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PREDICTION OF SEISMIC IMPACTS AT THE SITE OF PLAVINU HPP FROM A
POTENTIAL SEISMIC SOURCE IN KOKNESE (LATVIA)

The study considers the impact of seismic waves from the source of a potential earthquake in Latvia on the site
of the Plavinu hydroelectric power station, which is located in unfavorable geological, tectonic, and geodynamic
conditions. A direct seismology problem was solved in two stages to assess seismic impacts on the site. In the first
stage, the modeling of synthetic seismograms was carried out, and in the second stage, a prediction of seismic
impacts at the hydroelectric power station site was conducted. In the first stage, we used wave field modeling
applying Green's method. In the second stage, ground motion characteristics were obtained using a one-
dimensional, nonlinear ground response analysis method. A wave field of 15 Green's functions was obtained,
which was then converted into a 3-component accelerogram. The accelerogram was then used as a seismic impulse
to a Prequaternary sediment's surface. A set of engineering and seismic characteristics of soil was obtained, i.e.
amplification, Fourier amplitudes, and spectral amplitudes. The paper demonstrates the ability to acquire valuable
information about the seismic wave field and ground motion from macroseismic data from historical earthquakes.
This is especially important for intra-plate conditions with limited seismic statistics. Prediction of engineering and
seismic conditions are of great practical importance since they will allow us to identify the most vulnerable sites
of the soil at the Plavinu HPP.

Key words: Green functions, synthetic wave field, site response, amplification, Fourier amplitude, spectral
amplitude

Introduction

Plavinu HPP is the largest hydroelectric power plant
in the East Baltic region. The station's electrical
capacity is 894 MW per year. The station was built in
the mid-60s of the 20th century. 20 years later, in 1986,
as a result of seismic exploration in the area of the
Plavinu HPP, Piebalga and Aizkraukle tectonic faults

were identified in the crystalline basement and the
Caledonian structural complex of the sedimentary
cover (Fig. 1). Quaternary deposits are located in the
upper part of the sedimentary cover. They consist of
loose deposits of sand, sandy loam, loam, gravel, pebbles,
and boulders located on Devonian deposits, represented
by sandstones, dolomites, marls, and other rocks.
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Fig. 1. Map of the location of the Plavinu hydroelectric power plant, the seismic source
in Koknese, tectonic faults and isoseisms [Doss, 1909] of the 1821 earthquake.
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There is a significant difference in seismic stiffness
between Quaternary and Devonian deposits, i.e. the
product of the velocity of propagation of S-waves and
the density of geological sediments. Geological conditions
characterized by high seismic rigidity of Devonian
deposits, which is favorable for the occurrence of
resonance effects in the upper layer of soil. Resonance
effects can cause increased vibrations of the ground and
hydroelectric power station structures located on it.
Plavinu HPP is located in the valley of the Daugava
River. Erosion processes of the bank and riverbed,
karst, suffusion, and slope processes are observed on
the outer edges of the bends of the Daugava River,
below the HPP. Slope processes (landslides) occur on
both banks of the Daugava, not far from the HPP. These
processes affect the stability of the soil.

A number of studies carried out at the HPP and in
its vicinity revealed the existence of zones decompaction
and also zones fracturing in the sedimentary cover in
the upstream [Fugro, 2014] and downstream [Fugro,
2015], uneven deformation of the reinforced concrete
slab [AS Latenergo, 2014] located under the HPP and
complex geodynamic situation [Nikulins, 2019].

The mechanical impact of natural or man-made
regional seismic sources can affect soils, increasing
their resonance effect. It occurs when the thickness of a
loose layer located on a rocky base is comparable to 1/4
of the seismic wavelength. Thus, knowledge of the
wave field from regional seismic sources makes it
possible to estimate the amplification of vibrations of
the loose soil layer.

The territory of Latvia belongs to zones of low
seismic activity [Nikulins, 2011]. Most historical
earthquakes are known [Doss, 1909], which occurred
in the East Baltic region before the beginning of the
instrumental observation period, i.e., approximately
until the mid-60s of the 20th century.

