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IDENTIFICATION OF NATURAL AND TECHNOGENIC SEISMIC EVENTS
BY ENERGY CHARACTERISTICS

One of the key problems of seismic monitoring is the identification of earthquakes and signals from
technogenic sources detected by a network of seismic stations. In peacetime, technogenic events are mainly
associated with industrial mining developments, however, with the beginning of russia's full-scale aggression
against sovereign Ukraine, thousands of seismic signals from explosions as a result of missile, aircraft, artillery
strikes were registered by the seismological network of the Main Center of Special Monitoring of the State Space
Agency of Ukraine. This significantly complicates the process of assessing seismicity and makes the question of
determining the nature of registered events extremely relevant. The analysis of seismic signals established the
relationships between energy classes (K), magnitudes (mb), maximum amplitudes of longitudinal volumetric
phases (Af,,,), and yields (Y) of explosions in TNT equivalent in Kyiv, Zhytomyr, Vinnytsia, Khmelnytsky,
Chernihiv regions. Energy characteristics can be used to identify the nature of seismic events Additionally, the
results of the analysis of the ratios K = f(Y), mb = f(Y), lg(Y) = f(lgA?f,,..) make it possible to yield estimate
of explosions in TNT equivalent and determine the probable types of ammunition based on the received data. The
energy from the signal source in the case of an explosive event can be determined additionally by infrasound data
The presence of an acoustic wave serves as an additional criterion for identifying the event. At the same time,
energy characteristics make it possible to identify natural sources, an example of which is the tectonic earthquake

of May 26, 2023 in the Poltava region.

Key words: seismic station, seismic signal, seismic wave, explosion, ammunition, power in TNT equivalent,
magnitude, energy class, maximum amplitude, earthquake, infrasound, identification.

Introduction

Among the tasks of the Main Center of Special
Monitoring (MCSM), in addition to detecting the facts
of nuclear tests, is the monitoring of seismicity on the
territory of Ukraine and throughout the world. For this
purpose, an extensive network of seismometers
connected by a single National Data Center is located
on the territory of the state [Seismic Network Main
Center of Special Monitoring, 2010, Marmureanu et al.,
2021, Andruschenko et al., 2021]. Based on the results
of processing registration materials, users are provided
with spatial and energy parameters of events.

One of the key problems of seismic monitoring
is the identification of earthquakes and signals from
technogenic sources detected by a network of
seismic stations.

Right-bank Ukraine, especially its central and
northwestern parts, is densely covered by a network of
mining enterprises that actively generate seismic
signals in the course of their activities. The yield of
industrial explosions is usually from units to hundreds
of tons, which makes it possible to detect them in the
entire range of regional distances. In addition, the
dynamic characteristics of seismic recordings from
explosions are highly dependent on the geological and
tectonic conditions in the place where they were
conducted, which complicates identification.
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There are a number of criteria by which the source
of a seismic signal can be identified [Kedrov, 2005;
Andrushchenko, Gordienko, 2009a]. The ability to
distinguish a seismic record of a chemical explosion
from an earthquake record is based on such
characteristics of these sources as the mechanism,
magnitude, time of action, location of the source, and
depth.

The Main Center of Special Monitoring developed
additional criteria based on the spectral-temporal
analysis of oscillations and showed their effectiveness
(Andrushchenko, Gordienko, 2009b). However, they
are not absolute, and for many seismic events it is
impossible to determine their nature based only on the
results of the analysis of seismic records.

One of the additional criteria for identifying the
signal source was the use of information about acoustic
waves [Liashchuk, 2015, Liashchuk et al., 2015].

With the beginning of Russia's full-scale aggression
against sovereign Ukraine, thousands of seismic signals
from explosions as a result of missile, aircraft, and
artillery strikes were registered, which greatly complicated
the process of assessing seismicity and actualizing the
question of determining the nature of the registered
events. In addition, information about registered events
is extremely important for providing a complete and
objective documentary of the aggressor country's
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crimes. The possibility of registering war crimes to
provide information on violations of international law
by a separate seismic group using the PS-45 seismic
station as an example is given in [Dando et al., 2023].

It is known from many years of experience studying
underground and surface chemical explosions that a
certain insignificant part of the energy (less than 5 %)
is transferred to the zone of elastic deformations,
including the formation of seismic oscillations
[Rodionov et al., 1971]. The scale of a seismic
phenomenon by recording seismic waves at some
distance from the source (munition explosion) can be
estimated by calculating the magnitude M or energy E.

