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ABSTRACT

Formulation of the problem. The article represents the practical experience of the bottom echo sounding and processing of
the data received for digital elevation modelling. The relevance and specificity of using sonar equipment to study the specificity of
the morphology of the underwater relief of small hydrological features are covered. The domestic and foreign publications in this
area are analysed, and therefore the conclusion of the issue being not studied enough in domestic sources is made.

Methods. The analysis of literature sources on modelling the river network, visualization of relief models. The bathymetric
survey data was used to compile a bathymetric map of the river and build a digital elevation model.

The purpose of the article is sharing developer experience in making of digital elevation models of a section of the riverbed
on the example of the Siverskyi Donets River (near Haidary village, Chuguevskiy district, Kharkiv region). Processing of measure-
ment data received as a result of echo sounder surveys. Preservation and recording of general information received to expand the
river bottom relief database. Provide an overview of the uses and applications of geoinformation technologies, determine the research
prospects based on the developed digital elevation models.

Results. The results of echo sounding and post-processing of the data received using specialized software are presented. The
section of the Siverskyi Donets River in the area of the geographical educational and scientific station «Haidary» was chosen as the
territory for the hydrographic research (Haidary village, Chuguevsky District, Kharkiv region). The field part of the research was
conducted using the equipment of the material and technical basis of the Physical Geography and Cartography Department of the
V. N. Karazin Kharkiv National University, for instance using the Lawrance Elite 7 Tl chartplotter-echosounder with modern scan-
ning modes CHIRP, DownScan, StrucureScan.

Scientific novelty and practical significance. The specificity of creating and visualizing in the ReefMaster software package
is covered in the article. A model of the bottom of the corresponding section of the Siverskyi Donets River and a depth map, which
will allow the future analysis of the dynamics and the prediction of changes of the bed configuration, have been developed on the
basis of the field work results. The advantages of using budget equipment and software for performing underwater relief studies of
such hydrological objects are formulated. The novelty of the study is not only the use of the methodological foundations of digital
modelling, but also the alternative classification approaches for describing the relief and conducting morphostructural analysis based
on the GIS technologies.

Keywords: digital elevation model, echo sounder, the Siverskyi Donets, hydrography, bathymetry, map, sonar.
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Introduction. Modern hydrography has under-
gone radical changes in recent years, mainly due to
the massive introduction of personal computers, sat-
ellite navigation technologies and the creation of
new sonar tools based on the digital methods of
primary and secondary information processing, as
well as data registration in digital form. All this fa-
cilitated a radical increase in the amount of hydro-
graphic information, which made it possible to re-
ceive data on the underwater relief with almost the
same accuracy as topographic methods of land sur-
vey provide [21, 2].

Geoinformation technologies are widely used
in hydrology, considering the main hydrological

tasks are distinctly spatial. Currently, there are a lot
of developed geographic information systems (GIS)
and similar applications-driven technologies. In
turn, they have different purposes, means for organ-
izing data, and territorial coverage [7].

Relevant researches, developments and re-
search-based technologies of studying the bottom of
water areas and various underwater objects (includ-
ing potentially dangerous ones) by sonar in the
ocean, on the shelf and inland waters, are imple-
mented to increase the effectiveness of underwater
research, as well as emergency prevention and mon-
itoring of the environmental situation. In this case,
technology is understood as a set of software and
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hardware resources, as well as a science-based
method of their formation and use for researches,
including mapping the relief, objects, their parts,
studying morphology, recording changes and sizes
of landforms, objects, and trends in their dynamics.

Accurate digital elevation models of riverbed
are a fundamental instrument of river research.
Through the research area has a wealth of hydrolog-
ical objects, it will be especially appropriate to con-
duct more fundamental multidimensional bathymet-
ric researches of the Siverskyi Donets River at mod-
ern scientific and technical levels, the results of
which would be suitable for further practical use.

Formulation of the problem. To build eleva-
tion models of river valleys, satellite images are
mainly used, which do not contain enough data to
build an accurate map of depths, especially of small
hydrological objects. Ground-based observations of
rivers, lakes, and reservoirs are often of low quality,
their automatization faces a lot of different prob-
lems, and they also do not provide a complete pic-
ture for the researches. So far, almost all the action
taken do not solve the problem of increasing the
number and improving the quality of hydrological
observations. Researches conducted in Ukraine are
mainly focused on navigable rivers and use low-cost
equipment. So, our goal was to find an effective and
reasonably priced method for studying river valleys
and riverbeds.

