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HYDROLOGICAL PROCESSES MODELING
USING GISARCGISAND MODULE HEC-RAS

Aim of this research is to determine the area of land flooding according to a reasonably chosen hydrological
model for a complex section of the Dniester River at the place of transition from the foothill to the plain with complex
meandering and significant shifts of the river. Methods. The method of investigation of flooded areas as a result of
water rise to a certain level has been processed. It includes: survey of the area with UAV's; the implementation of
geodetic and hydrological activitiesin the field of research; creation of DEM based on survey results and analysis of
its accuracy; hydrological modeling using the HEC-RAS software package; and determination of flood areas. In order
to obtain the digital elevation model, which is the basis for hydrological modeling, a Trimble UX5 UAV with a Sony
NEX-5R camerawas used. To accurately determine DEM coordinates, a standard error for horizontal coordinates of 6
cm was established; el evation coordinates depending on the basis of images and the underlying surface equals 0,21m.
The DEM was created using the specialized software Pix4D. GPS data was given as input to the hydrological
modeling. Results. The DEM was created according to the results obtained from the UAV to the average quadratic
error of 0.2 m. Thetechnique of hydrological modeling implemented on the part of the Dniester River with a complex
configuration of the channd was processed. Areas have been designated including the area of flooding at different
water levels of. Scientific novelty is the devel opment of a methodology for determining flooded areas based on the
hydrological modeling using the HEC-RAS module for the Dniester River section, which is characterized by
significant erosion of coastal soils, complicated meandering and transition from foothill to plain topography. Such
conditions require precise determination of modeling parameters. In order to obtain input data for flood modeling, the
UAV survey was carried out with a preiminary justification of the accuracy characteristics. The practical
significance. Hydrological modeling is performed in order to predict the consequences of material 1osses due to flood
events occurring in the Pre-Carpathian region. The timely receipt of information about these processes; and the
monitoring of hydrological posts on the water level, which fills the beds and floodplains, allow through appropriate
adminigrative structures to notify the population and take measures to reduce the losses resulting from these
devastating phenomena. The proposed study is aimed at obtaining information on flood areas due to different levels
of water uplift in the Dniester River.

Key words. hydrological modeling; HEC-RAS; flooding; hydrology; unmanned aerial vehicles; digital elevation
modd.

Introduction by prolonged rains and covered more than
70 thousand km?.

The June 1969 flood was an unprecedented
flood, called historical by hydrologists. At that time
on the night of 7-8 June, downpours started and
during one 40-hour rainfall more than 300 mm of

Natural floods are among the most frequent and
threatening natural disasters occurring in the world.
It results in significant material and scial losses. In
recent decades, the world has developed a metho-
dology for modeling flood zones and anticipating R _
the threat of destruction in order to minimizelosses, Precipitation fell, i.e. more than the two-month
prevent the tragic consequences of these phenome- '@ nfall norm, and in some places the amount of
na, and promptly inform the population. Such precipitation even exceeded the monthly norm by
modeling requires the study of morphometric three times. Water in the tributaries of the Dniester
features of river channels and is based ontheuseof  and Prut Rivers rose at a rate of 30 to 90 cm/hour.

remote sensing data and the application of special  Water measuring devices failed, and the width of
hydrological modules. water flooding in some valleys reached 8 km. Rapid

The largest floods on the Dniester River, the flows flowed down from the mountains, increasing
plot of which is the subject of this study, occurred the destructive effect of the rivers. According to
in 1927, 1941 and 1955. The last flood was caused  hydrologists, this was the most dangerous flood in
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the region. This flood was attributed to those that
occur only every 100 years.

The 2008 flood occurred in the summer as a
result of thunderstorms. It peaked on 23-27 July.
Then the territories of the Carpathian Mountains,
Prykarpathian Mountains and Transcarpathia were
damaged. Another noticeable flood was the flood of
14-16 May 2014, when the level of the Dniester
River near the city of Stary Sambor rose by 4 m,
and in places where the river channel is narrow —
even up to 5 m, then the water area was flooded
[Kovalchuk, & Mykhnovych, 2008].

