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\ FEOMETPISt qacmHKM A0O3BONAE
TOYHO BpaxysaTi
K iHepuii Ta TepTA.
a
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TEOPETUYHA MOAENDb

DI3UYHUIA NPOAYKT
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a7 |y
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1. Mnocka 2D ciTka 3 Bi3epyHKOM 2. Matemaruura 3D cepa 3. KoHGOPMHe BIR0BPaXeHHA Ha

Keiic [l «YKpMeTpTeCTCTaHRApT»
Matemarinine MoAeNIioBaHHs A03BONUNO iAeanbHo HaHOCUTK noroTMn
aHaKy AKocTi 'UCSM' Ha KpMBONiHifHi NOBEPXHi BUMIDIOBANGHHX
npunapie Ta Tapu (RocnipxenHa Heceigomitoi O.B., Kpemeus T.C.).

" Ninocxi kpwei,

onTumMmisauia AMNK: MaTemaTuKa To4HOro 3eMnepo6cTaa.

Y O S AW WA T
Vi Vi Vi Vi VvV Y

©) NpyHo-nnacTuune
RAedopMyBaHHA

CuHepria Hayku: KoHBepreHuis MeTofliB B OAHIW MaluMHI.

MpoeKTyBaHHA cy op WHOTO C
BMMarae nos CneKTpy r puyi

paTop:
'0 aHaniay:

| 3. Kinemaruxa: Pospaxy-
HOK IHEPUIAHOrO WAAXY
3epHa BIR0BX NONaTI.

1. Nosepxhi: CTBopeNHA
iAeanbHOT GopMI
meranesoi nonari

5 (minimansbha nnowa).

4. Cirkw: PoapaxyHox

TennonepeHocy Ta

HanpyXeHs Ha NosepXHi
| werany.

" 2. Kpwei: Onumisauin
GOPAH KPOMKH AR
| saxonnenss warepiany.

5. MPMXNAAHE MOREMNIOBANHS:
AHanis NNACTIANOT ACGOPMALT NPH
wramnysawwi nonari Wa 3a80Al.
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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3axuwieHux y nepioa 3 2005 no 2022 pik.

[oBeaeHo AOMiHYBaHHS cnewianbHoCTi
05.01.01 (MpuknapHa reoMeTpis,

OundepeHuiansHa KinemaTuka cknagHoro | Komn'toTepHuit : RS
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ENERGY EFFICIENT NETWORKS FOR SWARMS
OF AUTONOMOUS AGRICULTURAL DRONES
Krushelnytskyi V.V., Skuriatin M.A.
National University of Life and Environmental Sciences of Ukraine

Themodern paradigm of Smart Agriculture is rapidly evolving from the use of
single automated machines to the implementation of complex robotic complexes,
which may include swarms of uncrewed aerial vehicles. The integration of soft robotics
technologiesintd r one desi gn enables the mani pul
with plants in agroforestry and horticultural [1].

Effective execution of operations, such as variahte fertilisation or
autonomous harvesting, requires not only modern mechatroluttosis but also a
reliable communication architecture.

The integration of cloud computing and the Internet of Things is a fundamental
prerequisite for coordinating mobile agricultural robots [2]. Drone swarm control
involves a combination of reactive andeterministic behaviours. Reliable
communication is essential not only for avoiding collisions but also for the effective
and standardised monitoring of the swarm by a human operator (FRoot
Interaction)[3].

The key problem remains the energy defgte of UAVs. Traditional Wi
and 4G protocolsapidy drain batteriesTo mitigate this negative factor, the use of
energyefficient communication technologies, particularly LPWANse.q(,
LoRaWAN) and WPANSs (e.gZigbee), provides an effective solutio

To perform precision application tasks, sucthaseof mineral fertilisers, which
were conceptually studied for grourlshsed pneumatic agricultural robots [4], the
swarm in this case, requires a twevel communication architecture:

Intra-swarm commuication (Zigbee): Based on the IEEE 802.15.4 standard [5],
this protocol is suitable for sherange data exchange (up to 100 m) between drones.
The use of a mesh topolognablesirones to locallsynchronisdrajectories, allocate
processing areas, ammordinate fruit capture without delays e need to cala
central servef6].