Analysis of recent researches and publica-
tions. In the Ukrainian scientific literature, issues
concerning river network modelling and data analy-
sis are not covered enough. A significant number of
scientific works are dedicated to the problem of re-
lief models visualization, for instance, we can em-
phasize the work of scientist I. Yu. Vasilicha [3],
which considers the issue of the specificity of digital
modelling of complex types of relief. The issue is
considered more widely in the studies of V. A. Av-
deev, R. S. Filatov, V. A. Mukhudinov and V. N. Ra-
dionov [1], dedicated to the research of difficulties
of spatial mapping of land, Yu. G. Firsov's stud-
ies [22], which provide an overview of digital mod-
els of the bottom; V. V. Khromykh and O. V. Khro-
mykh’s studies [23], dedicated to digital models of
relief.

In [15], a method of performing depth sound-
ings works, based on combining the differential
method of GPS coordinate determination and the
method of radio-controlled echo sounding, is pro-
posed.

To study the dynamics of the relief of the bot-
tom and a number of other practical tasks of hydrol-
ogy, it is necessary to know the structure of the riv-
erbed, control and take into consideration the modi-
fication of its parameters. However, the relief of the
bottom of continental bodies of water is not often

displayed on topographic maps, and there is not
enough up-to-date information about the depths of
rivers and even significant bodies of water. The lack
of bottom relief images is explained by the labour-
intensive process of making measurements [24, 5].

In the researches by A. J. Kaeser, echo sounder
surveys are successfully used in various types of
bathymetric, biological, and archaeological resear-
ches [27, 28].

A.V. Pogorelov and Zh.A. Dumit in their
monograph, present the analysis of the multi-level
morphological structure of the basin relief using
digital modelling on the example of the Kuban Riv-
er Basin [17].

The original method of measuring river depth,
which can be attributed to hybrid measurement sys-
tems, is proposed in the work by F. Bandini and oth-
ers who used a compact single-beam echo sounder
attached to an unmanned aerial vehicle (UAV) [26].

Bathymetric mapping in Ukraine is mainly
used for lakes and reservoirs. For instance, within
the framework of the project «Danube lakes: sus-
tainable restoration and conservation of the natural
state of ecosystemsy, conducted in 2001-2002, an
integrated study and mapping of lakes of the Lower
Basin of the Danube River was carried out. The au-
thors performed bathymetric and lithological sur-
veys of the bottom of Lakes Yalpuh and Kuhurlui.
Scientists O. M. Trofymchuk, H. Ya. Krasovsky, V.
V. Radchuk, V. I. Mokry conduct sonar studies of
the lakes of the Shatsk National Natural Park (NNP)
on a regular basis [20]. V. O. Martyniuk, S. V. An-
driychuk, and 1. V. Zubkovich study the modelling
of lakes in the Polissiaregion using bathymetric
surveys [13].

In our previous work, we considered bathymet-
ric studies of the Siverskyi Donets River using echo
sounder surveys as an object of study for education-
al needs during practical training [11].

A. |. Honchar regards a set of measures for the
development of sonar devices in Ukraine. It includes
fundamental and applied hydroacoustic researches,
among which the study of bottom relief, the study of
the composition and properties of bottom soils, sed-
imentary rocks, acoustic interaction of the water
column and bottom, the creation of geological and
acoustic models of particular areas, as well as the
creation of echo sound information and analytical
technologies, which is interpreted to mean a holistic
process of collecting, processing and delivering of
information to the consumer [4].

Summing up the above, we can say that this
type of research is in demand, up-to-date and for-
ward-looking, but there are not enough works de-
voted to this particular topic.

Purpose and objectives of the study. The pur-
pose of this work is to present the experience of de-
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veloping digital elevation models of a section of the
riverbed on the example of the Siverskyi Donets
River (near Haidary village, Chuguevskiy district,
Kharkiv region). Processing of measurement data
received as a result of echo sounder surveys. Preser-
vation and recording of general information re-
ceived to expand the river bottom relief database.
Provide an overview of the uses and applications of
geoinformation technologies, determine the research
prospects based on the developed digital elevation
models.

Presentation of the main material. The Siv-
erskyi Donets is the largest river in eastern Ukraine
and at the same time the longest right tributary of
the Don. The length of the Siverskyi Donets River
within the country is 723 km of the total length
(1053 km), and the basin area is 54500 km?, which
is 55% of the total catchment area. According to the
administrative and territorial structure of Ukraine,
the territory of this basin is located within Kharkiv,
Luhansk and Donetsk regions, and according to the
hydrological zoning of the country, it borders by the
Dnipro catchment area in the West, and by the Don
watershed in the North and East. The Siverskyi Do-
nets basin is located along the southwestern border
of the East European Platform, where the foundation
surface is complicated by the Donetsk and Black Sea
trenches [2].

