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STUDY OF INFLUENCE OF QUADROCOPTER DESIGN AND SETTINGS ON
QUALITY OF ITS WORK DURING MONITORING OF GROUND OBJECTS

Abstract. The subject of the article is methods of reducing quadcopter magnetometer crosstalk by changing the design
and settings of the copter to improve the quality of its work during the monitoring of ground objects. The relevance of the
development is determined by the need to increase the physical safety of quadcopters when monitoring ground facilities in
various industries because the magnetometer is the most noise-sensitive sensor, and its failure leads to the fall and loss of the
drone. The purpose of the article is to determine the optimal design and settings of the quadcopter in terms of its physical
safety and quality of work during monitoring of ground facilities in various industries. The research task is to check whether
it is possible to protect the magnetometer placed inside the drone body from the power cables crosstalk by grounding,
shielding and changing the initial settings of the copter, namely by changing the value of the startup power factor of the
motors. Research methods are as follows: theory of automatic control, methods of optimal control and hardware design
methods. Conclusions. The role of the drone magnetometer in the monitoring of ground objects has been studied. The study
has shown that copters at monitoring ground objects must be equipped with a magnetometer and GPS. The magnetometer is
the most sensitive to interference of all sensors. If it does not work properly, the entire drone navigation system stops working.
We have carried out experimental studies of the influence of quadcopter design and settings on the quality of its magnetometer
work, and hence on work of the copter as a whole. In this paper it is proposed to place a magnetometer inside the body of the
drone that will increase its physical safety and simplify the design of the drone, but at the same time it will increase the
coupling from the power cables of motors, so it is necessary to choose effective methods of protection. It has been tested
whether it is possible to protect the magnetometer from interference from power cables when placing it inside the drone body
by grounding, shielding and changing the initial settings of the copter, namely by changing the value of the startup power
factor of the motors. The results of the experiments showed that to protect against the interference for magnetometer placed
inside the drone body, it is necessary to combine shielding of the magnetometer and decreasing of the startup power factor
of the motors.
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Introduction

An essential component of a quadcopter that
monitors ground objects and is not controlled by the
operator but follows a certain route is a magnetometer [1,
2], which allows navigating in the airspace and plays the
role of a compass. At the same time, the magnetometer's
quality and physical safety depend on the design and
settings of the quadcopter. In particular, most often the
magnetometer is placed in a separate module together with
the GPS, which is taken outside the body of the drone and
located on a special rack or top cover of the body [3].
Because of such a location, the probability of damage or
loss of the magnetometer as a result of physical fractures
increases, and the complexity of the design of the
quadcopter rises.

This paper proposes to place a magnetometer inside
the drone's body, which will increase its physical safety
and simplify the drone's design. However, such
placement can negatively affect the quality of the
magnetometer because it is a very sensitive device [4],
and its operation can be negatively affected by
interference (crosstalk) from power cables of quadcopter
engines [1, 4]. Therefore we conducted experimental
studies of the influence of quadcopter design and settings
on the quality of its magnetometer, and hence of the
copter as a whole. It was checked during the experiments
whether it is possible to protect the magnetometer from
interference from the power supply cables by grounding,
shielding and changing the initial settings of the copter.

Analysis of the literature. According to a study of
the following sources [5-10], the use of unmanned aerial

vehicles of the quadcopter type to monitor ground
facilities in various industries is an extremely relevant
task.

Use of drones in industrial monitoring. Unmanned
aerial vehicles use conventional and thermal aerial
photography of industrial objects from a bird's eye view.
The copter transmits video and other received data to
operators in real-time, then the results are sent to control
points where they are analyzed and used by experts in
making important decisions. This helps to react quickly
and correctly in case of any emergencies. Drones
effectively solve the following problems in industry [5-7]:

—operational and comprehensive control of the state
of mining equipment, power lines, oil platforms and
refineries, pipelines, roads and railways, construction
sites and shore structures.

— continuous surveillance in hard-to-reach and
dangerous places, where it is associated with a risk to
human life and health.

— drones equipped with thermal imagers are used
for infrared aerial photography of municipal facilities,
diagnostics of the state of power lines, underground
thermal networks, oil and gas pipelines. Conventional
and thermal infrared aerial photography of industrial
facilities allows timely detect defects and malfunctions
of equipment, leaks, harmful emissions, oil slicks in areas
of oil production and transportation, and other problems
at the initial stage of their occurrence, without stopping
production, as well as carry out search-and-rescue and
security activities.