Magnitude M - the relative energy characteristic of
an earthquake - is the logarithm of the maximum speed
of vibrations of the Earth's surface or the logarithm of
the maximum displacements in seismic waves of
various types, calculated from some conditional level
corresponding to a weak shock, the magnitude of which
is taken as 0. The value of the magnitude of the energy
class of the earthquake K is defined as a logarithm
expressed in joules of the energy E of seismic waves
that cross a reference sphere with a radius of 10 km
[Kedrov, 2005].

The value of magnitude and energy class also
depends on the explosive power of the ammunition in
the TNT equivalent.

In the work [Andrushchenko et al., 2018], on the
basis of statistical data on mass explosions within the
Ukrainian shield, the ratio of the magnitudes and
powers of explosions for granite industrial mines in
Kyiv, Zhytomyr, Vinnytsia, Rivne, Khmelnytskyi, and
Cherkasy regions was determined. Based on the results
of the M = f (Y) dependence analysis, the average ratio
between the magnitudes and yield of the explosions
was calculated for each of the studied mines. This ratio
can be considered fair for the conditions of the
Ukrainian shield and will be used in the future when
assessing the consequences of blasting.

However, the analysis of the possibility of applying
the obtained ratios revealed significant deficits in the
magnitudes of the investigated industrial explosions
compared to the data of experimental explosions with
the same amount of explosive substance.

Obijective

The purpose of the work is to determine the
possibility of using energy criteria to identify the nature
of seismic events and to combine several geophysical
methods for a comprehensive assessment of the
obtained characteristics and identification.

Signal detection and identification methodology

Collection, processing and analysis of seismic data
is carried out using specialized software SeisComP3,
which supports both automatic and manual data
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processing and interactive viewing of processing
results.

The epicenter and source depth of the seismic event
were determined using the LocSAT method, which uses
a one-dimensional model of the Earth's crust (Bratt &
Nagy, 1991). The operator can change, add, or remove
the arrival time of the signal phases at the station,
thereby achieving minimal errors.

To determine the magnitude, the values of the local
ML magnitude (“Richter magnitude”) were used
[Hutton et al., 1987]:

ML =109 Apyqr — 109 4q 1)
where A, — IS the maximum amplitude of the
transverse wave in mm, Ao — is the amplitude of the
reference event.

For bulk waves, the magnitude value mb is used,
which is intended for teleseismic distances, but its use
is permissible from a distance of 5 degrees, when there
is already a clear direct phase of the P-wave:

mb = log(4/T) + Q(h,4) )
where 4 —is displacement amplitude in micrometers, T
is the dominant period in seconds, Q is the correction
factor for distance (4) and depth (h).

In the conditions of the platform part of the territory
of Ukraine, the most effective identification criteria are
the evaluation of changes in spectra over time and the
peculiarities of the waveforms of seismic signals.
However, they do not have an absolute character, and
for many seismic events it is impossible to reliably say
what the event was: an explosion or an earthquake,
based only on the results of the analysis of seismic
records [Andrushchenko, Gordienko, 2009]. In such
conditions, there is a need to involve additional criteria,
including the energy characteristics of events, as well
as the use of other geophysical methods for identification.

The method of detecting infrasound signals is based
on the principle that the useful signal is a certain
sequence of discrete readings on each of the elements
of the infrasound array, while the noise is random and
incoherent for each element of the infrasound array.
Single microbarographs record the signal at different
points in time as it propagates through the array.
Assuming that the signal is coherent, the cross-
correlations between pairs of sensors can be used to
determine the time delays between individual sensors,
which, in turn, depend on the geometry of the array and
the characteristics of the wave front.

Such parameters as azimuth and speed of
infrasound wave propagation are obtained from the
analysis of time delays. The technique [Cansi, 1995]
called Progressive Multi Channel Correlation (PMCC)
is used to detect and calculate parameters.

The basis of the algorithm is the signal coherence
measure (rix), which is calculated in the subnet of the
three nearest elements of the array (i, j, k), which is
determined by the relation

Tijie = Atyj + Aty + Aty ©))
where Atj; — is the delay time between the arrival of the
signal at sensors i and j, calculated for each pair of
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traces using the cross-correlation function. The
maximum coherence threshold is defined to detect the
coherence of waveforms on all elements of the array.