The Siverskyi Donets riverbed is quite winding.
The valley is asymmetrical at a large length and has
a complex of accumulative terraces extending along
its left slope. The floodplain terrace of the Siverskyi
Donets River in Zmiiv city has a width of up to 3
km and is characterized by a flat, sometimes wet-
land surface with numerous oxbow lakes. In the riv-
er valley, a unique natural complex has developed,
that includes a wide floodplain of the river with nu-
merous meanders, lakes, swamps and oxbow lakes.
The surface of this terrace in the riverbed part is a
pile of sandy hills — «mounds», between which there
are lakes and wetlands.

The most important modern geological pro-
cesses are: water erosion — everywhere; landslide
formation — on steep river slopes; flooding — in river
valleys and on levelled areas of plateaus. Further-
more, the anthropogenic contribution of these pro-
cesses prevails over the natural one. The Siverskyi
Donets basin has a complex geological structure.
Ascending neotectonic motions are its special fea-
ture. These motions facilitate the cutting of river
valleys, the spread of ravines and the activation of
erosion processes.

The Right Bank of the Siverskyi Donets is most
vulnerable to rock erosion, as it is located on high
and steep catchment areas. In these areas, up to
three-quarters of the total land area is destroyed by
water erosion processes. Wind erosion is also quite

common, especially on sand massifs which are not
anchored by vegetation.

Riverbed processes observed on the river in-
clude the following: 1) meandering; 2) bottom ero-
sion; 3) bank hydrodynamic scour; 4) siltation, for-
mation of shallows, overgrowth, waterlogging of
banks, shallowing of riverbed sections; 4) littering
of banks, accumulation of fallen trees, sunken logs,
floating garbage [19].

Meandering happens due to the bank hydrody-
namic scour on concave sections of the riverbed,
moving washed-out soils downstream and causing
the sediment of them in curved areas where the cur-
rent speed slows down. Numerous oxbow lakes,
floodplain lakes, swamps that have a characteristic
elongated and rounded appearance were formed
from the remains of the meanders, and are located
mainly along the left-bank part of the floodplain [2].

Bank hydrodynamic scour with their falls,
scours and falling trees is a common phenomenon,
due to the recent decrease in the intensity of spring
floods, scours and destruction of banks has also de-
creased, but remains significant on the banks which
are not anchored. We can observe intense siltation of
the riverbed and channels, formation of shallows,
overgrowth, waterlogging of the banks along the
entire riverbed of the Siverskyi Donets.

For this reason, this area is of particular im-
portance for studying the changes in relief and riv-
erbed processes.

Digital elevation models of the Earth surface,
as one of the most important geographical features,
are becoming important in geoinformation systems.
GIS models are created in three dimensions, and the
main part of such models, in addition to latitude and
longitude, is also data on altitude [23].

The first experiment on creating digital eleva-
tion models (DEM) was conducted during the oldest
stages in the development of geoinformatics and
automated cartography in the first half of the 1960s
[8]. One of the first DEMs of the land was made in
1961 at the Department of cartography of the Mili-
tary Engineering Academy [14]. 3D colour models
of the sea beds, rivers, and other bodies of water
surface, and DEMSs, on the basis of which they were
developed, are the most common means of visualiz-
ing and modelling underwater landscapes.

The digital elevation model is the main element
of any hydrological model, or basin geographic in-
formation system, since it allows to determine a sig-
nificant number of morphometric and hydrographic
characteristics of rivers and their basins: flow direc-
tion vectors, thalwegs, watersheds, catchment areas,
stream orders, and stream gradients. Furthermore,
the accuracy of automatic determination of hydro-
graphic characteristics depends on the nature of the
terrain, as well as on the resolution of the DEM.
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Using the data of the bottom DEM, it is possi-
ble to conduct morphostructural analysis, which is
aimed to study the properties of the modern and an-
cient relief of the Earth surface in order to study its
origin and history of development. The advanta-
geous function of bottom DEM data is the ability to
calculate all the necessary morphometric data.

Digital elevation models are the foundation of
solving a rather broad range of tasks using GIS
technologies, the main of which are:

- visualization of relief in two-dimensional and
three-dimensional images;

- determination of morphometric characteristics
of the relief;

- mapping of steepness and exposition of
slopes;

- mapping of the longitudinal and transverse
steepness of slopes;

- calculation and visualization of visibility and
invisibility zones for one or a system of points;

- calculations of volumes regarding the re-
guested altitude level;

- constructing profiles;

- mapping streamlines;

- extraction of structural lines of relief, includ-
ing lines of the erosion network, watersheds, and
contouring of catchments.

