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Agrotechnical operations on spraying crops from diseases and pests are an important part of almost
any agricultural technology. They make up a significant part of the cost of all agricultural technology and, as
a result, the cost of the final product. The use of unmanned aerial vehicles (UAVs) has a huge potential in
agriculture and every year the interest in their use grows primarily in the implementation of the tasks of
precision farming.

The object of research in this article is the process of spraying work areas with Agras unmanned aerial
vehicles.

The aim of the study is to study the effectiveness of DJI's Agras drones in spraying cultivated plants
with pesticides, diseases, weeds and to establish their design and operating features.

The objectives of the work are to establish the design and mode features of unmanned aerial vehicles
Agras T16, T20 and T30; to find out their productivity on spraying of cultural sites and to substantiate possible
reserves in increase of productivity of drones-sprayers.

The research methodology is based on the method of cognitive activity, mathematical modeling,
methods of analysis and synthesis of both information from official sources and information from the works of
other researchers.

The scientific work considers the excellent technical and operational features of hexacopters Agras
T16, T20 and T30. The performed analysis allows us to assert the dynamics in improving the efficiency of their
use. The practical aspects of their use in spraying with plant protection products, the choice of the required
mode of exploitation are substantiated.

It is noted that the performance of sprayers depends on the diameter of the swing of the rotors, which
create a downward flow of air, the number of rotors and the height above the crop surface. Their maximum
permissible speed is limited by the performance of the installed pumps, the capacity of the nozzles to ensure a
given rate of discharge of the working drug, by properties of substances of the tank mixture, etc.

The calculation of operational productivity Sparaying Drones Agras T16, T20 and T30 at the length
of the runs of sections 750 and 1000 m is given. Productivity of Sparaying Drones Agras T16, T20 and T30 at
a run length of 1000 m is obtained, respectively, 7.65; 8.29 and 10.5 ha/h. With the reduction of the run length
to 750 m, the productivity of all Sparaying Drones Agras T16, T20 and T30 increases, respectively 8.40; 9.10
and 11.06 ha/h. Analyzing the balance of time of change of Agras drones in percentage it was found, that about
25 % is due to downtime of unregulated time, which is caused by technical malfunctions, organizational
problems and weather conditions.

The most important reserves in increasing the productivity of DJI's Agras drones for spraying
cultivated plants with pesticides, diseases and weeds have been noted.

Key words: unmanned aerial vehicle, hexacopter, Agras, drone-sprayer, spraying, flight planning,
shift time utilization factor, shift time balance, drone performance.

F. 11. Fig. 3. Table 3. Ref. 23.

1. Introduction

Agrotechnical operations on spraying crops from diseases and pests are an important part of almost
any agricultural technology. These operations, as a rule, constitute a significant part of the cost of all
agricultural technology and, as a consequence, the cost of the final product. Also, it should be taken into
account that spraying with chemicals significantly affects the environmental situation in the field, which, in
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turn, affects the quality of the final product and further soil fertility. Obviously, the correct calculation of the
rate of application of the working solution during spraying, as well as its differentiated application is an
important task in the cultivation of agricultural products.

2. Formulation of the problem

At present, trailed and self-propelled boom sprayers, small aircraft and unmanned aerial vehicles
(UAVs) are used in the technology of growing cultivated plants. For almost the last 50 years, the approach to
the introduction of plant protection products in the field has not changed dramatically. And the further
development of spraying tools is aimed at improving the accuracy of work, reducing the cost of pesticides,
increasing the speed of field treatment.

Undoubtedly, each of the technical plant protection products used has its advantages and
disadvantages. If we talk about the advantages of UAVSs, it makes sense in the context of comparing agro
drones with ground equipment, namely with trailed and self-propelled sprayers. Compared to any wheeled
sprayer, the drone solves the problem of trampling crops by 100%, damage to plants by sprayer booms, lack
of soil compaction, the ability to work immediately after rain, and so on. It is also clear that, for example, a
drone is not able to completely replace a wheeled sprayer, given its productivity.

Small aircraft for the application of pesticides, for example, will disappear from the market as
unpopular in the near future, as the UAV market is rapidly evolving, displacing it. It should also be mentioned
that the use of small aircraft, depending on the type of manned aircraft, requires the presence of runways and
appropriate infrastructure.

The advantages of UAV spraying are their ability to spray areas with problematic topography. For
example, on steep slopes, where only people with hand sprayers can work. Local problem areas in large fields
are also more profitable to treat locally than using a conventional wheeled sprayer.