After the location of the seismic source, knowing
the distance R from the epicenter of the seismic event
to the observation point, we can determine the time
interval [ti:to] during which the infrasound wave can
arrive:

t; =R/165; t, =R/204 4)
where 16.5 and 20.4 are, respectively, the lower and
upper limits of infrasonic wave propagation speeds (in
km/min).

If an infrasound wave is present in the specified
time interval, the azimuth of its arrival coincides with
the specified direction and the signal has a characteristic
shape, then it is considered that the explosive nature of
the signal source has been confirmed. In the presence
of an infrasound signal simultaneously on several
arrays, it is possible to locate the source of the signal
using the angular method and compare the obtained
spatio-temporal characteristics with the data of the
seismic method.

Thus, the results of infrasound observations can be
used as an additional criterion for identifying the nature
of seismic events with certain limitations regarding the
power of the charge and the distance to the signal
source.

Methodology for estimating the energy
of a seismic event

From the law of conservation of energy:

E =Edr + Es + Ed (5)
where E — is the summary potential energy of the
explosive charge, which is:

E =QcC (6)
where Q — is the heat of the explosion in J/kg, C — is
the mass of the explosive in kg [Shagov, 1976]; Edr -
is the share of energy that is used for useless work
during the explosion (heating of rock and water,
occurrence of shock and sound waves, flying of rock,
etc.); Es is the share of energy used for the formation of
seismic waves; Ed is the fraction of energy used for
rock crushing.

The amount of elastic energy involved in the
formation of seismic vibrations in the surrounding
massif, that is, the amount of radiated seismic energy,
depends on the geological structure of the environment,
the depth of the explosion and, first of all, on the type
of rock around the explosive charge, its physical,
mechanical and strength properties [Haskell, 1967].
Studies have shown that the share of energy that goes
to the formation of seismic waves from ammunition
explosions is less than 0.1 %.

In the practice of processing seismic data, the
classification of events from energy classes K,
introduced by T. G. Rautyan, has become widespread.
[Rautian, 1964]. This classification can also be used for

chemical explosions, including weak ones, as it allows
determination at distances starting from 10 km.

When determining the energy class of the event, the
maximum amplitude in the P- and S(Lg)-phases of
seismic waves on short-period channels was used. Then
the calculation was carried out according to the formula
[Rautian, 1964]:

K =18Ilg(Ap + As) + a(d), (7)
where: Ap and As — are the maximum amplitude of P
and S — is waves in microns; o(A) is the calibration
function for Ap + As in the range of distances from 10
to 3000 km.

K =1g(E) (8)
where E — is energy that is emitted during a seismic
event in J.

Statistical data on explosions in the Kyiv, Zhytomyr,
Vinnytsia, Khmelnytskyi, and Chernihiv regions were
used to determine the relationship between the energy
class and yield estimates of explosions in TNT equivalent.
The power of the explosions ranged from several dozen
to several thousand kilograms in TNT equivalent.

The resulting relationship between the energy class
K and the power of explosions Y is as follows:

K =155111g(Y) + 1,2653 9)

Coefficient of determination R? = 0.97.

Fig. 1 shows the relationship between the energy
class and the power of explosions calculated according
to the ratio (9).

Fig. 1. The relationship between the energy
class and the power of explosions, which is
calculated according to the ratio (9)

Taking into account formula (9), we estimate the
yield of the explosion Y:
Y = 10(1(—1,2653)/1,5511 (10)
In the works [Khalturin, 1998; Sharov, 2007] shows
the relationship between the magnitude mb and the
energy class K:
mb = 046K — 0,64 (11)
Taking into account formulas (9) and (11), we
determine the relationship between the magnitude mb
and the power of explosions Y:
mb =0,71431g(Y) — 0,05746 (12)
Given formula (12), we determine the power Y:
Y = 10(mb+0,05746)/0,7143 (13)
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For explosions registered by the network of seismic
stations, we estimate the yield of explosions at
epicentral distances of 7-220 km as follows:

1g(Y) = 1.0761g(AP,4,) + 1.40821g(4) + 2.9358 (14)
where: AL ., — is the maximum amplitude of the
longitudinal wave in um; A — is the epicentral distance
in km.

