KocnaHblH Kypamgac Oeniri
- a30TTblHLWAna TOTbIfbIHbIH, MIHCI3 Gonmaybl ThIFbI3AbIKTbIH FPaAUEHTIH KypyFa
aKernepni, coHapiKTaH Anddy3unsnbIK TypaKCbI3AbIKTbl aHbIKTANTbIH KOHBEKLIMSHBIH
yIeci rpaBUTaLMSANbIK KOHLEHTPaLUNSA KOHBEKUUACBHIHAH TyblHAAFaH TacbiMangay-
MEH carnbliCTbipFaHaa a3 6onatbiHapbiFbl 6ankanabl. MexaHukanblk Tene-TeHaiKTiH
TypakchI3 Oy3bifibiCTapblHbIH, a3ablfblH KOMMOHEHTTEP KOHLIEHTPAUMSIChIHbLIH, Cbl-
3bIKTbIK Tapanybl Typanbl 60mkam, KBagpaTTblk Oy3biy MyLLENepiH enemey, Can-
Kec aykbiMabl enieM GipnikTepiH TaHaay Tonkynap TeHAeynepiHe Keluyre Mym-
KiHAOiK 6epeai.

3epTTey HaTwkenepi GombiHWA, SKCNEPUMEHTTIK Aepektep Pamnein caHbl Xasblk-
ThIFbIHAAFbI TEOPUSANbIK MOAENbAEPMEH KaHaraTTaHaprblKkTan cunatrangsl. byn
3epTTey ras3 kocnanapbiHaarbl Anddysunsi, TypakcbI3ablK >XaHe KOHBEKLMSA npo-
LleCTepiHiH, apakaTbliHACbIH TyCiHyre MyMKiHAik 6epeai, coHgan-aK TepmognHaMmum-
KanblK napamMmeTpriepaiH, esrepyi apanactblpy pexuMaepiHe Kkanav acep eTeTiHiH
KepceTeni.

TyniHai ceapep: monekynanbik Auddy3ns, TepMognuHamukanslk napamertp, Pa-
e caHbl, KOHBEKTUBTI apanacTtblpy, CtedaH-Makceenn.
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Kipicne. KomnoHeHTTEpAiH GipiHAe HaKTbl ra3 3aHAapblHA CAMKEC Kbl-
CbIMMEH iLiHapa TbIFbI3AbIKTbIH 63repyi 60MaTbiH M30TEPMUSANBIK YL KOM-
MOHEHTTI ra3 KocnacblHOarbl MaccaHblH TacbiMangaHyblH 3KCNEPUMEHTTIK
3epTTey MyHOan AnddysnanblK Typakcbl3 YLUTIK ra3 kocnanapbiHAa Mo-
nekynanblk gnddysvsagaH anddysnansik Typakebi3gbikka, cogaH KemiH
KaLiMri KOHBEKTUBTI apanacTblpyFa AeWiHri apTypni apanacTbipy TyprepiH
faHa emec, coHOamn-akK KbICbIM CUSKTbl TEPMOAMHAMUKAIbIK napameTpre
GannaHbICTbl ©TNENi pexxumaepai ge 6arikayra 6onatbiHbIH kepceTTi [1].

3epTTeyaiH makcaTbl. ApanacTbipy NPOLECIH 3epTTeY 8pTYpPIIi KbIChbIM
kesiHae 0,4163H, + 0,5837N,0 - N, >xyneci ywiH eki 6araHanbl agicneH
Xypridingi. TeiFbI3ablikka KapaMmacTaH,0MHapIibIK Kocna KbICbIMMEH anTap-
nbIKTan e3repai, BNTKEHI OHbIH, KypaMbliHAa HaKTbl KacnueTTepi 6ap Komno-
HEHT (a30TTblIH Larna TOTbIFbl) pKaLlaH KYPbITFbIHbIH )KOFapfbl KONbGachIH-
[a, an as3oT TeMeHri konbacbliHAaaa opHanacThbl.

3epTTey apicTtepi. KoMnoHeHTTEpAiH KOHLEHTPaUUSACBIHBIH 63repy cu-
natbl BOMbIHLIA anblHFAH HBTWXKENEPAi Tangay ToH apanacTtbipy PexuM-
AepiH aHbikTagpl (1-cypeTTi KapaHbl3).

0,25 /-\

. // N\

- NN N
TN S T~

0,05 " ~_
0

0,3

sec, mole,

1 2 3
—e— H; —e— N0

4 5

P. MMa

1-cypeT. KpicbiMFa GainaHbICTbl 8pTypIli apanacTbipy TypriepiHAe annapaTTbiH
)KOFapFbl KonbacbiHaH a30TKa aybICKaH CyTeri MEH a3oTTbIH Luana TOTbIfbIHbIH,
Meriwepi. HykTenep-aKCnepuMeHTTIK AepekTep.

>KasblK CbI3bIKTap — HOTWXeNnepai apTypri Aopexerni KenmyLenikrep-
MeH eHaey. HykTeni cbidblkTap — [2] cenkec audpdyaunsa bomkambiHAaFbI
ecenTey. YLWiHLWi KOMMOHEHT-a30TTblH KOHLEHTPaLUACHIH
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3
ZCi =1l
i=1

WapTbIH kongaHa oTbIpbIn ecenTeyre 6onaabl (byHAa C, - | KOMMOHEHT-
TiH MOfb yreci).

ATmocdepanblk KbicbiMHaH (wamameH 0,093Mra) wamameH 0,4Mla
AeniH Mornekynanblk AuddysmsFa ToH KOMMOHEHTTEP KOHLEHTPaLUUsChl-
HblH, e3repy 6apbicbl 6avikanagbl. MyHbl 9KCMEPUMEHTTIK OepeKkTepAiH
CredaH-MakcBenn TeHaeyrnepiH KongaHyMeH XyprisinreH ecenteynepaid
HoTmKenepiMeH cowvkecTiri ganengendi [2]. KblCbIMHbIH, ogaH api Xorfa-
pbinaybl ra3 KocnacblHbIH MeXaHWKanblK Tene TEHAIMNHIH TypakCbI3ablfbl-
Ha okeneai. «Monekynanblk anddysns -Auddy3nanbik TYPaKChI3ObIK»
LeKkapanblk ayblCybl KOMMOHEHTTEPAIH Mornekynanblk TacbiMangaHybl-
HaH ekinik KocnaHbl 6enyaiH, ankblH acepiMeH KypbinbiMAblK KOHBEKTUBTI
afbiMzapfra aybicymeH 6arnnaHbicThl. Llamamen 1,5 MlNa kbicbiMaa ekinik
KOCMaHbIH TbIFbI3AblFbl Ta3a KOMMOHEHTTIH ThIFbI3AbIFbIHA aviHanagbl >xaHe
apanacTtblpy KapKblHObIMbIFbI MakcMMyMmfa >xetedi. byn petTe,komno-
HeHTTepaiH 6epinyiH Moriekynanblk AMddy3nsHbl enemeyre 6onagsbi.

1,5 Mla xeHe 3,0 MlNa apanbifbiHAafFbl KbicbiMaa 6ip »afblHaH And-
dy3uanbIK Typakcbi3ablkneH 6annaHbiCTbl KOHBEKTUBTI aFblHOAP, EKiHLi
XafblHaH aaeTTeri KOHBEKTUBTI apanacy 6acekeneceai. 3,0 Mlla xaHe
OflaH XOFfapbl KbICbIMAA KOCMaHbIH, KOMMOHEHTTEPIH TacbiMangay TeK KOH-
BEKLMS apKblInbl Xy3ere acbipbiiagbl. KOHBEKTUMBTI apanacTbipy KesiHae
KocnaHblH Kypamaac GeniktepiHiH, 6eniHbeyiHiH cebebi ekinik KocnaHblH,
Kypampac 6eniri - a3oTTbIHLWAana TOTbIfbIHbIH, MIHCI3 G0orMaybl ThiFbI3AbIK-
TblH FpaguveHTIH KypyFa akenedi, COHAbIKTaH AMddY3nAnbIK TypakcbI3-
ObIKTbl aHbIKTaNTbIH KOHBEKLMSIHBIH, YIIECI rPaBUTaLMANbIK KOHLEHTpaLuus
KOHBEKLMSACBIHAH TyblHAaFaH TacbiMangayMeH canbiCToipFaHaa a3 6ona-
Abl.

OKCMEePUMEHTTIK HOTVXKeNepAi TeopusMeH cunatTtay YLiH [3-5] »xa3sbik
TiK KaHangarbl M30TEPMUANbIK AN dY3nNs KesiHAe YL KOMMOHEHTT ra3
KOCNacCbIHbIH, MeXaHuKanblK Tene-TeHAIriHiH TypaKCbI3ObIFbiHbIH Nanga
BonyblH cunaTTanTblH NanmbiMaaynapabl Kavtananmbld. Msotepmusanbik
ra3 KocnacblHbIH MaKpOCKOMUAbIK KO3farbICbl Kerneci TeHaeynep xywme-
ciMeH cunaTtTanagbl:

99



lMNMuwesas u nepepa6ambleafou¢aﬂ POMbIWIIEHHOCMb

ou n .
p [E + (uV)u] =—-Vp+n?u+ (§ + E) Vdivu + pg,
— + div(pu) = 0,p ( + uVCl) —divd j;,
Ji = =p(D11Ve1 + D13Ver), jo = —p(D31Ver + D3,Vey),
» D', "npaktukansIK" anddysns koshduumerTTepi (MOK) D',

OUHapnbIK ra3 KocnanapblHbIH AMddY3nAnbIK KOIPMULIMEHTTEPIMEH Ke-
rneci kaTblHacTapMeH 6annaHbICTbI:

6yHga D’

D*, = Dys[ciD3p+(co+C3)D12] s _ __ €1D33(D12—D13)
1 ¢1D3+C;Dyg+C3Dyy | 12 ¢1Dz3+C2D13+C3D15’

DX = Da3[c2D13+(c1+¢3)D1z] s« _  €2D13(D12—D33)
22 — 21 — 0
c1Da3+CyD13+C3D1, €1D33+C3D13+C3D12

(1) TeHaeynep opTa KyMiHiH TeHAeyiMeH TONbIKTbIpbliagbl

p=p(c, c, p), T=const, on TepmoanHamuKkanbik napametprepai (1)
GannaHbICTbIpyFa MyMKiHAIK 6epegi.