Use of drones in the monitoring of agricultural
facilities. Drones in agriculture — one of the most
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promising areas, which is actively growing in demand.
Technologically equipped drones in agriculture can
perform various monitoring operations [8-10]:

— Aerial photography is necessary to detect crop
failure and other defects that need to be eliminated in a
timely manner. Aerial photography from a drone is more
detailed than photography from a satellite due to the low
altitude.

— Video recording - the productivity of the aircraft
during video recording reaches 30 km? per 1 hour, which
significantly reduces time and financial costs compared
to the use of ground surveys or piloted aircraft.

— 3D modeling - allows determining wetlands or
arid areas, excavation, allows qualitatively creating plans
and maps of soil humidification or drainage, of sites
recultivation and land melioration.

— Thermal imaging (multispectral) imaging - is
carried out using the full spectrum of infrared radiation:
near, medium and far range. Exploration from the drone
directly affects the yield and preservation of the
productive properties of plants.

— Laser scanning - used to analyze the area in hard-
to-reach or inaccessible areas. It provides an exact model
of high density with detailed display of a relief even when
working in the strong density of plantings.

Modern copters can solve the following tasks of
monitoring agricultural facilities:

— assessment of crop quality and detection of
damage or death of crops;

— determining the exact area of dead crops;

— audit and inventory of lands required for the
implementation of agreements;

— detection of crop defects and problematic areas;

— analysis of the effectiveness of measures aimed at
plant protection;

— monitoring the compliance of the structure and
plans of crop rotation;

— detection of deviations and violations committed
in the process of agro-technical works;

— relief analysis and creation of a map of PVI,
NDVI vegetation indices;

— gathering information for the security service,
e.g., on the fact of illegal cattle grazing in the fields;

— support for the construction of melioration
systems;

— monitoring of root crops storage in clamps.

Copters that monitor ground objects and are not
controlled by the operator, but follow the pre-defined
route, must be equipped with a magnetometer and GPS
[1-3]. Operator-controlled copters must also include a
magnetometer, but GPS is no longer required, in which
case the compass allows for flight stability [3]. Using a
magnetometer, one can determine which side of the
drone is facing north [1-3] and supplement with this
information the data on its location, obtained from GPS.
The drone's navigation system keeps it in place against
gusts of wind, the operation of intelligent modes of the
drone, for example, following a certain route without an
operator, including returning home in case of loss of
communication.

The magnetometer is the most sensitive to
interference sensor [1-4]. In addition to the fact that the

natural magnetic field may be different in different flight
areas, it can also be affected by extraneous magnetic
fields, for example, high-voltage power lines or even
from the onboard electronics of the copter itself. That is
why drone assemblers often try to move the compass
away from the onboard electronics, for example, on a leg
that stands alone above other parts.

If the compass functions incorrectly, the whole
drone navigation system stops working [4]. This means
that the drone will not return home if the signal is lost,
will stop flying the route, and so on.

Therefore, after reviewing the literature, it can be
concluded that the magnetometer is an extremely
important drone sensor, and its use is mandatory when
monitoring ground objects. At the same time, it is the
most noise-sensitive sensor and its placement and
protection against interference is an extremely important
task, the effectiveness of which depends on the quality of
work and physical safety of the drone.

Experiment description

A quadcopter with the following parameters was
used for the experiments: flight controller — matek f405-
se; engine controllers — FVT LittleBee 30A ESC
BLHeli-S; magnetometer + GPS module — RadioLink
TS100 M8N (it has a QMC5883L magnetometer);
enginges T motor 2814; propellers 11/45 (11"
diameter, 4.5" pitch). The appearance of the assembled
drone is shown in Fig. 1.

Fig. 1. Quadcopter assembled for experiments

To perform the experiment, the quadcopter was
rigidly fixed to prevent it from moving when starting and
supplying current to its motors, and was connected to a
computer to record the values of current, interference,
and throttle percentage. The task of the experiment was
to determine the value of interference to the
magnetometer depending on the current level. The gas
was supplied in such a way as to achieve the maximum
possible safe current level, but at the same time with care
to not disable the power part of the drone (engine
controllers and engines).