Therefore, there is a need to use the available
geological and geomorphological information.
However, when digital mapping the bottom relief,
its origin, structural features, paleogeographic con-
ditions of formation and modern features of devel-
opment are almost not taken into account, geophysi-
cal, geological, geomorphological and other data are
not involved, and their comprehensive analysis is
not carried out.

The most important factors impacting the accu-
racy and quality of bathymetric DEMs are: 1) the
data received from the Triangulated Irregular Net-
work vary in the accuracy; 2) problematic of the
DEM results interpolation in areas where depth
measurements were not carried out; 3) the presence

of artefacts in the DEM, which significantly reduces
their quality and limits the possibility of their fur-
ther use.

River elevation models that continuously repre-
sent underwater river topography are useful for hy-
drological modelling, as well as for their further use.
There are two main methods of obtaining data, on
which bathymetric DEM systems are based: echo
sounding and satellite altimetry. Technological pro-
gress in echo sounding and ship navigation systems
led to a revolution in depth mapping about three
decades ago. Currently, two types of acoustic data
are available: single-beam profile survey data and
two-dimensional multibeam survey data.

Echo sounder allows visualizing the surfaces
of the bottom in quite high definition. Due to the
fact, that various sonar devices are available, the
capacities to conduct researches on inland waters
has significantly enhanced.

There are a large amount of sonar devices that
can be used not only for fishing, but also for scien-
tific tasks today.

The development of sonar systems for under-
water exploration began in the early 1900s. At the
end of the XIX century, the underwater bell was
used as an auxiliary instrument for lighthouses or
lightvessels as a hazard warning [30].

The Titanic disaster in 1912 caused the use of
sound for «echo» underwater, in the same way that
bats use sound for air navigation [25].

During the 1960s, a new system that could cre-
ate two-dimensional images of cross-sectional areas
of the bottom emerged. Since then, the side-scan
sonar has been widely used for mapping navigation
channels, mapping the marine environment, and
searching large areas for sunken vessels [27].

The way the echo sounder works is that it sends
sound pulses down through the water (Fig. 1), and
when these pulses reach objects such as fish, vegeta-
tion, or the bottom, they reflect off and return to the
surface. The echo sounder measures the time it takes
for a sound wave to move down, reach an object, and

echo-sounder —

Fig. 1. Scheme of the echo sounder working principle
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return. This is the same echolocation system that
bats and dolphins use. This information allows the
device to estimate the depth at which the detected
object is located. It also measures the strength of the
feedback pulse — the more solid objects are, the
stronger the feedback pulse is [6]. As long as the
sound waves move at a speed of about 1600 meters
per second in water, echo sounders can send multi-
ple pulses per second. Feedback sound pulses are
converted into electrical signals, which are then dis-
played on the screen, showing the depth and solidity
of the bottom and various objects.

During the study of the objects, the following
scientific and application-oriented tasks are solved:

e search for objects of synthetic and natural
origin, determination of their location, dis-
tribution, and building figures showing the
location (mapping);

e morphology research, including bathymetric
survey of landforms; study of precipitation
transfer processes; geological and geotec-
tonic studies;

e archaeological researches;

e engineering and geophysical surveys (pre-
liminary survey of underwater pipelines,
cables, oil and gas terminals, trenches);

e survey of engineering sites.

During the weekend expedition on September

18, 2021, at the initiative of the Physical Geography
and Cartography Department of the V. N. Karazin
Kharkiv National University, the measurement
works were carried out to build an elevation model
of the Siverskyi Donets River bottom section. The
first phase involved bathymetric examination of the
river bottom. The survey was performed using the
Lowrance Elite 7 Ti. This chartplotter-echosounder
is a multifunctional device that allows not only to
scan the bottom relief and measure water tempera-
ture, but also to create maps of depths.

This device was installed behind on the tran-
som of a small rubber boat, directly in the water and
usually slightly below the bottom of the boat. The
echo sounder model equipped with a built-in 16-
channel GPS/GLONASS, which provides a quite
high positioning accuracy and the possibility of ad-
ditional refinement using WAAS+EGNOS+MSAS
data [29].