MexaHukanblK Tene-TeHgikTiH Typakcbl3 Oy3blnbICTapbIHbIH a3ablFbIH
ecenke any, apHagarbl KOMMOHEHTTEP KOHLIEHTPALUSICbIHbIH CbI3bIKTbIK,
Tapanybl Typanbl 6ormkam, KBagpaTTblK Oy3binly MyLLENEpPIH enemey, Con-
Kec aykbiMabl enwem GipniktepiH Tangay (1) Tonkynap TeHaeynepiHe ke-
wyre MyMKiHaik 6epegai [4, 5]:

661 0261 Az 8262
o TS T11W+A—1T12W,

, , )
6c2 _Aq 0cqy . 0°cy
Pz275, 7y 21 a2 amz)
au 0%u

P + RiT11¢1 + Ry,
6¥H,D,a pii = v/Dj; — rlpaH,D,TJ'Ib CaHbl, v =n/p; R; = gﬁiAid4/vDi"i =
Pareit caHbl g, = — ~ acl) Ty = Di;/D3z; u = uy; Ayy = —Veioy —

P,T,c; :tcl

TiriHeH >xorapbl 6anITTaJ'IFaH Gipnik BekTop, «0» MHAEKC] opTaLLa MaHaepre
xatagbl.
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Lewim (2) kenecigen 6onaabl:
{c1,co,u} = {c?,cd,u}sin [(n + 1)§x] exp[—At], 3)

6yHaa n=1,3,5... — Tak bybipkaHy pexumaepi. Llekapanblk >xxarganinap
ras3 KocnacblHblH KabaTbIH LLUEKTENTIH TiK Xa3blKTbikTapaa C1 KOMMOHEHT-
Tepi KOHLEHTPaUUACBIHbIH, XblAaMablFbl MEH Oy3blybIHbIH, KOFanybIH
oomkanabi:

u:cl = CZ = 0’ X = -_/-1 (4)

(3)-mi (2) anmacTblpa oTbIpbIM, (4) aHe OyblpkaHyAEKPEMEHTIHIH, HaK-
Tbl GeniriH Henre anHangblpy KesiHge MOHOTOHAL! (5) xaHe Tepbenmeni
(6) Tonkynap ATeHaeynepiH anambi3:

T11 (1 - 2_?'[12) Ry + (T11 - 2_:'521)1?2 = [(n +1) 2]4 [t11 — T12721), ()

AZ Al T 4
T11 [_A_1T12 — Py — T11]R1 + [_7’[21 — Py — 1] R, = [(Tl + 1)5]
1
{E (Pp2[1+791] + 711 — T12T21)[—Poz = 1 — 711] — T4 712 — 711}, (6)

3epTTeneTiH xyle ywiH 2-cypeTTe (5) xaHe (6) corikec MbiHanap ycbl-
HblnFaH: MM MOHOTOHABI Typakchi3ablK ChidbiFbl, KK Tepbenmeni Typak-
CbI3ablK CbI3bifbl xaHe Vp=0 TeH TbIFbl3OpblK Cbi3blFbl.OCbl CbI3bIKTaH KO-
Fapbl ThiFbI3OblK rpaguneHTi oH. Con cypetTe (7) cdbopmynanap 6onbiHwa
opHanackaH PanenaiH iwiHapa caHgapbliHbIH TaXipnbeni MaHaepi kepce-
TinreH [4, 5].

TeopusiHbl ToXipnbeni ManiMeTTEPMEH canbICThipFaH ke3ne, Keneci
wapTtTap 6onagpl:

1) 1 Hemipi KocnaHbIH ThIFbI3ObIFbl OOMbIHLLA EH, XXEHiN KOMMOHEHTI Cy-
Terire, 2 HeMipi eH ayblp — a30TThlH, Lana TOTbIFbIHA, an 3 HeMmipi aparnblk,
Ky"Aai anatblH KOMMOHEHT-a30TKa CaMKeC Keneai;

2) paguychl r xxaHe y3bliHAbIFbI L 6onaTeiH auddy3unaneik apHara | ac-
nanTblH, »OFapFbl KonbacblH TeMeHri konbameH |l kocaTbiH Paneiain, iwwi-
Hapa caHdapbl Kenecigewn xasbinagbl:

Ry

__ gnr*Amicy __gnr*Amye,
==—2 1 R, ="—"T=2

pvDi L pvD;,L 7)
Acy = ¢1p — ¢y Acy = €35 — ¢, AmMy = my —m3, Amy, = m; —mg,

101



lMNMuwesas u nepepa6ambleafou¢aﬂ POMbIWIIEHHOCMb

ByHaa m.— i-Cypbin MOSeKynacblHbiH Maccachl, N — KOCMaHblH CaHabIK
ThIFbI3ObIFbI. Erep Taxipmbe xypridy wapTrapbl (KbiCbiM p, TEMNepaTtypa
T, konbanapablH, 8pKancbICbiHAArFbl KocnanapAblH, Kypambl,Auddy3ns-
NblK apHa enwemaepi r xaHe L) 6enrini 6onca, oHaa (7) doopmynanapsbl
GonbiHwa R, R,Tabyra 6onaabl xeHe ocbinaniua ocbl TaxipnbeHi 6enHe-
NeNTiH XasbIKTbIKTarbl HYKTEHi aHblkTayFa 6onagpl (R,, R,). Texipnbener
Genrini Gip xarpmavnapga ouddy3usHbiH KaHgan ekeHairi 6enrini — Ty-
paKTbl HEMece TypakCbI3.

2-cypeTTe kerneci b6arbiTTapapl atan eTenik — gudpdpysmnsanap (Panen
caHAapblHbIH, 3KCNEePUMEHTTIK MaHAepi MM cbi3blfbIHAH TEMEH opHanac-
KaH), COHOan-aK ecin Kerne >xaTkaH MOHOTOHAbI Oy3binynapapl cunatram-
TbiH MM TypakchbI3apblK CbI3blFbIHAH XXOFapbl HYKTENEp.

HakTbl kacueTTepi 6ap KOMMOHEHTI 6ap YLUTIK XXyreae KocnaHbl 3epT-
Tey KesiHAe KbICbIMAbl ©3repTy apKbiibl AN dy3nanbik apanacTtbipy am-
MafblHaH rpaBUTaLMANBIK KOHLEHTPaALMsl KOHBEKUMSChI aiMaFbiHa OHaw
aybicyra 6onagpl. 2-CypeTTeH Kepin OTblpFaHblHbI3Aan, aKCNEPUMEHT YLL-
TiK ra3 KocnacblHAa TypakTbl XXeHe TypaKCbl3 MexaHuKanblK Terne-TeHaik
ariMakTapblHbIH 60onybl Typanbl Teopusanblk Gormkamaapabl pacrangbl,
OHa KOMMOHEHTTEPAIH, BipiHAEe HaKThbl ra3 3aHAapbiHAa CONKEC KbICbIMMEH
iLiHapa TbIFbI3ObIKTBIH e3repyi 6onagpl.

| | | |
1000 1500 2000 .

600 4

2-cypeT. MM MOHOTOHAbI LLieKaparblK Cbi3blKTapbl, TYPaKChI3AbIKTLIH Tepben-
meni KK >xaHe Vp=0, coHpait-ak, ap Typni KbicbiMaa (0,093-TeH 4,5 MlMa-fa gei)
0,4163H2 + 0,5837N20 - N2 >xyneciHiH, penenik caHaapbiHa apHarnFaH aKcnepu-
MEHTTIK HyKTenep. TypakTbl Anddy3uns HyKTenepi akLUbiry, an KOHBEKUMANap KYHTipT.
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KopbiTbiHabl. Ocbinanwia, >XyprisinreH 3epTTeyriepgeH KypambiHaa
HaKTbl KacMeTTepiMeH KOMMOHEHTI 6ap yLITIK ra3 kocnanapbiHga apanac-
ThIPYAbIH 8PTYPAi TYPrepiH faHa eMec, CoHAamn-aK KbICbIM CUSKTbI Tep-
MOZMHaMMKanbIK enwemMiiapTTapFa 6annaHbICTbl eTneni pexnumaepai ae
Gankayra 6onagbl. SKCNEPUMEHTTIK AepekTepai Panen caHgapbl »asblk-
ThIFbIHAAFbl TEOPUSA KaHaFaTTaHapbIKTanm cunarragpl.
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ANALYSIS OF CONVECTIVE FLOWS DURING ISOTHERMAL
MIXING OF THREE-COMPONENT GAS MIXTURES BY COMPUTER
SIMULATION

Abstract. In multicomponent gas mixtures, there is a wide variety of mixing
regimes. A key challenge is determining the boundary between diffusion and
convection regimes, as well as identifying the parameters that define the
convective mode, which plays a crucial role in mass transfer processes. This study
presents a computational model for examining isothermal diffusion transport in
three-component gas mixtures. The analysis focuses on the relationship between
transport coefficients over time using a three-dimensional numerical simulation
in a vertical cylindrical channel with finite dimensions. By separating the physical
parameters of the studied system, the isothermal diffusion mixing process in three-
component gas mixtures within cylindrical vertical channels is investigated. The
results indicate that in systems where the diffusion coefficients of the components
are comparable, mechanical equilibrium is unstable. In cases where there is a
significant difference in diffusion coefficients, convective motion may emerge.
Initially, these convective flows develop at low speeds, but they eventually evolve
into structured flow patterns. The computational results align well with experimental
data, supporting the proposed approach for determining the boundary between
diffusion and concentration-driven convection regimes in gas mixtures.
Keywords: diffusion, convection, gases, computational modeling.

Introduction. Multicomponent gas mixtures exhibit a wide variety of
mixing mechanisms, ranging from purely molecular diffusion to complex
convective flows. The nature and intensity of mass transfer in such sys-
tems depend on the dominant transport processes, which can be molecu-
lar, convective, or a combination of both [1,2]. In many practical scenarios,
the role of molecular diffusion is often considered secondary to convec-
tive effects. However, diffusion alone can sometimes lead to instability,
disrupting the mechanical equilibrium of the system. This instability may
result in the spontaneous formation of convective motion, significantly en-
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hancing the overall efficiency of mass transfer [3]. Understanding these
processes is essential for accurately predicting mixing behavior in various
applications, such as chemical engineering, environmental sciences, and
industrial gas separation technologies.

One of the critical challenges in studying mass transfer in multicompo-
nent gas mixtures is identifying the conditions under which diffusion-driv-
en mixing transitions into convective motion. Unlike traditional thermal
convection, where fluid motion is driven by temperature gradients, con-
centration-driven convection can arise purely from differences in diffusion
rates between gas components [4,5]. This phenomenon has been ob-
served not only in classical Rayleigh-type stratification problems but also
in cases where stable density stratification theoretically prevents large-
scale motion. Experimental and numerical studies have shown that, in
certain conditions, diffusion alone can generate convective flows, leading
to the development of structured flow patterns that significantly alter the
expected mixing dynamics.