Considering expression (14), we determine Y by the
ratio:

Y = 1010761g(Afax)+1.40821g(4)+2.9358

(15)

Constant coefficients were determined using statistical
data on explosions in Kyiv, Zhytomyr, Vinnytsia,
Khmelnytskyi, and Chernihiv regions using multiple
linear regression.

Multiple linear regression is expressed as a direct
dependence of the average value of Y on two or more
values X_1, X_2, ..., X_n. It is customary to call the
quantity Y the dependent or resulting variable, and the
quantities X 1, X 2, ..., X, — are independent or
explanatory variables.

The multiple linear regression equation looks like this:

Y =by+ b X{ +b,X,+ .. +b, X, (16)

If there are n observations, the multiple linear
regression model is written as:

Yi = BoXio + B1xiy + o+

+ Pr-1Xik—1+ &i=1n (17)
where x;;is the value of the jth independent variable
x; in the ith observation, &; — is the error.

Regression parameters are determined using the
method of least squares [Komashko, 2004].

Energy parameters are estimated from acoustic data
using an empirical formula proposed by AFTAC (Air
Force Technical Applications Center) [ReVelle, 1997,

Golden et al, 2012]:
T 3.34

E¢rnry = 2 % <—5.92> (18)

where E — yield in kilotons of TNT, T - is the period of
the infrasound signal measured at the site of maximum
amplitude.

The expression showed a good correlation with
energy values determined by seismic methods for powerful
chemical explosions [Pilger, 2021, Kim, 2022] and
high-energy natural phenomena [Vergoz et al, 2022].

Results

For analyzing the differences between seismic
records and energy characteristics of events of natural
and technogenic origin, we taken seismograms of the
tectonic earthquake of 05/26/2023 in Poltava region
and seismograms of explosions that occurred as a result
of missile attacks and kamikaze drone attacks in
Khmelnytskyi and Kyiv regions were considered.

According to calculations, the seismic event of
05/26/2023 had the following parameters: origin time
t0 = 18:38:49 (UTC), depth 5 km, magnitude ML=3.5,
energy class Kr=9.0. The record and the spectral-
temporal diagram of a seismic event have a number of
specific features characteristic of tectonic earthquakes
[Kutas, Andrushchenko, 2015]. The spectrogram is very
saturated, without obvious attenuations. The maximum
spectral density in the S-wave recording interval is in
the frequency band up to 7 Hz, which is a characteristic
feature of tectonic earthquakes (Fig. 2). If expressions
(6) and (9) are applied to the obtained parameters, we
will get an energy of about 95 tons of TNT. The infrasound
wave from the specified event was not registered.

Figs. 3 and 4 show the seismograms of the missile
attack on the Khmelnytsky region on February 18, 2023
and the attack by kamikaze drones on an infrastructure
object in the Kyiv region on October 10, 2022.
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Fig. 2. Record (a) and spectral-temporal diagram (b)
of the earthquake on May 26, 2023 in the Poltava region.
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Fig. 3. Seismogram of the missile attack
of the Khmelnytsky region on February 18, 2023
(2 missile strikes) on the elements
of the PS-45 station.

Fig. 4. Seismogram of the attack
by kamikaze drones on an infrastructure object
in the Kyiv region on October 10, 2022
at the elements of the PS-45 station

First strike: arrival time —07:03:04 (UTC + 0),

5.5-1.2653

energy class K = 5.5 (Y =10 1ss11 =537 kg),
1.9+0.05746

magnitude mb = 1.9 (Y =10 o7143 =550 kg),

maximum amplitude P — waves Af, .. = 0,00056 pum

(Y :101.0761g(0,56)+1.40821g(213)+2.9358 = 520 kg)

power in TNT equivalent (yield estimation)
Y = 520-550 kg of TNT. The period of the registered
infrasound wave was 0.5s, which apparently (18)
corresponds to the power of 520 kg of TNT.

Second strike: arrival time - 07:04:15 (UTC + 0),

5.6—1.2653
energy class K = 5,6 (Y =10 =623 kg),

1,5511

1.94+0.05746
0,7143

magnitude mb = 1.94 (Y =10 = 626 kg),
P

maximum amplitude P — wave Ay, = 0.69 nm
(Y — 101.0761g(0,69)+1.40821g(213)+2.9358 = 650 kg),
power in TNT equivalent (yield estimation) Y = 620-
650 kg THT. The period of the registered infrasound
wave was 0.54 s, which corresponds to the power of
670 kg of TNT.

