Zarina Askarbekovna Satbayeva — PhD, Science Professor, Research School of Physical and
Chemical Sciences, Shakarim University, Semey, Leading Researcher, PlasmaScience LLP; e-mail:
satbaeva.z@mail.ru. ORCID: https://orcid.org/0000-0001-7161-2686.

Rauan Sabyrbekovna Kozhanova — Doctoral student of the Shakarim University, Senior Researcher,
PlasmaScience LLP; e-mail: kozhanovars@yandex.kz. ORCID: https://orcid.org/0000-0002-5879-3002.

Daryn Rashiduly Baizhan — Doctoral student of the Shakarim University; e-mail:
daryn.baizhan@mail.ru. ORCID: https://orcid.org/0000-0002-5879-3002.

Anuar Sayatbekovich Rustemov — student of the specialty «Technical Physics», VKTU named after
D. Serikbaev, Engineer of TOO «PlasmaScience»; e-mail: anuarrustemovv05@gmail.com.

Pedakuusira eHyi 05.06.2025
©HOeydeH keliH mycyi 06.10.2025
XKapusinayra kabbindaHobi 07.10.2025

https:/doi.org/10.53360/2788-7995-2025-4(20)-72 @) ey a0 |

W) Check for updates

IRSTI: 53.01.91

A.Z. Mutushev®?, A.B. Seisenova®?, 0.S. Kapizov!?3, D.K. Mukhanov*% J.M. Gonzalez-Leal®
1Scientific Center for New Technologies,
Almaty, Al-Farabi 7k, Nurly Tau Business Center, Block 5A, 334b, 050059, Kazakhstan
2Department of Chemistry, Chemical Technology and Ecology,
Almaty Technological University; Almaty, Tole bi st., 100, 050012, Kazakhstan
SAlAkSan,
Al-Farabi 7k, Nurly Tau Business Center, Block 5A, 334b, 050059, Kazakhstan
“4Center for Advanced Science and Technology,
Akkainar Village, Zhambyl District, Almaty Region, Suranshy Batyr Street, 26, 040602, Kazakhstan
SAl-Farabi Kazakh National University,
71 al-Farabi Avenue, Almaty, 050040
®Universuty of Cadiz,
11510-Puerto Real, Cadiz, Spain
*e-mail: dd_511@mail.ru ;

PROCESSING OF AGRICULTURAL AND FOOD BIOWASTE BY PYROLYSIS:
COMPOSITION, PREPARATION, AND APPLICATION PROSPECTS

Abstract: In the context of the increasing accumulation of agricultural and food bio-waste (grain husks,
straw, corn stalks, etc.), the development of efficient and environmentally safe processing technologies is a
highly relevant task. The study analyzes modern methods of biomass utilization, including composting,
anaerobic digestion, biopolymer production, and the manufacture of construction materials. Pyrolysis has been
selected as the primary processing technology, as it enables the production of a wide range of products —
biochar, liquid and gaseous fuels — that can be potentially applied in agriculture, energy, and industry. The
chemical composition of the initial bio-waste (cellulose, lignin, ash-forming elements) is characterized, and the
methods of their preparation (drying, grinding, pretreatment) are discussed. The results of laboratory studies
are presented, confirming the effectiveness of pyrolysis in producing valuable products. A comparative
assessment with existing analogues has been carried out, along with an analysis of the environmental benefits
(reduction of CO, and CH, emissions, decrease in landfilled waste volumes) and an economic evaluation of
the prospects for industrial implementation. It is shown that bio-waste processing by pyrolysis has high
practical significance for addressing resource conservation and environmental protection challenges. The
study demonstrates the potential applications of the obtained products as organic fertilizers, energy sources,
sorbents, and components of construction materials. Promising directions for further research are identified,
including combined processing technologies and the expansion of the spectrum of target products.

Key words: biowaste, pyrolysis, biochar, renewable resources, recycling, eco-technologies, sustainable
development.