With the help of UAVs in agriculture you can solve such tasks: creating electronic field maps (building
a 3D model of fields); inventory of agricultural land; assessment of the scope of work and control of their
implementation; optimal construction of irrigation and reclamation systems; operational monitoring of crop
condition (UAV allows you to quickly and efficiently build maps on the stairs), as well as to determine the
normalized vegetation index NDVI (Normalized Difference Vegetation Index) in order to effectively apply
fertilizers; assess the similarity of crops; to forecast crop yields; to carry out ecological monitoring of
agricultural lands; protection of agricultural lands; spraying crops with chemicals to control pests and diseases;
assess the chemical composition of the soil. In addition to the agricultural sector, drones can be used in
surveying and topography, mining, as well as be used as a mobile repeater and more.

Thus, the use of UAVSs in agriculture has great potential and every year the interest in their use grows
primarily in the implementation of the tasks of precision farming.

The efficiency of agrodrons in agriculture in spraying depends on their productivity, ie the amount of
work performed per unit time (ha / h). Productivity is one of the most important technical and operational
indicators, which depends on the working width of the drone spray band, working speed, tank volume
(technological capacity), the coefficient of use of change time in the operation of the sprayer drone (K),
operator qualifications and crew organization.

Thus, the study of the productivity and justification of the effective operation of DJI agro drones Agras
(T16, T20, T30) on the spraying of cultivated plants with plant protection products against pests and diseases
is an urgent task.

The information obtained on the "real"” productivity of Agras will allow prospective buyers to assess
the potential of each of the models and choose the one for their farm that will allow them to qualitatively and
in a short time to perform tasks in pest, disease and weed control.

3. Analysis of last researches and publications

The debut of DJI's agricultural helicopters began in 2015 with the Agras MG-1 model. In seven years,
relatively short period of time, DJI agricultural helicopters have come a long way in evolutionary development
to the latest flagship Agras T30, which automates, simplifies and speeds up many processes in fields and
orchards.

In 2019, the Agras T16 model (Fig. 1) appeared, which was 67% more efficient than the previous MG-
1 model, owing to a 60% increase in tank capacity, battery capacity and spray system capacity. The capabilities
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of T16 have expanded owing to the function of spraying orchards. T16 learned to fly pre-planned routes, flying
over trees at planned points.

The Agras T20 helicopter (2020 model) managed to raise the efficiency bar by another 20%, to 12
hectares per hour. All owing to the increased to 20 | tank and expansion of a spray strip to 7 m. T20 (fig. 1)
received system of scattering of firm fertilizers and seeds which is capable to cope with the set tasks 70 times
faster than the person.

At the beginning of July 2021, DJI's flagship model Agras T30 appeared in Ukraine (Fig. 1). The new
T30 model differs from its predecessors both externally and functionally. 1t became the best in all the main
parameters: the number of nozzles doubled, the width of the spray strip increased to 9 m, the distance of
communication with the remote control increased to 5 km. The efficiency of the model with a 30-liter tank

increased to 16 hectares per hour. Compared to the T16 and T20 models, the T30 rechargeable batteries have
a larger capacity and higher charging speed. The warranty period of the battery increased to 1000 cycles.

T16 T20 T30
Fig. 1. General view of Agras sprayers

A sufficient number of scientific works are devoted to the use of UAVSs (drones) in agriculture, activities
and management of agricultural enterprises. For example, works [1, 2] are devoted to the issues of ensuring the
innovation process with the use of UAVs in the field of crop production, features of their use in agricultural
production [3, 4, 5, 6, 7], remote monitoring [8, 9, 10], spraying with plant protection products against pests and
diseases [11, 12, 13, 14], productivity of their use [15, 16, 17] and economic feasibility [18, 19].

4. Aim of the researches

The aim of the paper is to study the effectiveness of DJI's Agras drones in spraying cultivated plants
with pesticides, diseases, weeds and to establish their design and operating features.

5. Results of the researches

Before investigating the effectiveness of Agras UAVs on spraying crops with pesticides, diseases and
weeds, we compare their technical and operational performance and establish design and operating features of
the following models: Agras T16, T20 and T30.

Comparing the technical and operational indicators (Table 1) of Agras helicopters, we observe an
improvement in almost all indicators with each of the following models: tank volume and as a result the
maximum takeoff weight, spray bandwidth, etc. This is primarily due to DJI's desire to increase their
productivity and efficiency.

All three models T16, T20 and T30 effectively spray crops due to powerful software, artificial
intelligence and 3D operations planning. They contain a modular design of the aircraft, which contributes to
the convenient maintenance of the system and increase flight safety. Their modular design simplifies assembly,
especially the T30, and daily drone care. The light and strong platform is partly made of carbon fiber, which
in folded form is 25% of the original size, which is convenient for their transportation. As for the T30 model,
it is a helicopter with solid elements that are firmly attached to the frame, which avoids the problems with
paws that were typical for previous models during landing.

