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Abstract 
The article discusses the system of automated irrigation of agricultural crops using an unmanned aerial vehicle. When

processing crops, 5% of the crop is damaged by wheeled or tracked vehicles. Machinery damages crops with a wheeled or
tracked engine, which negatively affects soil fertility and the amount of harvest not only this year, but also in subsequent years.
A large number of maintenance personnel of the operated equipment, its repair, refueling with fuels and lubricants are the
reason for high costs for agribusiness.

The paper describes the design of an irrigation complex based on an unmanned aerial vehicle and presents an economic
justification for the rationality of its use in agriculture.
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Аннотация 
В статье рассматривается система автоматизированного орошения сельскохозяйственных культур с применением

беспилотного  летательного  аппарата.  При  обработке  сельскохозяйственных  культур,  колесной  или  гусеничной
техникой  повреждается  5%  урожая.  Техника  повреждает  культуры  колесным  или  гусеничным  движителем,  что
негативно влияет на плодородность почвы и количество урожая не только в текущем году, но и в последующие годы.
Большое количество обслуживающего персонала эксплуатируемой техники, ее ремонт, заправка горюче-смазочными
материалами являются причиной больших затрат для агробизнеса.

В  работе  приведено  описание  конструкции  оросительного  комплекса  на  основе  беспилотного  летательного
аппарата и представлено экономическое обоснование рациональности его применения в сельском хозяйстве.
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Introduction 
Agriculture is a branch of the economy that is engaged in the production of food and non-food resources on agricultural

land.  It  includes various activities  such as  plant  cultivation (crop production) and animal  husbandry (animal  husbandry).
Agriculture plays a key role in ensuring food security and meeting the food needs of the population [1],  [2].  Within the
framework  of  agriculture,  farmers,  gardeners  and  livestock  breeders  are  engaged  in  the  cultivation  of  wheat,  corn,  rice,
vegetables, fruits, as well as the breeding of cattle and small cattle, pigs, poultry and fish. They use various methods and
technologies such as irrigation, fertilization, tillage, genetic breeding and the use of modern technology. Agriculture is of great
importance for the economic development of the country, especially for developing countries, where most of the population is
employed in this industry. It provides jobs for millions of people and is a source of income for rural communities. In addition,
agriculture is the main supplier of raw materials for the food industry, textile industry and other sectors of the economy. It also
affects the environment and requires management and control to maintain sustainable development [3], [4].

Unmanned aerial vehicles are divided into two types. The first type is unmanned aerial vehicles of the aviation type (Fig.
1). They are aviation equipment similar to traditional aircraft, capable of performing complex tasks in long continuous flight
and at high altitude [5].
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Figure 1 - An unmanned aerial vehicle of the aviation type
DOI: https://doi.org/10.23649/JAE.2024.41.20.1

Note: according to the source [5]

The second type is multi–rotor unmanned aerial vehicles (Fig. 2). Control of a multi-rotor unmanned aerial vehicle does
not require exceptional skills, unlike other types of unmanned aerial vehicles. Despite the fact that multi-rotor UAVs are cheap
and easy to manufacture, they have some disadvantages, namely: limited flight time, endurance and speed [6].

Figure 2 - Multi-rotor unmanned aerial vehicle
DOI: https://doi.org/10.23649/JAE.2024.41.20.2

To ensure the required irrigation time and the required volume of irrigation fluid, it is proposed to use a multi-rotor UAV in
conjunction with an irrigation system installed on an automobile base. This system will increase the time of continuous stay in
the air and significantly increase the volume of the sprayed liquid.

Research methods and principles 
Maximum efficiency in agriculture can be achieved only by having up-to-date and accurate information about the area,

topography, and soil specifics of the fields. Unmanned aerial vehicles, or drones, are radio-controlled or autonomous flying
devices without pilots on board. They are usually equipped with cameras or other sensors to transmit images or data in real
time. Unmanned aerial vehicles have gained popularity in various fields, including military, civilian, commercial and scientific
fields.  They are used for various purposes,  such as surveillance, support  for  military operations,  delivery of medical  and
humanitarian goods, shooting videos and photographs, as well as in the agricultural and construction industries [7], [8], [9].