Arrival time —07:54:39 (UTC + 0), epicentral

distance 4 = 40 km energy class K = 4.0 (Y =

4.0-1.2653

10 1ss11 :58kg), magnitude mb = 1.2(Y

1.2+0.05746

10 o0.7143

:58kg), maximum amplitude P -

waves AP . = 0.00065 pm (Y =
101.0761g(0.00065)+1.40821g(40)+2.9358 =58 kg) power in

TNT equivalent (yield estimation) Y = 50-60 kg. The

period of the registered infrasound wave was 0.28s,
which corresponds to the power of 75 kg of TNT.

The amount of explosive substance or its mass C
during calculations is expressed through power in TNT
equivalent Y. TNT equivalent is the mass of TNT, the
explosion of which emits the same amount of energy as
will be emitted during the explosion of a given amount
of a specific explosive substance. The power value
in TNT equivalent is determined by the ratio
[Vasylchenko et al., 2015]:

Y =K xC (19)
where: C — the mass of the explosive, kg, K.r —
coefficient of explosive conversion to TNT. The mass
of the explosive substance from the ratio:

C =Y/K (20)

Expression (19) is formulated for an explosion in
which the shock wave propagates in the form of a
sphere. When an explosion occurs on some surface, the
shock wave spreads in the air in the form of a
hemisphere. For explosions on a completely solid
surface, all the energy released during the explosion is
distributed within the hemisphere and, therefore, the
value of the mass of the explosive substance is almost
doubled. For an explosion on a not completely solid
surface, for example, on the ground, part of the energy
is spent on the formation of a funnel. Accounting for
this flow is performed using the coefficient n (for
example, for soil n = 0.6; for concrete n = 0.95). Y is
generally determined by the formula [Vasylchenko et
al., 2015]:

Y =2nK,C (21)
The mass of the explosive from the ratio (21):
C =Y/2nK,; (22)

Ammunition, depending on the amount of explosive
substance in them and its type, has different power in
TNT equivalent, therefore, by estimating the quantitative
value of the explosion power in TNT equivalent (yield),
it is possible to determine the probable type of
ammunition (aviation bombs, guided (unguided)
missiles, artillery ammunition). The presence of an
infrasound wave in the acoustic channel is additional
confirmation of the technogenic nature of the event.

In the considered examples, a significant excess of
the energy of the earthquake in comparison with the
energy of the explosion is visible. However, such high
energy characteristics, as in the considered earthquake,
are also possible under certain circumstances for chemical
explosions. In this case, additional identification
criteria should be applied, including cell depth and
spectral characteristics.

Scientific novelty

For the first time, the study analyzed and evaluated
the possibility of using additional criteria for identifying
the nature of seismic events, including their energy
characteristics, as well as the use of a complex of
geophysical methods for identification.
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Based on the analysis of statistical data on explosions
in the Kyiv, Zhytomyr, Vinnytsia, Khmelnytskyi,
Chernihiv regions, an assessment of the power of
explosions from missile, air, and artillery strikes was
conducted to determine the likely type of ammunition.

Conclusions

Based on the analysis of seismic records of the
tectonic earthquake of 05/26/2023 in Poltava region
and explosions that occurred as a result of missile
attacks and kamikaze drone attacks in Khmelnytskyi
and Kyiv regions, the possibility of identifying the
nature of seismic events by their energy characteristics
was assessed. Using seismograms of ammunition
explosions obtained at the seismic stations of the Main
Center of Special Monitoring , based on the analysis of
statistical data on explosions in the Kyiv, Zhytomyr,
Vinnytsia, Khmelnytskyi, Chernihiv regions, the power
of which explosions ranged from several dozen to
several thousand Kkilograms, obtained functional
dependences: explosion power in TNT equivalent Y
from energy class K (Y = 10(K~12653)/15511)- nower
of explosions in TNT equivalent Y from magnitude mb

b+0.05746
(Y =10 o743 ); explosion power in the TNT
equivalent of Y from the maximum value of the
amplitude of the longitudinal phase of the seismic
WaveAfnax Y = 101,0761g(Af}lax)+1.40821g(A)+2.9358)_

