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B crarbe mpoBOAUTCSI aHAIH3 COBPEMEHHBIX PELICHNH 1 TEHCHIUH B CEIIECKOM XO3SIHCTBE U IPOTUBOIIOXAP-
HOH 3aIIUTe CEeIbXO3YTOMHi U JIECHBIX MacCHBOB. PaccMaTpuBaroTcst Hanboliee COBpEeMEHHEIE PEIIeHHs B cepax
00pabOoTKH MOoNel XMMHKAaTaMU, MOHHTOPHMHIA M aHAJN3a COCTOSHHUS CEIbCKOXO3SHCTBEHHBIX KyJIBTYp C IOMO-
IIBIO IPOHOB, JIETKUX JIETATENIbHBIX aIlllapaToB, MAJIOi aBUAaLlK U BePTOJIeToB. [IpoBOIUTCS X CpaBHEHHE B 4aCTH
3aTpaT ¥ IPOU3BOIUTEILHOCTH. Takke aHAM3UPYIOTCS PEIICHHS, IPUMEHIEMbIC IS TYIICHHUS CTEITHBIX H JICCHBIX
noxkapoB B Poccun, paccMaTpHBaloOTCs MX CHIBHBIC U CIa0ble CTOPOHBL. ONHCHIBAIOTCS MOCIEAHUE A0CTUKEHHUS
B pa3paboTke aupmkadneil 1 ruOpuaHbIX auprokadneil. [Ipeqmaraercst cmocod MX MUCHOIB30BAHUS IPH MATPYIIH-
POBAaHHH TPYAHOAOCTYIHEIX U YAAICHHBIX TCPPUTOPHI ULl OOHAPYKCHHS H OOPBOBI € IOXKapaMH ¢ IPUMEHEHUEM
HAHOTEXHOJIOIMH Ia30pa3/Ae/IeHUs ISl 3aMEHbI OCHOBHOTO OTHETYIIAIIETO CPpeicTBa (BO/b) Ha aTMOC(EpPHBIiT a30T.
TakuM 00pa3oM HCKIFOYaeTCs TNIABHBIH HEJOCTATOK COBPEMEHHOI MPOTUBOIIOKAPHON aBHAIMN — HEOOXOJHUMOCTh
BO3BpaTa K BOJOEMY MIIH a3POAPOMY IS IOMOIHEHUS 3aIIaCOB BOJBL, M 3HAYUTEIHHO CHIDKAIOTCS 3aTpaThl HA Ty-
LICHHE TTOXKapOoB 6obLIoi rurornany. [IpeaaraeTest COBMEIIeHHE TPOTHBOMOKAPHBIX (DYHKIMI U arpOTEXHOIOTHI
TOYHOTO 3eMJICEIINS B arporoxkapHoM auprkadie. Takoe coBMeIIeHHe O3BOJISIET MOBBICUTH YPOBEHb NTOKapHOU
0€30IaCHOCTH B CEIbCKOXO3SHCTBCHHBIX PETHOHAX.
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The article analyzes modern solutions and trends in agriculture and fire protection of farmlands and woodlands.
The most up-to-date solutions in the fields of chemical treatment, monitoring and analysis of crop conditions
using drones, light aircraft, small aircraft and helicopters are considered. They are compared in terms of costs and
productivity. Solutions used to extinguish steppe and forest fires in Russia are also analyzed, and their strengths and
weaknesses are considered. Recent developments in the development of airships and hybrid airships are described.
A method is proposed for their use in patrolling hard-to-reach and remote areas to detect and fight fires using the
nanotechnology of gas separation to replace the main fire extinguishing agent (water) with atmospheric nitrogen.
This eliminates the main drawback of modern fire-fighting aviation — the need to return to a reservoir or airfield
to replenish water supplies, and significantly reduces the cost of extinguishing large-area fires. It is proposed to
combine firefighting functions and precision agriculture in an agro-firefighting airship.
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The current global trend in agriculture is
the introduction of agricultural technologies
for precision farming, the foundations of which
were laid in the last century by academician
1.S. Shatilov [1]. Methods and means of influ-
encing crops with various chemical composi-
tions are actively developed and implemented
to control pests and increase the quantity and
quality of the crop. Systems for monitoring the
state of crops at all stages of growth and meth-
ods for managing yields are being developed
and applied. The most striking example is mod-
ern Aero-hydroponic greenhouse complexes,
in which the number of controlled parameters
reaches its maximum. Ideal conditions for
plants are created for temperature, humidity,
nutrients, cycle and spectral intensity of il-
lumination, which significantly increases the

growth rate. However, significant amounts of
crops are grown in fields whose combined area
is so large that it can make up a large part of
the territory of a single region. This fact makes
it necessary to use mobile technical solutions
that can provide monitoring and processing of
a large area.

Purpose of research

Solution analysis and integration to tasks
of agriculture and fire protection of farmlands
and forests.

