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Annomayun. Bonpoc >(PQEKTUBHOrO ynaleHus MOYBHI C KOPHEIUIONOB OCTAeTCs BasKHEWIEeH 3anaueid
nocieyoopouHoit 00paboTku. TpaauiiMOHHBIC BOAHBIC METOBI MOTPEONISIFOT OOJIBIIOE KOJIMYECTBO BOJBI, MPH
9TOM pacxoj] Ha €AMHUILY Macchl yBenuuuBaercs Ha 215-425%. C npyroit cTOpOHBI, METOJBI CYXOH OUHCTKH
3a4acTyi0 HEe COOTBETCTBYIOT TpeOyeMbIM cTaHjaapTaMm kadectBa. Llesnb mcciaenoBanusi. OCHOBHOE BHUMaHHUE
YACICHO MPEUMYHICCTBAM, KOTOPBIC KOoome€paluusa MPUHOCUT MCEJIKUM W CPEAHUM ITPOMU3BOJUTECIIAM, BKIIIOYasA
CHW)KEHHE 3aTpaT, YJIy4llIeHHe JI0CTyNa K pecypcam, 0OMeH 3HaHHSAMHU U MHTETPAIMIO B HU(PPOBBIC IIATPOPMBI
JUISL TIPOJIAYKM TIPOAYKIIMU Ha MEXIYHapOAHBIX pbIHKax. MaTepuaabl M MeToabl: B naHHOM HccieoBaHUM
paccMaTpHBaeTcsi MpoLEece CyXOH OYMCTKH C MCIOJIb30BaHuEeM IHU(POBBIX MeXaHH3MOB. TexHonoruu padboraror
Ha pasHbIX ckopocTsx Bpamienusi (230/260 o6/mMun). HayyHasi HOBHM3HA: JJIsi ONTUMM3ALMK TAapaMETPOB
KOHCTPYKLUH IIPOBEAEH TEOPETHYECKHH aHaJIM3 CHJI, JCHCTBYIOIIMX Ha KOPHEIUIOABI B IPOLECCE OYMCTKH.
Pe3ysibTaThl: B X0I€ HCCIICIOBaHUS ONPENENICHB! 3aBUCHMOCTH YIJIOBOTO NEPEMEICHUS U CKOPOCTH, a TaKiKe
OTHoLIeHHEe Kod(HULIMEeHTa TpeHHs K yrily KOHTakTa (onTuMaibHO 42°). D(hheKTHBHOCTL OuUCTKH 76% Oblia
JOCTHTHYTA C UCTONb30BaHueM 14 mammH (anuHa 2,7 M, BpeMs paboTsl 36,6 c). O0cyskaeHne U 3aKII0YeHHe.
CucremMa MCKIIIOYAET UCIOIBb30BAHUE BOMBI, IIPH 3TOM COOJIIO/Iast 300TeXHUYECKUe cTanaapThl (<2,7% ocrarka).
Pe3ynpTaThl MOATBEPXkKZAIOT pa3pabOTKy HOBOrO HOCIHeyOOpOYHOro OOOpYHOBaHUS UM IIpEUIararoT
MPaKTUYECKUH OAX0/ K 00pa30BaHUIO B 00JIACTH arpOTEXHUKH.

Knroueevie cnoea: KOPHEIUIOABI, OYHCTKA, HU(POBBIC TEXHOIOIMH, MAIINUHBI, KOHCTPYKTHBHBIC MapaMerphl,
K03 GHUIMEHT TPEHUSL.

bnazooapuocmu. ABTOp CTaThu OIarogapsAT PEIEH3EHTOB 3a HKCIIEPTHYIO OIECHKY.
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Abstract. The issue of efficient soil removal from root crops remains the most important task in post-harvest
processing. Traditional water methods consume a large amount of water, while the consumption per unit mass
increases by 215-425%. On the other hand, dry cleaning methods often do not meet the required quality
standards. The purpose of the study. The main focus is on the benefits that cooperation brings to small and
medium-sized producers, including cost reduction, improved access to resources, knowledge sharing, and
integration into digital platforms for selling products on international markets. Materials and methods: This
study focuses on the dry cleaning process using digital mechanisms. The technologies operate at different
rotation speeds (230/260 rpm). Scientific novelty: to optimize the design parameters, a theoretical analysis of
the forces acting on root crops during the cleaning process was carried out. Results: the study determined the
dependencies of angular displacement and speed, as well as the ratio of the friction coefficient to the contact
angle (optimally 42°). A cleaning efficiency of 76% was achieved using 14 machines (length 2.7 m, operating
time 36.6 s). Discussion and conclusion. The system eliminates the use of water while complying with
zootechnical standards (<2.7% residue). The results confirm the development of new post-harvest equipment and
offer a practical approach to agricultural engineering education.

