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Over the past decade, the development of unmanned aerial technologies has allowed
them to be considered a tool for conducting remote Earth sensing research. The use of
such systems is primarily associated with solving geological and archaeological tasks.
However, the armed aggression by the Russian Federation contaminated Ukrainian ter-
ritory at an unprecedented scale, including unexploded ordnance (UXO). It is necessary
to check unmanned aerial vehicles (UAVs) can be used to address this issue. An efficient
solution can significantly expedite the process of surveying areas for the presence of UXO,
minimizing risks to lives and health.

The research was conducted at test sites using full-scale models as targets, as well
as disarmed mines and other ordnance. Additionally, a magnetic survey was carried out
in areas directly affected by combat operations. Overall, within the scope of this work,
approximately 30 hectares of territory were surveyed under various shooting modes and
conditions. As expected, a high detection rate is characteristic of target objects with a high
ferrous metal content. Unfortunately, the widespread use of plastic ordnance with low iron
content and the high density of craters blasts create non-target magnetic anomalies, af-
fecting the overall detection. However, with proper planning and shooting modes, the task
of detection is partially addressed. Our preliminary results allow us to draw initial conclu-
sions about the effectiveness of the complex and identify issues that require resolution.

Key words: magnetic survey, UAV, unexploded ordnance, magnetic field anomalies.

Introduction. Since the beginning of the
armed aggression by the Russian Federation
against Ukraine in 2014, Ukraine has suffered
a significant number of casualties among its
civilian population due to explosive devices.
According to data from global monitoring
groups, Ukraine ranks among the top five
countries in the world in terms of territory
contaminated with unexploded ordnance
(UXO). With the onset of full-scale invasion,
these numbers have significantly increased.
As of March 2022, approximately one-seventh

of Ukraine's territory was contaminated with
UXO, and by the beginning of 2023, some
reports indicate that this figure has increased
to nearly one-third (Fig. 1).

Detection and clearance of contamina-
ted areas have become critical issues. Many
engineering units of the Armed Forces of
Ukraine and the State Emergency Service of
Ukraine are continuously surveyingthe lands
for UXO. However, the work is primarily per-
formed manually, posing a significant risk to
the lives and health of the personnel. Further-
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Fig. 1. Map of Ukraine. Orange — territories potentially
contaminated by UXO (https://mine.dsns.gov.ua/).

more, there is a noticeable disparity between
the advancement of demining technology and
the proliferation of mine warfare, leading to a
dangerous trend. Mine warfare advances no-
ticeably faster than the demining technology.
The limited set of available tools effective-
ly limits detection to manual. Ukraine faces
challenges in removing UXO using modern
and safe means. This problem can be solved
by improving existing technologies and de-
veloping new remote systems based on the
state-of-the-art equipment and methods.
Among the most promising methods today
are magnetometric, electromagnetic, multi-
and hyperspectral, and radar systems; most
have proved relatively successful at the task.
However, the most promising solution would
be a comprehensive approach that would sig-
nificantly enhance the overall efficiency.
Over the past decade, remote sensinghas
greatly benefited from the use of unmanned
technologies, including magnetic surveying
[Lev, Arie, 2011; Tezkan et al., 2011; Stoll,
Moritz, 2013; Wood et al., 2016; Parshin et
al., 2018; Tuck et al., 2019; Walter et al., 2020;
Cunningham et al., 2021; Dossing et al., 2021].
The method was successfully applied to ar-
chaeological and geological research, and its
effectiveness is readily apparent in UXO de-
tection. It provides dense coverage with high-
quality data, and modern software processing
tools yield comprehensive information on the
geographic and spatial distribution of UXO
[Butler, 2003; Nelson, McDonald, 2006; Ibra-
heem et al., 2021; Kolster et al., 2021a,b; Kol-
ster et al., 2022]. Furthermore, reduces the
risks faced by operator sand equipment at
the site, leading to an overall improvement in
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safety. This paper presents preliminary results
of using a UAV-based complex for a magnetic
survey to detect UXO in Ukraine.

At this stage, we have done pilot testing
and processed the data from a range on full-
scale models of various types of ordnance and
on territories where combat had taken place.
Our preliminary findings show the method to
be potentially effective but needing further
research and development.