Among the earthquakes before the instrumental
period were the Koknese earthquakes. From February
20 to February 23, 1821, several shocks occurred there
(up to 7 shocks). The epicenters of these earthquakes
are located in close proximity, 12.5 km, from the site of
the Plavinu HPP. These earthquakes were studied by
professor Bruno Doss, who published a catalog and
map of earthquakes in the East Baltic Province [Doss,
1909], as well as an isoseismal map of earthquakes in
Koknese (Fig. 2). In particular, the intensity of the
strongest shock on 02/23/1821 was assessed to VIII
points on the Rossi-Forel scale, the range of which is
from | to X points.

More recent studies have made new estimates of
shaking intensity. Thus, in 1988, the intensity of the
main shock in Koknese was estimated at VI-VII points
(MSK-64) [Avotinya et al., 1988], and in studies of
1995, the intensity of the shaking was estimated at V1|
points, magnitude 4.5 and focal depth 13 km (MSK-64)
[Boborykin et al., 1995].

There is a point of view according to which some
historical earthquakes on the East European Platform
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should belong to the class of non-tectonic earthquakes
caused by landslides, karst sinkholes, and frost-quakes
phenomena. The Koknese earthquakes of 1821 were
classified as frost quakes (cryoseisms) [Nikonov, 2010].

However, according to the Institute of Seismology
of the University of Helsinki, this earthquake is
included in the Catalog of earthquakes in Northern
Europe [FENCAT, 1375-2014]. This earthquake’s
intensity at the epicenter is VII points, a focal depth of
0 km, and a magnitude of 2.5 (FENCAT, 2014
https://www.seismo.helsinki.fi/bulletin/list/catalog/Sc
andia_updated.html).

The maximum radius of perceptibility of the
earthquake of 1821 reaches 8.0-9.5 km. The optimal
intensity of shaking was taken as VI points (MSK-64)
at the epicenter, as was indicated in the 1988 studies
[Avotinya et al., 1988].

According to the assessment of seismic hazard in
Latvia [Nikulins, 2011], with a probability of 10 %
within 50 years, an earthquake with an intensity
exceeding 10 cm/s? on hard ground may occur in the
area of Aizkraukle (the closest city to the Plavinu HPP).
Therefore, the assessment of the soil response at the
Plavinu HPP site seems relevant and important.
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Fig. 2. Isoseismals map of the Koknese
earthquakes of 1821 according to Bruno
Doss [Doss, 1909]. (The old name of Koknese
on the map is Kokenhusen).

The main goal of the research is to assess the wave
field from the seismic source of 1821 in Koknese and to
conduct the subsequent evaluation of ground motion
parameters at the Plavinu HPP site. These assessments
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make it possible to identify the most vulnerable soil
sites at the Plavinu HPP area.

A waterfall on the Perses River is at the epicenter
of the main shock. The waterfall represents an almost
vertical displacement in the rocky ground, with an

amplitude of 2.5-3.0 m (Fig. 3). The waterfall is located
near the village of Bilsteinshof (modern name Bilstizi)
(Fig. 1). After the Plavinu reservoir was filled, the
waterfall was under water. The strike azimuth of the
waterfall is approximately 74°.

For the isoseismal of the shock of February 20,
1821 (in Fig. 2 there is a smaller ellipse), the azimuth
of the major axis of the ellipse is approximately 65°.
The proximity of these azimuths indicates that the
waterfall, on the Perses River, may have been the
source of the 1821 earthquakes. The main shock
occurred on February 23, 1821. The total perceptibility
area of the earthquake of February 23, 1821 (large
ellipse) is approximately 186 km?,

Body wave magnitude mb estimates, in the range
2.7<mb <5.5, are based on the equation for the central
United States located on the North American Plate
(Nutti & Zollweg, 1974):

mb = 2.65 +0.098log A; +0.054(log A¢)? (1)

where, As — perceptibility area in km?,

To estimate other types of magnitudes, we used the
relationships for the Baltic region obtained as part of
the 2008 seismic hazard assessment project in Latvia
[Nikulin, 20077:

M,, =0.926mb + 0.679 2)

M, =0.7285M, +1.7854 (3)

The depth of the hypocenter is estimated based on

the macroseismic field equation for the Baltic region
[Nikonov at al., 2007]:

I, =1.36M-2.71g(h) + 3.36 4)

where, lo — intensity at the epicenter, h — focal depth, km.