Precise positioning of all Agras models is implemented by emitting GPS navigation radio signals in
the L1 frequency range (1575.42 MHz), GLONASS navigation system in the L1 frequency range (1600.995
MHz) and Galileo - E1 (1575.42 MHz). If you use the RTK (Real Time Kinematic) service, you can obtain
corrections to the measurements and set the location with centimeter accuracy in real time using the GNSS
receiver in the network of permanent reference GNSS stations. The following operating frequencies are used
in RTK mode: GPS L1/L2, GLONASS F1/F2, BeiDou B1/B2, Galileo E1/E5 [20, 21, 22].
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Table 1
Technical and operational performance of Agras drones
Indicator Agras T16 Agras T20 Agras T30
Tank volume, | 16 20 30
Maximum take-off 42 475 66,5 (spraying)
weight, kg ' 78 (scattering)
Flight duration
(maximum and minimum 10-18 10-15 7,8-20,5
load), min
Number of nozzles 8 8 16
Spray bandwidth, m 4-6,5 4-7 4-9

Range of a signal of the 3 3 5
remote control, km
Work efficiency, ha/h 10 12 16

On the previous T20 model, the dry fertilizer tank had a capacity of 20 liters. And on the T30, the tank
volume is 40 kg, which allows you to process a larger area in essentially the same time.

Agras T30 has more injectors from which to pour. If on previous versions of T16 and T20 there were
8 of them, there are already 16 now. In addition, the location of the injectors has been changed: in T16 and
T20 they were placed only on 4 beams, and in T30 - on all 6 beams. Also on the central rays — there are not 2
nozzles, but 4 [22].

Unlike the T16 and T20 models, the new T30 already has two cameras that transmit information both
front and rear. This allows the operator to see what is happening to the helicopter during the flight.

The Agras radar system is able to determine operating conditions both day and night without exposure
to light or dust. The level of flight safety has increased owing to the collision avoidance function at the front
and rear of the aircraft. The innovative radar system is equipped with digital beamforming technology that
supports 3D models (DBF technology) created from point clouds. Agras T30 clearly identifies obstacles - trees,
supports, power lines - and then in the work accurately bypasses them.

The expected solution is that in the new model T30 manufacturers have resolved the issue of
processing the edges of the field, which the previous models T16 and T20 didn’t have. In Agras T30 there is a
function of overflight on a contour (upon processing of the main array). Sparaying Drone flies around the
perimeter and processes plants (width of processing when performing work on the perimeter is 4 m). Quite
often this function is used by agronomists.

For efficient operation of the T30 in the field for 10-12 hours three batteries are needed, although the
manufacturer says that two are enough. This will avoid downtime due to waiting for charging.

The following Agras T30 operating modes are available for users for flights: "Route"; "A-B Route";
"Manual™ (manual control); "Manual Plus". In more detail, the possible modes of operation of Agras T30 and
their features can be found using [7, 22].

Agras intelligent mode independently develops the optimal route for each operation, and the software
allows you to determine at which point of flight the working fluid in the tank will end. Moreover, the
calculation is carried out under a specific rate of outflow. The volume of liquid in the tank is also determined
automatically by a float type level meter (measurement error is about 80-120 ml) [22].

Unlike the T16 and T20 models, you need to create a field map to plan a "field planning” route by the
Agras T30 drone itself or bypass the field on foot. This model does not provide the ability to measure the field
with another monitoring drone (eg Phantom 4) and then flip the map to T30. Working on maps, such as Google
Earth, is also not desirable, it is a work with a large error, which turns into underdevelopment along the
contours.

Increasing the efficiency of sprayer drones means increasing their productivity and reducing specific
time, battery and energy costs per unit of work performed.

Productivity of spraying drones is determined by the well-known dependence [23]:

W, =0,1-B, -V, -7,halh Q)
where Bw — working width of the drone’s spray band, m; V. — working speed of the drone, km/h;
7 — change time utilization factor.

Analyzing the dependence (1), we see that the productivity of the spraying drone depends on all the
above components. Let's analyze each of them.
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The working width of the boom sprayer (Bw) is determined by the width of the boom in expanded form
and for modern self-propelled sprayers it is from 12 to 46 m. It is clear that increasing the width of the bar,
increases the productivity of the unit, other things being equal

The working grip width of the spraying drone is determined by other conditions, namely: the diameter
of the swing of the rotors, which create a downward flow of air, the number of rotors and the height above the
surface of the culture. The width of the spray band is determined by the drone when creating a mission on the
control panel and can reach values from 4 to 9 m (table 1). The agrodron potential is best revealed at a height
of 4 m above the crops [18]. However, it is necessary to monitor the optimal ratio of the following four
parameters: spray bandwidth, altitude, pour rate and flight speed. Factors such as wind speed, direction and
topography may also affect the width of the grip. Therefore, they must also be taken into account when
planning a flight mission.