The main advantages of the echo sounder
Lowrance Elite 7 Ti is the availability of CHIRP,
DownScan Imagin and StructureScan HD, which
provide a complete survey of the bottom of water
areas. CHIRP is a compressed pulse of high-
intensity that sends a high pulse energy into the wa-
ter column. A standard sonar sends just one pulse
into the water column, which provides a limited re-
port that is affected by many factors and conditions
in the aquatic environment. CHIRP technology im-

proves bottom monitoring at higher depths and at
higher speeds, it sends a whole beam from low to
higher frequencies. This allows to generate images
using the full frequency range. The pulse enables a
clear and accurate identification of objects that are
close to each other, and gives an accurate view of
the image. As a result of using this technology, the
detailing and accuracy of the image received by the
echo sounder significantly increases.

Using the DownScan sonar, the beam is emitted
not in the form of a cone, but in a very narrow lon-
gitudinal and wide transverse direction. Due to the
fact, that the beam is very narrow in the direction of
movement of the boat, the resolution of scanning of
the DownScan is much higher than that of a classic
echo sounder.

The StructureScan HD sonar allows to scan the
underwater relief in three different directions, ena-
bling a clear panoramic image of everything under
the boat, scan the bottom from the left and right
sides of the boat at a depth of up to 100 m. It creates
a connected to coordinate sonogram in the form of a
bitmap image of the bottom, which allows identify-
ing objects of natural and anthropogenic origin vis-
ually.

After the measurement is completed, the results
are stored in the memory of the device, and then
they are processed on-site.

In most cases, the volume of each echo sounder
profile is from 5 to 30 thousand measured values,
depending on the frequency and time of recording to
a single file. Each value contains information about
the coordinates of the survey point, depth, date and
time of echo sounding, water surface temperature,
shift relative to the previous measurement point, and
other supporting information. Only coordinate and
depth values are used in the processing process.

3D colour models of the seabeds, rivers, and
other bodies of water surface, and DEMs, on which
basis they were developed, are the most common
means of visualizing and modelling underwater
landscapes. Special software is used to create 3D
colour models of the bottom surface and DEMs, on
which basis they were developed [16].

There are several software packages for creat-
ing bathymetric maps, for example: ArcGIS,
DrDepth, HumViewer, SASPlanet, Surfer, PyHum
and ReefMaster, etc.

The steps of obtaining a bathymetric
chart involves converting echo profile data to visu-
alize the results of hydroacoustics sounding. The
depth distribution map was made using the Reef-
Master software, due to the fact, that this program is
one of the most accessible and easy to use. Using it,
one can view sonar scanner logs and edit course, as
well as create three-dimensional bathymetric maps
and side view mosaics [31]. This program allows
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collecting sonograms received by the echo sounder
into a single hydrographic mosaic and perform its
geographical reference. In general, the use of the
Lowrance chartplotter-echosounder and the Reef-
Master program is sufficient for working in small
reservoirs with insignificant depth in order to obtain
a high-quality bathymetric map.

The data, that is imported from the echo sound-
er, is stored as a file with the *.sl2 extension, there-
fore, the converting for the future use is needed. The
advantage of the chosen program is the ability not
only to convert, but also to see the map before con-
verting to a two-dimensional visualization form of

N049.39.277 Head:
E036.20.989 C0G:

Speed: 2.5 kts|

220.22° Depth:  1.64m

fa |\ 1) L

the profile. Another feature of this program is the
ability to correct data (Fig. 2) if the echo sounder
recorded them incorrectly.

At this point, it is possible to record the fea-
tures of the bottom relief characteristics and deter-
mine their coordinates. Analysing the received so-
nogram, we can conclude that it can be used to de-
tect small objects (Fig. 3), as well as to analyse riv-
erbed processes and structural elements of the bot-
tom relief.

To clarify the shape of the coastline, we used
the Google Earth Pro software (Fig. 4). Using the
polygon function, the riverbed of the surveyed sec-

N049.39.277 Head:
E036.20.989 COG:

Speed: 2.5 kts

220.22° Depth: 1.64m

Fig. 3. Objects found using StructureScan

tion of the river was modelled. After that, this layer
was saved in the *.kmz extension, which can be di-
rectly uploaded to ReefMaster (Fig. 5).

The depth values received using the chartplot-
ter-echosounder are automatically converted into a
bathymetric map, where it is possible to see the fea-
tures of the bottom relief. It is appropriate to com-
pare the results received as a digital map of the bot-
tom relief (Fig. 6.) and the results of multi-year ob-
servations, which were obtained using traditional
methods, during student practical trainings, as well
as the results of scientific researches and expeditions

in the geographical educational and scientific station
«Haidary» area.

Unlike a two-dimensional map, three-
dimensional elevation models allow seeing with
your own eyes and visually assessing the shape and
«plasticity» of the relief, boundaries of geomorpho-
logical units, and even features of the riverbed struc-
ture (Fig. 7) [23].