Materials and methods. Basic Principles.
The underlying principle is that the objects of
interest sharply differ from the surrounding
environment by their conductivity, dielectric
permittivity, and magnetic susceptibility. In
most cases, especially in Ukraine, the ability
to detect and locate UXO is not strongly de-
pendent on the physical properties of the sur-
rounding environment, although there may
be exceptions to consider.

The surveying involves the detection of
magnetic anomalies created by iron-contai-
ning objects. The anomalies are found from
the variations in the parameters of the hori-
zontal and vertical derivatives of the magnetic
field, which delineate the boundaries of mag-
netization contrasts. The observed magnetic
field, saturated with anomalies potentially
associated with UXO, is then filtered and
processed to emphasize specific aspects of
the resulting anomalies. The goal is to out-
line their sources and project them onto the
surface or subsurface layers. This information
is crucial for identifying potentially contami-
nated UXO zones.

Geological, technogenic, and anthropo-
genic background. When conducting mag-
netic surveys to detect mines and unexploded
ordnance, it is crucial to consider all external
factors that may affect the final result. Gener-
ally speaking, these factors can be geological
or anthropogenic.

The geological include the following.

— Variability of magnetic parameters in the

environment (soil, rock formations). It can

have a significant effect on the survey data.

Typically, high magnetic susceptibility is

seen in volcanic, magmatic rocks and cer-

tain types of soils with a significant con-
tent of ferromagnetic minerals. Therefore,
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a useful signal will be hardest to obtain for
objects located in areas with deposits of
magnetite, hematite, siderite, silicate mag-
netic ores and iron-rich quartzites. Given
the geography of contaminated areas in
Ukraine, special attention should be paid
to the southern regions of Donetsk and
Zaporizhzhia oblasts, where the Bilozirsky
and Priazovsky iron ore basins are located.
As for the regions of Luhansk oblast and
the southern territories of Ukraine (Myko-
laivand Kherson oblasts and the Crimea),
the distribution of iron-bearing deposits
that could have a significant impact on
magnetic signatures is generally limited,
except for the Kerch iron ore basin.

— Geomagnetic variations, which are any
deviations of the Earth's magnetic field ele-
ments from the base level. They can sig-
nificantly impact the results of magnetic
surveys. These deviations can be periodic
or non-periodic, ranging from nT to thou-
sands of nT or more and lasting from se-
conds to several days.

The most influential on survey data are
non-periodic variations, i.e., the magnetic
storms. Their intensity can reach hundreds
or even thousands of nT, and their duration
can vary from several hours to two to three
days, with rapid changes in field strength
occurring within minutes. Therefore, to ob-
tain a representative standardized dataset,
itis important to use a magnetometer base
station that can account for variations of
the geomagnetic field during data proces-
sing.

—Landscape conditions. These are very im-
portant when setting up magnetic survey-
ing operations, especially for the aeromag-
netic surveying (in our case, using UAVs).
To obtain high-quality information, it is
crucial to adhere to technical UAV ope-
rating requirements, including maintain-
ing a consistent flight altitude, assessing
vegetation parameters (height, density),
and applying appropriate technical solu-
tions.

Technogenic and anthropogenic factors
have a significant impact on the quality and
reliability of the data. The key consideration
is the presence, within the research area, of
objects that create «false anomalies». Primari-
ly, these include power lines, electromagnetic
transmitters of various types in relative prox-
imity, concealed infrastructure (communica-
tions), hidden remnants of domestic and in-
dustrial objects (iron-containing waste, rem-
nants of agricultural and military machinery,
etc.), as well as scattered or hidden remnants
of exploded munitions (fragments).

Taking the above-mentioned factors into
account is crucial as these considerations sig-
nificantly influence the reliability of the data
and so the chances of identifying targets.

Equipment. For an effective and working
platform, we used the following hardware so-
lutions.

