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The article considers the representation of the object in a vector field for
calculating the change in the volume of groundwater when determining the
concentration of pollutants. Simplex weighted interpolation methods are used in the
modeling process.

Ever since mankind began to use nuclear power plants, it became necessary
to check the environment for radioactive contamination. This task became
especially relevant during the accident at the Chernobyl nuclear power plant. In
our time, humanity is facing serious challenges in energy, which are connected
both with natural disasters, such as floods, tsunamis, earthquakes, and with the
results of enemy shelling during a full-scale war, which was unleashed by Russia.
Many energy infrastructure facilities have been destroyed by the enemy, and the
heavy load has now fallen on nuclear plants. Therefore, the relevance of the task of
environmental monitoring takes on a new meaning.

During the inspection of the contamination of the aquifer in the area of the
"Shelter" facility of the Chernobyl nuclear power plant, the task of tracking
changes in radioactive contamination, taking into account the annual amplitude of
groundwater fluctuations, arose. As it turned out, the concentration of radioactive
elements in water changes when the groundwater level changes. This is due to a
decrease in the volume of groundwater, and not as a manifestation of an increase
in the number of pollutants. Therefore, there is a need to monitor the change in the
total volume of water in the aquifer on the one hand, and its effect on the
concentration of radioactive elements on the other.

From a large number of methods that can be used to solve this problem,
deformation modeling methods were chosen by representing the object in a vector
field using simplex weighted interpolation [4].

The purpose of the research is to improve the method of determining the
change in the volume of the aquifer based on the georesearch database, taking into
account the current situation of groundwater. The article proposes the use of
simplex weighted interpolation to construct a vector field to obtain a suitable model
and the possibility of visual tracking of the process of changing the groundwater
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level in real time.
Keywords: deformation modeling, vector field, simplex, simplex weighted
interpolation.

Problems staging. In the previous articles, the method of constructing a
two-dimensional simplicial complex was given and the mathematical apparatus
of the generalized weighted interpolation function was described for conducting
research in the field of deformation modeling of geometric objects. The results
of these studies should be used to visualize the change in the concentration of
pollutants when the volume of the groundwater layer changes.

In order to carry out research, it is necessary to have geospatial data and
information about the current state of groundwater near the nuclear plant.

Analysis of recent research. The simplex interpolation proposed in [1]
makes it possible to obtain a continuous function of a predetermined order of
smoothness in the region formed by a convex polyhedron with vertices at the
points of the interpolation grid. But outside this area, the function remains
undefined. Works [2-3] describe a smooth and continuous function, which is
defined outside the above-mentioned region and, in combination with a simplex
weighted interpolant, is continuous and smooth on the boundary of the
interpolation region. The algorithm for constructing such a function is also
given. In [4], it was proposed to use a vector field of deformation instead of
transformations of the geometric basis for polypoint transformations. This
greatly simplifies the process of modeling deformation processes. The
construction of curved lines using the Gauss interpolation parametric function is
described in [5]. This method allows you to interpolate closed geometric objects.
The properties of the Gaussian function are affected by the variable coefficient
alpha. The results of studies of the variable coefficient are given in [6].

Goals of the article. The purpose of the study is to model the deformation
of geometric objects in a vector field constructed by simplex weighted
interpolation to determine the change in the volume of the aquifer based on the
georesearch database, taking into account the current situation of groundwater.

Main part. Simplex interpolation defines a function in simplexes, which
allows you to interpolate it on regions of arbitrary shape.

Let an interpolation frame with points (xi,yi) be given, where xi, yi are
arbitrary numbers, i=1..n, where n is the number of frame points. Each point is
assigned a zi value. We need to find a function F(x,y) that is defined and
continuous in the region formed by a convex polyhedron with vertices at the
points (xi, yi), and such that F(xi, yi)=zi.

On any arbitrary set of four or more points on R2, a two-dimensional
simplicial complex can be constructed that will completely cover a convex
polygon with vertices at the points of the set, as illustrated in Figure 1. We
define such a complex as a set of simplexes Sxijk, in which each simplex has the
points (xi, yi), (xj, yj) and (xk, yk) as its vertices.
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Fig. 1. A simple complex built on a point frame

For each point, we will construct a reference function fi(x,y), which will
be defined and continuous in all simplexes that include the point (xi, yi), and for
which fi(xi, yi)=zi will be fulfilled. You can use both biquadratic, bilinear,
constant support functions [1], and any functions that are defined and continuous
over the entire region of space that belongs to the polyhedron.

In each Sxijk simplex, we define the generalized weighted interpolation
function as follows:

fi o Yw(h? )+ £ (6 y)w(h ™ )+ g (x y)w(h')
w(h")+w(h ™ )+w(h )
where each of the support functions has the_form: )
fixy)ath’ )+ f;(xy)ahy)
fij (X’y)= I ij : ij .
q(hy” )+q(hj)

Fi(X,y)= , (1)

Coefficients w(h), q(h) are arbitrary functions satisfying the condition:
LICORS

lim (q(h) = o

defined, continuous and continuously decreasing at h=(0,0);

hij is the distance from the point (x,y) to the segment formed by the points
(xi, yi), (5, Yi);

h) — is the distance from the projection of the point (x,y) to the segment
formed by the points (xi, yi), (X}, yj) to the point (xi, yi).