As a result, we got mb = 3.15 ~ 3.2, My = 3.6,

Ms = 2.5, h =1.9 km. The moment magnitude and focal

depth will be used to calculate the wave field at the
Plavinu HPP site.

Methods

The study of seismic impacts at the Plavinu HPP
site from a seismic source in Koknese consisted of two
separate and independent stages: 1) modeling of a
synthetic wave field based on Green's functions;
2) modeling of the soil response to these seismic impacts.

Synthetic wavefield modeling

Green's functions were used to simulate the synthetic
wave field. Green's functions are the impulse response
of an inhomogeneous linear differential operator.

The propagation of a seismic wavefield in the time
domain can be represented as a simple three-
dimensional acoustic wave equation [Liu et al., 2021]:

1 Tu(x,y,zt) N

n(x,y,z)? qt? )

+f(x,y,2,1)

where, V2 — Laplace operator, u(x,y,z,t), v(x,y,zt),
f(x,y,z,t) represent displacement, velocity, and source
term, respectively. f(x,y,z,t) = —=d (X = Xs, Y — Vs,
Z — Z5)s(t), s(t) — the wavelet (in this case Ricker
wavelet), d (X — Xs, Y — Vs, Z — Zs) — the Dirac function
at the source point (Xs, Vs, Zs).

After the Fourier transformation of equation (5), we
obtain a two-dimensional equation of an acoustic wave
in the frequency domain, after which the Green's
function is determined by the following equation:

N%G(x,y,z,w) + k?G(X,y,z,w) = F(X,Y,Z,w) (6)
where, G — Green's function, F(x, y, z, w) =—d (X —
Xs, Y — Ys, Z — Zs)S(W) — the source term in the frequently

N2u(x,y,z,t) =
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domain, k(X, y, z) = w/v — wave number, s(W) — Ricker
wavelet in the frequency domain, w — angular frequency.

/ 2
y y
y E
y vy
// //
£ v
// ,//
L Z1 y
b h2 2 V2 X
5 p2 z2
ha p3 V3 73
S3
S ha  pa V4 74
S4
hs ps Vs 75
S; hi  pi Vi 75
hitz  pi+1 Vit Zit]
s hu-1 pn-1 V-1 Zn-l
i
Pr Vi
Z

Fig. 4. The structure of a layered geological
environment.

The geological medium has a certain viscosity,
which leads to loss of wave energy and phase changes
during wave propagation. To better describe the
propagation of seismic waves in a viscous medium,
complex velocity can be introduced into equation (6).

Since the modeling of the synthetic wave field took
place in a multilayer medium, let us consider the
layered symmetrical structure of a homogeneous
geological medium, for which the interfaces are
defined, located at points z1, 2, ..., Zn-1, as shown
in Fig. 4. The density of each layer corresponds
ri, I'z, ..., I'n, and velocity — Vi, Vz, ..., Vn.