Specialists, working in various areas of geogra-
phy and geomorphology, quite widely use digital
elevation models, based on regular coordinate grids.
The demand for this kind of data is mainly determi-
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Fig. 4. Territorial localization of the surveyed section of the Siverskyi Donets River
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Fig. 5. Clarified coastline of the Siverskyi Donets River
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Fig. 6. Digital 2D model of the bottom relief of a section of the Siverskyi Donets River

ned by the increasing availability of these models,
the globality of the territory coverage, the ability to
use different levels of generalization and the
promptness of solving various problems that require
a quantitative approach with their help [12].
The digital elevation model displays the bottom re-
lief on the specified scale without losing the initial
details, and also makes it possible to build bottom
relief profiles with any frequency and in any direc-
tion and use morphometric analysis tools in GIS.
Modelling of the bottom relief of large water
areas is always carried out with scarce hydrographic
survey data, so a balanced and detailed study of the
bottom relief should not be expected in the near future.
Algorithms integrated into modern GIS soft-
ware also allow to calculate several hydrological
parameters using DEM (length of runoff lines,
drainage area, volume, water consumption), and
map algebra tools allow to arbitrarily transform and
combine DEM according to the certain rules. For
instance, the use of appropriate algorithms helps to
calculate important environmental parameters in-
volved in the morphology of the Earth surface [18].

The digital elevation model of the bottom of
marine areas is the most important component of the
spatial database of geoinformation systems. Data on
the properties of the bottom relief are necessary both
for solving fundamental problems and for a wide
range of applied researches [9].

Conclusions. The relief mapping is one of the
constant and relevant problems of cartography.
Throughout history, new ways of depicting it have
been emerging. They have been developing, improv-
ing, and emerging, ranging from perspective to the
latest digital methods.

The development of three-dimensional model-
ling and animation technologies has led to the crea-
tion of virtual geo images that combine the charac-
teristics of a map, perspective image, block map,
and computer animation. They create an illusion of
being present in the real space and the possibility of
interactivity.

Based on the results of the expedition conduct-
ed near Haidary village, the depth and bottom relief
of the Siverskyi Donets were studied using a
chartplotter-echosounder. Based on the data recei-

-135-



Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», 2021, sunyck 55

2

=

E

0.0 Depth in metres 5.5 E = P "

|0.0 Depth in metres 5.5

a). horizontal projection

' b) vertical projection
Fig. 7. Digital 3D model of the bottom relief of a section of the Siverskyi Donets River

ved using echo sounding, a bathymetric chart of the
river is created. Data from bathymetric surveys and
future creation of the DEM allow to assess the dy-
namics of changes in morphometric indicators of the
Siverskyi Donets and analyse the spatial altitude and
geological heterogeneity of the relief of the Siv-
erskyi Donets River Basin within the Kharkiv region.

Similar researches can be developed at the in-
terface of a number of disciplines — geomorphology,
geology, geophysics, cartography, geoinformatics,
acoustics, and mathematical modelling. At the same
time, geomorphological studies are the basis for
studying the morphology and dynamics of the relief;
and geological, geophysical and geomorphological
studies determine the genesis, age of the relief and
its paleogeographic development; acoustic studies
provide data on propagation speed of acoustic sig-

nals; cartographic and geoinformation studies make
it possible to form a database, develop algorithms
and programs, find solutions to cartographic and
geodetic problems, and so on.

The novelty of the study is not only the use of
the methodological foundations of digital modelling,
but also the alternative classification approaches for
describing the relief and conducting morphostruc-
tural analysis based on the GIS technologies.

The image of a relief is one of the most rele-
vant problems of cartography, throughout history the
forward-looking ways of depicting it have been
emerging. The development of three-dimensional
modelling and animation technologies has led to the
creation of virtual geo images.

To sum up, it can be stated that the main com-
ponents of the technology of studying the bottom of
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water areas and underwater objects by sonar meth-
ods are: hydroacoustic means; means of navigation
data binding; support equipment, including water-
craft, as well as the methodology for developing
hardware and software complexes to collect and
process information and the methodology for their
use to conduct researches. The use of a well-
designed science-based methodology for carrying
out work and a flexible system for processing the
information received sometimes give a greater effect
than the use of expensive equipment.

sistently relevant problems of cartography. And the
development of modern technologies provides a
wide range of opportunities for studying the under-
water environment, and the relief, for instance. The
creation of the bottom DEM takes hydrographic ob-
servations, researches and mapping of the bottom of
water areas to a new level, providing efficient and
accurate underwater data collection.

