
 

 

УДК 631.5 

Код ВАК 4.1.1 

Анализ параметров севооборота, почвы корнеплодов и 
обоснование необходимости ее очистки  

 
 

Бададян Лусине Вагановна 

Донской государственный технический университет (ДГТУ), 344065, город Ростов-на-Дону, страна Россия, 

преподаватель кафедры менеджмента и бизнес-технологий E-mail: l-b-v@bk.ru , ORCID iD: 0009-0008-0865-9199, 

Scopus ID: 57213838315 

Аннотация. Вопрос эффективного удаления почвы с корнеплодов остается важнейшей задачей 

послеуборочной обработки. Традиционные водные методы потребляют большое количество воды, при 

этом расход на единицу массы увеличивается на 215-425%. С другой стороны, методы сухой очистки 

зачастую не соответствуют требуемым стандартам качества. Цель исследования. Основное внимание 

уделено преимуществам, которые кооперация приносит мелким и средним производителям, включая 

снижение затрат, улучшение доступа к ресурсам, обмен знаниями и интеграцию в цифровые платформы 

для продажи продукции на международных рынках. Материалы и методы: В данном исследовании 

рассматривается процесс сухой очистки с использованием цифровых механизмов. Технологии работают 

на разных скоростях вращения (230/260 об/мин). Научная новизна: для оптимизации параметров 

конструкции проведен теоретический анализ сил, действующих на корнеплоды в процессе очистки. 

Результаты: в ходе исследования определены зависимости углового перемещения и скорости, а также 

отношение коэффициента трения к углу контакта (оптимально 42°). Эффективность очистки 76% была 

достигнута с использованием 14 машин (длина 2,7 м, время работы 36,6 с). Обсуждение и заключение. 

Система исключает использование воды, при этом соблюдая зоотехнические стандарты (<2,7% остатка). 

Результаты подтверждают разработку нового послеуборочного оборудования и предлагают 

практический подход к образованию в области агротехники. 

Ключевые слова: корнеплоды, очистка, цифровые технологии, машины, конструктивные параметры, 

коэффициент трения. 
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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: 

● Rubber-coated rollers (Shore A 60) 

● Differential rotation speeds (230/260 rpm) 

● 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 

rollers (r = 20 mm): 

 

 

 

 

 
 

α=arcsin⁡(2(R+r)a)=42∘(1)α=arcsin(a2(R+r))=42

∘(1) 

The minimum friction coefficient is: 

μ=0.51(2) 

The theoretical model validates the design's 

parameters and offers predictive control over cleaning 

outcomes. The optimal friction coefficient and angular 

relationships provide a scientific basis for future 

modifications and scaling. 

 

 

 

 

 

 

 

 

 

 
 
 
 

Fig. 1. Conceptual model of intelligent energy-saving system for agricultural enterprises  
 

 

 

 

 

 

 

 

     

 

 
   
 

 

 

 

 
The system being 

developed includes: 

 
A complex of 

sensors and detectors 
for monitoring the 

condition of 
agricultural facilities. 

 
A solar panel 

system to provide 
autonomous power 

supply. 

 
Intelligent software 

that processes data and 
provides 

recommendations for 
optimizing energy 

consumption. 

 
Mobile application 

"Farmer is your best 
friend", allowing farmers 
to manage the system in 

real time. 

 
The key idea of the 

product is to reduce 
energy costs by 25–

35% through 
automation and 

switching to renewable 
energy sources. 



 

 

 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 

Рис. 1. Концептуальная модель интеллектуальной системы энергосбережения для сельскохозяйственных    
предприятий 

 

 

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.  

● Prototype Design 

     ● Components:  

  ○ Frame: St37 steel 

  ○ Drive system: Odd rollers rotate at 230 rpm, even rollers at 260 rpm 

  ○ Control: Siemens S7-1200 PLC 

  ○ Test material: Potato (cv. Gala), with average tuber dimensions: 

    ■ Major axis: 57 ± 4 mm 

    

 
   

 

 

 

 

 

 

 

 
Разрабатываемая 

система включает в 
себя: 

 
Комплекс 

датчиков и 
детекторов для 

контроля состояния 
объектов сельского 

хозяйства. 

 
Система солнечных 

панелей для 
обеспечения 
автономного 

электроснабжения. 

 
Интеллектуальное 
программное 

обеспечение, которое 
обрабатывает данные и 

предоставляет 
рекомендации по 

оптимизации 
энергопотребления. 

 
Мобильное 

приложение «Фермер — 
твой лучший друг», 

позволяющее фермерам 
управлять системой в 

режиме реального 
времени. 

 
Основная идея 

продукта — снижение 
затрат на 

электроэнергию на 25–
35% за счет 

автоматизации и 
перехода на 

возобновляемые 
источники энергии. 



 

 

    ■ 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 
 
 

Таблица 1  

Показатели производительности  

Параметр  Значение 

Эффективность очистки  78 ± 2% 

Остаточное загрязнение < 2.7% 

Пропускная способность 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.  

 

 
 

 

Optimal Parameters 

● Roller spacing: 90 mm 

● Speed ratio: 230/260 rpm 

● Exposure time: 36.6 s 

 

 

 

 

 

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

 

 

     

 
Rising energy costs: Farmers 

in the region are facing rising 
electricity prices, which is 

reducing profitability. 

 
Environmental burden: 

Traditional energy sources lead 
to significant carbon dioxide 

emissions. 

   

 

   
 

  
 

Main 
challenges: 

 
Lack of digitalization: Many 

farmers do not use modern 
technologies for monitoring and 
optimizing energy consumption. 



 

 

 

 

 

Рис. 2. Концептуальная модель системы мониторинга и оптимизации энергопотребления 
сельскохозяйственных предприятийs 

 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 Способствует 
экологизации 

сельскохозяйственного 
производства, что актуально 

для региона с 
высокоразвитым 

агропромышленным 
комплексом. 

     

 
Рост цен на 

электроэнергию: фермеры 
региона сталкиваются с 

ростом цен на 
электроэнергию, что 

снижает прибыльность. 

 
Нагрузка на 

окружающую среду: 
Традиционные источники 

энергии приводят к 
значительным выбросам 

углекислого газа. 

   

 

   
 

  
 
Основные 

проблемы: 

 
Отсутствие 

цифровизации: многие 
фермеры не используют 
современные технологии 

для мониторинга и 
оптимизации потребления 

энергии. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 . Социальная значимость интеллектуальной системы энергоэффективности для 

сельскохозяйственных предприятий
 
 

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 

cleaning 

92% 300 L/ton 4% 

Proposed system 80% 0 L/ton <3% 

 

Таблица 2 

По сравнению с существующими технологиями наша система предлагает 

несколько ключевых преимуществ:   

  

Технология Эффективность Использование 

воды 

Ущерб 

Щеточные 

очистители 

67% 0 L/ton 9% 

Очистка на 

водной основе 

92% 300 L/ton 4% 

Предлагаемая 

система 

80% 0 L/ton <3% 

 

 

 

 

     

 The system helps reduce 
costs by increasing the 

availability of innovations for 
small and medium-sized 

businesses. 

 Способствует 
экологизации 

сельскохозяйственного 
производства, что актуально 

для региона с 
высокоразвитым 

агропромышленным 
комплексом. 



 

 

Key Benefits: 

○ Eliminates water use 

○ Reduces damage by 61% compared to brush 

systems 

○ 32% lower energy consumption than 

ultrasonic cleaners 

 

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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