Several experiments were performed with different
designs and settings of the quadcopter. During the
experiments the values of interference at the quadcopter
magnetometer were compared when placed it either
outside the drone body or inside the body with different
methods of protection against interference. The
measurement results were recorded in mission planner
software. ver 1.3.75 [11] (Fig. 2-6).
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Fig. 2. Experiment No. 1. Magnetometer outside the drone body on the rack behind and without shielding
(screenshot from mission planner ver 1.3.75, colors inverted): blue line — interference, pink — current

In experiment Nel (Fig. 2), the maximum
interference was 40%, and the maximum current was 142
A. As expected, when placing the magnetometer inside
the drone body, the interference is larger — in the
experiment Ne2, (Fig. 3) the maximum interference is
44%, and the maximum current is 142 A, although the
magnetometer was shielded from electronics from the
bottom, which does not shield it completely from the
Earth's magnetic field. Therefore, the next step in the
experiment was to determine how interference can be
reduced. Therefore, experiments were performed with
the grounding of the magnetometer shield (Fig. 4).

It is known that all the wire polygons can also be a
source of the noise. Therefore, it was decided to connect
them to the minus (ground) of the general onboard power
supply. In experiment Ne 3 (Fig. 4), the shielding of the
magnetometer was grounded, and the following results
were obtained: maximum interference — 44%, and
maximum current 75 A. As one can see from the results
of the experiment, grounding did not reduce the
interference. Subsequent experiments were designated to
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reduce the startup power factor of quadcopter motors
from 0.5 to 0.1 (Fig. 5) and to 0.2 (Fig. 6), that gave the
necessary result and solved the interference problem. In
experiment Ne 3 (Fig. 4), the shielding of the
magnetometer was grounded, and the following results
were obtained: maximum interference — 44%, and
maximum current 75 A. As one can see from the results
of the experiment, grounding did not reduce the
interference. Subsequent experiments were designated to
reduce the startup power factor of quadcopter motors
from 0.5 to 0.1 (Fig. 5) and to 0.2 (Fig. 6), that gave the
necessary result and solved the interference problem.

In experiment Ne 3 (Fig. 4), the shielding of the
magnetometer was grounded, and the following results
were obtained: maximum interference — 44%, and
maximum current 75 A. As one can see from the results
of the experiment, grounding did not reduce the
interference. Subsequent experiments were designated to
reduce the startup power factor of quadcopter motors
from 0.5 to 0.1 (Fig. 5) and to 0.2 (Fig. 6), that gave the
necessary result and solved the interference problem.
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Fig. 3. Exp. Ne 2. Magnetometer inside the drone body at the top of the flight controller, shielded
(screenshot from mission planner ver 1.3.75, colors inverted): blue line — interference, pink — current
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Fig. 4. Exp. Ne 3. Magnetometer inside the drone body, above the flight controller, shielded, grounded
(screenshot from mission planner ver 1.3.75, colors inverted): blue line — interference, pink — current
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Fig. 5. Exp. Ne 4. Magnetometer inside the drone body, above the flight controller, shielded, grounded shield, reduced engine
startup power factor from 0.5 to 0.1 (screenshot from mission planner ver 1.3.75, inverted colors): blue line — interference, pink — current
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Fig. 6. Exp. Ne 5. Magnetometer inside the drone body, above the flight controller, shielded, grounded shield,
startup power factor 0.2 (screenshot from mission planner ver 1.3.75, inverted colors): blue line — interference, pink — current
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Note that the startup power factor adjusts how
quickly the speed controller responds to rapid changes in
gas supply [12]. Shielding of the magnetometer was
performed using a plate of foil fiberglass with a thin
copper layer. The GPS + magnetometer module itself
was located above the flight controller in the drone body.

The results of experiment Ne4 (Fig. 5) were as
follows: the maximum guidance is 32%, and the
maximum current is 88A.

Although the lowest interference values were
achieved amongst all the experiments, it should be noted
that with this value of the coefficient, the good result for
the interference was achieved, but the smaller the value of
this factor, the worse the dynamics of the engines is, so the
optimum between this parameter and the magnitude of the
interference should be searched. In Fig. 6 the results of
experiment Ne5 are shown, where the startup power factor
is set to 0.2, the value of the interference has increased
slightly, but is practically no worse than when the
magnetometer is removed from the body. Experimental
results here are as follows: the maximum guidance is 41%,
and the maximum current is 149A.

Conclusions

The role of the drone magnetometer during the
monitoring of ground objects has been studied. The research
has shown that copters that monitor ground objects and are
not controlled by the operator but follow the pre-defined
route, must be equipped with a magnetometer and GPS. The
magnetometer is the most sensitive to the interference
sensor. If it does not work correctly, the entire drone

navigation system stops working.