Previous research on multicomponent gas mixing has demonstrated
that convective motion can emerge due to differences in diffusion coef-
ficients between components [6-8]. When the diffusion rates of different
gases vary significantly, the resulting imbalance can trigger flow patterns
resembling a sedimentation effect, where heavier and lighter components
separate dynamically [9-12]. This effect introduces additional complexity
in predicting and modeling mass transfer in such systems, making it es-
sential to develop computational approaches that accurately capture the
interplay between diffusion and convection [13,14].

To address these challenges, this study presents a computational
model designed to investigate the diffusion-driven transport of gases un-
der isothermal conditions. The focus is on three-component gas mixtures
with varying transport properties, analyzed through a two-dimensional nu-
merical simulation of a vertical cylindrical channel with finite dimensions
[15]. The numerical results are systematically compared with experimen-
tal data to validate the approach and improve our understanding of the
mechanisms governing the transition from diffusion to convective mixing
[16].

Materials and methods. By exploring the interplay between diffusion
and convection in multicomponent gas mixtures, this research aims to
provide valuable insights into the fundamental principles of mass transfer
in such systems. The findings may have significant implications for opti-
mizing industrial processes, refining theoretical models of gas transport,
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and developing more efficient strategies for controlling mixing dynamics in
practical applications. The objective of this study is to conduct a numerical
simulation of the transition from a purely diffusive state to a convective
state in a multicomponent system, where mechanical equilibrium instabili-
ty is observed. This simulation will be performed using the ANSYS Fluent
software package [17]. Additionally, the study aims to compare the numer-
ical results with experimental data. Through this analysis, we seek to gain
deeper insights into the mechanisms governing the shift between diffusion
and convection and to develop recommendations for a more precise char-
acterization of mixing processes in multicomponent systems.

Problem statement and setup algorithm. Figure 1 illustrates the
schematic representation of the diffusion cell (DC) utilized in the two-flask
apparatus, where concentration measurements were conducted to study
both diffusive and convective mixing processes [11]. The experimental
method enabled the capture of shadow images of structural formations,
as demonstrated in [17], allowing for a rapid identification of the mixing
type and facilitating comparisons with numerical simulation results. During
the numerical modeling process, it was assumed that, initially, the upper
chamber of the apparatus contained a gas mixture with a chemical com-
position different from that of the gas in the lower chamber. Additionally, it
was considered that, at the initial moment, the density of the three-com-
ponent mixture decreased with height.

The model's analyzed region comprises three primary components:
the upper cylinder, the lower cylinder, and the diffusion channel connect-
ing them. This structure serves as the foundation for examining the mech-
anisms governing mass transfer and the transition between diffusive and
convective mixing regimes. The cylinder volumes were assumed to be the
sameV =V, = 227x10°m? and the dimensions of the diffusion channel
are as follows: d=6.1 x10°m — diameter, L = 165x710°m — height.

In this study, a hybrid mesh model was employed, where triangular el-
ements were used to discretize the upper and lower cylinders, and square
elements were applied to discretize the diffusion channel. This combina-
tion ensures an efficient adaptation to the different geometrical character-
istics of the system components.

The grid element size was set to 1.5 mm to achieve a detailed rep-
resentation of the geometry and ensure the convergence of the numeri-
cal solution. The total number of grid elements reached 404 395, which
demonstrates the model’s high resolution and its ability to accurately cap-
ture the key physical processes occurring within the system.
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The use of both triangular and square elements strikes a balance
between modeling precision and computational efficiency. Triangular
elements in the cylindrical regions offer flexibility for adapting to curved
surfaces, while square elements in the channel simplify calculations in
areas with simpler geometry. This approach aligns with modern practices
in computational mesh design, where the choice of element type and size
is guided by the complexity of the geometry and the required modeling
accuracy.

Figure 1 — 3D model of the diffusion cell and the simulation area under study

The pressure-based coupled algorithm is designed to simultaneously
solve the momentum equations and the pressure-based continuity equa-
tion as a unified system. This differs from the segregated approach, where
these equations are handled separately in consecutive steps. In the cou-
pled method, momentum and pressure corrections are computed together
in a single operation, while the remaining governing equations are still
solved independently, as in the segregated approach [17].
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Each iteration of the coupled algorithm follows a structured sequence
of steps:

1. Updating Fluid Properties — The physical properties of the fluid, such
as density, viscosity, and specific heat, are recalculated based on the cur-
rent solution state. Additionally, turbulent viscosity (or diffusivity) is updat-
ed to maintain accurate flow dynamics.

2. Solving Momentum Equations — The momentum equations are
solved sequentially using the most recent values of pressure and mass
flux at cell faces.

3. Solving the Pressure Correction Equation — The pressure correction
equation is formulated and solved based on the newly computed velocity
field and mass flux values.

4. Applying Corrections — Face mass fluxes, pressure values, and ve-
locity fields are corrected using the pressure correction obtained in the
previous step.

5. Solving Additional Scalar Equations — If additional scalar equations
are present (such as those for turbulence, energy, species transport, or ra-
diation intensity), they are solved using the most recent solution variables.

6. Updating Source Terms — The source terms resulting from interac-
tions between different phases are updated (for example, the source term
representing the influence of discrete particles on the carrier phase).

7. Convergence Check — The solution is evaluated for convergence,
ensuring numerical stability and consistency.

ANSYS Fluent offers multiple schemes for interpolating pressure val-
ues at the faces of computational cells. By default, the Second Order
scheme is used for general applications. However, for simulations involv-
ing multiphase flow models such as the Mixture Model or VOF (Volume
of Fluid) Model, the PRESTO! (Pressure Staggering Option) scheme is
preferred to enhance accuracy.

The Second Order scheme reconstructs face pressure using a central
differencing approach, ensuring improved accuracy in pressure distribu-
tion. The pressure values at cell faces are computed as:

1 1 - 7
P= (R +P)+- (VR T +VE To) (1)

The SIMPLE algorithm establishes a connection between velocity and
pressure corrections to ensure mass conservation, allowing for the accu-
rate calculation of the pressure field.
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If the momentum equation is solved using an initial guessed pressure
field, the resulting face flux may be inaccurate and require corrections to
achieve mass conservation and accurate flow predictions.

Jy=Jy+d (p.-p) )
To address this issue, a correction term is added to the face flux. This

adjustment ensures that the corrected face flux satisfies the continuity
equation, maintaining mass conservation in the flow simulation.

J,=J,+J; (3)

The SIMPLE algorithm assumes that the corrected face flux can be
expressed as a combination of the initial flux and a correction term:

Jy=d,(p ~p) 4)

The SIMPLE algorithm inserts the flux correction equations (3)-(4) into
the discrete continuity equation. This process leads to a discrete equation
that solves for the pressure correction in each cell, ensuring that mass
conservation is satisfied throughout the domain [17].

app‘ = Zanbpynb + b
nb

(5)
where the source term is the net flow rate into the cell:
Nﬁzces .
b= Zf: J A, o

The pressure-correction equation (4) can be efficiently solved using
the algebraic multigrid (AMG) method outlined in the Algebraic Multigrid
(AMG) section. After obtaining the solution, corrections are applied to both
the cell pressure and face flux to improve the accuracy of the flow field and
ensure mass conservation.
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p=p +a,p
Jy=Jy+d,(p = p) "

The parameter a represents the under-relaxation factor for pressure,
which helps stabilize the solution process. With this correction, the face
flux ensures that the discrete continuity equation is fully satisfied at each
iteration, improving convergence and solution accuracy.

When working with ANSYS Fluent, it is essential to configure all param-
eters to ensure both computational efficiency and a high level of accuracy.
The key settings and adjustments made in this study are outlined below.

Model Setup and Physical Parameters

Physics:

» Energy equation: Enabled

* Turbulence model: Standard k-w

 Material properties: Helium (He), Argon (Ar), and Nitrogen (N,) added
to the material database

 Species model: Species Transport

» Boundary conditions: Defined operating pressure, temperature, and
density; walls specified as steel

Solution Settings

* Residuals: Set to 107 for all variables to ensure solution accuracy.

*Numerical Methods: SIMPLE (Semi-Implicit Method for Pressure-Linked
Equations) scheme was chosen for pressure-velocity coupling.

« Initialization: Applied patching for pressure, temperature, and mole
fractions to establish initial conditions.

* Report Definitions: Created plots of mole fractions as a function of time
to track species evolution during mixing.

Post-Processing and Results Analysis

 Contour Plots: Generated mixing contours for the heavier element to
visualize concentration distribution.

By carefully configuring these parameters, the simulation effectively
models the mixing of multicomponent gas mixtures with high accuracy, con-
sidering the given geometry and thermophysical conditions.

The study focuses on mixing under conditions where the density gra-
dient is positive (Figure 1). Specifically, a denser binary gas mixture is
placed in the upper chamber of the diffusion cell, while a lighter gas is con-
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tained in the lower flask. This configuration replicates experimental conditions
observed in real laboratory setups.

All physical and chemical properties of the gases were assumed to be con-
stant and sourced from the ANSYS 2024 R2 chemical library [17].

Since the system operates as a closed apparatus, the boundary condi-
tions were set to impermeability, preventing any mass transfer across system
boundaries. This ensures that no gas components enter or leave the system.
Additionally, thermal boundary conditions were applied to maintain isothermal
mixing conditions, with the walls defined as solid stainless steel surfaces. The
corresponding material properties were retrieved from the ANSYS 2024 R2
library [17].

A pressure-based solver was used for all simulations. The pressure-velocity
relationship was handled using the SIMPLE scheme, as previously mentioned.
Computational Fluid Dynamics (CFD) equations were solved using spatial dis-
cretization methods, which have demonstrated high effectiveness in prior stud-
ies [11] (Table 1).

Table 1 — Solution methods

Quantity Discretization
Gradient Least Square Cell Based
Pressure Second order
Momentum Second Order Upwind
Turbulent Kinetic Energy Second Order Upwind
Specific Dissipation Rate Second Order Upwind
Pseudo Time Method Off
Transient Formulation Second Order Implicit

Computer modeling results. Table 2 presents a comparison between
experimental and numerically simulated component concentrations under
different transport assumptions. The table includes:

» Experimental concentration values, obtained under controlled labo-
ratory conditions.

 Theoretical concentration values, calculated assuming purely diffu-
sive transport based on the Stefan-Maxwell equations.