The UAV can consist of the following basic parts (Fig.3): engines, propellers, flight controller, the frame.
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Figure 3 - The composition of the basic parts of the UAV: 
1 - engines; 2 - propellers; 3 - flight controller; 4 - the frame

DOI: https://doi.org/10.23649/JAE.2024.41.20.3

The frame is the base of the device, to which all the constituent elements are attached. The main task is to make a shock-
resistant, lightweight and durable device. Polymers or strong but light alloys are usually used to make the frame. In addition,
carbon fiber, fiberglass and similar materials are actively used, which will be able to ensure maximum structural rigidity. The
flight controller is the "brain" of the drone. It is programmed to process various signals coming from the operator's remote
control and sensors installed on it. The more signals the controller can process, the more versatile the drone is. With the help of
a loop, the flight controller is connected to each of the four engines, which allows them to send control signals (programmed
commands).

Design features 
The use of drones in agriculture and in agriculture in general is one of the most promising areas of application of this

technology.  UAVs  can  be  effectively  used  for  planning  and  controlling  stages  of  agricultural  production,  as  well  as  for
chemical treatment of crops and other plants. At the same time, the main criterion for the introduction of UAVs is economic
feasibility. UAVs will allow you to receive relevant and effective information when it is needed, in addition, the information
accumulated over a long period of time will allow you to analyze various processes.

Proposed upgrade: it is proposed to use a standard aluminum profile with a length suitable for a specific field for the frame
of the structure. This frame is a folding structure of various lengths, for specific tasks. It is proposed to make landing holes for
drones on the upper outer side of the profile, which will be used as a propulsor. In the middle (inner part) of the profile, it is
proposed to install a bypass valve,  to which a threaded hole for mounting a watering hose will be additionally mounted,
through which liquid fertilizer or water will be supplied. In the lower part of the profile there are spray devices for uniform
spraying of liquid. The 3D model of this project is shown in Fig. 4, which was performed in a specialized program COMPASS
– 3D.

Figure 4 - 3D model of the proposed contactless irrigation and fertilizer system
DOI: https://doi.org/10.23649/JAE.2024.41.20.4

It is proposed to use a special installation for a contactless irrigation and fertilizer system. The installation consists of: a
machine – let's consider on the basis of KAMAZ, in which water / fertilizer will be stored, a bay with a hose installed on this
machine [8]. It is proposed to equip the bay with an automated control system that allows you to adjust the length of the hose,

3



Journal of Agriculture and Environment ▪ № 1 (41) ▪ January

depending on the distance of the drones to the car. This system allows you to prevent sagging of the hose by maintaining
tension, according to the principle of a winch. Drones are controlled using the GPS navigation system, the parameters of a
specific field are set, and the flight route is plotted.

Main results 
In the work, an analysis of the economic efficiency of using the proposed irrigation system was carried out [9]. The costs

of: staff salaries, fuel, repair and maintenance of machinery, loss of crops were considered. Staff salary: tanker driver – 80
thousand rubles/month; operator of irrigation/fertilizing self–propelled plant - 60 thousand rubles/month. Fuel and lubricants:
Self-propelled irrigation/fertilizing plant, for example, "Fog-1M" consumes 0.25 l/ ha. On average, an agricultural firm owns
2000 hectares of land, in order to process them, this installation must come to the field, logistics costs will approximately
amount to 400 liters of AI 92 gasoline (48 rubles / l), which is 19200 rubles. For irrigation /fertilizing work: 0.25 l/ha*2000ga=
500 liters of gasoline AI 92), which is equal to 24,000 rubles. The cost of lubricants (engine oil and gearbox) will amount to 10
thousand rubles. In total, the total cost of fuel is 19200 rubles.+24000 rubles.+ 10 thousand rubles = 53200 rubles.