In today's realities, significant changes in
natural conditions, such as deforestation, climate
change, and floodings, create almost annual
environmental disasters, which are accompanied by
sgnificant economic losses and destructive processes.
The essence of the danger is to raise the water level
in the channels to the floodplain level and to
inundate houses, lands, utilities and other economic
entities, which are often brought together in the
floodplain. At the same time, economic activity in
the Dniester basin in recent decades has increased
the influence of factors that lead to the frequent
occurrence and development of floods, which cause
widespread destruction.

Such natural disasters cannot be completely
eliminated, but their impact can be mitigated,
localized and material losses minimized through
timely warning. This can be achieved through
operational monitoring and flood forecasting. In
today's reality, hydrological modeling by DEM is
an effective method, based on channel type and
floodplain data, and water level hydrometry with
flood detection, calculated using the selected
hydrological model and its implementation by
means of special software.

In the Dniester basin, floods are dangerous for
the Dniester valley within the Carpathian region, as
well as for the mountainous valleys of its tributaries
when they reach the valley. The mountainous part
of theregion is characterized by the highest rainfall
intensity, which causes floods.

The author of the study [Karpets, 2014] considered
the progpects of using computer technologies of water
distribution to assess the situation of surface water
bodies and catchment areas, to identify the possibility
of emergency sSituationsin order to promptly eiminate
their consequences. In addition, the possibilities of

flood protection are described, which are based on the
creation of a modern automatic system of hydrometeo-
rological observationsin hydrometeorological services,
collection and receipt of data by the forecasting center
inreal time with the necessary frequency. This alows
for fast and efficient data management, storage of
these data, fast and convenient access to them, and the
creation of high quality maps for different purposes.

A methodological approach to distributed
hydrological modelling using GIS tools is presented
in the publication [Menyk, 2012]. General features
of hydrological modeling in geoinformation
software environment are discussed. Two types of
distributed models are considered, which are used
to reproduce the hydrological component of the
watershed environment. In general terms, the
prospects of creating a hydrological information
system are defined.

The article [Alabian, et al., 2015] describes the
basics of the construction and practical implementation
of systems of operational forecasting of river floods,
based on the integrated use of modern devel opments
regarding information technology and integrated
preventive modeling.

Studies conducted by scientists at the University
of Tennessee [Sharkey, 2014] show that the use of
the HEC-RAS software for modeling river sections
with reservoirs on the example of the city of
Tennessee, gives positive results of modeling when
using and creating a hydraulic model of a water
body. The author focuses on the issues of inaccuracy
of the model and instability of the problem solution
during minimum water discharge through hydraulic
structures, which, in turn, is able to increase the
instability of direct calculation, but has a positive
effect on the calculation of water volumes. The
purpose of the author's work is to predict and assess
dangerous hydrological situations related to high
and low water discharge in the river network and
directly for the operation of hydrosystems, along
with the issues of sustainability of solutions in these
hydrological scenarios and situations.

The author of the article [Levashova, 1993]
considered the characteristics of hydraulic parameters—
roughness coefficients — on the basis of generalized
data of a significant number of rivers (small,
medium, large) flowing in different physical and
geographical areas, taking into account such factors
as hydraulic parameters as: the depth of the flow,
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the relative width, the amplitude of the water level
fluctuation, the type of channel process, the nature
of soils and the form of sediment transport, the
contamination of the channel by vegetation,
deformation of the channel.

The paper [Starodub, 2015] considers the need
to use the HEC-GeoRAS and HEC-RAS software
in the project to improve safety in areas that may be
flooded. The methodological basis and algorithm of
the software are given, and the obtained flood data
are compared with the predicted data obtained on
the basis of previous years floods.

In [Gharbi, et al., 2016], the authors simulated
Medjerda River in Tunisia floods using 1D and 2D
hydraulic models. It was found that 1D-modeling is
quite easy and quick to perform, but the accuracy of
modeling within the floodplain is lower than in 2D
models. The simulation results were calibrated from
the 2003 flood data.

In [Khaleghi e d., 2015], hydrological modeling
was carried out in the Lighvan Chai River basin using
the HEC-RAS software. Increased losses caused by
floods due to land use changes in the floodplain were
identified. The GIS system and remote sensing data
were used for this purpose.