1. Introduction
Modern agriculture and the food industry generate vast amounts of biowaste each year,
primarily in the form of plant residues such as straw, cereal husks, corn stalks, sunflower husks, and
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organic food waste. According to FAO estimates, the global volume of agricultural and food waste
exceeds 1.3 billion tons annually — about one-third of all food produced [1]. If not properly utilized,
this waste becomes a source of serious environmental problems. Uncontrolled decomposition
releases greenhouse gases (CO,, CH,4, N,O), while uncontrolled disposal pollutes soil and water [2].
In many developing countries, open burning of agricultural residues remains a common practice,
releasing fine particles and toxic compounds that degrade air quality and harm public health
[3].Despite the considerable potential of biowaste as a feedstock for energy, organic fertilizers,
sorbents, and advanced biomaterials, much of it is still managed inefficiently. Therefore, the
development of integrated processing technologies is a key priority in the context of sustainable
development, circular economy strategies, and reducing environmental impacts [4].

Agricultural biowaste generation is directly tied to the scale of crop production. For instance,
cereal cultivation produces large amounts of by-products: on average, up to 1.3-1.5 tons of straw
and husks per ton of grain. Globally, wheat straw accounts for more than 700 million tons annually,
corn stalks nearly 1 billion tons, and rice husks over 150 million tons. Kazakhstan, like other
agriculture-based economies, faces this challenge acutely. Millions of tons of straw, husks, and
stalks are generated annually during crop cultivation and processing. Yet, most of this biomass is
either burned or landfilled, representing not only an environmental burden but also a missed
opportunity to generate energy, fertilizers, and value-added products [5].

The dominant disposal practices — burning and landfilling — intensify environmental risks.
Burning straw, husks, and corn stalks is inexpensive but releases CO,, CH,, N,O, and particulate
matter (PM,.s, PM;,), degrading both air quality and human health. Landfilling, in turn, causes
anaerobic decomposition of biomass, releasing methane — a greenhouse gas 25 times more potent
than CO, — while also creating risks of pathogen spread, soil contamination, and surface water
pollution [6].

These drawbacks highlight the urgency of environmentally safe and resource-efficient
solutions. Over recent decades, several biowaste processing technologies have been developed.
Composting remains the most widely applied method, producing organic fertilizers and improving
soll fertility, although it requires significant land and long processing times. Biogas and bioethanol
production through fermentation offer dual benefits of waste utilization and renewable energy
generation; in countries like Germany, China, and India, biogas plants have become integral to rural
energy systems. Thermochemical conversion (pyrolysis, gasification, hydrothermal carbonization)
shows promise in producing biofuels, biochar, and chemical intermediates, but high capital costs
and energy demands hinder large-scale adoption [7].

Beyond energy, agricultural residues are increasingly explored as feedstock for new
materials. Biopolymers such as PLA and PHA can be synthesized from starch-rich waste, offering
biodegradable alternatives to petroleum-based plastics. Rice husks, corn stalks, and straw are used
as fillers in lightweight construction composites [8], while pyrolysis products like ash and biochar
serve as efficient sorbents for water and air purification. In animal husbandry, processed residues
can even be converted into protein- and micronutrient-enriched feed additives [24 9]. These
applications align with circular economy principles and open new market opportunities.

Nevertheless, widespread industrial implementation remains limited. Biowaste processing
methods are often constrained by high energy inputs, expensive equipment, and the need for
extensive pretreatment (e.g., grinding, hydrolysis, fermentation), which increase production costs
[10]. Profitability is heavily scale-dependent, and at smaller volumes, operations are often unviable
due to unstable markets and competition with conventional fuels and materials [11]. Logistics also
poses a barrier: seasonal availability, bulky biomass, and high transportation costs complicate
collection and storage. Moreover, insufficient government support — particularly in the form of
subsidies, tax incentives, or concessional loans — slows technology adoption in many developing
regions [12].

International experience illustrates both progress and persisting challenges. In the EU and
North America, large-scale composting and biogas systems are widely adopted, combining effective
waste management with renewable energy generation. In China and India, abundant feedstock
availability and strong policy support have spurred bioethanol and biogas projects [13]. Yet, research
still shows gaps: most studies emphasize single technologies rather than integrated systems capable
of producing multiple value-added products from one feedstock. Additionally, challenges remain in
integrating new biobased products, such as biodegradable plastics, into existing industrial and
consumer markets due to higher costs and performance limitations. A striking imbalance also

ISSN 2788-7995 (Print) [IIokopiM yHHBEpCUTETiHIH Xabapubichl. TexHuKanbIK FeutbiMaap Ne 4(20) 2025 616
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 4(20) 2025



persists: while developed countries are advancing in biowaste valorization, developing regions —
despite generating enormous waste volumes — lack the infrastructure and investment needed for
efficient utilization [12].