Repair and maintenance of this equipment will average 60 thousand rubles. In total, the material costs of a self-propelled
irrigation/ fertilizing plant are: 253200 rubles, excluding the purchase of the installation itself. During watering /fertilizing
actions, 5% of the crop is destroyed. From 2000 hectares of wheat, the harvest result will be 5,000 tons, 5% of the destroyed
crop will be 250 tons, at a cost of 1 ton of wheat – 11,500 rubles. The loss is 2,875,000 rubles. When using a contactless
irrigation system, the costs will be: Tanker driver – 50 thousand rubles /month (due to fewer flights); Operator of a contactless
irrigation/fertilizing plant - 100 thousand rubles /month; fuel: spec. installation consisting of a KAMAZ car – 40 thousand
rubles. Maintenance and repair of special equipment – 50 thousand rubles; drones – 70 thousand rubles. Total: 300 thousand
rubles. When using a contactless irrigation system and fertilizers, agricultural crops do not deteriorate and the benefit from this
is 2,875,000 rubles.

Conclusion 
Thus, it is worth noting that unmanned aerial vehicles are a powerful tool for agriculture. Technology does not stand still,

drones are moving to expand their functionality, which opens up new opportunities for digital agriculture. UAVs are more
economically profitable than the expansion of the vehicle fleet, its operation and maintenance. The proposed solution is very
economically beneficial: spending on personnel, machinery, equipment, and maintenance is reduced. When using this system,
crop spoilage by wheeled/tracked vehicles is reduced due to the lack of contact between the watering plant and the crop.
According to experts, the efficiency of UAVs when processing fertilizers is at least 25 times higher than manual labor and 5
times higher than automatic (motor transport) [6].

Конфликт интересов Conflict of Interest
Не указан. None declared.

Рецензия Review
Сообщество рецензентов Международного научно-
исследовательского журнала
DOI: https://doi.org/10.23649/JAE.2024.41.20.5

International Research Journal Reviewers Community
DOI: https://doi.org/10.23649/JAE.2024.41.20.5

Список литературы / References
1. Дроны  и  беспилотные  летательные  аппараты.  —  URL:

https://apr.moscow/content/data/3/05%20Каталог_отчет_дроны.pdf. (дата обращения: 15.12.2023) 
2. Костенко А.А. К вопросу об актуальности использования беспилотников в АПК / А.А. Костенко, А.С. Корнев //

Новые  технологии  и  технические  средства  для  эффективного  развития  АПК:  материалы  национальной  научно-
практической  конференции  Воронежского  государственного  аграрного  университета  имени  императора  Петра,
Воронеж, 26 февраля 2019 года. — Воронеж: Воронежский государственный аграрный университет им. Императора
Петра I, 2019. — Т. II. — С. 104-109. 

3. Значение сельского хозяйства в России. — URL: https://grainrus.com/novosti-kompanii/articles/znachenie-selskogo-
khozyaystva-v-rossii-v-2023-godu/ (дата обращения: 20.12.2023) 

4. Нестеренко  Г.А.  Проект  транспортирующего  автомобиля  для  ремонта  техники  в  полевых  условиях  /  Г.А.
Нестеренко, И.С. Нестеренко // Автомобильная промышленность. —2023. — № 4. — С. 4-6. 

5. Алексеев А.Ю. Применение различных видов БПЛА / А.Ю. Алексеев // Исследование различных направлений
современной науки: естественные и технические науки: Сборник материалов XXVIII международной очно-заочной
научно-практической конференции, Москва, 17 мая 2023 года. — Москва: Империя, 2023. — Т. II. — С. 7-9. 