In a significant part of the studies related to the
determination of flooded areas, modelling is
performed using a one-dimensional model using
HEC-RAS software [Sandhyarekha & Shivapur,
2017, Silva, et al., 2014].

Aim

Aim of work is to determine the area of land
flooding according to a reasonably chosen hydro-
logical modd for a complex section of the Dniester
river a the place of transition from the foothill to the
plain with complex meandering and significant shifts
in the course of the river, as shown by our previous
studies [Burshtynska, e al., 2016, 2018].

M ethods

The method of investigation of flooded areas as
a result of water rise to a certain level has been
processed. It includes: survey of the area with
UAVs; the implementation of geodetic and
hydrological activities in the field of research;
creation of DEM based on survey results and analysis

of its accuracy; hydrologica modeling using the
HEC-RAS software package determination of flood
aress. In order to obtain a digital elevation modd,
which is the bass for hydrologicad modding, a
Trimble UX5 UAV with a Sony NEX-5R camera
was used to film the area. To accuratdy determine
DEM coordinates, a standard error for horizontal
coordinates of 6 cm was established; eevation
coordinates depending on the basis of images and
the underlying surface equals 0,21m. The DEM was
created using the specialized software Pix4D. GPS
data was given as input to the hydrological modeling.
The primary objective of the hydrological modeling
was a) to determine the geodetic coordinates of the
terrain points for the construction of the DEM in a
specified coordinate system, b) estimate the accuracy
of the DEM and measure the depths of the channel
in the modulated part of the river, which in turn
were used to describe the bottom relief. Information
about the water flow rate were obtained on
hydrographs. The hydrological information of
water flow can be obtained using a) graphs or tables
with the data dependencies of the water flow from
the absolute elevation, b) the coefficients of the
underlying surface roughness, and c) the coefficient
of thelevel of slope of the bed.

General workflow of research

The research was carried out in several stages,
including field research, DEM creation and editing,
and flood modeling. The detailed workflow of
researches is presented in Fig.1.

Model selection

Depending on the details of the input data and
the type of terrain, one-dimensional and two-
dimensional models based on different types of
equations are used for hydrological modeling. In
a one-dimensional model, the morphometric
characteridtics of the flow are averaged across width
and depth and are considered along the x-axis. In
the two-dimensional model, the flow is considered
along the x-axis (in width and depth with increasing
number of points). Taking into account the
insignificant width of the river (15-20 m), a one-
dimensional model of stable flow movement accor-
ding to the Manning equation is applied, which is
solved by the numerical method in the HEC-RAS
module.
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Fig. 1. General workflow of research

One-dimensional models make it possible to
perform calculations for long stretches of land
based on valley morphometry data presented as
separate cross-section profiles. The results of the
calculations are changes in water surface levels and
water discharge within the study area.

The application of two-dimensional models
requires more detailed information on river valley
morphometry in the form of a point cloud. As a
result, they provide a planned picture of the
distribution of vertically averaged flow rates,
water surface levels and water depths within the
study area.

In order to adapt the hydrodynamic models at
specific river sections, it is necessary to determine
the sensitivity of the model to the composition and
quality of the initial data, as well as to the details of
the main calibration parameter of the model — the
roughness coefficient.

The Manning eguation is an empirical dependence
of the natural flow rate in the open channel
depending on the shape and size of the cross-
section and roughness of the channel walls

V = (1/C) - R23. V2 1)
where V is the average speed (m/s); C — resistance
codficient; R, — hydraulic radius (m); | — hydraulic
dope (m/m).

Hydraulic radius depends on the cross-
sectional area wetted perimeter R=w/y, where w —
cross-sectional area, y — wetted perimeter.

Theresistance coefficient is determined by the
Manning formula [Chow, 1959]

C=(1/n)-R*® (2)
or the more general Pavlovsky formula
C=(n)-RY (3)

wherey = 2.5-n¥270.13-0.75 - R*?- (n¥270.1),
n — roughness coefficient.
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The y-degree depends on the roughness coefficient
and hydraulic radius, a nd the depth of the river for
awideone

Characteristics of the object of research

The object of the research was a section of the
Dniester River, which is located near the village of
Khatki and the city of Sambor, Lviv region. The
study area is characterized by a complex winding
riverbed and significant horizontal displacements,
which over the past 70 years have reached values
of up to 370420 m. The location of the study area
isshownin Fig. 2.