Also, in further field studies, a comprehensive
survey using UAV is planned to develop a more
complete characteristic of the Siverskyi Donets River.

Bottom relief mapping can be attributed to con-
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MopeanpoBanne peabeda ydacTka pyciia pexku CeBepcekuii J[oHen
(B paiione cesa laiigapsl UyryeBckoro paiiona XapbKoOBCKOM 00J1aCTH)

Examepuna Bopucosna bopucenxo,

K. IIeJl. H., AOLEHT Kadenpsl ¢pusnyeckoil reorpaduu u kaprorpadun
1XapbKoBCKOTO HalMOHAILHOTO YHUBEpcuTeTa iMend B. H. Kapasuna,
1. CBoOogsl, 4, . XapekoB, 61022, Vkpanna;

Bnaoucnae Cepzeesuu Ilonoét,

CT. mipett. kadenapsl Guzndeckoi reorpaduu u kaprorpaduu;

Ionuna Onezoena Oonozuna,

OakanaBp reorpaduu xagenpsl pu3HUEcKoil reorpaun U KapTorpapun

B craree ocBelieH MpakTHYECKUI OMBIT SXOJIOTHOTO CKaHMPOBAaHHS JHA BOJOEMOB, U 00pabOTKa MOITYYEHHBIX
JIAHHBIX JJIsl IOCTPOeHUE HU(POBBIX Mojelneil penbeda. PackppiTa akTyaqbHOCTh U OCOOEHHOCTH HCIIOJIb30BaHUE CO-
HApHOI TEXHUKH JUI1 M3yueHne 0COOEHHOCTEH MOP(OIOTHH MOABOIHOTO peiibeda HEOOIBIIMX THAPOIOTHYECKHX 00b-
extoB. ClienaH aHajau3 OTEYECTBEHHBIX U 3apyOexHbIX IyOuKanuii B 310 cepe, o KaKUM JeNlaeTcs 3aKII0UeHHe O
HEIOCTaTOYHOM pa3pabOTaHHOCTH BONPOC B OTEUECTBEHHBIX HCTOYHMKAX. lIpencTaBiieHBI pe3ysbTaThl 3XOJIOTHOM
CBHEMKH U MOCT-00pabOTKH MOTYyYEHHBIX AAHHBIX C TOMOIIBIO CHEIUATN3UPOBAHHOTO MIPOrPaMMHOT0 obecrnieueHus. B
KauecTBE TEPPUTOPHU THUIPOrpadUuecKoro Mccie0BaHus ObUIO0 BEIOpaHO ydacTok peku CeBepckuii JloHel B paiione
yueOHO-Hay4HOH reorpaduyeckoi 6a3sl «[ alimapb» (c. [alimapsr UyryeBckoro paiioHa XapbkoBckoit oonacru). ITose-
Basl 4acTh BBINIOJIHEHA HAa 000PY/NIOBaHUN MaTepuallbHO-TeXHHUYeCcKoi 0a3bl kadenps! pusnueckoil reorpaduu u Kapro-
rpadun XapbKOBCKOTO HallMOHAILHOTO yHHBepcuTeTa MMeHH B. H. Kapasuna, B 4acTHOCTH C MCIIOIB30BaHUEM SXO0JIO-
ta-kaprutorrepa Lawrance Elite 7 TI ¢ coBpemennbiMu peskxumamu ckanuposanust CHIRP, DownScan, StrucureScan. B
pabote paccMaTpuBarOTCS 0COOEHHOCTH CO3JaHMS M BU3yaIM3alllu B MporpamMmMHoM nakete ReefMaster. I1o pesynsra-
TaM TIOJIEBBIX paboT pazpaboTaHa MOAETh JHA COOTBETCTBYIOMIETO0 ydacTka pekn CeBepckuii JloHem, KapTy IIyOWH,
KOTOpBIE TIO3BOJISAT B OyAyIIeM aHAIWU3HUPOBATh IWHAMHKY M IIPOTHO3MPOBATH M3MEHEHHS PYCIOBOH KOH(HIYpamuu.
CdhopmynupoBaHbl IPEeHUMYIIECTBA HCIIOIB30BAHNS OIOKETHOTO OOOPYIOBAaHUS M TMPOTPAMMHOTO OOECIIEUEHUS IS
BBITTOJTHEHHS UCCIIEIOBaHNH penbeda JHa TOT0OHBIX THAPOIOTHIECKIX 0OBEKTOB.