6. Амирова Э.Ф. Перспективы использования беспилотных технологий в сельском хозяйстве / Э.Ф. Амирова, Р.И.
Вагапов, А.Л. Золкин и др. // Научно-технический вестник Поволжья. — 2023. — № 8. — С. 41-48. 

7. Как устроен дрон. — URL: https://iot.ru/gadzhety/kak-ustroen-dron. (дата обращения: 25.12.2023) 
8. Гладков  С.Д.  Транспортное  полуавтономное  роботизированное  средство  специального  назначения  /  С.Д.

Гладков, Г.А. Нестеренко // Транспортные системы: безопасность, новые технологии, экология: Сборник докладов V
Международной  научно-практической  конференции,  посвященной  65-летию  высшего  образования  в  Якутском
институте водного транспорта, Якутск, 21 апреля 2023 года. — Якутск, 2023. — С. 239-246. 

9. Зубарев Ю.Н. Использование беспилотных летательных аппаратов в сельском хозяйстве / Ю.Н. Зубарев, Д.С.
Фомин, А.Н. Чащин [и др.] // Вестник Пермского федерального исследовательского центра. — 2019. — № 2. — С. 47-
51. — DOI: 10.7242/2658-705X/2019.2.5. 

4



Journal of Agriculture and Environment ▪ № 1 (41) ▪ January

10. Нестеренко Г.А. Модернизация трансмиссии автомобиля УАЗ с целью повышения эксплуатационных свойств
на дорогах с твёрдым покрытием / Г.А. Нестеренко, И.С. Нестеренко // Международный научно-исследовательский
журнал. — 2023. — № 5(131). — DOI: 10.23670/IRJ.2023.131.16. 

11. Экономия российских аграриев. — URL: https://www.rbc.ru/spb_sz/28/10/2023/653cac689a7947731a35c176 (дата
обращения: 25.12.2023) 

Список литературы на английском языке / References in English
1. Drony  i  bespilotnye  letatel'nye  apparaty  [Drones  and  Unmanned  Aerial  Vehicles].  —  URL:

https://apr.moscow/content/data/3/05%20Каталог_отчет_дроны.pdf. (accessed: 12/15/2023) [in Russian] 
2. Kostenko A.A. K voprosu ob aktual'nosti ispol'zovaniya bespilotnikov v APK [On the Issue of the Relevance of the Use

of Drones in Agriculture]  /  A.A. Kostenko, A.S. Kornev //  Novye tekhnologii  i  tekhnicheskie sredstva dlya effektivnogo
razvitiya  APK [New Technologies  and  Technical  Means  for  the  Effective  Development  of  Agriculture]:  materials  of  the
National Scientific and Practical Conference of the Voronezh State Agrarian University named after Emperor Peter, Voronezh,
February 26, 2019.— Voronezh: Voronezh State Agrarian University named after Emperor Peter I, 2019. — Vol. II. — P. 104-
109. [in Russian] 

3. Znachenie  sel'skogo  hozyajstva  v  Rossii  [The  Importance  of  Agriculture  for  Russia].  —  URL:
https://grainrus.com/novosti-kompanii/articles/znachenie-selskogo-khozyaystva-v-rossii-v-2023-godu / (accessed: 12/20/2023)
[in Russian] 

4. Nesterenko G.A. Proekt transportiruyushchego avtomobilya dlya remonta tekhniki v polevyh usloviyah [The Project of
a  Transporting  Vehicle  for  Repairing  Equipment  in  the  Field]  /  G.A.  Nesterenko,  I.S.  Nesterenko  //  Avtomobil'naya
promyshlennost' [Automotive Industry]. — 2023. — № 4. — P. 4-6. [in Russian] 

