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Abstract. This article describes a method for recognizing earthquake swarms in
seismicity and new data on their thermodynamic parameters. Earthquake swarms
of the Northern Tien Shan and adjacent territories, recognized in the seismicity of
this region for 2017-2024, are considered. Numerical values of thermodynamic
parameters in the sou rces of swarms are obtained. This article is devoted to the
first obtained results of calculating the thermodynamic parameters in the sources
of earthquake swarms, which are made using a universal method. It is also shown
that the behavior of thermodynamic parameters over time corresponds to the
calculation model.

Keywords: earthquake swarms, seismicity of the Northern Tien Shan region,
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Introduction. Currently, the Earth’s seismicity is actively increasing
on a global and regional scale. Strong earthquakes occur in seismical-
ly active regions of the Earth, such as Turkey, Syria, Afghanistan, Chi-
na, Taiwan, Japan, Russia, etc. Strong seismic events, for example, in
January 2024y. in China, Aksu province, M = 7.1, numerous aftershocks
had a magnitude of more than 4.0 [1]. Thus, on 03/04/2024 in Almaty
there was a noticeable earthquake with M = 4.7. Along with historical cata-
strophic earthquakes: Vernenskoye, Keminskoye, Chilikskoye and others
[2,3], the forecast and prevention of strong earthquakes is a priority task
of seismology. The swarms of earthquakes recognized in the seismicity
of the Northern Tien Shan region and adjacent territories for 2017-2024
are considered. [1-3, 4-7,10] The need for research is dictated by the cur-
rent stage of seismicity activation in the entire region. Swarms are back-
ground, impulsively arising and also impulsively disappearing shocks, and
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vibrations of the earth’s surface in certain areas of the study region. The
spatio-temporal distribution of earthquake swarms in the region allows us
to identify their concentration and location (Figure 1).

[ » Pou2017-2023 no K|
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Figure 1. Spatio-temporal distribution of earthquake swarms recognized in the
seismicity of the Northern Tien Shan and adjacent territories for 2017-2024 (the
size of the radius of the swarms depends on the magnitude, in red is a strong
earthquake on 03.04.2024 with a magnitude of M=7.1) [1]

Method and methodology of calculation. Method The MGKI meth-
od [8,11] was used to recognize swarms in the seismicity of the region.
More details about it can be found in [7, 8,11]. Calculations of thermody-
namic parameters in the foci of weak earthquakes (M>1.6) were carried
out using the computational method from [4,9,10,13-15], which makes it
possible to study in more detail the nature of the occurrence of earthquake
swarms. For this purpose, swarms (with a magnitude greater than 1.6) of
earthquakes were recognized using modern seismic data from the earth-
quake catalog [1] , in particular, an algorithm and method for recogniz-
ing swarms [4,5,7,8,10] were used, and their thermodynamic parameters
were calculated [13,14,15] .

The calculation was carried out using a universal method [2-4,7-14],
which resulted in obtaining numerical values of the thermodynamic pa-
rameters of earthquake swarms for 2017-2024. Note that earthquakes are
sources of information about the physical parameters of the earth’s crust
and its stratification [2-4,5-7,9,13, 14]. The initial data for determining the
thermodynamic parameters of earthquake swarms are the magnitude and
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energy class of the earthquake. Table 1 shows the numerical values of
some thermodynamic parameters of earthquake swarms.

Thermodynamic parameters in earthquake swarms are calculated us-
ing known and original equations from [2-4, 7-10, 13].