We carried out experimental studies on the influence
of quadcopter design and settings on the quality of its
magnetometer, and hence the copter as a whole. Most
often, the magnetometer is placed in a separate module
together with the GPS, which is placed outside the drone
body and located on a special stand behind the body rack
or top cover of the body. As a result of such placement the
probability of damage or loss of the magnetometer as a
result of physical breakdowns increases as well as
complexity of a quadcopter design. In this paper it is
proposed to place a magnetometer inside the drone body,
which will increase its physical safety and simplify the
design of the drone. It has been tested whether the
magnetometer can be protected when placed inside the
drone body from grounding from the power cable,
shielding from the main electronics and changing the
starting settings of the helicopter, namely by changing the
value of the startup power factor of the motors.

The results of the experiments showed that to
protect the magnetometer from the interference if it is
placed inside the drone body, it is necessary to combine
shielding of the magnetometer and decreasing of the
startup power factor of the motors. Moreover, the
reduction of the startup power factor of the engines from
0.5 to 0.1 for the drone used in the experiment gave the
greatest effect. And the optimal result for the balance
between the amount of guidance and the quality of the
dynamics of the engines was the value of startup power
factor of the engines equals 0.2, for the drone used in the
experiment.
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JlocitiTkeHHs] BINIMBY KOHCTPYKIII Ta HAJTAIITYBAaHb KBAJPOKONTEPa
Ha AKicTb il0ro po0oTH NPU MOHITOPUHIY Ha3eMHHUX 00’ €KTIB

0. O. Maiiganuk, €. B. Menemiko, C. B. Illumko

AnoTtanis. IlpexMeTom BUBUEHHS Y CTAaTTi € METO/IM 3MEHIICHHS HaBeIeHb Ha MarHITOMETpP KBaJPOKONTEPa 332 paXyHOK
3MIHM KOHCTPYKIIi Ta HaJaIITyBaHb KONTepa IJIs MiABUINCHHS SKOCTI HOro poOOTH HPH MOHITOPHHTY Ha3eMHHX 00’ €KTiB.
AKTYyaJbHICTD PO3POOKH BHM3HAYA€THCS HEOOXITHICTIO MiABUIICHHS (i3MYHOI Oe3leKH KBaJPOKONTEPIB IPU MOHITOPHHTY