Theriverbeds digitized from various cartographic
sources are shown on the topographic map of 1937.
The left bank of the river is high and is made up
from the water mirror up to 7 m, theright bank is
flatter, with the banks of the height of 1-4 m (Fig. 3).
Horizontal displacements of river channd are
determined by space images from Landsat 5 (1992)
and Landsat 7, 8 (2003 and 2014) satellites and
topographic maps (1937, 1989).

Maximum channe shifts were noted in sections 1
and 2. In section 1, channel migration towards the
railway is observed, in section 2 — channel in 1989,
it changed its character significantly (blue color),
even in comparison with 1937. In general, the river
is meandering in the surveyed areas.

Particularly dangerous to the environment is the
significant bending of the river near the railway track
(section 1). As this section is characterised by a

precipitous landslide, it is not a potentialy flood-
prone area, but the main hazard is rdated to landdides
that may be caused by shordline scou ring.

Digital imaging with the UAV
and DEM accuracy calculation

Since one-dimensional models are sensitive to
the accuracy of input data (DEM), an unmanned
survey was used to build DEM of the investigated
area. Digital imaging with a Trimble UX5 UAV
was performed by an optical-electronic camera
Sony NEX-5R with aperture 5.6 and a shutter
speed of 1/1250 at a height of 200 m. Processing of
images was performed in the Pix4D program.
Fig. 4 shows the image projection centers and the
scheme of reference points arrangement.

The accuracy of the Trimble R7 GNSS recever,
which was used to determine the coordinates of the
reference points is not more than 4 cm in plan and
10 cm in height. The accuracy of GPS receiver
installed on the UAV is 10-20 cm.

For accuracy of determination of horizontal and
atitude coordinates of points of terrain with use of
optod ectronic cameras the expression [Kurczynski, Z.,
2013] is offered

Myy = (H/f) - Py 4

m, = (H/B) - Pny (5)
where H is the height of flight, f is the focal length
of the camera, Py, is the size of the pixe in the
field, B is the basis of images depending on the
choice of overlapping images.

1937

1989

1992

2003

2014

Fig. 2. Digitized channd s of the Dniester River section for the period of 1937—2014
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Fig. 3. General view of the Dniester banks: a — left bank, b —right bank

Accuracy of horizontal coordinates determina-
tionis calculated according to the formula 4.

Given the instability of the UAV inflight, 80 %
overlaps of the image are selected. Then the basis
ontheimageis:

b =23.4- (100-80)/100 = 4.68 mm

The eror in the determination of elevation
marks for the selected basdlineis:

m, = 200/4.68 - 0.005 =0.21 m.

Building a DEM

To create a DEM in Pix4D, a point cloud was
generated, which, due to the presence of vegetation,
was modified in the TerraScan software

module, where additional points classification was
performed. In addition, the model included the
points abtained by GNSS observations to refine
elevation marks in complex areas of significant
distortion of the model.

The created TIN-modd was supplemented with
information about the reief of the riverbed. Depth
data were obtained as a result of field measurements.
At the river section with the length of about 9 km,
258 channd depth measurements were made — two
measurements (closer to the left and right banks) in
increments of about 50 m. A fragment of the created
DEM based on the survey results supplemented with
depth measurement points is shown inFig. 5.

Fig. 4. Projection centers and reference points
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Fig. 5. Afragment of the created DEM

72 control points were used to assess accuracy.
The results of a posteriori accuracy of the DEM
(Table 1) indicate significant deviations of heights
in places overgrown with high vegetation.
Therefore, the DEM was refined in the TerraScan
software module, where the points were graded. In
addition, the model included points obtained by
GNSS observations to refine the heights of points
in areas of significant distortion of the model. After
such refinement, the accuracy of determining
the heights of points in places overgrown with
vegetation was 0.31 m.