Mag Drone R3. A two-sensor magneto-
meter produced by German SENSYS com-
pany and designed for UAV application. The
magnetometer was tested in the lab and in the
field. It produces repeatable results for the

Table 1. Technical specifications of Sensys Mag Drone R3 magnetometer

Operating Temperature

—20°C to +50°C

Weight/with Li-Ion battery 750 g/884 g
Overall power consumption 500 mA
Sensor tube dimensions (WxDxH) 1,070 x 22 mm

Specified measurement range

175,000 nT (higher ranges available on request)

Number of sensor axis 3

Distance between sensor centre points 1.000 mm

Sampling rate 200 Hz (higher rates available on request)
Internal memory 2GB

Survey pre-processing software Mag Drone Data Tool
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same survey area with low background noise.
It showed satisfactory stability of operations
in various weather conditions. Selected tech-
nical specifications are given in (Table 1).
Mines Eye Proprietary extender (patent ap-
plication No. a202302941). Self-transforming
extender made of low-magnetic materials
(mainly aluminum) that allows to achieve
controlled vertical distance to UAV and high
flight stability. The extender was designed to
reduce background magnetic noise from the
UAV and keep minimal safe distance from the
surveyed surface. The operation of the system
is fairly simple. The magnetometer is installed
within a special holder which ispart of the in-
stallation and the extender is then attached to
the UAV. The UAV operator sends the vehicle
off and the installation self-extends vertically.
Once the UAV achieves the required altitude,
the set-up is ready. Additionally, the extender
is equipped with an automatic folding-unfold-
ing system, a sensor for collecting data on

the magnetometer's altitude, and a data col-
lection system (time, geographic coordinates,
and altitude) (Fig. 2).

Drone DJI Agras T16. This is a smaller
specimen of the agricultural UAV series Agras
(T20, T30, and T40 are also common). The
UAV was designed for seamless operations on
large open fields. It has maximum payload of
~15 kg and can easily carry a magnetometer
along with supplementary hardware. It is
equipped with 4 battery sets and a fast charger
that, assuming stable power supply, charges a
single battery in 20 min. At the same time, one
battery is sufficient for a flight of 10—15 min
which allows to cover 1600 m? (0.16 ha) with
this magnetometer setting. Limitations of this
UAV for our purposes: spray tank and wor-
king pumps are required for mission flying,
software limitations imposed by DJI after the
start of active conflict(?), inconvenient mis-
sion planning process. Below are selected
technical specifications of the UAV (Table 2).

. MINES EYE
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Working position
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==, Muits
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ToF LiDAR
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Fig. 2. Design, principle of operation and technical components of the integrated system of magnetometer equip-

ment for UAVs.
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Table 2. Technical specifications of DJI Agras T16 UAV

Max Diagonal Wheelbase 1883 mm

Operating Payload

Rated: 15 kg, Full: 16 kg

(With strong GNSS signal)

Operating Frequency 2.4000—2.4835 GHz, 5.725—5.850 GHz
Total Weight (Excluding battery) 18.5kg

Standard Takeoff Weight 39.5kg

Max Takeoff Weight 40.5 kg (At sea level)

Hovering Accuracy

D-RTK enabled: Horizontal: £10 cm, Vertical: £10 cm

D-RTK disabled:

Horizontal: £0.6 m, Vertical: +0.3 m
(Radar module enabled: £0.1 m)

RTK/GNSS Operating Frequency RTK

GPS L1/L2, GLONASS F1/F2, BeiDou B1/B2,
Galileo E1/E5

GNSS

GPS L1, GLONASS F1, Galileo E1

Battery DJI-approved battery pack

AB2-17500mAh-51.8V

Max Power Consumption 5600 W

Hovering Power Consumption

4600 W (Takeoff weight of 39.5 kg)

Hovering Time

18 min (Takeoff weight of 24.5 kg with a 17500 mAh battery), 10 min
(Takeoff weight of 39.5 kg with a 17500 mAh battery)

Max Operating Speed 7 m/s

Max Flying Speed

10 m/s (With strong GNSS signal)

Max Wind Resistance 8 m/s

Recommended Operating Temperature

0—40°C (32—104°F)

Software Oasis Montaj (Seequent). For
processing the data, we utilized the profes-
sional software package Oasis Montaj (Li-
cense No. 27816). In addition to basic func-
tionalities, this package includes a modeling
module (Potent Q) and modules for proces-
sing and analyzing magnetic data related to
the identification and partial classification
of unexploded ordnance — «UXO marine»
and «UXO land». We were able to process
the data, analyze them, and present them as
graphs and maps of magnetic anomalies with
geospatial referencing.

