
81

МРНТИ 87.33.33
https://doi.org/10.53939/1560-5655_2025_3_81

Litovchenko I.N.1, Lyutikova V.S.1

1National Scientific Center for Seismological Observations and Research of 
the Ministry of Emergency Situations of the Republic of Kazakhstan, Almaty с., 

Kazakhstan

THERMODYNAMIC PARAMETERS OF EARTHQUAKE 
SWARMS

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 

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, 
thermodynamic parameters
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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).

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 MGKl 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 (lgE); 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 a unit volume  
(erg/cm3 ), E k is the specific energy of change in the shape of the source, 
G is the bulk modulus of elasticity, K is the energy class, α v – coefficient 
of volumetric thermal expansion, τcr - additional stresses released by the 
source, σ is the normal component of effective stresses, Lg η 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  (lgU), unlike (lgV), 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  
( lgE max – lgE ), 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; lgE 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 α ν with the data of its 
measurement under atmospheric pressure reveals the same nature of the 
increase in the value of α ν 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 α ν 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 αν as the average value of the thermoelastic 
change in volume. The change in deformation ε, bulk modulus of elasticity 
G and normal component of effective stresses σ in earthquake swarms are 
determined by equations [2,13,14] with substitution of the obtained values 
of α ν and corresponding temperatures T(K). Comparison of the calculated 
data of the sizes ε, σ 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.

Acknowledgments. The authors thank Academician of the National Academy 
of Sciences of the Republic of Kazakhstan A.K. Kurskeyev for scientific guidance 
and the staff of the SOME [1] for the experimental observations provided. The 
work was carried out in the course of fundamental research in the laboratory of 
physics of geodynamic and seismic processes within the framework of the PCF 
code of the program BR24992763 “Assessment of seismic hazard of the territories 
of regions and cities of Kazakhstan on a modern scientific and methodological 
basis”. Source of funding - the Ministry of Education and Science of the Republic 
of Kazakhstan.



Естественные науки, инжиниринг и технологии

88

References

1 Regional earthquake catalog // USGS Science for a changing world, http://some.
kz/ 
2 Kurskeyev A.K. Earthquakes and seismic safety of Kazakhstan. Almaty, 2004. 
- 504 p.
3 Kurskeyev A.K., Kazakov V.V., Sydykov A., Sadykova A.B., Kurskeyeva L.A., 
Litovchenko I.N. Methodology and results of medium-term earthquake forecast 
in Northern Tien Shan // Abstracts of the Second International Geophysical Con-
gress of Kazakhstan, 1998. - 1 p.
4 Lyutikova V.S., Litovchenko I.N. Physical and mathematical criteria for recog-
nizing earthquake swarms in the seismicity of the Northern Tien Shan and adja-
cent territories // Proceedings of the collection “Modern methods of processing 
and interpreting seismological data” of the XVII international seismological school 
(Tashkent 11-15.09.23), Obninsk 2023. p. 67.
5 Lyutikova V.S., Litovchenko I.N. “Modern seismic visualization tools »// Proceed-
ings of the IX International Conference “Knowledge-Ontologies-Theories” (ZONT 
- 2023). Novosibirsk. 2023. pp. 441-443.
6 Litovchenko I.N. Physical parameters of focal zones of strong earthquakes of 
the earth’s crust of the Northern Tien Shan and adjacent territories//Bulletin of the 
NAS RK. Geological series. - N 5.-Almaty, 2009.- P.59-67.
7 Lyutikova V.S. Modern means of recognizing swarm activity in the Northern Tien 
Shan region and adjacent territories // materials of the international competition 
of the Commonwealth of Independent States countries “Best Researcher - 2023”.  
P. 5-8.
8 Lyutikova V.S., Ismailova R.T. “Modern means of pattern recognition (on the 
example of earthquake swarms)” // Proceedings of the International Scientific and 
Practical Forum dedicated to the 30th anniversary of the Turan University Global 
changes: challenges of science and education. - Almaty, 2023. - P. 497-501.
9 Litovchenko I.N. On the method of calculating parameters in focal zones of 
strong earthquakes of the earth’s crust (on the example of Northern Tien Shan) // 
Coll. reports of the 7th Kazakh-Chinese International Symp. “Earthquake forecast, 
assessment of seismic hazard and seismic risk of Central Asia. - Almaty, 2010. - P. 
403-407.
10 Litovchenko I.N. Universality of the calculation method of some physical pa-
rameters in earthquake focal zones for seismically active regions of the Earth // 
Abstracts of the 5th International Symposium “Modern Problems of Geodynamics 
and Geoecology of Intracontinental Orogens “ to the 75th anniversary of Yu. A. 
Trapeznikov (Kyrgyzstan, Bishkek, June 19 – June 24 2011 г): Abstracts of re-
ports. – Bishkek, 2011. – Vol. 1, pp. 64-67.
11 Lyutikova V.S. IT technologies in earthquake swarm pattern recognition and 
their mathematical criteria// Proceedings of the international scientific and practi-
cal conference “Transformation of mechanics and mathematics education and IT 