Kniroueswie cnosa. yugposas mooenv penvegha, sxonom, Cesepcxuti [loney, euopoepagus, bamumempus, xapma,
COHap.
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MogaenoBanns peiabedy aijssnku pyciaa piuku CiBepcebknii JloHenn
(B paiioHi cesa I'alizapu UyryiBcbkoro paiiony XapkiBcbKkoi 00,1acTi)

Kamepuna Bopucisna Bopucenxo,

K. ITeJI. H., JOIEHT Kadenpu ¢izuyHoi reorpadii Ta kaprorpadii
IXapkiBchkoro HalioHanbHOTO yHiBepcutety imeni B. H. Kapasina,
M. CBoOomu, 4, M. Xapkis, 61022, Vkpaina;

Bnaoucnae Cepziiioguu Ilonog*,

CT. BUKJI. Kadeapn dismaHoi reorpadii Ta kapTorpadii;

Ionina Oneziena O6nozina?,

OaxamaBp reorpadii kadenpu dizmuHoi reorpadii Ta kaprorpadii

VY crarTi BUCBITIEHO NPAaKTUYHUI JOCBI/I €XOJIOTHOTO CKaHyBaHHS JHA BOJOWM Ta 0OpOOKH OTPUMaHUX JAaHHX JUIs
moOymoBu NUGPOBUX MOAEIeH penbedy. POZKPUTO aKTyaNbHICTh Ta OCOOJHUBOCTI BUKOPUCTAHHS COHAPHOT TEXHIKH JJIS
BUBYEHHS 0cO0IMBOCTEl Mopdoorii miaBoAHOTO penbedy HEBENUKUX TiAPONOTIYHUX 00’€KTiB. 3poOJeHO aHaii3 BiT-
YM3HSHUX Ta 3apyODKHUX myOunikamid y miid cdepi, 3a SKUM poOUTHCS BUCHOBOK IIPO HEOCTATHIO PO3POOJIEHICTh MH-
TaHHS y BITYM3HIHUX JpKepenax. [IpencraBieHo pe3yasTaTd €X0J0THOTO 3HIMaHHS Ta [OCT-00pOOKH OTPUMaHUX JaHUX
3a JJOMTOMOTOO CICIiaIi30BaHOTO MPOTPAMHOTO 3a0€3MeUYCHHs. Y SKOCTI TEPUTOPIi riiporpadiaHOro A0CHiKEHHS 0YII0
obpano minsHKy piuku CiBepchbkuii JJoHEIs y paifoHI HaBYaIIbHO-HAYyKOBOI reorpadivunoi 6a3u «[afimapm» (c. aiimapu
UyryiBchKoro paiioHy XapkiBchkoi oOmacTi). [IomsOBy YacTHHY BHKOHAHO Ha 0OJagHAHHI MaTepialbHO-TEXHIYHOI 0a3u
kadenpu ¢izuaHoi reorpadii Ta kaprorpadii XapkiBcbKoro HalioHaJIEHOTO yHiBepcuteTy iMmeHi B. H. Kapasina, 30kpe-
Ma 3 BUKOPHUCTaHHsAM exoiora-kaprmiorepa Lawrance Elite 7 TI 3 cywacHmmu pexxumamu ckanyBanHs CHIRP,
DownScan, StrucureScan. ¥ po0OTi po3msmaloTbcs 0COONHBOCTI CTBOPEHHS Ta Bi3yalli3amii y NMpOrpaMHOMY ITaKeTi
ReefMaster. 3a pe3ymsraTamu MOIBEOBHX POOIT po3pOOJICHO MOAETH THA BiNMOBiMHOI HinsHkA piuku CiBepcbkuii [lo-
Hellb, KapTy DIMOWH, IO JO3BOJATH Y MallOyTHHOMY aHaJi3yBaTH AMHAMIKy Ta MPOTHO3YBaTH 3MiHH PYCIOBOI KOH(ry-
pauii. CopMybOBaHO TepeBaru BUKOPUCTAHHS OIOHKETHOTO OOJaJHAaHHS Ta IIPOrPamMHOro 3a0e3nedeHHs Ui BHKO-
HaHHS TOCJIJDKEHb peNbedy NHA TOMIOHUX TiAPONOTIYHUX 00’ EKTIB.

Knrouosi cnosa:. yugposa moodenv penvegy, exonom, Cisepcokuil [Joneys, ciopoepaghis, 6amumempis, kapma,
coHap.

BHecOK aBTOpiB: BCi aBTOpW 3p06MAM PiBHUI BHECOK Y L0 pobOoTY Haailiwna 12 aunHa 2021 p.
MpwiinaTa 19 xoBTHA 2021 p.
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