Results. Impact of magnetic signals from
UAV. The use of equipment for magnetic sur-
vey based on UAVs has some specifics to con-
sider when planning and executing magnetic
survey tasks. Firstly, there are deviations in
the magnetic field caused by the operation of
the UAV engines, which can affect the quality
of the signal and lead to false magnetic ano-
malies. To address this, a decision was made

to test the existing setup in two modifications:
the first involved placing the magnetometer
directly on the UAV chassis, and the second
involved installing the magnetometer two me-
ters below the UAV chassis using a specially
designed extender. A testing ground was set
up with non-military iron-containing objects
(Fig. 3, a), and test measurements were con-
ducted with subsequent comparison of the
obtained results.

When the magnetometer was placed un-
der the UAV chassis, there was a magnetic
background with average values of 33 nT
(Fig. 4, a). In contrast, for the extender of 2m,
the average values were 2.45 nT (Fig. 4, b),
which is more than ten times less. Therefore,
an extender allows for more accurate detec-
tion of magnetic anomalies related to target
search objects (see Fig. 3, a, b).

Furthermore, the use of an extender in-
creases the flight altitude of the drone, mini-
mizing the negative impact of updrafts cre-
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of the magnetometer relative to the UAV: b — directly under the UAV chassis; c — 2 m below the UAV chassis.
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Fig. 4. Comparison of magnetic parameters recording for different modifications of the magnetometer placement
relative to the UAV: a — directly under the UAV chassis, b — 2 m below the UAV chassis.

ated by the propellers. These updrafts canim-  obstacles, which is crucial when operating in
pact flight stability. It is worth noting that the complex landscape conditions, reducing the
extender structure is robust and resistant to  likelihood of accidents or equipment damage.
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Research objects and survey planning. To
conduct controlled experiments (with known
target objects and their locations), our team
was given access to an experimental training
ground in the Kyiv region. This site repre-
sents a typical agricultural landscape. Ad-
ditionally, the State Emergency Service of
Ukraine provided us with various full-scale
models of different types of munitions com-
monly encountered on a battlefield (Table 3).

An area of 8—40 m was designated on the
test range, where the inert munition models
were placed in two configurations. Our team
followed predefined flight paths set 2 m apart.
Magnetic sensors were positioned 1 meter
apart from each other, resulting in scan lines
spaced 1 meter apart (Fig. 5). The flight alti-

tude varied from 0.3 to 0.7 m depending on
the terrain and vegetation height.

This approach allowed us to accurately
scan the area for magnetic anomalies associ-
ated with the target inert munition models.

Controlled field tests. The controlled tests
involved detecting targets knowing what they
were and where they were located. Essential-
ly, this meant a direct magnetic survey task.
The aim was to determine the effectiveness
and limitations of using magnetic surveying
to detect iron-containing objects of military
origin under various conditions. Key criteria
for planning the experiment included the pa-
rameters of the target (volume, iron content)
and the conditions of its burial (at or beneath
the ground surface).

Table 3. Names and parameters of test search objects

g

g Name Type

Z

1 TM-62 anti-tank blast mine

2 PEM-1 antl-persqnnel hlgh-explo-
sive mine

3 MON-50 antl-persqnnel .hlgh_eXplo' =
sive mine

4 F-1 hand grenade

132

Pictures Size, Weight, Material
mm kg
many
@ 320 75 variants+
H: 128 ’ iron
elements
11.9%6.4x2 0,08 Plastic+ iron
elements
296x155x35 9 Plastic+ iron
elements
55 .
I 117 0.6 iron
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Fig. 5. An example of flight planning for magnetic surveying with a UAV. The red lines show the UAV flight pro-
files, and the green lines show the profiles along which the data are collected.