Each layer satisfies equation (6) with the parameters
Green function G, wavenumber K, velocity v, density

I, layer thickness h and quality factor Q, respectively.
We get the equations in the following form:

N’G; +k;?G; =0 (i=13..n) (7
N’G; +k;°G; = -SW)d (R-R,),(i=2) (8)

where, k; = - (1- ), j=+/-1
u; 2Q
At the interface, the pressure P; = r;iC; as well as
the gradient of the potential for the vertical direction
dGi/dz are continuous. Therefore, the following boundary
conditions can be imposed on the Green function:

) +
E = TIGI 1, rIGI = ri+1Gi+1, (l :1,2, ..,n _1) (9)
iz iz
The solution to equations (7) and (8) can be
regarded as the summation of separate reflected and
refracted waves. Therefore, it can be written as the form
of Sommerfeld integral in a cylindrical coordinate
system [Liu et al., 2021]:

G, = %\;V) (Cie™* +D;e™Mi*) 3o (mr)dm, (i =1,3,...,n) (10)
0

ga-ikR ¥ u

G = Mée + 1 (Ce™M? +D,e”™*) I (mr)dma, (i = 2) (11)
i 4 : R 0 i i 0 Y
P g 0 f

— 2 _ 12 12 = i .
where, m, =,/m* -k’ ki = 4N, j=~/-1, Jo(mr) are the Bessel functions.

n

2, I_n(l—ﬁ)l—12

In equations (10) and (11), the terms e™i and e ~™i? may be infinity. To maintain numerical stability, rewrite

them in the form:

G, _%‘;") (Ce™® %) 4D ™7y 3 (mr)dm, (i =1,3,...,n) (12)
0
g -ikiR ¥
(=3 (™) 4D )y g (mr)dmu (i=2) (13)
4p g R 0 H

Using boundary conditions (9), the unknown Cj,
C,, Dy, ..., Ci, Dj, ..., Ch1, Dn1, Dn inabove formula
are solved. Also, other coefficients can be obtained by
recursion.

Synthetic wavefield modeling was performed using
Computer Programs in Seismology [Hermann, 2002].
The seismic velocity model, source and receiver depth
data, and epicentral distance were used as initial data.
The modeling process consisted of separate software
blocks. During the processing, additional input parameters
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were specified: frequency range for filtering, moment
magnitude, azimuth from the source to the receiving
point and back, parameters of the earthquake source
mechanism. The intermediate result is the generation
of 15 Green's functions. The final result is a three-
component accelerogram.

Soil response modeling

The simplest model for simulating the stress-strain
state of soil under seismic impact is the viscoelastic



Geodynamics 2(35)/2023

Kelvin-Voigt model. Of primary importance is the

shear stress t, which depends on the shear strain g and

strain rate y as follows [Bardet & Tobita, 2001]:
t=Gg +hg

where, G — shear modulus, h — viscosity.

In the case of a harmonic load with a circular
frequency w, equation (18) takes the form [Bardet &
Tobita, 2001]:

t(t) = e = (G +iwh)Ge™ =Gg(t) (15)

where, G™ - complex shear modulus, S - amplitude of
shear stress, I" — amplitude of shear strain.

Considering the critical damping coefficient
X = Wh/2G, the complex shear modulus G* takes the
form:

(14)

G" =G +iwh = G(1+ 2ix) (16)

The linear approach in the Kelvin-Voigt model
considers some types of soil nonlinearity, expressed in
the form of hysteretic deformation of soil behavior
under cyclic loads.

The Iwan [lwan, 1967] and Mroz [Mroz, 1967]
model considers nonlinear stress-strain curves using n
mechanical elements having different stiffness k; and
sliding resistance Ri. In the case of one-dimensional
soil response analysis, shear waves propagate vertically
in the layered system (Fig. 5).
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Fig. 5. One-dimensional, layered sedimentary
system and its spatial discretization.

It is assumed that the soil layers are oriented
horizontally and have an infinite extent. They are only
subject to horizontal movement from the bedrock.

The basic equation in this case is [Bardet & Tobita,
2001]:

2
r fd +h Td _ 1t

— 17
fit? it 1z 7

where, r —soil unit mass, d — horizontal displacement,
Z - depth, t — time, t - shear stress, h — mass-
proportional damping coefficient.

Boundary conditions defined at the free surface
(z - 0) and at the bottom of the sediment column (z — H):
t=0 forz-0, and t=ts for z=H. The shear stress

tg, which is usually unknown, is calculated from the
velocity for z = H.