Materials and research methods

For this reason, trikes and small aircraft
used in agriculture do not lose their relevance.
These aircraft have a long range and load ca-
pacity, which allows you to process and control
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a large area. But it is worth noting that the cost
of operating these funds is quite high [2].

Light aircraft such as “Snipe”, “SU-38”,
“Spectrum”, “NARP” are in great demand.
They are able to process more than 1000 hec-
tares per day. For processing smaller territories,
trikes equipped with special spray installations
are actively used. Some models have been de-
veloped for this task. Among them, the most
common are “T-2M CX”, “Wind”, “Vulture”,
“Horizon”. At the same time, the productivity
of such devices reaches 500 hectares per day.
It should also be noted the dangerous effect
of chemicals on a person piloting vehicles of
this type.

Helicopters are also used to spray chemi-
cals. Their distinctive feature is the accuracy of
processing, which is greater than that of trikes
and airplanes, and the effect on the sprayed
substance by air flows from the propeller,
which ensures an even distribution of the sub-
stance. The most affordable option today is the
Robinson R44. Its productivity is 700 hectares
per day.

It is quite difficult to implement the “pre-
cision farming” approach by the means listed
above due to the significant speed of flight, the
inability to hover in one place, etc. The excep-
tion is helicopters, but the cost varies around
40 thousand rubles per flight hour [3].

The rapid development of satellite and op-
tical navigation technologies in recent years
has led to a rapid increase in the number of
unmanned aerial vehicles that are used in
various fields of human activity. However,
such drones are usually equipped with sat-

ellite navigation functions for determining
the distance and automatic return, and opti-
cal navigation functions for hovering over a
given point. Also, some models support the
ability to follow the operator, which indicates
the use of rather complex video processing al-
gorithms in conjunction with control and po-
sitioning algorithms [4].

Obviously, this development and reduc-
tion in the cost of such devices have led to an
increase in their number in professional fields.
Currently, drones are being actively introduced
into agriculture [4]. The above-mentioned op-
tical and satellite navigation capabilities pro-
vide accurate positioning in a given area, for
example, for processing the territory with vari-
ous compounds in order to prevent crop diseas-
es or control pests. And processing the image
from the drone’s camera provides the ability to
recognize a variety of signs, such as the spread
of diseases or pests.

Examples of such multifunctional drones
include the P4 Multispecial and Agras T16 mod-
els, which are manufactured by DJI. These
models are applied according to the scenarios
described above, thanks to a modern system
of cameras of various spectrum and software
algorithms for data processing (Fig. 1). At the
same time, the P4 Multispecial flight time is up
to 28 minutes and the signal transmission ra-
dius is up to 7 km, which allows you to inspect
a significant area with minimal costs [5]. The
characteristics of the Agras T16 drone provide
the ability to control at a distance of up to 5 km
and process an area of up to 10 hectares per
hour [5].

Fig. 1. Crop condition scanning with the DJI P4 Multispecial drone [5]
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All this has also become possible thanks to
the development of “battery technologies”, since
the power source is one of the main elements of
the drone. Its charge rate, duration of operation,
weight and durability determine all the design
solutions used. Currently available technologies
provide the ability to fly within a few hours and
a load capacity sufficient to place the necessary
equipment on the drones. However, even with
these characteristics, the restriction of the cul-
tivated area makes it impossible to use them in
remote or hard-to-reach places.

Research results and discussion

Airships can be a solution to this problem.
Currently, this area is actively developing, new
approaches are being developed that help to
overcome the typical difficulties of managing
in adverse conditions, improve safety and load
capacity. It is also worth noting the direction of
creating hybrid airships that combine the fea-
tures of aircraft and airships.

The main advantage of airships is the mini-
mum energy consumption for maintaining alti-
tude, because by regulating the lift force, they
are able to hover at a certain height due to the
aerostatic effect, without reducing their load ca-
pacity. Due to this, the operating cost of the air-
ship is approximately 1000 times lower than the
operating cost of the helicopter, and the cost of
production is 10 times less than the cost of pro-
duction of the helicopter [3]. Another significant
advantage is the fact that airships do not need
specially equipped airfields to land and take off.

Hence their effectiveness in solving the
problems of “precision farming”. Equipped
with modern navigation equipment, sensors
and cameras, the airship is able to follow the
specified route as accurately as possible, meas-
ure parameters in individual sections of fields
and scan them in various spectral ranges, while
creating detailed maps with the coordinates of
damaged areas. With a power reserve signifi-
cantly superior to drones, airships can perform
their functions over a large area.

At the same time, in the spring-summer-
autumn seasons, i.e. during periods of inten-
sification of agrotechnical processes of ag-
riculture, crop production, horticulture and
forestry, including due to the “human fac-
tor” and high air temperature, the probabil-
ity of fires increases. The ability to detect a
fire early and respond before the fire spreads
over a large area would significantly reduce
the damage and cost of fighting farmland and
woodland fires. For this purpose, the devices
described above could be used, which would
combine agricultural technologies with early

detection of fires, notification of fire services
and fire extinguishing. Modern image recog-
nition technologies allow you to find fires dur-
ing the day and at night by analyzing the vid-
eo stream from visible spectrum cameras and
infrared cameras. The use of neural networks
for this task provides real-time image process-
ing, as well as high recognition accuracy [6].