In summary, global experience demonstrates a wide range of solutions, from traditional
composting to advanced biofuel and biomaterial production. However, none of the existing
approaches is yet universal. Addressing biowaste challenges requires the development of
integrated, resource-efficient, and economically viable technologies adapted to regional conditions.

2. Materials and Methods

2.1. Characteristics of the Initial Biowaste

The raw materials used in this study included the most common types of agricultural biowaste
— cereal straw, corn stalks and cobs, as well as rice and sunflower husks. Their chemical composition
is mainly represented by cellulose, hemicelluloses, lignin, extractives, proteins, and mineral ash.

The cellulose content in materials such as wheat straw, corn stalks, and cereal husks typically
ranges from 35-45%, hemicelluloses from 20-30%, and lignin from 10-20%. The ash content of
agricultural residues varies between 5-15%, depending on the type of crop and growing conditions
[14]. The protein fraction in plant residues is relatively low — ranging from 2 to 6%; however, in
sunflower husks and certain other crops, it can be higher.

A key feature of agri-biowaste is its high structural heterogeneity and variability in composition,
which complicates processing and necessitates preliminary feedstock preparation. For instance,
straw is characterized by a high content of silica and ash, which reduces its suitability for biofuel
production without specialized treatment methods. Rice husks contain up to 15-20% silicon dioxide,
making them a promising raw material for producing sorbents and construction materials.

Thus, understanding the chemical composition and specific characteristics of biowaste is
crucial for selecting and optimizing processing technologies.

2.2. Feedstock Preparation Methods

The composition and preparation of feedstock play a crucial role in determining both the yield
and the physicochemical properties of pyrolysis products — biochar, bio-oil, and syngas. The
efficiency of the process depends not only on the chemical composition of the biomass but also on
the method of its pretreatment prior to thermal conversion.

In this study, biowaste underwent a series of standard pretreatment steps, including drying,
grinding, and preliminary cleaning, to ensure stable feedstock quality and efficient conversion (Table
1). Drying reduces the moisture content to below 10-15%, minimizing energy losses during pyrolysis
and increasing the yield of condensable vapors (bio-oil). Excess moisture promotes the formation of
water vapor, which can dilute volatile products and decrease the oil yield.

Table 1 — Main Stages of Biowaste Preparation and Processing

Stage Conditions/methods Aim
. Convection drying chamber, 60-70°C, to <10% Prg\_/ents _ml_croblologlcal degradation,
Drying moisture facilitates grinding, and preserves cellulose
and hemicelluloses.
Crushing Crushing to 2-5 mm fractions (hammer and disc | Increases specific surface area and reactivity

crushers) during hydrolysis, pyrolysis, and fermentation.
Alkaline (NaOH, Ca(OH),) — removal of lignin and
hemicelluloses * Steam explosion — disintegration of | Increases cellulose availability, reduces
cell walls + Biological (cellulose-degrading | energy consumption, and increases porosity.
microorganisms, enzymes) — gentle destruction

Pre-treatment

Pyrolysis Produces three products: ¢ Solid residue
(main 400-600°C, anoxic/low-oxygen environment. (biochar, sorption material) * Liquid products
technology) (pyrolysis oil) » Gases (CO, CO,, H,, CH,)

Grinding increases surface area and homogenizes patrticle size, improving heat transfer and
ensuring more uniform pyrolysis; smaller particles tend to produce higher bio-oil yields, whereas
larger particles typically generate more biochar due to limited internal heating. Pretreatment such as
washing, acid or alkaline treatment, and catalyst impregnation can modify the mineral and organic
composition of the feedstock. For example, alkaline pretreatment removes inorganic impurities that
catalyze secondary cracking, thereby improving oil quality, while the addition of metal salts or clays
can promote gas formation or regulate the porosity of biochar.
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The intrinsic composition of biomass feedstock plays a decisive role in determining the
distribution of pyrolysis products. Materials with a high lignin content (e.g., woody biomass) typically
produce greater yields of biochar with high aromatic carbon and fixed carbon contents, making it
suitable for applications such as sorbents and soil conditioners. Biomass with high cellulose and
hemicellulose content (e.g., agricultural residues) generally yields more bio-oil, although with higher
oxygen content and acidity, requiring additional upgrading prior to its use as a fuel. Feedstocks
containing high ash levels (e.g., food waste or manure) promote catalytic cracking and gasification
reactions, thereby increasing syngas production while lowering the yield of liquid fuels.