Analyzing the dependence of productivity (1), the operating speed (V) of the agrodron can be
represented as a function of many arguments:

Vu=f(N,D, T) )

where N — power of drone rotors in the optimal mode; D — parameter that limits the maximum speed

according to the criterion of the allowable stresses in the structural elements of the drone under the action of
dynamic forces; T — technological parameter of limiting the working speed of the drone.

The power of the drone rotors must provide maximum traction for transporting and applying the
working solution. For example, the Agras T16 drone contains rotors with a motor power of 2400 W each,
which provides a maximum thrust of each rotor of 13.5 kg. This allowed the use of a tank with a capacity of
16 liters. As for, for example, the T30 model, to ensure the insertion of the plants protecting tools with a tank
capacity of 30 liters spraying drone is equipped with rotors with a capacity of 3600 W with a maximum thrust
of each rotor of 18.7 kg [22]. Thus, the increase in the payload of the drone requires an increase in energy and,
consequently, an increase in battery capacity.

The maximum allowable speed of spraying drones on the parameter 7'is limited by: the performance of the
installed pumps, the capacity of the nozzles to ensure a given rate of discharge of the working drug; properties of
substances of the tank mixture, etc. Thus, taking into account all the factors that may affect the operation of the
drone on the spraying of working areas, its electronic system itself automatically offers the operator the maximum
possible working speed of spraying (7 m/s) [20, 21, 22]. It is also known that Agras drones have a maximum flight
speed of 10 m/s and have a maximum resistance to wind at a speed of 8 m/s.

Now we consider the last indicator as a function of productivity (1), namely, the utilization factor of
change time (7). Productivity of spraying drones, as well as field machine units, largely depends on the efficiency
of use of work shift time. The balance of time of change has a significant number of components that characterize
the unproductive costs of time, which should be reduced, and increase only one parameter - the time of net work
BEFORE. The coefficient of use of the shift time, which is calculated as the ratio of the net operating time of the
drone to the total operating time of the shift, is calculated using the method described in [7].

The change time utilization factor is defined as:

= 3)

Tsh

where Tr, — time of the main (clean) work (spraying), h; T, — duration of shift, for spraying operation
Tsh= 6 hours.

The calculation of the time of the main (clean, effective) work is performed using the method of
calculating the production line of plant protection on the example of the drone Agras T30. Thus, the time to
perform the main work (spraying) per shift is determined by the formula:

T, =t -n,h 4)
where tn — duration of working stroke of spraying drone for one cycle, h; nc — the number of cycles of
the drone per shift

Tsn—(Tpf+Tem+Tr)
= e (5)
where Tyt — duration of preparatory and final works, hours. Here T, = 0.4-0.6 hours; Tim — duration of
technical and technological maintenance of the drone, hours. Here Tw = 0.1-0.3 hours; T; — time for rest and

other needs, h. Here 7, = 0.4-0.7 hours; tc — cycle duration, hours.

The above-mentioned components of the duration of change of Ty, Tim, and 7; are accepted on the basis
of own time observations. Under certain conditions, they may take on slightly different meanings. The
calculation also did not take into account travel time from the office of the company providing these services
to the location of the farm or work site.

N
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The duration of the cycle, in this case, is the time of complete emptying of the drone tank (30 I), which
is determined as follows:

te = twe + tfil + tmov + tm + tx+ ten, O (6)
where t,: — waiting time for refueling, h. Provides the duration of replacement of the battery and tank.
The tank of the Agras T30 drone cannot be removed. Therefore, only the battery is replaced. t. is exactly
0.015 hours; trii — duration of filling (refueling) of the drone tank, h. For the most part, refueling is done
manually (for models T16 and T20) when filling the working solution with 20 | canisters. The approximate
duration of refueling 16-20 liter tank Agras T16, T20 is from 0.025 to 0.040 hours. It is recommended to fill
the Agras T30 tank with the help of filling stations (supply 40-60 I/min). Here ts = 0,025 hours; tmoy — duration
of take-off and movement of the drone with the working solution from the place of refueling to the first pass
in the bend and without the working solution in the opposite direction and landing at the take-off point, h;
tm — duration of the working session (spraying) of the drone, h; tx — duration of drone displacement (left or
right) at the end of the session, h. t;, — duration of the operator's check of the basic flight settings, h.

The duration of the movement tmoy is determined as follows. The take-off and landing time of the drone
is approximately 30 seconds (0.0083 h), and the flight distance (left or right of the refueling point) to the first
pass is chosen for efficient use of time and takes about 100-200 m. Thereby, the duration of the movement to
the first pass of the drone is written in the form

-3
tmov = 2[ttake + 13 L) ! h (7)

tech
where L — the weighted average distance of the drone to the first pass in the fold, m. Here L = 150 m;
Viech — average technical speed of the drone to the first pass in the unit, km/h. Here Vieen = 20 km/h.
Thereby

=0,0316 h.

