AYbIIT LUAPYALUBLIbIF bl FbIJTbIMOAPDBI CEINbCKOXO3AWCTBEHHbIE HAYKU

10. Narbut A.N. Avtomobili: Rabochie processy' i raschet mekhanizmov i sistem [Work processes and
calculation of mechanisms and systems]. Moscow, |zdatel'skij centr «Akademiya», 2008, 256 p. (In Russian)

11. Kushnir V.G., Benyukh O.A., Shilo I.N., Romanyuk N.N., Ageychik V.A. Sovershenstvovanie sistemy’
podressorivaniya mobilny'h e'nergosredstv [Improving the cushion system of mobile power units]. Moscow,
izdatel'stvo "Vector", no. 5, 2014, pp. 37-39 (In Russian)

CBegeHusi 06 aBTOpax:

Cemubanamym AnekcaHOp Bukmoposuy — kaHOUGam MEeXHUYECKUX HayK, accoyuupoeaHHbili rnpogheccop
Kagedpbl mpaHcriopma u cepsuca, KocmaHalckuli UHXeHEPHO-3KOHOMuUYecKuli yHueepcumem um. M. [ynamosa,
Pecnybnuka KasaxcmaH, 110000, 2. Kocmawal, yn. YepHbiwesckoeo 59, men.. +7-705-157-37-44, e-mail:
semibalamut75@mail.ru.

beriox Onee AHamonbesuy™ — kaHOUOam MexHUYEeCKUX HayK, accoyuuposaHHblIl npogheccop kaghedpbl agpapHol
mexHuku u mpaHcriopma, HAO «KocmaHalickuli peauoHasnbHbIl yHusepcumem umeHU Axmem balmypcbiHyrbly,
Pecnybnuka Kasaxcmad, 110000, e. KocmaHad, yn. HapumaHoeckasi 71-18, men.: +7-777-314-86-70, e-mail:
beolan@mail.ru.

ebepm Anbcpuss AnbbepmosHa — Ma2ucmp ceslbCKOX035UCMEeHHbIX HayK, cmapuwul npernodasamerb kaghedpbl
agpapHoli mexHuku u  mpaHcnopma, HAO  «KocmaHalickuli  peauoHarnbHbIli  yHUBepcumem  UMEHU
Axmem BalimypcbiHynbly, Pecrniybrniuka Kazaxcman, 110000, e. KocmaHad, yn. Tumupsizesa 58, men.: +7-777-149-25-53,
e-mail: alfia717@mail.ru.

Tawmyxamedos Paghasanb ®apxadosuy — Masucmp CefbCKOX035UCMEEHHbIX HayK, cmapwul npernodasamersb
KagheOpbl aegpapHoli mexHuku u mpaHcriopma, HAO «KocmaHalickuli peauoHasbHbIl yHUBEpCUMEM UMEHU
Axmem BatimypcbiHynbi», Pecriybniuka KasaxcmaH, 110000, 2. KocmaHa, yn. Kosbibaesa 9, men.: +7-747-464-35-43, e-
mail: tashmuhamedov_rafael@mail.ru.

Cemubanamym AnekcaHOp Bukmoposuy — mexHuKa fblribiMOapbiHbIH kaHOUOambl, doueHm, «Kerik xaHe cepsuc»
kaghedpacsl, M.[Jynamoe ambiHOarbl Kocmaral UHXXeHepIlik-3KOHOMUKarbIK yHusepcumemi, Kazakcmax Pecrybrnukacsl,
110000, KocmaHali K., YepHbiwesckul kew. 59, men.: +7-705-157-37-44, e-mail: semibalamut75@mail.ru.

BeHox Onee AHamornbesuy™ — MmexHUKa fblibiIMOapbiHbIH KaHOUOambl, KaybiMOacmbipbifiraH Mpogheccopsl,
azpapriblKk mexHuka xoHe Kerik kagpedpacel, «Axmem balmypcbiHynbl ambiHOafbl KocmaHal eHiprik yHusepcumemix
KEAK, KazakcmaH Pecniybnukacsi,, 110000, KocmaHal K, HapumaHosck kew. 71-18, men. +7-777-314-86-70, e-mail:
beolan@mail.ru.