Under optimized laboratory conditions (Fig. 1), using a tubular furnace with precise
temperature control and a nitrogen atmosphere, drying and homogenization ensured reproducible
thermal profiles and reliable product yield measurements. At heating rates of 5-20°C/min and
temperatures ranging from 400 to 600°C, a balance between solid, liquid, and gaseous products
was achieved depending on the feedstock characteristics. Pilot-scale trials using a continuous screw
reactor (capacity 2-5 kg/h) confirmed that biomass with appropriate preparation and a stable
composition ensures steady operation, improved energy efficiency, and enhanced product quality.

bin for raw
materials

Receiving l

Muffle furnace T
—

Figure 1 — Pyrolysis plant

In summary, the relationship between feedstock composition, pretreatment methods, and
pyrolysis performance can be expressed as follows:

* Higher lignin content — increased biochar yield (a stable, carbon-rich solid).

* Higher cellulose/hemicellulose content — increased bio-oil production (an oxygen-rich liquid
requiring upgrading)

* Higher ash or mineral content — increased syngas formation (an energy-rich gas).

* Proper drying — enhances bio-oil yield and energy efficiency.

* Fine grinding — improves heat transfer, uniform decomposition, and liquid product recovery.

» Chemical pretreatment — optimizes product composition and quality.

Therefore, careful feedstock preparation (as summarized in Table 1) directly determines not
only the distribution of product yields but also the quality, stability, and potential applications of the
resulting biochar, bio-oil, and syngas.

3. Results and Discussion

3.1 Efficiency of the Selected Technologies

The conducted studies confirmed the high efficiency of pyrolysis as a technology for biowaste
processing. The results are presented in Figure 2. At a temperature of 450-550 °C, an optimal
product distribution was observed: the yield of biochar was 28-35% of the dry feedstock mass, the
liquid fraction (pyrolysis oil) accounted for 35-45%, and the gaseous products made up 20-30%. The
obtained data are consistent with the results of previously published studies.

Distribution of pyrolysis products 450-550°C

Gaseous products
Pl ol

Biocher

0% 10% 20% 30% 40% 50%

550°C mW450°C

Figure 2 — Distribution of pyrolysis products at 450-550°C
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The biochar characteristics were of particular importance. Analysis showed that it possessed
a high specific surface area (up to 250 m?g) and a well-developed porous structure, making it a
promising material for use as an adsorbent, soil conditioner, and a component of composite
materials. Elemental analysis revealed a decrease in atomic H/C and O/C ratios with increasing
pyrolysis temperature, indicating enhanced aromaticity and stability of the carbon matrix.

The pyrolysis oil was characterized by a complex composition including phenolic compounds,
oxygen-containing heterocycles, and organic acids. Despite its relatively high heating value,
additional purification or catalytic upgrading is required before it can be used as a fuel.

The gaseous products consisted mainly of CO, H,, and CH,, which can be utilized as energy
carriers to support the pyrolysis process itself. Thus, the technology demonstrated a closed-loop
approach, where part of the products is used to meet the system’s own energy requirements.

Overall, the results confirmed that pyrolysis of biowaste is an efficient technology for waste
utilization and production of valuable products. However, to increase its economic feasibility,
integration with purification and product upgrading methods is required.

The analysis of pyrolysis products showed that each of them possesses specific properties
that open opportunities for practical application in various sectors.

3.2 Biochar (solid residue)

The T-Plot method was employed to evaluate the microporous structure of the sample using
nitrogen adsorption data at liquid nitrogen temperature (77.3 K). A sample with a mass of 271 mg
was analyzed, with nitrogen as the adsorbate, a saturated vapor pressure of 0.9900 bar, and an
ambient temperature of 22.4°C. The total analysis time included 350 minutes of adsorption and 150
minutes of desorption.