5. Alekseev  A.Yu.  Primenenie  razlichnyh  vidov  BPLA [The  Use  of  Various  Types  of  UAVs]  /  A.Yu.  Alekseev  //
Issledovanie razlichnyh napravlenij sovremennoj nauki: estestvennye i tekhnicheskie nauki [Research of Various Directions of
Modern Science: Natural and Technical Sciences: Collection of materials of the XXVIII International Full-time Scientific and
Practical Conference, Moscow, May 17, 2023]. — Moscow: Empire, 2023. — Vol. II. — P. 7-9. [in Russian] 

6. Amirova E.F.  Perspektivy  ispol'zovaniya  bespilotnyh tekhnologij  v  sel'skom hozyajstve  [Prospects  for  the  Use  of
Unmanned Technologies in Agriculture] / E.F. Amirova, R.I. Vagapov, A.L. Zolkin et al. // Nauchno-tekhnicheskij vestnik
Povolzh'ya [Scientific and Technical Bulletin of the Volga Region]. — 2023. — № 8. — P. 41-48. [in Russian] 

7. Kak ustroen dron [How the drone works]. — URL: https://iot.ru/gadzhety/kak-ustroen-dron. (accessed: 12/25/2023) [in
Russian] 

8. Gladkov S.D. Transportnoe poluavtonomnoe robotizirovannoe sredstvo special'nogo naznacheniya [Transport  Semi-
autonomous Robotic Special Purpose Vehicle] / S.D. Gladkov, G.A. Nesterenko // Transportnye sistemy: bezopasnost', novye
tekhnologii, ekologiya [Transport Systems: Safety, New Technologies, Ecology]: Collection of reports of the V International
Scientific and Practical Conference dedicated to the 65th anniversary of higher education at the Yakutsk Institute of Water
Transport, Yakutsk, April 21, 2023. — Yakutsk, 2023. — P. 239-246. [in Russian] 

9. Zubarev Yu.N. Ispol'zovanie bespilotnyh letatel'nyh apparatov v sel'skom hozyajstve [The Use of Unmanned Aerial
Vehicles  in  Agriculture]  /  Yu.N.  Zubarev,  D.S.  Fomin,  A.N.  Chashchin  [et  al.]  //  Vestnik  Permskogo  federal'nogo
issledovatel'skogo  centra  [Bulletin  of  the  Perm  Federal  Research  Center].  —  2019.  —  №  2.  —  P.  47-51.  —  DOI:
10.7242/2658-705X/2019.2.5. [in Russian] 

10. Nesterenko G.A.  Modernizaciya transmissii  avtomobilya UAZ s  cel'yu povysheniya  ekspluatacionnyh svojstv na
dorogah s tvyordym pokrytiem [Modernization of the UAZ Car Transmission in Order to Improve Performance Properties on
Paved Roads] / G.A. Nesterenko, I.S. Nesterenko // Mezhdunarodnyj nauchno-issledovatel'skij zhurnal [International Scientific
Research Journal]. — 2023. — № 5(131). — DOI: 10.23670/IRJ.2023.131.16. [in Russian] 

11. Ekonomiya  rossijskih  agrariev  [Economy  of  Russian  farmers].  —  URL:
https://www.rbc.ru/spb_sz/28/10/2023/653cac689a7947731a35c176 (accessed: 12/25/2023) [in Russian] 

5


	ТЕХНОЛОГИИ, МАШИНЫ И ОБОРУДОВАНИЕ ДЛЯ АГРОПРОМЫШЛЕННОГО КОМПЛЕКСА / TECHNOLOGIES, MACHINES AND EQUIPMENT FOR THE AGRO-INDUSTRIAL COMPLEX
	EVALUATION OF THE EFFECTIVENESS OF THE USE OF AN IRRIGATION SYSTEM USING UAVS
	Nesterenko G.A.1, *
	ОЦЕНКА ЭФФЕКТИВНОСТИ ИСПОЛЬЗОВАНИЯ СИСТЕМЫ ОРОШЕНИЯ С ПРИМЕНЕНИЕМ БПЛА
	Нестеренко Г.А.1, *