Febepm Anbcbus AnibbepmoeHa — aybliil wapyauwbiibifbl FblrlbiIMOapbIHbIH Ma2ucmpi, ara OKbIMYyWbICbl, a2papribiK
MmexHUKa XoHe Kerik Kaghedpacnkl, «Axmem BalmypcbiHybl ambiHOarbl KocmaHal eHipnik yHusepcumemiy KEAK,
Kazakcmar Pecnybnukacel, 110000, Kocmanal K., Tumupsises kew. 58, men. +7-777-149-25-53, e-mail:
alfia717@mail.ru.

Tawmyxamedos Paghasnb ®apxadosuy — aybin wapyalibliblfbl fbllbiIMOapbIiHbIH Ma2ucmpi, ara OKbimyuwlbIChbl,
agpaprblK mexHuUKa XoHe Kernik kaghedpachl, «Axmem balimypcbiHyrnbl ambiHOarbl KocmaHal eHiprik yHugepcumemi»
KEAK, KasakcmaH Pecnybnukacbl, 110000, KocmaHal K., Kosbibaes kew. 9, men. +7-747-464-35-43, e-mail:
tashmuhamedov_rafael@mail.ru.

Semibalamut Alexandr Viktorovich — Candidate of Technical Sciences, Associate Professor, Department of
transport and service, M.Dulatov Kostanay Engineering and Economic University, Republic of Kazakhstan, 110000,
Kostanay, 59 Chernyshevskiy Str., tel.: +7-705-157-37-44, email:semibalamut75@mail.ru.

Benyukh Oleg Anatoliyevich* — Candidate of Technical Sciences, Associate Professor, Department of agricultural
machinery and transport, Akhmet Baitursynuly Kostanay Regional University NLC, Republic of Kazakhstan, 110000,
Kostanay, 71-18 Narimanovskaya Str., tel.: +7-777-314-86-70, e-mail: beolan@mail.ru.

Gebert Alfiya Albertovna — Master of Agricultural Sciences, Senior Lecturer, Department of agricultural machinery
and transport, Akhmet Baitursynuly Kostanay Regional University NLC, Republic of Kazakhstan, 110000, Kostanay, 58
Timiryazev Str., tel.: +7-777-149-25-53, e-mail: alfia717@mail.ru.

Tashmukhamedov Raphael Farkhadovich — Master of Agricultural Sciences, Senior Lecturer, Department of
agricultural machinery and transport, Akhmet Baitursynuly Kostanay Regional University NLC, Republic of Kazakhstan,
110000, Kostanay, Kozybaev Str., tel.: +7-747-464-35-43, email:tashmuhamedov_rafael@mail.ru.

IRSTI: 68.85.39
UDC: 631.24
https://doi.org/10.52269/22266070_2025_1_188

DESIGNING A TECHNOLOGICAL SCHEME FOR THE DISPOSAL OF LIVESTOCK WASTE

Sapa V.Yu.* — Candidate of Technical Sciences, acting Associate Professor, Akhmet Baitursynuly Kostanay
Regional University, Kostanay, Republic of Kazakhstan.

The article considers the issue of developing a technological model for processing livestock waste. An analysis of
the problem of animal waste management has shown that raw manure waste without processing has a negative impact
on the environment, causing soil poisoning, polluting the air, groundwater and is a source of infectious diseases. Ammonia
is one of the most common pollutants emanating from livestock farms. This gas forms during the decomposition of organic
residues such as manure and urine released by animals. It tends to accumulate in the lower layers of the atmosphere,
posing threats to both ecosystems and human health. Analysis of the composition of animal husbandry waste has shown
that animal waste is a valuable source of organic and mineral substances and, with appropriate processing, valuable
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products such as fertilizers and additional energy such as biogas can be obtained from them. A scheme of a technological
complex consisting of four modules is proposed for waste recycling. It is also planned to introduce a module for obtaining
high-quality fertilizers through the enrichment of sludge formed during methanogenesis, followed by granulation. Based on
a comparative analysis of existing methods and technologies, an optimal technological scheme for the production of biogas
and organo-mineral fertilizers in livestock complexes has been developed and proposed.

Keywords: energy, biogas, source, energy intensity, research.