Figure 2 shows a separate simplex: the point at which the calculation is
carried out; distances from the point to the borders of the simplex; distances
from the projection of the point onto the border to the corresponding vertices.
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Due to the conditions of definition and continuity of w(h), q(h), and fi(x,
y) on the domain of the simplex, it is possible to assert the definition and
continuity of the interpolant [2], but only in the domain, because on the faces of
the simplex w(h) may be uncertain. It can be asserted that when approaching a
certain face ij of the simplex Sijk, the following is true:

Fix xX,y) —> fij (XY)
If we supplement the definition of the interpolant at hij=0 as follows:

Fijk(X1 y)= fij (xy), (2)
then the continuity conditions on the edges will be fulfilled for it.
Similarly, fij(x) is not defined at the vertices of the simplex.
And also by analogy, when hij=0, fij(x) can be determined at the vertices of the
simplex as the value of the corresponding reference function:

fij (X’ y) = fi (Xy) . (3)

Thus, if we supplement formula (1) with expressions (2) and (3), the
function will be defined and continuous on the entire symplicity complex.

The final form of the function, its properties on the interpolation area, in
addition to certainty and continuity, completely depend on the type of weight
coefficients w(h), q(h) and reference functions fi(x, y).

Bilinear and biquadratic support functions at each point of the
interpolation grid (xi, yi) are determined on the basis of a point frame formed
from the vertices of the simplexes to which the i-th point belongs.

When using inverse weighting coefficients, the derivative of the function
at the boundaries of the simplex suffers a break in the transversal direction, that
IS, the smoothness of the function depends on the type of weighting coefficients.

It should also be noted that the final form of the interpolation function
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also depends on the method of constructing the simplicial complex on the point
frame. Depending on which vertices are included in the simplex, which
reference functions will be used in the calculation, and what the values of the
reference coefficients will be. Figure 3 clearly illustrates this dependence.

Fig. 3. Dependence of the final result of interpolation on the method of
construction of the simplicial complex

The task of modeling the volume of the aquifer over time consists of two
stages. At the first stage, on the basis of geospatial data, the upper and lower
boundaries of the aquifer are constructed at a certain point in time. Deformation
modeling is used to construct the surface: the sea level surface is transformed
into the layer boundary surface. The basis is the coordinates of the
measurements of the depth of the upper and lower boundary of the layer at sea
level, the new basis is the coordinates of the measurements with the
corresponding depths.

To use the vector deformation field constructed by simplex weighted
interpolation, point basis triangulation is performed. Interpolation is used to
calculate the transfer of surface points in the syplicial complex, beyond it
simplex weighted extrapolation is used[3].

Modeling of the lower boundary of the aquifer ends here, as this boundary
practically does not change over time. The upper boundary of the aquifer, on the
other hand, is subject to seasonal fluctuations, so its simulation must be
dynamic: the surface must correspond to the target simulation time (ti). For this,
the model should be based on data on the current level of groundwater in the
wells.

Dynamic modeling of the upper surface of the aquifer constitutes the
second stage of deformation modeling of the volume of the aquifer. At this
stage, the prototype of the object is the upper surface of the aquifer defined at
time t0. The basis is the coordinates of the wells in which the groundwater level
Is measured, together with the corresponding level at the time t0. The new basis
is the coordinates of the same wells, but with the groundwater level determined
at the moment of time ti.



230

In figure 4 shows how the surface is deformed, taking into account
measurements of depths at predetermined points (wells).

Fig. 4. Modeling of seasonal fluctuation of the upper boundary of the
aquifer

The model of the aquifer itself consists of the upper surface, which is
modeled regularly, based on data on the current level of groundwater in the
wells, and the lower surface of the aquifer, which is modeled once on the basis
of georesearch data. The space bounded by these surfaces corresponds to the
aquifer model. Figure 5 shows an example of aquifer modeling for three
different time points.

Fig. 5. Modeling of changes in the aquifer

Thus, the use of deformation modeling methods, namely, modeling the
deformation of geometric objects in a vector field constructed by simplex
weighted interpolation, allows obtaining a dynamic model of the aquifer based
on georesearch data and current data on the groundwater level.