At the same time, extinguishing forest
and steppe fires from the air is most often car-
ried out using fire-fighting aircraft or helicop-
ters with special equipment.

The Russian emergencies Ministry has a
large and well-equipped fleet of fire planes
and helicopters. These include the world’s
largest mi-26 helicopter, IL-76TD and BE-
200 aircraft. The IL-76TD is equipped with
42,000 liter tanks and can empty them in 8 sec-
onds. Its main advantage is the discharge of
water in high concentrations. However, to fill
the tanks, it needs to return to the airfield [7].

The BE-200 series aircraft, which have
been delivered to the Ministry of emergency
situations since 2012 in the form of the most
modern modification of the BE-200ChS, do
not have this disadvantage. Their main feature
is the ability to fill the tanks with water for
16 seconds in the planing mode above the sur-
face of the reservoir. In conditions when there
is a reservoir at a distance of up to 10 km from
the fire source, this aircraft is able to deliver
320 tons of water to the fire site in one refu-
eling. Also, due to the possibility of refueling
in reservoirs in the fire zone, “pauses” are re-
duced when extinguishing fires [7].

Fire helicopters MI-8MTV-1 and MI-26T
perform the task of extinguishing the fire with
greater accuracy. To do this, the helicopters are
equipped with special external suspended spill-
ways that are filled with water in the nearest
reservoirs. The MI-8 can deliver up to 4 tons
of water and discharge directly to the fire. The
MI-26T is equipped with an APU-15 spillway
and can deliver up to 15 tons of water to the fire
site. At the same time, helicopters can transport
personnel to the fire site or perform evacuation,
as well as carry out effective extinguishing on
terrain with difficult terrain, access to which is
difficult for aircraft [7].

The main disadvantages of using helicop-
ters and airplanes are significant costs, as well
as the lack of reservoirs and airfields near the
sites of fires and fires. These factors impose
time restrictions on the extinguishing process
itself, since the equipment needs time to refuel
and move between the reservoir and the fire
centers, as a result of which the fire has time to
cover a large area.
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Fig. 2. Hybrid airships a) Airlander 10, b) P-791, c) Au-12, d) Au-30

Some models of airships have outstand-
ing characteristics and could be used for fire-
fighting and agricultural tasks after moderni-
zation. The most famous are the Airlander
10 of Hybrid Air Vehicles (Fig. 2, a), and the
P-791 of Lockheed Martin (Fig. 2, b). Fly-
ing Whales is also working with the Chinese
state-owned aircraft manufacturer General
Aircraft Co., Ltd. to develop a promising
airship with a rigid frame and a load capac-
ity of 60 tons. Lockheed Martin is develop-
ing a hybrid airship LMH-1, which can carry
21 tons of cargo and up to 19 passengers, to
solve the problems of transporting goods to
remote regions where there is no prepared
landing airfields . The Russian company
“RosAeroSystems” was noted for the devel-
opment of airships models Au-12 (Fig. 2, ¢)
and Au-30 (Fig. 2, d), which have been suc-
cessfully tested and are used for transporta-
tion and monitoring of emergency situations.
There are known Russian studies on the de-

velopment of a diving fire airship [8] and a
fire airship with continuous water supply by
a supply airship [9].

Due to the considerable duration of the
flight, they can be used for patrolling hard-
to-reach areas and detecting fires.

The solution to the problem of resupply of
fire extinguishing agents is a promising meth-
od of extinguishing a fire using nanotechnol-
ogy to extract atmospheric nitrogen from the
air and supply it to the fire zone. The princi-
ple of extinguishing is to reduce the concen-
tration of oxygen required to maintain fire in
the fire zone [10, 11, 12]. The nitrogen mem-
brane installation container can be attached
to the airship and also serve as a mooring or
landing device. It can be supplemented with
structures for transporting firefighters and
evacuating people. At the same time, the air-
ship can hover over fire centers until they are
completely localized and eliminated, moving
from one to another (Fig. 3).
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Fig. 3. Application of agro fire airship
to extinguish a forest fire

Conclusion

Thus, the synthesis of all the advantages of
airships and the method of extinguishing fires
with atmospheric nitrogen is an ideal solu-
tion to the problem of extinguishing forest and
steppe fires. In Russia, this is especially impor-
tant, since most of the territory of woodlands is
difficult to access, remote, and does not have
the necessary infrastructure for the most effec-
tive use of other solutions.

The proposed combination of agricultural
and fire-fighting functions makes it possible to
increase the level of fire safety in agricultural
regions by continuously monitoring the sur-
rounding area while performing agricultural
tasks with the possibility of early detection and
extinguishing fires.
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