MAT WAPYALWbINbIFbI KANABIKTAPBbIH KAUTA ©HAEYAIH TEXHONOMUANbIK CXEMACBIH XXOBAJAY

Cana B.FO.* — m.f.K., KaybiMOacmblpbliiraH rnpogheccopdbiH M.a., «Axmem BbalimypcbeiHyibl ambiHOarbl KocmaHau
eHipnik yHusepcumemi» KEAK, KocmaHal K, KazakcmaH Pecriybniukacsl.

Makanada man wapyawnbinbifbl KandbikmapblH Kalima eHOeydiH mexHOono2usnblk MOOesiH 83ipney macerneci
KapacmbipbinFaH. Man wapyawbinbifbl KandbikmapbiH 6HOey MaceneciH manday KepcemkeHOel, KanobiKkmap —
©6HOe/IMe2€eH KOH KopliaraH opmara mepic acep eme0i, mornblpakmbiH ynaHyblH myObipadhbl, ayaHbl, Xep acmsl cynapbiH
nacmadiobl xaHe XyKnasnbl aypynapobiH Ke3i 605bin mabbinadbl. AMMuUak — Marn wapyawblfbifbIHaH KenemiH eH Kerl
mapasnraH nacmaywsl 3ammapObiH 6ipi. Byn 2a3 xaHyapnap wbirapamsiH KeH MeH 38p CUSIKMbl OpeaHUKasbiK
KandbikmapOobiH bidbipay npoueciHOe natida 6onadel. On ammocgepaHblH memeHai KabammapblHOa XuHaryra
kabinemmi, 6yn askoxyleze Oe, adam OeHcaynbifbiHa 0a Kayin meHdipedi. Man wapyawbinbifbl KandbikmapblHbIH
KypambiH manday kepcemkeHOel, Masn KandblKmapbl OpaaHUKasblK XoHe MuHepandbl 3ammapibiH KyHObI Ke3i 605birn
mabbinadbl xoHe onapdaH muicmi eHOey apKbliibl KyHObI 6HIMOep — MbIHalmKbILWUMap MeH KocbiMua 3Hepausi — buoza3s
anyra 6onadbl. Kandbikmapobi eHOey ywiH mepm MoOyrb0eH mypambiH MEXHOI02USINIbIK KeUWeH CXeMachl YCbiHbI/IFaH.
CoHOali-aK, MemaHozeHe3 npoueciHoe natida 6onamsiH winamobl balisimy, coOaH KeliH mydipwikmey apKbibl Xofapbl
canasnbl mbiHalmKbiwumap any ywid molynb0i eHeidy ke3denedi. KondaHbicmarbl adicmep MeH mexHosoausnapobl
canbicmeipMmarnbl manday HeezisiHOe Man wapyalblinblifbl  KeweHOepiHde buoza3 beH op2aHOMUHeparnobl
mbiHalimkbiwmapOb! anydbiH OHMalibl MeXHOM02USAbIK CXeMachl 93ipeHir, YCbiHbIMObI.

Tywningi ce3dep: sHepaus, buozas, 0epeKkke3, aHepausi CbilibIMObIIbIFbI, 36PMMEY.

NPOEKTUPOBAHME TEXHONOMMYECKOW CXEMbI YTUITUIALIMK OTXO OB
XKUBOTHOBOAYECKOIO XO3ANCTBA

Cana B.FO.* — kaHOuGam mexHUYeCcKUx HaykK, u.0. accoyuuposaHHozo npogheccopa, HAO «KocmaHalickuli
peauoHarbHbIl yHusepcumem umeHu Axmem BatimypcbiHynbi», KocmaHad, Pecriybnuka KazaxcmaH