Ha3eMHUX 00’ €KTIB y pi3HUX rany3six BUpOOHHUITBA, aJKe, MATHITOMETp € HAWOUIBII Yy TJIMBUM JI0 IIYMiB JaTYUKOM, a HOTO BUXIiJ
3 JlaJy NPHU3BOAUTH 10 NaAiHHSA Ta BTPaTd JApoHy. MeTOK € BH3HAUCHHS ONTHMAIBHOI KOHCTPYKLIl Ta HajallTyBaHb
KBaJpOKONTEPa 3 TOUKH 30py HOTO (i3UUHOI Oe3MeKU Ta SKOCTI pOOOTH IMPU MOHITOPUHTY Ha3eMHUX 00 €KTIB Yy Pi3HUX Taly3sax
BUPOOHHUITBA. 3aBJAHHSA: NIEPEBIPUTH YU MOKHA 3aXHUCTUTH MAarHiTOMETp MU PO3MIIIEHHI HOro BcepeIuHi KOPITyCy APOHY Bif
3aBaJ( 3 KaOeJiB eJIeKTPOKUBICHHS 3a3eMJICHHSIM, eKPAaHyBaHHSAM Ta 3MIHOIO CTAPTOBUX HAJIALITYBaHb KOITEpa, a caMe 3MiHOIO
3HaUeHHS KOe(illieHTy MyCKOBOi MOTY>KHOCTI JBUTYHIB. MeTOAM MOCJiIZKeHb: TEOpis aBTOMAaTUYHOTO YHPABIIHHS, METOIH
ONTHMAJIBHOTO YIPABIIHHSA Ta METOIM IPOEKTyBaHHs amapaTHoro 3abesnedeHHs. BucHoBkm. IIpoBeneHo MOCHiuKeHHS poui
MarHiTOMeTpa APOHY IPH MOHITOPHHTY Ha3eMHHX 00’ €KTiB. JI0CiHKEHHS MOKa3ao, Mo KOMTEPH, SKi 3MiCHIOITh MOHITOPHUHT
Ha3eMHHUX 00 €KTiB, 00OB’S3KOBO IOBHHHI OyTH ocHamieHi MaraitomerpoMm Ta GPS. Marnitomep HaWOinbIl YyTIUBHH 10
MEPEeIKO/l JaTuuK. SIKINO BiH INpalloe HEMpaBHJIBHO, TEpecTae MpalfoBaTH BCS HaBiraiiiHa cucrema apoHy. IIpoBeneHo
EKCIEPHUMEHTAIbHI JOCTIKEHHS 10 BIUTUBY KOHCTPYKIIi] Ta HAJIAIITYBAaHb KBaAPOKONTEPa Ha SIKICTh pOOOTH HOTO MarHiTOMETpa,
a oJpKe 1 KomTepa B IijIoMy. Y IaHii poOoTi 3aIpOIOHOBAHO PO3MICTUTH MarHiTOMETP BCEPEANHI KOPITyCy APOHA, IO IMiABUIINUTH
ioro ¢isnyHy Oe3meKy Ta CIPOCTUTh KOHCTPYKIIIO APOHY, ajie pa3oM 3 THM Ha HBOTO 30UIBIIYIOTHCS 3aBaad Bia KaOemiB
CJICKTPOXKUBIICHHS IBUTYHIB, TOMY HEOOXIIHO miniOpatn e(eKTUBHI METOIM 3aXHCTY BiJ Takux 3aBaj. [lepeBipeHO 4nm MOXKHA
3aXUCTUTH MarHiTOMETpP IPH PO3MIillleHH] HOro BcepeiHI KOPITyCy APOHY BiX 3aBaj 3 KabGelliB eIeKTPOKUBICHHS 3a3EMIICHHSIM,
€KpaHyBaHHSM Ta 3MIHOIO CTapTOBUX HANAIITYBaHb KONTEpa, a camMe 3MIHOIO 3HA4YeHHs KOe(illieHTy MYyCKOBOI IOTYXXHOCTI
JBUTYHIB. Pe3ynbTaTi NpoBeileHNX eKCIePUMEHTIB MOKa3ajH, 0 JUIs 3aXUCTY BiJ 3aBaji MarHiTOMETpPa, PO3MIIIEHOr0 BCePEAnHI
KOPITyCy APOHA, HEOOXiTHO OETHATH EKPaHYBaHHS MarHiTOMETpa Ta 3MEHIIEHHS KOe(illieHTy ITyCKOBOT IOTY>KHOCTI MOTOPIB.