-3
t = 2[0, ooeme

The duration of the drone's operating time (tank emptying time) is determined by the formula:

g, =107 (8)
where I, — the length of the path (flight) that the drone flies between two consecutive refueling.
4
= 100V ,m (9)
Bwr : Hwor

where V- capacity of the drone tank, I; Hwor — working fluid consumption rate, I/ha. Here Hwor = 5 I/ha.

The working width of the spray band of a spraying drone can vary within the limits specified in table 1.
However, its value should be taken based on a recommendations obtained experimentally [18]. For example,
the potential of the spraying drone is best revealed at a height of 4 m above the crops at the optimal ratios of
such parameters as: spray bandwidth, flight altitude, rate of pouring the working solution and flight speed. It
has been experimentally established (for Agras T30) that for most farms the most working scheme is when the
width of the spray strip is 7.5 m, the pour rate is 7 I/ha, and the height is 3 m.

Thereby:

~10*-30

" 7,57

However, it should be noted that it is not always advisable to use the maximum calculated path length,
as the working solution may end in the middle of the field or on the opposite side (in Agras models). Therefore,
the operator must always estimate the size of the sections, the length of the working run on this section, the
distance of idle spans of the drone and the battery charge. They also need to calculate the need for a working
solution to fill the tank, as the software Agras T16, 20, 30 does not provide for this, unlike XAG P20 or P30.

We accept the working area (Fig. 2) with a constant run length of 2000 m. We believe that the spraying
drone begins to spray from point A, constantly shifting to the right to point B. Thus, starting its flight from point
A, it can perform 5 full passes (5714: 1000 = 5.7). However, the last 5th pass of the spraying drone will end on
the opposite side of the work area, which will negatively affect the efficiency of its work. Therefore, in this case,
there are two options for solving the problem. The first is to make only four flights to, thus cultivating 3 hectares
and not fully using the battery charge; the second - to reduce the rate of application of the drug to 6.5 I/ha, having
agreed in advance with the customer, which will allow to perform an even number of flights, namely 6 flights,

I =5714, M.
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thus processing 4.5 hectares. For further calculations of Agras T30 work we accept an even number of flights,
namely six.

Thus, the duration of the working stroke of the spraying drone (tank emptying time) with a flight
distance of 6000 m will be

. _107-6000

m

— 0,24, h.

It is believed that during 0.24 hours (14.4 minutes) of the main work of the drone the battery power
will be just enough to perform a given mission. If the 25 % battery charge is indicated, the current mission
must be stopped immediately and the spraying drone must return to the take-off point. Therefore, the operator
must monitor this. The duration of idling (offset to the left during the cycle) is determined by the following
formula:

1071, -,
X VX
where |, — the length of one idle turn of the drone, m. It is equal to its width I, = 7.5 m; n, — the number
of idle turns of the drone during the emptying of its tank. Here n, = nw — 1; nw — the number of working flights
per cycle; Vx — speed of the drone when moving it to the left on a given bend, km/h. Here V= 5 km/h.

% %: The direction of drone’s displacement
Y . > !

ﬂ ﬂ > —

t ,h (10)

The first flight
The second flight
The third flight
The fourth flight
The fifth flight

1000 m

C

g
p. A v ) p.B
%‘ %‘ The direction of drone’s displacement

Fig. 2. Scheme of flight of the spraying drone

The number of working flights of the drone is determined by the dependence:

lin
ny = E, (11)

where lw — working length of the field run, m. Under the accepted conditions I, = 1000 m.

Thereby:

n = 0000 ¢ repeats, thenn,=6—1=05 repeats.
" 1000
The idle duration will be:
-3
t =10755_¢ 0075,

X
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The duration of the operator's check of the basic flight settings tc is assumed to be zero (ten = 0 h),
because they check them during the work of the operator's assistant (battery replacement, tank filling, etc.).

Therefore, the duration of the cycle, and in this case the time of complete emptying of the drone tank
(30 1) will be:

Vol. 117, No 2 /2022

t. = 0,015 + 0,025 + 0,0316 + 0,24 + 0,0075 = 0,3191 h.
Thereby the number of drone cycles per shift will be equal to
. _6-(05+0,2+0,6)
¢ 0,3191
The main operating time of the drone per shift will be
T,=0,24-14=3,36, .
The change time utilization factor will be

~14 cycles.

T=ﬁ=0,56.
6

Therefore, the productivity of the Agras T30 per hour of variable time will be
W, =0,1.7,5-25-0,56 =10,5, ha/h.
Such productivity of spraying drones is obtained on the fields of incorrect configuration and those that
contain a significant number of obstacles, such as power lines.

Similarly, we perform the calculation of productivity of spraying drones Agras T16 and T20. The
results of the calculations are shown in table 2.