B cmambe paccmompeH gornpoc o paspabomke mexHonozu4eckol Modenu nepepabomku 0mxo008 XU80mH0800-
cmea. AHanu3 npobnembl obpaujeHuUss ¢ omxodamu xueomHoeoOcmea rokasas, 4Ymo omxolbl — Cbipoli Haeo3 6e3
nepepabomku — oKa3blgarm Hez2amueHoe g030elicmeue Ha OKpyXaruwyt cpedy, 8bl3bieasi ompasrieHUe [oye,
3aeps3HAm 8030yx, MoO3eMHbie 800bl U S8/ISIOMCS UCMOYHUKOM UHGEKUUOHHbIX 3aboniesaHul. AMMUaKk sensemcs
O0HUM U3 caMbIX pacrnpocmpaHéHHbIX 3azps3Humerned, UCXo0sWuUX Om XUBOMHOB00YeCKUX Xo3slicme. Omom ea3
803HUKaem 8 npouyecce pas/ioxeHus OpeaHUYEeCKUX OCMamKo8, maKkux Kak Hago3 U MoYa, 8bli0esiseMbie XUSOMHbIMU.
OH criocobeH HakannueambCsi 8 HU3WUX C/I0SIX ammocgbepsbl, 4mo co30aém yz2po3bl Kak Onsi 9KkocucmeM, mak u ons
300po8bs1 Yeriogeka. AHanu3 cocmasa omxo008 Xug8omHo8o0cmea roKa3sall, Yimo XU80oMmHO8004YeCcKUe 0mxo0kl 8/1som-
CSl UEHHbIM UCMOYHUKOM Op2aHUYecKux U MUHeparbHbIX 8eWecms U U3 HUX, rnpu coomeemcmeyroueli nepepabomke,
MOXHO MOMYy4YUMb UeHHbIe npodykmbl — y0obpeHus u dononHUmMerbHy sHepauto — buozas. [ns nepepabomku omxodos
npednoxeHa cxemMa MEexXHONI02UYeCcKo20 KOMIeKkca, cocmosiwasi u3 yemsbipex Moldynel. Takxe npednonazaemcsi
8HedpeHue mMoldyria Oris MoslyYeHUsT 8bICOKOKa4ecmeeHHbIX y0obpeHul Yepe3 oboezaljeHue wiiama, obpa3syrou,e20cs 8
rnpoyecce MemaHozeHe3a, ¢ rnocnedyrwel epaHynsyuel. Ha ocHoge cpasHUMENbHO20 aHasiu3a Cyu,ecmeyrouiux
Memo0do8 u mexHoroauli pazpabomara u npednoxeHa onmumarsbHasi mexHosI0au4yecKkasi cxema nosnydeHusi buozasa u
op2aHOMUHeparbHbIX y0obpeHul Ha XU8OMHOB00YECKUX KOMITIIEKCax.

Knroveenie cnoega: sHepausi, buoeas, UCMOYHUK, 3HEP20eMKOCMb, uccriedosaHue.

Introduction. One of the most important factors of economic progress is the introduction of resource-saving techno-
logies. Such technologies are aimed at minimizing the cost of fuel, energy, raw materials, materials, water and air needed
for production. These include the use of recycled materials, waste recycling, energy recovery, and closed water cycles.
This contributes to the conservation of natural resources and reduces the negative impact on the environment [1, p. 39].

In the modern world, the problem of waste disposal generated in agriculture, including the treatment and preparation
of large volumes of manure and manure runoff, is becoming particularly relevant. These wastes can have a significant
anthropogenic impact on ecosystems. By the end of the 20th century, livestock numbers in livestock farms were growing in
many countries of the world, which was associated with the transition to industrial farming methods [2, p. 112096; 3, p. 1].

The main factors contributing to environmental pollution (atmosphere, soil, water) as a result of livestock farms are
emissions into the air and wastewater. Air emissions generated by farms have a significant impact on both the state of the
atmosphere and the level of pollution of surface waters. In livestock complexes, especially pig-breeding ones, the main
sources of air pollution are rooms where animals are kept [4, p. 35].

Purpose, objectives. The research purpose is to reduce the anthropogenic impact on the environment caused by
waste from livestock complexes by developing technologies for the production of organic mineral fertilizers and biogas.
The research object are technologies for processing animal husbandry waste. The research subject is the development of
a technology for processing livestock waste into organic fertilizers and biogas.

To achieve this purpose, the following objectives have been defined:

1. To study the problems associated with the management of livestock waste and their negative impact on the
environment.
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2. Analyze existing technologies and equipment for processing livestock waste, as well as methods for obtaining
biogas and organic fertilizers.