KawuoBi cinoBa: Oe3minoTHUIA NiTaTbHUN amapaT; OPOH; KBAJAPOKONTEDP; MAarHITOMETP; HABEACHHS; SKICTh POOOTH;
MOHITOPHHT Ha3eMHHUX 00'€KTIB.

HcciaenoBanue BIMSIHUS KOHCTPYKIUHY H HACTPOEK KBAaJAPOKONTEPA
HA Ka4ecTBO ero padoTbl NP MOHUTOPHHIE HA3eMHBIX 00bEKTOB

A. A. Maiinanuk, E. B. Menemko, C. B. Ilumko

AHHoTanus. IIpeamMeToM H3y4eHNUs B CTAThE SBIISIFOTCS METO/IB YMEHBIICHHUS HABOJJOK HA MATHUTOMETP KBaZAPOKONTEPa
3a CYeT M3MEHEHMs KOHCTPYKIMHM M HAacTPOEK KOITepa s IOBBIIICHHs KayecTBa ero paboThl MPU MOHHTOPWHIEC Ha3eMHBIX
00BEKTOB. AKTYaJIbHOCTh Pa3pabOTKH OIpe/esieTCsl HeOOXOAMMOCTBIO HOBBIIICHHUS (HU3UIECKOI 6€30MaCHOCTH KBaIPOKONTEPOB
IIPU MOHHWTOPHMHTE Ha3eMHBIX OOBEKTOB B PAa3IMYHBIX OTPACIAX IPOU3BOACTBA, BEAb MArHUTOMETp SBISiETCS Hamboiee
YyBCTBUTEJIBHBIM K IIyMaM JaTYUKOM, a €ro BBIXOJA M3 CTPOsl NMPHBOJWUT K MaAeHHIO W moTtepe jApoHa. Lleablo sBisiercs
omnpeeseHue ONTUMAIbHONH KOHCTPYKIIMH M HACTPOEK KBaJJPOKONTEPa C TOUKH 3peHHs ero (PH3nUecKoil 0€30MacHOCTH U KauyecTBa
paboTHI IPY MOHUTOPUHTE HA3eMHBIX 00BEKTOB B PA3IIMIHBIX OTPACIISAX IIPOM3BOACTBA. 3aJa4a: MPOBEPUTH, MOXKHO JIH 3aIIUTHTH
MarHUTOMETpP MpPH pPa3MEIIEHHH €ero BHYTPH KOpIyca JApOHAa OT HAaBOJOK OT KaOellsl SJICKTPONMTAHMS 3a3eMIICHUEM
9KpaHUPOBAaHHEM M H3MCHEHHEM CTapTOBBIX HACTPOEK KONTEpa, a MMEHHO M3MEHEHHeM 3HaueHHs Kod(hduumeHTa mycKoBOit
MOIIHOCTH JBUraTeseil. MeToabl Ncceq0BaHUii: TEOPHUs aBTOMATHIECKOTO YIPABICHHS, METO/IbI ONTUMAIBLHOTO YIPaBICHUS U
METOZbl MPOEKTHPOBAHHs ammapaTtHoro obecredeHns. BuiBoabl. [IpoBeneHo nccienoBaHHE pOJIM MarHUTOMETpa JIPOHA MPU
MOHUTOPUHI'C HA3EMHBIX OG’I)GKTOB. I/ICCJ'ICI(OBaHI/Ie IMoKa3aJjio, 4TO KOIITEPhI, MPOU3BOAAIINE MOHUTOPHUHIT HA3EMHBIX O6’beKTOB,
00513aTeIbHO TOJDKHBI OBITH OCHAIeHsI MarHuToMeTpoM H GPS. Maruutomep Hanbosee YYBCTBUTEJIbHBIA K [TOMEXaM JIaT4HK.
Ecnu paboTtaer HempaBWIBHO, MEpecTacT padoTaTh BCS HABHTAllMOHHAs cUcTeMa JApoHa. [IpoBeIeHbI DKCIEepHUMEHTAbHBIC
HCCIIEJOBAHMS 110 BIMSHUIO KOHCTPYKIHM M HACTPOIKaM KBaJpOKONTEpa Ha KauecTBO PabOThl €ro MarHUTOMETPa, a 3HAYHUT U
KoITepa B LENOM. B naHHO#T paboTe NpemyokKeHO pa3MEeCTUTh MAarHHTOMETP BHYTPH KOpIyca ApOHA, YTO MOBBICHT €ro
(bu3nuecKyro 0€30IacCHOCTh U YIPOCTUT KOHCTPYKLHIO JPOHA, HO BMECTE C TEM Ha HEro YBEIMYMBAKOTCS HABOJAKH OT Kabeneit
9NIEKTPOIUTAHNUS, TI0OITOMY HEOOXOAUMO 10700path 3h(eKTHBHBIE METO/BI 3aIUTHl OT TAKUX HABOJOK. IIpOBEPEHO MOXKHO JIU
3aIIUTUTh MarHUTOMETP MPH Pa3MEIICHUH €ro BHYTPU KOpIyca ApOHA OT HAaBOJOK M3 KaOens 3JIeKTPOIUTAHUS 3a3eMIICHHEM,
9KpaHUPOBaHMEM M MU3MEHEHHEM CTAapTOBBIX HACTPOEK KONTepa, a MMEHHO M3MEHEHHEM 3HaueHUs Kod(hQHIMEHTa MyCKOBON
MOIITHOCTH lIBPIFaTeJ'[el\/'I. Pe3yHbTaTbl MPOBCACHHBIX 3KCIICPUMCHTOB ITIOKa3ajik, 4YTO MJId 3alluTbl OT HAaBOJOK MAarHUTOMETpA,
pa3MeIIEHHOro BHYTPU KOpIyca JpoHa, HEOOXOAMMO OOBEIMHUTH JKPAaHMPOBAHHE MAarHUTOMETpa C YMEHBLICHHEM
K03 dUIIeHTa ITyCKOBOH MOIITHOCTH MOTOPOB.

KnwoueBbie caoBa: GecrIOTHBII JIeTaTeNbHbIN anmapar4 IpoH; KBaJPOKONTEP, MATHUTOMETD; HABOAKH; KauecTBO
paboThl; MOHUTOPUHT Ha3eMHBIX OOBEKTOB.
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