» Numerical concentration values, obtained using ANSYS Fluent,
which accounts for both diffusive and convective transport mechanisms.

The results demonstrate a high degree of agreement between the ex-
perimental data and the numerical simulation results, indicating that ANSYS
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Fluent accurately captures the impact of convective processes on the sys-
tem. Conversely, the theoretical calculations using the diffusion-only model
fail to reflect these convective effects, highlighting the limitations of the pure-
ly diffusive approach in describing real mixing dynamics.

Table 2 presents both experimental and numerically calculated compo-
nent concentrations, assuming purely diffusive transport, as well as par-
tial concentrations obtained using ANSYS Fluent for the case of combined
transport. The data show that the numerical simulation results align well
with the experimental findings, confirming the software’s capability to ac-
count for the impact of convective flows within the system. In contrast, the-
oretical calculations based solely on the Stefan-Maxwell diffusion model do
not capture these convective effects.

Table 2 - Amount of diffusing gas from one flask to another as a function of
experimental pressure

0.8846 H, + 0.1154 CH, — He (t=3 hours, P=4.07 MPa, T=295 K)

Method H, CH, He
Stefan-Maxwell 0.0299 0.0012 0.0312
Experiment [11] 0.1190 0.0310 0.1500
Ansys 0.1297 0.0273 0.6497

The median deviation between the numerical simulation and experi-
mental data across all gases is approximately 12%. However, some indi-
vidual discrepancies exceed too much, particularly for the lightest com-
ponent in the mixture. This may be due to non-idealities in the numerical
calculations, as simulations inherently approximate physical processes.
Another possible reason is the difference in molecular properties (such
as molecular weight, viscosity, and diffusivity) between the actual gases
and their assumed values in the computational model. Despite these
inconsistencies, the overall agreement between experimental and nu-
merical results confirms the capability of ANSYS Fluent for quantitative
estimation of partial fluxes in conditions where mechanical equilibrium is
disrupted. In contrast, calculations based solely on the diffusion model
(using the Stefan-Maxwell approach) show errors exceeding hundreds
of percent, further emphasizing the presence of convective currents in
the system.

In an experimental study [11], an attempt was made to evaluate the
evolution of the occurrence of convective flows when the mechanical
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equilibrium of the mixture is unstable, the intensity of partial mixing of the
components decreases, and the subsequent diffusion occurs. Figure 2
shows the characteristic stages of multicomponent mixing and numerical
values of component concentrations.

=

7
J

Wolume-Averigle off molef-h2

flow-timo [s]

aozo0n

Volumo-Averago of molof-cihvd

Figure 2 — Calculated values of component concentrations at different mixing
times in the system 0.8846 H, + 0.1154 CH, — He by Ansys Fluent: a - change in
the hydrogen concentration in the lower flask; b - change in the methane concen-

tration in the lower flask;
¢ - change in the helium concentration in the upper flask.
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For gases hydrogen and methane, one pattern is visible — an intensive
transfer of the amount of gas occurs in the first 2000 seconds, then an
almost constant straight line is observed, which indicates a diffusive type
of mixing. This is also confirmed by experimental data. But for the helium
that was originally in the lower flask, a different picture is observed. The in-
itial stage of transfer corresponds to diffusion mixing — the first 2000 s, but
then a sharp increase in the amount of gas from 2000 s to 5000 s. At the
end, you can see, again, a monotonous change in concentration. There is
a double transition here, first from the diffusion of convection, then back
from convection to diffusion.

Conclusion. This study explored convective mixing in an isothermal
helium-argon-nitrogen system through both experiments and numerical
simulations using ANSYS Fluent. The results showed that the software
could accurately describe the combined mass transfer processes, closely
matching experimental data and proving its reliability for modeling com-
plex multicomponent mixing. The research also provided insights into the
transitions between different types of convective mixing, identifying key
stages such as diffusion, the formation of convective currents, and their
further development. The findings highlight the intricate nature of mass
transfer and demonstrate how ANSYS Fluent effectively captures structur-
al flow patterns, including rising and sinking convective currents. Moreo-
ver, the study confirmed that, with the right initial and boundary conditions,
ANSYS Fluent can account for crucial factors like density gradients, ini-
tial composition, pressure, temperature, and the geometry of the diffusion
channel. This accuracy in reproducing experimental results reinforces its
potential as a valuable tool for studying such processes.

Overall, the approaches and models developed in this work can be ap-
plied to optimize various technological processes involving both convec-
tive and diffusive mass transfer, making them useful for future research
and industrial applications.
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MykamegneHkbi3bl B.', Toenen6eprex A.F.', Ak6epaues B.E.2, AnbTeH6ax X.?
'9n-®apabu atbiHaarbl Kasak ¥nTTelk YHUBepcuTeTi, Anmathl K., KasakcTaH
2AGann aTbiHOarbl Kasak ¥niTblk [Megarorukansik YHuBepcuteTi, Anmatbl K.,
KasakcTaH

3 OT1T10 hoH epuke yHmuBepcuteTi, Maraebypr K., Fepmanus

YL KOMMOHEHTTI TA3 KOCMANAPbIH U3OTEPMUATBIK APANTACTbIPY
KE3IHAEN KOHBEKTUBTI AFbIHOAPAbI KOMMbIOTEPIIK MOOENBAOEY
SOICIMEH TANOAY

TyniHpgeme. Ken KOMMNOHEHTTI ra3 kocnanapbiHaa apanacy pexvMaepiHii anyaH
Typniniri 6ap. XKyMbICTbIH, Heridri MmakcaTbl AN dy3nanbIK XoHe KOHBEKTUBTI pe-
XMMAep apacblHAaFbl LeKkapaHbl aHbIKTay, COHAan-aK maccartacbiMangay npo-
LecTepiHde wWeLlyLli pen aTkapaTblH KOHBEKTUMBTI PEXVUMAi aHbIKTauTbiH napa-
MeTpriepai aHbiKTay. byn 3epTTey YLWKOMMOHEHTTI ra3 KocnanapbiHaa U3oTepmaik
Andy3unsansik TacbiMangayabl 3epTTeyre apHarnfaH ecentey MOAeniH ycbiHaabl.
Tangay COHfbl enwemMaeri Tik LMNMHOPINIK apHaja ywenwemai caHablK MOAEerb-
Aeyai KornpaHa OTbIpbin, yakbIT OoMbiHWA TacbiMangay KoauLUMEHTTEPIHIH
apakaTblHacbliHa GarbiTTanFaH. 3epTTeneTiH XyWeHiH duankanbik napameTpriepiH
Oeny apkbiibl UMAVHOPIIK TiK apHanapAarbl YLWKOMMOHEHTTI ra3 KocnanapbliHbIH
n3otepMAaik anddy3uaneik apanacy npoueci 3epTreni. Hotmxkenep KOMMNOHEHT-
TepaiH anddysnanbik KoadduuneHTTepi canbiCTeipMansl bonaTtbiH Xyrenepae
MexaHuKarnblK Tene-TeHAiK Typakcbi3 ekeHiH kepcetedi. Ouddysma koaddu-
LMEHTTEpPIHAE aiTapnbiKTan arblipMallbinbiK 6onFaH araanoa KOHBEKTUBTI KO3-
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Fanbic nanga 6onybl MymKiH. Bactankbiga 6yn KOHBEKTUBTI aFbiHAAP TOMEH XbiJl-
aamapikneH aamuabl, 6ipak yakbIT eTe Kene onap KypbifbiIMAbIK aFblHAapFa aHa-
nagbl. Ecentey HaTwxkenepi ras kocnanapbliHAaFbl KOHUEHTpaumsaFa 6annaHbICTbI
andbdy3nsa MeH KOHBEKLUS pexnmaepi apacbiHaarbl LekapaHbl aHbIKTayFa yCbl-
HbINIFaH TaCiNai KongaHa OTbIPbIN, SKCMEPUMEHTTIK EPEKTEPMEH XKaKCbl YAneceai.
Tywninai cespep: avddyans, KOHBEKLUS, razgap, KOMNbIOTEPNIK MoAenbaey.

MykamegneHkbi3bl B.', Tonen6epren A.l'.', Ak6epaueB B.E.?, AnbTeH6ax X.?
'Kasaxckuin HaumoHanbHbIi  YHuBepcuteT uM. anb-dGapabu, r. Anmarbl,
KasaxctaH

2Kasaxckmn HaumoHanbHbil  Meparornyeckuin  YHuepcuteT um.  Abas,
r. Anmartbl, KasaxctaH

3 YuueepcuteT um. OTTO (hoH Mepuke, r. Margebypr, Mepmanus

AHAINN3 KOHBEKTMBHbIX MOTOKOB NMPU U3OTEPMUYECKOM
NEPEMELUMBAHUU TPEXKOMMOHEHTHbIX FA30BbIX CMECEW
METOOOM KOMMNbOTEPHOIO MOAENTMPOBAHUA

AHHOTaumsA. B MHOrOKOMMOHEHTHBIX ra3oBbIX CMECHAX CyLlecTByeT 6onbLuoe pas-
HoOGpa3ue pexvmmoB nepemeluvBaHus. KnoyeBow 3agaden sBnseTcs onpee-
neHvie rpaHuubl Mexay AnddY3MOHHBIM Y KOHBEKTUBHBIM PEXNMaMK, a Takke
onpegerneHne napameTpoB, ONPeensiolnX KOHBEKTUBHbLIA PEXUM, KOTOPbIN
urpaeT peLuarLylo porb B Mpoueccax macconepeHoca. B gaHHom uccriegosa-
HUM NpeacTaBrieHa BblYMCIUTENbHAA MOAENb ONA U3YYeHUS U30TEPMUYECKOTO
AndPy3MOHHOro nepeHoca B TPEXKOMIMOHEHTHBIX ra3oBbiX cMecsax. AHanms ¢o-
KyCupyeTCst Ha COOTHOLLEHMN KOA(PULIMEHTOB NepeHoca C TEYEHNEM BPEMEHN C
MCMONb30BaHNEM TPEXMEPHOrO YMCMEHHOTO MOAENUPOBaHWS B BepPTUKANbHOM
LMNMHOPUYECKOM KaHare KOHeYHbIX pa3mepoB. [lyTem pasgeneHus husnyeckmx
napameTpoB UCCreQyemMon CUCTEeMbl MCCMefoBaH MpoLecC M30TEPMUYECKOrO
A y3MOHHOTO NepeMeLLnBaHNS TPEXKOMMOHEHTHBIX Fra30BbIX CMECEN B LIMINH-
OPVYECKNX BepTuKarnbHbIX kaHanax. PesynbTatbl nokasbiBaloT, YTO B cUCTEMAX,
roe koacpduumneHTbl Andpy3mm KOMMNOHEHTOB COMOCTaBNMbI, MEXaHUYECKOe paB-
HOBecCKe HeyCcToM4MBO. B Tex cnyyasx, korga CyLlecTByeT 3Ha4MTenbHasa pasHuua
B koadhpuumeHTax onddysnn, MoxXeT BO3HNKHYTb KOHBEKTUBHOE ABWKeHME. [ep-
BOHa4arnbHO 3TU KOHBEKTUBHbIE MOTOKM Pa3BUBAKOTCS C HU3KMMU CKOPOCTAMM, HO
CO BPEMEHEM OHV MPEBPALLATCA B CTPYKTYPUPOBAHHbIE CTPYKTYpbl. PedynbTatsl
pacyeToB XOPOLLO COrNacyloTCsl C AKCNepUMEHTanbHbIMW OAaHHBIMUW, NMOATBEPX-
Aas NPeAnoXeHHbIM NOAX04 K ONpeaeneHnio rpaHnLbl Mexay pexumamv anddy-
31N 1 KOHBEKLMKN, OBYCNOBNEHHON KOHLIEHTPaLUuen, B ra3oBbIX CMECSX.
KnroueBble cnoBa: auddysuns, KOHBEKLMS, rasbl, KOMMbIOTEPHOE MOLENMPOBa-
Hue.
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TEACHING ENGLISH IN INCLUSIVE EDUCATION