Test Ne 1. On the prepared test range
(cleared of iron objects), three TM-62M
mines, one TM-62P mine, one MON-50 mine,
and one PMN-2 mine, were buried. The ob-
jects were placed at depths ranging from 15 to

ISSN 0203-3100. Geophysical Journal. 2023. Vol. 45. Ne 5

50 cm, with the MON-50 and PMN-2 mines on
the surface. Based on four flights with two dif-
ferent object configurations, 100 % of the TM-
62 and MON-50 mines were detected, while
the PMN-2 mine was not detected (Fig. 0).
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Fig. 7. Aerial photo of the study area with the target
search objects marked on it (@) and a map of magnetic
anomaly intensity AT over the controlled survey area
(b). Indices show the names of the search objects (ac-
cording to Table 3).

Test Ne 2. For the next experiment, ten dif-
ferent mines and grenades, including PMN-2
mines, were placed on the ground surface.
During the first flight, all objects were detect-
ed, while during the second flight, 80 % were
detected (Fig. 7). The difference in results was
attributed to variations in flight altitudes. Ob-
jects with low ferro-metallic content (PFM-
1, PMN-2) were detected at extremely low

134

altitudes (up to 0.2 m), and reproducing the
results was challenging even so.

Field tests (real conditions). The next
stage of the research was conducted in areas
that were actually mined and had experi-
enced combat operations.

Test Ne 1 (Kharkiv region). Testing was
done in an open area classified as a mixed
minefield based on non-technical survey fin-
dings (Fig. 8, a). The goal was to practice mea-
surements in the field without access to direct
sources of electricity and under increased
risk. An additional task was to improve the
quality of measurements for further determi-
nation of the minefield's size and classifica-
tion of the found objects. Since this was the
first flight of this system in real conditions, it
was essential to understand the actual ope-
rational speed of this equipment and the po-
tential problems we could encounter during
flights. An important feature of this location
is its proximity to Russian army's defensive
positions at the time of occupation.

The testing consisted of five magneto-
meter measurements, and during the flights,
up to 10 landings were made to replace the
drone's battery. The flights were conducted
in a back-and-forth method without making
any turns. During the flights, the magneto-
meter operator adjusted the flight altitude
to ensure a minimum safe magnetometer-to-
ground distance.
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In total, an area of 17,435 m> was scanned.
High-variation magnetic signatures were
measured during the testing, with the largest
anomalies having signals exceeding 100 nT
(Fig. 8, b).

Most of the anomalies were observed with
absolute signal power exceeding 15—30 nT
(see Fig. 8, b). According to the specifications
obtained during the non-technical survey, the
scanning was carried out on a mixed mine-
field, which contained a significant number
of anti-tank TM-62 and anti-personnel mines
that could not be identified through drone
photography. The nature of the field (inclu-
ding its proximity to defensive positions) sug-
gests that, in addition to mines, a significant
number of craters from explosions and rem-
nants of exploded ordnance with a high iron
content were found.

It is difficult to assess the effectiveness of
the magnetometer for detecting anti-tank
mines in plastic casings. However, given se-
veral technical limitations such as the absence
of precise elevation data, low data density,

and the lack of Real-Time Kinematic (RTK)
location correction, the data have limited
practical utility for demining units.

On the other hand, such data can be valu-
able for detecting hidden objects with a high
iron content that could pose a significant dan-
ger to demining personnel, such as OZM-72
mines or unexploded ordnance. It was recom-
mended to take a closer look at the magnetic
field map in the area where signs of systema-
tic placement of objects with a significant iron
content were found.

Test Ne 2 (Kyiv region). This area in the
Kyiv region was one of the most heavily con-
taminated during active hostilities in March
2022. It was subjected to heavy artillery
strikes and combat encounters. After the de-
occupation, during agricultural work on the
research site, three agricultural vehicles were
damaged driving over mines. Recent explo-
sive ordnance disposal surveys in this area
resulted in the loss of an automatic demining
complex belonging to an anti-mine activities
organization. Prior to this, the tall vegetation
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40+ 4 |
! 0 10 20m 14 B
[ | Potential Funnel from
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a

Fig. 8. Aerial photo of the northern part of the test site (a) and map of magnetic anomalies intensity AT (b) over a

territory affected by the hostilities (Kharkiv region).
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made it difficult to do magnetic survey at an
effective altitude.