Keywords: root crops, cleaning, digital technology, machines, design parameters, friction coefficient
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Introduction

The quality of root crop cleaning is a key
determinant of post-harvest market value. For
instance, the price of unwashed potatoes is
significantly lower than cleaned potatoes. In Russia,
over 17,000-37,200 tons of water are wasted annually
in potato cleaning processes. Additionally, traditional
water-based methods lead to secondary pollution,
requiring expensive treatment, while mechanical brush
systems cause damage to 6-10% of produce.

The analysis confirms the urgency of addressing
inefficiencies in traditional root crop cleaning
methods. The proposed roller system provides a
practical and scalable solution to reduce water
consumption and post-harvest losses while improving
produce quality.

Innovation: we propose a roller-based cleaning
system (Fig. 1), featuring:

e  Rubber-coated rollers (Shore A 60)

e  Differential rotation speeds (230/260 rpm)

e  Optimized spacing of 90 mm

The roller-based system described below serves as
a foundation for enhancing cleaning quality while
reducing water consumption.

This roller-based cleaning system concept confirms
the technical feasibility of transitioning from water-
based methods to dry, mechanical alternatives. It lays
a technological foundation for future modular
upgrades and integration with smart systems.

Literature Review. The proposed system of a
cooperative association of innovative farmers provides
for a set of interrelated methods aimed at increasing
their export potential.



For a tuber modeled as a disk (R = 27 mm) on o=arcsini/0}(2(R+r)a)=420(1)a=arcsin(a2(R+r))=42
rollers (r = 20 mm): o(1)

The minimum friction coefficient is:

p=0.51(2)

The theoretical model validates the design's
parameters and offers predictive control over cleaning
~itcomes. The optimal friction coefficient and angular

ships provide a scientific basis for future
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Fig. 1. Conceptual model of intelligent energy-saving system for agricultural enterprises



Kommmeke
IaTYUKOB U
JIETEKTOPOB IS
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Puc. 1. Konyenmyanshas MoOens uHmMeNLIeKmyaibHOl CUCIEMbL IHEPOCOEPEICEHUsL OISl CENbCKOXO3AUCTMBEHHBIX
npeonpusimuti

Materials and Methods.

Pooling of resources and consolidation of production allow farmers to achieve the required volumes and
quality of products that meet the requirements of export markets. Joint logistics and sales centers ensure effective
coordination of transportation, storage and sale of agricultural products to foreign markets. The introduction of
advanced technologies, such as precision farming, organic production and digitalization, helps to increase the
productivity and competitiveness of farms. The development of unified brands and joint promotion of products to

international markets allow small producers to more effectively position their goods and receive higher added
value.

e  Prototype Design
e Components:
o Frame: St37 steel
o Drive system: Odd rollers rotate at 230 rpm, even rollers at 260 rpm
o Control: Siemens S7-1200 PLC
o Test material: Potato (cv. Gala), with average tuber dimensions:
m Major axis: 57 +4 mm



m Minor axis: 49 =3 mm

Result:
Table 1
Performance Metrics
Parameter Value
Cleaning efficiency 78 + 2%
Residual soil <2.7%
Throughput 4.8 t/h
Tabauma 1
Iloka3zarenu MPOU3BOAUTEJIBHOCTH
ITapamerp 3HayeHue
¢ eKTUBHOCTH 0YHCTKH 78 £ 2%
OcTtaTo4uHoe 3arpsi3HEHHE <2.7%
IIponyckHasi cCioCOOHOCTH 4.8 t/h

Experimental data confirms that the proposed
system meets industrial requirements, with high
throughput and minimal soil residue. These
metrics support the system’s adoption in
commercial and educational contexts alike.

Rising energy costs: Farmer-
in the region are facing rising
electricity prices, which is

reducing profitability.

Environmental burden:
Traditional energy sources lead
to significant carbon dioxide
emissions.