3. To develop a technological scheme for the production of organic mineral fertilizers and biogas from livestock
waste.

4. To evaluate the ecological and economic efficiency of the proposed technological complex.

Materials and methods of research. In Russia and Kazakhstan, research is actively underway in the field of
recycling waste from livestock complexes to reduce anthropogenic impact on the environment. Scientists are developing
technologies for the production of biogas and organic fertilizers, which contributes to solving environmental problems and
improving agricultural efficiency. A study of the works of scientists: Popova A.l.,, Kuznetsova V.V., Kalmykova S.N.,
Abdullayeva K.S., Sagintayeva N. confirmed the diversity of trends in the progress of biogas production technologies. The
most promising approaches include: improving the composition of the starter culture; specialized use of process activators;
optimization of temperature conditions; development of unique designs of gas bioreactors (fermenters) and storage tanks
(gas tanks); as well as increasing the stability and reliability of biogas plants in general [5, p. 35; 6, p. 2193].

One of the most common pollutants released by livestock facilities is ammonia (NHs). This gas is formed as a result
of the decomposition of organic waste, such as manure and animal urine, and can accumulate in the surface layer of the
atmosphere, posing risks to ecosystems and human health.

During 2024, research was conducted at a pig breeding complex (108 thousand heads), located in Aktobe,
Bestamak Livestock Complex LLP, and at a poultry complex (1800 thousand heads) in the Badam village in the South
Kazakhstan region, Ordabasy Kus LLP. To measure the concentration of ammonia, a gas analyzer with high accuracy and
sensitivity was used. Measurements were carried out in various areas of the complex, including animal husbandry, manure
storage areas, as well as at distances of 2.5 km, 3.5 km and 5.0 km from the breeding facilities. The data was recorded
over several weeks, taking into account various weather conditions and technological processes.

The concentration of ammonia (NH3) was studied using a GANK-4 gas analyzer designed to measure the content
of harmful gases in atmosphere. This device provides high measurement accuracy and a wide range of detectable
concentrations, rendering it suitable for monitoring air pollution in areas affected by livestock facilities.

Results and discussion. The results of the ammonia (NH3) concentration study conducted using a gas analyzer
are shown in Table 1.

Table 1 — The state of atmospheric air in the zones affected by livestock facilities operation (NHs air content)

Indicators Pig farm (108 thousand. heads) Poultry farm (1800 thousand. Heads)
"of 2.5k from he faolies 0.44 mgims 0.32 mgim
Atadistance of 3.5 km from 0.22 mg/m? 0.19 mg/m?
Ata dist?hnec?agif”fié)skm from 0.18 mg/m3 0.12 mg/m3

Based on a comparative analysis of technologies, equipment and process optimization methods, we have created
a technological complex comprising four modules (see Figure 1): 1. An anaerobic digestion module for biogas production;
2. A module for the production of organo-mineral fertilizers; 3. A composting module; 4. A bio-desodorization module with
the introduction of EM technologies.

Module 4

[Ent=r e e ]
1 Biodecoration using EM |

! technologies !
il q

Module 3 ; e Module 1
R B i e |
| | Composting |~ |
e i __L___‘F_—_J—! Cleaning | ___|
[ Waste gl Gas scoumulator
I_§_g_tora ¢ . iBr'-::ng..a's
! su_.‘:rstr,ate Br’oreag
| :'}_.;??Tw_m == (fermenter)
i . —
Liguid - ! :
Module 2 | fraction [ Sepiraror
High-quality | | — _ [ Sotia
il | | Granulation —— o o

Figure 1 — Modules of the technological complex of deodorization, production
of biogas and fertilizers from agricultural waste
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Module 1 — The module of anaerobic fermentation, during which biogas is produced, is represented by the following
technological scheme: waste storage — hydrolysis plant — bioreactor (fermenter) — biogas purification system — gas
accumulator.

One of the key features of this plant is that the hydrolysis plant is separated from the bioreactor. Waste from the
agro-industrial complex enters the storage tank, and then is sent to a hydrolysis plant located separately from the fermenter.
In the hydrolysis plant, the process of hydrolysis — oxidation occurs under the influence of hydrolysis bacteria, which leads
to the formation of fatty acids. After that, the resulting mass is sent to a fermenter, where methane-producing bacteria
process fatty acids with the release of biogas [6, p. 2193, 7, p. 408].