The results of the survey are similar to
those obtained in Kharkiv region. A signifi-
cant number of intense anomalies caused by
explosion craters were detected (Fig. 9), but
the quality of the data did not allow for an
objective classification of potentially hazar-
dous objects.

Problems and Solutions. The testing re-
vealed issues that require resolution for the
purpose of assessing system effectiveness and
obtaining reliable data. These problems can
be categorized into instrumental and those
associated with the initial conditions of the
survey.

Instrumental Problems. Platform Stabi-
Iity. Issues related to the stability of the
platform's operation, particularly concern-
ing the stable spatial positioning of equip-
ment for magnetic surveying during flight,
can result in false anomalies. This problem
arises when reconfiguring the UAV for a new
measurement profile (Fig. 10). Two possible
solutions are available: the first involves
waiting for a certain period until the sus-
pension stabilizes with the installed equip-
ment, while the second entails stabilizing the

equipment through suspension system up-
grades involving hinges and gyro stabilizers.

Accurate Geographical Coordinates. Ano-
ther critical issue is the precise determination
of geographical coordinates for each mea-
surement point. The integrated GPS equip-
ment in the magnetometer introduces a mea-
surement error of up to 2 m. Modernizing the
equipment with precise RTK systems would
increase the accuracy of geographical data to
within a few centimeters.

Challenges Related to Initial Survey
Conditions. Vegetation Obstruction: dense
vegetation complicates data collection. Ad-
dressing this problem may involve taking
measures to clear the area, such as using de-
siccants or applying herbicides to eliminate
vegetation entirely. This approach not only fa-
cilitates unobstructed mission execution but
also provides visual access to target objects,
significantly simplifying ordnance disposal.

Non-Target Objects. A major limitation in
obtaining high-quality magnetic data is the
presence of non-target objects in the survey
area. These objects may include non-military
items like parts of agricultural machinery and
military-origin debris, as well as magnetic
anomalies created by blast craters (Fig. 11).
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Fig. 9. Aerial photo of the test site affected by the hostilities (Kyiv region) (a) and map of magnetic anomalies

intensity AT over the territory (b).
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Fig. 10. Map of false magnetic field anomalies AT caused
by the shaking of a UAV-based magnetic survey system
during flight.

One solution is to increase the altitude of
magnetic surveying. Objects with low mag-
netic signatures would not be detected by the
magnetometer at higher altitudes, emphasi-
zing the stronger anomalies. This hypothesis
can be tested through a series of measure-
ments on known nearby objects at various
flight altitudes and through vertical gradient
magnetic surveying with two or more verti-
cally positioned sensors.

Data post-processing. Equally important
is the post-processing of acquired data. Addi-
tional mathematical filtering algorithms sig-
nificantly improve the final outcome (Fig. 12).
Selecting and applying various combinations
of filters allow for a more precise classifica-
tion of different targets, differentiating them
based on key shape and magnetic anomaly
intensity parameters.

Addressing these issues will help to use
the complex efficiently for precise location of
hazardous explosive objects, providing cru-
cial information to the explosive ordnance
disposal specialists.
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Fig. 11. Map of the intensity of magnetic anomalies AT in the area of artillery shell impact.
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Fig. 12. Comparative maps of magnetic field anomalies:
a — raw data, b — post-processing using sets of mag-
netic noise filtering algorithms.

Conclusions. As of today, the obtained re-
sults demonstrate a high efficiency of mag-
netic surveying in detecting and localizing
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ITonnepeaHi pe3yAbTaTu MarHiTHOro 3HiMmaHHga BITAA
AASI BUSIBA€HHSI Hepo3ipBaHuX O0oenpumnacis B YKpaiHi:
e(eKTUBHICTh i IpoOAeMU

L HOAH‘IeHKOI'Z, B. K038K2, B. BaXMy'TOBl, C. r-IepKecl’z, L BapaBaa, 2023

1IHCTI/ITYT reodizuku im. C.I. Cy66otina HAH Ykpainn, Kuis, YKpaiHa
ZBAaFOMﬁHa dyHpanig «Postup Foundation», Bponaas, IToabiia
*HarionaabHuit TexmivaHmit VHIBEPCUTET YKpAlHU
«KuIBCBKUM MOAITEeXHIYHMY iIHCTUTYT iMeHi Iropsa Cikopcbkoro», Kuis, YkpaiHa