Soil response calculations were performed using
NERA — Nonlinear Earthquake Site Response Analysis
of Layered Soil Deposits [Bardet & Tobita, 2001].
A parametric velocity model and an input signal
(accelerogram) were used as input data. During the
processing, the deformation, the input velocity
according to the given acceleration and the predicted
velocity were calculated, and the increment of
deformation and stress was estimated. The end results
were Amplification, Fourier amplitude and Spectral
amplitude.

Results
Synthetic wavefield modeling

In the synthetic wavefield simulation, intermediate
results were first obtained that included a complete
specification of the ray propagation between source and
receiver. After leaving the source, the ray can be
directed up or down. Further, the ray can interact with
the adjacent boundary, also directed either up or down.
The entire variety of reflected and refracted rays is
shown in Fig. 6.

The earthquake source (SRC) and receiver (REC)
are located in layers 2 and 1, respectively. The five-
layer model includes 4 layers of the earth's crust and
the last layer is the upper mantle. The receiver depth
(REC = 0.01 km) corresponds to the depth of the
Devonian surface on which Quaternary deposits are
located. This is due to the fact that at the next stage
the “input” signal will act specifically on the
Devonian surface.

The selection of the initial pulse is an important
stage in wave field modeling. For this purpose, an
optimal parabolic pulse with a duration of 2 seconds
was chosen. Next, the functional description of each ray
was convolved with the second derivative of the
original time function, as a result of which 15 Green's
functions were generated and synthetic seismograms
were created (Fig. 7). Green's functions include the
following components: ZDD, RDD, ZDS, RDS, TDS,
ZSS, RSS, TSS, ZEX, REX, ZVF, RVF, ZHF, RHF,
THF. These functions have the following meaning:
ZDD - Vertical Component 45° dip slip; RDD - Radial
Component 45° dip slip; ZDS — Vertical Component 90
° dip slip; RDS - Radial Component 90 ° dip slip; TDS
— Tangencial Component 90 ° dip slip; ZSS - Vertical
Component vertical strike-slip; RSS - Radial
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Component vertical strike-slip; TSS — Tangencial
Component vertical strike-slip; ZEX - Vertical
Component Explosion; REX - Radial Component
Explosion; ZVF — Vertical Component Downward

Vertical Force; RVF — Radial Component Downward
Vertical Force; ZHF — Vertical Component Horizontal
Force; RHF — Radial Component Horizontal Force;
THF — Tangential Component Horizontal Force.

) REC | 1

Fig. 6. Ray propagation diagram between source (SRC) and receiver (REC),
and velocity model in the earth's crust.
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The frequency range for the regional earthquake
was selected in the range from 0.5 to 10 Hz. For this
purpose, filtering was applied using a 3rd order
Butterworth filter. In addition, the optimal parameters
of the earthquake source were used: DIP = 85°
STRIKE = 75°, RAKE = 135°. Thus, proposed source
mechanism of the Koknese earthquake in 1821 was
chosen as a reverse right-lateral oblique (Fig. 8).

North
I

West — — East

1
South

Fig. 8. Proposed source mechanism
of the Koknese earthquake in 1821.

For the given parameters of the earthquake source

mechanism, the azimuth of the maximum horizontal
compression is 131.2°, and the dip angle is 25.9°.
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Fig. 9. Three-component accelerogram
at the Plavinu hydroelectric power plant site
from a seismic source in Koknese (Latvia).

The choice of these parameters is determined by the
following arguments: the waterfall plane (DIP) is
oriented almost vertically, the strike azimuth (STRIKE)
is known and corresponds to the strike azimuth of the
waterfall, the sliding direction (RAKE) in the fault
plane refers to the optimal azimuth of the maximum
horizontal stress in the East Baltic region. The azimuth
of the maximum horizontal stress was estimated as the
average value between the same azimuths of the maximum

horizontal stress for the Kaliningrad earthquakes of
September 21, 2004 [Gregersen et al., 2007] and the
Estonian earthquakes for the period from 1976 to 2018
[Soosalu et al., 2022].