The obtained empirical dependencies make it
possible to determine the origin of the event (natural or
technogenic) and to estimate the type of ammunition in
the case of a technogenic event. The energy from the
signal source in the case of an explosive event can be
additionally determined by infrasound data, the
presence of an acoustic wave serves as an additional
criterion for identifying the event.
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IIEHTUDIKALLS [IPUPOJIHMX TA TEXHOTEHHUX CEMUCMIUHMX TTO/IIA
3A EHEPTETUYHUMU XAPAKTEPUCTUKAMMU

OpnHi€l0 3 KITIOYOBHX MPOOJIEM CEWCMIYHOTO MOHITOPHHTY € ifieHTH(]iKalis 3eMIIETPYCIB 1 CHUTHAIIB Bij
JDKEpeIT TEXHOI'€HHOTO TIOXO/KEHHS, BUSIBIICHUX MEPEXKEI0 CeHCMIYHUX CTAHIIH. Y MUPHUI 4ac TEXHOTEHHI MOIi1
OB’ s13aHi B OCHOBHOMY 13 IPOMHUCIOBAMHU TipHIYUMH PO3POOKAMH, OJTHAK 3 TOYATKOM IMOBHOMACIITa0HOT arpecii
pocii mpoTu cyBepeHHOi YKpaiHW CEMCMOJIOTIYHOI0 MeEpekero ['0JOBHOTO MEHTPY CHEIiaIbHOTO KOHTPOIIO
JlepaBHOTO KOCMIYHOTO areHTCTBa YKpaiHM 3apeecTpOBaHO THCSYl CEHCMIYHHX CHUTHAIIB Bi BHOYXIB y
pe3yIbpTaTi paKeTHUX, aBiallifHIX, apTIIEPIHCHKUX YAapiB, M0 3HAYHO YCKIIAJHIOE MPOLEC OI[IHKHA CEHCMIYHOCTI
Ta poOUTH HAaI3BUYAMHO aKTyaJIbHUM NMUTaHHS BU3HAYCHHS IIPUPOJH 3apeecTpoBaHUX nofiil. Ha ocHOBI aHami3zy
CEMCMIYHMX CHIHANIB BH3HAYEHI CIIBBiIHOIIEHHS Mix eHepretmuHuMu Kiacamu (K), marmitymamum (mb),
MaKCHMAaJIbHUMH aMILTITyJaMH MO300BXKHIX 06’ emuux a3z (AD ,.), i noryxuaocTsamu (Y) BUOYXiB B TPOTHIOBOMY
exBiBajneHTi y KuiBcekilt, JKutomupcekit, Binauipkiit, XMenpHUIbKii, YepHiriBcpkiit obmactax. Enepreruuni
XapaKTEPUCTHKH MOXYTh OYTH BHUKOPUCTAHI IUIS iACHTU(IKAIII MPHPOIN CEHCMIYHHUX TOJiH, a pe3ylbTaTH
ananizy cmiBignomens K = f(Y), mb = f(Y), 19(Y) = f(lgAL,,,) 103BONAIOTH 3AiiiCHIOBATH OLIHKH IIO-
TYy)KHOCTe BHOYXiB B TPOTHJIOBOMY €KBIBaJCHTI 1 BHM3HA4aTH 3a OTPUMAHUMH JIaHUMHM WMOBIpHI THIIH
OoenpumaciB. EHepris Bix mkepena CUTHANY Y BHIAIKy BHOYXOBOI IMOJii MOXe OyTH BH3HA4YCHA JOJATKOBO 32
iH(}Pa3BYKOBUMHY JAHUMHU, HASBHICTh aKyCTUYHOI XBIJII CIIYTYE TOJATKOBUM KPUTEPIEM JUISA IMCHTU(IKAIIIT MOIii.
Pa3zoMm 3 TUM eHepreTUyHi XapaKTEePUCTUKHU JO3BOJISIOTh 1IEHTU(IKYBATH 1 MPUPOJIHI JKepea, IPUKIIAIOM SIKOTO
€ TekToHIYHMN 3emietpyc 26.05.2023 poky B [TonTaBchkiit o0macTi.

Kniouosi cnoga: celicMivHa CTaHIlisA, CCHCMIYHHI CUTHAN, celicMiuHa XBHJIA, BUOYX, OO€mpHIiac, MOTyKHICTh
B TPOTUJIOBOMY €KBIBaJICHTI, MarHiTyia, CHEpreTHYHUI Kilac, MaKCUMaJIbHa aMILTITY/a, 3eMIIeTpYC, 1HDPa3BYK,
IIeHTU}IKAITIS.
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