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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
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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

16



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

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”

18



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

References

1 Schiffer H.W., WEC energy policy scenarios to 2050. Energy Policy, 2008. 36(7):

p. 2464-2470.

2 Kashyap D.R., Dadhich K.S., and Sharma S.K. Biomethanation under

psychrophilic conditions: a review. Bioresource Technology, 2003. 87(2): p. 147-

153.

3 lea I. International energy agency. key world energy statistics. Key World Energy

Statistics, 2015.

4 Pachauri R. K. and A. Reisinger. IPCC fourth assessment report. IPCC, Geneva,

2007. 2007: p. 044023.

5 Chen L., et al. Strategies to achieve a carbon neutral society: a review.

Environmental Chemistry Letters, 2022. 20(4): p. 2277-2310.

6 Oehlmann J., Schulte-Oehlmann U., Kloas W., Jagnytsch O., Lutz I., Kusk K.O.,

Wollenberger L., Santos E.M., Paull G.C., Van Look KJ.W., Tyler C.R. 2009. A

critical analysis of the biological impacts of plasticizers on wildlife. Philos. Trans.

R. Soc. London 364, 2047-2062. https://doi.org/10.1098/rstb.2008.0242.

7 Pan D., Su F, Liu C., Guo Z., 2020. Research progress for plastic waste

management and manufacture of value-added products. Adv. Compos. Hybrid

Mater. 3, 443-461. https://doi.org/10.1007/s42114-020-00190-0.

8 Sims REH and Bassam N.E., Chapter 1 - Biomass and Resources, in Bioenergy

Options for a Cleaner Environment, REH Sims, Editor. 2004, Elsevier: Oxford. p.

1-28.

9 Nowak J., et al., Composite structure of wood cells in petrified wood. Materials

Science and Engineering: C, 2005. 25(2): p. 119-130.

10 Parawira W., et al., Energy production from agricultural residues: High methane

yields in pilot-scale two-stage anaerobic digestion. Biomass and Bioenergy, 2008.

32(1): p. 44-50.

11 Tyagi V. K. and S.-L. Lo, Sludge: A waste or renewable source for energy and

resource recovery? Renewable and Sustainable Energy Reviews, 2013. 25: p.

708-728.

12 Cavinato C., et al., Thermophilic anaerobic co-digestion of cattle manure with

agro-wastes and energy crops: Comparison of pilot and full scale experiences.

Bioresource Technology, 2010. 101(2): p. 545-550.

13 Kacprzak A., Krzystek L., and Ledakowicz S., Co-digestion of agricultural and

industrial wastes. 2010. 64(2): p. 127-131.

14 Callaghan F. J., et al., Continuous co-digestion of cattle slurry with fruit and

vegetable wastes and chicken manure. Biomass and Bioenergy, 2002. 22(1): p.

71-77.

15 Muradin M. and Foltynowicz Z. Potential for Producing Biogas from Agricultural

Waste in Rural Plants in Poland. Sustainability, 2014. 6, 5065-5074 DOI: 10.3390/

su6085065.

16 Xia A., Cheng J., Lin R., Lu H., Zhou J., Cen K. Comparison in dark hydrogen

fermentation followed by photo hydrogen fermentation and methanogenesis
19



buomexHornoauu u xumu4deckue mexHosioauu

between protein and carbohydrate compositions in Nannochloropsis oceanica
biomass. Bioresour. Technol. 2013, 138, 204-213. https://doi.org/10.1016/j.
biortech.2013.03.171.

17 Khan S. Biodegradation of polyester polyurethane by Aspergillus tubingensis /
S. Khan, S. Nadir, ZU Shah [et al.] // Environmental Pollution. — 2017. — Vol. 225.
— P. 469-480

18 Porous carbon materials based on carbon-containing raw materials of
Kazakhstan. Monograph / Kazankapova M.K., Ermagambet B.T., Kasenov B.K.,
Nauryzbaeva A.T., Kasenova Zh.M., Kemelova B.A. - Nur-Sultan: LLP “Institute of
Coal Chemistry and Technology”, 2020. - 323 p.

19 Shuvalov Yu.V. Justification of rational technologies for obtaining fuel and
energy raw materials based on solid combustible carbon-containing waste [Text]
/ Yu.V. Shuvalov, Yu.D. Tarasov, A.N. Nikulin // Mining information and analytical
bulletin. - No. 8. - 2011. - P. 243-247.

20 Marreiro HMP, et al. Empirical Studies on Biomass Briquette Production: A
Literature Review. Energies, 2021. 14, DOI: 10.3390/en14248320.

21 Muazu R.I. and. Stegemann J.A. Effects of operating variables on durability of
fuel briquettes from rice husks and corn cobs. Fuel Processing Technology, 2015.
133: p. 137-145.

22 Kaliyan N. and Morey R.V., Natural binders and solid bridge type binding
mechanisms in briquettes and pellets made from corn stover and switchgrass.
Bioresource Technology, 2010. 101(3): p. 1082-1090.

23 Ververis C., et al., Cellulose, hemicelluloses, lignin and ash content of
some organic materials and their suitability for use as paper pulp supplements.
Bioresource Technology, 2007. 98(2): p. 296-301.

24 Pugach L.1., Serant FA, Serant D.F. Alternative energy — renewable sources,
use of biomass, thermochemical preparation, environmental safety / Modern
energy technologies. Proceedings of COTES. Issue 1. — Novosibirsk. Publishing
house of NSTU, 2006. — 347 p.

25 Correla J., Toledo J.M., Aznar M. P. Improved the modeling of the kinetics of the
catalytic tar elimination in biomass gasification. Industrial &Engineering Chemistry
Research. 2002; 41:3351-6.

26 Pérez P, Aznar P.M., Caballero M.A., Gil J., Martin J.A., Corella J. Hot gas
cleaning and upgrading with a calcined dolomite located downstream a biomass
fluidized bed gasifier operating with steam-oxygen mixtures. Energy & Fuels.
1997; 11: 1194-203.

27 Dasappa S., Paul P., Mukunda H., Rajan N, Sridhar G. and Sridhar H., Curr.
Sci., 2004, 87, 908-916.

20



Hoeocmu Hayku KasaxcmaHa. Ne 2(165). 2025

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,
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2Konnemx XUMUA U XUMUYECKOW UHXeHepun, CraHbCKUA YHUBEPCUTET HayKu U
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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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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

35



buomexHornoauu u xumu4deckue mexHosioauu

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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