In the obtained dependence of the adsorbed gas volume on the thickness of the hypothetical
adsorption layer, a sharp increase in adsorption was observed at very low relative pressures (P/P,
< 0.01). This indicates a significant development of microporosity, as micropores are filled first. With
increasing pressure in the range P/P, = 0.01-0.1, the adsorption growth rate decreased, reflecting
the formation of an adsorption layer and the possible involvement of small mesopores. At medium
relative pressures (P/P, > 0.1), the curve became more gradual, indicating completion of micropore
filling and transition to multimolecular adsorption on the external particle surface.

According to the T-Plot method, the linear portion of the dependence reflects adsorption on
the external surface, while the excess adsorption compared to this trend corresponds to the
contribution of micropores (Figure 3). Thus, the investigated sample can be characterized as a
microporous material with a noticeable contribution from the external surface. The total volume of
adsorbed nitrogen reached approximately 58.5 ml/g, which indicates a highly developed porous
structure and significant specific surface area.

0.0000 0.0S00 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 04000 0.4500 0.5000

Figure 3 — T-Plot analysis of the sample

3.3 Pyrolysis oil (liquid fraction)

Chromatographic analysis revealed that the main components were phenolic and
methoxyphenolic compounds (phenol, 2-methoxyphenol, 4-ethylphenol, cresol, catechol, vanillin,
etc.) originating from lignin degradation. In addition, derivatives of furan, lactone, and carbohydrate
series were identified (maltol, 1,4:3,6-dianhydro-a-D-glucopyranose), as well as a fatty acid
(hexadecanoic acid) in the later retention region. Several unidentified compounds with a significant
share (up to 10.7% for a single peak) were also detected (Figures 4-5).
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Figure 4 — Chromatogram of pyrolysis oil
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Figure 5 — Chromatogram of pyrolysis oil

Overall, the results confirmed the complex nature of the studied sample: it combined a
microporous structure with a diverse chemical composition, including products of lignin, cellulose,
hemicellulose, and other organic component decomposition. The obtained oil represented a complex
mixture of phenolic, oxygenated, and hydrocarbon compounds. Its heating value was 16-19 MJ/kg,
which is comparable to that of low-grade liquid fuels. However, its high acidity (pH 2-3) and instability
limit direct application. After catalytic upgrading, pyrolysis oil can be used as boiler fuel or as a source
of platform chemicals (furfural, phenols, organic acids) for the chemical industry.

3.4 Gaseous products

The gaseous products of pyrolysis included CO (20-30%), H, (10-20%), CH, (10-15%), and
CO,. Their calorific value was 5-10 MJ/m?, which allows the gas to be used for partially or fully
covering the energy requirements of the pyrolysis process itself.

3.5 Application in construction materials

The study confirmed that pyrolysis products possess multifunctional value, suitable for
applications in agriculture, energy, and industry. Biochar and ash can be incorporated into cement,
concrete, and bricks manufacturing, improving material performance and resource efficiency.
Experimental and pilot-scale data demonstrated that the incorporation of 5-10 wt% biochar increases
compressive strength by 8-15%, reduces density by 5-10%, and enhances thermal insulation by 10-
18% [15]

Quantitative environmental indicators highlight the potential for greenhouse gas mitigation.
Each ton of biomass processed into biochar enables 0.8-1.2 t CO,-eq of long-term carbon
sequestration, while fuel replacement with pyrolysis oil and gas provides an additional 0.4-0.6 t CO,-
eg/t reduction. The overall reduction potential therefore reaches up to 1.8 t CO,-eq per ton.
Moreover, pyrolysis gas and part of bio-oil can supply 60-90% of the internal heat demand, improving
the net positive energy balance [4-6].
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Product quality metrics aligned with global values: biochar yields reached 28-35%, specific
surface area up to 250 m?/g, exceeding typical 150-200 m?/g [7,8]. The calorific value of pyrolysis olil
(16-19 MJ/kg) and gas (5-10 MJ/m?3) confirms strong potential for on-site energy use or integration
into fuel production [9].