Table 1
A posteriori evaluation of the accuracy
of deter mining the markings
of the DMR points of the study area

Number of Root mean
Type of surface . square error, m,
points
(m)
Sand, grass 28 0.19
Grass, bushes,
<hrubs 44 0.64

Preparation of input data
for hydrological modeling

DEM sarves as a basis for obtaining information
on the eevation marker within the modeled area.
To calculate the flooded areas in HEC-RAS it is
necessary to cregte layers of additional information,

which will include: river bank lines, floodplain
boundaries, cross section lines, and riverbed and
coastal area roughness factors. These layers are
created using the HECGeo-RAS module, which
alows the use of ArcGIS tools.

Among the layers listed above, the correctness
of the river cross-sections is of fundamental
importance, as they are used to model flooded
aress. There are a number of requirements for the
methodology of cross profiling. It is essential that
the cross profiles cover the entire width of the
floodplain, always run perpendicular to the river
channel and are applied from left to right (looking
downstream). The distance between adjacent
profiles should be selected according to the
changes in terrain, and the number of profiles
should be greater at the turns of the channel.
Cross-section spacing is a function of flow length,
dlope and uniformity of cross-section shape. Inthe
studies carried out, the average distance between
the profiles was 50 m. Larger, homogeneous rivers
with smaller slopes usually require the smallest
number of cross sections per kilometre. The study
area is characterized by a complex channe shape
where the direction of flow changes by 180°. The
profiles in this section need to be sufficiently dense
as the floodplain boundary is far from the right bank.
The fragment of the created profiles on the complex
section of theriverbed is presented in Fig. 6.
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Fig. 6. Created profiles

Study of water discharge graphs

Theregime of the rivers in the Dniester basin
is characterized by considerable variability in
the short time intervals. The analysis of annual
hydrographs makes it possible to identify individua
phases, periods or seasons in which the nature of
flow fluctuations, its magnitude and genesis
differ from the adjacent periods.

Such periods or seasons are particularly
important for therivers in the Dniester basin:

— mdtwater runoff or spring floods (spring);

— the period of positive temperature predo-
minance and underground feeding predominance,
or the period of summer-autumn low flow (summer-
autumn);

— the period of positive air temperature
predominance and rainfall feeding predominance, or
the period of summer-autumn floods (summer-
autumny;

— theperiod of low air temperature dominance
and the presence of ice or winter low temperatures
(winter).

Throughout the year, in a multi-year context,
the probability of high levels is the same as the
probability of low levels. Even in dry years with
generally low water levels throughout the year,
there are sharp rises in water levels that reach
50-100 cm or more per day. There is no clear

pattern in the distribution of floods and short
standing low water levels on the Dniester. An
example of the river level regime is the
fluctuation of water level near Sambir as shown
inFig. 7.

The maximum annual levels are usually
related to flood events. In some years, they are
egual to those during spring floods.

The relatively low river channel capacity of
the Carpathians contributes to the persistence of
significant level rises in the Carpathians. The
banks of the Dniester River are mostly steep and
the floodplains are narrow or non-existent.

The distribution of level fluctuations during
the year on the Dniester can be divided into
three categories of years:

1) years with prevailing spring floods and
relatively small floods during the rest of the
year;

2) years with no pronounced flooding, with
prevailing floods in the summer-autumn season;

3) years with continuous alternation of
floods, equally large both in spring and in the
summer-autumn period.

The analysis of the daily graphs for the years
with the largest floods has shown that the
maximum water discharge in the investigated
section of the Dniester is up to 300 m® /sec.

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua
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Fig. 7. Graph of the level regime of the Dniester River
for the period 2018-19 near Sambir

Hydrological modelling floodplain roughness values, as wel as water
and determination of flooded areas discharge values, which are typical for ariver in its
The vector layers obtained using the HECGeo-  typical state and during flooding. The roughness
RAS module have been exported to the HEC-RAS  coefficient characterizes the hydraulic resistance of
modelling software (Fig. 8). the channd surface They are determined from
In addition to the vector layers, hydrologi- special tables, depending on the type of underlying

cal modeling requires the presence of channel and  surface.