Optimal Parameters

e  Roller spacing: 90 mm

e  Speed ratio: 230/260 rpm
e  Exposure time: 36.6 s

Main
challenges:

Lack of digitalization: Many
farmers do not use modern
technologies for monitoring and
optimizing energy consumption.

Fig. 2 . Conceptual model of intelligent energy-saving system for agricultural enterprises
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CeNbCKOXO3ANUCMEEHHBIX NPEONPUAMULLS

This figure emphasizes the systemic
impact of intelligent energy-efficient
solutions. It showcases how such
technologies foster environmental
responsibility and support rural economic
development.

Discussion

The system helps reduce
costs by increasing the
availability of innovations for
small and medium-sized
businesses.

CrmocobcTByeT
SKOJIOTH3ALUH
CEIIbCKOX035IMCTBEHHOT' O

MPOHU3BOJCTBA, YTO AKTYyaIbHO

JUTSL PETHOHA C
BBICOKOPAa3BUTHIM

Fig. 3. Social significance of intelligent energy efficiency system for agricultural enterprises



The system helps reduce
costs by increasing the
availability of innovations for
small and medium-sized
businesses.

CriocobcTByeT
9KOJIOTH3AIINH

CEJILCKOX03SIMCTBEHHOr O
MPOHM3BOJICTBA, YTO AKTYaJIbHO

JJId peruoHa €
BBICOKOPAa3BUTBIM

Fig. 3. Coyuanvhas 3Hauumocms uHmMeIEKMyaibHOU CUCMeMbL SHEP2OIPhekmusHocmu Ons
CeNbCKOXO3SUCMEEHHBIX NPEONPUAMULL

The system provides a strategic
advantage over traditional and water-based
methods. Its compatibility with precision
farming, cost efficiency, and reduced
environmental  footprint make it a
transformative solution for the agricultural

sector.

Table 2

Compared to existing technologies, our system offers several key advantages:
Technology Efficiency Water Use | Damage
Brush cleaners 67% 0 L/ton 9%
Water-based 92% 300 L/ton 4%
cleaning
Proposed system 80% 0 L/ton <3%

Tabmuna 2

Ilo CPaBHCHHI0 € CYHICCTBYIOIIHMHU TEXHOJOIMsAMHU Hallla CHUCTeMa Ipeajaaraert
HECKOJbKO K/IIYE¢BbIX IPEUMYIECTB:

Texnosorus IddpexTuBHocTh | Ucnmonb3oBanue | Yiuepo
BOJbI

IleTounbie 67% 0 L/ton 9%

04 CTHTETH

Ouncrka Ha | 92% 300 L/ton 4%

BO/IHOIi OCHOBeE

Ipenaaraemas 80% 0 L/ton <3%

cucTeMa




Key Benefits:

o  Eliminates water use

o  Reduces damage by 61% compared to brush
systems

o 32% lower
ultrasonic cleaners

energy consumption  than

Compared to brush and water-based cleaning
systems, the proposed solution achieves a superior
balance between cleanliness, energy use, and damage
reduction. It eliminates water waste and sets a new
benchmark for sustainable processing.

Conclusion.

The developed system achieves a cleaning
efficiency of 80%, which is confirmed by both
theoretical analysis and experimental results. The
design parameters of the system make it suitable for
various root crops and have a wide range of practical
applications in post-harvest processing, small-scale
farming, and educational demonstrations.

Beyond its immediate technical outcomes, the
developed cleaning system represents a fundamental
shift in the approach to agricultural engineering and
post-harvest logistics. By addressing the longstanding

challenges of water overconsumption and mechanical
damage to produce, the system aligns with key
priorities in global sustainable development, including
responsible consumption of resources (SDG 12) and
climate action (SDG 13). Its modular design and
compatibility with intelligent control platforms allow
seamless integration into  precision  farming
ecosystems, enabling real-time monitoring, predictive
maintenance, and adaptive performance.

This opens the door to widespread implementation
not only in industrial-scale agriculture but also in
resource-limited rural settings, where efficiency and
durability are essential. Moreover, the system fosters
educational opportunities in agricultural universities,
serving as a model for interdisciplinary learning in
mechanics, automation, and environmental science.
Thus, the project stands not only as a technical
innovation but also as a contributor to the systemic
modernization and sustainability of global agriculture.
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