The thermodynamic parameters of swarms were considered in the fol-
lowing sequence: seismic wave energy (IgE); temperature of the source
environment (T°C); temperature stresses, deformation of the volume and
shape of the source; density of deformation energy; potential energy of
source deformation; ultimate strength of the medium in the destruction vol-
ume; determination of the ratio of the value of potential energy of deforma-
tion; destruction energy, etc. [2,7,13]. The presentation of the thermody-
namic parameters of swarms is of great theoretical and practical importance
for the quantitative assessment of geodynamic processes in the crust, as
well as for the purposes of detailing seismotectonic zoning and clarifying
the nature of the swarm. As shown in Table 1, parameters E and M are the
energy and magnitude of earthquakes, V is the critical value of the source
volume, U is the density of potential energy of seismic waves in aunitvolume
(erg/lcm?), E | is the specific energy of change in the shape of the source,
G is the bulk modulus of elasticity, K is the energy class, a — coefficient
of volumetric thermal expansion, 7_- additional stresses released by the
source, O is the normal component of effective stresses, Lg n is the loga-
rithm of the viscosity of rocks in the source of swarms.
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Results. For each magnitude greater than 1.6, the values of the given
thermodynamic parameters were calculated using the corresponding for-
mulas from [2,7,13,14]. In this case: the logarithm of the specific (volume)
energy density of seismic waves (IgU), unlike (IgV), is in a linear de-
pendence on the magnitude. The value of the potential energy of seismic
waves depends on the volume of the source and is practically independ-
ent of the specific energy density U, which follows from the differences in
the changes in V and U for the range of magnitudes (see Table 1). When
considering the relationships between energy and temperature in the
sources of earthquake swarms, in theoretical terms, the probability of a
relationship between the energy and magnitude of an earthquake with the
thermodynamic parameters of the source of the swarms can be assumed
from the very nature of the accumulation of thermoelastic stresses in the
upper shells of the Earth.

Accumulation of stresses, according to the authors [2-4,5,6,7-14,15] is
a consequence of uneven temperature distribution and differences in the
physical properties of the geological environment. An indicator of stress
concentration at depth is their discharge in the form of an earthquake.
Empirical equations of the relationship according to [2,7-13] between the
temperature in the earthquake source at the moment of release of addi-
tional elastic stresses and the energy in the swarm source: T(K)=196.8 K
(1gE ..~ 19E ), where 196.8 K is a constant that determines the number of
degrees corresponding to a change in energy (Erg) by one order of mag-
nitude; IgE is the logarithm of the energy of seismic waves. A comparison
of the values of the logarithm of the energy of seismic waves calculated
using the computational method [2,13,14] and the temperatures in the
swarm source calculated using the equations reveals, first of all, an in-
verse relationship between E and T, as well as between the magnitudes
and temperatures. As the temperature in the swarm source increases,
the magnitudes and, accordingly, the energy values of seismic waves de-
crease. A comparison of the calculated values of a  with the data of its
measurement under atmospheric pressure reveals the same nature of the
increase in the value of a depending on the increase in temperature (T),
although with the unambiguity of the order of magnitude, some discrepan-
cy is noted in the value of the coefficient itself. The increase in the values
of a  with increasing temperatures is caused by the fact that the orienta-
tions of maximum thermal expansion and maximum compressibility are
usually close. At the same time, a change in temperature and pressure
in a unit volume leads to a partial mutual destruction of their effect, which
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determines the parameter a as the average value of the thermoelastic
change in volume. The change in deformation €, bulk modulus of elasticity
G and normal component of effective stresses o in earthquake swarms are
determined by equations [2,13,14] with substitution of the obtained values
of a and corresponding temperatures T(K). Comparison of the calculated
data of the sizes ¢, 0 and G with temperature reveals that the first two
of them increase with increasing temperatures, and the third one — bulk
modulus of elasticity G — on the contrary, decreases. The relationships be-
tween the values of magnitude, seismic wave energy and shear modulus,
on the one hand, and temperature and effective stresses, on the other, are
in inverse proportions. With increasing temperature and, accordingly, ef-
fective stresses, the values of magnitude, seismic wave energy and shear
modulus decrease. These relationships in the areas of seismically active
orogens create a favorable geodynamic environment for the development
of neotectonic deformations and partial melting of crustal matter. As can
be seen from Figure 1, the contours of earthquake swarms are distributed
unevenly throughout the study region in 2017-2024.