Conclusions. A method of building a model for tracking changes in the
volume of groundwater to determine the relative concentration of radiological
emissions is proposed. Further work in this direction will be aimed at improving
the interpolation formula by switching to a complex field, which will simplify
the model building procedure and reduce data processing time.
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BIICTEKEHHSA 3MIHU OB’EMY 'PYHTOBHUX BO/I 3A
JTOIIOMOI'OFO CUMILIJIEKCHOI BAT'OBOI IHTEPIOJISIIIIT

Cupnopenko [0.B., Tapnascekuii F0.A., Onucbko A.lL

Y cmammi posensanymo npeocmaenenns ob’€kma y 6eKmMOPHOMY NOJI O
NPOBEOEeHHs. PO3PAXVHKY 3MIHU 00’€My IPYHMOBUX 600 NpU  BUSHAYEHHI
KoHyenmpayii 3a0pyonioeadis. B npoyeci mooentosanns SUKOPUCHOBYIOMbCSL
Memoou CUMNJIEKCHOI 6a20801 IHMepnoasyii.

C moeo uacy sK A100CmMeo nouano GUKOPUCMOBYBAMU AMOMHI eNeKMpPUdHi
CmMauyii,  BUHUKIA  HEOOXIOHICMb  NPOBOOUMU  NepesipKu  3a0pYOHEeHHS.
O00BKOUWHBbO20 — CepedosUd HA  HAABHICMb  PAJIOAKMUBHUX — 3A0PYOHEHD.
Ocobnusoi akmyanvHocmi ys 3aoada Habyna nio dac asapii Ha Yoprnobunvcokiil
AEC. V Haw uac 1100cmeo cmukaemscs 3 CepuoHUMU GUKTUKAMU 8 eHepeemuyi,
SAKI NOB’A3aHI 5K 13 NPUPOOHUMU KAMAKIIZMAMU, MAKUMU 5K NOBIHb, YYHAMI,
semaempycu, mak i 3 pesyibmamamu  obcmpinie  eopoeca  ni0  uac
nosHoMacuimaoHoi eitinu, Ky poss’sizana Pocia. bacamo 06’ exkmis enepeemuunoi
IHQOpacmpykmypu 3HUWEHO B0PO2OM, | BellUKe HABAHMANCEHHS 3apa3 A0 Ha
amomui cmanyii. Tomy axmyanvHicme 3a0aui MOHIMOPUHZY CMAHY OO0BKIIbHA
Haby8ae HOBO2O CEHCY.

11io uac npoeedenmns nepesipku 3a0pyOHeHH 800OHOCHO20 WAPY 6 PAlOHI
06’ekma  “Vxpummsa” Yopunobunbcokoi amomuoi cmayii GUHUKIA 3a0ayd
BIOCMEdICEH S 3MIHU PAJIOAKMUBHO20 3A0PYOHEHHS, 8PAX08VIOUU PIYHY AMNIIMYOY
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KOJIUBAHHA IPYHMOBUX 600. AK 3’sacy8anocy KOHyeHmpayis padioaKxmueHUux
eleMeHmie y 800I 3MIHIOEMbCSL NPU 3MIHI PiGHsl IPYHMOBUX 800. Lle 8i00ysacmuvcsl
yepe3 3MeHUEeHHsI 00 eMY IPYHMOBUX 600, A He SIK NPOsi8 30LIbUUEeHHS KiIbKOCMI
3a0pyontosaqie. Tomy 6UHUKAE HEOOXIOHICMb BIOCMENCEHHs 3MIHU 3A2aNbHO2O
00’emy 600U Y BOOOHOCHOMY WAPi 3 0OHO20 OOKY, 1 il 6NIU6 HA KOHYEHMPAYIlo
PAOioaKMUBHUX elleMeHmia 3 0py202o..

3 senukoi Kinbkocmi mMemoois, 3a 00ONOMO20I0 AKUX MOJCHA PO38’s3yeamu
yro 3aoawy, Oyi0 00pano memoou 0epopmMayitiHoc0 MOOENO8AHHS, ULISIXOM
npeocmaegnentsi 00 ’'€kma Y 6eKMOPHOMY HOML 3a OONOMO2010 3ACMOCYEAHHS.
CUMNJIEKCHOI 8a2080i inmepnoaayii [4].

Memoro docniddiceHb € YOOCKOHANEHHSI CHOCOOY BU3HAYEHHST 3MIHU 00 €My
8000HOCHO20 WAPy HA 06a3i 0aHUX 2e0pO3BIOKU 3 YPAXYBAHHAM NOMOYHOI cumyayii
no IpYHmMoGux eooax. Y cmammi NponoHyeEMvCs GUKOPUCMAHHA CUMNILEKCHOL
6a2060i inmepnonayii 011 nodyoo8u BeKMOPHO20 NOAL Ol  OMPUMAHHSL
BIONOBIOHOI MOOeNl I MONCIUBOCTI 30P0OBO2O BIOCIMENCEHHS NPOYECY 3MIHU DIBHS
IPYHMOBUX 800 8 PEHCUMI PeaslbHO20 YAC).

Knouosi cnoea: oegpopmayitine mooentosans, 6eKmopHe noie, CUMNIEKC,
CUMNJIEKCHA 8A2064 IHMEPNOJIAYILA.
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