Global Telemetry (LoRaWAN): Comprehensive reviews of the development of
LPWAN for the Internet of Things [4] confirm that the LoRaWAN architecanablas
the deployment ofdw-power networks over large areas. This channel can be used to
communicate between the swarm and the cloud sewmerdistances of up to 15 km.

It transmits task maps, global coordinates, aweralloperation status.

The use of lowpower networksdirecly affects the operating time of
autonomous drones. The energy balance of eachewedvehiclein a swarm, for
example, a UAV, can be described by the follonexgressions

O O O O
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where Etotal is the totahvailable battery energy; Eflight is the energy
consumption on flight; Emanip is the energy to perform agrotechnical operations (e.g.,
sprayer pumps, manipulator actuators); Ecom is the energy spent on communication.

In turn, the energy consumption for ddtansmissionH.n) is calculated using
thefollowing expressions

5 U 5 \
O V) Q\—( v D
where Ptx and Prx are the power consumption of the radio module in the transmit and
receive modes; L is the data packet size (bit); R is the tdatsfer rate (bit/s);
trxi duration in receive mode.

As LoRaWAN and Zigbee protocols significantly minimise Ptx and Prx
compared to broadband networks, Ecom is reduced accordingly. This allows the
battery capacity to be redistributed between Eflight amdrkip, thereby increasing the
UAV's autonomous operating time.

The use of the LoRaWAN protocol for macro control and Zigbee for micro
coordination protocols forms an optimal infrastructure for the operation of agricultural
drones. This approach ensures t#mweecution of agrotechnical operations while
simultaneously reducing the energy consumption of robotic complexes.
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GREENING THE MANAGEMENT OF CONS TRUCTION WASTE
GENERATED BY WAR -RELATED DESTRUCTION: SORTING,
RECYCLING, AND THEIR ROLE IN ENSURING RESOURCE
EFFICIENCY AND SUSTAINABLE RECOVERY IN UKRAINE
Melnyk Valentyna,BastyloVladyslav

National University of Life and Environmental Sciences of Uiaai

Under conditions of largecale destruction caused by military aggression, the
iIssue of greening construction waste management acquires systemic importance for the
recovery of the national economy and the reduction of anthropogenic pressure on the
environment. The shortage of primary construction resources, limited logistical
capacities, and rising material costs necessitate the active use of secondary raw
materials obtained through the recycling of construction debris. According to analytical
assesments of infrastructure damage, a significant share of destroyed assets consists
of residential buildings, as well as transport, energy, and social infrastructure, which
generates substantial flows of mixed construction waste [1].

The specificity of wastegenerated by explosive destruction lies in its
heterogeneity and the high degree of mixing of materials of different origins. Unlike
waste from planned demolition, such masses are characterized by deformed structures,
contaminated fractions, and poteritiahazardous components, which significantly
complicate sorting and further processing [2]. Particular attention should be paid to
asbestogontaining materials which, in the absence of selective removal, can render
large volumes of waste hazardous andrdftge require specialized handling in
accordance with environmental safety requirements [3].

In accordance with the provisions of the Law of Ukrair®n Waste
Managemeny, priority is given to the implementation of the waste hierarchy, which
i tc J H & M gg@vsriiah ‘of waste generation, preparation for reuse, recycling, other
recovery operations, and only as a last resalisposal. Additionally, the regulatory
framework for waste classification is defined by the Resolution of the Cabinet of
Ministers of kraine No. 1102«On Approval of the Procedure for Waste
Classificatiom, which ensures the identification of hazardous components and the
selection of appropriate treatment technologies.

An analysis of the material structure of typical buildings indicdlted the
predominant share of waste consists of reinforced concrete and stone materials,
construction mortars, metal elements, as well as wood and pehased thermal
insulation materials [1]. In the context of destruction, these components are
transforned into significant volumes of secondary raw materials suitable for reuse after
appropriate processing. In particular, crushed concrete and reinforced concrete can be
used as secondary aggregates, metals as feedstock for metallurgical recycling, and
brick and ceramic materials in road construction or for manufacturing new building
products.
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The formation of an effective waste management system for such materials
requires a phased organization of processes: from initial site clearance and
transportation to treatment facilities, to sorting, temporary storage, preparation for
reuse, and final recovery or disposal [2]. A key element of greening this system is the
implementation of selective demolition, which minimizes material mixing and
improves the quality of secondary resources.