A detailed techno-economic assessment demonstrated strong market feasibility. With a
baseline processing cost of USD 80-100/t, revenue consists of three key streams: sale of biochar,
sale of pyrolysis oil, and energy savings from pyrolysis gas utilization. A conservative scenario (0.15
t biochar x USD 150/t; 0.25 t bio-oil x USD 300/t; USD 5 energy savings) yields = USD 102.5/t
revenue, corresponding to 12-22% profitability. A typical scenario (0.30 t biochar x USD 200/t; 0.35
t bio-oil x USD 400/t; +USD 15) increases revenue to = USD 215/t with 50-60% profit. An optimistic
scenario (0.35 t biochar x USD 350/t; 0.40 t oil x USD 500/t; +USD 25) yields = USD 347.5/t and
>70% profit. These results confirm strong financial resilience even under conservative market
conditions [10, 11].

Overall, the integration of biochar into construction materials supports circular economy goals
and provides measurable environmental and economic benefits.

4. Conclusion

This study demonstrates the high relevance of developing and implementing technologies for
the utilization of agricultural and agro-industrial biowaste. Using pyrolysis as a case study, it was
shown that residues traditionally disposed of by burning or landfilling can be efficiently converted into
valuable products, thereby reducing greenhouse gas emissions and mitigating environmental risks.
Agricultural biowaste management remains challenged by large generation volumes, low utilization
rates, and the ecological hazards of conventional disposal methods; however, pyrolysis offers an
efficient pathway for comprehensive valorization. The process yields biochar, pyrolysis oil, and gas,
all of which were confirmed to be suitable for applications in agriculture, energy, and industry.
Environmental and economic assessments further indicate significant benefits, including lower CO,
and CH, emissions, reduced waste accumulation, and profitability potential of 15-25%, making
pyrolysis particularly attractive for small and medium-sized enterprises.

The findings highlight the practical potential of establishing local biowaste processing lines in
agricultural regions, enabling soil fertility improvement through biochar application, the production of
renewable fuels, and the creation of new industrial materials such as composites, bioplastics, and
sorbents. These outcomes contribute not only to ecological sustainability but also to rural economic
development through «green» job creation.

Future research should concentrate on integrating pyrolysis with complementary methods
such as anaerobic digestion and hydrothermal carbonization to expand the spectrum of valuable
products. Efforts are also needed to modify and functionalize biochar to enhance its sorption
capacity, electrical conductivity, and durability, enabling its application in water treatment and energy
storage systems. Further optimization of pyrolysis conditions could increase both yield and product
guality, while agronomic studies are required to confirm the long-term benefits of biochar for different
soils and crops. Finally, large-scale implementation will demand life-cycle and carbon footprint
assessments, alongside integration into existing production chains.

The techno-economic and environmental feasibility assessment shows that the technology
not only reduces CO, emissions, but also effectively mitigates methane formation: the avoidance of
landfilling prevents up to 0.3-0.5 t CH,-eq/t waste. More than 70-85% of the biowaste mass is
converted into useful products, minimizing residue disposal. The cost — benefit ratio remains
favorable even at small-scale production (1-5 t/day), with a payback period estimated at 2-4 years
depending on plant configuration and product prices. Thus, pyrolysis simultaneously addresses
climate mitigation, waste minimization, and profitability.