A feature of the technology being implemented is the presence of a hydrolysis unit in the structure of a biogas plant.
It is a sealed vessel with a heating system, a mixer, a pumping station and an inlet separator. The hydrolysis unit is
connected to the fermenter, and the prepared biomass is fed into it constantly or at certain intervals. The maximum gas
release is achieved by adding biomass corresponding to the decomposition level. The biomass supply is regulated
automatically.

During the plant operation, biogas is released with the chemical composition shown in Table 2.

The specific heat of combustion of biogas ranges from 5,500 to 6,500 kcal/m3. The energy potential of one cubic
meter of biogas is comparable to the energy of 0.6 m? of natural gas, 0.74 liters of oil, 0.65 liters of diesel fuel and 0.48
liters of gasoline. The use of biogas also saves fuel oil, coal, electricity and other energy sources.

The installation of biogas plants contributes to the improvement of the environmental situation on farms, poultry
houses and adjacent territories. This helps to avoid pollution of reservoirs such as gullies, lakes, ravines and rivers, thereby
improving the ecology of habitats.

Table 2 — Chemical composition of biogas

Substance Chemical formula Content, %

Methane CHa4 40,0...70,0

Carbon dioxide CO2 25,...55,0

Water vapor H20 0...10,0

Nitrogen N2 <5,0
Oxygen 02 <20
Hydrogen H2 <1,0
Hydrogen sulfide H2S <1,0
Ammonia NHs <1,0

Data on the amount of biogas (m?) produced from one ton of waste are presented in Table 3.

Liquid fertilizer can be applied to the soil, dried and turned into granules, and if necessary also briquetted. By mixing
it with various components in certain proportions, compost and soil mixtures suitable for greenhouses and so on can be
obtained. We propose to add a module to the technological complex that will produce high-quality fertilizers by enriching
the sludge formed during methanogenesis, followed by granulation of fertilizers. The use of such a fertilizer is economically
efficient.

Table 3 — Biogas output from 1 ton of waste

Biomaterial, one ton Biogas, m
Cattle slurry 45.00
Pig manure 60.00
Processed grain of the alcohol and beer industry 65.00
Cattle manure mixed with straw 70.00
Beetroot tops 75.00
Bird droppings 80.00
Beet production waste 88.00
Biological waste 100.00
Waste from sugar production 115.00
Waste from rye harvesting 165.00
Pig manure mixed with cattle manure 180.00
Production waste from feed beets 200.00
Corn silage 250.00
Grass silage 300.00
Slaughterhouse waste 350.00

Module 2 is a module for the production of organo-mineral fertilizers. The second module of the complex is aimed
at developing a technology for producing organo-mineral fertilizers (see Figure 2). Based on the patent analysis, a scheme
for the preparation and granulation of organo-mineral fertilizers from sludge obtained in a bioreactor was proposed.
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Figure 2 — Technology for the production of organo-mineral fertilizers.

1 — movable floor; 2, 9 — chain conveyor; 3 — separator; 4 — drying unit; 5 — heat generator; 6 — labor; 7 — storage hopper;
8 — sedimentary cyclone; 10 — granulator hopper; 11 — granulator press; 12 — noria; 13 — cooling column; 14 — sorting;
15 — noria for finished products; 16 — cyclone; 17 — hopper of finished products; 18 — electronic scales

Module 3 is a composting module. The third module of our technological complex is designed to produce compost
(see Figure 3). As a result of the patent search, we have developed the design of a bio—fermenter composter, which is a
rectangular structure made of bricks or other building materials equipped with a forced air supply system to the fermentation
ointment. The work is carried out periodically.
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Figure 3 — Compost production technology (third module).

1 — room for fermentation of raw materials, 2 — working mixture, 3 — gates; 4 — pressure fan; 5 — exhaust fan; 6 — pressure duct system;
7 — orifices for temperature measurement; 8 — oxygen meter rod; 9 — flexible hose; 10 — oxygen meter.