Fig. 8. Data visualization for modeling using HEC-RAS software
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The water discharge for the study site bed in a
low water level condition is on average 10 m®/sec.
Water discharge of 50 m*/sec raises the river level
by about 1 m. Modelling was carried out for flow
rates of up to 300 m?s, which corresponds to arise
of approximately 4 m. These water levels were

3171

37

observed in this area during the summer floods
(particularly in 2008). Figure 9 shows one of the
profiles superimposed on the level of water rise
after modelling. Figure 10 provides an orthoimage
with a simulated flooded area for a water discharge
of 300 m¥s.
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Table 2 shows the calculated flood area for the
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different water discharges of theriver.

Table 2

Flooded areas at different discharges of water

Water Leve of water Projected
. 3 . flooded areg,
discharges, m’/s rise, m km?
50 1 0.108
100 2 0.169
200 3 0.341
300 4 1.068

In summary, it should be noted that each river
should be examined separately. The reliability of
hydrological modeling depends on such main
factors:

— the type of model adopted for modeling,
which depends on the characteristics of the river
(width of water surface, floodplain, river slope);

— accuracy of the digital eevation model,
which serves as the basis for the selection of profile
lines;

— water level rise associated with water
discharge, based on a hydrograph obtained from a
hydrometeorol ogical station;

— underlying surfacetypes obtained from ground
surveys or topographic data.

Thus, for the selected study site with a complex
type of meandering of the Dniester River, aswell as
the operation of erosion processes, it is particularly
important to construct DEMs to determine the cross
lines that form the basis of hydrological modeling.
The type of underlying surfaceis taken into account
within the riverbed and floodplain, with factors
ranging from 0.35t0 0.8.

Publication is funded by the Polish National
Agency for Academic Exchange under the
International Acadermic Partnerships Programme from
the project “ Organization of the 9th International
Scientific and Technical Conference entitled
Environmental Engineering, Photogrammetry,
Geoinformatics — Modern Technologies and
Development Perspectives’ .

Conclusions

1. In order to prevent material losses and timely
inform the population about threatening flood
events, modern technologies for determining the

area of flooded lands may be use, for example
hydrological modeling methods.

2. Automated hydrological modeling is based
on the use of DEMs as a basis for determining
floodplains. The choice of the type of model
depends on the morphometric characteristics of the
river and the type of bed and floodplain surface.

3. The object of the modeling was a section of
the Dniester River with a length of about 9 km and
a complex type of meandering in the transition
from the mountai nous part to the plain.

4. Taking into account the small width of the
river (1520 m), a one-dimensional model was
chosen for modeling, on the theoretical principles
of which an automated module HEC-RAS was
created, which is widely used in world practice.

5. Unmanned survey data with the accuracy of
0.21 m were used for DEM construction having
complex terrain and river type A posteriori
assessment of accuracy was carried out on the basis
of control points measured in the process of GNSS-
survey. It is established that in places with bushy
and high herbaceous vegetation the accuracy of
marks determination is 0.64 m. Therefore, the
model was modified in the TerraScan module to
specify the point heights.

6. In order to improve the model parameters in
field conditions, river depth measurements were
made and Manning coefficients for the channel and
floodplain were determined.

7. The hydrological modeling of the selected
section of the Dniester River was carried out for 4
levels of water dischargerise.
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MOJIEJIIOBAHHA I'TAPOJIOTTYHHM X ITPOIIECIB
3 BUKOPUCTAHHSM I'IC ARCGIS TA MOJIYJIA HEC-RAS