In conclusion, biowaste pyrolysis emerges as a practical and promising tool for sustainable
development, combining environmental advantages with economic feasibility and supporting the
broader transition toward a circular economy.
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B ycriosusix pacmyuje20 HaKoreHUsi Ce/lbCKOX0351UCMBEHHbIX U rnuujeabix 6uoomxodos (3epHo8oll
wersyxu, corioMbl, KyKypy3Hbix cmebneli u m.0.) pa3pabomka saghgheKmueHbIX U 3Koro2u4ecku 6e3onacHbix
mexHonoeaull nepepabomku sierisiemcsi eecbMa akmyarnbHol 3adavell. B uccnedosaHuu aHanu3upyromcsi
cospeMeHHbIe Memo0dbl ymunu3ayuu 6uomacchl, 8xk4asl KOMnocmuposaHue, aHaspobHoe cbpaxusaHue,
npou3sodcmeo 6UONoIUMepPO8 U Mpou3sodcmeo cmpoumerbHbIX Mamepuasnos. B kayecmee mexHonozuu
nepsuyHoU repepabomku 6bin1 8bibpaH NUPOU3, NOCKOMbKY OH M0380/5em r1ofy4Yamb WUpPOKUL criekmp
npodykmoe — 6uoyaosb, XulKoe U 2a3006pa3Hoe Moriugo, — KOmMopble nomeHyuanbHO moaym 6bimb
UCronb308aHbl 8 CE/IbCKOM X03silicmee, IHepaemuke U npombilneHHocmu. Oxapakmepu3osaH xumu4eckul
cocmas ucxodHbix buoomxodos (uenmntonosa, NUsHUH, 3051006pa3yrouue 3neMeHmsl) U paccMOmpPeHbl
crocobbl ux rorny4YyeHus (Cywka, u3menbyeHue, rnpedsapumenbHas obpabomka). [lpedcmaeneHsbl
pesynbmambi  n1abopamopHbix uccrnedosaHul, nodmeepxdarouwue ahghekmusHocms nuponusa npu
rnonyyYeHUU UeHHbIx npodykmos. bbina nposedeHa cpasHUMebHas OUeHKa C CywecmeyouuMu aHanozamu,
a makXKe aHallu3 3KOJl02u4yecKux 8bl200 (cokpaujeHue ebibpocos CO, u CH, yMmeHbweHue o0b6bemos
pasMmelwiaemMbix Ha ceasikax omxo008) U 3KOHOMUYECKasi OUEHKa epCcriekmus rnpoMbiuIeHHO20 8HEOPEHUS.
lMokazaHo, ymo nepepabomka 6uoomxo008 Memodom rnuposiu3a umeem 607bLWOE NPaKMUYECKoe 3HaYeHue
0ns peweHusi 3adady pecypcocbepexxeHusi U 0XpaHbl OKpyXarouleli cpedbi. MiccriedosaHue demMoHecmpupyem
rmomeHyuanbHoe fMpuMeHeHUe Mosy4YeHHbIX MPOJYKMoe8 8 Ka4ecmee opaaHu4ecKux yo0obpeHul, UCMOYHUKO8
aHepauu, copbeHmos8 U KOMIOHEeHMOo8 cmpoumesibHbix Mamepuanos. OrnpedenieHbl MepcrneKkmueHble
HanpasneHus QanbHelwux uccriedogaHuli, 8KYass KOMOUHUPOBaHHbIE MEeXHOoo0auu nepepabomku u
pacwupeHue criekmpa yesnesbix rnpodyKmos.

Knroyesbie cnoea: 6uoomxoldbl, nuponu3, buoyzosib, 80306HO8/SEMble PeCcypChbl, 8MOpPUYHasi
nepepabomka, 3KOmexHo/102uu, ycmol4yugoe pazsumue.
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NMUPONIN3 BAICIMEH AYbINLIAPYALLbIIbIK XXOHE TAFAMIbIK BUONOrUANbIK KOCNANAPAbI
©OHOEY: KYPAMbI, AUBIHOAITY bl XXOHE KOJIOAHY NEPCMNEKTUBAJIAPDI