Recycling of construction waste is implemented at several technological levels
I from the direct reuse of homogeneous materials to complex processes of mechanical,
chemical, and thermal treatment. In practice, thestmwidespread is secondary
recycling, which includes sorting, crushing, and cleaning of materials, ensuring their
further use in construction production [2]. At the same time, the development of
advanced processing technologies opens up opportunitiesdpedtransformation of
waste into new valuadded materials.

The technological implementation of recycling processes requires the use of
specialized equipment, including telescopic handlers, mobile and stationary crushing
and screening plants, as well separation and fractionation systems that ensure the
production of standardized secondary materials [1]. A complicating factor in the
operation of such equipment is its functioning under conditions of high dust pollution.

The application of these solutiom®ntributes not only to reducing landfill
volumes but also to the formation of local closedp material cycles within the
construction sector. From a strategic perspective, the greening of construction waste
management aligns with the principles of treular economy and corresponds to the
objectives of the European Green Deal. The transition from a ligaduction
consumptiohwaste> model to a circular model reduces resource dependency, lowers
greenhouse gas emissions, and minimizes landfill bardiear Ukraine, this represents
not only a solution to environmental challenges but also the creation of new economic
opportunities in the recycling industry.

Thus, the sorting and recycling of construction waste generated as a result of
military destructbn serve as key instruments for the greening of reconstruction
processes. Their systematic implementation ensures increased resource efficiency,
reduced environmental risks, and the establishment of a foundation for the sustainable
development of Ukrainanithe postvar period.
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THE COPILOT PROJECT AS AN INNOVATIVE MODEL FOR MODERN
HIGHER EDUCATION
Romasevych Yuriy]Tsyvenkova Nataliya
National University of Life and Environmental Sciences of Ukraine

The COPILOT project is a Europeamitiative aimed at transforming higher
education institutions into innovatieadriven ecosystems, particularly in the field of
Sustainable Energy and Clean Technologies (SECT). Its main objective is to strengthen
the capacity of universities to support ge¢ech entrepreneurship, bridge the skills gap,
and foster collaboration between education, research, and industry. The project focuses
on training approximately 1,500 students and 550 academic staff, while also
contributing to startup creation and the eélepment of green technologies aligned with
the EU Green Deal.

The implementation of the COPILOT project is based on a comprehensive
approach that integrates education, innovation, and entrepreneurship. One of the key
mechanisms is thdevelopment of innovatieariented curricula careated by partner
universities and aligned with real market needs. Additionally, the project introduces a
capacitybuilding framework that includes staff training, mentoring, and the
modernization of institiilonal infrastructure. Another important component is the
establishment of strong links with industry through internships, networking, and
startup support programs, enabling students and researchers to apply their knowledge
in realworld contexts.
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Within the framework of the project, a wide range of disciplines is taught,
especially at the National University of Life and Environmental Sciences of Ukraine.
These courses cover both technological and pedagogical aspects of innovation. For
example, courses rédal to artificial intelligence focus on machine learning, natural
language processing, and intelligent systems, as well as their application in education
and engineering. Other disciplines include innovative teaching approaches, robotics
systems, additivenanufacturing, 3D technologies, modern technical systems, and
digital twins. These courses provide both theoretical knowledge and practical skills
necessary for designing advanced technological solutions and implementing them in
professional practice.

The courses are designed for a broad target audience, including students,
academic staff, researchers, and industry representatives. Such an inclusive and
multidisciplinary approach ensures the development of relevant competencies required
by the modern labomarket, particularly in the fields of sustainable energy, digital
transformation, and innovatieairiven entrepreneurship.

The results achieved by the COPILOT project demonstrate its significant impact
on higher education and innovation ecosystems. Amoadgk#ly outcomes are the
development of new educational programs, modernization of teaching methods,
strengthening cooperation between universities and industry, and the creation of
innovationoriented learning environments. Furthermore, these results talienited
to the duration of the project: they will be actively integrated into existing educational
programs, leading to the modernization of their content and structure. This integration
will ensure that curricula remain relevant to current technologreads and labor
market demands, ultimately enhancing the quality of education.