Table 2

Productivity of Agras sprayer drones with the length of the run of 1000 m

Indicators Agras T16 Agras T20 Agras T30
Working width of a spray strip, Bur, m 6,0 6,5 7,5
Drone operating speed, Vi, km/h (max) 25
IC/:ﬁ;sumptlon rate of working fluid, Hwor, 5.0 6,0 6,5
The flight dlstan_ce of the drone to the 5333 5128 6154
complete emptying of the tank, I, m
Duration of the drone's operation, tm, h 0,16 0,16 0,24
Duration of idle displacements of the 0,0036 0,0039 0,0075
drone, t,, h
Duration of one flight cycle, t;, h 0,2452 0,2448 0,3191
Number of cycles per shift, n. 19 19 14
Duration of the main work per shift, 7, h 3,04 3,04 3,36
Change time utilization factor, z 0,51 0,51 0,56
Productivity of the spraying drone, W, 7.65 8,29 105
ha/hour

The calculation of the performance of the spraying drones T16 and T20 is performed under the

conditions recommended by [18], which were obtained experimentally. So, for the spraying drone Agras T16
we accept the working scheme: width of a strip of spraying of 6,0 m, norm of outflow - 5 I/ha, height - 3 m;
for T20 - the width of the spray strip is 6.5 m, the pour rate is 6 I/ha, and the height is also 3 m.

Under the accepted conditions, the flight distance that the drone flies until the tank is completely empty
is 5333 m for Agras T16 and 5128 m for Agras T20. As you can see, T16 and T20 can make a full 5 flights.
However, after one mission they will need to perform one idle flight of 1000 m to return to the starting point.
For further calculations we accept only 4 working spans (Table 2). Therefore, under such conditions, T16 and
T20 drones will be able to perform 19 cycles during the shift, their duration of the main work per shift will be
3.04 hours, and the utilization factor of the shift time will be 0.51. Productivity of the spraying drones Agras
T16 and T20 is 7.65 and 8.29 ha/h, respectively.

Figure 3 shows the distribution of the duration of one cycle of the Agras T30 drone and the balance of
time change in percentage.
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Fig. 3. Distribution of duration of one cycle of operation (a) of the Agras T30 drone and balance
of change time (b) in percentage

Analyzing the balance of change time of the drone Agras T30 as a percentage, we see that about 23 %
is due to downtime of irregular time, which is caused by technical malfunctions, organizational problems and
weather conditions.

Table 3 presents the results of the calculation of productivity of the spraying drones Agras T16, T20
and T30 in the field with a run length of 750 m.

TexHika, eHepreTHka,

Table 3
Productivity of Agras spraying drones with a run length of 750 m
Indicators Agras T16 Agras T20 Agras T30
Working width of a spray strip, Bur, m 6,0 6,5 7,5
Drone operating speed, Vi, km/h (max) 25
IC/:t(w);:sumptlon rate of working fluid, Huor, 5.0 6,0 6,5
The flight dlstan_ce of the drone to the 5333 5128 6154
complete emptying of the tank, I, m
Duration of the drone's operation, tm, h 0,24 0,24 0,32
Duration of idle displacements of the 0,006 0,0065 0,0105
drone, t,, h
Duration of one flight cycle, t;, h 0,3276 0,3281 0,4021
Number of cycles per shift, nc 14 14 11
Duration of the main work per shift, 7, h 3,36 3,36 3,52
Change time utilization factor, t 0,56 0,56 0,59
Productivity of the spraying drone, W,
ha/hour 8,40 9,10 11,06

As we can see, the productivity of all Agras for plant protection has increased from 1000 m to 750 m
when reducing the length of the run. This is primarily due to the increase in the number of working flights to
and, consequently, the increase in the duration of the working flight of the drone in one cycle. In particular,
the productivity of T16 and T20 drones increased by almost 10 %, and T30 drones - only by 5.3 %.

Due to the fact that the productivity of the drone depends primarily on the performance of the drone
rotors and the capacity of the batteries, the selected mode of operation of the drone, the organization of work,
the most important reserves for improving the productivity of the spraying drones are:

- maintenance of the high level of realization and use of power (traction) of helicopter motors
throughout the entire exploitation process due to timely and proper maintenance of drones with the use of
diagnostic tools, timely troubleshooting, appropriate adjustments, calibration, etc.;

- rational choice of operation mode of the spraying drone, width of capture, choice of the best speed
mode at mission planning;

- increasing the utilization of shift time by better organization of spraying drones'work and their
group work, introduction of rational flight methods for these conditions of the helicopter, improving the
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working conditions of the drone (division of the field into units, if necessary, optimal width; choosing a rational
number idle drone flights);

- early timely preparation of the spraying drones” flight missions, taking into account the peculiarities
of the terrain, possible power lines and other third-party objects;

- organization, if necessary, of group work of the spraying drones to ensure the flow of production
methods and improve their technological maintenance;

- application of optimal logistics, which would ensure timely control and accounting of compliance
with variable standards, elimination of downtime and complete elimination of unproductive time spent when
spraying plant protection products to control pests and diseases.