Conclusion. Based on the results of the conducted research on mod-
ern seismic data, numerical values of thermodynamic parameters in some
sources of weak earthquakes (swarms) in the Northern Tien Shan region
and adjacent territories for 2017-2024 were calculated. Thermodynamic
parameters characterize the physical conditions in the sources of weak
earthquakes, which gives a clearer idea of the nature of the occurrence
of swarms.
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JNntoBueHko U.H.', MTioTukosa B.C.!

"HaumoHanbHbI Hay4YHbIA LIEHTP CEACMOTIOrMYeckux HabnioaeHnin u uccrefosa-
HUIA MUHMCTEpPCTBA YpesBbIvaiHbIX cuTyaumin Pecnybnuvkm KasaxcraH, r. Anmartbl,
KasaxctaH

TEPMOOUHAMUYECKUE NMAPAMETPbI POEB 3EMJIETPACEHUI

AHHOTaums. B cTaTbe onncbiBaeTCs MeTon pacnos3HaBaHWsA pou 3eMIIeTPACEHUN
B CENCMWYHOCTM W HOBblEe AaHHble 006 VX TepMOOUHaMUYECKMX MnapameTpax.
PaccmoTpeHbl oyarn 3emnieTpsiceHnit CeepHoro TsHb-LLaHa v npuneratoLmx
TEPPUTOPUIA, pacno3HaHHbIE B 30HE CEMCMMWYHOCTM ITOro pervoHa 3a 2017-
2024 rr. MNonyyeHbl YACMEHHbIE 3HAYEeHUs TEPMOAUHAMUYECKMX NapameTpoB B
pou 3emrneTpsceHuin. CTaTbd MOCBSILLEHA BMNepBble MOMYYEHHbIM pe3ynbTaTam
pacyeTa TepMoaNHaMUYECKMX NapamMeTPOB B PON 3eMIIETPSCEHNIA, BbIMOJTHEHHBIM
C MCMONb30BaHUEM YHMBEPCANbHOrO MeTofa. Takke NokasaHo, YTO NoBefeHue
TEePMOAMHAMUYECKNX MNapameTpoB BO BpPEMEHNW COOTBETCTBYET pacyeTHON
Moaenv.

KnroueBble cnoBa: pov 3eMreTpsiceHuin, cemcMmyHocTb CeBepHoro TsHb- LaHs,
TepMoAVHaMMYecKkne napameTpsl

JInToBueHko U.H.', liotukosa B.C.!
'KasakcTaH Pecnybnvkachl TeTeHLwe kargannap MUHUCTpRiriHiH CeiicMonornanbik,
Bakpblnaynap eHe 3epTTeyrep YATTbIK FbifbIMU opTanbifbl, AnMaThbl K., KasakctaH

XEP CUIKICY TOBbIHbIH TEPMOANHAMUATNbIK NMAPAMETPIEPI

TyniHpeme. byn Makanaga ceiCMUKafarbl XXep CinKiHiCi olakTapblH TaHy aAici
KeHe onapppblH TepMOAUHaMUKanblK napamMeTpriepi Typanbl >kaHa MarniMeTTep
cunattanfaH. 2017-2024 xbingapbl OCbl alMakTblH CEMCMUKacbiHAA TaHbIFaH
ContycTtik TaHb-LaHb >kaHe OfFaH XakblH aymakTapAblH Xep CiNnKiHICTEpiHiH
owlakTapbl KapacTbipbingbl. OlwakTapaarbl TepMognHaMumKanblK napaMeTpriepaid
caHablk MaHAepi anbiHabl. Byn makana ambeban agicTi KongaHa oTblpbIn kacanFaH
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Xep CinkiHici owakTapblHAaFbl TEPMOAMHAMUKAnNbIK NapameTprepai ecenteyaiH
anfawkbl HaTWXenepiHe apHanfaH. YakbiT OolblHWa TepMOAMHAMMUKarbIK
napameTpriepaiH apekeTi ecentey MofeniHe Covkec KeneTiHi Ae KepceTinreH.
Tyninai cespep: xep CcinkiHicTepiHiH owakTapel, ConTtycTik TaHb-LUaHbHBIH
celiCMuKanblFbl, TEPMOLAMHAMUKATLIK NapameTpriep.
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