Новости науки Казахстана. № 3(166). 2025

89

education in the context of digitalization”. Minsk. 2023. pp. 177-181.
12 Nersesov I.L., Teitelbaum Yu.M., Ponomarev V.S. Preceding activation of weak 
seismicity as a predictor of strong earthquakes. - Reports of the USSR Academy 
of Sciences, 1979, Vol. 249, No. 6. - SS. 1335-1338.
13 Tuliani L.I. Seismicity and seismic hazard: based on thermodynamic and rheo-
logical parameters of the tectonosphere. M.: Scientific World, 1999. - 216s. 
14 Tuliani L.I. Experience of earthquake forecasting in the Caucasus / L.I. Tuliani, 
L.E. Levin // Reports of the Academy of Sciences. - 2003. - V. 389, N 1. - P. 108-
110. [Electronic resource] http://mars.arbicon.ru/?mdl=content&id=27492
15 Tuliani L.I. On the relationship between seismicity and physical parameters of 
the tectonosphere // DAN. - 1996. - Vol. 350, N 6. - P. 824-827.

Литовченко И.Н.1, Лютикова В.С.1

1Национальный научный центр сейсмологических наблюдений и исследова-
ний Министерства чрезвычайных ситуаций Республики Казахстан, г. Алматы, 
Казахстан

ТЕРМОДИНАМИЧЕСКИЕ ПАРАМЕТРЫ РОЕВ ЗЕМЛЕТРЯСЕНИЙ

Аннотация. В статье описывается метод распознавания рои землетрясений 
в сейсмичности и новые данные об их термодинамических параметрах. 
Рассмотрены очаги землетрясений Северного Тянь-Шаня и прилегающих 
территорий, распознанные в зоне сейсмичности этого региона за 2017-
2024 гг. Получены численные значения термодинамических параметров в 
рои землетрясений. Статья посвящена впервые полученным результатам 
расчета термодинамических параметров в рои  землетрясений, выполненным 
с использованием универсального метода. Также показано, что поведение 
термодинамических параметров во времени соответствует расчетной 
модели.
Ключевые слова: рои землетрясений, сейсмичность Северного Тянь- Шаня, 
термодинамические параметры

***

Литовченко И.Н.1, Лютикова В.С.1

1Қазақстан Республикасы Төтенше жағдайлар министрлігінің Сейсмологиялық 
бақылаулар және зерттеулер ұлттық ғылыми орталығы, Алматы қ., Қазақстан

ЖЕР СІЛКІСУ ТОБЫНЫҢ ТЕРМОДИНАМИЯЛЫҚ ПАРАМЕТРЛЕРІ

Түйіндеме. Бұл мақалада сейсмикадағы жер сілкінісі ошақтарын тану әдісі 
және олардың термодинамикалық параметрлері туралы жаңа мәліметтер 
сипатталған. 2017-2024 жылдары осы аймақтың сейсмикасында танылған 
Солтүстік Тянь-Шань және оған жақын аумақтардың жер сілкіністерінің 
ошақтары қарастырылды. Ошақтардағы термодинамикалық параметрлердің 
сандық мәндері алынды. Бұл мақала әмбебап әдісті қолдана отырып жасалған 
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жер сілкінісі ошақтарындағы термодинамикалық параметрлерді есептеудің 
алғашқы нәтижелеріне арналған. Уақыт бойынша термодинамикалық 
параметрлердің әрекеті есептеу моделіне сәйкес келетіні де көрсетілген. 
Түйінді сөздер: жер сілкіністерінің ошақтары, Солтүстік Тянь-Шаньның 
сейсмикалығы, термодинамикалық параметрлер.
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