6. Conclusions

1. When comparing the technical means used for spraying crops from diseases, pests and weeds, the
indisputable expediency of the use of unmanned aerial vehicles has been noted, which allows to solve the
problem of trampling crops by 100%, damage to plants by sprayer rods, lack of soil compaction, ability to
work immediately after rain, etc.

2. The analysis of technical and operational performance of the spraying drones Agras T16, T20 and
T30 from DJI allows us to assert the dynamics in improving the efficiency of their use. Thus, the volume of
the drone tank increased from 16 liters to 30 liters, the width of the spray fluid increased from 6.5 m to 9 m,
increased efficiency (theoretical productivity) from 10 to 16 ha/h. The new agricultural spraying drone Agras
T30 differs both externally and functionally. Among the main differences of the model are: the presence of
two pumps with a capacity of 8 I/min; updated beam mounting; the presence of two surveillance cameras that
transmit information both in front and behind the flight of the drone; the ability to process only the edges of
the field; increased battery life (1000 charge cycles) and higher charging speed, etc.

3. It is noted that the performance of spraying drones depends on the diameter of the swing of the
rotors, which create a downward flow of air, the number of rotors and the height above the crop surface. Their
maximum permissible speed is limited by the performance of the installed pumps, the capacity of the nozzles
to ensure a given rate of discharge of the working drug; properties of substances of the tank mixture, etc. It is
noted that the balance of time to change the operation of the drone contains a large number of components that
characterize the unproductive cost of time and which should be reduced, but only one parameter should be
increased - the time of net work. Thus, analyzing the balance of time of change of the Agras T30 drone in
percentage terms, we see that about 23 % is due to downtime of irregular time, which is caused by technical
malfunctions, organizational problems and weather conditions.

4. When calculating the productivity of the spraying drones Agras T16, T20 and T30 at a run length
of 1000 m we received, respectively, 7.65; 8.29 and 10.5 ha/h. The utilization rate of change time was 0.51 for
T16 and T20, and 0.56 for T30. With the reduction of the run length to 750 m, the productivity of all Agras
T16, T20 and T30 increased, respectively 8.40; 9.10 and 11.06 ha/h. This is due to the increase in the number
of working flies of the sptaying drones and, as a consequence, increase the duration of the working flight of
the drone in one cycle. In particular, the productivity of the spraying drones T16 and T20 increased by almost
10 %, and T30 drones - only by 5.3 %.

5. It is noted that the main reserves for increasing the productivity of the spraying drones are maintenance
throughout the process of operation of the drone in working order due to timely and proper mantained
maintenance of drones with the use of diagnostic tools; rational choice of operation mode of the spraying drone;
increasing the utilization rate of shift time by better organization of spraying drones™ work and their group work,
the introduction of rational flight methods for these conditions of the spraying drones; early timely preparation
of pre-flight missions, taking into account the peculiarities of the terrain; application of optimal logistics, which
would ensure timely control and accounting of variables, elimination of downtime and complete elimination of
unproductive time spent when spraying plant protection products to control pests and diseases.
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E®EKTUBHICTb BUKOPUCTAHHSI IPOHIB AGRAS HA OBITIPUCKYBAHHI TA IX
KOHCTPYKTUBHO-TEXHOJIOI'TYHI OCOBJINBOCTI

AepomexHiuni onepayii no O0ONPUCKYBAHHIO CINbCHKO2OCNOOAPCHLKUX KYIbMYp 6i0 X60pob ma
WKIOHUKIB € 8AJICIUBOIO YACMUHOW NPAKMUYHO 8 0YO0b-AKill aspomexnonoeii. Bonu cxnadaromov icmommuy
yacmumny cobieapmocmi 6cCiei azpomexnHonoeii ma K HACHOOK - cobieapmicmb KiHYe8oi 00epicanol
npooykyii. 3acmocyeanns 6esninomuux naimanvHux anapamie (BII/IA) e cinecbkomy eocnodapcmsi mae
BeNUYESHULL NOMEHYIANl | 3 KOWCHUM POKOM iHmepec 00 iX BUKOPUCMAHHA 3DOCMAE 6 Neputy uepey npu
peanizayii 3a60aHb MOUYHO20 3eMAepobCmaa.

06 ’exmom 0ocniodncenust y Oauiu cmammi Oy8 npoyec 0ONPUCKYBaKHs POOOUUX OUIHOK OE3NIIOMHUMU
mimaneHumu anapamamu AQras.