Abstract. Teaching English in an inclusive education setting is a pressing issue
that requires taking into account the students’ diverse needs. The specifics of edu-
cational process organizing for children with special educational needs in learning
a foreign language are examined in this article. Approaches to adapting educa-
tional materials, using differentiated methods, and creating a supportive environ-
ment are analyzed. Particular attention is paid to integrating universal learning
design (UDL) and using modern technologies, such as interactive platforms and
adaptive applications. The article emphasizes the importance of training teachers
who can work effectively in inclusive classrooms, as well as cooperation with par-
ents and specialists. Based on the methodology analysis and practical examples,
recommendations are offered for creating an accessible and effective English lan-
guage teaching system that promotes the language skills and social inclusion de-
velopment. The article is addressed to teachers, researchers, and administrators
of educational institutions seeking to improve inclusive education.

Keywords: inclusive education, universal learning design, adaptation of materi-
als, educational technologies, differentiated methods, social inclusion.

Introduction. Inclusive education is becoming an integral part of the
modern educational system, providing equal opportunities for all students,
including those with special educational needs. Teaching English in such
conditions is a challenge, as it requires not only mastering language skills,
but also taking into account the individual characteristics of each student.
English, as a means of international communication, plays a key role
in social and academic integration. However, traditional approaches to
teaching foreign languages often do not take into account the diversity of
cognitive, physical and emotional students’ needs. In this regard, there is
a need to develop flexible methods that promote effective learning in an
inclusive environment. how to adapt the process of teaching English to be
accessible, motivating and effective for all learners, and also highlights
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the importance of an interdisciplinary approach and the use of modern
educational technology

The aim of the research was to develop recommendations for organiz-
ing effective English language teaching in an inclusive education environ-
ment that promotes the development of students’ language competencies
and social inclusion with special educational needs. To achieve this aim,
the following tasks were set:

1. Analyze existing approaches to teaching English in an inclusive en-
vironment.

2. Explore the possibilities of using universal design for learning (UDL)
in teaching English.

3. Assess the role of educational technologies in adapting the educa-
tional process.

4. Identify key aspects of training teachers to work in inclusive classes.

5. Develop practical recommendations for creating an accessible and
supportive educational environment.

Research methods. The study is based on a qualitative analysis of
scientific literature on inclusive education and foreign language teaching.
Methods of data systematization and generalization were used, includ-
ing a review of international and Russian practices. The work uses an
interdisciplinary approach combining pedagogy, psychology and educa-
tional technologies. An analysis of cases demonstrating the successful
implementation of adapted methods and technologies in inclusive classes
was conducted. Comparative analysis elements were also used to assess
the various approaches effectiveness, such as differentiated learning and
UDL. Data was collected from open sources, including articles, teaching
aids and educational platforms.

The study is based on a qualitative analysis of the scientific literature
on inclusive education and foreign language teaching. For example, Rodri-
guez and Cook highlight the role of interactive platforms such as Quizlet in
adapting learning for students with special needs by increasing materials
accessibility [1]. Kast describes the universal design principles for learning
(UDL), including multiple means of presentation and engagement, which
formed the basis for adapting English lessons [2]. lvanova emphasizes
the need for an interdisciplinary approach in Russian schools, combin-
ing pedagogy and psychology [3]. Petrova points to a lack of training for
teachers for inclusive classes [4]. Johnson demonstrates the effective-
ness of differentiated instruction for motivating students [5].

To test the effectiveness of the proposed approaches, | have devel-
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oped an experiment aimed at introducing adapted methods of teaching
English in an inclusive class. The experiment is conducted in a secondary
comprehensive school with a group of 15 students, including 5 children
with special educational needs (speech, hearing and autism spectrum dis-
orders).

In the first stage, | conducted a diagnostic to determine each student’s
language level and individual needs. Testing was carried out over two
days to avoid overloading the students. | divided the class into two groups
of 7-8 students to provide individual support. For each module, | provided
clear instructions (oral, written and visual), as well as examples of com-
pleting tasks. For students with special needs, | offered a choice of a con-
venient response format, such as written or oral. During the testing, an
assistant was present to help with technical aspects and support students
on the autism spectrum.

After completing the testing, | collected and conducted a quantitative
analysis, which showed that vocabulary was 40% (average result 8/20
points). Students with cognitive difficulties showed below average results
(20-30%).

Listening results (35% (1.75/5 points)) showed that students with hear-
ing impairments had low results (0-20%) without subtitles

Reading results 45% (4.5/10 points). Which means that with adapted
materials, students with visual impairments showed an average result.

Speaking results showed the lowest percentage of 30% (3/10 points),
which means that students with speech impairments and autism spectrum
disorders experienced the greatest difficulties (10-20%).

The answers were assessed according to pre-developed criteria (cor-
rectness, completeness). Each student’s results were converted into per-
centages for standardization (e.g. 8/20 points = 40% for vocabulary). It is
class averages.

For qualitative analysis behavior, | recorded observations of student
behavior, such as anxiety levels, need for additional instructions. This
helped to identify barriers, such as concentration difficulties in students
with autism spectrum disorders.

Based on the results obtained, for each student with special needs,
| compiled a short report describing their results and needs, for example,
“a student with a speech disorder needs pronunciation support.”

Initial testing provided accurate data on the students’ language skills
and learning needs. Adaptation of the instruments ensured accessibility
for all participants, and the combination of quantitative and qualitative data
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helped to develop an individualized curriculum. For example, low speak-
ing results for students with speech impairments prompted me to integrate
speech therapy support, and listening difficulties for students with hearing
impairments prompted me to increase visual materials. These data be-
came the basis for the subsequent experiment and comparison with the
final results.

Practical implementation. Based on the diagnostics, | created a flex-
ible plan for conducting experimental lessons:

1. Multimodal materials (videos with subtitles, interactive cards).

2. Differentiated tasks that take into account the level of preparation
and perception features.

3. Using the Quizlet platform for learning vocabulary with accessibility
settings (e.g. text descriptions of images).

To implement the developed methodology, lessons were held twice a
week. | used group work, individual assignments and technologies such as
interactive whiteboards and applications. Teachers received short training
on inclusive methods to effectively support students. Midterm tests and
observations were conducted monthly to track progress.

To explore the “Daily Routines” topic, | developed a lesson that includ-
ed differentiated tasks that were tailored to all students. The tasks were
implemented according to UDL principles to provide multiple means of
presentation, action, and engagement.

Task 1: vocabulary review (for all students)

The aim: to learn 10 words related to everyday activities (e.g. wake up,
eat breakfast, go to school).

Materials: interactive flashcards on the Quizlet platform with images,
text, and audio recordings of words. Subtitles and text descriptions were
added for students with hearing impairments.

Conducting form: students worked in pairs using Quizlet to memorize
words. Students with speech impairments practiced pronunciation with
the help of audio recordings, and students on the autism spectrum could
choose between visual and text cues.

Adaptation: for a student with hearing impairments, | provided printed
flashcards with large print and visual associations (e.g. a picture of an
alarm clock for “wake up”).

Task 2: group discussion (differentiated)

The aim: write a story about your day using new vocabulary.

Materials: interactive whiteboard with a story template (“In the morn-
ing, I... Then |...”) and visual cues.
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Conducting form: students with advanced skills worked in groups to
write a story about their day. Students with cognitive difficulties used a
template with ready-made phrases and pictures to write a text. A student
with a speech impairment recorded his story using voice input on a tablet
and then played it back to the group.

Adaptation: for a student with an autism spectrum disorder, | provided
the opportunity to work individually with a pre-recorded video of a story
example which was demonstrated by teacher.

Task 3: interactive game (for engagement)

The aim: to consolidate vocabulary through play.

Materials: “Match the Action” game on an interactive whiteboard,
where you need to match words with pictures or actions.

Conducting form: students took turns choosing the correct pairs (e.g.
“eat breakfast” and a picture of food). The game was available in two
modes: with text prompts and with audio for students with different needs.

Adaptation: for students with visual impairments, | added voice instruc-
tions and tactile prompts (e.g. printed cards with texture).

A month into the experiment, | noticed an increase in student engage-
ment: 80% of students actively participated in group assignments, and
students with special needs showed an improvement in vocabulary recall
(an average of 60% over the initial test). Students with speech impair-
ments became more confident in using voice technology, and students
on the autism spectrum began to interact in pairs. Teachers noted that
the adapted materials and training helped them better understand their
students’ the needs.

The experiment of implementing adapted English language teaching
methods in an inclusive classroom lasted three months, and | have com-
pleted data collection to evaluate its effectiveness. | used midterm and
final tests, engagement observations, and surveys of students, teachers,
and parents to analyze progress. The results show significant improve-
ments in language skills, social inclusion, and motivation, although some
aspects require further development.