As a result, the implementation of COPILOT outcomes will elevate educational
activities to a higher level by promoting innovation, interdisciplinarity, and practical
orientaton in teaching and learning processes. It will also contribute to theidomg
sustainability of educational reforms and strengthen the role of universities as key
drivers of technological progress and seecmnomic development.

In conclusion, the COPILD project represents an effective model for
modernizing higher education through the integration of innovation, technology, and
entrepreneurship. By combining advanced curricula, practical training, and
international cooperation, it prepares a new germratif specialists capable of
addressing global challenges in sustainable development and driving technological
progress.
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MODERN ASPECTS OF RELIABILITY AND SERVICE LIFE OF OIL
FILTERS IN INTERNAL COMBUSTION ENGINES
Melnyk Valentyna,Novitskiy Andriy, LisetskyiVitalii

National University of Life an&nvironmental Sciences of Ukraine

Oil filters play a crucial role in ensuring the stable operation of internal
combustion engines by removing abrasive particles, wear products, and chemical
contaminants, which directly affects the durability and efficyasfeengine assemblies.
Their hydraulic function contributes to pressure stabilization and the prevention of
erosive processes in the lubrication system [1, 2].

Contamination of lubricating oil with particles sizetP55 e m may ac cc
up to 70% of weain the crankandconnectingrod mechanism. Exceeding cleanliness
standards increases bearing wear intensity by2138imes. Experimental data indicate
a reduction in engine service life byillB8% when contaminated oil passes through a
defective filter [L, 2, 5].

Abrasive wear arises from the circulation of solid particles, adhesive wear results
from the breakdown of the lubricating film under pressure drop conditions, and
corrosionmechanical wear is caused by the accumulation of acidiprdgucts.
According to standards, an increase of one contamination class level raises bearing
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wear rates by 1.5 times, while the use of filters with a low particle retention coefficient
increases wear of the cylindi@iston group by 2540% [1, 4, 6].

The main sources atontamination include fuel combustion products, wear
particles, atmospheric dust, and residues of oxidized oil, with a limiting concentration
of mechanical impurities of 0.0R2.04%. Deterioration of the oil cleanliness class leads
to a multiple increaseniwear, as demonstrated by empirical data on the relative wear
rate of bearings [6, 7].

Filter service life depends on design factors (type, surface area, material),
operational conditions (load regime, temperature, material quality), and logistical
factors (maintenance intervals, forecasting). Temperatures above 120 °C cause
material degradation, while a pressure drop exceeding@2%MPa activates bypass
valves, allowing unfiltered oil to enter the system [3, 4, 7].

The main failure modes include clagg (46 52%), element destruction (118
24%), valve failures (1i2L6%), and loss of tightnessi (%), which leads to up to
30% of premature bearing failures. Monitoring is performed through differential
pressure control, contamination analysis, ferrographg, vibroacoustic diagnostics,
with a transition toward conditiebased maintenance in accordance with standards [3,
4,6, 7].

Key challenges include the use of reertified filters, violations of maintenance
regulations, lack of monitoring, and logistichsruptions. The transition to logistics
based resource management grounded in residual service life diagnostics enables
optimization of engine reliability [3, 7].
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INVESTIGATION OF OPERATING MODES OF AN AEROTROUGH

GRAIN DRYER
Kotov B.1.1, Stepanenko S.P.Kalinichenko R.A2, Popadyuk I.S
!Educational Institutiofi Podi | | i a St ate Univer
?Institute of Mechanics and Automation of Agroindustrial Production, NAAS of
Ukraine;

3Separated Subdi vi siNinz hoyfn NAbBBioPt eocfh nUKkereé

One of the primary directions for improving seed quality is the optimization of
drying technology in a suspended state [1, 2]. The use of aerodynamic devices in this
process has demonstrated its efficiency [3].