Memoro pobomu € Oocnioxcenus egpexmuenocmi pobomu Opouie Agras xomnamii DJI wHa
0ONPUCKYBAHHI KYTIbIMYPHUX POCIUH 3ACOOAMU 3AXUCTTY 810 WKIOHUKIG, X8OP0D, OV 'AHi6 ma 6CMAHOGNEHHS iX
KOHCIMPYKMUBHO-PENCUMHUX 0COOIUB0Cmell poOomiu.

3asoanuam pobomu nepedbayanocb: BCMAHOBUMU  KOHCMPYKYILHO-PENCUMHI  0COOIUBOCTI
besninomuo aimanvhux anapamis Agras T16, T20 i T30; 3’sicyeamu ix npooyKmueHicmes HA OONPUCKYBAHHI
KVIbMYPHUX OLIAHOK ma OOIPYHMY8AMU MONCIUBL pe3epsu Yy Ni0GUIEHH] NPOOYKMUBHOCMI OpOHiG-
obnpuckysauis.

Memoouxa Oocniddicenv IpyHmMy6anace Ha Memoodi Ni3HABAAbHOI OIAIbLHOCMI, MAMeMAmuyHe
MOOENOBAHHS, MEMOOAX AHANI3y Ma cunmesy sk ingopmayii' 3 opiyitinux oxcepen, max i inghopmayii 3 npaye
IHWUX OOCTLIOHUKIB.

Y Hnaykositt pobomi posensnymo GiOMIHHI MeXHIKO-eKCHIYaAmayiiki 0coOIUBOCmI 2eKCaKkonmepie
Agras TI16, T20 i T30. Buxowanuii auaniz 00360J5€ CMEEPONCYBAMU NPO OUHAMIKY 6 NIOGUUYEHHI
eghexmuenocmi ix suxopucmarnts. OOTPYHMOBAH] NPAKMUYHI ACHEKMU IX BUKOPUCTNAHHA NPU OONPUCKYBAHHI
3acobamu 3axucmy pociuH, 8Ubip HeOOXIOH020 pexcumy eKCIyamayii.

Biomiuerno, wo npodyxmusHicms OpoHie-00NpUCKY8auis 3aiexcums 6i0 diamempy po3maxy pomopie,
AKI CMEOPI0I0Mb HUBXIOHULL NOMIK NOGIMPS, KiNbKOCMI pOmopie ma 6Ucomoro Ha0 NoeepxHelo Kyibmypu. Ix
MAKCUMATILHO OONYCMUMA WBUOKICIb 00MedHceHa NPOOYKMUBHICIIO 8CMAHOBLEHUMU HACOCAMU, NPONYCKHOK
30amHicmio (PopcyHoK O0ist 3a0e3neueHHs: 3a0aH0i HOpMU SUAUBY PODOOU020 NPenapamy, 6idCmusoCmsaMU
Ppevosur 6axoeoi cymiuti moujo.

Haesedeno pospaxynok excniyamayitinoi npooykmuenocmi [JO Agras T16, T20 i T30 npu 0osoicuni
eonig oinanox 7501 1000 m. Ilpooyxmuenocmi J{O Agras T16, T20 i T30 npu doeacuni 2ony 1000 m odepaicanu
8i0n06ioHo 7,65, 8,291 10,5 2a/200. I1lpu smenuenni 006aicunu 2ony 00 750 m npodykmusnicme ycix /O Agras
T16, T20 i T30 3pocaa, gionogiono 8,40; 9,10 i 11,06 2a/200. Bcmanoeneno, ananizyrouu 6aiauc 4acy 3miHu
pobomu Oponie Agras y 6i0comkoeomy cnigioHowenni, wo oauzvko 25 % npunaoac Ha npocmoi
HEHOPMOBAHO20 YACY, KL CNPUYUHEH] Yepe3 MEeXHIYHI HeCNPABHOCNI, OP2aHi3ayiiti HenoIaoKu ma no2ooHi
ymosu. Biomiueni Haveadcausiui pezepeu y niosuwjenti npooykmusnocmi opowie Agras womnanii DJI na
0ONPUCKYBAHHI KYIbMYPHUX POCTIUH 3ACODAMU 3aXUCTY 8I0 WIKIOHUKIB, X60p00 i OYp ‘aAHis.

Knrouoei cnosa: Oesninomuuii nimanvuuil anapam, eexcaxonmep, Agras, Opo-0Onpucxyeau,
O0ONPUCKYBAHHS, NIAHYBAHHA NOALOMIE, KOeqiyieHm BUKOPUCTHAHHA HaAcy 3MIHU, OANAHC Yacy 3MiHu,
npOOYKMUBHICMb OPOHA.

@. 11. Puc. 3. Tabn. 3. JIim. 23.
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