Meta poboTu ToJsrac y BU3HAUEHHI IUTOLI 3aTOIUICHHS 3€Meb 3TiHO 00paHoi TiIpoNIoTiYyHOI Momeni
CKJIaqHOI JUIsHKU p. [[HicTep y Mmicui mepexoay Bil MepeAripchbKoi YacTHHU 0 PIBHUHH 31 CKIaJHUM MeaH.-
pyBaHHSIM Ta 3HAYHUMH 3MilleHHSIMH piuku. MeTonu. OnpanboBaHO METO[ JOCITIIKEHHS 3aTOIUICHHX 3EMEIb
BHACIIIZIOK MiJHSATTS BOIW IO IIEBHOro piBHA. Bin Bkirouae: 3HimMaHHs 3 BIIJIA; reome3wyHi Ta Timposoriysi
poboru; crBopenHst LIMP Tta aHami3 ii TOYHOCTI; TiAPONOriYHE MOJENIOBAHHS 3 BHKOPHCTAHHSIM IPOrPaMHOTO
naketry HEC-RAS, Bu3HaueHHs oy 3aToIUIeHHsA. JIjig oTpuMaHHsA nudpoBoi Mojeli penbedy, SAKa € OCHOBOIO
JUTS TiPOJIOTiYHOTO MoienoBanHs, OyB Bukopuctanuii BITJIA Trimble UX5 3 kameporo Sony NEX-5R. TounicTs
BH3HAYCHHS IUTAHOBUX KoopauHat 3a [IMP craHOBHTH 6 CM; BUCOTHI ITO3HAUKH 3aJIKHO BijJ 0a3ucy crepeonapu
Ta MACTWIBHOI ToBepXHi cTaHOBIATH 0,21M. IIMP cTBOpeHO 3a MOMOMOTrOIO CIICIiali30BAHOTO MPOTPAMHOIO
3abesneueHnss Pix4D. Pesyabratu. IJMP ctBOpeHo 3a pesynbratamu 3HimanHs 3 BITJIA 3 cepeanboro KBaj-
patuuHOO MOXHOKOI0 0,2 M. MeTOAMKY TiIpOJIOTIYHOIO MOJICITIOBAHHS Peali30BaHO Ha YacTuHI piuku J[HicTep 3i
CKIIQJHOI0 KOH(irypami€ero pycia. Bu3HaueHO 30HM 3aTOIUICHHS 3a Pi3HUX PiBHIB MigHATTS Boau. HaykoBa Ho-
BU3HA IIOJIATa€ y po3poOIlli METOJUKH BH3HAYEHHS 3aTOIUICHUX TEPUTOPIH Ha OCHOBI TiJIPOJIOTIYHOTO MO-
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nemoBaHHs 3a gonomororo moxyns HEC-RAS mnst minsaku piuku JHicTep, sika XapakTepHa 3HAYHOIO €pO3i€ro
NpHUOEPEKHUX IPYHTIB, CKIaJHUM MEaHJPYBaHHSM Ta IEPEXOAO0M BiJl MeperipchbKoi YacTUHU A0 piBHUHHOI. Taki
YMOBY BUMAararoTh TOYHOI'O BU3HAYEHHS MapaMeTpiB MOJIETIOBaHHA. Iyl OTpUMaHHs BXIJHHUX JAHUX IS MOJEIIO-
BaHHsI 3aTOIUIEHb BUKOHAaHO 3HiMaHHA 3 BILJIA 3 monepeaHiM oOrpyHTyBaHHSIM mapaMerpiB TouHocTi. [IpakTuyune
3HavyeHHs. ['iIpoyoriyHe MOJENIOBaHHS BUKOHYIOTH 3 METOIO IepealdadyeHHs HACTiJKIB MaTepialbHUX BTpaT
BHACITIZIOK MOBEHEBUX SIBUII, SKi Tparusitothes B [IpukapnaTchkomy perioHi. CBoevacHe oTpuMaHHs iH(popMaii
PO Ii MPOIECH, CTSKCHHS Ha TIAPOJOTIYHMX IOCTaX 3a pPIBHEM BOJAM, sSKa HAIMOBHIOE pyclia i 3aIuIaBy, J03-
BOJISIIOTH Yepe3 BIJMOBIAHI aJAMIHICTPAaTHBHI CTPYKTYpU 3IIHCHUTH OIIOBIIIEHHS HACEJICHHS 1 NMPUHHATH 3aXO0IH
JUTSL 3MEHILIEHHsI BTPAT, sIKi BUHUKAIOTh BHACHIJIOK IUX PYHHIBHUX SBUIL. 3alPOIIOHOBAHE OCITIKEHHS CIPSIMOBaHE
Ha OTpUMaHHs1 iH(opMallii Ipo IJIOII 3aTOIICHHS BHACIIIOK PI3HUX PIBHIB MiTHATTS BOAM B piull J{HicTep.

Kmiouosi crosa: rinponoriune moaentoBants; HEC-RAS; 3aTorutieHHs; rifposioris; Oe3MIOTHI JIiTalbHI anapaTy;
u(poBa MOJIEIb PeIbedYy.
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