Results and discussion. The results were collected in three main
areas: language competence, social engagement, and satisfaction of par-
ticipants in the educational process. For objectivity, | compared the initial
and final indicators using adapted tests, as well as qualitative data from
observations and surveys. Below is a table 1 with the main quantitative
results, followed by a detailed description of each indicator.
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Table 1. Quantitative changes in results

Indicator Initial level | Final level | Change |Comments
(average, (average, |(%)
%) %)
Vocabulary 40 78 +35 Students mastered 80%

of the target vocabulary
(topics "Daily Routines",
"Hobbies"). Students
with speech impairments
showed less progress
(+20%)

Listening skills 35 65 +30 Most students improved,
but students with hear-
ing impairments depend-
ed on subtitles.

Reading skills 45 80 +35 Adapted texts (larger
font, simplified phrases)
contributed to progress.
Speaking skills |30 60 +30 Students on the autism
spectrum have begun to
participate in dialogues,
but progress is incon-

sistent.
Social 50 85 +35 80% of students were
engagement actively working in

groups, including chil-
dren with special needs

Students 60 90 +30 Survey showed that
satisfaction students on the autism
spectrum felt more con-
fident and motivated

Teachers 55 25 +30 Teachers noted im-
satisfaction proved interaction with
students after trainings
Parental 50 80 +30 Parents highly appreci-
satisfaction ated the individual ap-

proach and feedback

The initial level of vocabulary (40%) reflected the students’ low knowl-
edge base, especially for those with special needs. The final result (75%)
was achieved through the use of Quizlet with multimodal flashcards and
differentiated tasks. Students with speech impairments showed less pro-
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gress (+20%) due to pronunciation difficulties, which requires additional les-
sons with a speech therapist.

The improvement in listening of +30% is associated with the use of vide-
os with subtitles and audio recordings with clear diction. However, students
with hearing impairments depended on visual cues, indicating the need for
further adaptation of materials.

A significant improvement in reading skills of +35% is due to the use of
adapted texts and visual cues. Students with cognitive difficulties showed
stable progress thanks to templates and teacher support.

An increase of +30% in speaking was noted by most students, espe-
cially in group dialogues. Students with autism spectrum disorder began to
participate in discussions, but their progress was erratic due to emotional
barriers. Voice technology helped students with speech impairments. The
35% increase in social engagement reflects the success of group activities
and games such as Match the Action. 80% of students, including those with
special needs, actively interacted in pairs and groups, which contributed to
their social inclusion.

The survey showed that student satisfaction increased to 90%, with
students feeling comfortable and motivated by the interactive activities and
supportive environment. Children with special needs noted that the adapted
materials helped them “feel like everyone else”. Following training on inclu-
sive methods, 85% of teachers noted improved interaction with students and
confidence in using technology, although some noted a lack of time to pre-
pare materials. Parents (80%) highly appreciated the individual approach,
regular feedback and noticeable progress of their children. Some parents of
children on the autism spectrum asked for more socialization activities.

In addition to the quantitative data, | noted several important trends in
qualitative observation:

Interactive games and group assignments increased interest in lessons.
For example, a student with a hearing impairment who initially avoided com-
munication became a leader in one of the game activities, a result of in-
creased motivation.

Collaboration was improved. Teachers, psychologists, and parents be-
gan to interact more actively, which improved support for students. For
example, a speech therapist helped to adapt assignments for students
with speech impairments. Some students with autism spectrum disorders
periodically lost concentration, which requires additional behavior man-
agement strategies. Teachers also need further training to work with chil-
dren with diverse needs.
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Recommendations. The pilot showed that the use of universal learn-
ing design, differentiated methods and technologies significantly improved
students’ language skills and social inclusion. However, sustainable pro-
gress requires:

1. Additional resources to adapt materials (e.g. more audiovisual aids).

2. Regular training for teachers on how to manage an inclusive class-
room.

3. Individualized support for students with autism spectrum disorders
and speech impairments.

These results will form the basis for further recommendations on scal-
ing the approach in other schools.

Conclusion. The conducted experiment shows that English serves as
an important tool for social and academic integration, but traditional teach-
ing methods often do not meet the students’ diverse needs in an inclu-
sive environment. The experiment showed that an adapted methodology
based on universal design for learning (UDL), differentiated approaches
and modern technologies such as interactive platforms significantly in-
crease the accessibility and effectiveness of learning. The results demon-
strate an improvement in the language skills, motivation and engagement
of students, including those with special educational needs. An interdis-
ciplinary approach combining pedagogy, psychology and technology has
proven its value. However, the inconsistent progress of students with au-
tism spectrum disorders and the teachers’ limited training requires further
work. For sustainable results, it is necessary to increase audiovisual re-
sources, organize regular training for teachers and develop support strat-
egies for students with emotional barriers. The obtained data confirm the
potential of the methodology and create a basis for its implementation in
other schools.

The study’s novelty lies in the comprehensive methodology’s devel-
opment and testing that integrates UDL, technology and an interdiscipli-
nary approach adapted for inclusive classes, taking into account Russian
realities. Unlike traditional approaches that ignore the diversity of needs,
the proposed methodology provides individualized learning, which is con-
firmed by the significant progress of students with speech, hearing and
autism spectrum disorders. The relevance of the study is due to the
growing need for inclusive education, where English plays a key role in
social integration. The problems of teachers’ insufficient training and lim-
ited access to technology, identified during the experiment, emphasize
the need for systemic solutions to ensure equal educational opportunities.
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MHKIMIO3UBTI BINIM BEPYAE AFbIJILWbIH TINIH OKbITY

Tyninaeme. ArbINWbIH TifiH MHKNO3MBTI GiniM 6epy argarbliHAa OKbITY — CTy-
OEHTTepAiH apTypni KaXEeTTINIKTEPIH eckepyai Tanan eTeTiH e3ekTi macerne. Maka-
napa wert TiniH oKy kesiHae epekiue 6inim 6epy KaxeTTinikrepi 6ap 6ananap yLwiH
OKy MpoueciH ymbiIMAacTblpyablH epekweniktepi kapacTbipbinagel. Oky maTe-
pvangapbiH 6eiimaey, capanaHfaH aficTepAi KonaaHy eHe Konannsl opTa Kypy
Tacinaepi TangaHagbl. OM6eban okbITy AnsariHbiH (UDL) eHrizyre xeHe UHTepak-
TMBTI nnatdopmanap MeH 6erimaenreH KocbiMLLAnap CUSKTbl 3amMaHayyn TEXHO-
norvsnapabl navganaHyra epeklwe Hasap aygapbinagbl. Makanaga WHKM3UBTI
CbiHbINTapAa TWiMAi XyMbIC iCTEN anaTbliH MyFanimaepai gaspnayablH, CoHOan-
-aK aTa-aHanapMeH XeHe MamMaHOapMeH e3apa opPeKeTTeCTIKTiH MaHbI3Oblnblfbl
KepceTinreH. 9aicteme MeH Taxipubenik mbicangapabl Tangay HerisiHge Tingik
Oarapinapabl AaMbITyFa XaHe aNeyMeTTIK MHKIIo3WsAFa biknan eTeTiH KormKeTiMai
XKoHe TWiMAi aFbINWbIH TifiH OKbITY XYWECIH Kypy GOMbIHLLIA YCbIHLICTAP YCbIHbI-
nagbl. Makana uHkno3uneTi Ginim 6epyai kakcapTyFa yMTbinaTbiH Negarorrapra,
FbINbIMU KbIBMETKEpriepre XeHe oKy OpblHAapbIHbIH 6aclublnapbiHa apHanfaH.
TyniHai ce3pep: MHkNO3MBTI Giniv 6epy, am6eban Ginim 6epy AnsaiiHbl, maTe-
puangapabl 6erimaey, 6iniv 6epy TexHonorusinapel, capanaHfaH agictep, aney-
METTIK MHKM03US.
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1 KOxHo-KasaxcraHckuin yHusepcuteT M. M. Ayasosa, r. LbiMkeHT, KazakcTaH
2 MapyaHcknin yHusepcuTeT, r. Magys, Utanus

NMPEMNOOABAHUE AHITIUACKOIO A3bIKA B UHKIMIO3MBHOM OEPA30BA-
HUA

AHHoTauwms. NpenogaBaHne aHrMUIACKOrO A3blKa B YCNOBUSX WHKITHO3MBHOMO 06-
pasoBaHusa SIBNSETCS akTyarnbHoW npobnemoii, Tpebytollen ydyeTa pasHoobpas-
HbIX NoTpebHoCcTen yyawmxes. B ctatbe paccmaTtpuBatoTcs 0CO6GEHHOCTM OpraHu-
3auun obpasoBaTenbHOro npolecca Ans getern ¢ ocobbiMn 06pasoBaTenbHbIMU
NOTPEOHOCTAMU NPU U3YHEHUN UHOCTPAHHOMO A3blka. AHANM3MPYTCS NOAXOAbI
K agantauumm yvebGHbIX mMaTepuarnoB, UCMOMb30BaHWIO AUDdEPEHLIMPOBAHHbIX
METOAMK U co3faHuio nopgaepxusatollen cpeabl. Ocoboe BHUMaHWe yaoenseTcs
BHEPEHMIO YHMBEpCcarnbHOro y4ebHoro npoektmposanus (UDL) n ncnonb3oBaHuto
COBPEMEHHbBIX TEXHOMOTNIA, TaKNX Kak WHTEePaKTMBHbIE MraTdopMbl 1 aganTuBs-
Hble NpUNOXeHusa. B ctatbe nogvepknBaeTca BaXKHOCTb MOArOTOBKWU ydYUTENEN,
CMocobHbIX aheKTMBHO paboTaTb B MHKITIO3MBHbLIX Kaccax, a Takke B3anmo-
OEeNCTBUS C poauTensiM1 1 cneumnanuctamu. Ha ocHoBe aHanvsa MeTodonornm u
NpaKkTU4eCcKrX NPMMEepPOB NpeanaratTca pekoMeHAaLumn No co3aaHnio AOCTYNHON
1 3pPEKTMBHOM CUCTEMbI OBYYEHUS AHITIMACKOMY S3bIKY, CMNOCOOCTBYIOLLEN pas-
BUTUIO S13bIKOBbBIX HABBLIKOB W COLManbHOM MHKMO3MK. CTaTbsa agpecoBaHa neja-
roram, Hay4HbIM COTPYAHMKAM U agMUHUCTpaTopaM obpasoBaTenbHbIX yYpexae-
HWUA, CTPEMSLLIMXCH K COBEPLLEHCTBOBAHMIO MHKMO3MBHOIMO 06pa3oBaHus.
KniouyeBble cnoBa: VHKMO3VBHOE 06pa3oBaHue, yHUBepCarbHbI y4ebHbIi au-
3aViH, aganTauusa matepuanos, obpa3oBaTernbHble TexHonorun, auddepeHumnpo-
BaHHblE METO/bI, CoLManbHas MHKIO3NS.
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KOMKA3BAHbI POCIMAEY TANANTAPbI

OKCnepuUMEHTTIK MaKarnaHblH Kenemi — 7-geH 15 GeTke geniH (A4
dopmaTbl), 4-6 cypeT (KecTe); yw Tingeri TyniHgemenepai, kectenepai,
cypeTtTepai, ©aebuettep TidiMiH, ©aebueTTtep Ti3iMiHIH cinTeMenepin,
ABTOpnap Typanbl ManiMeTTepai ecentTeMereHe.