To speed up the composting process, it is recommended to use bioactive additives. Specially developed biologics
may include EM preparations, enzymes and microorganisms obtained from compost or specially selected strains —
destructors of cellulose, lignin, proteins and other biopolymers [8, p. 67; 9, p. 123036]. Additives based on local compost
microflora can be obtained using a cumulative culture on compostable materials, for example, in devices with mechanical
mixing and aeration. The resulting crop is added to the bulk of the compost. This approach can be applied to accelerate
the decomposition and neutralization of materials contaminated with xenobiotics (for example, pesticides and petroleum
products). It is also possible to reduce the composting time by irrigating the compost with an aqueous extract from the
already prepared compost.

As for the 4th module of bio-desodorization, the use of EM technologies to eliminate odors and improve the
microclimate in livestock complexes seems to be the most promising. Specially created effective microbiological
preparations can significantly reduce the level of unpleasant odors in such rooms. Analysis of food waste, such as raw pig
and cattle manure, indicates that they are a valuable source of organic and mineral substances. With proper processing,
they can be used for the production of fertilizers and biogas, which is a promising direction in solving the problem of waste
recycling and environmental pollution [10, p. 1080].

The calculation of the parameters of a biogas plant, which is designed for processing organic waste in order to
obtain biogas and biofertilizers, was performed using the following methodology. It includes calculations of reactor volumes,
feedstock loading, water quantity, biogas output, as well as a description of the reactor design requirements and the biogas
collection system. This technique enables to calculate the main parameters of a biogas plant, including reactor volume,
feedstock loading, biogas output, and design requirements. It is aimed at optimizing waste recycling processes, obtaining
biogas and biofertilizers, as well as reducing the environmental burden.
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The proposed technical characteristics of the plant include the following components: a 20 m? feedstock hopper, a
25 m3 reactor, a 60 m? fertilizer storage tank, process tanks, pumps and a 50 kW gas boiler. The unit has a capacity of 5
m?3 per day for raw materials and 200 m3 per day for gas (or 72,000 m3 per year). The potential energy produced is 1.20
Gcal (5.02 GJ) per day or 438 Gcal (1,830 GJ) per year. The productivity of the biogas power plant for fertilizers reaches
1,825 tons per year. With an application rate of 0.5 t/ha, this volume is sufficient to process 3,750 hectares of agricultural
land. The use of highly effective organic fertilizers makes it possible to increase yields by 50-100%, depending on the crop,
and also to almost completely abandon the use of chemical fertilizers.

The paper provides an analysis based on a calculation methodology, which is a financial and economic analysis
aimed at evaluating the effectiveness of an investment project. The main characteristics of the methodology are:
assessment of the economic efficiency of the project, comparison of costs and income, including taxes, determination of
net profit and payback period of investments. This technique includes the following steps: 1. calculation of expected profit
(conditional annual savings); 2. calculation of income tax; 3. calculation of net profit; 4. calculation of the payback period
for capital investments.

The use of a biogas plant provides the following economic advantages: reduction of heating and electricity costs;
the possibility of selling environmentally friendly organic fertilizers obtained during processing; sale of surplus biogas;
elimination of the cost of placing droppings on the territory of a poultry farm in accordance with the standards of payment
for the disposal of production and consumption waste.

Conclusions. Reducing the anthropogenic impact on the environment from livestock waste is possible due to the
introduction of technologies for processing manure into biogas and organic fertilizers. Analysis of the issue has shown that
untreated manure stored in fields negatively affects the environment: it pollutes the soil, air, groundwater and promotes
the spread of infections. At the same time, animal husbandry waste (pig manure, cattle manure, bird droppings) contain
valuable organic and mineral substances that can be converted into fertilizers and biogas during processing.

A promising area is the search for effective recycling technologies that will not only eliminate environmental issues,
but also allow us to obtain useful products. For this purpose, the existing waste recycling methods were analyzed. The
method of microbiological fermentation in thermophilic mode is recognized as the most effective, which reduces the
processing time to 5-7 days and reduces the volume of construction of equipment structures.

A technological scheme is proposed that includes four modules: anaerobic digestion to produce biogas, the
production of organo-mineral fertilizers, composting and bio-desodorization using EM technologies. A special feature of
the plant is the separation of hydrolysis and methanogenesis, which prevents peroxidation of the medium and increases
the stability of the process. Additionally, sludge enrichment and granulation of fertilizers are proposed, which increases
their efficiency.