3a OCTaHHE AECSATHUAITTS PO3BUTOK OE3MAOTHUX ANITAABHUX TEXHOAOTIHN AQB MOKAUBICTD
PO3TASIAAQTH iX 9K iIHCTPYMEHT AAS IPOBEAEHHS AOCAIAKEHB 3 AUCTAHITIMTHOTO 30HAYBAHHS
3eMAi. 3p0O3yMiAo, IIJ0 BUKOPUCTAHHS TaKUX KOMIIAEKCIB IlepeapyciM IOB'sI3aHe 3 BUPI-
IIIEHHSIM I'€OAOTIYHUX i apXEOAOTIUHNX 3aBAAHb. BTiM Oe3npeneaeHTHI MacIITabu 3a0pyA-
HeHHS TepUTOPil YKpaiHU Yyepe3 30pOUHY arpecito pg Ooenpunacamy, o He BUOYXHYAU
(HBB), cTBOPIOIOTH HEOOXIAHICTD OIIiIHIOBAHHST MOKAUBOCTI BUKOPUCTAaHHS 0€3MAOTHUX
AiTaabHUX anapatiB (BITAA) B KOMIIAEKCI 3 MarHITOMETPUYHUM OOAQAHAHHSAM 3 METOIO
IIOAOAQHHA ITiel mpoOAeMu. EpeKTrBHe BUPINIeHHS IIHOTO 3aBAAHHSA MOJKe 3HAYHO IIPU-
HIBUAIIUTH IPoIiec OOCTE)KeHHS TEPUTOPiN Ha HagBHICTh HBB, MiHIMi3yIoun pU3UKHU ANS
SKUTTS 1 3A0POB'S CIIellianiCTiB 3 pO3MiHYBaHH4.

AOCAIAKEeHHSI TPOBEAEHO Ha TECTOBUX ITOAITOHAX 3 BUKOPUCTAHHSAM IliAelM ITOBHO-
MacCIITaOHUX MaKeTiB, a TAKOK 3HEIIKOAKEHMX MiH U iHINX OOenpunacis. AOAATKOBO
BMKOHAHO MAarHiTO3HIMaAbHI pOOOTH Ha TEPUTOPIAX, 9Ki Oe3I0CepeAHbO TepeOyBaAu B
30HI OOMOBUX Aill. 3araaoM B paMKax poOoTH OyA0 006cTeskeHO OAU3BKO 30 ra TepuTOpil 3a
Pi3HUX PEKUMIB Ta yMOB 3HiMaHHS. SIK i OU4iKyBaAOCs, BUSBA€HO BUCOKUM PiBEHB I[IABOBUX
00'€KTIB 3 BEAUKUM BMiCTOM pepomeTanis. Ha >Kaab, HIMPOKe 3aCTOCYBAHHS IAACTUKOBUX
Oo€emnpuUnaciB 3 He3HAYHUM BMiCTOM 3aAi3a, @ TAaKOK BUCOKA IIIiABHICTE BUPB Bip PO3PHUBIB
OO€EIPUIIACIB, 1110 CTBOPIOIOTH HENIABOBI aHOMAaAiT MarHiTHOTO TIOAST, 3MEHIIYIOTh BiACOTOK
3ararbHOI'O BUSIBAE€HHS, A€ B PA3l II€BHOI'O IIAAHYBAHHS I Pe)KUMIB 3HIMAHHA 3aBAAHHS
BUSBAEHHS 4aCTKOBO BUPIMIyeThCd. Ha 1IbOMY eTani OTpUMaHO IIOYaTKOBI pe3yAbTaTH
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TeCTYBaHb, 1110 AAAO 3MOTY 3POOUTH NEePIIl BUCHOBKHU IIOAO €(DeKTUBHOCTI KOMIIAEKCY, a
TaKO>X BUOKPEMUTHU HU3KY IIPOOAEM, IKi HOTPeOYIOTh BUPIllIeHHS.

Karo4doBi croBa: marHiTHe 3HiMaHHA , BITAA, HeposipBaHi O0enIpunacy, aHOMaAil Mar-
HITHOTO IIOAS.
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