Aybin wapyawblnbifbl XoHe asbiK-mynik 6uokandbiKkmapblHbiH (acmblK Kaybidbl, cabaH, xyeepi
cabarbl XoHe m.b.) XuHakmarnyblHbIH apmybl xardalbiHOa.), eHOeydiH muiMOi XoHe 3KOr02usinbIK Kayirci3
mexHornoausinapblH Xacay eme e3ekmi MiHOem 6ornbin mabbinadsl. 3epmmey 6uomaccaHbl ksadeese
XapamyOblH 3amaHayu odicmepiH, COHbIH IWiHOe KomrnocmmayoObl, aHaspobmbel ac Kopblimyohbl,
6uononumepniepdi eHAipydi xoHe Kypbinbic MamepuandapbiH eHOipydi mandaliOsl. lNuponu3 Heaisai eHOey
mexHosoausicel pemiHOe maHOandbl, eUmKeHi OJ1 aybll wWapyawblbifbiHOa, 3Hepeemukada XoHe
eHepkacinme KondaHblrybl MyMKiH KerimeaeH eHimMOepdi — buokemipmekmi, CyUbiK XoHe a3 mapi30i ombiHObI
eHOipy2e MyMkiHOiK 6epedi. Bbacmankbl 6uokandbiKkmapObiH (Uennno3a, JU2HUH, Kyn  my3emid
anieMeHmmep) XUMUSIIbIK Kypambl curlammarnalsl, onap0obi dalibiHOay adicmepi (kenmipy, yHmakmay, anobiH
ana eHOey) markbinaHadbl. [luponu3diH KyHOblI eHiMOepdi wbirapydarbl muimOiniaiH pacmalmbsiH
3epmxaHarblk 3epmmeyrnepdiH Homuxxesnepi kenmipineeH. KondaHbicmarbl aHarioemapMeH carbicCmblpMarb!
baranay Xypaisindi, COHbIMEeH Kamap akonoausinsik muimoinikmi manday (CO, xoHe CH; wbirapbiHObINapbiH
asalimy, nonueoH KandbiKmapblHbIH KerleMiH a3alimy) xeHe eHepKacinmiK icke acbipy riepcriekmuseanapbiH
9KOHOMUKarbIK baranay xypeisindi.. buonoeausnsik Kandbikmapdsbl nuponus adicimeH eHOeydiH pecypcmapObi
yHeMOey XXoHe KopwiaraH opmaHbl Kopray MacesiefiepiH wewyoe Xofapbl fpakmukasblK MaHbi3bl 6ap
ekeHdiei kepceminzeH. 3epmmey HamuxeciHOe arbiHFaH eHiMOepdiH opeaHuKarnblK MmbiHalmKbILMap,
9Hepausi ke30epi, copbeHMmMep XoHe Kypbiribic MamepuandapbiHbIH KOMIOHEHMMepi pemiHde aneyemmi
KondaHbinybl KepcemineeH. ©pi Kapalrbl 3epmmeyneplid nepcriekmugarsnblk barbimmapbl aHbiKmarnobl,
OHbIH iWiHOe 6ipikmipinzeH eHOey mexHo1o2usinapbl XoHe Makcammbl 6HiMOepPOiH CIeKmpiH KeHedmy.

Tyliin ce3dep: 6uokandbipy, NUPOU3, BUOKEMIpP, XaHapmblramblH pecypcmap, kalima eHOey, 3Ko-
mexHorsioeusnap, mypakmsi 0amy.
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W3YHYEHUE TEPMOAOECTPYKUWUN POTALIMOHHbLIX KOMIMNO3NTOB B NPOLIECCE
PELUKITUHIA MYTEM UCCINEAOBAHUA TMOPOPOBHOCTU UX NMOBEPXHOCTEMW

AHHOmMauyusi: B 0daHHOU cmambe rnpedcmasneHo uccriedogaHue, MOC8AUWEHHOE U3YYEeHUH
rpobnembi M08MOPHOU ymusiu3ayuu noauamurieHa (e2o 8mopuyHoU nepepabomku — peyuKiuHay) Memodoom
pomayuoHHo20 hopmosaHusi. B HayuyHoU numepamype peuukriuHe pomayuoHHbIX MapoK MonusmuneHa
(Pl13) o4eHb cnabo u3ydeH, a npedcmasrieHHble OaHHbie 4Yacmo rfpomusopedussl. OOHako Orns

ISSN 2788-7995 (Print) [IIokopiM yHHBEpCUTETiHIH Xabapubichl. TexHuKanbIK FeutbiMaap Ne 4(20) 2025 624
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 4(20) 2025


mailto:alibek_090@mail.ru
https://orcid.org/0000-0002-5047-5608
mailto:z_aknura@mail.ru
https://orcid.org/0000-0002-8981-307X
mailto:ok-sir@mail.ru
https://orcid.org/0000-0002-1979-7625
mailto:dd_511@mail.ru
https://orcid.org/0009-0002-1645-8625
mailto:juanmaria.gonzalez@uca.es
https://orcid.org/0000-0003-1077-2197
mailto:alibek_090@mail.ru
https://orcid.org/0000-0002-5047-5608
mailto:z_aknura@mail.ru
https://orcid.org/0000-0002-8981-307X
mailto:ok-sir@mail.ru
https://orcid.org/0000-0002-1979-7625
mailto:dd_511@mail.ru
https://orcid.org/0009-0002-1645-8625
mailto:juanmaria.gonzalez@uca.es
https://orcid.org/0000-0003-1077-2197
https://doi.org/10.53360/2788-7995-2025-4(20)-73