We have desloped an aerotrough dryer [4] operating as follows. At the first
drying stage, seeds with an initial moisture content of 27 % are fed into the shaft
through a loading hopper onto the ghstribution grate of the asupply box. The
material layer hight, specific load on the grate, and drying agent velocity are selected
to form a gravitationally moving layer chamber. Within this chamber, seeds are dried
to a moisture content of 2827 % under the influence of a heat carrier stream at 65
75 °C supped through the gadistribution grate of the upper channel of the box, and
then conveyed via a chute to the second drying stagehamber with alternating
pseudefluidized and falling layers.

At the second stage, the drying material pgsitioned between the gas
distribution grates of oppositely arranged boxes. Exposure to converging streams of
the heat carrier forms an alternating psefidalized and falling layer that moves
toward the discharge hopper along a trajectory approximatsigusoid with straight
extremal segments. When the grain flow transitions from orsugply box to another,
layer inversion and uniform mixing of seeds occur.

To determine the operating modes of the shaft for drying seed, food, and fodder
grains, the drer was integrated into a conventional grain cleaning and drying line. The
line comprised a receiving section with aerotroughs and bucket elevators, a bulk
cleaner, a shafierotrough grain dryer, a grain cleaning machine, storage bins, a
universal furnae unit TAU-0.75, and a cyclone.

During experiments, the temperature of the drying agent (t, °C) was regulated
by adjusting the fuel consumption in the TAU/5 unit. The performance of the
discharge device was varied by changing the rotor speed of theyotav al ve ( n,
Through the cubff method, the throughput of the installation was measured and
converted to the nominal dryer capacity (W, planned, t/h). The flow rate of the drying
agent (G, m3/s) was set using inlet dampers in each channel artdnedria dynamic
pressur e. Specific energy consumpti on
determined in accordance with industry standard recommendations.

The results demonstrated that, depending on the selected operating parameters,
the actual heatamsumption for evaporating 1 kg of moisture in the shafbtrough
dryer module ranged from 11 to 57 MJ.
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An analysis of the causes of high specific energy consumption indicated
unsatisfactory o p-distrioutionsystenn A sighificaportongfe r 6 s
unused heat was lost from the shaft along with the drying agent through the lower
grates of the integrated aerotroughs. Consequently, solid partitions were installed to
replace the perforated grates, and an active overflow threshold was cettioalithe
end of each drying box to remove spilled grai¥¥[5

To reduce aerodynamic resistance,-gdsaust boxes replaced the perforated
shaft walls. These structural modifications significantly improved the reliability of the
technological process ameduced specific energy consumption.

The determination of optimal operating modes for drying seed, food, and fodder
grains in the modernized aerotrough dryer shaft was performed using a graph
analytical method. Twalimensional response surface sectioaiecting changes in
actual specific energy consumption and seed germination in response to technological
factors, were generated using a PC and superimposed in corresponding scales anc
coordinates [8, 9].

The selection of boundary values for technologfeators during seed drying
was guided by national standards for sowing quality (germination and moisture
content). For soft wheat (winter and spring), a reduction in germination of up to 90 %
Is acceptable, and final moisture should be 14 %. These teria correspond to the
following operational parameters: G = 0-/8.82 m/s; t =58.064.4 °C; n=2.53.2
mi n T

Under this mode for a single s-tRaft:
MJ/kg of evaporated moisture; possible germination chanGe ¥10 @; planned
productivity = 0.6- 0.7 t/h.

For food (fodder) grain drying: G = 0.97..03 m/s; t =58164.4 °C; n=1.8
2.08 min T. Mi ni mum s pecti8MIkg ef evapoigtgd Cc o1
moi sture; ger mi nals%,plannedgrodudcivity =d701l.gpih. = O

It should be noted that gluten quality during drying under these regimes remains
unaffected since the grain does not heat above 70 °C.

Analysis of the operation of a single shaft of the aerotrough dryer demedstrat
that the requirements for drying quality were met. The uniformity of wheat drying in
the seed regime wab.60 % +1.74 %, and in the food regim@.02 % +1.58 %. No
reduction in seed germination or gluten content was observed after storage.

The heatequired to evaporate 1 kg of moisture was 5591 kJ. Fuel consumption
was 13.6 kg/t in the seed regime and 10.1 kg/t in the food regime, with corresponding
productivity of 2.18 t/h and 3.9 t/h.
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