At the final stage of modeling the synthetic wave
field, a 3-component accelerogram was obtained (Fig. 9).
Ground acceleration is expressed in cm/s?,

The designations are similar to those in Fig. 7.

Soil response modeling

Modeling of soil reaction was carried out for the site
upstream of the Plavinu HPP dam. In this site, the
geological section is represented by a 3-layer model,
consisting of two layers of Quaternary sediments
located on the surface of Devonian sediments,
represented by dolomite.

The process of modeling the soil response included
several intermediate stages. These are 1) reading the
initial accelerogram data (the result obtained at the first
stage of research) for a given component (Z, N, E);
2) generating a parametric section using various
parameters (shear modulus, damping coefficient) from
the data set; 3) calculation maximum shear strain and
stress, as well as maximum acceleration and velocity
depending on depth; 4) calculation of displacement,
velocity, and acceleration at the surface and at the
base (in this study — the surface of Devonian
sediments); 5) calculation of deformation, stress,
strain energy and relationships between stress and
strain on the surface.

The main results of soil response modeling are
1) surface amplification; 2) Fourier amplitudes;3) spectral
acceleration. All main results of soil response modeling
are shown in Fig. 10 and are presented in Table 1.

The increase in ground vibrations on the surface
gives a clear idea of the intensity of vibration and the
vulnerability of a particular site of the Plavinu HPP
when exposed to a seismic signal or vibration with a
predominant frequency of 8 Hz. For all three
components the gain is the same and equals 2.6.

Table 1

Main results of soil response modeling
at the Plavinu HPP site (upstream)

Fourier Spectral
Amplification | amplitudes | amplitudes
Frequency (@ (@
Component -
P (Hz2) Frequenc Period
y (Hz) (sec)
7 2.59 0.00042 0.0055
8.0 2.07 0.33
N 2.59 0.00028 0.0046
8.0 3.31 0.31
E 2.59 0.00024 0.0037
8.05 2,51 0.24
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Fig. 10. Results of modeling the soil reaction in the upper reaches
of the Plavinu HPP from a seismic source located in Koknese.

Fourier amplitudes provide important information
about the frequency content of a signal and can be used
for signal processing and analysis. Spectral amplitudes
are of greater practical importance, since they can be
used for the purposes of engineering seismology.

This study demonstrates the practical feasibility of
using macroseismic data on historical seismic events
for wave field modeling. This method is especially
relevant for intraplate areas, where earthquakes rarely
occur and therefore, any information, including the one
about historical seismic events, is important.

The practical significance of the research lies in the
possibility of assessing the response of the soil in
different sites of an engineering facility using a
synthetic seismogram from a regional seismic source.
Such assessments make it possible to identify vulnerable
sites of soil in these areas and predict the engineering
and seismic characteristics of the soil when certain
background parameters change (for example, when the
groundwater level changes).

Conclusions

As a result of modeling synthetic seismograms, a
wave field was obtained at the Plavinu hydroelectric
power plant from a regional seismic source of natural
origin located in the Koknese region. The implementation
of this task is based on the use of macroseismic data
from the historical earthquake of 1821.

For three components Z, N, E, the study assessed
the predicted impacts on the ground surface in one of
the sites of upstream of the Plavinu HPP: 1) amplification
of oscillations relative to the base of the rocky soil;
2) Fourier amplitudes and 3) spectral amplitudes.

The seismic characteristics of the soil may change
with changes in geological, hydrogeological, and
geodynamic conditions in the area of the Plavinu HPP.
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In the area surrounding the Plavinu HPP, there is a risk
of the earth's crust subsiding in separate areas and
changes in the water saturation of soils. These factors,
known as geodynamic and hydrogeological factors
respectively, can increase the likelihood of natural
hazards. Therefore, it is of utmost importance to assess
the engineering and seismic characteristics of the
area and take preventive measures to reduce the
consequences of these risks.