Calculations have shown that the implementation of the complex is economically and environmentally beneficial:
the payback period is 2.7 years. The main income is provided by reducing the cost of waste storage and fertilizer sales.
Thus, the proposed complex not only reduces anthropogenic load, but also increases the economic efficiency of livestock
enterprises.
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B daHHoU cmambe niposedeH aHanu3 ocobeHHocmel 3Kcrislyamayuu ceflbCKOX035UCmEeHHOU MeXHUKU C Ueslbio
rnosbllWeHuUs ee HadexHocmu u 0QosizoeeqyHocmu. AKkmyarnbHOCmMb uccredogaHusi obycrioereHa HeobxoduMocmbHo
YyqweHusl 3KCrislyamayuoHHbIX XapakmepucmuKk CefibxO3MalluH 8 YCriosusiX UHMEHCUBHO20 UCrofb308aHuUsi U
rnosbiWeHHbIX mpebosaHull K ux agpgpekmusHocmu. Llenb pabombi 3akmroyaemcsi 8 paspabomke peweHull, Hanpas-
JIEHHbIX Ha UHMe2payuro 8bICOKOMPOYHbIX Mamepuasos, fe2Kux KOHCMPYKUul U COBPEMEHHbIX aHMUKOPPO3UOHHbIX
nokpbimud 05151 onmumu3ayuu pabomel ceslbCKoX035licmeeHH020 06opydoeaHus. HayyHass s3Hauumocms ornpedenissemcsi
uccriedogaHueM repcriekmus nPUMeHeHUs1 UHHO8aUUOHHbIX MEeXHOI02aul, makux Kak HaHOMOKPbIMUS, camogsoccmaras-
nuearowuecs u buopasnazaembslie Mamepuarsibl, crnocobcmeyuwux MPoONeHUD CPOKa CrlyX6bl MEXHUKU U CHUXEHUIO
KCrlyamayuoHHbIX 3ampam. [pakmudyeckas 3Ha4uMOCmb 3aK/14aemcsi 8 803MOXHOCMU 8HEOPEHUS MPeOIOXKEHHbIX
peweHul npou3toouUMeIIMU CeflbX03MeXHUKU, Ymo rpusedem K MosbILEHUIO UX KOHKYpeHmocrnocobHocmu u ycmod-
yusocmu. Memodornozausi uccriedogaHusi 8K0Haem aHau3 Mamepuarsios, IKCrepuMeHmarbHbIe UCbIMaHUsi KOHCMPYK-
uul U OUeHKy aKonoeudeckux nocredcmeuli npuMeHeHuUs1 Hoebix mexHosnoaul. OCHO8Hble pe3yrnbmambl deMOHCMpPU-
Pyrom 3Ha4YumesibHoe yry4lweHuUe 3KCrlyamayUoHHbIX XapakmepucmuK ceslbX03MawuH, nodmeepxdasi, Ymo uHmezpa-
yusi nepedoebix Mamepuasos U mexHomnoeaul criocobcmeyem Mo8bIWeHUK 3¢hheKmuU8HOCMU, 3KOIo2UYHOCMU U
9KOHOMUYeCcKoU peHmabesibHOCmuU CerlbCKoX035lcmeeHH020 npousgodcmea. LjeHHocmb nposedeHHO20 uccrnedosaHusi
3aknmo4aemcs 8 npedocmassieHuU Hay4Ho 060CHOB8aHHbIX pekomMeHOayul Onsd ycmol4yugoeo pa3eumusi CeslbCKoX035l-
cmeeHHOoU ompacriu U MUHUMU3ayuu He2amugHo20 8030elicmeusi Ha OKpyatolyto cpedy.

Knrodeenle crioga: cenbCKOX03AUCMEEHHas MEXHUKa, 8bICOKOMPOYHbIE Mamepuarsbl, aHmMUKOPPO3UOHHbIE
MOKPbIMUS, HAHOMOKPLIMUSI, O0S1208€4HOCMb, UHHOBAUUOHHLIE MEeXHOI02uu.
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