Wony makanacbl — 7-15 6eT, OHbIH iWiHOe TyWiHOEMe, KecTernep,
cypeTTep, opebuettep Ti3imi, oaebmeTTep TisiMiHIH - cinTemenepi,
CypeTTep Hemece KecTenep caHbl 9-gaH acnangbl (3 cypeTr 1 OeTke
ecenTerneai); yw Tingeri aBTopnap Typanbl ManiMeTTep.

Kbickawa xabapnama — TyriHOemernepai, kectenepai, cypeTtTepai,
opebueTTep TidiMiH, o4ebueTTep TidiMiHIH cinTeMenepiH, yw Tingeri
aBTopnap Typanbl ManiMeTTepai KocnafaHga, CcypeTTepai Hemece
KecTenepni (YWTeH acnanTbiH) koca anFaHga 5-9 Ger.

MaeTingik dparngapabl PDF xeHe Word dopmatbiHaa (6.0 »xaHe ogaH

KeuiHri Hyckanapsbl), kapin — Times New Roman, enwemi — 12pt, 1,15
MHTepBanmeH, 6ip 6araHOa yCbIHY KEpEK.

MAKATA XA3Y YNTICI

FTAMA kopgbl (FbinbIMU-TEXHMKANbIK aknapaTTblH MeMiekeTaparnblk
angapbl)

ABTOpnapAbIH Teri MeH aTbI-XeHi— 3 Tinge (ka3ak, opbIC, arFbiSILbIH)
(BipiHwWwici — MaTiHHIH, aBTOpbl, cogaH kehiH GipreckeH aBToprap MeH
FBINbIMW XXETEKLINep);

MekeMeHiH aTaybl, Kanachbl, efli — 3 Tinge (kasak, opbIC, afbIfLLbIH);

130



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

Erep makanaHbiH aBTOpniapbl 8pTypii MekemenepaeH bornca, oHaa ap
hamMUNnsIHBbIH, COHbIHA XKOFapfbl XafFblHa CaH KOMbIHbI3. ©p aBTOPAbIH
YKYMbIC OPHbIH KOPCETIHi3 KaHe TUICTi aBTOPAbIH, )KYMbIC OPHbI aTayblHbIH,
©acbiHa YCTiHri caHabl KOMbIHbI3.

Mebican: A.K. Bepukoe’, C./. Bacunbeg?
"Tay-KkeH ici MHCTUTYTbI, AnMaThl K., KazakctaH
2Akagemuk ©. AcaHanueB aTbiHOaFbl KblpFbl3 Tay-KeH
MeTannyprusanbIk MHCTUTYThI, billkek K., KblpFbl3CTaH

MakanaHbIH TaKbIpbIObl — 3 Tinge (Kasak, opbIC, afbifLbIH);
— BapblHWa KbICKa, aKknapaTTblK, KbICKapTyCbl3 60mybl TUIC;

Tyninpeme: 3 Tinge xasbinagbl (OpbIC, Ka3ak, aFbIfLLbIH):

150-200 ce3neH acnaybl Tvic. (TyniHoeme MadmyHbl: 3epTTey Makca-
Tbl. He ictengi. He Tabbingbl. HoTxenepi HeciMeH MaHbI3apbl, KOngaHy
ascbl, anemae aHanorrapsl 6ap ma);

Tyningi cesnep: 3 Tinge (kasak, opbIC, aFblfLlbIH) Xa3blnaabl — 6ap-
NbIfbl 5-6 Xanfbl3 CO3 XXoHe eKi-yL Ce3 TipKeCiHeH acnanabl;

Makana maTiHi: kKecTenep, cypeTTep, KenTipinreH agebueTtep Tisimi;

Kipicne — coHfbl OHXbINAbIKTapAa OCblFaH yKcac HeMece OfaH XakblH
3epTTeynep XyprisinreH oTaHObIK XoHe LeTenaik XXymbicTapabl MiHOETTI
TYPAE KapacTblpblfiFaH MaCENeHIH, TapuXbIHbIH KbiCKalla Ma3MyHbl.

3epTTeyaiH MaKcaTbl — KbiCKallla cunaTrama.

3epTTey apicTepi — xxaHa aaicTepai enken-Tenkenni cunaTTay Kepek;
aBTOpAbl XoHe/Hemece SAiCTiH aTayblH KepceTe OTbIpbIn, 8aebueTtep Ti-
3iMiHOe BypblIH XXapusnaHrFaH xeHe benrini sgictepre cintTeme xacay XeT-
KiniKTi.

— Kecmenep apab uudpnapbiMeH HeMipreHin, cunatramanblk ataybl
6onybl kepek. Cangblk, enwemaep (bipniktep) 6araH TakblpblObIHA KOChI-
nybl KEpexK.

— Tek eH xakcbl canagarbl cypemmep (rpadukrep, dopmynanap,
cbidbanap oHe T.0.) aHe Typni-TycTi unncTpauusnap 6ackin wheiFa-
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pyFa KabbingaHagpl. CypeTTtepae OHAarbl KECKiHre HaKThl cunatTtama Ge-
peTiH KbiCKkalla TakblpbinTap 6onybl kepek. CypeTTepaiH TakbipbinTapbl
unncTpaumsanapsa opHanactbelpbiiMaybl kepek. ['padumka TypiHe Kapa-
MacTaH, cbidbanap AwvmiHe 600 HyKTegeH TeMeH emec XOofapbl axbl-
paTtbiMabinbikka ne 6onybl kepek. CypeTTepaiH Makcumangbl mesnwepi
120 x 210 mMm. ¥CbIHbINFaH canachbl3 rpadmkanbik MaTepuangapfra pegak-
ums xxapwvsinay KesiHge xxayan 6epmengi.

3epTTey HOTMXKerepi — Heri3ri TEOPUAIbIK XXoHe 3KCMEPUMEHTTIK Ho-
TWXernep, HaKkTbl AepekTep, aHblKTanfaH KaTblHacTap MeH 3aH4blibiKTap
KenTipineai. byn xarganga xxaHa HaTuxenepre, MaHbI3abl XaHanblKTapra,
KOngaHbICTarbl Teopuanapabl XOKKa LublFapaTbiH Ty KblpbiIMOapfa, COH-
Oan-ak npakTuKanblk MaHbl3bl 6ap ManiMeTTepre apThiKWbINbIK Oepineai.

HaTtuxenepai Tankbinay — y3aik oTaHAbIK XeHe anemMik aHanortap-
MEH canbICTbIpy Xyprisineai. 3epTreyaiH nikipTanac caTTepi oHe onapabl
Lewyre gereH keskapacbiHbl3 cunatranagbl.

KopbITbIHAbLI — XXYMbICTbIH KOPbITbIHABICHIH LUbIFAPY, 3€PTTEYAiH >a-
HanbIFbl MEH ©3EKTINIriH Heri3gey, anbiHFaH HOTWDKeENepai KongaHy 6onbIH-
LA yCbIHbICTaPp.

3epTTeynepai KapXbinaHabIpy Ke3i — BeAoMCcTBONap, kopnap, xeke
agampap eHe T.6. MNManganaHbinFaH agebueTTep TidiMiHiH anabiHa Kombl-
nybl kepek. KapkblnaHablpyLbl yibiIMAapAblH atayiapbl TOMbIK Xa3blnybl
Tuic.

Anfbic — femeywlinepre, fbifbIMK XeTeKLwinepre, Xymbicka 6encexgi
KaTbICKaH agamMmaapra xaHe T. 6.

opebueTTep Ti3imi — MaTiHAEri cinTemenep onapabl ecke Tycipy pe-
TiMmeH ecy 6onbiHWa HemiprieHeai. YKapusnaHeiMm Typanbl bubnunorpadus-
nblk manimettep 7.1-2003 MEMCT-Ha cankec pacimaeneni. Ogebuetrep
Ti3iMiH pacimgey ynrici )XypHanablH, vestnik.nauka.kz cantelHaa yCbIHbIN-
FaH. ©OpgebueTTep TidiMiHE HOPMATMBTIK KyXaTTap, CTaTUCTUKanbIK >KU-
HaKTap, raseTTepieH anbiHFaH makananap kipmeldi. Onap meTiHae ai-
ThIflFAHHAH KeWiH aklwara anbiHagbl. WHTepHeT-canTTapfa cintemenep
7.5-98 MEMCT-ka cankec xyprisineai.
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©3iHe-e3i cinTeme xkacay xannbl TidiMHiH 20-30%-HaH acnaybl Kepek.
10-15 xbIngaH acnanTblH, acipece kongaHbansl cunatTarbl Makananapra
apHanfaH aaebu ke3gep TisiMHIH egayip 6eniriH Kypaybl Kepek.

References — (©Oaebuetrep TidimiH TpaHcnuTepauusanay) — 7.79-
2000 MEMCT-ka calikec pacimaenesi xeHe pegakuns TanantapbiHa Con-
KeC opHanacTblpbiaabl.

ABTopnap Typanbl manimetrtep 3 Tinge (Kkasak, OpbIC, aFblSLLbIH)
Xasbinagbl.

— Teri, aTbl, 9KeCiHiH aTbl (6ap 6onca), FbinbIMK aTarbl/Aapexeci,

— aBTOpriapdblH, 8PKaNCbICBIHbIH XYMbICbIHA KOCKaH yreci — akcne-
PYMEHT, OepeKkTepai eHaey, Tankbinay, Komkasba gavibiHgay, agebuet
i3gey, 3epTTey xaHe T. O.

— OQMNEeKTPOHAbIK noLiTa.
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TPEBOBAHUA K O®OPMJIEHUIO PYKOIMNNCU

OKcnepumeHTanbHas ctatbn — OT 7 A0 15 ctpanuy (dopmat A4),
4-6 pucyHkoB (Tabnuuy), He cunTas aHHoTaumu, Tabnuubl, pucyHkm, Cnmcok
nutepatypsl, References cnucka nutepatypsbl, CBegeHns o6 aBTopax Ha
Tpex A3blKax.