To monitor changes in seismic-geological and
geodynamic conditions in the area of the Plavinu HPP,
it is advisable to organize seismic observations. Seismic
monitoring can help in solving geodynamic problems such
as monitoring fast movements, including earthquakes and
quarry blasts, as well as slower movements, e.g. tectonic
creep. It can also provide systematic monitoring of the
stability of soil parameters.
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IMMPOI'HO3 CEIZCMI‘-IHHXU BIUIMBIB HA JIUISHI ITDTABUHCHKOI TEC BIJI IIOTEHLIIMHOT'O
CEMCMIYHOTI'O XKEPEJIA B KOKHECE (JIATBIA)

Po3misiHyTO BIUIMB CEHCMIYHMX XBHIIb Bifl JDKEpena MOTEHIHHOTO 3emierpycy Ha niumtHKy [InaBuHcskoi I'EC y
JlatBii, sika po3TamioBaHa B HECTIPUSTIMBUX T€OJIOTIYHMX, TEKTOHIYHHMX 1 TeOJMHAMIYHMX yMoBax. Jlis OIHKH
Cef{CMIYHOTO BIUTMBY BUPIIICHO MPsIMY CEHCMOIIOTTYHY 3a/1ady B /IBa eTarnu. Ha mepromy etarni BUKOHAaHO MOJICTIOBaHHS
CHHTCTUYHUX CEWCMOTpaM, a Ha JPyroMy — IPOTHO3 ceHcMiYHMX BIUTHBIB Ha Maimanumky ['EC. Ha mepmomy erami
BUKOPHCTaHO MOJIETIFOBAHHSI XBIUJILOBOT'O TTOJIA 31 3aCTOCYBaHHIM MeToxy I pina. Ha npyromy erarri XapaKTepHCTUKH PyXy
IPYHTy OTPHMaHi 3a JOTOMOTOI0 OJHOBHMIPHOTO HENiHIIHOTO aHali3y BiIIyKy IpyHTy. OTpHMaHO XBIJIBOBE IONIE 3
BUKOpUCTaHHssM 15 ¢yHkuiii ['piHa, sike MOTIM TEepeTBOPEHO B 3-KOMIIOHEHTHY akceneporpamy. Ilicis 1boro,
aKceseporpamMy BUKOPHCTAHO, SIK CEHCMIYHIIM IMITYIIbC 710 TIOBEPXHI IOUETBEPTHHHHUX BifKIaieHb. OTPUMaHO KOMITIEKC
IHKEHEPHO-CEHCMIYHIX ~ XapaKTePHUCTUK IPYHTY. MACHWICHHs, aminnTyau @Dyp’e Ta CHOEKTpaibHI aMIUTITYIH.
[IponeMOHCTpOBAaHO MOXJIMBICTH OTPUMAHHS BaKIMBOI iH(QOpPMAIII TPO TOJE CCHCMIYHMX XBWIIb 1 pyX IPYHTY 3
MaKpOCCHCMIYHUX TAaHUX iICTOPUYHUX 3eMIICTPYCiB. L{e 0c0OMMBO BaXKITMBO [UTs BHYTPIITHEOIUTHTHIX YMOB 3 0OMEKEHOFO
ceifcMiuHOi cratcTKorO0. OINHKK IHXKEHEPHO-CEHCMIYHMX yYMOB MAlOTh BaKIJIMBE IPAKTUYHE 3HAYEHHS, TaK SIK
JIO3BOJIITH BUSABUTH HAWOLUTBII Bpa3iMBi AUITHKY IpyHTY Ha [Inasuncskiit [EC.

Knrouosi crosa: dhynkuii I'piHa, cHHTETHYHE XBUJIBOBE I0JI€, BIATYK TPYHTY, HiICHICHHS, aMmIuliTyaa Oyp’e,
CIIEKTpaJIbHA aMILTITy/a.
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