O630pHasa cratbu — 7-15 cTpaHuL, BKIOYasa aHHOTaUMKW, Tabnuubl,
pucyHkn, Cnmcok nutepatypbl, References cnucka nutepaTypbl,
KONMMYECTBO PUCYHKOB UIn Tabnuu He 6onee 9 (3 pucyHka cumTaroTcs 3a
1 cTpaHuuy); CBeaeHnst 06 aBTopax Ha Tpex si3blKax.

KpaTkoe coobLyeHune — 5-9 cTpaHuu, BKMOYas pUCYHKM Unv Tabnumubl
(He Gonblue Tpex), He cuMTas aHHoTaumu, Tabnuubl, pucyHku, Cnmcok
nutepatypsl, References cnucka nutepatypbl, CBegeHns o6 aBTopax Ha
Tpex si3blKax.

TekcToBble Ghannbl criegyeT npenctasndate B oopmate PDF n Word
(Bepcum 6.0 n 6onee nosgHue), wpndT — Times New Roman, pasvep —
12pt, IHTepBan - 1,15, B 0OQHY KOMOHKY.

LWABN1OH HANMUCAHUA CTATbHU

kog MPHTWU (MexrocyaapCTBeHHbIN pybpukaTop Hay4yHo-
TEXHUYECKon nHPopmaLmm)

damunma v MHULMaNbl aBTOPOB — Ha 3-X fA3blkax (Ka3axckum,
PYCCKUIN, aHrMUNCKNA) (NepBbIi — aBTOP TEKCTa, 3aTEM COaBTOPbl U
Hay4Hble PyKOBOAMUTENMN);

HanmeHoBaHue mecta paboTtbl, ropoa, cTpaHa — Ha 3-X A3blkax
(ka3axcKui, PyCCKUIN, aHITIMACKNIA);
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Ecnn aBTOpbl cTaTbM M3 pasHbIX YYpexOoeHWn, TO B KOHUE Kaxaowu
damnnnm NocTaBuUTb HAACTPOYHYH LUGPY, COOTBETCTBYHOLLYIO MECTY
paboTbl. Hwxke ykasaTb mecTo paboThl kKaXgoro aBTopa U NocTaBuUTb
HaACTPOYHYIO LUMdPY B Havane HaMMeHoBaHus Mmecta paboThbl.

lMpumep: Bepukoe A.K.", Bacunsee C.HN.?
"MHCTUTYT ropHoro aena, r. Anmartbl, KazaxctaH
2 Kblprbl3CKuUil FOPHO-MeTannypruyeckmin MHCTUTYT M. Akagemuka Y.
AcaHanuesa,
r. buwkek, KelprelactaH

3arnaBue ctaTbU — Ha 3-X sA3blkax (Ka3axCKuUM, PYCCKUA, aHTNIMNCKNIA);
- OOIMKHO ObITb MakcuManbHO KpaTkuMm, wHbDOpMaTuBHbIM, 0e3
COKpaLLeHNiA;

AHHOTaumA: nuweTca Ha 3-X 43blkax (PYyCCKUA, KasaxCKuw,
AHITIMNCKUR):

He 6onee 150-250 cnos. (CooepxaHve aHHoTauumu: Llenb
nccrnegoBaHuin. Yto cgenaHo. Yto obHapyxeHo. YeM BaxkHbl pe3yrnbTaThl,
O6nacTb npumeHeHus, EcTb nn aHanorn B Mupe);

KnrouyeBble crnoBa: nuwytca Ha 3-x A3blkaxX (Ka3axCKUMW, PYCCKUW,
aHIMUACKMIN) — BCero 5-6 OAMHOYHBIX crnoBa M He Oornee OBYX-TPEX
CNoBOCOYETaHNI;

TekcT cTaTbu: BKIOYaeT TabnmUbl, PUCYHKM, CMIMCOK LMTUPOBaHHOM
nuTepaTypbl;

BeepeHne — KpaTKoe U3IroXeHne NCTopumn Bonpoca ¢ pacCMOTPEHNEM
OTE€YEeCTBEHHbIX U 3apy66)KHbIX pa60T, B KOTOPbIX aHanornyHble wunm
O6nu3skue nccregoBaHus yXe npoBoauIiCb 3a nocriegHne OeCATUNeTUd;

Llenb nccnegoBanus — KpaTKoe onmcaHue;

MeToabl uccnegoBaHna — cneanyeTt getalibHO ONMUCbiBaTb HOBbIE
MeTodbl; Ha paHee 0ﬂy6ﬂMKOBaHHbIe N oOLen3BecTHble MeToabl
OO0CTaTO4HO COCnaTbCA B CNUCKE INnuUTepaTtypbl, yKa3aB aBTOpa n/vnn

Ha3BaHWE MEeTOAa;
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— Tabnuybl [OMKHBbI ObITb NPOHYMEpPOBaHbl apabckumm umudpamm
N UMeTb onucaTenbHOe HasBaHue. YWCreHHble U3MeEpeHUs (eauHULbI)
[OIMKHbI ObITb BKIMOYEHbI B 3aronoBok cTtonbua.

— PucyHku (rpadvky, YepTexun 1 Mp.) U UBETHbIE MAMCTPaLun npu-
HMMAOTCS K MeyaTtu, TONbKO B NyyLleM KadecTBe. PUCYHKN OMMKHBI UMETb
KpaTKve 3arofioBky, AatoLme TOHHOE OnmncaHne K M306pakeHnto Ha puUCyH-
Kax. 3arofoBKN PUCYHKOB He OOMMKHbI pasMeLlaTbCa Ha UNMiCcTpaumsx.
HesaBuncrMo OT Tuna rpadmkmn, PUCYHKM AOMKHbI 06nagaTth BbICOKMM pas-
peLueHneM, He Hmke 600 Tovek Ha atovM. MakcmanbHbIN pasmep pUCyH-
koB 120 x 210 mMm. 3a npefocTaBneHHbIE HE KAYECTBEHHbIE rpadnyeckme
mMaTepuansl, Npy Nyénvkaumm pegakuns OTBETCTBEHHOCTM HE HECET.

Pe3synbTaTbl MCcCnegoBaHUA — MPUBOAATCA OCHOBHblE TEOpeTUYe-
CKME W SKCMepUMeHTarnbHble pe3ynbTaThl, PakTudeckue AaHHble, oBHa-
PY)XEHHbIE B3aMMOCBA3N 1 3aKOHOMepHOCTU. Mpu aToM oTaaeTcs npea-
MOYTEHME HOBbIM Pe3ynbTaTam, BaXKHbIM OTKPLITUAM, BbIBOAAM, KOTOPbIE
OMpPOBEPratoT CYLLIECTBYIOLLIME TEOPUN, @ TAKKE AaHHbIM, UMEIOLLIMM MpaK-
TUYeCcKoe 3Ha4eHue.

O6cyxaeHne pe3ynbLTaTOB — MNPOV3BOANUTCS COMOCTaBIIEHNE C fTyM-
UMMM OTEYECTBEHHbIMU 1 MUPOBLIMU aHanoramu. OnNMUCcbLIBaKTCA ANCKYC-
CMOHHbIE MOMEHTbI UCCIEeA0BaHUs, U Ballie BUAEHWUE VX pas3peLleHus.

BbiBOA — noaeeneHve utoros pabotbl, 060CHOBaHME HOBU3HbI U aK-
TyarnbHOCTU UCCriefoBaHUs, pekoMeHaaL MM no NPUMEHEHNIO NONMYyYEHHbIX
pe3ynbTaToB.

UcTouHmk dmHaHCMpoBaHUs UccrneaoBaHUM — BeAOMCTBA, POHAbI,
oTOenbHble NMOAN U T.4. OOIMKHbI BblTb MOMELLEHbl Nepes CrMCKOM UC-
nonb3oBaHHON NuTepaTypbl. HaMmeHoBaHNA (OMHAHCUPYIOLLMX OpraHn3a-
LU OOMKHbI BbITb HAaNMCaHbl MONTHOCTLIO.

BnarogapHocTb — BblpaxaeTcs GnarogapHOCTb CrOHCOpaMm, Hayud-
HbIM pyKOBOOUTENAM, NnnuaMm, NpUHUMaBLLINM OeATeribHoe yd4acTue B pa-
6oT1e 1 np.

Cnucok nuTepaTypbl — CChIJIKU B TEKCTE HYMEPYIOTCS MO BO3pacTa-
HYIO B NOPSIAKE UX yNoMuHaHus. Bubnuorpaduyeckue ceegeHms o nyonm-
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Kaumm odopmnstotca cornacHo FOCT 7.1-2003. B cnvcok nutepatypbl
He 8KJ1H0HYarmMCcsi HOPMATUBHbIE IOKYMEHTbI, CTaTUCTUYECKME COOPHMKN,
cTaTby M3 ras3et, Tak Kak Ux ohopMIsT B KPyrfble CKOOKM nocre yno-
MWHaHKSA B TekcTe. CCbINKM Ha MHTEPHET-CalThbl MPOU3BOAATCS COrnacHo
FOCT 7.5-98, npegnodteHne OTAAETCHA ANEKTPOHHBIM XypHanam.

CamoyumupoesaHue He [OmkHO npeBbiwaTth 20-30% oT obuero cnu-
cka. JlutepatypHble NCTOYHMKM OaBHOCTbIO He 6ornee 10-15 neT gOMmKHbI
COCTaBMATb 3HAYMTENMbHYH 4acTb CrMcKa, 0COGEHHO Ans cTaten npu-
KrnagHoro xapakrtepa.

References — (TpaHcnutepauna Cnucka nutepatypbl) — oopm-
ngaetca cornacHo MOCT 7.79-2000 n pasmellaeTcsi B COOTBETCTBME C
TpeboBaHUAMN peaakumu.

CBepeHus 06 aBTOpax Ha 3-X A3bIKaX (Ka3axCKUNM, PYCCKUIA, aHrNnii-
CKUR):

- hammnus, UMsi 1 OTYECTBO MOJSTHOCTLHIO (ECNN ECTb),

- Hay4Has cTeneHb/3BaHne,

- MecTO paboTbl aBTOpa

- BKnag B paboTy kaxgoro u3 aBTopoB — JkcnepumeHT, ObpaboTka
OanHbix, Obcyxaenne, MNogrotoBka Pykonuck, Mowck Nntepatypel, Vc-
crnefoBaHns v np.

- ArIeKTPOHHAas no4ta.
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